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Rapid interpretation of ECG
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Rate Determination

No. of Big Boxes R - R Interval Rate Cal. Rate
One 0.2 sec 60 <+ 0.2 300
Two 0.4 sec 60+ 0.4 150
Three 0.6 sec 60 + 0.6 100
Four 0.8 sec 60 + 0.8 75
Five 1.0 sec 60 + 1.0 60
Six 1.2 sec 60 +1.2 50
Seven 1.4 sec 60 + 1.4 43
Eight 1.6 sec 60+ 1.6 37
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ECG
Complex

P wave
PR Interval

QRS complex

ST segment - RR Interval
T Wave QRS ﬁnmple::

QT Interval

RR Interval

- PR i QRS} _
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Muscle Tremor
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Electrical interference caused by the patient's tensed muscles.

= Limb movements cause baseline fluctuations
= Tense muscles cause tremor of baseline

= Hairy chest interferes with proper contact of chest
leads — better to shave the area if needed.

= Reassurance, starting recording a few minutes after
the leads are placed - reduce muscle tension



Normal
ECG

Standardization — 10 mm (2 boxes) =1 mV

Double and half standardization if required

Sinus Rhythm — Each P followed by QRS, R-R constant
P waves — always examine forin L2, V1, L1

QRS positive in L1, L2, L3, aVF and aVL. — Neg in aVR
QRS is < 0.08 narrow, Qin V5, V6 <0.04, <3 mm

R wave progression from V1 to V6, QT interval < 0.4
Axis normal — L1, L3, and aVF all will be positive

ST Isoelectric, T waves 18, Normal T, in aVR,V1, V2



Pediatric ECG

This is the ECG of a 6 year old child
Heart rate is 100 — Normal for the age
See V1 +V5R >>35 - Not LVH — Normal
Td inV1, V2, V3 - Normalin child

Base line disturbances in V5, V6 -due to
movement by child
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ECG
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Persistent Juvenile Pattern

S

-
-




Normal Variations
iIn ECG

May have slight left axis due to rotation of
heart

May have high voltage QRS — simulating LVH
Mild slurring of QRS but duration < 0.09

J point depression, early repolarization

T inversions in V2, V3 and V4 — Juvenile T {,
Similarly in women also Td,

Low voltages in obese women and men

Non cardiac causes of ECG changes may
occur



Pseudo Normalization
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Isoelectric Line (TP Interval)

TP Interval —ﬂ 8 TPInterval
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Lead Placement

= V1 - Right parasternally, 4th ICS

= V2 - Left parasternally, 4th ICS

= V3 -Between V2 and V4

= V4 -5th ICS, mid clavicular line

= V5 - Between V4 and V6

= V6 - Left mid-axillary line, (level with V4)
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Midclavicular line

Anterior axillary line

Midaxillary line

}



st rip

2nd rib
Sro rib

LthH rib

Sth rits
&thH it
7th rip
8th rip
O¢h ribs

7 Oth rib




Posterior Lead Placement

V7 - Post axillary line, level with V4

V8 - Mid scapular line, level with V4

VO - Left paravertebral area, level with V4

<t
~



Specialty Leads

= Posterior Wall - V7-V9
= Right Ventricle - V3R-V6R
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ECG INTERPRETATION FLOWCHART

Elizabeth Gherardin Box Hill Hospital 1999

Is there a P wave?

YES YES - abnormal NO

Is P wave ALWAYS related to QRS? A ‘

300/min Inverted pre/post QRS QRS
AFlutter Junctional
YES NO Narrow Wide None
|
Regular Irregular VF
Sometimes Never Asystole
| Atrial
2° AV Block o
3°AV Block Regular Irregular
Normal Long No QRS /
| \ Aberrant AF

Sinus 1° AV Block Ventricular Standstill Ventricular Ventricular



The Q wave

Are there any pathological Q
waves?

Normal if in
I, aVL,V5-6

* A Q wave can be pathological
if it is:

* Deeper than 2 small squares

(0.2mV) EEEEERER

and/or P —| Pathological

. Wi L TRl
\(Js.lgig)than 1 small square Illll'llll

IEEL'EEEEENENEENE

and/or b R T TN KOG N SRR A

W - B
L1 [
(53 -I-i -

TET  CEEED FRSI! SN GENDS NN D Ve
-
—

* |n alead otherthan lll or one
of the leads that ook at the
heart from the left (I, Il, aVL,
V5 and VB) where small Qs
(i.e. not meeting the criteria
above) can be normal

—— (1
GOICE GG




Normal Q Waves

The normal Q wave in lead | is due to septal
depolarization

It is small in amplitude — less than 25% of the
succeeding R wave, or less than 3 mm

Its duration is < 0.04 sec or one small box

It is seen in L1 and some times in V5, V6



Pathological Q wave

The pathological Q wave of infarction in
the respective leads is due to dead muscle

It is deep in amplitude — more than 2

5%

of the succeeding R wave, or more than 4

mm

Its duration is > 0.04 sec or > 1 small

DOX

It is seen in Leads facing the infarcted
muscle mass



Pathological Q Wave

= Signifies infarction, or
death of the tissue

= |Indicators of an
Infarct

+ Pathological Q wave

« >40 ms, or 0.04 sec
wide, or 1/3 of R wave
height

 Indicates on-going or
permanent damage




Q Waves

Physiological

Pathological
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ST Segment

= The ST segment is normally level with the T-P
segment rather than the PR segment

= Examine every lead for ST segment elevation
of 1 mm or more.
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Downsioping

Horizontal

Upsoping

Normal




PR Segment 6T Hevation g1 Depression
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T Wave

= Large wave form following QRS Complex

= Represents Ventricular Repolarization

= Should be upright in most leads (lIl and V1)
= Look for consistent morphology

y -
.E



T Waves
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T wave morphology

Nursing Education Group
of Emergency Ward
Tehran Heart Center

Lo Lo AL

Normal Biphasic Bifid / notched Broad / slow Flat
— B

e
Nonspecific ST-T wave abnormalities

ol

Hyperkalemia  Repolarization Variant Strain Prolonged QT interval

Ischemia



ST SEGMENT

NSTEMI
l Normal ECG 1 ST Depression
7\ P~
P T
QRS
STEMI NSTEMI

'l‘ ST Elevation T Inversion



ST-depression T-inversion
| |

i

e

ST-segment depression in nstemi T-Wave inversion in nstem
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Axis Determination

AXis L, L,, or aVF TIP
Normal Positive Positive Both Up
Right Negative Positive Meet
Left Positive Negative Leave
Indeterminate Negative Positive Meet




Atrial Waves
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Atrial Ectopics

Note the premature (ectopic) beats
marked as

APC (Atrial Premature Contractions)

These occurred before the next expected
QRS complex (premature)

Each APC has a P wave preceding the QRS
of that beat — So impulse has originated
In the atria

The QRS duration is normal < 0.08, not
wide




Downsloping ST Upsloping ST Horizontal ST

The J point occurs at the end of the QRS comples.
The ST segment begins at the | point and extends to a user defined interval




BER vs Pericarditis

Benign early repolariztion with ST/ T  Acute pericarditis with ST/T
ratio less than 0.25. ratio greater than 0.25,
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Patton et al Electrocardiographic Early Repolarization 1521

Early Repolarization with ST elevation Early Repolarization with Terminal QRS notch/slur

Figure 1. Examples of early repolarization pattern.



Benign Early Repolarisation

Example 1
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® ST segment height =1 mm

® T wave height = 6 mm

e ST /T waveratio=0.16

e The ST /T waveratio< 0.25is

consistent with BER.



Indicative Lead Groups

= Inferior Wall - I, Ill, and aVF
= Septal Wall - V1, V2
= Anterior Wall - V3, V4

= | ateral Wall - V5, V6, |, and aVL




* T wave initially upright and elevated but then
during recovery phase it inverts

« ST segment elevated and usual
concave

Eftects on ECG

Elavated ST segmant Is tiat or concave

y flat or

e

ol 058

,

ST segmenls avd T waves == off 113 baseline
gradually ancling dback down 1o the next QHS compiex

e
QY




Pericarditis
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Concave-up ST elevation

+ ,
A

PR segment depression

Rt o



PR depression
ST depression

Concave ST
elevation

Spodic sign



Differenitation Between Pericarditis
& Early Repolarization

IThe vertical height of the ST segment
elevation (from the end of the PR segment to
the J point) is measured and compared to the
amplitude of the T wave in V6.

> A ratio of > 0.25 suggests pericarditis

> A ratio of < 0.25 suggests BER



-9 e - -3 - - - - - - -2

ST segment height =1 mm

T wave height = 6 mm

ST / T wave ratio = 0.16

The ST / T wave ratio < 0.25 is consistent
with BER.

.....

.....
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ST segment height =2 mm

T wave height =4 mm

ST / T wave ratio = 0.5

The ST / T wave ratio > 0.25 is consistent with

pericarditis.

NS




Pericarditis <o)
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Stages fu#l Pericarditis

.

Stage | m

Stage I
everything is UP (i.e., ST elevation in almost all leads - see below)

Stage II

Transition ( i.e., "pseudonormalization").
Stage 111

Everything is DOWN (inverted T waves).

Stage IV
Normalization




Wide QRS tachycardia

e Features for differentiation :

e History and physical examination:

1. Previous Ml , angina , CHF — have 95% for diagnosing VT
2. Pts with VT are older than SVT-A (> 35 yrs)
3. SVT-A often have previous episode(>3years)

4. Pts with SVT-A are hemodynamic stable.

5. Termination of WCT with physical manoeuvres and

medications




Wide QRS tachycardia

1. QRS duration :
e >160 ms with LBBB . >140 ms with RBBB -V T

Exceptions:
a. Anti arrythmitic drugs non specifically prolong QRS
duration.

b. Pts with structurally normal heart may have VT with QRS
duration of 120-140ms.(<140ms in12% , < 120 ms in 4%)

c. QRS duration also depend site of origin of VT , septal
VT

QRS duration has sensitivity

of 70%




Wide QRS tachycardia

. QRS axis :

Frontal plane axis of -90to +180 --- VT

RBBB with LAD --- VT
LBBB with RAD --- VT

QRS axis on superior right quadrant between
-90° and + - 180°, QRS axis “no-man's-lands” or
Northwestem axis = VT
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Wide QRS tachycardia

3. Concordant QRS in limb leads :

e The presence of predominantly negative QRS complexes
in leads LIl is suggestive of VT

» Highly specific for VT [ ars s on superor o qusarat between
Northwestem axis = VT
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Wide QRS tachycardia
5. RBBB - V1:

e ISR,rSr , rR, rsr patterns consistent ---- SVT
e R>30ms with any negative QRS , qR - VT

| RBBB

SVT with L
Sensitivity Aberration 5 Lo

— 30-80%

Specificity ” A
- 84-95% VT —/1




Wide QRS tachycardia

5. RBBB - V6 :
e gRs,Rs,R/S>1--SVT-A
e R, QR,QS ,R/IS<1---VT

SVTwith | [ \N ./\,
— Aberration
Sensitivity
— 30-60%

Specificity
- 80-100% VT




Wide QRS tachycardia
6. Q wave presence :

e Qduring WCT --- suggest old Ml --- VT most likely.

Exceptions :
1. Pts with DCMP will have Q wave during VT that are
not present during baseline.
2. PSEUDO Q wave with retrograde p wave deforming
QRS can be seen in SVT-A

3. Preexcited tachycardia with posterior AV connection
can have Q wave in inferior leads




I Wide QRS tachycardia

7. AV dissociation:

« The most specific ECG finding for VT .

e Clues for AV dissociation:

1. Clinically by cannon A waves , variable intensity of S1
, Variation in SBP unrelated to respiration.

AV dissociation

AV ratio of less than 1

2:1 VA block(d/t retrograde conduction)
Variation in QRS amplitude during WCT
Fusion & capture beats

Recording separate atrial electro gram
(oesophageal/transvenous)

8. Echo (evaluating RA contraction in relation to
\_ ventricular) )

o B O & @
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2. initial 'r’ or 'q’ wave of > 40ms duration

3.  notchin descending limb of negative onset and
predominantly negative QRS

4. ViNt£1
All the above features are indicative of VT

Sensitivity — 96.7%
Specificity — 99%




Wide QRS tachycardia
4. Pericordial RS duration criteria :

 |f concordant QRS complexes are absent
with RS complex (R wave to nadir of S wave >

100 ms).-—VT

Sensitivity — 66%

Specificity - 98%




Wide QRS tachycardia

. Concordant QRS in chest leads:

Concordant QRS in chest leads is diagnostic of VT
uncommon in SVT-A.

Exceptions:

e Positive concordance (ventricular activation begins left
posteriorly) seen in VT originating in Lt post wall or
SVT using a left posterior accessory pathway for AV

conduction.
e |fno additional criteria for WPW are absent don't
consider it becau

Specificity of 90%, Sensitivity of 20%




I Wide QRS tachycardia

7. AV dissociation:

« The most specific ECG finding for VT .

e Clues for AV dissociation:

1. Clinically by cannon A waves , variable intensity of S1
, Variation in SBP unrelated to respiration.

AV dissociation

AV ratio of less than 1

2:1 VA block(d/t retrograde conduction)
Variation in QRS amplitude during WCT
Fusion & capture beats

Recording separate atrial electro gram
(oesophageal/transvenous)

8. Echo (evaluating RA contraction in relation to
\_ ventricular) )

o B O & @




Wide QRS tachycardia
6. Q wave presence :

e Qduring WCT --- suggest old Ml --- VT most likely.

Exceptions :
1. Pts with DCMP will have Q wave during VT that are
not present during baseline.
2. PSEUDO Q wave with retrograde p wave deforming
QRS can be seen in SVT-A

3. Preexcited tachycardia with posterior AV connection
can have Q wave in inferior leads
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2. initial 'r’ or 'q’ wave of > 40ms duration

3.  notchin descending limb of negative onset and
predominantly negative QRS

4. ViNt£1
All the above features are indicative of VT

Sensitivity — 96.7%
Specificity — 99%
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Wide QRS tachycardia

\

10. Lead ll R-wave-peak-time (RWPT) criterion : Pavas criteria

Lead II

-~ R-wave Peak Time (RWPT)

RWPT 2 50ms — VT

RWPT > or =50 ms at
DIl is a simple and
highly sensitive

criterion that
discriminates VT from
SVT in patients with
wide QRS complex
tachycardia.

Sensitivity and

specificity of 97 %

Heart Rhythm. 2010 Jul. 7(7).922-6. Epub 2010 Mar 4. /
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nNnvertion

ST Elevation
Q wave
development
ST and T wave
normalization

ST Elevation
NnonNn-Q wave

Hyperacute

T wave

T wave
or ST depress

Normal




Before

iinutes afterwards

Hours aftervwards

Days afterwards

Vweeks aftervwards
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Accelerated idioventricular rhythm

An accelerated ioventriculer rhythm has the same charactenstics as an idovertnicalar thythm sxcept that £'s faster. The rate
shown here vanes between & ard 100 beats minute

The rate s &) 10 100 beats'mn e
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Causes of chest pain

» QGastrointestinal

» Cardiovascular
« ACS.
¢ Pericarditis
* Aortic dissection
¢ Aortic stenosis

* Pulmonary
* Pulmonary embolism
* Pleurisy
* Pneumothorax
* Pneumonia

* Pediatrics
» Kawasaki disease
+ Hypertrophic cardiomyopathy
* Congenital heart disease

Esophageal reflux
Esophageal spasm
Esophageal rupture
Peptic ulcer disease
Gallbladder disease

Pancreatitis

* Chest Wall Pain

Herpes Zoster
Costochondritis
Cervical radiculopathy
Rib fracture

Anxiety
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stable Angina

I. HD Unstable Angina

ACS ST Elevation Mi

Myocardial Infarction |=a| 1=/ Lzjzz

'Non ST Elevation vl



/':M Stable vs. Unstable Angina

| Stable Angina Unstable Angina

Episodic Severe and of New onset
Crescendo - Decrescendo Crescendo pattern
Occurs on exertion, relieved by rest Occurs at rest

Lasts 2-5 mins Lasts > 10 min



VARIANT ANGINA (VA)

Temporary increase in coronary vascular tone (vasospasm)
causing a marked, but transient reduction in luminal
diameter®!

* Patients are predominantly younger women!*!

|t has been associated with vasospastic disorders such as
Raynaud's phenomenon and migraine headaches.!*!

1. Keller KB, Lemberg L. Prinzmetal’s angina. Am J Crit Care. 2004,13(4):350-4



ECG effects of myocardial ischemia

* T waves may become Normal
— Flattened
— Inverted Tall T wave

N
i

Inverted T wave

Flat T wave




- MYOCARDIAL INFARCTION (MiI) -
- CORONARY OCCLUSION -

- Pain: .. -
' Sudden Onset HEART ATTACK

Substernal

Crushing

Tightness

Severe

Unrelieved by Nitro
May Radiate To: Back

Neck
Jaw
Shoulder
- Dyspnea Arm
- Syncope (1 BP)
- Nausea
- Yomiting e
- Extreme Weakness ee “Nede
' . Monitor
- Diaphoresis Dietary Restrictions
- Denial is 1 NA, 1 Cholesterol,
Common 1 Caffeine

-THR PCI? Surgery? Pacemaker?



Subendocardial VS Transmural

FIGURE 22111 Acute ischemia causes a current of injury. With predominant subendocardial
ischemia (A), the resultant ST vector will be directed toward the inner layer of the affected ventri-
cle and the ventricular cavity. Overlying leads therefore will record ST depression. With ischemia
Involving the outer ventricular layer (B) {transmural or epicardial injury), the ST vector will be di-
rected outward. Overlying leads will record ST elevation.



Subendocardial Transmural

Ischemia Ischemia
i
| |
Isoelectric
line
- I . I
Normal ST depression ST depression ST elevation
(downslope) (horizontal)
T wave

Inversion



Serial ECG changes of M|

e

1.Before coronary occlusion 2. Onset and first several 3, First dav
T wave R wave
R wave normal or fpeal:ed :!'“I'_ht“ﬂ!‘
nearly normal A

N
.t r

Mor mal FCG 5T seqment ST elevation
elevated more mar ked
4.First and second davs 5. After 2 or 3 davs 6.After several weeks
T wave Some R T wave
R wave gone or inversion Deep T wave wave may often less
nearly gone beginning No B wave inversion return \ inverted

/ \
\

\

ST may be Eil]nifil.:unt ST elm-atin;r
Significant 5T elevation HMar ked : wave may persis
0 wave ‘_,,.4-'"" may decrease 0 wave # at baseline 332:}; } h‘;::fﬂ“p;ﬂﬂm
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ITT.

IW.

ST Segment Elevations

My ocardial ischemia /infarction
2. Noninfarction, transmural ischemia
(Prinzmetal’'s angina pattern)

B. Acute mvocardial infarction

C. Post—mvocardial infarction (ventricular

aneurysm pattern)

Aocute pericarditis

Normal variant ("early repolarization”™

Pattern)

Left ventricular hypertrophy (LVH) /left

bundle branch block (LBBB) (Vi —WV-> or WV,

and other leads with OS or rS waves, only)

Brugada pattern (right bundle branch block

(RBBB)—like pattern with ST elevations in

right precordial leads)

Other (rarer)

A Myvocardial injury (non-infarction)

1. Mvocarditis (ECG mavyv resemble
mvyocardial infarction or pericarditis
Patterns)

2. Tumor invading the left ventricle

3. Trauma to the ventricles

Hy pothermia (J wawves,/Osborn waves)

Hvperkalemia (usually localized to V,

and V)

e



ST Segment Depressions

|. Myocardial ischemia or
infarction

A. Acute subendocardial
ischemia

B. B. Reciprocal change with
acute transmural ischemia
Il. Abnormal noncoronary
patterns

A. LVH or RVH: “strain”
pattern)

B. Secondary ST-T changes
1. LBBB or RBBB

2. WPW

C. Drugs (e.g., digitalis)

D. Metabolic conditions (e.g.,
hypokalemia)

E. Miscellaneous
(e.g.,cardiomyopathy)

lll. Physiologic and normal
variants*
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Symmetrical & at least 2mm -

Ischemia: T Wave inversion °
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Types of Angina

Chronic Stable Angina — Dynamic occlusion +
Micro vascular dysfunction — Progressive

Micro vascular Angina — No flow limiting stenosis
— Angio normal — less severe IHD

Unstable Angina — Dynamic occlusion + Micro
vascular dysfunction + Active Thromb

Prinzemetal Angina — Occlusive spasm, No Micro
vascular dys, No thrombus — ST



Micro Vascular Angina

Normal Coronary blood flow by angiogram
No significant CAD in epicardial blood vessels
Cardiac micro circulation is at fault

Poor collateral connections — younger age
More common in women — Syndrome X

ECG or TMT show ST - T changes repeatedly
Patient will be symptomatic for IHD



Unstable Angina

Presence of one or more of the three features,

Crescendo Angina- more severe, prolonged,
or frequent. Decrease in exercise capacity

New onset (1 month) & brought on by minimal
exertion. Not relieved by Nitrates

Angina at rest as well as with minimal exertion.
There are 3 classes—11to 3

This may progress to NSTEMI or STEMI



Prinzemetal Angina

Transient ST-segment elevation during chest pain
due to coronary vasospasm — variant angina

ECG with ST 1*. Becomes normal soon, No Q
wave

Intermittent chest pain
— often repetitive, usually at rest, early morning
Other vasospasms - syncope, Raynaud’s, migraine

Bblockers contraindicated. CCB, a blockers Rx.



Prinzmetal’s angina with transient,
ST elevation i

Patient with history of ' - o > > S
exertional and rest b s ;
angina BH T =5 ———— 1

9 s W e T O

A. Baseline resting ECG = e .
shows non-specific S ' | g
inferior ST-T changes

B. With chest pain, ST bl e A s EElE e h
elevations inll, l,avF ®* Tt~ 0T\ —~ - -

and reciprocal ST
depression in |l and aVL

C. Return of ST segments L] 1 Wi is iz |
to baseline after = - e
nitroglycerin




Management of ACS

IHD type Drug RXx. Hep. /LMH ICU Care LyticRx P PTCA

I
Stable A+B No No No No
Angina
Unstabl
ns? ° A+B+C Heparin No / Yes No No
Angina
NSTEMI  A+B+C+G LMH YES No No
STEMI or
A+B+C+G LMH YES YES YES
QWMI

A = Aspirin, B = Beta-blocker, C = Clopidogrel, G = GPllIb/llla Inhibitor



Hyper acute §
T Tall (over 50% of R)

Acute

Q, ST elevation, T invert

Recent
Q, T invert

Old

Q wave

MSSHERMEH@YAHOO.COM



Evolution of Acute Ml

A — Normal ST segment and T waves

B — ST mild I and prominent T
waves

C — Marked ST 1™ + merging upright T

D — ST elevation reduced, T | , Q
starts

E — Deep Q waves, ST segment
returning to baseline, T wave is
inverted

F — ST became normal, T Upright,
Only Q+

IS

C. 3
_...\/\—h —

—

E. F.
—> —>
Y
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ST Segment Elevation in Leads: ~ V1-V4, (aVL?)
ST Segment Depression in Leads: Il, Ill, aVF, V4, V5
T Wave Inversion in Leads: il
Pathological Q Waves in Leads: V1

]
a

Interpretation/Localization: Acute Anteroseptal Ml
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RPN

Confirmed QWMI

Pre-event Hyperacute oooooococoo Acute Ml (STEMI)eccocccccococe




Evolution of STEMI

A. \ B.
_.’ _>
ol L/\
C. D
—_— — —
= —V
E. F.
—> —>
~ ~

Evolution of Acute Ml

A. Normal

B. Hyper-acute T-waves: Minutes
to Hours

C. ST-Elevation: 0-12 Hours

D. Q-Wave Development: 1-12
Hours

E. ST-Elevation with T-wave
inversion: 2-5 days

F. T-Wave recovery: weeks to
months




Coronary Arteries

ECG Signs of M.I.

Right
Coronary
Artery

Left Main

A B, Circumflex
KN Left Ant

ALY \\ Descending

/

Normal

ST Segment Elevation
Acute Injury

T Wave Inversion
Ischemia

Pathological Q Wave
Necrosis




RADO

Blood Supply of Heart

Sinus node artery
(SN)

Conus artery
(CN)

Right ventricular branch
(RV)

Acute marginal branch
(AM)

© Fosterior descending
branch
(PD)

Left Main Trunk
(LMT)

L. Anterior descending
branch proximal
(LAD praximal)

L. Anterior descending
branch middle
{LAD middie}

L. Anterior descending
branch distal
(LAD distal)

1st Diagonal branch
(D1)

2nd Diagonal branch
(D2)

Septal branch
(S)




AREA INVOLVED LEADS ADJACENT ARTERY INVOLVED

Septal V1-V2 LAD
Anterior VZ2,V3and V4 LAD
Anteroseptal V1-V4 LAD
Lateral l,aVL and V5-V6 LCX
Anterolateral VZ2-Vb, land aVL LCA (LAD + LCX)
Inferior I, Ill and aVF RCA

Nursing Education Grougp

Posterior Reciprocal changes V1-V3 ~ RCA R

AORTA LAD

"‘ry | ‘—\ r [
0 SRR 1S = 1 / |
R r/\ r 4 \
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Myocardial Dysfunction

Systolic Diastolic
V4 z
Tt LVEDP

+ Cardiac output
+ Stroke volume

\

+ Systemic Hypotension
perfusion

Pulmonary congestion

VA

+ Coronary Hypoxemia

perfusion

pressure l
Compensatory Ischemia
vasoconstriction; 7

fluid retention

Progressive
Myocardial
Dysfunction

Death




ST PNin ant. &inf. leads

Leads

RCA (proximal RCA)

LAD

Vs to Vi-s

Inferior leads

land aVL

Usually ST (V1 > Va—s)*

Usually ST+ greater than that in
precordial leads

ST depresssion (usually the sum
> 5mm)

Usually ST1 (V3-4 > Vi)

ST+ usually much lesser
than that in precordial leads

Usually not ST depression
especially in |
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RV Infarction

ASTE >1Imm V3R and V4R
ASTEV1> V2

 High degree AV block




Clinical Triad of RVI

« Hypotension

« Jugular vein

distention

e Dry lung sounds

www.allnurses.ir///critical care chanel
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Oh Boy!

= ST elevation in the septal, anterior and lateral
leads

= V1-V6, | and aVL
= Acute anterior-lateral myocardial infarction

y -
~




Value of ST - T changes in V4R in acute

Infero posterior MI

ST/;1 mm

POS T-WAVE PROXIMAL OCCLUSION RCA
(RVMI)

NO ST/:

POS T-WAVE A,\(\_ DISTAL OCCLUSION RCA
NEG T-WAVE A,V,\/ OCCLUSION CX




True PWMI

ST depression in V1, R/S >1, and upright T wave




Acute True Posterior Ml

Al
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Posterior
view of
the heart

\
Occlusion of Occlusion of
distal OR posterior
circumflex descending or distal
artery right coronary
arteries
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Acute True Posterior Ml

Due to occlusion of the distal Left circumflex
artery or posterior descending or distal right
coronary artery

Mirror image changes or reciprocal changes in
the anterior precardial leads

Lead V1 shows unusually tall R wave (it is the
mirror image of deep Q)

V1 R/S > 1, Differential Diagnosis - RVH



Acute True Posterior Ml

V2, V3 show tall R waves, Even V1 shows R
V2, V3, V1 leads R/s ratio is >> 1

T

)
;
)
)

nese R waves are the mirrored MI — Qs
nese leads show deep ST depression

nis ST is in fact the mirrored ST of M

ne same leads show sharp T waves

nese are the mirrored T inversions of Ml



Inferio-Posterior Ml

V1, V2 show tall R waves

V1, V2 leads R/s ratio is >> 1

These R waves are the mirrored Ml — Qs
This ST is in fact the mirrored ST * of Ml
The T J are the mirrored T inversions of Ml
L2, L3 and aVF show gross ST * - Inferior Ml
V4R, V5R show ST elevations — RV — Ml too.




ST Elevation in aVR — LMCA occlusion?

This ECG demonstrates the classical pattern of left main coronary artery (LMCA) occlusion:

o Widespread horizontal ST depression, most prominent in leads I, I and V4-6
o ST elevation in aVR > Imm
o ST elevationinaVR>V1




Angle of Louis







Reciprocal Changes

Inferior: 11111, aVF » Anterior: V1-V6, aVL, |

Septal: V1, V2 > Lateral: V5,V6, |, aVL

Early Anterior: V1-V3 —— Posterior: V7-V9




Atrial
Flutter

bl o

WL’WTWM r_/(__,‘

Rhythm P wave PR interval Heart rate
QRS in sec
A: 220-430 Regular Sawtoothed NfA <12
bpm or variable appearance

V: <300 bpm

132



Myxedema

Note the ECG changes
Bradycardia — HR of 55 per minute
Low voltages of all complexes
= |Less than 5 mm Limb leads
= |ess than 8 mm chest leads
DD of low voltage complexes
Pericardial effusion, Constrictive pericarditis
Severe Emphysema
Pneumothorax or left sided pleural effusion



Myxedema

Before each <12
<60bpm | Regular | oRg identical | 2% %




Note ECG changes of Atrial Flutter
The heart rate is regular or variable
Atrial rate is 300 per minute

All P waves are not conducted to
ventricles

The R-R intervals very depending on
the AV conduction ratio

The QRS is narrow —< 0.12 sec

The P waves have a ‘saw toothed’
appearance called ‘F’ waves



Ventricular Ectopics

VPC

VPC

VPC

VPC




Note the premature (ectopic) beats
marked as VPC (Ventricular Premature
Contractions)

These occurred before the next expected
QRS complex (premature)

Each VPC has no definite P wave
preceding the QRS of that beat — So
impulse has originated in the ventricles

The QRS complexes are wide with
abnormal duration of > 0.12 and their
shapes are bizarre



Hyperacute M
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Inferior Ml

Name: HR 100bpm **** ACUTE M| SUSPECTED **

D 850187213625 | PR 8. 1485 ORS 8.692s | » Abnormal ECG *“Unconfirmed™
Age: 48 Se¢:  |QTATc 0.3425/8. 4415 | * Normal sinus rhythm

12-Lead8 P-0RS-T Aves: 65° 66° 108° | * ST elevation consider inferior injury or

lﬂl'ayl? 21:40:88 acute infarct

HMWWWHMMW%
M AANAAANA L L

31,8 85-156Hz 25mm/sec 060000 3811371-818 03 7455574






with 31 segment depression (F1g. Z.19¥). HOWever, 1t may rarely be (e sole abnormarnty.
Figure 2.32 was recorded in a 50-year-old man with stable angina. It shows isolated U wave
inversion in leads V; and V3. Subsequent coronary angiography showed critical stenosis of
the proximal left anterior descending artery. In 1schaemic h isease patients showing
U wave inversion in the mid- or left praecordial leads, the coroni-—drteries which are stenosed
arc nearly always the left main coronary artery or the left anterior descending artery. "

N AN ANy
A B C

Fig. 231 Diagram showing: (A) Normal upright U wave (arrowhead). (B) Isolated U wave inversion
(arrowhead). (C) U wave inversion (arrowhead) associated with ST segment depression (arrow).
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Translation Into Practice: TIPs for Right-Sided ECGs

Right-Sided ECG

Recommended Clinical Practice

To detect right ventricular STEMI associated with occlusion of the right coronary artery, obtain a right-sided ECG.
[Level A Recommendation]

When a 15-lead &/or 18-lead ECG machine is not available, manipulation of the leads from a standard 12-lead ECG
machine allow additional areas of the heart to be imaged."’s

Indications of a RV wall infarction may include:*”

ST elevation in the inferior leads, 1, Ill, and aVF*®

= ST elevation that is greatest in lead Il is especially signiﬂcants""'9
ST elevation in V; (considered to be the only precordial lead that faces the RV on the standard 12-lead ECG)*
6.8

Other findings may include: right bundle branch block, second- and third- degree atrioventricular blocks, ST
segment elevation in lead V,; 50% greater than the magnitude of ST segment depression in lead aVF>*
Hypotension and clear lung fields®*?

Place ECG electrodes (stickers) as follows* (Figure 1):

Right-sided ECG Electrode Placement

V;R: 4" intercostal space, left sternal border

V:R: 4th intercostal space, nght sternal border

ViR: halfway between V2R and V4R, on a diagonal line
ViR: 5th intercostal space, right midclavicular line

ViR: right anterior axillary line, same horizontal line
as V4R and VER

VeR: right mid-axillary line, same horizontal line as VSR
and V6R

Arm and leg electrodes remain unchaonged from standord 12-lead ECG

Figure 1 used with permission from Barbara J. Drew, RN, PhD, FAAN, FAMHA [Drew B8 5 & ide B
{15995%5). Right ventricular infarction. Progress in Cordiovasculor Nursing, 10, 46.)

Vern Vsn Var Van Van Vin

Place ECG lead cables as follows (using a 12-lead machine):

A right-sided ECG is a “mirror reflection” of the standard left sided 12-lead ECG. Begin with lead cable V, and
attach it to electrode V;R, continue connecting lead cables to electrodes in sequence until lead cable Vg is
connected to electrode VgR

Arm and leg electrodes and lead cables remain unchanged from the standard 12-lead ECG placement

Emergency Nurses Association » 915 Lee Street » Des Plaines, IL 60016-6569 » 847-460-4000 December 2012; Revised September 16, 2013
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ST Elevation = 1 mm and

concordant with QRS Odds Ratio (OR) 25.2
complex

ST Depression = 1 mmin  Score 3 points
¥, V2 V3 OR 6.0

ST Elevation = 5mm and  Score 2 points
discordant with QRS OR 4.3
complex

Odds Ratio: a measure of the degree of association; for exa _:‘ : the
et

Wﬁﬁﬂ .&%$f exposmmong the Oonttoﬁ ":‘5.‘.— -u rc .

s of exposure among the cases compared
jlossary him) 12




Discordant
ST elevation| ~---
vi,v2,v3




Concordant
ST elevation
vV5,v6
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STD 21mm in V1 - V3




Criteres de Sgarbossa
(infarctus et BBG)
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Concordance
du ST

IDM visible
dans 20% BBG

e va

ST>5mm



Chapman’s Sign

'

LEAD |

o

aVL

A

V6

Chapman’s sign is used to diagnose an acute myocardial infarction in
the setting of LBBB and consists of a notch in the upslope of the R wave

in lead I, aVL, or V6.

*This has a low sensitivity, but a high specificity.
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Strain pattern

* repolarization abnormality

« ST segment depression with
asymmetric biphasic or inverted
T waves with prominent R wave

MSSHERMEH@YAHOO.COM



Prominent T wave inversion
More than 5mm

146 E STE IR )
Deep T Wave Inversions: Selected Examples
—
=
[ =
—Jd
= Ischemia
-
o
—_
o
=
=
=
= CcVvA
g
‘/: ool 555
B —— g | 1.0 mV
—
Apical 400 msec
HCM

FIGURE 12-46 Deep T wave nversion can hawve various causes. In the nidgdie tracing, note
the marked QT prolongation in conjunction with thne cerenrovascular accident (CWA T wave
pattarn, caused here Dy subarachnoid hemorrhage. Apical nypertroph c cardicmyopathy (HCR)
and lakolsuno syndrorne sre olher causes of deep T wave nwversion that cam be mistaken for
ischemia from scutefevoeiving or chronic cbhstructive coronary disease. (From Goloborgor ALl
Desp T wave mmweersions. ACC Curr f Rev 528, 1835)



CVA ( mostly Hemorrhagic )

|

J

FIGURE 13-9 - ST segment elevation in intracramnial hemorrhage.
These tracings are from two patients with intracranial hemorrhage and
marked ST segment/T wave abnormality. Note the ST segment elevation.




LV Aneurism

T 1 ¥

FIGURE 13-8 - Left ventricular aneuryvsm—related ST segment eleva-
tion. Note the varying magnitudes, ranging from minimal to maximal, and
morphologies, including concave and convex wvarieties, of the 5T segment
elevation.




Digoxin toxicity

Reference range for Digoxin

%*0.8-2 ng/mL (1.2-2 nmol/L)

***Half-life: 36 hours

***Toxic level: more than 2 ng/mL (2 nmol/L)




"Reverse check"™ or "reverse
tick™ sign from digoxin effect.
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Digoxin toxicity

Symptoms in Acute and Chronic Digoxin Overdose

Acute Toxicity

Chronic Toxicity

® GI: Nausea, vomiting, and abdominal
pain

» Absence of nausea and vomiting hours
after exposure make acute digoxin toxicity
unlikely
m CV: Dysrhythmias

* Hypotension secondary to dysrhythmia
m CNS: Lethargy, confusion, weakness

m Symptoms tend to be more insidious
m GI symptoms less pronounced
m Neuro symptoms more pronounced
e Delirium, confusion, drowsiness,
hallucinations
m CV: dysrhythmias
* Hypotension secondary to
dysrhythmia
m Visual changes such as alterations in
color vision
» Scotomas or blindness




Digoxin toxicity

z Digitalis Effect
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ECG Findings Digoxin Effect with Evidence of Toxicity

® ST segment shortening and depression leading to a“scooped” appearance
e QT interval shortening

® PR interval prolongation

® Decreased T wave amplitude

® Premature ventricular complexes are the most commondysrhythmia

e Bradydysrhythmias, various heart blocks, especially with findings consisten
with increased automaticity (atrialtachycardia with block, atrial fibrillation with® ]
slow ventricular response, accelerated junctional rhythms)

® Bidirectional ventricular tachycardia may rarely be seen
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ECG manifestations of ischemia

a) Normal

b) ST elevation

c) Pathologic Q Wave

d) T wave inversion

e) normalisation with persistent Q wave

d ¢
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Also:
Change in heart axis, ST depression, R wave decrease
Widened QRS complex, QTc prolongation



Wellens syndrome

There are 2 types of Wellens syndrome:
*1- Symmetric deeply inverted T wavesin V2 and V3
«2- Biphasic Twavesin V2 and V3 (less common)




Table 1 :Wellens’ syndrome criteria

r history of chest pain

ing chest pain: EKG is normal or with mild ST elevation or depression, or:
ninal negative deflection of the T wave inViand V2

diac enzymes are normal or mildly elevated
pathologic precordial Q-waves
oss of precordial R-waves

ply inverted or biphasic T-waves in V2 and V3, possibly Va1, Vg, Vg and/or\
n pain free




Wellens Syndrome
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Clinical Significance

e Wellens syndrome is a pattern of deeply
inverted or biphasic T waves in V2-3,
which is highly specific for a critical
stenosis of the left anterior descending
artery (LAD).

e Patients may be pain free by the time
the ECG is taken and have normally or
minimally elevated cardiac enzymes;
however, they are at extremely high risk
for extensive anterior wall Ml within the
next few days to weeks.

e Due to the critical LAD stenosis, these
patients usually require invasive therapy,
do poorly with medical management
and may suffer M1l or cardiac arrest if
inappropriately stress tested.
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Type | (75% of Cases)  Type Il (25% of Cases)
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How to spot right ventricular infarction
The first step to spotting RV infarction is to suspect it... in all patients with inferior STEMI!

In patients presenting with inferior STEMI, right ventricular infarction 1s suggested by the
presence of:

o ST elevation in V1 - the only standard ECG lead that looks directly at the right
ventricle.

o ST elevation in lead III > lead J]_- because lead III 1s more “rightward facing”
than lead II and hence more sensitive to the injury current produced by the right
ventricle.

Other useful tips for spotting right ventricular MI
If the magnitude of ST elevation 1n V1 exceeds the magnitude of ST elevation 1n V2.

o Ifthe ST segment 1n V1 s 1soelectric and the ST segment 1n V2 1s markedly

depressed.
o NB. The combination of ST elevation in V1 and ST depression in V2 is highly
specific for right ventricular ML

Right ventricular infarction is confirmed by the presence of ST elevation in the right-sided
leads (V3R-V6R). Right-sided leads

www.allnurses.ir///critical care chanel




Inferior Ml +Posterior M.

Lateral / Infero Lateral / Baso Lateral Ml not postero
inferior M. l

Proximal RCA OR LCX

(posterior+inferior) Posterior+Inferior Ml
+ RV infarct !
I ST# 1L, QVF,aVL,
ST ILIaVF ST tallR V1,V2,V3,
STy lL,aVvL STHI>M
» ST V3R,V4R

ST >l




nt Elevation in Various Leads

[ A
VT N\ | ~“/
l
avR vi i
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avL v2 V5
/ N
SAS § Dild
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12 Lead EKG and Coronary Arteries

Coronary Circulation and 12 Lead EKG

Leads

Anatomical area

Coronary artery

1, avL, V5, V6

Lateral wall

Circumflex artery

1, 11, aVF

V3, va

Inferior wall
Septum

Anterior wall

! Riht coronary artery

< rtery

Y B2 Al Lt il Nty e o § (e, o=
et anterior descending a

Left anterior deendig a




>\/\/\7ACUTE CORONARY SYNDROMES: Diagnosis (1)

STEMI

Refererce: Refi M. Cu- Heart § 201 5;eurheactj ehv320

CHEST PAIN

or symptoms sugestive of myocardil ischemia

hs-¢Tn > ULN hs-cTn <ULN
Porential / \
”M:::.f, . Pain onset <6h Pain onset >6h
_ abormaiTn™a " :
hs-¢<Tn> Re-test hs-cTn (3h later)
»5 ULN Ser rext boge for | h ru'esin & rulsscut alzorithm
or .
: ciinical ‘/ A
Sagootl; Hear A hs-cTn hs-cTn
(1 value >ULN) ‘no change
/ / L ]
. Work-up

[NSTEMI| | Unswble Angina |

differential diagnoses




ACS - ECG findings

E s g,

Normal Horizontal ST Downsloaping ST T Wave
Depressnon Depressmn Inversion Elevation

| l

UA or NSTEMI STEMI




Location ST ' S l
Anterior 1. &avilL. VvV1-& 11l and avVviF
Lateral 1. aviL. VvVs-& 1, 11, avVvF

Inferior

i1, 11, avVvF

1 and avL

Right Ventricle

VI and V4as=

111 = 11}

1 and avlL

V4




x Upper limit of normal

N

Biomarkers Released in Blood after Myocardial

-

w

Infarction

Myoglobin
— Total CK

>~ . Troponinl

~ -
.""""""""bu..
=

YT p—y— g L1 20, B, e } PR B
50 40 600 B0 100" o0 1407 180
Hours from onset of infarclion
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CARDIAC MARKERS IN STEMI

DAYS AFTER ONSET OF AMI

URL = 99th percentile of reference control group

FIGURE 51-17 The kinetics of the release of CK-MB and cardiac troponin in

A === Cardiac troponin—no reperfusion
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T ST I, Il and VF (RCA or LCX occlusion)

Step 1@ Analyse lead |

L1
o & &

T ST>05mm Isoelectric ST or +T ST < 0.5 mm YST>05mm

BESE SaNNEmEE Py EHEsS B 11
ooy N | | .o L4 + }

Analyse leads Il and Il
1

<1l
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Types of SVT

m PSVT ( PAT, AVNRT ,AVRT)

m Accessory pathway tachycardia (WPW)
= Atrial tachycardia

= Atrial fibrillation

= Atrial flutter

= Junction Tachycardiardia

m Sinus Tachycardiardia






AVNRT vs. AVRT: Can you

thell them apart

s Helpful ECG findings
— Pseudo R"in V1
— Pseudo S in 11, III, aVFE

= specific (but not
sensitive) for AVNRT ll'l,

— ST elevation in aVR

— RP >100 ms
— Sl depression =22mm e ———
= Suggest (not highly Bottom line = 12-lead lacks 100%
specific or sensitive) accuracy but important to look
AVRT because AVRT more serious Dx

See Adam Osters talk July 22, 2004 for more detailed explanation
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Atrioventricular re-entry tachycardia
AVRT
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ECG Findings AVNRT

*»* Regular tachycardia ~140-280 bpm.

*** QRS complexes usually narrow (< 120 ms)
*+» ST-segment depression may be seen with or without CAD.
“* QRS alternans.

** P waves if visible retrograde in ll, Ill, AVF.

“* P waves may be visible after the QRS complex, or very

rarely visible before the QRS complex.
“* Pseudo R’ wave may be seen in V1 or V2.

** Pseudo S waves may be seen in leads I, Ill , AVF.



Mechanism of AVNRT

The slow pathway (a/pha)
The fast pathway ( befa)

slow fast AV node
Reentry

@ () JTL

Normal Sinus
Rhythm




ECG finding of AVRT (orthodromic)

*»*Rate usually 200 — 300 bpm

***P waves may be hidden in QRS complex
or retrograde

“*QRS Complex usually <120 ms unless
existing bundle branch block L

T)rthodromic

*** QRS Alternans
*+*T wave inversion common
***ST segment depression




Treatment of orthodromic AVRT

*»* Treatment of AVRT is based on the presence of hemodynamic
instability e.g. hypotension, altered mental state, or pulmonary

edema.

** In hemodynamic stable

- vagal maneuvers

- adenosine

- calcium-channel blockers

- DC Cardioversion if non-responsive to medical therapy.

¢ In hemodynamic unstable , urgent synchronized DC Cardioversion.




AVNRT ECG Recognition

» Regular or irregular because of varying conduction through
the AV node.

» Rate: 170-250 bpm
» Conduction ratio: usually 1:1, uncommonly 2:1
» Typical:

— The retrograde P wave is seen within, or in close proximity to the
terminal portion of the QRS complex (Short RP)

— Pseudo s wave

— Presence of a notch in lead aVL is a sensitive and specific predictor
of a diagnosis of AVNRT*

= Atypical:
— The retrograde P wave occurs late, within or following the T wave
(Long RP).

*Utility of the aVL lead in the electrocardiographic diagnosis of atrioventricular node
reentrant tachycardia. Dar’io Di Toro, et al. Europace (2009) 11, 944-948
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‘ Negative P wave
o RP<70 ms
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AVNRT ECG Recognition

» Regular or irregular because of varying conduction through
the AV node.

» Rate: 170-250 bpm
» Conduction ratio: usually 1:1, uncommonly 2:1
» Typical:

— The retrograde P wave is seen within, or in close proximity to the
terminal portion of the QRS complex (Short RP)

— Pseudo s wave

— Presence of a notch in lead aVL is a sensitive and specific predictor
of a diagnosis of AVNRT*

» Atypical:
— The retrograde P wave occurs late, within or following the T wave
(Long RP).

*Utility of the aVL lead in the electrocardiographic diagnosis of atrioventricular node
reentrant tachycardia. Dar’io Di Toro, et al. Europace (2009) 11, 944-948
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Causes of long QTC interval

Congenital (at least six genetic mutations identified)

e Romano-Ward syndrome (autosomal dominant)

e Jervell and Lange-Nielsen syndrome (cardiac
abnormality - autosomal dominant & associated
deafness - autosomal recessive)

Acquired

e drugs

e cardiac pathology (heart failure, ischaemia, myocarditis)

e electrolyte abnormality (hypokalaemia,
hypomagnesaemia)

e cerebrovascular disease (subarachnoid haemmorhage,
ischaemic stroke)

e severe bradycardia (especially complete heart block)

e hyperthyroidism/hypothyroidism



Males

470
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QTc (msec)
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2

330

QT scale.

Very long QT.

LQTS even if asymptomatic. Exclude 11° causes

Long QT.

LQTS when supported by symptoms, family history or
additional tests.”

Long QT possible.

Additional tests when indicated:" Repeated ECG, Holter,
T-wave morphology, exercise, epinephrine-challenge,
adenosine-challenge.

Normal QT.

Short QT.

SQTS when supported by symptoms or family history.
Additional tests: Repeated ECG, Holter,
T-wave morphology (7), electrophysiologic studies (7)

Very short QT.
SQTS even if asymptomatic. Exclude II° causes
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Long-QT Syndrome

KCNQ1 (LQT1) KCNH2 (LQT2)
8070707070000 1 111 (I8 | 5000000 s0s00s 000 s sn0ses s
—<°
o Ny
Swimming 359% . 30%
Exertion/emotion N
1
7
N

SCNS5A (LQT3)

Sleep

Rest

FIGURE 32-3 Genotype-phenotype correlations in LQTS. Seventy-five percent of cases of clinically strong LQTS are
due to mutations in three genes (KCNQT, 35%, KCNH2, 30%, and SCN5A, 10%) encoding for ion channels that are
critically responsible for orchestration of the cardiac action potential. Genotype-phenotype correlations have been ob-
served, including swimming/exertion/emotion and LQT1, auditory triggers/postpartum period and LQT2, and sleep/rest

and LQT3.



Long-QT Syndrome

» QT prolongation (450- 470 msec)

~increased risk for syncope, seizures, and SCD in the setting of a
structurally normal heart and otherwise healthy individual.

» The incidence of LQTS may exceed 1.in 2500 Persons
» This repolarization abnormality is triggers such as:
“»exertion

-+ R

R <-—RR interval

**sSwimming NO'mﬂMTC = .44 sec.
w*emotion @
-<QT interval

«*Auditory stimuli (alarm CIOCk)LOTSMTC='&8%'
**postpartum period | |

;<~«'_OT interval—»




Long-QT Syndrome

5

Normal EKG Long-QT
R

T-wave

: E“ ars™
i! interyal 5 QT interval _! "_':

|

PR interval QT interval One beat (R0 R)
r |

QRS T R

Each section of an L L
- electrocardiogram | |
R <—RR interval —» R (ECG or EKG)
is referred to a RNgmai T R
o by a letter name:
— QTc = .44 sec.

QR S andT N i

l J

t g f

Heart is full of blood at () . Heart contracts atend of T.



Atdrial Premature Depolarization (APD)
Preceded by P wave, followed by Nl QRS
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Premature Atrial Contraction
Aberrantly conducted PAC. Bizarre QRC. P wave is
premature, abnormal or hidden, followed by nNnl QRC
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|
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B EETE —n
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Adrial Bigeminy

(every other beat is a PAC) P wave is premature,
abnormal or hidden, irregular rhythm. PR interval
= _20s S ORS = 12sS




What's up with Multifocal Atrial Tachycardia ?

1. The SA node is not pacing

the heart
Left atrium 2. Several groups of excitable
cells in the atria compete to
AV node pace the heart
Left 3. MAT has at least three or more

ventricle different shaped P-waves.

4. MAT is an irreqular rhythm
above 100 bpm

5. MAT has irregular P-R, R-R
and P-P intervals

Definition:
A rapid, irregular atrial rhythm arising
from multiple ectopic foci within the atria.
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WHAT IS MULTIFOCAL ATRIAL TACHYCAR

Multifocal Atrial Tachycardia is a pathological cardiac condition
which the heart beats much faster than it normally should.
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Multifocal Atrial Tachycardia (MAT)

(Rapid Wandering Pacemaker)

MULTIFOCAL ATRIAL TACHYCARDIA
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Similar to wandering pacemaker (< 100)
MAT rate is >100
Usually due to pulmonary issue
« COPD
« Hypoxia, acidotic, intoxicated, etc.
Often referred to as SVT by EMS
« Recognize it is a tachycardia and QRS is narrow
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Atrial Flutter with Variable AV Block
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ECG III Rhythms and Traces “x;!’
Adrial Flutter

Adrial rate Z244a0-320/ Min. Ventricular rate varies with
AV block 2:1. Saw tooth pattermn (1L, 111, aVF, WVv1)

Atdrial Fibrillation (AF)
Highly irregular. No P wave. Vent. response: 160-
200._min

Bigeminy (coupled beat)
Sinus beat - PVC . PVC.
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coMMoOoN EKG
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Atrial fibrillation
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PEA
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Ultrasound  — |~
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VT management:

Unstable:
S“OCR

stable

initial doses 150mg stat ( 15 mg/min for 10 minutes), followed by 1 mg/
min for 6 hours and then 0.5 mg/min for the remaining 18 hours
© we can repeated loading dose another 150mg as needed

lidocaine:

1 to 1.5 mg/kg; repeat with 0.5 to 0.75 mg/kg every 5 to 10 minutes as
necessary (maximum cumulative dose: 3 mg/kg). Follow with continuous
infusion of 1 to 4 mg/minute (or 14 to 57 mcg/kg/minute).

Procamamide

Loading dose: Infuse 20 to 50 mg/minute or 100 mg every 5 minutes until
arrhythmia controlled, hypotension occurs, QRS complex widens by 50%
of its original width, or total of 17 mg/kg is given.

Follow with a continuous infusion of 1 to 4 mg/minute.

*@DRMVP



Cephalization of
pulmonary vasculature

Peribronchial cuffing
Perihilar haze
Kerley A lines ~q

Kerley B lines

Pleural effusion
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In a patient who has suffered a pulmonary embolus
there may be transient non-specific changes in the
patient’s ECG:

- often no changes are seen on the ECG
- classical changes are S1,Q3, T3

The detailed changes are as follows:

- tall R waves in V1

P pulmonale (peaked P waves) best seen in the

inferior leads

there may be right axis deviation and clockwise

rotation

= atrial arrhythmias may occur

there may be T wave inversion in the leads V1, V2,

V3

- possible right bundle branch block

there may be a shift of transition point to the left, so

that the R wave equals the S wave in V5 or V6 rather

than V3 or v4

in this condition there is often a Q wave in lead 3,

resembling an inferior infarction

= right ventricular strain is very occasionally seen,

causing an S wave in lead |, Q wave and inverted T
wave in lead Il
. right ventricular strain pattern on ECG is

associated with adverse short-term outcome
and adds incremental prognostic value to
echocardiographic evidence of right ventricular
dysfunction in patients with acute pulmonary
embolism and normal blood pressure (1)
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Inverted
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CLASSIFICATION

Massive PF

PRESENTATION

Systolic blood pressure
<80 mm Hg or poor tissue
pertusion or multisystem
organ failure plus right or
left main pulmonary artery
thrombus or “high clot
burden’

Submassive PL Hemodynamically stable but
moderate or severe right
ventricular dysfunction or
enlargement

Small to moderate ~ Normal hemodynamics and
PE normal right ventricular
size and function

O —————————— e RO

THERAPY

Thrombolysis of
embolectomy or
inferior vena caval
filter plus
anticoaqulatior

Addition of
thrombolysis
embolectomy, or
filter remains
controversial

Anticoagulation



Web Table 3 Approved thrombolytic regimens for
pulmonary embolism

Streptokinase | 250 000 IU as a loading dose over 30 minutes,
followed by 100 000 IU/h over 12-24 hours

Accelerated regimen: |.5 million IU over 2 hours

Urokinase 4400 1U/kg as a loading dose over 10 min, followed
by 4400 |U/kg per hour over 12-24 hours

Accelerated regimen: 3 million IU over 2 hours

rtPA 100 mg over 2 hours; or

0.6 mg/kg over |5 minutes (maximum dose 50 mg)

IU = international units; rtPA = recombinant tissue plasminogen activator.



Osborne Waves or “J-Waves”

v, Here we see the Osborn waves of
M\M severe hypothermia (blue arrows).

The rhythm is atrial fibrillation.

s \\/' Bradycardia is present.
The QT/QTc is prolonged.

i The patient's core temperature
M}f\/‘ was measured at 76°F (24°C).

emsi12lead.com







Hypothermia
G 0
Osborn or
Jwave
" A

«Size of wave correlates with degree of hypothermia
«Typically appears below 32°C

« Usually resolves with warming

« No prognostic value

Osborn
wave
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ECGs 3.23a-3.23d

ECG monitor lead: Osborn wave in a 53-year-old patient during open heart sur-
gery.The Osborn wave and ST depression gradually diminishes during increas-
ing body temperature.

a. Temperature 30 °C.

b. Temperature 31 °C.

¢. Temperature 32 °C.

d. Temperature 33.5 °C.



NORMAL

Long QU interval
Prominent U waves

HYPOKALEMIA

Peaked T waves

HYPERKALEMIA

QT prolongation
‘/\— HYPOCALCEMIA

. Shortening of the ST segment
2015/4/2 '_.
— \j\, HYPERCALCEMI




Effects of hyperkalemia on the ECG

6.5 mEg/L> Serum potassium > 5.5 mEqg/L
(Tall T waves)

/7 mEg/L> Serum potassium > 6.5 mEqg/L

1. Pwave widens and flattens
2. PRsegmentlengthens
3. Pwaveseventuallydisappear

9 mEq/L> Serum potassium > 7 mEqg/L

Prolonged QRS interval

High-grade AV block

bundle branch blocks, fascicular blocks
Sinus Bradycardia or slow AF

-DUJNH



SERUM K

Depressed ST Segment
<2.5 mEq/L J‘A_/N Diphasic T Wave
Prominent U Wave
Normal _/\A,/\_
> 6.0 mEq/L JJ_/L Tall T Wave
_/\_A'/\— Long PR Interval
>7.5 mEq/L Wide QRS Duration
Tall T Wave
Absent P Wave
>9.0 mEq/L ———/\/\— Sinusoidal Wave
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Figure 1 - This ECG rhythm sirip shows a widecomplex bradycardic rhythm with sine-wave configuration and the absence of discernible

P waves. These findings are consistent with pronounced hyperkolemno
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Figure 1 — This ECG rhythm strip shows a widecomplex bradycardic rhythm with sine-wave configuration and the absence of discernible
P waves. These findings are consistent with pronounced hyperkalemia.
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Common & Formal Rhwithm Name

o Rhythhm Strip

V-Fib No P Wave.

Vemtricular Fibrillation No ORS

Regutar,
Ventricular Tachycardia Wit GRS Dete: Faat (FOO- IVO By Wide ORS

. Hreguiar,
Torsade de Pointes ”' 'I"”"”””'!"”‘
Type Of Ventricular Tachycardia Wide ORS

*Synclwonized Cardioversion possible for SVT if medication ineffective.

SVT DA AR oo
. Wave Hicdden,

STEMI m.oxm

ST Elevation Myocardial infarction ST Elevated

A-Fib -“---l mogse

Alrial Fibrillation ' errane waews | e L L ST erreeyRee R Normal QRS

A-Flutter No b Wave.

@"m Normal OGRS

Rate Siow (- 6O DEMm)
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Accessory pathway
(bundle of Kent)




Inverted
T Wave

Widened

Shortened QRS Complex

PR Interval
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WPW SYNDROME | TypeB

Delta wave

‘/\)R<0]2$
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Type of delta wave polarity
A B C D

A) Positive delta wave
B) Isoelectric delta wave

C) Over pre-excitation delta wave
D) Negative delta wave

1- Adopted from ; Martin Eisenberger, Europace (2010) 12, 119- 123
2- https://drsvenkatesan.com



Dominant R wave in aVR

e Poisoning with sodium-
channel blocking drugs (e.g.
TCAS)

e Dextrocardia

¢ |ncorrect lead placement
(left/right arm leads
reversed)

e Commonly elevated in
ventricular tachycardia (VT)



In lead aVR

= - Initial r

orq > No
40 ms
Notch on the
\h“ /7. descending limb of >
'V a negative onset
and predominantly
negative V
A B
| o1 -

Yes

Yes

Yes

Yes

VT

SVT




Torsade des point [i

A

Polymorphic V.T
A ARAAAAAAAAANNAAA—~ A s AAAANAANA A

\HOO.CO

M



@om o s gD 58

:
.....

QU TR S HH TG S0 RN ==
: -2 - !

. . . 1 i ) 3 . > .
"~ - s (% " v
e T s ¢ AL } ’{

. 1 . .
‘Jn'mo-u—-o-'nn'nu D e e L L L L R e SR R Y R XX IY )
: i HHHH : : M ! !

L T LR T R T ERY Y TR v B L R LT} L R )
] , ! : | 3 il ]
cuu.n....._....‘uuluu NI I N- Teein unu...u....m.-.....u‘u (T
H P e ) -t b I : : i i
b S Sesdbbbbbdblbbiibisddidid sbidblid
i HHMHH : : HEH . HHHI
AALLLLLL " A " AAMAALALLAAALLL

—o
P —>— o
—3

O3 315 S paly lBsasie Bble Colled aoecys 5 ol KT I a5z

O3 Sgai BB iy o el oy ol il @il Glejle Culled g a CIlAS

ol VLS 50,0

(elg PSIN SVWEAT ¢ 35,15 Cunaganns 8105 ol Sl See (535555 oy o -
Sl 3 o305,k (gl leny

3,135 3325 (A5 83 B3y 25 £95 C2l)d -

CPRy Sloydg,139 215 5andTc IV access ;353 yudnjl aslaiut @ Sileladl

Sgaipe Egymd Joi WVe Voo L Ku58 (gl VF-Syjlieke @ oWLaS )50

Silige Jo3 T e+ S3s5509 Ja VT - S2518 5L (54080 Hi3euda )

Sy 10J/KGG gams sWSsadyns AI/KGA Jliay 21/KG Ja! Saudyd 1 4555

ol o asldl il a8 oS olaS,a A WLLE, e a5ls1 G

P9 S 9ui3l et (895 (13199001 g 095 g3l (st G5 (1 e yng T



Cardioversion

= Alive, unstable, tachyarrnythmia

» Unstable?

- Signs of low cardiac output: systolic hypotension
< 90 mmHg, altered mental status

- Excessive rates >150/min
- Chest pain
- Heart failure

*Synchronized cardioversion is shock
delivery that is timed (synchronized) with
the QRS complex
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Tach vs. SVT

SVT with

Factor V-Tach Aberrancy
Age 3 =35

; MI, CHF, CABG,
History MV R MVER, WEPW
Cannmonmn A B racsent Absent
Waves
Arterial VvVariation No variation
Pulse
First heart Variable Not variable
sound
Fusion Present Absent
Beats
AV < . Present Absent
dissociation
QRS >0.14asec =0O.l14sec
AXIisS Extreme LAD (= -30) Norrmal ar

slightly abnl

Vagal Slows or
No response -
Maneuvers tTerminates

QRS

morphology V1 - R or gR V1 -orsh

V66 -

(RBBB-like V6 -rS R(slurreds)

pattern)
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Defibrillation

Not synchronised

For cardiac arrest

Higher energy joules

No escalating energy for
next shock

Cardioversion
Synchronised on the R
wave

For periarrest
tachyarrhythmias
(unstable)

Lower energy joules

Escalate for next shock
(100 - 200 - 300 - 360))




Bundle of
Kent
The Long
WPW - Block QT - Syndrome
RR=065s
T T
I Il
| \ 0 )
Short PQ Delta - wave QT =045s
.1 second | .1 second |

| Fig. 1114 e



Tricyclic Overdose
(Sodium-Channel Blocker Toxicity)

+ sodium-channel blocking medications such as:
— Tricyclic antidepressants (= most common)
— Type la antiarrhythmics (quinidine, procainamide)
— Type lc antiarrhythmics (flecainide, encainide)
— Local anaesthetics (bupivacaine, ropivacaine)
— Antimalarials (chloroquine, hydroxychloroquine)
— Dextropropoxyphene
— Propranolol
— Carbamazepine
— Quinine




ECG Findings Tricyclic Overdose

 |nterventricular conduction delay (IVCD) — QRS
>100 ms in lead |l

« Right axis deviation (RAD)
« Terminal R wave > 3 mm in AVR
« R/Sratio >0.7 In AVR

1
|
|
P

i |
- -!-- - Tﬂ‘ : S >
]I lé aw)\/‘}@”]\/‘ﬁ

Terminal R>3 mm




Clinical Features of Tricyclic Overdose

In overdose, the tricyclics produce rapid
onset (within 1-2 hours) of:

Sedation and coma
Seizures

Hypotension

Tachycardia

Broad complex Dysrhythmia
Anticholinergic syndrome




In Vi or MCL: If wide and positive QRS

If the QRS complex is triphasic similar to
a RBBB

‘ rR | triphasic rS
| /A |
WW/I B e




Suspect SVT with aberrancy

U uE sSecond ana a swiit, strangine o DV L with aperrancy.
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In V1 or MICL: If wide and positive QRS

If the QRS complex is tall and shaped like
rabbit ears with the left peak taller than
the right and monophasic QRS

Taller left peak If the ORS complex is QRs

monophasic, suspect '
. '.




S.A. BLOCK gl

MSSHERMEH@YAHOO.COM



Four Types of AV-block
(PQ interval > 0.2 s)

First - degree 1:1

AV - block R
- + 1T mV
Q:'S
0.28 s
i 1 s %
= - a VWenchebach
econd - degree block I
AV - block (type:1)

P

0.18 's ‘0.25 s

QRS < P-frequency
L 1 s ! ]
AV - block . 1T mvV
P P P 2 B
L 1 1 s l
Third - degree Complete AV - block (Adam Stokes disease
AV - block = in AV or His-bundle p =
P 3 s P T P T P
T Sy
Q
| I 1 s I

Fig. 11-12 KMo




The Heart Block Poem

by the Princeton Surgical Group & njjrseslabs

R
If the R is far from P, il (e
then you have a FIRST DEGREE. Sk
0.28s
Ls
Second - degree We[;::&??é:e 1
Longer, longer, longer, drop! A bede = g g s
Then you have a WENKEBACH. _,J\.,“J\/M_JL\_NM
018 s is 0.25s QRS < P-frequency
Second - degree Mobitz 1l block (no waming)
i AV - block Tmv
If some Ps don't get through, w
then you have MOBITZ II. is
|f PS and QS don't agree' :.,fi:-db.k.g:e}?me 5 go::’p:e;ia.;‘?\é(;nb!dickg\dam Stokes disease

then you have a THIRD DEGREE.MW

Q
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| £ PR PR PRefE e PRI PRI PR
) 0.26sec = 026sec | 026sec | |0.26sec | :0.26 sec . 0.26 sec

Rhythm: regular
Rate: (that of underlying rhythm)

PRI is > than .2 seconds
QRS: usually normal




\\\_j D. Fixed but prolonged PR interval

First-degree AV block X ﬁ,{g
Partial block
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+

b

P wave precedes each QRS complex but PR interval, although uniform,
I >0.2 second (>5 small boxes)




| Second-degree type | block

In this type of SA block, conduction time between the sinus node and the surrounding atrial tissue
becomes progressively longer until an entire cycle is dropped. The pause is less than twice the

shortest P-P interval.
A' = B

oy

The rhythm is irreqular, and
the P-P interval gets progressively shorter.

Eventually,
an entire PQRST
complex is dropped.

Eiiehn dan s
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1** Degree AV Block

Prolongation of the PR interval, which 1s constant

Q

t1

[ ]

| EKG Characteri

All P waves are conducted

Nomal

Block

10

cke

O I\:‘ C

}
{



2"d Degree AV Block

Type 1
(Wenckebach)

e
EKG Characteristics: Progressive prolongation of the PR interval until a P
wave 1s not conducted.

As the PR interval prolongs, the RR interval actually
shortens

—rTYTTTT ——

g

Type 2

-
rerufeineh
-
-

L
-
-
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———
R '
-
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EKG Characteristics: Constant PR mterval with intermittent failure to conduct

block 28
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E. Progressive lengthening of PR interval with intermittent dropped beats
Second-degree AV block: Mobitz | (Wenckebach)

' e
—
)
N
= \
\

Good, rapid conduction Conduction Conduction still Conduction
across crest of AV node; less good; less good; fails;

normal PR interval PR longer\ PR still longer QRS dropped

AV node recovers:
PR normal again
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2° AV Block Mobitz | /-‘—"”f—f“\.

P Waves look Similar!

.......

2208 P22 PO R InT e sntn i thih Mg

i :ﬁaf R v ;;;11

i i ‘F RJ“* ';;‘ i
Successwely ‘longer"PRIs until one”QR'S fails
Rhythm (ventricular) is often irregular

Atrial rthythm is ~ regular, QRS is normal
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ECG 2. Mobitz Type 2 second degree AV block. This is a 2:1 block and the presence of wide QRS complex supports the

diagnosis of Mobitz type 2 block. Of every 2 s, only 1 is conducted to the ventricles.




Third degree AV block or complete
AV block

i i w,_ T Summanon (PandT)
) i 5.; p‘ e R

[! :! Q'#s |
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*None of P waves conduct to ventricles (P-P and QRS-QRS are independent)
*Slow, regular ventricular escape rhythm




Third-degree S.A. block

Tn this arrhythmia, some impulses are blocked, causing long sinus pauses. The pause isn't a mul-

tiple of the sinus rhythm. On an ECG, third-degree SA block looks similar to sinus arrest but re-
sults from a different cause.

Third-degree SA block is caused by a failure to conduct impulses; sinus arrest results from
failure to form impulses. Failure in each case causes atrial activity to stop.

In sinus arrest, the pause often ends with a junctional escape beat. In third-degree block, the
pause lasts for an indefinite period and ends with a sinus beat.

B>2A
EREs

The rhythm is regular except for pauses. )

An
entire PQRST
complex is

missing.

The pause ends with a
sinus beat

MSSHERMEH@YAHOO.COM




191 degree AV Block

20d degres AY Block
WeokobachMobitz |

2nd degroe AY Block
Mobtz 1l

Jrd degree AY Block



BUNDLE BRUNCH BLOCK

o G -1

Monofascicular

LPF

RBBB+LAHB - 1

RBBB+LPHB - 2 o ' BBB¢gls!
RBBB+FDAVB - 3 altgs-2 | [

LBBB - 4 Bifascicular

RBBB+LAHB+FDAVB-1

RBBB+LPHB+FDAVB-2 [P
LBBB+FDAVB-3

Trifascicular SHERMEH@ YAHOO.COM




“Broad QRS > 120 ms
“RSR’ pattern in V1, V2 (‘M-shaped’ QRS)
*Wide, slurred S wave in (I, aVL,V5, V6)
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Right Bundle Branch Block (MARROW)

Lead V2: Shows the characteristic secondary R” wave in a complex

knownas rSR’. The R is late right ventricular depolarisation.
Note the M shape of Marrow

M R

W

A

|

Slurred S wave

Lead I: Shows the
characteristic
slurred S wave
which is how
delayed right
ventriclular
depolarisation
manifests in the
lateral leads.
Note the W shape
of marroW.

Fe N1 10, 5 - 9) ﬁ



rLVarious RBBB Morphologies Lead V 1]

emsiZlead.blogspot.com



Complete RBBB

e

Late abnormal electrical vector | Lotal QRS complex prolonoed (>=0.12 second).
bypasses block Terminal broad S wave in lead 1.
SA node RSR' complex in lead V1.

l MENsERAR N OVR A
AV node ':::.::;:'s::.:Q: AR

Right
bundie
branch

Block

ST LA TR AN




Right Bundle Branch Block

Right Bundle Branch Block ( RBBB)
7A\

Dr.Nabil Paktin , MD.,Cardiology Case series
www.afghanheart.wordpress.com

RBBB Criteria s,

(CheCk QRS ]'St) Right Bundle Branch Block Morphology r\l |

¢ LookinV ) &V 2 With Appropriately Discordant T-Waves WW'\/M
+R,R! wave! 2suvasy %JA ust

. - t e

o Look in V,, V,, & Lead I V6 v T ail

* “slurred S wave” i l ,VJLFJJ(JNL».JWJ Az s s,
Vs Lead I ' l s::;xmw was
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Right Ventricular Hypertrophy

-90
~-120 E - S0

- -t === right axis deviation

F1: P pulmonale
F2: biphasic P wave

avVlL avF

variations in the initial portion of the QRS complex in lead V4

sl(lrred =5
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Complete LBBB

Complete LBBB has a QRS duration > 0.12 sec
Prominent S waves in lead V1, Rin L1, aVL, V6

Usually broad, Bizarre R waves are seen, M
pattern

Poor R progression from V1 to V3 is common.

The "normal” ST-T waves in LBBB should be
oriented opposite to the direction of the QRS

Incomplete LBBB looks like LBBB but QRS duration
15 0.10 to 0.12 sec, with less ST-T change.

This is often a progression of LVH changes.




Complete LBBB

Wide QRS complex (>=0.12 second), with ST

2s
Block of left main Block of left anterior depression in leads I, aVL, V5, and V6

bundle branch or posterior fascicles

Right
bundie
branch

g

“,i‘ : | : Lil | | | | |
lectrical vector directed toward left e s
vegltriclggs in normal, but delayed and lI oto Right Bundle Branch Block ]

proiong

1WA RANAI IANGRARAP PSRN RARAS 1 IRAD B
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Causes of RBBB Causes of LAFB

: *Chronic hypertension
*Normal variant. YP

* Aortic stenosis

*Cor pulmunale. 3 o
P * Aortic root dilation

*Pulmonary embolism. *Dilated cardiomyopathy

“MI, CMP'S, HHD.CHD *Impairment of the cardiac electrical

conduction system
‘eohanical damege. *Acute myocardial infarction
*Lev’s disease. *Lung diseases

*Aging

*Degenerative fibrotic disease




NORMAL

LBBB
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Examples of Morphology Criteria with LBBB-like QRS complexes

V1 v1 V1 V6 V6 V6
R>30msec >60msec  Notched Qs R Mdnophasic R

suggests VT tonadirof S  suggests VT ~ suggests VT  suggests VT suggests SVT
suggests VT



2° ST-T Wave Changes
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Wandering Atrial Pacemaker
AnoENG PACEMAKER (WAP)
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Rhythm: Slightly Irregular
Rate: Usually 60 — 100 bpm,; sometimes slower
P waves: Morphology of each P wave differs
PRI: 0.12 - 0.20 sec; inconsistent
QRS: Narrow (< 0.12 sec);, sometimes wide



Left Bundle Branch Block (WILLIAM)

Lead V1: A widened abnormal QRS complex . Note the W shape of

William

W LY M
o\ e

l r wave

Lead V6: Shows the
characteristic rS R’
complex. Absent Q
waves in lateral leads
is singular to LBBB.
Note the M shape of
williaM.

Fe N1 10, 5 - 9) ﬁ



LBBEB
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small R I broad R

slow descent
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fast descent
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\ /\4 / (D Left posterior FVT
L || 2 PPM-FVT
- \. /‘ y / 3 Left anterior FVT

I @ APM-FVT

V6 \' /\‘; /\ (& Upper Septal FVT







AV dissociation
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Dextrocardia

Dextrocardia

X Right axis deviation

’:’ AVR : Positive QRS complexes with upright P and T waves
’:’ Lead I: (inverted P wave, negative QRS, inverted T wave)
’:’ Absent R-wave in the chest leads (dominant S waves)




Dextrocardia

i SERERE | SR B ERERER  E

Characteristic changes of dextrocardia include a negative P wave and QRS
complex in lead 1, since atrial and ventricular depolarization begin on the left
and spread to the right. There is also reverse R wave progression across the
precordium; the R wave is tallest in V1, and progressively decreases in
amplitude in leads V2 to Ve6.
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Ventricular Hypertrophy

QRS in hypertrophy

Ventricular Muscle Hypertrophy

Vv, Vi Main QRS vector

QRS voltages in V1 and V6, L 1 -
and aVL 'A/\ @ .
We may have to record to 7 Normal 4 F v, e

standardization

T wave changes opposite to QRS |
direction | @,

Associated Axis shifts g o

Associated Atrial hypertrophy LVH |
|
|
oL+
RVH J\/VO,A\T_ \/é




Right Ventricular Hypertrophy

* Increase pressure/volume results in overload in the
RV.

e ECG Characteristics
— Duration: QRS .10 or <
- QRS Axis: RAD+90°9%0r <

- VAT: prolonged = .035 secin V1 & V2
- QRS Pattern: g waves leads ILIII & aVF
- R waves: =or > S waves in Lead V1

- ST segment: Downsloping of Imm or >

— Hockey stick: ST depression & T-wave inversion

- T wave: inversion in II, III, aVF & V1,V2 & V3
— Causes: MS, acute MI, COPD



Right ventricular hypertrophy |RVH

» Takealookat this ECG. What do you notice about the axis and QRS complexes over the
right ventricle(V1,V2)?

r]?’JNJINJKAm 'IL“WL" JW‘I.«* e L LA~

V4

i ' | | ! J | e .Lp-w'v—u “
JUSUPSH GG G Gy G e e O e

There is right axis deviation (negative in I, positive in Il) and there are tall
R waves in V1, V2.

37
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Right Ventricular
Hypertrophy Criteria

1. In V4, R wave is greater than the S wave
-or - Rin V1 greater than /7 mm

1. Right axis deviation
2. In V4, T wave inversion (reason unknown)
3. S waves in V5 and V6




Left Ventricular Hypertrophy
cont...

¢ ECG Characteristics cont..




TAEBLE 12-4 Common Diagnostic Criteria for Left
Ventricular Hypertrophy

MEASUREMENT CRITERIA

Sokolow-Lyon voliages SV; + RV =35 mV
RavVvL =1.1T mV
Romhilt-Estes point score Any limb lead R wave or S wave
system™ = 2.0 mV (2 poinits)

or SV; or SV-o = 2.0 mV (2 points)

or RV. to RV = 3.0 mV {3 points)

ST-T wave abnormality, no
digitalis therapy (2 points)

ST-T wave abnormality, digitalis
therapy (1 point)

Left atrial abnormality (2 points)

Left axis deviation =320 degrees
{2 points)

QRS duration =90 msec (1 poini)

Intrinsicoid deflection in V= or Ve
=50 msec {1 point)

Cornell voltage criteria SVs + RavlL =2 .8 mV (for men)

SVs + RaVvVL =2 0 mV (for women)

Cornell regression equation Risk of IWVH = 1/(14+ e =77
Cornell voltage duration QRS duration < Cornell voltage
measurement =24326 mm-sec”

QRS duration < sum of voltages
in all leads =1742 mm-sec

PTF = P terminal force; PTFV; = P terminal force in lead V,_

*Probable LWVH is diagnosed with totals of 4 points, and definite LWVH is diagnosed
with totals of 5 or more points.

*For subjects in sinus rhythm, exp =4.558 — 0.092 {(SV=z=+ RavlL) — 0306 TV, —0.212

QRS — 0.278 PTFV,; — O0.559 (sex). Voltages are in mV, QRS is QRS duraticon in mil-
liseconds, PTF is the area under the P terminal force in lead VvV, (in mm-sec), and
sex = 1 for men and 2 for women. LWVH is diagnosed as present if exp <« —1.55.

*For women, add 8 mim.



Left Ventricular Hypertrophy

High QRS voltages in limb leads

RinLead | +Sin Lead lll >25 mm
SinV1+RinV5>35mm
RinaVL>11mmorSV3+RavL>244,>20 ¢
Deep symmetric T inversion in V4, V5 & V6

QRS duration > 0.09 sec

Associated Left Axis Deviation, LAE

Cornell Voltage criteria, Estes point scoring



AV

EHouartis

Arrow indicates major electrical vector of
ventricular depolarization Ik

Left Ventricular Hypertrophy

High voltage in ]me leads: ("F-. I + S 1T =25 II‘JI'ﬂ:I
Or precordial leads: (S V1 =R V3, or SVI = R V6, ==35 mm)
Often, left atrial enlargement, ST-T abnormalities

avR Lt V4L

4







LVH By Cornell Product (QRS=80ms)

e ¥ e VSl \ < .‘,«»—- N/ —_ey . ",‘_,__ =5 ™\ 4 y
i ARV VNN N . L AR ]
|
, E T
2 y i ] | d
ey b T Nt o~ et W i e ¥ ,'/\—’ Jr./\/.v p— r\, /-'/ -t /\/ Nl | 77N \,,-« r\v_a\,_ P ,.;\_h FeS ’_\ ‘,~4-.~., I_\ -
i aF ‘ { V8 | | | | V6
| | |
‘.l"__,‘l/ /'\_..,',J - e A A A /‘--»\)’,/ ,__-,A‘ ;/\\ - J /'\_ .i /\.._ ,.1 ~/\,_ A /“\_.;-I /'-.,._/Jl /-1/ /\'~_ﬂv,.l /‘_\‘,l /'v\_' :/N‘WV.J‘ /‘ — A
Vi 3 |

‘ e b AN ey N bora N e N e N e Pt L/— ’\/N\/J\z e o JL-\/—/‘* P AN Sy T T O LV h_,/ﬁ'JM A~

| T TR A A
Vil et : ; e g e | 1 | RSN | L o) it bt b 1 ot i, o I~
Gs v {'\"*r\.""“l l f’\' v—"‘, Vs i.—\._/-w l"\/" l—\/’ '”\/W Vo Ve i 18 ! '




Sokolow-Lyon voltage criteria
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Left ventricular hypertrophy This electrocardiogram demonstrates several
features of left ventricular hypertrophy: the QRS complex is slightly widened due
to an intraventricular conduction delay; there is |eft axis deviation; there is ST
depression and inverted T waves noted in several |leads; several voltage criteria
are met, including an R wave in a¥L which is greater than 18 mm (in this case 20

mmy.
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Electrical alternans SrihUs‘tac'h'ycarvdia with electrical

Normal Shaped heart Globular Shaped heart alternans which is characterized by beat-to-beat alternation

y ¢ ' in the QRS appearance (best seen in leads V2 to ¥Y4). These
from perlcardlal fluid findings are strongly suggestive of pericardial effusion,
usually with tamponade. The alternating ECG pattern is related
(same patient, 2 months apart) to back-and-forth swinging motion of the heart in the

pericardial fluid. Courtesy of Ary Goldberger, MD.






PAROXYSMAL TACHYARRHYTHMIA

§§ SIMPLE TACHYCARDIA

- ) NORMAL SINUS RHYTHM
1. HR 60-100
: 2. ORIGIN SHOULD BE SA NODE
_. 3. IMPULSE PROPAGATE THROUGH NORMAL
5 &= CONDUCTION PATHWAY
i 4. NORMAL VELOCITY

ATRIAL TACHYCARDIA s
JUNCTIONAL TACHYCARDIA
VENTRICULAR TACHYCARDIA
AVNRT (HR >140) a1
AVRT (HR < 130) —~—

L. PRE-EXCITATION SYNDROMES

SINUS TACHYCARDIA ~——
MULTIFOCAL ATRIAL TACH S——

ATRIAL ESCAPE RHYTHM
(HR= 60-80)

‘ MILD BRADYARRHYTHMIA

SINUS BRADYCARDIA
JUNCTIONAL ESCAPE RHYTHMm
(HR= 40-60)

! MODERATE BRADYARRHYTHMIA

PREMA‘I’U RE BEATS

VENTRICULAR ESCAPE RHYTHM
{(HR= 20-40)

ATRIAL

JUNCTIONAL
{(AV NODAL)




Sinus Rh_yfhm
Originates in SA node

Look for it in lead 11
Normal Symmertrical P
P for each QRS
Narrow OQRS

Normal Sinus Rhyfhm
”j'ff,J'/g M1 R A AR A S DS G A

S inu=s Tachycardia
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Sirnwus Rizvythroy (HR GO - 99 reaguiar)
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Consses W-Hs  (No Dulse) Fine V-Gl
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Siness ashythimila regularty irregular)

V-zach {Wide., T opposite _HE > 100)

L) = 3‘

WAF 3 diffeserst Ps MRS Y00 MAT)D

VATV VY ATV AVAYAY Y

Torsacdes de Pointes (Twwisting of Points)

A
W
sV PAC {(recguloas ecxce 1)

AsyvsTole (NO pulse, chechk 2nad lead)

A-F’lt (Wavy baseline irreg irtegoalar)

SH T 1 AVE (PR > O 20 secomncis)

A-ftutters (Fawaves, rote AV Block)

B S Pt

Er = 2AvEa amMdbits | (Ps regutar, PRIZS <)

- — - -
Juncuionat (Fs before, in or after QRS
— R

L

SR € PIC (regulars except)
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SAHT PVC (PVC wide. Dizarrs and earfy)
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SINGLE CHAMBER ! o jia &5

DUAL CHAMBER ! oia g

BIVENTRICULAR PACING ! o da 4w




Biventricular Pacing ECG
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Disclaimer

The information and tools presented to you today are
outstanding aids to your patient assessment and
treatment, and ideally will enable you
to provide better patient care.

The devices and information provided are designed to
AUGMENT vyour patient assessment

NOT REPLACE IT!

PLEASE,
TREAT THE PATIENT, NOT THE MONITOR!
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- Thank you so much for
s your attention




