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Anatomic Groups:, Lateral leads
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+Anterior leads FY _
*Inferior leads
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Normal Intervals:

i PR iR

Ly e QT |
0.12-0.2* sec 0.35-044 sec

<0.12 sec
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Left atrium

. A 4 Left

ventnicle

Left and right
bundle branches

, Interventricula
seplum

Purkinje fibres

P-Wave
Depolarization of
atria in response
to SA node tnggenng

PR Interval

Delay of AV node
to allow filling of
ventricles.

T-Wave

Ventricular
repolarization

"'T

A
|
QRS Complex ;e %eqmer}t
Depolarization of ginning o
| ventricle

ventricles, triggers s
main pumping repolarization,

; should be flat,
contractions,
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Determining the Heart Rate:

1- Rule of 300:

Take the number of “big
boxeS” between L E ] ENEN NN NEEEEEEE T
neighboring QRS S lESESIRESESECEESSESECSCiaREREE
complexes, and divide g e s, st g

this into 300. The result J .

----------------.
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(300 /6) =50 bpm




2- 10 Second Rule:

As most EKGs record 10 seconds of rhythm per page,
one can simply count the number of beats present on the
EKG and multiply by 6 to get the number of beats per 60
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Electrical Impulses :

*SA Node (inherent rate of 60 — 100)

Atrial foci (inherent rate of 60 —

s10)

«Junctional foci (inherent rate of 40 —
$10)

*VVentricular foci (inherent rate of 20 —
10)
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Normal Sinus Rhythm

o

PR Interval

(sec.)

Before each QRS,

Identical dea

Regular

- The SA node has generated an impulse that
followed the normal pathway of the electrical
conduction system




Sinus Node Dysfunction

eAtrial -

eJunctional

e\/entricula
r



Types of Sinus Node Dysfunction

» Sinus Bradycardia

» Sinus Tachycardia

» Sinus Arrhythmia

» Sinus Arrest

» Sinoatrial Exit Block

* Sick Sinus Syndrome
(Brady-Tachy Syndrome)



Sinus bradycardia
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Rhythm PR interval QT interval
B Regular B Within normal limits B Within normal limits
W Constant B Possibly prolonged
Rate
B Less than 60 beats/minute QRS complex Other
® Normal duration B None
P wave ® Normal configuration
B Normal size
B Normal configuration Twave
W P wave before each QRS complex ® Normal size

® Normal configuration




Sinus Bradycardia is seen In:

During sleep

As an effect of medications

In young healthy adults

After heart transplantation

In anorexia nervosa

Increased intracranial pressure
Myxedema

Hypothermia

Mental depression

Coronary artery disease
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Rhythm PR interval QT interval

B Regular B Within normal limits B Within normal limits
m Constant B Commonly shortened

Rate

W Greater than 100 beats/minute QRS complex Other
®m Normal duration ® None

P wave m Normal configuration

B Normal size

m Normal configuration Twave

B May increase in amplitude B Normal size

W Precedes each QRS complex ®m Normal configuration

W As heart rate increases, possibly su-
perimposed on preceding T wave
and difficult to identify




Sinus Tachycardia is seen In:

» As an effect of medications
* Anexity

« Pain

* Fever

* Hyperthermia

* Hypotention&shock

* Hypoxia




© Sinus arrhythmia
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Rhythm Rate QRS complex
B Irregular B Usually within normal limits (60 to B Preceded by P wave

B Corresponds to the respiratory cycle

B P-P interval and R-R interval shorter
during inspiration; longer during ex-
piration

B Difference between the longest and
the shortest P-P interval exceeds
0.12 second

100 beats/minute); rate may be less
than 60 beats/minute

W Varies with respiration

W Increases during inspiration

W Decreases during expiration

P wave
B Normal size
®m Normal configuration

PR interval

B May vary slightly
m Within normal limits

®m Normal configuration

T wave
®m Normal size
m Normal configuration

QT interval

® May vary slightly
m Usually within normal limits

Other
B Phasic slowing and quickening




“ Slnus arrest
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Rhythm PR interval QT interval
B Regular except during arrest (irrequ- W Within normal limits when a P wave B Within normal limits
lar as a result of missing complexes) Is present B Absent during arrest

Rate

® Usually within normal limits (60 to
100 beats/minute) before arrest

B Length or frequency of pause may
result in bradycardia

P wave

B Periodically absent, with entire
PQRST complexes missing

B When present, normal size and con-
figuration

B Precedes each QRS complex

m Constant when a P wave is present

QRS complex

® Normal duration
B Normal configuration
B Absent during arrest

T wave

® Normal size
B Normal configuration
B Absent during arrest

Other

B The pause isn't a multiple of the un-
derlying P-P intervals
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Rhythm

B Regular except during pause (irreg-
ular as result of pause)

Rate

B Usually within normal limits (60 to
100 beats/minute) before pause

B Length or frequency of pause may
result in bradycardia

P wave

B Periodically absent, with entire
PQRST complexes missing

B When present, normal size and con-
figuration and precedes each QRS
complex

PR interval

B Within normal limits
m Constant when a P wave is present

QRS complex

®m Normal duration
B Normal configuration
B Absent during a pause

T wave

® Normal size
®m Normal configuration
B Absent during a pause

QT interval

B Within normal limits
B Absent during a pause
Other

B The pause is a multiple of the un-
derlying P-P interval
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* Is recognized by a pause which is
a multiple of the basic p-p interval
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Rhythm PR interval QT interval
M Irreqular with sinus pauses B Usually within normal limits ® Usually within normal limits
Rate W Varies with rhythm changes W Varies with rhythm changes

W Fast, slow, or alternating
B Abrupt rate changes
B Interrupted by a long sinus pause

P wave

W Varies with rhythm changes

® May be normal size and configura-
tion

B May be absent

B Usually precedes each QRS complex

QRS complex

® Duration within normal limits
W Varies with rhythm changes
B Normal configuration

T wave

B Normal size
®m Normal configuration

Other

B Usually more than one arrhythmia
on a 6-second strip
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 Intermittent episodes of slow and
fast rates from the SA node or atria

* Brady <60 BPM
» Tachy >100 BPM



Atrial Arrhythmia

eSinus

eJunctional

e\/entricula
r



Types of Atrial Arrhythmia :

« Supraventricular/Atrial
Tachycardia(SVT)

* Premature Atrial Contraction(PAC)
» \Wandering Atrial Pacemaker(WAP)
* Multifocal Atrial Tachycardia(MAT)

 Atrial Flutter(A Flut.)

 Atrial Fibrillation (AF)



Regular

Abnormal P
before each
QRS

(difficult to see) |

<, 20




SVT Definition :

« Supraventricular tachycardia refers to
tachycardia that originates from his
bundle and above.

« Paroxysmal

— Ectopic focus, sudden onset, abrupt
cessation






Premature Beats

e Not a rhythm, just a single early

beat *Three Options:
oIf it arises from the , it will have a normal PR Interval
eThis is a or PAC
oIf it arises from the area, it will have a PR
Interval which is less than normal or no P wave at all
eThis is a or PJC
oIf it arises from the area, it will be a QRS
which is wide and bizarre shaped
eThis is a or

PVC
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Wandering Atrial
Pacemaker :

,*(\\

«Atrial pacemaker

‘Different pacemakers fire in a
row.

*Since they come from
different areas in the atria,
they will be shaped differently
on the strip



Multifocal Atrial Tachycardia

MULTIFOCAL ATRIAL TACHYCARDIA

HEALTH INTERACTIVE & 1999 - WWW.RNCEUS.COM

 [rregular rhythm.

P waves change shape as pacemaker
ocation varies.

 Rate greater than 100/minute




A: 220-430
bpm

V: <300 bpm

Regular
or vaniable

Sawtoothed
appearance

N/A




Atrial Flutter vs. Atrial
Fibrillation

Summary of Disease Characteristics

Atrial Flutter *Atrial Fibrillation
+Atrial Rate - 250 to 350 BPM + 2350 8PV

“Ventricular - Varies wiconduction * Y/2ries wiconduction
Rate
> Usually regular + Grossly Irregular
*Riythm

+ Saw tooth Hasalineg - Wavy vasalina
Pattern ° 22w tooth baseline - Wavy bassline

. » Ras iz Iz + Multiple wavelat
“Underlying rRaentry vizt macro P

' R reantry
Mechanism - reentrant circuit y o
+ Multiple/single focus

-_n "



[rregular Fibrillatory |
(fine to course) |




Junctional Arrhythmia & AV

Blocks
—(‘
&

eSinus

eAtrial

-Ventrlcula



Inverted, absent
or after QRS




N\ /
PR Interval

will be
normal

*PR Interval will be

*Less than normal
«Or... *There will

Be no P Wave



Wolff-Parkinson-White

LEFT

SINUS ATFIUM ATRIOVENTRICULAR
NODE \ _/ NODE

RIGHT
ATRIUM

LEFT
ACCESSORY — VENTRICLE
CONMECTION

« Accessory Pathway = Bundle of
Kent
* Orthodromic - 90%

- AV node — antegrade conduction;

- Extra pathway — retrograde
conduction

« Antidromic — 10%
- Extra pathway — antegrade
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Delta Wave

o

 Origin: Outside the AV Node

* Mechanism: Reentry

+ Rate: 180-260 BPM — can be faster

e Characteristics: Short PR Interval (< 120 ms),wide

. QRS (> 110 ms), obvious delta

wave



Ventriculal Arrhythmia

eSiNus ’(

eAtrial

eJunctional &A




Premature
Beats

e Premature Ventricular

e Origin: Ventricles
* Mechanism: Abnormal Automaticity

» Characteristics: A broad complex occurring
earlier. than expected, followed by a
compensatory pause



PVC Patterns

7 -y
ety

* Bigerniny
- Every other beat

* Trigeriny
- Every third beat

* Quadrigeminy
- Every fourth beat



Multifocal PVC

 Origin: Varies within the Ventricle
« Mechanism: Abnormal Automaticity

« Characteristics: Each premature beat changes
axis;
Implies a different focus origin for each beat






— Increase from the patient’s normal

— Multiple PVCs in a row (Couplet or
Triplet)
— PVC falls on the T wave of previous beat.

— Multifocal PVCs (they arise from different cells,

therefore they are different shapes)

— Troubles PVCs in a row (Bigeminy or



not related N/A




Accelerated Idioventricular Rhythm

% L

* Origin: Ventricle

 Mechanism: Abnormal Automaticity

» Rate: Ventricular rate >sinus rate, but
<VT

» Characteristic; Dominates and takes over the
rhythm



Ventricular Tachycardia
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Absent or
not related

Regular
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® In monomorphic VT, QRS complexes have the same shape and amplitude.
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Rate: 100-250 bpm

Rhythm: Regular

P Waves: None or not associated with the QRS
PR Interval: None

QRS: Wide (>0.10 sec), bizarre appearance

¥ Clinical Tip: It is important to confirm the presence or absence of pulses because monomorphic VT
may be perfusing or nonperfusing.

¥ Clinical Tip: Monomorphic VT will probably deteriorate into VF or unstable VT if sustained and not
treated.



Monomorphi

\

> Origin: Ventricles (Single Focus)
> Viechanism: Reentry Initiated by
apnormal

fivii Automaticity or lriggered
ACtivity

» Characteristics: Rapid, wide, and reg

»



Polymorphic VT

e Origin: Ventricles (Wandering Single Focus)

* Mechanism: Reentry with movement in the circuit
Initiated by Abnormal Automaticity or Triggered
activity

e Characteristics: Wide and irregular QRS Complex that
changes in axis



Torsades de Pointes

ety e

e Origin: Ventricle
 Mechanism: Reentry (movement in focus)
* Rate: 200 — 250 BPM

e Characteristics: Associated with Long QT
interval; QRS changes axis & morphology with
alternating positive/negative complexes



B The QRS reverses polarity and the strip shows a spindle effect.
B This rhythm is an unusual variant of polymorphic VT with long QT intervals.
B In French the term means “twisting of points.”
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Rate: 200-250 bpm

Rhythm: Irregular

P Waves: None

PR Interval: None

QRS: Wide (>0.10 sec), bizarre appearance

¥ Clinical Tip: Torsade de pointes may deteriorate to VF or asystole.

¥ Clinical Tip: Frequent causes are drugs that prolong the QT interval, and electrolyte abnormalities
such as hypomagnesemia.






* Origin: ventricle

* Vlechanism: viultiple Vavelets ofireentry

* Characteristics: Irregular with no aisc ete oly



B Chaotic electrical activity occurs with no ventricular depolarization or contraction.
® The amplitude and frequency of the fibrillatory activity can define the type of fibrillation as coarse,
medium, or fine. Small baseline undulations are considered fine; large ones are coarse.
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Rate: Indeterminate

Rhythm: Chaotic
P Waves: None

PR Interval: None
QRS: None

¥ Clinical Tip: There is no pulse or cardiac output. Rapid intervention is critical. The longer the delay,
the less the chance of conversion.
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Asystole Rhythm # 14
B P

2= 2=

2B 2 .







organized rhythm withou

_ 1 U1

t detectable

pulse is “PEA
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Artificially induces electronic stimulus that paces the patient's
rhythm causing a blip or spike on the ECG waveform




Failure to Capture

e Pacer spike is fired, but no beat follows

i

You can have QRS’s without pacer spikes, but you cannot have pacer
Spikes without a QRS following it!




Failure to Sense

 Heart is beating just fine, but pacemaker fires anyway. The
pacemaker should sense what the heart is doing on its own so it
doesn’t send out an electrical stimulus at a time when the heart

is more vulnerable

« Spikes are not in a consistent place before P or QRS
--they are seen in many different places
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Heart Blocks




2nd degree - Mobitz | (Wenckebach)
PR increases gradually until a QRS Is

Conduction Increasingly _ QRS dropped
intermittant Prolonged 2 in a repeating
pattern




2nd degree - Mobitz i

PR interval consistent except some QRS
missing

. Ratio can be 3:1, 4:1, etc. The higher the
ratio, the “sicker” the heart. (Ratio is P:QRS)



3rd degree AV Block

Atria & ventricles act independently

‘ [hird Degree COTT] slete) AV Bloc!

Normal but not No relationship
related to QRS NOme between P&RS




Heart Block Review

_ Other Name PR Interval Characteristic

2nd “AV Block Wenkebach or Different PR Interval gets longer
Mobitz | until 1 is dropped

2nd ‘AV Block PR Interval is the same
when you can measure
it, some p waves do not
have a QRS after it so
you can’t measure a PR
Interval for all

3rd "AV Block Different PR Interval varies but not
in any pattern, P waves
and QRS waves are not
in any relationship to
each other
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Right Bundle Branch

Sinoatrial = /4 /i
(SA) node— /8

Atrioventricular | SN

)l@ Left anterior fascicle
e

(AV) node— ‘\ / ,;\p" Common
. = AN bundle of His
(AV) Bundle = N\ Right and
left bundle
Block branches

Late abnormal Left posterior
electrical vector  fascicle
bypasses block

Total QRS complex prolonged (20.12 second).
Terminal broad S wave in lead |. RSR' complex
in lead V4



RIGHT BUNDLE-BRANCH BLOCK

GRS duration greater than 0.12 5
Yide S wave in leads |, VW5, and VE
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RBBB with Anteroseptal Ischemia
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RBBB with Anteroseptal Infarction

[ aVL V) Vs v v v

i aVF V; Ve \r ‘r ' \'




Left Bundle Branch Block

Block of left main
bundle branch

or
block of left anterior
and posterior fascicles

Right
bundle
branch

Wide QRS complex prolonged (= 0.12 second).
with ST depressions and inverted T waves,
particularly in leads |, aVL, V5 and Vs

Electrical vector directed
toward left ventricle as is normal,
but delayed and prolonged



LEFT BUNDLE-BRANCH BLOCK

GRS duration greater than 012 s
Wide S wave in leads V1 and V2, wide R wave in V5 and Vi




LBBB with Lateral Infarction




Left Bundle Branch Block with
Anteroseptal Ischemia
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Typical QRS-T patterns in RBBB vs.
LBBB

Mormal v _,.--'---..\_




Hemi-Blocks:

iff L AHB:

Left Axis Deviation +Sinll & Il &
AVF

iiﬁ? L PHB

Right Axis Deviation + Sin /& AVL



Left anterior fascicular block

LAHB % o135 Soh ad

Left Anterior Hemi Block
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Left anterior fascicular block
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Left Posterior Fascicular Block

LPHB &3 oAb SS9k 00

Left Posterior Hemi Block
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Left Posterior Fascicular Block




AXIS:

AVF A QRS axis that falls
between -30° and -90° is

@ abnormal and called left axis
/ deviation. N

*A QRS axis that falls

: between +90° and +150°is
abnormal and called right

axis deviation.

-A QRS axis that falls between +150° and -90°
Is abnormal and called superior right axis
deviation.
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o Causes of left
axis deviation
Include:

— Inferior wall Ml

— Left bundle
branch block

— Left anterior
fascicular block

— Horizontal heart

Causes of right
axis deviation
Include:

Lateral wall Ml

Right bundle branch
block

Pulmonary
hypertension

Vertical heart



Is the QRS axis normal in this
ECG?2

The QRS Is
positive in /
and
negative in
/.




Cardiac
Enlargement
and
Hypertrophy
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Left Atrial Enlargement
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RIGHT VENTRICULAR HYPERTROPHY

Large R wawe in leads V1 and W2,
Wide S wave in leads V1 and V2, wide R wave in V5 and Vi




* Right ventricular hypertrophy (RVH)
IS characterized by:

— Arelatively tall R wave in lead V1 (R=S
wave), usually with right axis deviation;

— Altern
V1 or

atively, there may be a gR pattern in
V3R.

— ST depression and T-wave Iinversion in
the right to midprecordial leads are also

often

— Promi
latera

present (right ventricular strain).
nent S waves may occur Iin the left

precordial leads.



LEFT VENTRICULAR HYPERTROPHY
Large S wave in leads V1 and V2, large B wawve in Vo and Vi
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* |eft ventricular hypertrophy (LVH)
IS characterized by:

— presence of tall left precordial R waves
and deep right precordial S waves [e.g.,
SV1+ (RV5 or RV6) > 35 mm].

— Repolarization abnormalities (ST
depression with T-wave inversions (left
ventricular strain) may also appear in
leads with prominent R waves.

— LVH may increase limb lead voltage with
or without increased precordial voltage
(e.g., RavVL+ SV3 > 20 mm in women and
> 28 mm in men).

— The presence of LA abnormality increases
the likelihood of underlying LVH in cases
with borderline voltage criteria.



Digitalis Changes:

« EKG
appearance with

digitalis: Can you
X use the

: ST segment

mustache

— T waves
depressed or
Inverted

— QT interval
shortened
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Digitalis Effects :

» Digitalis  Digitalis Toxicity
Excess * (Irritable foci firing
+ (Blocks) rapidly)
— SA Block — Atrial Fibrillation
—PA.T with — Junctional or
Block Ventricular
_ AV Blocks Tachycardia
Y, — Multiple PVS's

Dissociation — Ventricular Fibrillation
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Hyperkalem
a
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Pericarditis :

Pericarditis a3/l 5
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Pulmonary Embolism :

* 5;Q3T3
—Wide Sin |, large Q and inverted T In
1]

» Acute Right Bundle Branch Block
 R.A.D. and clockwise rotation

* |nverted T waves in V1 — V4

ST depression in |l



















































































































































































































































