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The Heart:

-Muscle cells
-Electrical system cells
-Connective tissue



FOUR CHAMBERED PUMP...



2 VENTRICLES

PRIMARY JOB:

"PUMP BLOOD TO THE
LUNGS AND THE
REST OF THE BODY™



WHEN FUNCTIONING PROPERLY,
THE ATRIUM SUPPLY

APPROXIMATELY C:D
WHAT

PERCENTAGE

OF THE
CARDIAC OUTPUT ?



THE CHAMBER MOST IMPORTANT
TO KEEPING THE PATIENT ALIVE

(and the ONLY one
you can't live
without )

IS THE
LEFT VENTRICLE

WHICH WE WILL REFER
TO AS THE PUMP










Left bundle
branch

Purkinje fibers
branch

Pacemaker site in the
Ventricles:
20 - 40 beats / min



NORMAL "INHERENT" RATES:

SA NODE: 60 - 100

AV NODE: 40 - 60

* VENTRICLES: 1 - 40

* Most reference sources indicate ventricular focal rates as being
between "20-40" beats per minute. Since | have personally withessed
patients who have had regular, pulse-producing "idioventricular”
rhythms as low as 4 -5 beats per minute, | can not endorse "20" as
a minimum ventricular rate.



THE "SKELETON OF THE HEART"

ATRIUM

|
AORTIC VALVE OPENING
HIS BUNDLE OPENING

PULMONARY VALVE OPENING
FIBROUS

"SKELETON

of the |
HEART" — A L A D>

TRICUSPID MITRAL
VALVE VALVE

OPENING OPENING \ VENTRICLES




ATRIAL
DEPOLARIZATION

—P WAVE

IS RECORDED
ON EKG

LEAD
I1




\—/ THE P-R SEGMENT

ELECTRICAL ACTIVITY
DURING P-R SEGMENT:

- Depolarization wave in
A-V node

- Atrial Repolarization

.10 SECOND
ISOELECTRIC PAUSE

LEAD
I1




VENTRICULAR
DEPOLARIZATION

- QRS COMPLEX
IS RECORDED
ON EKG

LEAD
I1

-




VENTRICULAR
REPOLARIZATION

-WRITES A "T"
WAVE ON THE
ECG

LEAD
I1




P WAVE =
ATRIAL DEPOLARIZATION

QRS COMPLEX =
VENTRICULAR
DEPOLARIZATION
(contracting)

T WAVE =

VENTRICULAR
REPOLARIZATION
(recharging)



CARDIAC ANATOMY and PHYSIOLOGY "101"

90 % REPOLARIZATION of VENTRICULAR CELLS

RELATIVE REFRACTORY PERIOD

ELECTRICAL STIMULUS TO VENTRICLES HAS
VERY HIGH PROBABILITY OF CAUSING V-FIB/V-TACH



ELECTRICAL IMPULSE
ADMINISTERED DURING ABSOLUTE

REFRACTORY PERIOD -- INDUCES
VENTRICULAR FIBRILLATION
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ECG PAPER - THE VERTICAL AXIS:

= SMALL BOXES =

1mm SQUARES —

= THE VERTICAL

AXIS REPRESENTS

AMPLITIUDE

(VOLTAGE)

= I[N VERTICAL

DIRECTION, THERE

ARE 5 SMALL

BOXES IN EACH

LARGE (5mm) BOX

= 1 mv CALIBRATION

SPIKE = 10 mm




ECG PAPER - THE HORIZONTAL AXIS:

THE HORIZONTAL

AXIS REPRESENTS

TIME. . .

STANDARD SPEED

FOR RECORDING

ADULT EKGs =

25 mm / SECOND

EACH 1mm BOX =

.04 SECONDS, or

40 MILLISECONDS

(40 ms) =

5 SMALL BOXES =

.20 SECONDS, or

200 MILLISECONDS

(200 ms)




THE EKG MACHINE

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

-1, I, lll, and V1, V2, V3, V4, V5, V6
EACH CONSIST OF:

1 POSITIVE ELECTRODE /O

1 NEGATIVE ELECTRODE )

1 GROUND ELECTRODE \.




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
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ESTABLISH YOUR ROUTINE
ECG EVALUATION. .. ..

— [0 RATE
[ RHYTHM
[1 INTERVALS
[1 P:QRS RATIO



DETERMINE HEART RATE

METHOD 1:
(regular rhythm)
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DETERMINE HEART RATE
"300 Divided By "

(regular rhythm)
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DETERMINE HEART RATE
300 divided by 4 = 75

\:,oo dividedby 5 = 60
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"so our patient's heart rate is between 75 & 60,
closer to 75."
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DETERMINE HEART RATE:
METHOD 2:

< 6 SECONDS >
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THE CONCERNS OF ACLS
IS THE

> T 0 O S L O W
- —TO0+FAST
< JUST RIGHT.




"There i1s NO SUCH thing as an
EP ( heart rate ) emergency . . .

If the rate's too slow -- PACE IT

If the rate’s too fast-- SHOCK IT "

Dr. James Irwin
Electrophysiologist
St. Joseph’'s Hospital
Tampa, Florida



HEART RATES THAT ARE:

BELOW 50 ARE TOO SLOW AND MAY
CAUSE PATIENT TO BE UNSTABLE

507 150 JUST RIGHT !  SHOULD NOT
CAUSE PATIENT TO BE UNSTABLE

ABOVE 150 ARE TOO FAST AND MAY
CAUSE PATIENT TO BE UNSTABLE



-- CRITICAL ECG ALERT

-Immediately check patient
-Noti fy next nhigher upo I

1. Heartrate LESS THAN 50 or GREATER THAN 150



HEART RATE CLASSIFICATIONS

Heart rates

that are:

Below 60

60 - 100

Above 100

CLASSIFIED AS:

BRADYCARDIA

NORMAL

TACHYCARDIA



ACLS TACHYCARDIA GUIDELINES
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100




ESTABLISH YOUR ROUTINE
ECG EVALUATION. .. ..

[ RATE

—> [ RHYTHM
[1] INTERVALS
[1 P:QRS RATIO



DETERMINE

REGULAR —

REGULARLY —
IRREGULAR

IRREGULARLY -
IRREGULAR

RHYTHM



DETERMINE RHYTHM
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DETERMINE RHYTHM

REGULAR

REGULARLY
IRREGULAR

IRREGULARLY
IRREGULAR



ESTABLISH YOUR ROUTINE
ECG EVALUATION. .. ..

[ RATE

[ RHYTHM
—> [ INTERVALS

[1 P:QRS RATIO



NORMAL P-R INTERVAL

12 - .20 sec.
or

120 - 200 mSEC.

MUST BE
CONSISTENT

FROM BEAT
TO BEAT !!




P-R INTERVAL TOO SHORT. . .

LESS THAN 120 mSEC

THINK:

- ECTOPIC ATRIAL ACTIVITY
- PRE-EXCITATION (WPW)

- JUNCTIONAL ( nearly on top of QRS,
possibly inverted )



P-R INTERVAL TOO LONG
GREATER THAN 200 mSEC

THINK:

- HEART BLOCK



P- R INTERVAL INCONSISTENT
(VARIES FROM BEAT TO BEAT)

THINK:

- 2° TYPE 1 HEART BLOCK
(WENKEBACH )

- 3° HEART BLOCK
(COMPLETE HEART BLOCK )



QRS INTERVAL

LESS THAN

A2

OR

120 mSEC




QRS COMPLEX TOO WIDE
WIDER THAN 120 mSEC

THINK:

- BUNDLE BRANCH BLOCK

- VENTRICULAR COMPEX (ES)

- PACED RHYTHM

- L VENTRICULAR HYPERTROPHY

- HECTROLYTE IMBAL. (tK+ lcCa++)
- DELTA WAVE (PRE-EXCITATION)




THE J POINT

IS where the
QRS complex
ends and the

J POINT



THE J POINT SHOULD BE..

WITHIN
1 mm
ABOVE

OR
BELOW
the

ISOELECTRIC
LINE

or the P-Q JUNCTION.



THE P-Q JUNCTION

. . . IS the POINT
Where the P-R
SEGMENT ends
and the QRS
COMPLEX BEGINS.

Used for POINT

OF REFERENCE
for measurement of
the J-POINT and
the S-T SEGMENT -

— as per the A.H.A.,, A.C.C., and WANG, ASINGER, and
MARRIOTT, N.E.J.M. vol. 349:2128-2135 Nov. 27, 2003




THE ISOELECTRIC LINE

R-R
VNTERVAL

i e

IS MEASURED BETWEEN
T and P WAVE, or

U and P WAVE




THE S-T SEGMENT

J POINT



Q- T INTERVAL

- VARIES BASED
ON HEART RATE
AND SEX




DETERMINING Q-T INTERVAL LIMITS THE *QTc INTERVAL

BAZETT'S FORMULA *QTc = Q-T interval,
corrected for heart rate
HEART
QT RATE MALE FEMALE
— 150 0.25 0.28
QTC — 125 0.26 0.29
0.31 0.34
v R = R 190:’,0 0.32 0.35
83 0.34 0.37
71 0.37 0.40
60 0.40 0.44
- REQUIRES CALCULATOR o 014 0.4

WITH SQUARE ROOT FUNCTION 43 0.47 0.51

Annals of Internal Medicine, 1988 109:905.

DETERMINING Q-T INTERVAL LIMITS DETERMINING Q-T INTERVAL LIMITS

THE "QUICK PEEK" METHOD
( for Heart Rates 60 -100)

RAUTAHARJU FORMULA

656
—————— L QTc = HR
IHIEE RN EEEEEEEEn HEEEEN 1 + -
NN EEEEEEEEEE NN EEn [ | | 100

IIEIHlrllllL==========lsIIIIIEIIIIEI HE - ACCURATE AT ALL RATES
IEEEEEEEE NN NN EEEEE



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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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 Repbort

Standard 12 Lead ECG

ey

printout. ..

Heart Rate = 83
QT Interval = 357

QTc = 420

QT 357
//QTC 420

Rate 83 . Sinus rhy
. Borderlii

PR 183

QRSD 88

~--AXIS--

P 70

QRS 41

T -1

12 Lead; Standard Pla
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QTc Values:

Males:

Critical High:
Females:

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

22 ylo 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:;  MCCORMACK ; ; Pt. Status: EST CHCT

G 1
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g i e
b 7:i1 /
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PIE R fReet * f
| it Wi i l

WHEN THE nQUI CK PEEKoO METHOD for QT | N°
APPLIED TO THE ABOVE ECG, WHAT IS THE RESULT?



-- CRITICAL ECG ALERT

-Immediately check patient
-Noti fy next nhigher upo I

1. Heartrate LESS THAN 50 or GREATER THAN 150
2. QT INTERVAL prolonged (usually not emergent but let Dr. ki



Etiology of Long OT 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




PROLONGED Q- T INTERVAL

THINK:

- CHECK K+ AND MAG LEVELS
- POSSIBILITY OF TORSADES



PROLONGED Q- T INTERVAL

THINK:

- CHECK K+ AND MAG LEVELS
- POSSIBILITY OF TORSADES



OT Prolongation- STAT Intervention:

wEvaluateLJr G A Sy 1 Qa YSRa fAad FT2N YSRa (K
wDiscontinue any medication(s) known to prolong the QT Interval
w 2y adz 0 LIKFNXYFOAAG YR GKS LI GASYd
medications that do not prolong the QT interval.
wODbtaina thorough patient history, to rule out incidence &lyncope, seizures
(of unknown etiology, andfamily history of sudden death/ near sudden death.
wRuleout hypothermia
wRule outCVA / intracranial bleed
WO DI fdzr S GKS Llevels Syi Qa St SOUNRte&as
wContinuousiyMONITOR ' ¢ L9 Db ¢ Qf{ 9/ D Chw w,; b{ hC
w 2y aiRSNI &S ElkdSdelysioDdGisyta rike dutELQTS



OT Prolongation- STAT Intervention:

F 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 -Propulcid
-Tequin -Zofran

-Benadryl -llbutilide 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

@ e JAMA Network

From: What Clinicians Should Know About the QT Interval
JAMA. 2003;289(16):2120-2127. doi:10.1001/jama.289.16.2120

Table. Pharmacokinetic Interactions With Selected QT-Prolonging Drugs*

QT-Prolonging Drugs

Drugs Possibly Affecting Pharmacokinetics

Antiarrhythmics
Disopyramide Erythromycin
Dofetilide Cimetidine, ketoconazole, megesterol, prochlorperazine,
trimethoprim, verapamil, thiazide diuretics
Procainamide Amiodarone, cimetidine, trimethoprim
Quinidine Amiodarone, cimetidine, possibly erythromycin and verapamil
Antipsychotics
Haloperidol Fluoxetine, venlafaxine
Pimozide Erythromycin
Thioridazine Paroxetine
Ziprasidone Fluconazole, itraconazole, ketoconazole
Antidepressants
Amitriptyline Cimetidine, fluconazole, fluoxetine, ritonavir
Desipramine Venlafaxine
Anti-infectives
Erythromycin Ritonavir
Sparfloxacin Cisapride
Other
Bepridil Ritonavir
Cisapride Clarithromycin, erythromycin, fluconazole, indinavir, itraconazole,

ketoconazole, nefazodone, ritonavir

*Drugs from the “very probable,” “probable,” and “possible in high-risk patients” categories of the Box are included in
this table. This is not an all-inclusive list of all pharmacokinetic drug-drug interactions with these agents but, rather,
some interactions that could lead to increased serum concentrations of the QT-prolonging drug. New drug-drug
interactions may be identified in the future. Pharmacodynamic interactions are not included in this table; however,
combinations of QT-prolonging drugs such as macrolide antibiotics and quinolones are strongly discouraged.®

Date of download: 10/3/2016

Copyright © 2016 American Medical
Association. All rights reserved.



ESTABLISH YOUR ROUTINE
ECG EVALUATION. .. ..

[ RATE

[ RHYTHM

[i INTERVALS
—> [1 P:QRS RATIO



DETERMINE P : QRS RATIO




P:QRS RATIO
IF GREATER THAN 1:1

THINK:

- 2° HEART BLOCK
( TYPE 1 or 2)

- 3° HEART BLOCK

- ATRIAL FLUTTER
(SAW-TOOTHED "F" WAVES)



DIAGNOSING 2nd and 3rd DEGREE HEART BLOCK
MORE P-WAVES THAN QRS COMPLEXES PRESENT.

ARE THE P-R INTERVALS REGULAR
AND CONSISTENT ??

YES. Aﬁ

IT'S 2nd ARE THE R-R
TYPE II HB INTERVALS REGULAR ?
NO. YES.
IT'S 2nd IT'S 3rd DEGREE
TYPE I HB { COMPLETE )
{ Wenckebach ) HEART BLOCK.




LET'S TEST THE PROCEDURE . . .




ESTABLISH YOUR ROUTINE
ECG EVALUATION. .. ..

[ RATE

[ RHYTHM

[i INTERVALS
[i P:QRS RATIO






THIS RHYTHM IS: NORMAL SINUS RHYTHM

MAIN IDENTIFICATION CHARACTERISTIC(S: ~ PERFECTLY NORMAL IN
EVERY WAY!

RATE BETWEEN 60-100

RHYTHM REGULAR

PR INTERVAL— 120-200ms (.12-.20)

P: QRS RATIO— 1:1

QRS INTERVAL — NORMAL (LESS THAN 120 ms)

POTENTIAL PROBLEMS: NONE!




THIS RHYTHM 1I5:

MAIN IDENTIFICATION CHARACTERISTIC(S):

RATE
RHYTHM
PR INTERVAL —
P: QRS RATIO —
QRS INTERVAL —




THIS RHYTHM IS: SINUS BRADYCARDIA

MAIN IDENTIFICATION CHARACTERISTIC(S}: HEART RATE LESS THAN 60

RATE LESS THAN 60
RHYTHM REGULAR

P-R INTERVAL — NORMAL (120-200 ms)
P: QRS RATIO — 1:1
QRS INTERVAL — NORMAL (< 120 ms)

POTENTIAL PROBLEM (S):

- HYPOTENSION / SHOCK
- MAY HAVE OTHER SERIOUS PROBLEMS (SUCH AS ACUTE MI)




AND WHEN YOUORE AT THE
YOU SEE A PATI ENTO0OS H
SLOW OR TOO FAST, WHAT SHOULD YOU |



SHOCK ASSESSMENT

SHOCK =

INADEQUTE TISSUE
PERFUSION

SECONDS

-STARTS THE INSTANT YOU SEE
PATIENT

- ENDS WHEN YOU REACH THE
PATIENT'S SIDE



SHOCK ASSESSMENT

LOC: AWAKE
ALERT &
ORIENTED

SKIN: NORMAL HUE
WARM
DRY

BREATHING: NORMAL

NORMAL
STATUS: \ NORMAL




THIS RHYTHM IS: SINUS BRADYCARDIA

WE MUST CONSIDER
UNDERLYING CAUSES:

INCREASED VAGAL TONE >

BLOCKED SA NODAL ARTERY ——
(INFERIOR WALL MI )

ELECTROLYTE IMBAL. (K+)} ——
HYPOTHERMIA >
ORGANOPHOSPHATE POISONING —

ATHLETIC METABOLISM N
(excellent health!}

AND TREAT THEM:

ATROPINE

CARDIAC CATH - PTCA/ STENT
THROMBOLYTICS

CORRECT ELECTROLYTES
WARM PATIENT

ATROPINE
COMPLIMENT PATIENT!




THIS RHYTHM 1I5:

PR INTERVAL —
P: QRS RATIO —
QRS INTERVAL —



THIS RHYTHM IS:  FIRST DEGREE HEART BLOCK

—J M—M\M\MHL

MAIN IDENTIFICATION CHARACTERISTIC(S)}: P -R INTERVAL TOO LONG -
(GREATER THAN 200 mSEC. )

RATE NORMAL
RHYTHM REGULAR
PR INTERVAL — > 200 mSEC.
P: QRS RATIO— 1:1

QRS INTERVAL — NORMAL




THIS RHYTHM IS:  FIRST DEGREE HEART BLOCK

JWT{LWMM\ nL

MAIN IDENTIFICATION CHARACTERISTIC(S: P -R INTERVAL TOO LONG -
(GREATER THAN 200 mSEC. )

POTENTIAL PROBLEMS:

- HR MAY BE BRADYCARDIC (<60)
- MAY PROGRESS TO HIGHER GRADE HB ( 2°, 3°) with
SLOWER VENTRICULAR RATE




THIS RHYTHM IS:

P-R INTERVAL —
P: QRS RATIO —
QRS INTERVAL —-



WHEN YOU SEE "EXTRA P WAVES". . ..

DIAGNOSING 2nd and 3rd DEGREE HEART BLOCK
MORE P-WAVES THAN QRS COMPLENES PRESENT.
STEP 1 (ARE THE P-R INTERVALS REGULAR
AND CONSISTENT 77

EVALUATE P -R RELATIONSHIP ?Es.ﬁ_ ﬂﬁ

IT'S 2nd ARE THE R-R
TYPE II HE INTERVALS REGULAR ?
NO. YES,
IT'S 2nd | IT'S 3rd DEGREE
TYPE I HE { COMPLETE )
{ Wenckebach ) HEART BLOCK.




WHEN YOU SEE " EXTRA P WAVES". . ..

DIAGNOSING 2nd and 3rd DEGREE HEART BLOCK
MORE P-WAVES THAN QRS COMPLENES PRESENT.

STEP 1 ‘.rms THE P-R INTERVALS REGULAR |
AND CONSISTENT 77
EVALUATE P -R RELATIONSHIP

YES, ﬁ_ NO.

IT'S Znd ARE THE R-R
TYPE II HE INTERVALS REGULAR 7
NO. YES.
EVALUATE R - R INTERVALS — —
TYPE I HBE { COMPLETE )
[ Wenckebach ) HEART BLOCHK.




WHEN YOU SEE " EXTRA P WAVES". . ..

DIAGNOSING 2nd and 3rd DEGREE HEART BLOCK
MORE P-WAVES THAN QRS COMPLENES PRESENT.

STEP 1 ‘.rms THE P-R INTERVALS REGULAR |
AND CONSISTENT 77
EVALUATE P -R RELATIONSHIP

YES, ﬁ_ |

IT'S 2nd ARE THE R-R
TYPE II HB INTERVALS REGULAR ¥

STEP 2

EVALUATE R - R INTERVALS s 2 e
‘ TYPE I HBE { COMPLETE )
[ Wenckebach ) HEART BLOCHK.




THIS RHYTHM IS: 2nd® TYPE | HB (Wenckebach)

i

MAIN IDENTIFICATION CHARACTERISTIC(S):: P -R INTERVAL GETS
PROGRESSIVELY LONGER UNTIL IT DROPS A QRS - THEN CYCLE REPEATS

RATE
RHYTHM
PR INTERVAL —
P: QRS RATIO —-
QRS INTERVAL —

NORMAL or BRADYCARDIC
REGULARLY IRREGULAR
VARIES (regularly irregular )
VAIRES (usually 1:1 and 2:1)
NORMAL







