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Interpretation

1. Rate

2. Rhythm and Blocks
3. AXis

4. Hypertrophy

5. Infarction




Heart Axis:

JPEDIA.ORG

Iso-electric lead: aVF  Tallest R wave: Heart axis; normal (intermediate)




Determining the Axis
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The Quadrant Approach

1. Examine the QRS complex in leads | and aVF to determine
If they are predominantly positive or predominantly

negative. The combination should place the axis into one
of the 4 quadrants below.

Lead aVF

Positive Megative

Positive

Indeterminate

Negative Axis
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100CT-19%6 '10:08 MAYO CLINICA-1|  ROUTINE KETRIEVAL

O4-MAY-1911 (85 yr) Yeol rate 89 BPM

Female|  Uskoown PR interval .

6%a 1750 QRS duration 100 | ms ATRIAL FIBRILLATION
QT/QTe 356/433  -ma

Lecs] Optice:d P-R-T sxes d1 U

CRITERIA: IRREGULAR QRS'S WITHOUT VISIBLE P-WAVES.
ATRIAL ACTIVITY IS REPRESENTED BY

Techaician 10 414 FIBRILLATORY (F) WAVES OF VARYING

AMPLITUDES, DURATION AND MORPHOLOGY.
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Tachycardia (HR > 100/min)

Regular

l Narrow QRS tachycardia Wide QRS tachycardia
(< 0.12 sec) (= 0.12 sec)

Irregular

Atrial Fibrillation /
ey C >

Sinus Tachycardia Atrial Flutter G WPWD

+ BBB
Atrial Tachycardia Awégljiﬁ




Atrial Fibrillation

Atrial activity is poorly defined; may see
course or fine undulations or no atrial
activity at all.

Ventricular response is irregularly
irregular and may be fast (HR >100
bpm, indicates inadequate rate control),
moderate (HR = 60-100 bpm), or slow
(HR <60 bpm, indicates excessive rate
control, AV node disease, or drug
toxicity)

bpm

V: Slow
to rapid




Atrial Flutter

« Regqular atrial activity with a "clean" saw-tooth
appearance in leads Il, lll, aVF, and usually
discrete 'P' waves in lead V1. The atrial rate
Is usually about 300/min, but may be as slow
as 150-200/min or as fast as 400-450/min.

Untreated A-flutter often presents with a 2:1
A-V conduction ratio. This is the most
commonly missed supraventricular
tachycardia because the flutter waves are
often difficult to find when there is 2:1 ratio.

The ventricular response may be 2:1, 3:1,
4:1, or irregular depending upon the AV
conduction properties and AV node slowing
drugs on board
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Multifocal Atrial Tachycardia

« Discrete, multifocal P' waves occurring at
rates of 100-250/min and with varying P'R
intervals (should see at least 3 different P
wave morphologies in a given lead)

Ventricular response is irregularly irregular
Seen most often in elderly patients with
chronic or acute medical problems such as

exacerbation of chronic obstructive
pulmonary disease

MULTIFOCAL ATRIAL TACHYCARDIA
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05-MAR-1917 (72 yr)
Male
66in 20716

25JAN-1990 1345 MAYO CLINICSER,  ROUTINE RETRIEVAL

Veal rate 60 BPM
PR internal ] C m
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A-V SEQUENTIAL PACEMAKER (OR DUAL CHAMBER)

CRITERIA: ATRIAL PACING SPIKE FOLLOWED BY A VENTRICULAR

PACING SPIKE.
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A Dual-Chamber Pacomaker

Sinus Node

Atrial Pacing
and Sensing
Eloctrode

AV Bundie of Mis

Venrtricular Pacing
and Sensing Electrode

Surface ECG
Load 1) Without
Pacemaker

Surface ECG
Load I1) Win
Pacomaker

Surface ECG
(Lead 1) Without
Pacomaker

SutaceECa AV meal

-

Load I} With
Paceomaker

Prolonged Pause

AV Interval

-

’




A Iimplantable Cardiac Defibrillator 8 Ventricular Tachyarrhythmia

onsc Tachyarthythmia

- S P AR PPRPEAIIREEIEYDYS
Surface
ECG

(Lead 1)

BEERERERRR

-
S I A B B B

AV Bundle of His

' P = : = Ventricular Pacing
High-Voltage Electrode - and Sensing Electrode




Atrial Pacing
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followed by P wave

Probably AAI but cannot exclude:

*AQOO - since there are no P waves to assess sensing
*AAT - again, since there are no native P waves
*DVI with long programmed AV interval more
*DDD with long AV and lower rate limit of 75 bpm e

Return to ECG interpretation Return to Modes




Ventricular Pacing

See
ventricular
failure to

capture

ecg

Return to Modes

Return to ECG interpretation



Ventricular Pacing

— 100 bpm
Ventricular pacing is dissociated from in patients with sinus mechanism See
since there is no sensing in the atrium. ventricular
. . . o . . failure to
Gradual acceleration is evidence that this is a rate-responsive ventricular capture
pacemaker -
more

Return to Modes

Return to ECG interpretation




Atrial Capture

1 Characterized by

See atrial capture in AV pacing

See atrial failure to capture

Return to ECG interpretation




Failure to Capture

eStimuli eStimuli
*Atrial Depolarizations *No Atrial Depolarizations
* AV Conduction *No evidence of AV conduction

Causes of
failure to

capture

Intermittent Atrial Failure to Capture

Return to ECG interpretation




Ventricular Undersensing

VVI-40 ppm

Not failure to capture | moere
vn'refiractory period)

Return to ECG interpretation




Oversensing

Myopotential Oversensing

Return to ECG interpretation
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PR Interval

# Represents time for atrial to ventricular
depolarization

# Normal duration 0.12 to 0.2 sec

# Measured in the lead with the widest P




Long PR Interval

# 1° AV block
# PR intervals are all the same and always

fol
= D/

-

owed by QRS
I

Drug toxicity, hypercalcemia, hypothermia,
increased vagal stimulation (ie IWMI)
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1st degree AV block
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Wenckebach

* In "classic" Wenckebach the PR interval gets
longer until a nonconducted P wave occurs. The
RR interval of the pause 1s less than the two
preceding RR imtervals, and the RR interval after
the pause 1s greafer than the RR 1nterval before
the pause.

* [ocated n AV node.

_Lead_ "T"l, "t;lagsin Wenckebach" |
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Mobitz

 In Mobitz AV block the PR intervals are constant
until a nonconducted P wave occurs. There must

be two consecutive constant PR intervals to
diagnose Type II AV block

L ocated in the bundle branches. which means that
the QRS duration 1s wide indicating complete
block of one bundle

Lead V,
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Long PR Interval

# 3° AV block

# P waves and QRS are dissociated from each
other

# Always more P's than QRS complexes

Have a pacemaker close at hand
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Short PR Interval

# PR segment =0.11 sec™

# D/Dx:
# Retrograde Junctional P waves
# Lown-Ganong-Levine syndrome

# Wolf-Parkinson-White pattern & syndrome
# Glycogen storage disease

# Pheochromocytoma

# Fabry's disease

# Mormal variant

* Importznt to recognize in pts with C/O pzlpitations




| Wolf Parkinson White Syndrome




Wolff-Parkinson-White Syndrome

Slurred upstroke of QRS complex (delta wave)
Wide QRS complex (QRS > 120 msec)
Short PR interval (PR < 120 msec)

! | l J
|
‘ \ Orthodromic

AV NODE l

“ Antidromic

O
AVNODE4 I AU I N
, | S x\))l (H f




The QRS Axis

By near-consensus, the
normal QRS axis is defined
as ranging from -30° to +90°.

-30° to -90° is referred to as a
left axis deviation (LAD)

+90° to +180° is referred to as
a right axis deviation (RAD)

Indeterminate
Axis

MNormal
Axis
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Bundle
branch
block

) Left
B ventricle

Right
ventricle



http://upload.wikimedia.org/wikipedia/commons/8/86/Reizleitungssystem_RSB.png

Determine direction of Current Iin
the late (2nd half) of the QRS
Complex




Determine direction of Current Iin
the late (2nd half) of the QRS
Complex




Determine direction of Current Iin
the late (2nd half) of the QRS
Complex




Determine direction of Current Iin
the late (2nd half) of the QRS
Complex













Bundle Branch Block

Left bundle branch block Right bundle branch block
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VENTRICULAR HYPERTROPHY (LVH)
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LVH with Strain

#+ LVH criteria:
#5S(V1orv2)+ R (V5orVe) =235mm
# Largest (R + S) in precordial leads =45mm
# K wave In aVL =11

# Strain:

# Depressed concave downward ST segment
with a flipped, asymmetric T wave in V4 to V6

# Reciprocal changes in right precordial leads

+5T elevation with upward concavity and an
upright asymmetric T wave

The strain pattern is greatest in the lead with the tzllest QRS




ESTES Criteria for LVH

diagnostic =5 points; probable 4 points

+ECG Criteria Points

Voltage Critena (any of): 3 points
a.Ror sinlimb leads =20 mm
b.SinV1orV2 =30 mm
c.Rin V5 or V6 =30 mm

ST-T Abnormalities:

Without digitalis 3 points
With digitalis | point

L eft Atrial Enlargement in V1 3 points
Left axis deviation 2 points
QRS duration 0.09 sec 1 point

Delayed intrinsicoid deflection in V5 or VG 1 point
(=0.05 sec)




RVH with Strain

# RVH criteria:
# R:Sratioin V1 and V2 =1

# otrain
# Depressed concave downward ST segment

with a flipped, asymmetric T wave
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"P" Wave

# Left Atrial Enlargement
# =0.12 sec
# If Biphasic
#second half wider than 0.04 sec or
#|width x depth] = 0.3
= D/Dx:

#+HTN, Aortic or Mitral valve disease, restrictive
cardiomyopathy, LV failure

FII;‘-': % 1mm
0.04zec

Left = Long



MAYO CLINICSTMA ROUTINE RETRIEVAL

25-AUG-1539 (50 wr) Yeol rale
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Bin 1521b QRS durstios
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LEFT ATRIAL ENLARGEMENT (LAE)

‘RITERIA: P-WAVE DURATION GREATER THAN .12 SEC. (3 SMALL BOXES)
3IPHASIC P-WAVE. NEGATIVE AMPLITUDE OF P-WAVE IN VI
Section: ST M IS 1| mm AND DURATION IS .04 SEC.
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"P" Wave

# Right Atrial Enlargement
# =2.5mm (II, III, aVF)
# [T Biphasic
#first half is taller in V; than V;
# D/Dx:

«COPD, PE, pulmonary HTM, Mitral/Tricuspid
or Pulmonary Valve disease

,ﬂl J| .-f'; P

Right = Height l||




MAYO CLINICSTMA  ROUTINE

RIGHT ATRIAL ENLARGEMENT (RAE)

CRITERIA: HIGH PEAKED P-WAVE. AMPLITUDE IS GREATER
2.5 mm IN LEADS 11, III, AVF. AMPLITUDE GREATE
THAN 1.5 mm IN VI OR V2.
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Localization of ischemic changes

VL +

Ao lead I
oD / V6 apical : V3 V4
NG g lateral : V5 V6
var 2. V0 ! high lateral : | -VL
V3r ~— VZ‘ e

anterior : V1 -V6
postero-inferior : Il -lll -VF

" STearm b -~ . b ; o ) {
po*l?’[:'"?lb‘“odtsal V7 V8 V9

+/ RV : V3r Va4r
II ~ III VF




Arrangement of Leads on the EKG
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The QRS Axis

The QRS axis represents the net overall
direction of the heart’s electrical activity.

Abnormalities of axis can hint at:
Ventricular enlargement
Conduction blocks (i.e. hemiblocks)



The Quadrant Approach

2. In the event that LAD is present, examine lead Il to
determine if this deviation is pathologic. Ifthe QRS in Il is
predominantly positive, the LAD is non-pathologic (in other
words, the axis is normal). If it is predominantly negative, it
IS pathologic.

Lead aVF

Positive Megative

Positive

Indeterminate
AxXis

Negative




Quadrant Approach: Example 1
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111 aV The Alan E. Lindsay
ECG Learning Center
http://medstat.med.utah.
edu/kw/ecg/

Negative in |, positive in aVF - RAD



Quadrant Approach: Example 2

The Alan E. Lindsay
ECG Learning Center
http://medstat.med.utah.
edu/kw/ecg/

Positive in |, negative in aVF -  Predominantly positive inll -

Normal Axis (non-pathologic LAD)



The Equiphasic Approach

1. Determine which lead contains the most equiphasic QRS
complex. The fact that the QRS complex in this lead is
equally positive and negative indicates that the net
electrical vector (i.e. overall QRS axis) is perpendicular
to the axis of this particular lead.

2. Examine the QRS complex in whichever lead lies 90°
away from the lead identified in step 1. If the QRS
complex in this second lead is predominantly positive,
than the axis of this lead is approximately the same as
the net QRS axis. If the QRS complex is predominantly
negative, than the net QRS axis lies 180° from the axis
of this lead.
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Equiphasic Approach: Example 1
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The Alan E. Lindsay ECG Learning Center ; http://medstat.med.utah.edu/kw/ecg/

Equiphasic in aVF - Predominantly positive in | 2> QRS axis = 0°



Equiphasic Approach: Example 2

01-JUL-1917 (79 yr)
Male Caueasinn
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The Alan E. Lindsay ECG Learning Center ; http://medstat.med.utah.edu/kw/ecg/

Equiphasic in Il > Predominantly negative in aVL - QRS axis = +150°




dthintercostal space - right of sternum

halfway between Y2 and V4

the Teft.-midelavicular line in thetSERintercost
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