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WORKSHOP Description

This is a FOCUSED, CRASH COURSE that TEACHES
YOU to interpret 12 Lead ECGs to identify
INDICATORS of Acute Coronary Syndrome (ACS).

WORKSHOP = you will have to do some WORK.
FOCUSED = right to the point, no “extra fluff.”

CRASH COURSE = fast paced
TEACHES YOU = you will LEARN and NOT FORGET.

* You will do EXERCISES throughout course.



Source of Curriculum:

e Case Studies from Cardiac Catheterization and
Electrophysiology Labs, 1996 — Present



Approximately 13,000 Cases between 1996 - Today
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Cardiac Cath Lab Advantage:
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Allows us to
CORRELATE
ECG leads
with
SPECIFIC
cardiac
anatomic
structures.



Electrophysiology Lab
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EP Catheters within the heart used for Author Wayne Ruppert conducting Pace-
obtaining the Electrogram (the “internal mapping during EP study at the St Joseph’s
ECG”) Tracing and for Pace-mapping, an Hospital Heart Institute, Pediatric

integral component of an EP study Electrophysiology Program, Tampa, FL in

2004






Source of Curriculum:

e Case Studies from Cardiac Catheterization and
Electrophysiology Labs, 1996 — Present

* Current Evidence-based Research
— Journal of the American College of Cardiology (JACC)
— American Heart Association (AHA) Circulation

— ACC/AHA Guidelines
— New England Journal of Medicine



Source of Curriculum:

e Case Studies from Cardiac Catheterization and
Electrophysiology Labs, 1996 — Present

* Current Evidence-based Research
— Journal of the American College of Cardiology (JACC)
— American Heart Association (AHA) Circulation
— ACC/AHA Guidelines
— New England Journal of Medicine

 Two peer reviewed, published textbooks



In the CARDIAC CATHETERIZATION LAB, we read our patients”™ 12 Lead ECGs and then evaluate their coronary
arteries and ventricular function during angiography. Stated in plain English, we rapidly learn how to correlate 12
lead ECG findings with what’s really going on inside our patients’ hearts. Secing ECGs from this perspective adds
anew dimension to understanding the complex pathophysiologies of cardiovascular discase

This book prepares you to:

INTERPRET 12 Lead ECGs.

ASSIMILATE DATA derived from the 12 Lead ECG into a comprehensive patient evaluation process
designed to maximize diagnostic accuracy, while taking into consideration the 12 Lead ECGs inherent
LACK of SENSITIVITY and SPECIFICITY.

IDENTIFY 13 PATTERNS associated with myocardial ischemia and infarction, including the most subtle
ECG changes often missed by clinicians and the ECG machine’s computerized interpretation software.
CORRELATE each lead of the ECG with specific regions of the heart - and the CORONARY ARTERIAL
DISTRIBUTION that commonly supplies it. In cases of STEMI, this knowledge prepares you to
ANTICIPATE the FAILURE OF CRITICAL CARDIAC STRUCTURES - often BEFORE THEY FAIL.

For those who need to master essential material quickly, this book has been written with
an expedited learning” feature, designed to make learning aseasyas 1 2 3:

READ the YELLOW HIGHLIGHTED TEXT
STUDY the GRAPHIC IMAGES, PICTURES and ECGs
CORRECTLY ANSWER the REVIEW QUESTIONS at the end of each section.

This is an invaluable resource for every medical professional who evaluates patients and reads their 12 lead ECGs
cy, Cardiology, and Family Medicine

g a good review in ACS patient evaluation

e Practitioners

¢ Telemetry Nurses
Walk-in Clinic Physicians and Nurses
Paramedics

I think this book will be a wonderful addition to the textbooks that are already available, with a fresh
perspective’”

Joseph P. Ornato, MD, FACP, FACC, FACEP
- Professor and Chairman, Department of Emergency Medicine
Medical College of Virginia/Virginia Commonwealth University
- Medical Director, Richmond Ambulance Authority,
Richmond, Virginia

“This book integrates academic ECG principles with real-world clinical practice by incorporation of well
chosen cath lab case studies into its curriculum. This combination lets readers see patients and their
ECGs through the eyes of an experienced cath lab Interventionalist, and provides a balanced approach to
patient evaluation that compensates for the ECGs inherent lack of sensitivity and specificity. | highly
recommend this book for all Emergency Medicine and Cardiology Fellows. For experienced clinicians, it's
a superb review.”

9172-1-3
59500

-982
3’”

9 '780982"91721

Humberto Coto, MD, FACP, FACC
- Chief of Interventional Cardiology

St. Joseph's Hospital

Tampa, Florida

ISBN 978-0
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THE (ATH LAB SERIES presents | ...

12 LEAD ECG

INTERPRETATION

ACUTE
CORONARY
SYNDROME

with CASE STUDIES from the

CARDIAC CATHETERIZATION LAB

. WAYNE W4RUPPERT
/\"\—' ‘M -



http://www.trigenpress.com/
http://www.ecgtraining.org/
http://www.trigenpress.com/

“12 Lead ECG in ACS” Editorial
Board:

Joseph P Ornato, MDD, FACC, FACEP, Professor and Chairman of Emergency
Medicine, Medical College of Virginia

|. Charles Sand, MD, FACEP, Assistant Director, Department of Emergency Medicine,
St Joseph’s Hospital, Tampa, FL ; Past Chairman, AHA Florida and Puerto Rico

Humberto Coto, MID, FACEP Past Chief of Cardiology, St. Joseph’s Hospital, Tampa,
FL

Mike Taigman, EMS Industry Author, Conference Speaker, Journalist; Author,
“Taigman’s Advanced Cardiology in Plain English”




STEMI Assistant

by Wayne Ruppert

UNIVERSAL ACS PATIENT MANAGEMENT ALGORITHM
---See PAGE ONE- - -
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Select LEAD SET with HIGHEST ST ELEVATION and open to associated page ...
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“STEMI Assistant” Editorial Board:

Barbra Backus, MDD, PhD Inventor of “The HEART Score,” University Medical
Center, Utrech, Netherlands

Michael R. Gunderson, National Director, Clinical and Health IT, American Heart
Association

Anna Ek, AACC, BSN, RN Accreditation Review Specialist, The American College of
Cardiology

William Parker, PharmD, CGP, Director of Pharmacy, Bayfront Dade City
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Cart Interactive Reference Manual - free Download

STEMI Assistant

by Wayne Ruppert

UNIVERSAL ACS PATIENT MANAGEMENT ALGORITHM
---See PAGEONE- - -
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STEMI Assistant — Information Video
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Cardiovascular Education Resources
HELPFUL PDF DOWNLOADS

HEART FAILURE

CV Coordinator Resources

Chest Pain Center
Management Resources

Resuscitation Resources

Sudden Cardiac Death
Prevention

Clinician Educatio

ACCREDITATION

DOWNLOADS - PDF

HELPFUL INFORMATION

CONTACT US

All materials featured on this page are copyright protected. This content is offered for INDIVIDUAL USE by Clinicians, Patients and t|
written consent of the EDITOR. (click on "Contact Us" link to message webiste editor). EXCEPTION: Physicians and allied health p
may download, reproduce and distribute the documents and content electronically linked to this webpage for education purposes.

Download 12 L ead ECG Workbook 2020

Download Citrus Co Fire Rescue Class Workbook

Download Citrus Co Fire Rescue 12 |l ead - Morning_Session

Download Citrus Co Fire Rescue 12 L ead - Afternoon Session

Download STAT 12 Lead ECG Part 1 - Basic Fundamentals

Download STAT 12 Lead ECG Part 2 - Acute Coronary Syndrome

Download Nuts & Bolts of Therapeutic Hypothermia - Bayfront Health 2019
Download EMS 12 Lead 101 - 2019

Download BHSR 2019 Basic ECG with Obtaining STAT 12 Lead

Download Hands-Only CPR and AED Course

Download The Lifesaving ECG Part 1

Download The lLifesaving ECG Part 2

Download Advanced 12 L ead ECG in ACS and SADS Key West 2018
Download Basic ECG - Key West 2018

Download 12 Lead ECG - 8 hour class - Part 1 - 2018

Download 12 Lead ECG - 8 hour class - Part IT - 2018

Download Advanced Physicians ACLS 2018 SRRMC

Download ACC 20th Congress Serial 12 Lead ECG Course

Download A SHORT Course in LONG QT Syndrome

Download ACC 20th Congress - Continuous ST Segment Monitoring_Course
Download ACC 20th Congress - Serial 12 L ead ECG Interpretation Part 1
Download ACC 20th Congress - Serial 12 L ead ECG Interpretation Part 2
Download Sudden Cardiac Death Prevention - ACC / SCPC 19th Congress
Download Initial Stabilization of the Atrial Fib Patient - SCPC 19th Congress

Download Continuous ST-Segment Monitoring_Policy




© 2010, 2011, 2015, 2019

All cardiovascular subject-related images, graphics
and diagrams were created by the author, Wayne
Ruppert, and have been taken from his two
published textbooks, “STEMI Assistant” and “12 Lead
ECG Interpretation in ACS with Case Studies from the
Cardiac Cath Lab,” are Copyright protected, and may
not be removed from this PowerPoint presentation.
This presentation may not be used as part of a profit-
generating program without prior written consent
from the author.

wayneruppert@aol.com
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Today’s Agenda:

* First half of class (Part 1):
— 12 Lead ECG Basic Fundamentals

* Electrophysiology (Depolarization & Repolarization)
— Waveforms and Intervals Relevant to ACS

e Cardiac Anatomical Correlations with 12 Lead ECG

e Second half of class (Part 2):
— ECG indicators of ACS

— Diagnosis of STEMI
e With Wide QRS vs. Normal width QRS

* Clinical Relevance: predicting specific complication
based on region of infarction.



Hospital 12 Lead EKG




A FEW CRITICAL POINTS ABOUT THE
Hospital (or Freestanding ED) EKG:

* |f EKG order is put in Cerner FIRST you can find
the patient on the EKG machine “Worklist”

 May take few minutes to transfer from Cerner
to Cardioserver (EKG maching software).

 When patient selected from “worklist” it pre-
populates all pertinent information into the
EKG machine. GREATLY reduces errors!!!



Select
ID




Go to “Worklist” Tab,

New Patient | Worklist 4 Find Patient

"nus;;-r

Get Worklist |

et suus  Jeoy £ | oerreaes

1 ¥ STAT 12/17]2018 2:41 PM

4

Avaoilable. 196

Cancel
Selected: 0




Select your patient .. ..

- :

T p——— BT |
worklist 4  Find Patient  Edit Patiel

New Patient ,

BHSR N [GetWUrklist ]

Status Priceity & Order Request Patient Il
| (i STAT 12/17/2018 2:41 PM 285356
(i STAT 12/19/2018 8:22 PM 294089
H NORMAL 12/17§2018 7:15 AM 89970
NORMAL 12§20/2018 3:06 PM 37916



Once selected, your patient is highlighted in blue

A

STAT 12/17/2018 2:41 PM 285356 HANKS 6/18/1946 GEORGE
U STAT 12/19§2018 8:22 PM 234089 CANTER 3f19/1953 HASKELL
U NORMAL 12/17/2018 7:15 AM 89370 KEULEY 6/10/1950 JAMES
U NORMAL 1272042018 3:05 M 37916 PASSALACQUA 12/21/1944 BERNADETTE

Then press "Select"

Rable 196 Selected: 1 Delete select




If patient is NOT on worklist, such as
“STAT ECG” for chest pain .. ...

You must MANUALLY enter:
e PatientID = MRN Number
* Last Name

* Date of Birth ( mm/dd/yyyy )
e Gender

* Your ID ( firstinitial, last name )



If patient is NOT on worklist, such as
“STAT ECG” for chest pain .. ...

You must MANUALLY enter:

e PatientID = MRN Number
* Last Name

* Date of Birth ( mm/dd/yyyy )
e Gender

* Your ID ( firstinitial, last name )

Then an ORDER must be generated in CERNER !!



New Patienl

Patient 1D

Last Name

DOD

(mmiddiyyyy)

First Name

Gender

TECH

Worklist

Find Patient

Edit Patient 1D




Setlings

( New Patient

Patient 1D

Last Name

DOD

(mmiddiyyyy)

First Name

Gender

Worklist 4 Find Patient Edit Patient 1D

MRN #

"

ﬁour first initial,last name




When the waveforms look good . ..




Do NOT Print!

If you don't like the EKG, select CLOSE,\

inmm

10mmimY

MWWM-;%MW%&M}MMIMAWWI .

1 aVL V2 V5
et MM’%%W#M\HW%,‘“W“*’!MLMJN J 1

IR MATE A DU BRI 1 N
I

MM“’JJMWLM«LAMI\JMALM[MLNM.M[ |

25mmvsec | 80~0.32-150 Mz [\

Za 4 B [ s )



If you LIKE the ECG, first, “PRINT” it...

12/730/2018 1:07: 2 M




And then “TRANSFER” it.......

Bevias Speed 31 mwsed Lavd . 10 v Bast . 100 v I o




I CRITICAL !!

Once the EKG Order has been put in Cerner
And the EKG has been obtained.......

YOU ABSOLUTELY MUST “CHECK IT OFF” of
Your Task List (Worklist).

FAILURE TO DO SO - THE EKG WILL NOT ATTACH
TO THE PATIENT’S CERNER CHART and WON'T

BE AVAILABLE TO DOCTORS OUTSIDE THE ED !!!



Before we go
any farther,
you should

know . ..



Sometimes,

ECGs
LIE to us !



ECGs and USED CAR SALESMEN
often have MUCH in common !




THE ECG in PERSPECTIVE:

PROBLEMS with ECG:

J SENSITIVITY

( FALSE NEGATIVES )

J SPECIFICITY

( FALSE POSITIVES )




EEEEEEEEEEEE “ 1 ‘ [4 11 EhA | [ ‘ fit J HEV

PATIENT STANDING, | | ! IER i )

ASYMPTOMATIC. Sibptr 1A ‘*STANMG"I—*T"‘QMCJ”“ i g
{3855 %.

00156 118/68 mmHg ||| |

SENSITIVITY e o o | " _~¥ : m;'i .4.,_ 7\()“_

NORMAL

- I = LETHAL
ool N\ | P TRIPIE

CORONARY ARTERY “ A . ”[SS[[
DISEASE




PROBLEMS WITH SPECIFICITY . . .

S-T SEGMENT ELEVATION - COMMON ETIOLOGIES:

CONDITION:

* ACUTE INFARCTION (STEMI)

\

J POINT

1]< 1mm

ABOVE

P-Q

JUNCTION}|




PROBLEMS WITH SPECIFICITY . . .

S-T SEGMENT ELEVATION - COMMON ETIOLOGIES:

CONDITION:

* ACUTE INFARCTION

* HYPERKALEMIA

* BRUGADA SYNDROME

/ « PULMONARY EMBOLUS
/ \  INTRACRANIAL BLEED
\\ - MYOCARDITIS /
‘ »
J POINT |
{<imm | *L.BUNDLE BRANCH BLOCK
ABOVE | *PACED RHYTHM
P-Q |« EARLY REPOLARIZATION &
JUNCTION| "MALE PATTERN" S-T ELEV.




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

1North (06)

Rate 83 . BINUS REYTHM. ... s coviveiesiessivesse vevereasre....NOrmal P axis, V-rate 50~ 99
. RIGHT BUNDLE BRANCH BLOCK. . .........cconuununncnn. QRSA>120, terminal axis(90,270)

FR 152 . ANTEROLATERAL INFARCT, ACUTE.........co00uvennn v Nae Q >35ms, ST >0.20mv, V2-Vé6

QRSD 122

QT 412

QTc 485

-=AXIS ==~

P 59

QRS 14 ~ ABNORMAL ECG -

T 33 >>> Acute MI <<< Requested by:
12 Lead; Standard Placement Unconfirmed Diagnosis

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

L4 Rate 83 SINUS RHYTEM .o normal P axis, V-rate 50- 99
Patle nt L RIGHT BUNDLE BRANCH BLOCK QRSA>120, terminal axis(90,270)
[ ] FR 152 ANTEROLATERAL INFARCT, ACUTE Q >35msS, ST >0.20mv, V2-Vé

122

412

* Asymptomatic I - xS L
* Troponinnormal .. . - . .~ =
e Cardiac Cath
angiography =
“no obstructive .
CAD.” . . ____ " __ __ __
* 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:

J POINT
>1mm
—~ DEPRESSED

BELOW P-Q
JUNCTION

CONDITION:

* RECIPROCAL CHANGES of
ACUTE MI

* NON-Q WAVE M.I. ( NON-
STEMI )

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




T WAVE INVERSION - COMMON ETIOLOGIES:

CONDITION:

_ _ * MYOCARDITIS
‘ * ELECTROLYTE IMBALANCE

* HYPERVENTILATION
+ CARDIOACTIVE DRUGS
v * OLD MI ( NECROSIS vs. ISCHEMIA )

* DIGITALIS
* R. BUNDLE BRANCH BLOCK

* NO OBVIOUS CAUSE




Despite the ECG’s problematic
issues with
Lack of Sensitivity
&
Lack of Specificity,

The 12 Lead ECG remains
one of our QUICKEST, most cost-
efficient front-line Triage Tools
that we have today.



So how 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'!




* We utilize ACS Risk
Stratification to
compensate for the
ECG’s lack of
sensitivity and
specificity, to aid us
in clinical decision-
making and to
improve our
diagnostic
accuracy.

59



[ 1 PRESENTING SYMPTOMS
[ 1 RISK FAGTOR PROFILE
[]

EGG 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!




Myocardial Electrophysiology



REVIEW of NORMAL ECG Waveforms:

P WAVE =
ATRIAL DEPOLARIZATION

QRS COMPLEX =
VENTRICULAR
DEPOLARIZATION
(contracting)

T WAVE =

VENTRICULAR
REPOLARIZATION
(recharging)




The J Point

e The J Point is
where the

QRS ends and

the ST /
Segment -

Begins. \

J POINT




The

* The IS
where the
QRS ends and
the ST
Segment
Begins.




THE S-T SEGMENT

¥>/ Extends from the
J POINT to the
T Wave



THE S-T SEGMENT

/

.‘.—-'."-;-""'

SHOULD HAVE
A "SLIGHT POSITIVE"
INCLINATION



THE 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:

Referred by: Unconfi d
A [ II' |
| _/'\
P I.'_ 15 T ]." e T ik B E T Hl [ o R PR .ﬂ__ll R T P = -|||,-""/ e P T || 1 ~
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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:

* Inverted in TWO or more CONTIGUOUS
LEADS

* Hyperacute (“Pointy” tipped)

* BiPhasic (half above and half below
isoelectric line)




The T Wave SHOULD NOT be:

* Inverted in CONTIGUOUS
LEADS

. (“Pointy” tipped)

. (half above and half below

isoelectric line)



The next slide shows an ECG
waveform with normal J Points, ST
Segments and T waves......

THINK OF THIS AS YOUR “MEASURING
STICK” of what a NORMAL ECG should
look like !!!



The NORMAL ECG

S-TSEGMENT




Patients with normal QRS duration
(QRS <120 ms):

ECG MARKERS of NORMAL PERFUSION

oo como ooood o e ey 3 P S Peonoomono - . 5 60000

" o« n | . . - . : ‘ . -
............... oo S o L P 2 2 - 3

- - a
- ' ;

v
"
- - - - - - - - b
.

v e -

J POINT ISOELECTRIC
ST SEGMENT: "MILD POSITIVE INCLINATION "
T WAVE: SAME POLARITY AS QRS




ECG Indicators of NORMAL
myocardial perfusion include:

e J Point isoelectric, or within 1mm of the
ISOELECTRIC LINE

e ST Segment has a slight positive inclination
where ST Segment and T Wave merge, the
shape is CONCAVE (bowed downward).

* The T Wave is UPRIGHT (in all leads except for
AVR), is not taller than the QRS, and is gently
rounded (NOT “pointy”).




ECG Indicators of NORMAL
myocardial perfusion include:

e J Point isoelectric, or within of the
ISOELECTRIC LINE

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

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

(NOT “pointy”).




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 !!!

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



Digging a Little Deeper. ..

* The cellular level: Ventricular Myocardial Cells



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++
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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
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Depolarization on the ECG:

* |s represented by the QRS 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
Cl- K+ Cl- Cl

(-0

Cat++ Na+ Ca++ Na+ o1

Ca++ Na+ Ca++ Na+

-0~




Repolarization on the ECG:

* |s represented by the:
—J Point
—ST Segment
—T Wave



\ N

J Point, ST Segment & T Wave =
Ventricular Repolarization




From the QRS to the end of the T Wave = QT Interval !

\ N

J Point, ST Segment & T Wave =
Ventricular Repolarization

QRS Complex = Ventricular Depolarization




ECG Intervals:




P-R Interval

* The P-R Interval
should be
between 120-
200ms, (which is
3 -5 little

squares). ~




P-R Interval

e The P-R Interval

should be
between -

ms, (which is
3 -5 little

squares).




QRS Duration (width):

* The Normal QRS
should be NO
WIDER than
120ms (3 little
squares).




QRS Duration (width):

* The Normal QRS
should be NO
WIDER than

ms (3 little
squares).




QRS Duration (width):

e |f the QRS is WIDER than 120ms, it indicates
the VENTRICLES are DEPOLARIZING
ABNORMALLY.

e |f the Ventricles are DEPOLARIZING

ABNORMALLY, it causes them to
REPOLARIZE ABNORMALLY.




QRS Duration (width):

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

e |f the Ventricles are DEPOLARIZING
ABNORMALLY, it causes them to




QRS Duration (width):

e When the VENTRICLES REPOLARIZE
ABNORMALLY due to the QRS being TOO
WIDE, it often causes CHANGES to the:

— J Point
— ST Segment
— T Wave

* These changes are known as Secondary
Repolarization Abnormalities.




QRS Duration (width):

e When the VENTRICLES REPOLARIZE
ABNORMALLY due to the QRS being TOO
WIDE, it often causes CHANGES to the:

* These changes are known as Secondary
Repolarization Abnormalities.



In other words......

An abnormally wide QRS (greater that 3mm)
means it ALTERS the patient’s J Point, ST
Segment and T wave — IT CAN MIMIC ischemia
and STEMI. Therefore when the QRS is TOO
WIDE (>120ms) we have some EXTRA RULES
that must be applied when reading an EKG for
Ischemia or MI.  MORE ON THIS in SESSION
TWO.



The J Point

WITHIN 1mm

of the ISOELECTRIC

LINE (in most, but ~ VAREA
not all Leads). F/ l'

The J Point should be ~




The J Point

The J Point should be ‘
WITHIN

of the ISOELECTRIC

LINE (in most, but ~ VAREA
not all Leads). F/ l'




The QT Interval

e When it’s TOO LONG it can cause SUDDEN
CARDIAC DEATH (SCD).

e Often patients with LONG QT SYNDROME
experience “syncope of unknown etiology.”

* During the episodes of syncope, they are
actually experiencing a run of Torsades de
Pointes, a deadly rhythm that sometimes
deteriorates into Ventricular Fibrillation.



The QT Interval

* Long QT syndrome (LQTS) is often a
CONGENITAL disorder. Therefore there is
often a “family history of Long QT Syndrome’
or simply a “family history of sudden death.”

/]

* Incidence of LQTS is approximately 1/2500
people.

* The last one at BHSR was........
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BEWARE

of the
QTc
GREATER THAN 600 !!!



Rate 58 Sinus rhythm 07/22/2020 16:59:39 Bayfront Health Seven Rivers ED
PR 185 IVCD, consider atypical EREEE 09/17/1956 63 yrs Dept ED
QRSd 126 Baseline wander in lead(s) V2,V3,V4,Ve Room EDO2
QT 668 COMPARED TO ECG 07/22/2020 16:56:59 Tech ib
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$R3 315 Req Provider: Rafael Santiago-Aponte
- Abnormal ECG - Unconfirmed Diagnosis
I | aVR v | V4
T ae ol S Smmaaned I p e = A I ] f/\a |
1 I Vi 5 A\ |
| | ! I
i i
1T | avF S [ Vel A |
o Juﬁﬂﬂﬁﬁ“ﬂ'{ TRiE o \’M_HJL"’ =) ""'Jf\\ o TN = \\. =] "
! v I} [ ] L
L 1 :
S| ™ ™~
e ol ol | e |
v v £
Philips PageWriter TC 25 mm/sec 10.00 mm/mY | F 60~ 0.15-100Hz |




E;“’ 122 i;g;s IhYU}E i) smmm 07/22/2020 16:56:59 anf{ml Health SeDven Rivers ED
QRsSd 126 Baseiiﬁzn:;nEZIEigpi::d{s:| v2,Vv3i, va,ve 08711956 63 yrs R:Em EDO2
aT 668 COMPARED TO ECG 07/22/2020 1lé:56:59 Tech ib
QTc — 657 SINUS RHYTHM NOW PRESENT
P h 107
$R5 Eg Req Provider: Rafael Santiago-Aponte
- Ahnarmal ECG - Uncanfirmed Diagnasis
i aVR Vi & 11 / / i
= s Hd N aln Al ~CINTY AT A LA
AT Y T IS NN WALLE AW N AL S
i [U bl “J o LW L7 I 1\ I{ ,‘I 7
J
J f i
11V 4 | . fr 1 AI [ A NS !} .'{ I
LN N N Nl i i RELIRAEE & R
i 1 S I e s I~ NN [ 1] [ AR/ A
L ) WY |
’
A 4 I i | enpes
i~ aVF A N3 fn A e L | S
A I n N it AV AN PV VN Py PYEIAA LR Y /|
ML LA il gl A AR L IFIR LY v .Yy \/ AL AL
S i 1 J ¥ 'ﬁ i i u T v ]1 ll
u A"
AN \ A1 h 1 I R R e T
i dLA il B 7468 1S 8 R/ NNV N Y VA P A ATAYAR SRV Wl PR 8 VIRV (1R VR
M i e 88 | | PARNIR VAR v v
]r TR
Philips PageWriter TC 25 mm/sec 10.00 mm/mV | F 60~ 0.15-100Hz |




Q- T INTERVAL

- VARIES BASED
ON HEART RATE
AND SEX




THE *QTc INTERVAL

*QTc = Q-T interval,

corrected for heart rate

HEART
RATE MALE FEMALE
150 0.25 0.28
125 0.26 0.29
100 0.31 0.34
93 0.32 0.35
83 0.34 0.37
71 0.37 0.40
60 0.40 0.44
50 0.44 0.48
43 0.47 0.51

Annals of Internal Medicine, 1988 109:905.



Determining the QTc

QT CORRECTION FORMULAS:

Bazett’s QTc=QT/V RR
Fredericia QTc=QT/(RR)1/3
Framingham QTc=QT+0.154(1-RR)
Rautaharju QTp=656/(1+HR/100)




DETERMINING Q-T INTERVAL LIMITS

(== Relatively accurate method to quickly identify
patients with abnormal QT Intervals.
- Applies to patients with normal heart rates
(60-100) and narrow QRS ( QRSd <120ms )
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IHEA JEEEEEEEEEEEEEEEEEEEYIEEEEEEEEE
IESEEEEESESEEEEESEEEEEEMEEEEEEEEEE
HEN EEEEEEEEEEEEEEEEEEENTEEEEEEEEEE
IIIIIllllllllllllllllllllIlllllllll
IHEN SEEEEEEEEEEE ENEEE) EEEEEEEEEE
IIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIII

IHEE IEEEEEEEEEEEEEEEEEEnI S EEEEEE.
IHEl IEESEEEEEEEEEEEEEEENI /I EENEEEEE
— T INC L e Y TN
NIV N LN N
IHEEEEEEEEEEEE NN EEEEEEEEEE .




The Q - T Interval
should be LESS THAN 1/2 the

R - R Interval

0] TOO LONG
GOOD
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The Q - T Interval
should be LESS THAN 1/2 the

R - R Interval

OK TOO LONG
DANGER!
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Determining the QT / QTc
Method 1 —12 Lead ECG Report.:

Standard 12 Lead ECG /Ra‘te 83 . Sinus rhy

: . Borderli:
printout . .. - 183
/ QRSD 88
357
Heart Rate = 83 / 420
QT Interval = 357 /

--AXIS--

QRS 41
T -1
QTC = 420 12 Lead; Standard Plac
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Determining the QTc

 iPhone

— https://itunes.apple.com/us/app/corrected-qgt-
interval-qtc/id1146177765?mt=8

e Android

— https://play.google.com/store/apps/details?id=co
m.medsam.qgtccalculator&hl=en



https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
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https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://play.google.com/store/apps/details?id=com.medsam.qtccalculator&hl=en
https://play.google.com/store/apps/details?id=com.medsam.qtccalculator&hl=en

Corrected QT Interval (QTc) 7

Daniel Juergens

$0.99

“There’s

A P P iPhone Screenshots
a n Carrier ¥ 12:52 AM = Carrier ¥ 12:52 AM - Carrier ¥ 12:52 AM
$ M

Like the R-R interval, the QT interval is
Hoars Rutay 100 v ol dependent on the heart rate and may be
adjusted to improve the detection of
patients at increased risk of ventricular

QF iInterval: 405 msec arrhythmia. The standard clinical correction
is the Bazett's formula, which is used in this The information contained within
o [ oo oo Sopetligsgeiigrs 8 this spplication & for informutional
and in females 451-470 ms. An “abnormal® purposes only and does not
Corrected QT QTc in males is a QTc above 450 ms, and in constitute medical or health advice.
Interval (QTc): @ 523 milliseconds females, above 470 ms. You shogld not rely onthe
information portrayed in this

application as an alternative to
medical advice from your doctor or
any other professional healthcare
provider.

Abnormal QTc

Refecances: hitos./fen mwiipedia org/wiki/
QT _interval (20.08.2016)




QTc Values:

Too Short: < 390 ms

Normal
-Males: 390 - 450 ms
-Females: 390 - 460 ms

Borderline High
-Males: 450 - 500 ms
-Females: 460 - 500 ms

High (All Genders): 500 - 600 ms

SOURCE: “ACC/AHA/HRS Recommendations for Standardization and Interpretation of the ECG,
Part IV: The ST Segment, T and U Waves, and the QT Interval” Rautaharju et al 2009



http://circ.ahajournals.org/content/119/10/e241
http://circ.ahajournals.org/content/119/10/e241

22 y/lo FEMALE Vent. rate 53 bpm PEDIATRIC CARDIOLOGY ASSOCIATES
PR interval 110 ms
QRS duration 84 ms
QT/QTe 678/636 ms
P-R-T axes 25 60 48

Doctor:;; 4 MCCORMACK Pt. Status: EST CHCT
: |
— ! | ; : ‘—’/f\‘ !
e} \____,,_,,/ \,__.J\JL_,__..-f bt ‘_J‘“\ —_d W \‘*-\../1 /*"/\\-..—M \____,/ T4 eoeaanoa ‘V'ks__..._a
1 TAVR (R f /‘/ 4 i
| { |

WHEN THE “QUICK PEEK” METHOD for QT INTERAL EVALUATION IS
APPLIED TO THE ABOVE ECG, WHAT IS THE RESULT?



Dysrhythmia Associated with Mortality,
Triggered by LQTS: Torsades de Pointes

e =] P e e i e [t s ool Faanm
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Torsades de Pointes (TdP) - HEMODYNAMICS:
* Decreased — to — NO Cardiac Output
e Often patient PULSELESS during episode
* Patients often report SYNCOPE when TdP self-terminates.
* May DETERIORATE into VENTRICULAR
FIBRILLATION and CARDIAC ARREST. (“Sudden Death”)




ECG Characteristics of TdP: The QRS
Pattern of Torsades de Pointes
resembles.....

a piece of Twisted Ribbon !
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Etiology of Long QT Syndromes:

Congenital (14 known subtypes)
Genetic mutation results in abnormalities of cellular ion channels
Acquired

Drug Induced

Metabolic/electrolyte induced

Very low energy diets / anorexia

CNS & Autonomic nervous system disorders
Miscellaneous
Coronary Artery Disease

Mitral Valve Prolapse




QT Prolongation -- STAT Intervention:

e Evaluate patient’s meds list for meds that prolong the QT Interval.

e Discontinue any medication(s) known to prolong the QT Interval

e Consult pharmacist and the patient’s physician to determine alternate
medications that do not prolong the QT interval.

e Obtain a thorough patient history, to rule out incidence of syncope, seizures
(of unknown etiology), and family history of sudden death/ near sudden death.

e Rule out hypothermia

e Rule out CVA / intracranial bleed

e Evaluate the patient’s electrolyte levels

e Continuously MONITOR PATIENT’S ECG FOR RUNS OF TORSADES

e Consider “expert consult” (electrophysiologist) to rule out LQTS



PROLONGED Q- T INTERVAL

THINK:

- CHECK K+ AND MAG LEVELS
- POSSIBILITY OF TORSADES



If the patient is single.......



If the patient is single

STAT !




CARDIOLOGY ARRHYTHMIA DISORDERS
L
Cardiologytoday

NEWS EDUCATION/CME JOURNALS MEETING CALENDAR BOOKS JOBS

All News Video Opinion In the Journals Meeting News Resource Centers Learn the Heart Trial

IMPORTANT SAFETY INFORMATION |

P _V‘S’ﬂdﬂQEl . Adverse Reactions
':':.’/ (lalamidls meglumine) Visit VYNDAQELhcp.com In studies in patients with ATTR-CM,
A for more information the frequency of adverse events in
NOW APPROVED patients treated with VYNDAQEL was

similar to placebo.

Healio Cardiology Arrhythmia Disorders

IN THE JOURNALS

Prolonged QT interval more likely in
unmarried vs. married adults

Ahmad MI, et al. Am J Cardiol. 2019;doi:10.1016/j.amjcard.2019.04.020.
July 9, 2019

o [ o ADD TOPIC TO EMAIL ALERTS ]

COMMENT

Compared with married people, unmarried people were more likely to have a
@ prolonged QT interval, according to findings published in The American Journal of
@ Cardiology.



PROLONGED Q- T INTERVAL

THINK:

- CHECK K+ AND MAG LEVELS
- POSSIBILITY OF TORSADES



QT Prolongation -- STAT Intervention:

&= Avoidance of Meds that are known to prolong the QT
Interval. Click here for current list from
CREDIBLEMEDS.ORG

Commonly used QT prolonging meds include:

-Amiodarone -Ritalin
-Procainamide -Pseudophedrine
-Levaquin -Haloperidol
-Erythromycin -Thorazine
-Norpace -Propulicid
-Tequin -Lofran

-Benadryl -libutilide and MANY more!


https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf

PATIENT 1: NORMAL

PATIENT 2: Genetic susceptibility; sensitivity to QT prolonging drugs:

KANNANKERIL ET AL.

Patient 1 Patient 2

l Same QT-prolonging drug 1

i LS /—\



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf

U Waves

Occasionally
an extra wave .

is noted after

each T wave.
It typically |
resembles o T
“a secondary
T wave
g _—

U wave

When present on the ECG, this "extra” waveform is
referred toas a “ U Wave.”



U Waves. ..

e Common U wave Etiology:
— Hypomagnesemia*
— Hyperkalemia*
— Hypocalcemia*
— QT prolonging medications*
— Increased intracranial pressure*
— Hypothermia*
— Digitalis (usually shortens the QT Interval)

* These are also causes of QT interval prolongation.



Abnormal U Waves

INCLUDE the U Wave in the QT Interval
measurement when any one or more criteria are
present:

* U wave 100% (or more) the size of the T wave.

* U wave is INVERTED (opposite polarity of T
wave)

U wave merged with the T wave

EVIDENCE SOURCE:
ACC/AHA/HRS Recommendations for the Standardization and Interpretation of the
Electrocardiogram Part IV: The ST Segment, T and U Waves, and the QT Interval.



http://circ.ahajournals.org/content/119/10/e241#sec-18
http://circ.ahajournals.org/content/119/10/e241#sec-18
http://circ.ahajournals.org/content/119/10/e241#sec-18
http://circ.ahajournals.org/content/119/10/e241#sec-18

01/16/ 14:53:42 Baseline Intervals 25mm/sec 0.5 mV/cm]

I aVR 7 Vi v4

“‘(QTc =672ms!)

v

- S—

This ECG illustrates the degree of variation that can be noted |
between different leads on the 12 Lead ECG. ALWAY measure
the QT Interval in the lead with the GREATEST value.



Medication induced LQTS with TdP and Cardiac Arrest - Case Study: 56 year old male

Hbyears
Male

Room:

S P

" Veot. rate ' 64 bpm

Cuucasian

Opt: 23

Techmciun: |

PR intarval 152 e | "Syncope of Unknown Etiology"

QRS duration 1104 s

| 3‘7@1';# Ggf%:} ";fz | 30 days prior to this visit, patient started taking Ritalin. Since

- then he has reported multiple syncopal episodes. Notice the
iR prominent U waves in Leads V1, V2 and V3.




Medication induced LQTS with TdP and Cardiac Arrest - Case Study: 56 year old male

SIEMENS 1. Rest:Tachy 10:25:03 AM AXIOM Sensis XP VC03C

o' vvvvvvv I|'. vvvvvvvv AR AR rrr—1>v~rw LI L G '5 ™TTT LI A L ™7 T rvv]rrﬁva—rr.|1°v T '

T 10 mm/mV i
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-J0
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Study: Coronary”~Diagnosti...

Run of Torsades de Pointes occurred during Cardiac Catheterization. ..




Medication induced LQTS with TdP and Cardiac Arrest - Case Study: 56 year old male

SIEMENS 1. Rest TORSADES-NSR, SPQNTANEQUS CO}{VERSION 10:25:03 AM+22 s

T T T T T T T T T T T T -7 = = G L T N L |
(] l1s | s | |
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o T e |

- =00
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60

40
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Q
25 mm/s

Torsades de Pointes self-terminates just before aborted Defibrillation




Medication induced LQTS with TdP and Cardiac Arrest - Case Study: 56 year old male

Hbyears Vent. rate 64 bpm G i > i . .
fale | Caucaiap PR intirval 152 ms Ritalin was immediately discontinued.

RS durutio , S
i ST,QTT,”“" R Within 48 hours, U waves were gone.

loc 3 Opt: 23 P-R-T wxes 51! 64 212 No more incidents of syncope reported_

Techmcian: T U

‘ 5
! {
B T L L B o s s e e nan o | e e P B i e S L B e e D e et | et eyt | 5 b
| AVR | . Vil | 1 1 :
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THE ECG MACHINE

STANDARD 12 LEADS - USES 10 WIRES
(6 CHEST and 4 LIMB)

- LEADS |, 1I, Ill, and V1, V2, V3, V4, V5, V6

1 POSITIVE ELECTRODE —/°

1 NEGATIVE ELECTRODE —-)

1 GROUND ELECTRODE —\e

- LEADS AVR, AVL, and AVF

1 POSITIVE ELECTRODE /\{/o—@
2 NEGATIVE ELECTRODES ©
1 GROUND ELECTRODE ——_ @




THE POSITIVE ELECTRODE

WL

IS THE "EYE" . ..

Wherever it’s positioned on the body, that’s the
perspective of the heart it’s seeing . . ..



Obtaining the 12 Lead ECG

STANDARD LEAD PLACEMENT ---

12 LEAD ECG
° 4 th INTERCOSTAL SPACE
N )
\{ V4 is at 5th INTERCOSTAL
SPACE. V5 & V6 are on the
IMTCL_ SAME HORIZONTAL PLANE.
AAL
[MAL - PATIENT SHOULD LAY
AS FLAT AS POSSILVE
- LIMB LEADS SHOULD BE
PLACED AS DISTALLY
0 i} ~ AS POSSIBLE



Obtaining the 12 Lead ECG

e Limb leads should be on the limbs.



Obtaining the 12 Lead ECG

e Limb leads should be on the limbs.

— 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

* Limb leads should be placed on the limbs.

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

should be noted on the ECG.




Obtaining the 12 Lead ECG

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

words “ “
should be noted on the ECG.




CORRECT Lead placement:

V4 P90e Chest Lead Placement

NHLAL
N

MCL

V6

4 th INTERCOSTAL SPACE

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

AAL

MAL

5




INCORRECT Lead placement:

V4 V2 [y Chest Lead Placement

V4
V5

4 th INTERCOSTAL SPACE

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

MCL

MAL




AHA/ACC/HRS Scientific Statement

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

= 1 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 I



CORRECT Lead placement:

V4 P90e Chest Lead Placement

NHLAL
N

MCL

V6

4 th INTERCOSTAL SPACE

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

AAL

MAL

5
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Female

poB I 75 Years

. Sinus rhythm..."

normal P axis, V-rate 50- 99
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INCORRECT Lead placement:

V4 V2 [y Chest Lead Placement

V4
V5

4 th INTERCOSTAL SPACE

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

MCL

MAL
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Leads V1 & V2 on 12 Lead ECG:

* Proper lead placement of precordial Leads V1
and V2 are 4th intercostal space on opposite
sides of the sternum.

* Incorrect placement of Leads V1 and V2 will
result in the presence of Q Waves (indicator
of necrosis) leading to misdiagnosis of
previous anterior / septal infarction.




Leads V1 & V2 on 12 Lead ECG:

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

* Incorrect placement of Leads V1 and V2 will
result in the presence of Q Waves (indicator
of necrosis) leading 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
liquid chocolate, and then
scratch holes in each spot
where we normally place the
ECG leads. . ...



What part of the HEART
would each lead SEE ?

THE POSITIVE ELECTRODE

<>

IS THE "EYE" . ..



L
I, 1, AVF

AREAS VIEWED
by 12 LEAD ECG

AVR

AVL, |

V1, V2

V3, V4

V3, V6

II, 1ll, AVF

Fill in the
blanks as
we

proceed!



THE POSITIVE ELECTRODE
<>
What each of the 12

Leads “see,” in more
detail . ...




Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

/

ANTERIOR
CHEST ViV2 V3 V4

WALL

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

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 V1-V4;

e V1 —-V4 view the ANTERIOR WALL of the Left
Ventricle.

e V1 and V2 also view the SEPTAL WALL

e V1-V3view the POSTERIOR WALL via
Reciprocal Changes.




Leads V1-V4;

* V1-V4view the of the Left
Ventricle.

V1 and V2 also view the

e V1-V3view the via

Reciprocal Changes.



Vo-Vo VLW Inc LAICKAL WALL

of the LEFT VENTRICLE

05-0CT-2006

NORMAL SINUS RHYTHM

Normal EKG

Very Healthy Athletic EXG !

JOHNS-HOPFINS UNIV.

'RUPPERT, WAYNE  ID: 7445683659
3BYrs Vent. Rate: 68
V6 | |mA P-RINL: 160 ms
QRS: 100 ms
V5 I AVR
ANTERIOR V4 | ~
V3 I AVL
CHEST ViV2
WALL JL«L\_J;-‘»L-\—-LH
m AVF

Vi

V2

V3

ClT




Leads V5 & V6:

e \/5 & V6 view the LATERAL WALL of the Left
Ventricle.




Leads V5 & V6:

e \/5 & V6 view the of the Left
Ventricle.




Leads | & AVL View: Proximal Lateral / Anterior Wall

1D: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.
Vent. Rate: 68 NORMAL SINUS RHYTHM
P-R Int.: 160 ms Normal EXG
QRS: 100 ms Very Healthy Athletic EXG !
AVR Vi V4
n AVL v2 Vs
m AVF v3




OCCLUSION of DIAGONAL ARTERY

LEFT MAIN CORONARY ARTERY
CIRUMFLEX

AV x\JD’;\ el
LBB ARTERY

DIAGONAL
ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
ANTERIOR VIEW ggiggvome
OCCLUSION of OBTUSE MARGINAL ARTERY

CIRUMFLEX
ARTERY

OCCLUSION of RAMUS ARTERY
LEFT MAIN CORONARY ARTERY
AV NODE \

LEFT MAIN CORONARY ARTERY
CIRUMFLEX
- ARTERY
RAMUS 1st OBTUSE
MARGINAL
ARTERY _ ARTERY
AREA OF EKG VIEWED BY :.' AREA OF EKG VIEWED BY
LEADS | and aVL \——\r. LEADS | and aVL
N LEFT ANTERIOR
\} DESCENDING
ARTERY

LEFT ANTERIOR
DESCENDING
ARTERY ANTERIOR VIEW

ANTERIOR VIEW



Leads | and AVL:

* Leads | and AVL view the PROXIMAL aspect of
the LATERAL and ANTERIOR WALLS

| and AVL can be associated with EITHER the
LATERAL WALL, the ANTERIOR WALL, or BOTH
the LATERAL and ANTERIOR WALLS.




Leads | and AVL:

* Leads | and AVL view the PROXIMAL aspect of

the and WALLS
| 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
38 Yrs

JOHNS-HOPKINS UNIV.
Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int: 160 ms Normal EKG
ORS:

100 ms Very Healthy Athletic EKG !

ey v u i B gt
L
| gl L
\ FED by the RCA ( 75-80 % pop )
’ [\ ’ \ or the CIRCUMFLEX (10-15%)




Leads Il, Ill, and AVF:

e Leads, Il, lll, and AVF view the INFERIOR WALL
of the Left Ventricle.




Leads Il, Ill, and AVF:

e 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: 744568359 05-0CT-2006 JOHNS-HOPKINS UNIV.
3B Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int.: 160 ms Normal EKG

QRS: 100 ms Very Healthy Athletic EKG !

V1 v4

AVL V2 V3

AVF V3 Vo l I

[

Lo
SR

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:

* Lead AVR views the BASILAR SEPTUM.

e The BASILAR SEPTUM is the area where the
BUNDLE of HIS is typically located.




Lead AVR:

e Lead AVR views the

e The is the area where the
s typically located.




Lead AVR:

e ST Elevation in Lead AVR during Acute STEMI
is associated with LEFT MAIN CORONARY
ARTERY obstruction, which has a 75%
mortality Rate.

e ST Elevation of Lead AVR when STEMI is NOT
present is often associated with CRITICAL
TRIPLE VESSEL disease, and/or CRITICAL
OCCLUSION of the LEFT MAIN CORONARY
ARTERY: both require Coronary Artery Bypass
Graft (CABG) Surgery!!




Lead AVR:

e ST Elevation in Lead AVR during Acute STEMI
is associated with

obstruction, which hasa %

mortality Rate.

e ST Elevation of Lead AVR when STEMI is NOT
present is often associated with

disease, and/or CRITICAL

OCCLUSION of the

: both require Coronary Artery Bypass

Graft (CABG) Surgery!!




Vent. rate

64 BPM Norma

| sinus rhythm

PR interval 130 ms Normal ECG
QRS duration 9 ms LT L e
QTQTe 196408 ms No previous ECGs available
P-R-T axes 40 11 6l

RLFerLd h"'

7% PROXIMAL LATERAL
or PROXIMAL ANTERIOR

~ BASILAR SEPTUM
(Bundle of Hls regmn)
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What REGION of the HEART does EACH LEAD VIEW ? ?

s :
Lead | views:

Lead AVR views:

Lead V1 views:

Lead V4 views:

PEE i E
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| aVR | 't Vi | | | |v4

Lead Il views: Lead AVL views: Lead V2 views: Lead V5 views:
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Lead lll view: Lead AVF views: Lead V3 views: Lead V6 views:
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°
II, W, AVF

AREAS VIEWED
by 12 LEAD ECG

AVR ' BASILAR SEPTAL

AVL, | PROXIMAL
LATERAL-ANTERIOR

VI, V2 ANTERIOR

SEPTAL

POSTERIOR (recip.)

V3, V4 ANTERIOR

W V6 | ATERAL

e Y INFERIOR



AREAS VIEWED
by 12 LEAD ECG

AVR

AVL, |

V1, V2

V3, V4
W, Vb

Il I, 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 of
the 12 Lead ECG are the
POSTERIOR WALL and the
RIGHT VENTRICLE.




The TWO major BLIND SPOTS of
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 — 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

LEFT PARASPINAL

MOVE:
Y
V1 to VAR POSTERIOR AXILLARY LINE MOVE:
V2 to V5R MIDAXILLARY LINE V4 to V7
V3 to V6R . e V5 to V8
m’ O {\
MLl
ver VIR.vaR V4 vsy V6

Ve V7 V8 V9

ANTERIOR VIEW POSTERIOR VIEW




LEAD PLACEMENT for obtaining
RIGHT VENTRICULAR ECG:

ba V4

V4R - 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 - r b IL’ARASPINAL 5




The INDICATION for obtaining a
POSTERIOR LEAD ECG is
ST Depression in Leads V1-V4.




The INDICATION for obtaining a
POSTERIOR LEAD ECG is



Coronary Artery Anatomy



THE CORONARY

237

ARTERIES



“INVALUABLE ASSET for ALL MEDICAL PROFESSIONALS who

provide direct care to STEMI patients !”




The 12 legad €Ca becomes your “erystal
ball II”




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. ..



There are MUTLITPLE anatomic
variations in Coronary Artery
Anatomy.

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



Vi- V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE
VI, V2 - ANTERIOR / SEPTAL

/

ANTERIOR
CHEST ViV2 V3 V4

WALL | ‘|‘

V3, V4 - ANTERIOR

AVR V1

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 !

4

AVL V2

AVF

[Lf

V3

L

Leads V1 — V4 are associated with the Left Anterior Descending Artery,,



LEFT ANTERIOR DESCENDING ARTERY

| BUNDLE OF
HIS

LEFT BUNDLE
BRANCH

RIGHT BUNDLE
BRANCH

ANTERIOR VIEW



cutaway view of the

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

‘. ’.) (.\.’ RIGHT DOMINANT

SYSTEM
' .

CIRCUMFLEX
(CX) ARTERY

RIGHT CORONARY
ARTERY (RCA)

LEFT MAIN CORONARY ARTERY (LMCA)




Left Anterior Descending Artery

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

* Approximately 45% of the Left Ventricle
* Bundle of His

e Bundle Branches




Left Anterior Descending Artery

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

e Approximately of the Left Ventricle




Vo-Vo VLW Inc LAICKAL WALL

of the LEFT VENTRICLE

05-0CT-2006

NORMAL SINUS RHYTHM

Normal EKG

Very Healthy Athletic EXG !

JOHNS-HOPFINS UNIV.

'RUPPERT, WAYNE  ID: 7445683659
3BYrs Vent. Rate: 68
V6 | |mA P-RINL: 160 ms
QRS: 100 ms
V5 I AVR
ANTERIOR V4 | ~
V3 I AVL
CHEST ViV2
WALL JL«L\_J;-‘»L-\—-LH
m AVF

Vi

V2

V3

ClT




CIRCUMFLEX ARTERY

ANTERIOR VIEW




cutaway view of the

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

‘. go» 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:

e Approximately 20-30% of the Left Ventricle,
which includes:

— Lateral Wall of Left Ventricle
— Approx % of Posterior Wall
 On rare occasion, the SINUS NODE




Circumflex (Cx) Artery

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

e Approximately 20-30% of the Left Ventricle,
which includes:

— of Left Ventricle

* On rare occasion, the




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

RUPPERT, WAYNE ID: 7445683659 05-0CT-2006
38 Yrs

JOHNS-HOPKINS UNIV.
Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int: 160 ms Normal EKG
ORS:

100 ms Very Healthy Athletic EKG !

ey v u i B gt
L
| gl L
\ FED by the RCA ( 75-80 % pop )
’ [\ ’ \ or the CIRCUMFLEX (10-15%)




DOMINANT
RIGHT CORONARY ARTERY

: A-V NODE

Supplies
Blood

to:

Approx 1/2
of
POSTERIOR
WALL

POSTERIOR
VIEW



Right Coronary Artery (RCA)

In patients with a RIGHT DOMINANT system,
the RCA supplies blood to the following cardiac
structures:

 Sinus Node
* Right Ventricle
e AV Node

e Approximately 15-25% of the Left Ventricle
— INFERIOR Wall
— % POSTERIOR WALL




Right Coronary Artery (RCA)

In patients with a RIGHT DOMINANT system,
the RCA supplies blood to the following cardiac
structures:

e Approximately %of the Left Ventricle
— INFERIOR Wall
— % POSTERIOR WALL
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MOM and DAD at Lee's Diner, York, PA 2006



