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Atrial Abnormalities and
Ventricular Hypertrophy
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Atrial Enlargement

Causes of chamber enlargement:

® Volume or diastolic ovetload

= Pressure or systolic overload
Blood volume increase causes dilation
Increase in resistance causes hypertrophy

Thinner-walled atrial chambers generally respond to
both of these overloads with enlargement

ECG evaluation of RAE and LLAE facilitated by
differing times of electrical activation of the two atria
and by the differing directions of the spread of

activation



Atrial Enlargement

Right-atrial activation begins first

m Proceeds from the SA node in an inferior and anterior
direction

m Produces the initial deflection of the P wave, which has a
positive direction in all leads (except aVR)

Lett-atrial activation begins later

m Proceeds from high in the interatrial septum in a left, inferior,
and posterior direction

m Produces the final deflection of the P wave, which is positive
in long-axis lead II but negative in short-axis lead V1.

RAE is characterized by an increase in the initial
deflection

LLAE by an increase in the final deflection of the P wave



B Schematic representation
of atrial depolarization
and P wave patterns
assoclated with normal
atrial activation and with
right and left atrial
abnormalities




P Wave Morphology

Normal
Right-atrial enlargement |
(RAE)

Left-atrial enlargement
(LAE)

Biatrial enlargement

RAE + LAE).




Right Atrial
Enlargement



RAE Criteria

P wave 2.5 mm or greater in height, usually lead 11
P wave often has a sharp, peaked appearance

Increased voltage is caused by hypertrophy or acute
strain of right atrial tissue

Causes COPD, mitral stenosts, mitral regurgitation, or
pulmonary emboli

RAE 1s frequently seen in chronic pulmonary disease,
the peaked P wave 1s often called “P pulmonale.”



Right Atrial Enlargement
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Interpretation: RAE

m P waves have a vertical axis, are 3 mm high in lead II,
and have an upright component in lead V1 of about 3.5
mm

m P-wave height in leads II and V1 indicate the presence
of right atrial abnormality (enlargement or hypertrophy)

m P-wave duration is about 120 ms, but notching 1s
absent and there 1s no terminal negative component in
lead V1; thus, criteria for left atrial enlargement are not
present
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Left Atrial Enlargement



LLAE Criteria

P wave duration > 0.11 s

= Remember: long P waves occur because of delay in electrical
activation of the enlarged left atrium, as electricity moves
leftward from the SA node
Notched P wave (ot “double hump™) with peaks one
small box or more apart, best seen in inferior leads

Biphasic P wave with the downward portion of the P

wave one box or larger in both depth and length,
usually lead V1 (and V2)

LLAE often occurs in mitral valve disease (MS or MR)
and any cause of LVH

Because of this association, a broad notched P wave is
often called “P mitrale”



Left Atrial Enlargement
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Interpretation: LAE

m P waves are broad and notched (best seen in
leads I and II)

B Duration 1s about 160 msec

® Prominent negative component to the P wave in
lead V1, which is about 1 mm deep and about 2
mm wide

m Broad, notched P waves, together with the
prominent negative component in lead V1,
satisty the criteria for left atrial enlargement



Ventricular
Hypertrophy



Ventricular Hypertrophy

A VOLUME LOAD B. PRESSURE LOAD

RV and LV changes produced by

volume overload
Pressure overload

Note: hypertrophy / enlargement
of the RV or LV 1s commonly
accompanied by enlargement of
its corresponding atrium




Left Ventricular
Hypertrophy



LVH QRS Morphology

QRS in hypertrophy

m [.VH increases the
amplitude of electrical forces
directed to the left and
posteriorly

m Repolarization abnormalities
can cause ST segment
depression and T wave
inversion in leads with a
prominent R wave ("'strain"
pattern)




ILLVH Ciriteria

m Sokolow-Lyon index

= SV1 + (RV5 or V6) > 35 mm (3.5 mV)
= RaVL > 11 mm (1.1 mV)

m Cornell voltage criteria
= SV3 + RaVL > 28 mm (2.8 mV) (men)
= SV3 + RaVL > 20 mm (2.0 mV) (women)

B Other

m LVH “strain” pattern
m [eftward axis

= [VCD (< 120 ms)

m LAE
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61 yo man with SOB and hx of HTN and CHF
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Interpretation: LVH

B SV1 + RV5or V6 > 35 mm (3.5 mV)
m Presence of LAE

m [ateral T wave inversions are I.VH or could
indicate lateral wall ischemia

m Cardiac enzymes were all negative, SOB was
CHF, with pulmonary edema

m Pt improved with standard therapy
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https://parastar.info/index.php/hypertension
https://parastar.info/index.php/cardiomyopathy
https://parastar.info/index.php/Aortic-Insufficiency
https://parastar.info/index.php/Aortic-Insufficiency
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Concave upwards

ST depression
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/I\ Inverted T ST elevation

Concave downwards




Middle-aged male with chest pain
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Interpretation: LVH with AMI

m Classic evolving anterior infarct with loss of R

wave progression and ischemic ST-

" changes

m | eft axis deviation (consistent with |

LAFB), QT

prolongation (QTc = 0.49sec) and LVH:
m SV3 + RaVL > 28 mm (2.8 mV) (men)

= RaVL > 11 mm (1.1 mV)

m QT prolongation likely due to the evolving
myocardial infarction pattern with prominent T
wave inversions reflecting prolonged ventricular

repolarization



Severely ill 67 yo woman




Interpretation: LVH with HTN and
Renal Failure

LLVH and tall, narrow (tented) T waves are most
consistent with chronic renal failure causing
hypertension and hyperkalemia

BUN 42 mg/dl, creatinine 8.0 mg/dl, potassium 6.4
mEq/L
Remember:

® SV1 + RV5or V6 > 35 mm (3.5 mV)

® RaVL > 11 mm (1.1 mV)

® For men: SV3 + RaVL > 28 mm (2.8 mV)

= For women: SV3 + RaVL > 20 mm (2.0 mV)
Hyperacute T waves of anterior myocardial infarction

(MI) are usually broader and often with a high take-off
of the ST segment or | point.
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Right Ventricular
Hypertrophy



RVH QRS Motrphology

QRS in hypertrophy

m RVH can shift the QRS
vector to the right

m Usually associated with an
R, RS, or gR complex in
lead V1, especially when due

to severe pressure overload

m T wave inversions may be
present in the right
precordial leads (“strain”
pattern)




RVH Ciriteria

Typical pattern
m Tall R waves in right precordial leads
m Deep S wave in the left precordial leads
= Slight increase in QRS duration

Rin V1 > 7 mm (0.7 mV)

Sin V1 <2mm (0.2 mV)

Sin V5o0r V6> 7 mm (0.7 mV)

R/Sin V1 > 1 (with R > 5 mm (0.5 mV))
R/Sin V50r V6 < 1

Other

= RVH “strain” pattern

= Right axis deviation
= RAE
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Concave downwards



76 yo woman with SOB and hx of severe asthma
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Interpretation: RVH

Tall right precordial R waves and an tS complex in the
left chest leads

Tall right precordial R waves (with a qR complex in
lead V1) and RAD are essentially diagnostic of RVH

ST-T changes in V1-V3 are also consistent with RV
overload (“RV strain” pattern)

RVH occurs over time in response to pressure ot
volume overload in conditions such as pulmonary

hypertension, COPD, pulmonic stenosis, and ASD



Young adult woman with partial anomalous pulmonary venous
return, ASD, and severe pulm artery thromboembolic disease
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Interpretation: Severe RVH

m (lassic signs of very marked RVH, usually associated
with a severe pressure overload, including:
m Tall R wave in V1
= Marked right axis deviation

= T-wave inversions consistent with right ventricular overload
("strain" pattern)

m Delayed precordial transition zone with narrow S waves in

V5 and V6
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