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PREFACE

Volume I 15 divided into Parts A and B Answers to the questions and discussion
of the tracings presented mn Volume I Part A can be found on the corresponding
pages i this volume Answers to Questions on Electrocardiographic Interpretation
can be found m Part B of this volume

For purposes of clanty the answers and explanations are brief and do not represent
a complete discussion of each subject For a more detailed discussion the reader
should refer to the standard text books on electrocardiography
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PART A

EXPLANATIONS OF ELECTROCARDIOGRAMS







Answers

I E
I A
Explanation

The electrocardiographic position of the heart 15 horzontal The ventricular complexes of lead
aVy resemble those of leads VgandV g The ventricular pl of lead aVp ble those
of leads Vy andVy

The electric axis of the QRS complexes 1s minus 30 degrees (hmut of normal 1s minus 30 degrees
see appendix) Often heart disease 1s present when the electric axis 15 more negative than minus
30 degrees however a few normal mdividuals have an axis more negattve than this There 1s
no definite electrocardiographic evidence of cardiac disease

Case Summary

Arteniosclerosis of the thoracic aorta 1s present Average blood pressure 140/90 Advanced
artenosclerosts of the retinal arteries The heart 1s enlarged to the left The cardiothoracic ratio
15 050




ation

ormal sinus rhythm 1s present as the cardiac rate 15 between 60 and 100 beats per minute
ing 63 beats per minute and the pacemaker 1s 1n the sinus node

ummary

aroxysmal essential hypertension Average blood pressure 160/80 The heart 1s not enlarged
‘he aortic knob 15 p The cardioth ratio 1s 047 There 1s a Ghon tubercle 1n

1e right outer lower Jung field




Answer

o]

Explanation

The negative S T segments i leads Vg and Vg and other leads are consistent with subendocardial
mjury This may be secondary to coronary artery discase The Q T mtervals are not shortened
when the segment shifts are due to subendocardial injury but they are shortened when due to
digitalis The nverted T waves 1n lead V4 suggest myocardial ischema Certamn features of this
tracing resemble left ventricular hypertrophy however there 1s not sufficient evidence of left
ventricular hypertrophy to make such a diagnosis with certainty

Case Summary

Coronary artertosclerosis with coronary insufficiency and angtna pectons The highest blood
pressure was 158/80 Teleoroentgenogram shows the the heart 15 normal size shape and position
and the cardiothoracic ratio 1s 038 At no time has this patient had digitalis or digitalis hike
drugs nor has there been an electrolyte disturbance Thus the abnormal sagging of the $ T
segments 1n leads V5 and V6 15 1n keeping with typical angina of effort and 1s due probably to
myocardral ischemia and injury




ation

o signtficant electrocardiographic abnormalities Shight notching of the P waves occur mn
sigmficant number of normal subjects The S T segments in lead aVg do not sag sufficiently to

¢ outside of normal range

Summary
Jormal male No heart disease Heart normal size shape and position The cardiothoracie

atio 15 039
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Answers
1 C
I cC

Explanation

The electrocard 1 1§ intermed The ventricular complexes of leads aVy and
aVr are stmilar 1n form and size and like those of leads Vs and Vg

The tracing 1s abnormal because of the QRS complexes of increased width which measure 0 12

mm 1n lead Il This could be secondary to ventricular hypertrophy or could represent the early
development of an intraventnicular block

Case Summary

Penartentis nodosa dragnosed from biopsy with artenal hypertension Heart upper Iimit of normal
size Cardiothoracic ratto 1s 0 47 The average blood pressure 148/110




Ansners

I B
B
Explanation

The cardiac rate ts 136 beats per munute and the cardiac pacemaker apparently 13 1 the sinus
node In children of this age the heart sate should not exceed 109 beats per minute(see appendix)

Charactenstically S T segment shifts occur when the cardxac rate 1s rapid This occurs often

because the P waves and atmal T waves are supenimposed on the of the T waves
producing apparent negative S T segment shufts In ths tracing, the P waves in the standard
leads are peaked and are with atnal ent: Also the fung of the § waves

1 Jead Vi ts conswstent with but not diagnostic of an mcomplete right bundle branch block

Case Summary

Mimmal pulmonary stenosis with poststenotic dilation of the pulmonary artery There was a
grade 111 pumonary systolic murmur and thrli The teleoroentgenogram shows fullness 1n the
segion of the pulmonary arterses with relatively clear pcnpheral lung fields Cardiac catheterization,
revealed 3 shght increase in night vcnmcu)ar ¢ and n pul y artery

‘This tracing 1s typical of a amcunt of p y stenosis Larger amounts of stenosis
produce electrocardtographic evidence of a nght bundlc branch block or of night ventricular
hypertrophy




Answers

1 B
I cC
Explanation

Stnus bradycardia 1s present because the cardiac rate 1s below 60 beats per munute and the
atrial 1mpulses ongmate 1n the sinus node This 1s charactenistic of the well tramed athlete but
18 seen 1n a large number of normal subjects and in patients with hypothyroidism vagotoma or
cerebral asteniosclerosis

The electrocardiographic positton of the heart 1s vertical because the ventricular complexes of

lead aVy are sumilar to those of lead Vi and the ventricular complexes of lead aVy are smular
to those of Vg Ths 1s a typical heart position of marathon runners

Case Summary

No heart disease The patient 15 a well tramned endurance athlete X ray kymogram of the chest
shows that the heart 1s at the upper limit of normal m size
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Answers

I A
n B
Explanation

Normal tracing

The electrocardiographic position of the heart 1s semihonzontal because the ventricular com

plexes clfllead aVy, resemble those of leads Vsand V gand the ventricular complexes of lead aVg
are sma

Case Summary

Intercostal neuritis No cardiac disease Heart normal size shape and position The cardio
thoracic ratio 1s 0 43




Answer

C

Explanation

Small Q waves such as those 1n lead aVg are charactenistic of an intermediate semvertical
or vertically placed heart and represent normal ventricular depolanization To be diagnostic of
posterior infarction the Q waves i lead aVg should be 004 second in duration or greater
and should exceed 28 per cent of the height of the R waves 1 this lead (see appendix) Sinus

bradycardia rate 59 beats per minute

Case Summary

Hyperlipemic xanth Blood chol ol 450 mg per cent No heart discase Heart normal
size shape and position The cardiothoracic ratio 1s 0 42




Answer

B

Explanation

High voltage of the R waves in lead 1 (greater than 11 mm ) and discordant J ponts, § T
segments and T waves suggest left ventricular hypertrophy The Q waves i lead Vg exclude
the possibility of a complete left bundle branch block The negative ST segment shifts supgest
subendocardial injury m addition to the left ventricular hypertrophy although typically [eft
ventricular hypertrophy 15 associated with b T segments and T waves which are discordant with
the major deflections of the QRS complexes Subendocardial injury 1s supported by comparnson
with a previous tracing recorded one month before the attack of pulmonary edema (sce below)

Case Summary

Hypertensive heant disease for ten years Average blood pressure 190/110 One attack of pul

monary edema six months ago Chest paim at that ume The gram shows ding
of the apex of the heart  The cardiothoracic ratio 1s 0 47 There 1s widening of the great vessel
shadow -

5 months previously



Answers

1 C
I A
Explanation

The tremor 15 present in the left arm and 1s tevealed by tugh frequency waves on the base line
of lead aVy These waves appear 1 leads I and 111 as the left arm 1s common to each of these
leads

An old anterior infarct 1s suggested by the low R waves m lead V4 They measure 1 mm  (lower
nmit of normal 4 mm  see appendix) This diagnosis 1s supported by the tracing recorded three
years previously during the active stage of the anterior infarct (see below) The tracing about
which the questions were asked shows 1n addition mverted T waves in leads H TII and aVg high
T waves in leads V] Vo and V3 low T waves m Jead Vg latge Q waves m lead 1if and low R
waves 1 lead aVy which suggest at least posterior myocardial injury and ischema

Case Summary

Anterior nfarct three years ago Posteror infarct one year ago Heart normal size shape and
posttion The great vessel shadow 15 widened shghtly The cardiothoracic ratio 1s 0 47
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Answers

1 Db
I B
Explanation

Muscle tremor 1s present mn the unipolar Jead aVg and 1n the brpolar leads 11 and III The
tremor 1s in the left leg which 1s common to leads 11 and 11l The tremor would not be expected
1n lead I which makes connections between the night and left arms There 1s no tremor 1n leads
aVg or aVy

The Q waves and inverted T waves i lead aVr and the flat T waves in Jead I are consistent
with an old posterior myocardial 1nfarct

Case Summars

The patient had a myocardial infarct ten years ago for which he was hospitalized Lead aVg
with normal breathing and after wspiration 1s shown below These confirm the diagnosis of a
postertor infarct because the Q waves remain ) d during deep msp The

y 8
teleoroentgenogram shows that the heart 15 enlarged in 1ts transverse diameter and there 15 round
ing of the heart at the apex indicating left ventricular enlargement which was not revealed 11 the
electrocardiogram
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Answer

C

Explanation

Sagging of the ST segments 15 present in leads V 4 through Vg The segments sag about 02
mm (20 microvolts) below the abscissa which passes through the J pomnts (junctions of the
ending of the QRS complexes with the begmning of the S T segments) This 1s an uncommon
finding among normal individuals Sagging 15 the result often of a secondary change associated
with left ventricular hypertrophy or 1t may be a pnmary change resulting from a subendocardial
mfarct subendocardial wnjury drugs electrolyte disturbances or other causes When the ab
normality 1s due to left ventricular hypertrophy the S T segment shufts persist often for years
With a subendocardial infarct they persist for weeks or months and with acute subendocardial
mjury as occurs with angina pectons they last for minutes In this panent a second electro
cardiogram taken one month later showed that the § T segment shifts had returned to normal (see
below) The tracing 1s not suggestive of pericarditis The time of left ventricular depolarization
15 within normal limuts as the tume of occurrence of the intrinsicoid deflection 1n lead V' 61 normal

Case Summary

Coronary arteriosclerosis  Probable subendocardial infarct No cardiac enlargement No con
gestive heart fallure Blood p 140/85 Radiol lly the heart 1s not enlarged

One month later



Answer

A

Explanation

The mverted T waves in Jeads V2 through V g are of the 1schemic type as the S T segments are
coved and the Q T intervals are prolonged The Q T intervals measure 0 44 second (upper linut of
normal 0 38 second see appendix) A small anterior infarct 1s suspected because of the Q waves
and small R waves m lead Vo which mmitiate the writing of the QRS complexes Usually lead
V,1s characterized by 1S complexes In this case qrS complexes are present This 1s abnormal
A'tracing taken two months p ly showed 1S ! m lead Vo with T waves which
were almost 1soelectne

Case Summary

Acute myocardial infarct twelve days ago Clinically the infarct was small as the white count
stayed below 12 000 the sedimentation rate only reached 26 mm /hour and the blood pressure
fell only shightly



Answers

1 A
I A
Explanation

The tallest QRS complexes of the three standard limb and umpolar Iimb leads are 50 mm
{lead 1) The complexes are measured from the top of the base hine to the top of the positive
waves and from the bottom of the base line to the bottom of the negative waves and the sum
of these values taken Typically low voltage 15 present when the values obtamned are less than
50 mm Low voltage in the limb leads occurs in some normal individuals when the electric

forces are moving perpendicular to the frontal plane of the body It occurs also with edema
myocardial disease pericardial effusion etc

The QRS intervals are not abnormal The mtervals may vary from 006 through 0 10 second
i adults (see appendix)

Notching of the T waves 1s present i leads V4and V4 This occurs commonly with coronary
artery discase and 1s present in 2 small percentage of normal subjects

Case Summary

Coronary arteriosclerosis and angina pectons at the time of the first tracing Heart upper Iimit
of normal 1n size There 1s rounding at the apex The cardiothoracic ratio 1s 0 44 Three months
after this tracing the patient had severe precordial pain which lasted six hours The tracing
taken 14 ddys later 1s shown below The mverted T waves m leads II III and aVg 1ndicate
posterior myocardial 1schemia while the development of Q waves 1n lead III and lowerng of

mmtial £ waves 1n lead aVe indicate a small posterior myocardial nfarct No digitals or quinidine
at the time of exther tracing
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Answers

I A
I A
Explanation

The R waves 1n leads I aVy and Vg are tall measuring 180 mm 170 mm and 24 0 mm
respectively (upper limits of normal 110 mm 100 mm and 22 0 mm respectively see appen
dix) The S waves are unusually deep 1n lead V2 measuring 34 0 mm (upper lmt of normal
290 mm see appendix) The R/T ratios m leads I aVp and Vg are abnormal indieating
relative lowering of the T waves with respect to the amplitudes of the R waves

A ventricular ectopic beat 1s present in lead Vy
Case Summary
Essential hypertension ten years Average blood pressure 220/120 Highest pressure 265/135

lowest pressure 180/110 Heart enlarged to the left The cardiothoracic ratio 1s 059 The 1n
creased denstties at both lung bases are due to pulmonary congestion and large breast shadows




Answer

B

Explanation

Subepicardial 1schemsa of the anterolateral aspect of the left ventricle produces mverted T waves
tn the precordial leads The electrocardiograplic posiion of the heart 1s semivertical Sinus
rhythm 15 present with a rate of 70 beats per minute

Case Summary

Coronary nsufliciency with myocardial 1schemia A large hiatus herma s present alse The
negative S T segment shifts in lexd II appeared during an attack of chest pain which 1mproved
with mtroglycerin Teleorosntgenogram shows that the stomach is postersor to the heart on the
left The cardiac size 15 obscured The densities at the nght lung base suggest adhesions

Postero-anterior
Positton
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Answer

B
Explanation

The tracing 1s within normal himits however 2 previous electrocardiogram taken one year ago
showed decply 1nverted T waves 1n the precordial leads (see below) It 1s ymportant to realize
that a normal electrocardiogram does not rule out the possibility of heart disease but must be
considered 1n the light of the history and other findings Smus rhythm rate 74 beats per minute

Case Summary

Coronary artenosclerosis coronary msufficiency and angma pectors are the most likely diagnoses
The patient has attacks of substernal burning pam on effort which radiates into the throat The
average blood pressure 1s 150/103 Pericardiis could produce a similar electrocardiographic
picture with changes m S T segments and T waves but without changes mn the QRS complexes
Heart upper imit of normal in size The lung fields are clear




Answer

B

Explanation

The apparent widemng of the P waves 1n the precordial leads 15 due to merging of U waves and
P waves Left ventricular hypertrophy 1s suspected because of the R waves in leads V4 Vs and Vg

which are at the upper limit of normal and which are associated with negative J shufts and flat
S T segments

Case Summary

Hypertensive heart disease blood pressure about 190/118 for twenty years Heart appears
enlarged to the left There 15 a fleck of calcium in the aortic arch Increased density at the nght
lung base probably due to pulmonary fibrosis




Answer

b

Explanation

The J points are elevated 2 0 mm ‘lln lead V5 (upper imut for normal for this lead 15 1 5 mm

see appendix) Tt 1s to be noted that the upper imut of normal for J 1s 20 in lead V5 Thus a
shight shift 1n electrode placement could aiter the J point in leads V5 and V3 Sinus thythm rate
62 beats per nunute The notching on the upstroke of the R waves 1n lead V2 1s unusual and
represents a point n the transiion from the R waves in lead Vj to the QR waves in lead V4
This ts not abnormal There 15 no definite electrocardiographic evidence of cardiac disease

Case Summary

No heart disease Chronic bronchial asthma Heart normal size shape and position The cardio
thoracic ratio 1s 040 Lungs clear
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Answers
1 C

I B

Explananon

The R wanves 1n Jead V 4 are lugh as they exceed the upper it of normal which 15 27 0 mm
(see appendix)

Left ventricular hypertrophy 1s suspected because of the high R waves and flattening of the
ST segments i leads V4 through Vg Sinus rhythm rate 62 beats per minute

Case Summary

Hypertensive heart disecase Old healed pulmonary tuberculosis The heart 1s enlarged greatly
downward and to the left Cardiothoracic ratio 13 0 67 There are old scars at the nght apex
and base
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Answers

1 C
I c
Explanation

Raptd jumps 1n the base line are present 1 various leads The electrode which was attached
to the left foot was Joose Movement of the electrode on the skmn usually produces a wandening
base line rather than sharp jumps in the base line as shown 1n this tracing

Left ventricular hypertrophy 1s present because of the high R waves negative ST segments
and mverted T waves 1n leads I Vgand Vg The relatsve shortening of the Q T ntervals suggest
a digitalis effect

Case Summary

The patient has had essential hypertension for many years Highest blood pressure 250/150
Lowest 220/115 The heart 1s enlarged as shown by the rounding of the apex The cardiothoracic
ratio 1s 048




nswer

Left ventricular hypertrophy 1s suggested by the relatively deep S waves in lead V3 and J ponts
ST segments and T waves which are discordant with the major deflections of the QRS com
plexes m lead Vg Myocardial mjury and ischemia can produce coved mverted T waves of this
type In this case the patient had a myocardial infarct climically eight months ago at which time
negative S T segment shufts 1n leads [ and 11 and positive shifts 1n lead III became apparent Seven
months ago coved mnverted S T segments and T waves were seen 1n lead I and positive T waves
were present in lead IH (see below) The tracing about which the questions were asked shows
less negative T waves and J shifts 1 lead I All of the vanations occurred without significant
changes t the QRS complexes It 1s probable that the present tracing represents myocardial
injury and ischemia as well as left ventricular hypertrophy

Case Summarv

Hypertensive artenosclerotic heart disease probable old myocardial infarct angma pectoris
Average blood pressure 190/105 The heart 1s enlarged to the left The cardiothoracic ratio
15 0 56 Caleification of the aorta 1s present
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Seven months ago




Answer

A

Explanation

Lead IIT has been mounted n the lead T position and lead I n the lead III position An ab
normality 1n mounting 1s suspected because the electric axis of the QRS complexes as estimated
from the umipolar himb leads 15 10 degrees but estimated from the standard leads 15 90 degrees
Emthovens law (the sum of the amphtudes of the QRS complexes of leads I and III equals
lead II) holds true in the presence of this type of musmounting error Thus the application of
this law 1s not helpful 1n revealing this type of mounting error The artifact 1s not due to switching
of the nght arm and left arm lead wires because such an artifact can be corrected by turning
lead 1 upside down and interchanging leads II and IfT When this 15 done the electric axis of
the QRS complexes 15 not consistent with that derved from the umpolar hmb leads Lead 1
1s not mounted upside down as turning lead I over would not correct the electric axis and because
P waves precede and 1 waves follow the QRS complexes

Case Summary

No heart disease The heart 1s not definitely enlarged The cardiothoracic ratio 1s Q 47 After
correcting the artifact the electrocardiogram 15 entirely withm normal hmts




Answers

1 B
I B
Explanation

The first portion of the QRS complexes 1n lead Vi 1s nearly 1soelectric This 1s seen clearly
when leads V9 and Vg are recorded simultaneously with a paper speed of 75 mm per second
The transitional zone falls at lead Vo Normally 1t falls at V5 or V3 and rarely at lead V4 Sinus
rhythm rate 61 beats per minute Normal electrocardiogram

Case Summary

Normal male Heart normal size shape and position




Answers

I C
I B
Explanation

The electric axis 15 55 degrees and 1s denived as follows Take the algebraic sum of the amplt
tudes of the positive and negative waves of the QRS complexes mn lead 1 (this gives 8 mm )
Perform the same calculation on lead IIl (this gives 6 mm ) The electric axis 1s denived by
using these figures in the appropriate table (see appendix) Electrocardiograms are usually
abnormal 1f the aws deviation 1s more negatine than munus 30 degrees or more positive than
plus 102 degrees (see appendix)

Case Summary

Normal tracing Vasovagal attack Heart normal size shape and position The cardiothoracic
rato 1s 0 43 Calctfied lymph nodes are present n the left hifum




Answer

F

Explanation.

Sinus bradycardia 15 present as the cardiac rate 1s less than 60 beats per minute and the pace
maker 1s 1n the sinus node Reserpine can cause a slowing of the heart rate such as this The
T waves tend to be fow 1n lead II however they are not outside of normal limits

Case Summary

Moderate obesity No heart disease The heart 1s normal size shape and posiion The cardio-
thoracic ratio 15 048




Ansvers

I C
I E
Explanation

Notching of the T waves 1n the presence of long Q T intervals with U waves supenmposed on
the downstroke of the T waves suggest quinidine adminustration The fine tremor in the hmb Jeads
1s due to muscle potentials The vartable intensity of the vertical time lines suggests a loose
connection in the lamp circuit An atnal or nodal premature contraction 1s present 1n lead Vs

The electrocardiographic position 1s semivertical because the ventnicular complexes of lead aVg
resemble those of leads V gand V gand the ventricular complexes of lead aVy, are small

Case Summary

Paroxysmal atnial fibnllation enology unknown The patient 15 taking qumdine sulfate 08 gm
(12 gr) daily



Ansner
B
Explanation

Wide QRS complexes of ventricular ongin which are not preceded by P waves occur periodically
The QRS complexes occur early in ime and are therefore premature contractions Sinus rhythm
rate 76 beats per minute The shght negative S T segment shufts n leads V 4and V g are sugges
uve but not diagnostic of cardiac disease Later tracings show negative ST segments 1n lead
V4 on 12/27/55 and inverted T waves on 12/28/55 (see below) The P waves following QRS
comp'exes n leads 111 and aVy are due to retrograde conduction (from ventricles to atria)

Case Summary

Coronary arteriosclerosts A subendocardral infarct was diagnosed because of the severe chest
pam of long duration rapid sedimentation rate elevated serum tr and senal ch

n the electrocardiogram The heart 1s not enlarged The cardiothoracic ratio 1s 039 The great
vessel shadow 1s enlarged shightly There are densities in the lower lung fields due to hpomas
in the subcutaneous tissue

Vaik
12/27/55

N

/28/55



Answer

B

Explanation

An antertor 1nfarct 1s present because of the large Q waves m IeadsV3 V4andVg The mtrn
sicord d-flection 15 delayedtn-lead Vg The infarct 1s subacute as theré are positive S T segment
shifts n leads Vg V4 and Vs which are associated with deeply inverted T waves The S T seg
ments are coved In addition the Q waves m leads IT I and aVf are suggestive of postertor
wall infarction Sinus tachycardra rate 107 beats per minute

Case Summary

Mpyocardial infarct five weeks previously There was no history to suggest two separate myo
cardal wnfarcts Thus 1t 15 possible that the anterior infarct reduced the circulation to the posterior
wall through vasoconstrictton which resulted 1n infarction of the postertor wall of the left ven
trnicle Radrographically the heart was not enlarged



Answer

A

Explanation

Q wares are present 1n leads Vy and Vywhich suggest the presence of an anterior myocardial
mfarct Usually R waves initiate the wnting of the QRS complexes 1n these leads The delayed
mtrinsicoid deflections 1n lead V) which measures 0 04 second (upper lirmt of normal 0 03 sec
ond see appendix) may be due to the infarct also Myocardial 1schemia adjacent to the infaret 15
suggested by the nverted T waves 1 leads Vy through Vg4 It cannot be said that an infarct 15
certam from the tracing as myocardial death due to tumor trauma gumma Ashoff bodies etc
would produce similar findings Sinus rhythm rate 75 beats per minute

Case Summary

Myocardial infarct one week ago Deep QS waves 1n leads V; Vaand V3developed nine days
fater which sugeested the presence of a larger area of myocardial necrosis (see below) Heart
upper hmit of normal n size The cardiothoracic ratio 1s 0 44 The lung fields are clear

Nine days later



Ansner

C

Explanation

Large Q waves are present n leads I III and aVg In lead aVr the Q/R ratios are 12 (they
should not exceed 028 see appendix) The Q/R ratios are sull abnormal after wnspiration
the ratios bemng 0 50 The Q waves m lead aVy are greater than 004 second in duration Q
waves which are 004 second or greater usually indicate postenior myocardial infarction It has
been stated that a posterior infarct 1s likely when 1n lead aVe the Q waves measure 0 03 second
or more from the onset of the QRS complexes te the nadir of the waves with Q/R ratios which
are greater than 025 when the amplitudes of the QRS complexes are greater than 50 mm
Stnus tachycardia rate 101 beats per minute

Case Summary

Coronary arteriosclerosis Old myocardial mfarct Heart normal size shape and position The
cardrothoracic rato 15 043
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Answers

I B
1 B
u B

Explanation

Sinus arrhythrma s present because there 1s phasic variation of the cardiac rate with respiration
This 15 shown clearly i leads V5 V3 and Vg In lead Vg the height of the waves also changes
with respiration

The electrocardiogram 1s within normal limits The R waves m lead V3r and V| are consistent
with the right ventricular predommence which 1s normal at an early age Also the mverted
T waves in leads V4 V3R and Vyare normal for this age It ts not unusual for T waves to be
mverted 1n leads V) Yy and V, i children (see appendix)

.
The wandering base lme 1s due probably to movement of the electrode ofi the skin A loose
electric connection causes abrupt shifts 1 the base line
Case Summary

Normal child Radiologically the heart 1s normal size shape and position
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Answer

A

Explanation

Sinus bradycardia 1s present becavse the rate 1s below 60 beats per minute being 55 beats per
minute A complete bundle branch block 1s present because the duration of the QRS complexes
5 0 12 second or greater (11 lead ¥ it measures 0 13 second) The block mvalies the right bundle
of His because the termmat waves of the QRS compl are prolonged and are pred 1
positive 1n the tracings recorded from regions adjacent to the right veninicle and negative from
regions adjacent to the left ventricle The sntrinsicoid deflections m lead V{ are delayed measur
ing 8 09 second {upper himit of normal 15 0 03 second se¢ appendix) The el 1 p
position 15 semivertical because the complexes of lead aVy are small and those of Jead aVg
resemble those of leads Vs and Vg The traung has not changed sigaificantly over a two year
period (see below) Thus the tracing represents probably a black wn the night bundle of His
without signuficant disease elsewhere m the myocardum

Case Summary

Essential bemgn hypertenston highest blood pressure 2047130 lowest blood pressure 168/88
Radiologically the descending aorta 15 curved and the heart 1 not enlarged The cardiothoracic
ratio 13 0 31 Coronary arteriosclerosis may be the etrology of the nght bundle branch blochk
however a nght bundle branch block may oceur with only minor changes m the myocardium
for example with shight sncreases 1n pressure 1 the night ventncle

/.,E: T':T"—‘\

Tracing taken 2 years ago



Answer

C

Explanation

The lead marked aVg appears to be recorded correctly as 1t 1s consistent with the precordial
leads and in general resembles lead V and 1s the murror image of lead Vg This suggests that
the lead wire of aVp was placed properly on the night arm and therefor® the error must have
been made when applying the lead III electrodes to the left arm and leg The standard leads
may be corrected for this type of error by nterchanging leads I and II and viewing lead HI
as the mirror 1mage The unipolar hmb leads may be corrected by interchanging leads aVy, and
aVg The tracing recorded properly 1s shown below Semivertical electrocardiographic position

Case Summary

Normal female No evidence of cardiac disease Radiologically the heart 1s normal size shape
and position

1
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Limb Leads Recorded Correctly



Answer

Explanation

Leads aVp and Vqthrough Vg are all similar Thus the precordial leads were recorded wath the
Iead selector switch in the aVg positon The tracing 1s normal otherwise The electrocardio-

graphic position 1s semthorizontal

Case Summary

Normal female Teleorcentgenogram shows the heart to be normal size shape and position The

aortic knob 1s prominent The cardiothoracic ratio 1s 0 42
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Answer

A

Explanation

Atnal premature contractions with aberration of the QRS complexes are present as certamn P
waves occur early 1n time and are followed by wide QRS complexes with secondary T wave
changes A premature atrial beat shows clearly in lead V| The QRS complexes following the
premature beats resemble those seen 1n 2 right complete bundle branch block Thus 1t 1s probable
that these complexes represent a delay n the conduction 1n the nght bundle of His Aberration
following atral premature beats shows night delay or block 1n a large percentage of cases
The compensatory pause 1s incomplete (the sum of the time before and after the premature beat
1s less than that between two atnial contractions which are inttiated from the SA node) Atnial
premature contractions may be caused by atrial disease due to theumatic fever artertosclerosis
hyperthyrotdism or to anxiety cafleine or other causes The tracing 1s otherwise within normal
hmts

Case Summar)

No defimte evidence of cardiac disease could be found and all of the causes hsted above were
searched for A tracing taken three months later showed typical atrial flutter with a 2 1 block
The teleoroentgenogram 1s normal The cardiothoracic ratio 1s 047 The blood pressure was
130/90 (See below)

3 months later



Answer

C

Explanation

An old posterior or posterolateral myocardial infarct could be present with a tracing of this
sort With posterior infarction there 1s a tendency for the T waves to become lower and 1nverted
m lead I and positive 1n lead 111 Also a posterior infarct destroys forces on the posterior aspect
of the heart which leaves an overbalance of forces on the right and gives nise to tall R waves i
lead Vi In this tracing the R waves are relatively tall 1n lead V4 with an abnormal R/S ratio
Although the tracing 15 consistent with a diagnosis of a posterior infarct this diagnosis cannot
be made with certainty A tracing taken at the ime of the precordial pain and two weeks later
showed negative § T segment shufts 1n leads vy and V3 which are consistent with a diagnosis
of a myocardial infarct

Case Summary

Chnically the patient had a typical myocardial infarct with shock The heart 1s enlarged to the
left The cardiothoracic ratto 15 0 59
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B

Explanation

An mcomplete right bundle branch block 1s suspected because of the wide R waves m lead
aVg high notched QRS complexes m lead V1 delayed intrinsicord deflection in lead V1 and
relatively wide S waves in lead V g and other leads Additional leads taken to the mght support
this dragnosis because of the presence of R R prime waves Usually with an incomplete right
bundle branch block the intrinsicord deflection 1n lead Vq 15 from 005 to 0 075 second The
coving of the S T seg 1n lead Vy rep the transition between the positive T waves 1n
lead V7 and the negative T waves 1n leads Va3r V4R and VR It 15 mmportant to point out
that often right ventriclular hypertrophy incomplete and complete right bundle branch block
are difficult to differeniate The time of onset of the intrinsicoid deflection 1s helpful but 1s
somewhat arbitrary and based on relatively few cases and thus should not be relied upon as
the sole finding when making this differentiation

Case Summary

The patient has essential hypertension highest blood pressure 220/120 lowest pressure 180/108
There 15 no definite history of angma pectorts Teleoroentgenogram of the chest shows that the
heart 1s not enlarged n 1s transverse diameter The great vessel shadow 1s widened shghtly
It 1s probable but not certain that the incomplete right bundle branch block 1s the result of
coronary artery disease




Answer

B

Explanation

A right complete bundle branch block 15 present as the QRS complexes i lead Il measure 0 13
second (upper limit of normal O 10 second see appendix) and there are tall late R waves n lead
Vj which measure 10 mm (upper hmtt of normal 15 7 mm ) Wide S waves are present m
lead Vg The intrisicord deflections 1 lead V exceed the upper limit of normal of 0 03 second
measuring ¢ 09 second A right complete bundle branch block usually 1s characterized by an
ntrinsicord deflection which 1s greater than 008 second An anteroseptal infarct 1s present
because of the Q waves i lead V3 with elevated S T segments and mverted T waves m leads
V| through V4 There 15 a small wide q wave n lead aVy Sinus tachycardia 1s present with a
rate of 101 beats per minute

Case Summary

Acute myocardial infarction and mght complete bundle branch block It 1s possible that the
infarct 1nvolves the septum and the night bundle of His as well



Answers
1 B

nm B

Ecxplanation

The P pulmonale pattern 1s present that 15 the P waves 1n lead I are small and are tall and
peahed m leads 11 111 and aVe This suggests night atnal enlargement but may be simulated by
cardiac rotation n subjects with a low diaphragm Small r and deep S wawves occur in most
precordial leads These suggest that the precordial electrodes are facing the right ventnicle prob
ably because of strong clochwise rotation of the heart about the long axis as viewed from the apex

Case Summary

Pulmonary emphysema typical Sinus tachycardia rate 102 beats per mmute The heart 1s small
and n the rmdhne The cardiothoracic ratio 1s 0 34 The diaphragms are flat and low The nibs

are honzontal The decreased pulmonary markings especially at the right lung base with increased
densities at the upper lung fields indicate emphysema and pulmonary fibrosts




Answer

B

Explanation

The sagging of the § T seaments 1n leads V4 Vgand ¥ gand relatnely short Q T ntersals suggest
digitalis admumsteation The tracing 1s 1n heeping wath but is not diagnostic of matral stenosis The
width of the P waves 15 0 12usuond which v prolonged shightly and the P waves are flat topped
inleadsl V5 and Vg The P R mtervals are at the upper hmit of normal being 0 20 second sn
fead i Dhgalis rheumatic heart disease mvocardial sschemnia and other states may prolong the
P R mterval

Case Summary

Rheumatic heart discase with mitral stenosis and msufficiency The mutral onfice was 1 @ cm
before fracture of the valve Phanocardiogram from the mutral atea one year after surgery showed
an early 4 do and late do raurmur




Answer

B

Explanation

An anteroseptal mfarct 1s present because of the QS waves 1 lead V3 The infarct 15 subacute as
the § T segments are tsoelectric and are associated with deeply mverted and coved T waves 1n
leads V3and V4 It 1s sigmificant that r waves are present 1n leads Vi and Vabut are absent over
the infarct in lead V3 It should be pointed out that although tracings of this sort are called subacute
one cannot estimate the duration of the infarct consistently from a single tracing Sinus rhythm
rate 78 beats per minute There 1s a tendency toward Jow voltage of the QRS complexes in the limb
leads

Case Summary

Myocardial infarct seven weeks prior to this tracing Heart normal size shape and position The
cardiothoracic ratio 1s 0 44 The aortic knob 1s somewhat prominent




Answer

A

Explanation
Atnat fibnilfation and a fine muscle tremor ate present Hyperthyrordism s a frequent cause of

these abnormahuies when they exist together The saggmng of the 8 T segments and short Q T
1ntervals suggest digitalis admimstration

Cuase Summary

Hyperthyrodism BMR plus 45 and biood sodine 12 megm per cent The heart 15 enlarged shghtly
1o the left The cardiothoracic ratto 15 0 49




Answers

I C
n D
Lxplanation

Ventricular tachycardia 1s present as shown by the wide QRS complexes with secondary type T
waves The R R mtervals are somewhat irregular which 1s characteristic of this condition The
diagnosis of ventricular tachycardia can generally be made with certamty when independent be
havior of the atria and ventricles can be demonstrated by detecting the presence of occasional P
waves superimposed on the ventricular complexes P waves superimposed on QRS complexes can
be detected in tracing by using, cahpers

A quinidine effuct 15 suggested from tracing F because of the long Q T intervals Dhgitalis and

hypercalceria charactenistically shorten Q T intervals The effect of hyperkalemia on the Q T
intervals wsually 1s not great

Case Summary

Hypertensive arteriosclerotic heart disease Highest blood pressure 185/115 Lowest pressure
160/98 No cardsac entargement or congestive heart faslure The ventricular tachycardia stopped
after the intravenous administration of 0 7 gm of quinidinte in two hours



Answer

D

Explanation

The mverted T waves 1n the p of defimitely posttive QRS 1 m leads aVp V5 and Vg
are consistent with a diagnosis of chronic penicarditis These changes suggest mvolvement of the
posterolateral and diaphragmatic surfaces of the left ventricle which 1s consistent with the locations
of the areas of calcification shown 1n the X rays below The T wave changes are chromc as no
sigmficant changes have occurred 1n the last three years (see below) The relatively tall R waves
m lead Vg are w keeping with a dagnosts of left ventncular hypertrophy shown w the X rays
The P waves 1n le 1ds 11 and II1 are wide and notched These findings are not uncommon in patients
with constrictive penicarditis especially 1f the constriction occurs around the AV groove

Case Summary

Chronic adhestve pericarditis of uncertamn efwology Left ventricular hypertrophy The cardio
thoracic ratio 1s 047 Caleffication and adhesions 10 the pericardium are present Twenty five
years ago the patient had what was dragnosed as theumatic heart disease with pericardial effusion
No cardiac murmur No evidence of valvular disease

Partial left anterior Left lateral view
oblique view



Answers

I A
I B
Explanation

Sinus arrest ts shown 1 leads I 11 v and V4 Sinus arrest 1s a temoparary cessation of sinus
node activity due often to increased vagal tone or to depressant drugs The P R ntervals vary
length due perhaps to varying rates of AV conduction It 15 probable that the drugs were additive
m their effects all acting to depress cardiac activity A diagnosts of incomplete smo-atnal block
was not made because 1n this condition the periods of cardiac standstill are almost exact multiples
of the normal heart cycles This was not the case 1n this tracing

A digitahs effect 1s present because of the saucer shaped S T segments with relatnely short Q T
mtenals Reserpme has no significant effect on the electrocardiogram except for the bradycardia
which 1t may produce Quinidine lengthens Q T intervals

Case Summary

Toxic heart disease due to drugs was present Possible rheumatic heart disease There was an
apical grade 1 systolic murmur but no diastolic murmur Fluoroscopically the left atnum was
enlarged slightly The syncopal attacks disappeared when the drugs were stopped X ray showed
a cardiothoracic ratio of 0 46 Old hnear scars were present at the right lung base




Answer

C
Explanation

The P R intervals measure 0 40 second (upper it of normal 0 20 second  se¢ appendix} A pos
tertor myocardial mfarct 1s indicated 1 lead aVy by the Q waves which measure 0 04 second m
duration and the Q/R ratios which are 0 60 (upper imit of normal 0 28) The nfarct s acute
because of the elevation of the S T segments in lead 2V and abnormal segments in other Jeads
Left ventricular hypertrohpy 1s present because of the high voltage of the R waves mn lead V.

which measure 48 0 mm (upper it of normal 26 0 mm  see appendix) Digualss effect 15
shown by the saucer shaped $ T scgments of typical configuration 1 leads Vg and Vg which are
diphasic and are of the minus plus type and by the small termupnal portions of the T waves

Case Summary

Essential hyptertension for ten years with radiographic evidence of left ventricular hypertrophy
The acute postertor myocardial infarct occurred two days previously



Answers

I A
I B
Explanation

Atnal fibrillation 1s present because of the absolute irregulanty of the R R intervals and absence
of clearly disinguishable P waves preceding each QRS complex The semuvertical to vertical
electrocardiographic position of the heart in the presence of atrial fibrillation 15 suggestive of
rheumatic mutral stenosis

A digtals effect 1s present as shown by the typical saucer shaped S T segments and short Q T
intervals which measure 0 32 second 1n Jead V5 The lower imit of normal for a cycle length of
1 30 seconds 1s 0 38 second (see appendix) The quinidine 1n this case apparently did not prolong
the Q T 1ntervals significantly

Case Summary

Rheumatic mrtral stenosis Left atnal enlargement Grade II apical diastolic murmur No systolic
murmur Atnal fibnllation The heart shows a mitral configuratron with fullness 1n the region of
the left atrial appendage The walking point 1s displaced toward the apex The night ventricular
border 1s rounded The cardiothoracic ratio 1s 0 56




Answers
I A
I A

Explanation

Atnal premature contractions are present because the P waves of the ectopic beats appear pre
maturely and the QRS complexes are hke those of the basic mechamism The P waves of the
ectopic beats differ in size and form from those of the basic mechanism and the P R mtervals are
shorter The compensatory pause 1s incomplete

Certain features of the tracing are suggestive of left ventricular hypertrophy The amphtude of
the R waves 1n lead I 1s at the upper hmit of normal and the T waves 1n this lead are relatively
fow There 1s a tendency toward left axis deviation of the QRS complexes (3 degrees) with a
normal axis of the T waves (49 degrees) In lead Vg there 1s shght sagging of the § T segments and
T waves which are low with respect to the height of the R waves (The R/T ratios are shightly ab
normal see appendix)

Case Summary

Essential benign hypertension highest blood pressure 250/120 lowest pressure 200/98 Exogenous
obesity hetght 62 5 inches weight 185 pounds The heart 15 enlarged to the left with a cardio
thoracic ratio of 0 50
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Answer

B

Explanation

The tracing suggests quintdine effect but 15 essentially normal otherwise Long Q T intervals are
present which measure 0 44 second mn lead I According to Ashmans chart (see appendix) the
upper imut of normal for Q T intervals for a rate of 71 beats per minute (cycle length 0 85 second)
15 0 38 second The Q T interval corrected for heart rate using the Bazett formula (see apendix)
1s 0 48 The upper hmit of normal for adults 15 0 44 (see appendix) The notching of the T waves
1n leads Vg and Vyoccurs commonly with qummidine Sinus rthythm rate 71 beats per minute

Case Summary

The patient has paroxysmal ventricular tachycardia and has been taking 1 6 gm (24 gr ) of quimt
dine daily for one year A tuberculous kidney was removed ten years ago Heart normal size shape
and positon The cardiothoracic ratio 1s 0 40 The tracing remamed essentially unchanged for
five years except for four attacks of typical ventricular tachycardia after which an anterior myo
cardial infarct occurred (see below)
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Answer

A

Explanation

Rught ventricular hypertrophy 1s present The R/S ratios are abnormal i lead V j which indicate
the presence of tall R waves with respect to the depth of the S waves There 15 right axis deviation
of the QRS complexes Septal hypertrophy 1s suggested by the large Q waves m leads Vsand Vg
Also S waves are present in these leads which 1s a common finding with night ventnicular hyper
trophy Deep S and Q waves 1n leads V5 and Vgare common with ventricular septal defects exther
pure or compl d by other 1 1t

Case Summary

Tetralogy of Fallot operated on successfully Teleoroentgenogram of the chest taken before surgery
shows the apex of the heart lifted from the diaphragm ndicating nght ventnicular hypertrophy
The pulmonary conus area 15 not prominent and there 15 a decrease in the pulmonary vascular
markings suggesting decreased pulmonary blood flow
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Answer

D

Explanation

Anomalous atrioventricular conduction 15 suggested by the short P R intervals and wide QRS
complexes During this time of recording of leads 1 11 and Vg changes 1n the QRS complexes and
T waves occurred The QRS complexes associated with large areas are followed by large discordant
T waves which are of the secondary type The cause of the anomalous atrioventricular conduction
1s not clear Certatn cases may be due to an accessory muscle bundle (Bundle of Kent) connecting
atria and ventricles Other cases may be due to an intable focus m the AV node which produces
early excitatron and depolanization of the ventricles This 1s followed soon after by a normal
ventricular depolanization process which results in a fuston of ventncular beats

Case Summary

The patient has rheumatic mitral stenosts and insufficiency with an apical grade 1I systolic and
grade I diastolic murmur The X ray shows fullness mn the region of the left atnal appendage
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Answer

[¢]

Explanation

A posterior infarct 1s present The Q waves 1n lead aVF are suggestsve of postertor mfarction as
the Q/R ratios remain abnormal even with deep mnspiration Sinus rhythm rate 70 beats per
minute

Case Summary

Postenior myocardial infarction one year ago The heart 1s of normal size shape and posiion The
cardiothoracic rat10 1s 0 34 Calesfied lymph nodes are present 1n the left hilum




Answers

I B
I B
Explanation

The electrocardiographic position 15 semivertical The ventnicular compl
those of lcadsVS andVGand the QRS complexes of lead aVy are small

of lead aVg b}

The nverted T waves 1n lead aVg tn the presence of cleatly positive QRS complexes are strongly
suggestive of 1schemia involving the posterior wall of the left ventricle A tracing taken three
weeks later showed flat S T segments and T waves in lead aVg (see below)

Case Summary

Essential hypertenston coronary arteriosclerosis with coronary insufficiency and angina pectoris
Heart normal size shape and position The cardiothoracic ratio 1s 0 37




Answer

Explanation

however 1n

6
Thus suggests that the lead
appear that a switching of the

Ve
was placed on the patient s
t leg) The errors produced

the murror image of each of
hanges have been made the

A3

F position 1s the murror image of lead

wire labeled left leg was placed on the right arm From this 1t would
electric axis denved from the standard leads are consistent with the unipolar himb leads and the

complexes of the imb leads are consistent with those of the precordial leads The tracing recorded
correctly 1s shown below The corrected electrocardiogram show certamn abnormalities Th

A technical abnormality 1s present because the standard and umpolar limb leads are not conssstent
the standard leads and nterchanging leads I and III After these !

with the unipolar chest leads The tracing recorded from the nght amm (lead aVg) should if
recorded properly resemble approximately lead Vi because both of these leads are facing the
night side of the heart Quite often the murror image of lead aVg resembles lead

lead II electrodes might have occurred (the lead wire labeled Ieft leg

left arm and the wire labeled right arm was placed on the patient s lef;
by this abnormality can be corrected 1n the standard leads by forming

this tracing the lead 1n the aV’

e T

4are nverted or notched and indicate subepicardial ischemia of the

v

jand

antenior portion of the left ventncle

2V

waves 1 leadsV.
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Answer

A

Explanation

Inverted T waves m leads Vyand V gare produced often by myocardial ischemia Other states

such as drugs ventricular hypertrophy percarditts and electrolyte disturbances may produce
abnormal T waves also The shight sagging of the § T segments 1n leads I V5 and Vg also are ab-
normal and are consistent with myocardial injury or ischemia The nverted T waves 1 lead aVy
also are abnormal Often 1t 1s difficult to differentiate left ventricular hypertrophy from myocardsal
ischemia The T wave changes and S T segment shufts were of sudden onset which 1s consistent
with myocardial 1schemia The tracing taken one month ago shown below 1s mote normal

Case Summary

Arteriosclerotic coronary artery disease Coronary mnsuffictency with myocardial 1schemia and
angmna pectons Blood pressure has never been over 130/80 and averages 120/75 The heart 1s
normal size shape and position The great vessel shadow 1s widened at the base of the heart The
d ding aorta 15 pr

Vg
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\\’I‘raclng taken 1 month previously
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Answer

B

Explanation

The large Q waves 1n leads V3 through Vg mdicate the presence of an infarct involving anterior,
lateral and posterolateral aspects of the left ventricle The wide Q waves (0 04 second) 1n lead
aVF with Q/R ratios of 0 40 (upper limit of normal 0 28 see appendix) indicate the presence of
posterior myocardial infarct Both infarcts appear old Large Q waves n lead Vy gave evidence of the
anterior nfarct four years ago and the Q waves n lead aVg gave evidence of the posterior infarct
two years ago (see below) The mtrisicord deflections n lead Vg are delayed to 0 06 second (upper
limit of normal 15 0 05 second sec appendix) Smnus rhythm rate 99 beats per minute

Case Summary

Anterior myocardial infarct four years ago and a postertor myocardial mnfarct two years ago
Both infarcts were distinct both clinically and electrocardiographically The heart 1s essentrally
normal size shape and position The lungs are clear The cardiothoracic ratio 15 0 45
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C

Explanation

The QS wavesin IcndsV3:de4 indicate necrosis of the anterior aspect of the left ventricle Atnial
premature contractions are shown in lead V4 and other leads The P waves of the premature beats
differ 1n configuration from those of the basic mechanism The QRS complexes and T waves
of the premature beats are similar to those of the basic mechamism The infarct 1s subacute because
of the nearly 1soclectric S T scgments and deeply inverted T wavesin the precordial leads with the
abnormat Q waves The return of the negative T waves toward normal was unusually slow n this
case (see below) Thus the age of the infarct could not be determined accurately from a single
tracing Sinus bradycardia is the basic mechanism with a ventricular rate of 54 beats per minute

Case Summary

Arteriosclerotic coronary artery disease Myocardial infarction The size of the heart 1s within
normal lmuts There 1s a fleck of calcium in the aorta The cardiothoracic ratio 15 0 46
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Answer

B

Explanation

Typical flutter waves are seen 1n leads I III and aVy The atnal rate 1s 280 beats per mmute and
the ventricular rates varies from 60 to 100 beats per minute A varable AV block 1s present A
postenior infarct 1s possible because of the Q waves m leads II III and aVy but cannot be
diagnosed with certainty as these waves are small

Case Summary

The diagnosis 1s hypertensive arteriosclerotic cardiovascular disease Large doses of digitalis were
given which converted the flutter to atnal fibriflation (see below) Two days after the occurrence
of atnal fibrillation quimdine was given which converted atnal fibrillation to sinus bradycardia
(see below) These are typical reactions to these drugs
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Explanation

The electnic axis 15 mnus 35 degrees (hmut of normal minus 30 degrees, see appendix) This was
obtamed as follows The d n b the Q and R waves 1n lead I 1s plus
10 mm and between the R and S waves 1n lead 111 15 minus 11 mm These figures are used for
deterrmmng the axis from the tables 1n the appendix

The tracing 1s abnormal because of the low notched T waves 1n lead V 5 which suggest myocardial
1schemia however left ventricular hypertrophy can produce changes of this sort A tracing taken
seven days later showed more normal T waves which 1s evidence that the R wave changes were
on an 1schemic basis (see fead V3 V4 and VS below) Twelve days later the T waves were agam
nverted (see lead Vs below)

Case Summary

Hypertensive heart disease Highest blood pressure 228/136 lowest pressure 149/105 Coronary
artenosclerosis and wsufficiency myocardial 1schema and angina pectons Heart normal size shape
and positton The cardiothoracic ratio 15 0 44 There 1s shight widening of the great vessel shadow
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Tracing 12 days later



Answer

A

Explanation

An old posterior and posterolateral myocardial snfarct 1s present Large Q waves (0 04 second) are
present tn lead aVg Lead V7 recorded at 75 mm per second simultaneously with lead aV 15 of
assistance 1n measuring accurately the width of these waves The Q/R ratios in this lead are 2 0 and
exceed the upper hmit of normal which is 0 28 (see appendix) ‘The Q waves remained unchanged
in depth after msprration which suggests a diagnosis of a postertor wnfarct The inverted T waves
wn lead IF 11T V¢ and Vi suggest 1schemra of the posterolateral wall of the left ventricle The R
waves 1 lead V gare Jower than normal and measure 1 0 mm (lower linnt of normal 1s 4 0 mm
see appendix) The tracing taken one year before the mfarct shows lower R waves in fead Vl
and tailer R waves 1n leads I 11l aVg and Vg Sinus rhythm rate 62 beats per munute

Case Summary

Hypertensive cardiovascular disease Myocardial nfarction four months ago Average blood pres
sure before the wnfarct 148/100 Heart enlarged to the left The lung fields are clar

aVp

One year
before the infarct



Answers

I C
I A

Explanation

A2 1AV block 1s present There are two P waves for each QRS complex The atrial rate 15 90 and
the ventricular rate 1s 45 beats per mmute The P waves occur regularly and are not premature
n time

The electrocardiographic position of the heart 1s semuvertical as the ventricular complexes of lead
aVy, are small and the ventricular compl of lead aVF ble those of leadVg Left ventricular
hypertrophy 1s suggested by the deep S waves in lead Vy and V7 and tall R waves 1n leads Vg andV ¢
along with typical changes n the S T segments and T waves QS waves are present 1n leads V
andV 5 and low R waves are present in leadV 5 Left ventricular hypertrophy may account for these
findings however an old antenior mfarct could produce such changes One year previously this
patient had an attack of precordial pam of long duration associated with a rapid sedimentation
rate The tracing shown below suggests an antenior infarct Thus the low R waves in lead V3 probably
are the result of infarction A digitalis effect 15 present as shown by the short Q T intervals which
measure 0 32 second (lower lumit of normal for a cycle length of 1 32 second 1s 0 38 second, see
appendix)

Case Summary

Hypertensive heart disease for fifteen years Old myocardial infarct Average blood pressure
185/118 The heart 1s not enlarged 1n its transverse diameter The cardiothoracic ratio 15 Q 39
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Answer

C

Explanation

Persistent elevation of the S T seg in the p dral leads sugg a ventnicular aneurysm
A tracing taken four months later revealed § T segments which were no longer elevated (see below)
An acute anteroseptal myocardal infarct 15 suggested by the QS waves elevated S T segments and
mversion of T waves mn leadsV 5 andV 3 A postertor myocardtal infarct 1s suspected because of the
QS waves in leads It HIandaVe Lefi ventricular hypertrophy or a horizontal electrocardiographic
position 1n a normal subject 1s associated sometimes with QRS waves 1n lead aVy A first degree
AV block 15 present as the P R ntervals are 0 24 second (upper imit of normal 1s 0 20 second
see appendix)

Case Summary

Myocardral mfarct two days ago No past history of a previous infarct Aortic regurgitation of
unknown etiology The heart 15 enlarged to the left There 1s fullness at the base of the aorta and
the aortic knob 1s promment There 15 calcification of the aorta The cardiothoracic ratio 1s 050
No radiologic evidence of a ventricular aneurysm

Tracing taken four months later



pressure

by R prime waves of

re 1S waves and they resemble the
bundle branch block

portions of the QRS complexes m

d no evidence of cardiac enlargement The blood

was 140/80 Special leads taken over the right chest show r waves followed
1stic of a night ¢

h

In lead aVE the first portions of the QRS complexes a;

6

a honizontal electrocardiographic position For example 1n lead aVy, the first portions of the QRS
first portions of the QRS complexes of lead V {

complexes 1n this lead are qR waves which are similar to the first
A 21 AV block associated with anginal pmn developed after moderate exercise (see below)

A diagnosis of coronary artertosclerosis with coronary msufficiency and angina pectons was made

A nght complete bundle branch block 15 present because of the wide M-shaped QRS complexes
It 15 to be noted that the first portions of the QRS complexes are essentially normal and represent

Swus bradycardia 1s present because the cardiac rate s below 60 beats per munute and the pace
(0 16second) mleadsVy Vzandvaand because of the wide S waves 1n leadsV 4 v sandVg

maker 1s 1n the smus node
Teleoroentgenogram of the chest showes

increased width which are

fead V,
Case Summary

Answers
Explanation
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Lead Vy after exercise



Answers

I A
I cC
Explanation

The S T segments may be elevated normally 1 5 mm 1n lead Vo (sce appendix) Large S T segment
shifts are more common when the T waves are tall The Q waves 1 leads II III and aVy are due
probably to septal depolarization because of the clockwise rotation of the heart about the long axis
which electrically speaking places the left side of the interventricular septum toward the left foot

electrode

The electrocardiographic position 1s semivertical The ventricular of lead aVg

those of leads V5 and V6 and the QRS complexes of lead aVy are small Sinus rhythm rate 70 beats
per minute

Case Summary

Intercostal neunitis No heart disease Heart normal size shape and position The cardiothoracic
ratio 15 0 37




Answers
1
i1

Explanation

An incomplete AV block with dropped beats 1s present as certain P waves are not followed by
QRS complexes indicating no atrioventricular conduction The block 1s 2 1 m all leads except 1in
lead aVg i which case the block 1s vanable At times 1t 1s difficult to differentiate second degree
from third degree AV block The diff 1ation 15 aided by sing the patient With complete
AV block the atrial rate with h the ventricular rate remains unchanged
With second degree AV block both atnal and ventricular rates increase with exercise The tall P
waves in leads II and III are consistent with chronic pulmonary disease Pulmonary emphysema 1s a
common cause of this finding

Case Summary

Pulmonary emphysema and coronary arteriosclerosis The vital capacity 1s 50 per cent of normal
and 70 per cent of the air 1s expired in three seconds Maximum breathing capacity 1s 40 per cent
of normal Teleoroentgenogram shows low ciaphragms and horizontal ribs The heart 1s not en

larged The cardiothoracic ratto 1s 0 43 There 1s calcification of the acrta The teleoroentgenogram
15 typical of pulmonary emphysema




A

Explanation

Left complete bundle branch block 1s present The widest QRS complexes of the three standard
leads measure 0 13 second Wide positive QRS complexes i leads V 5 and V g with evidence of
atrial depolanization help make this diagnosis The presence of P waves shows that the activation
wave was transmutted from the atria and helps to rule out wide QRS complexes which onginate
from a ventricular pacemaker The intrinsicord deflections are prolonged m lead Vg measuring
009 second (upper imit of normal 1s 0 05 second see appendix) A digitalis effect 1s present
the Q T intervals were corrected for the icreased width of the QRS complexes to a normal width
of 008 second see appendix In leadVg the Q T intervals corrected 1n this way measure 0 28
second The lower limut of normal for a cardiac rate of 94 beats per minute 15 0 28 second Thus
the interval 1n this case 1s at the lower limit of normal and 15 therefore 1n keeping with a digitalis
effect

Case Summary

Angina pectons probably secondary to coronary arteriosclerosis Heart normal size shape and
positton The aorta 1s prominent Shght calcification of the aorta arch 1s present The cardiothoracie
ratio 1s 0 41
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Answer

1 B
)i
Explanation

Right ventnicular hypertrophy 1s present as the R waves m lead Vj are tall measuring 13 0 mm
(upper limit of normal 159 Omm  for this age see appendix) Note the low standardization 1n
the precordial leads Sinus arrhythma s present because the R R intervals vary with respiration

Case Summary
Infundibular pulmonic stenosts without atrial or ventricular septal defects diagnosed by cardiac

catheterization Phonocardiogram showed a diamond shaped systolic murmur recorded from the
pulmonary area This 1s typical of pulmonary stenosis The heart 1s enlarged shghtly 1n its trans
d

verse diameter ‘The Jung fields are clear The pul Y far markings are d
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Answer

A

Explanation

The tracing fits the criterra of an incomplete night bundle branch block because of the rsR prime
waves and the delay of the onset of the mtrinsicoid deflections to 0 06 second m lead Vy An 1n
complete right bundle branch block usually delays the onset of the mtrinsicod deﬂeclmn so that
1t falls between 0 05 and 0 075 second A right ventricular di overload

tracings of this sort The tracing also shows a digitalis effect which s clearly revealed 1n lead aVg
where there 15 sagging of the S T segments The T waves are of the muinus plus type and the termnal
portions of the T waves are small in this lead The Q T mtervals tend to be short

Case Summary

Atrial septal defect 1s present At surgery the pul y artery p was el d The atrial
defect was an ostium secundum 10 mm 1n dlametcr which was closed readily Two right pulmonary
vetns drained mto the superior vena cava and one drained mto the nght atnum X ray taken eight
days post operatively shows mcreased markings in both lung bases The apex of the cardiac shadow
1s displaced to the left




1 B
¢4

Explanation

Right ventricular hypertrophy 15 present as the R waves in lead Vy are tall measuring 13 0 mm
(upper mit of normal 159 Omm for this age see appendix) Note the low standardization mn
the precordial leads Sinus arrhythmia ts present because the R R intervals vary with respiration

Case Summary

Infundibular pulmonic stenosts without atrial or ventricular septal defects diagnosed by cardiac
catheterization Phonocardrogram showed a diamond shaped systolic murmur recorded from the
pulmonary area This 1s typical of pulmonary stenosis The heart 1s enlarged shightly in its trans
verse diameter The lung fields are clear The pulmonary vascular markings are decreased

111

I




Answers

I A
I B
Explanation

Atnal fibnillation 1s present because of the absence of clearly distinguishable P waves and because
of the 1rregular R R intervals Left ventricular hypertrophy 1s present because of the deep S waves
n leadV 5 and fauly tall R waves n lead V3

The U waves are abnormally large especially 1n leads V2 andV 3 The U waves represent the after
potential and the period of greatest excitability of the ventricle” They tend to be of greatest mag
nitude 1n lead Vy and usually they potnt in the same direction as the T waves The waves are unusually
large with ventricular hypertrophy bradycardia complete heart block hyperthyroidism hyper
kalemia and hypokalemia digitalis epmephnne and hyp I} In certam electrolyte dis
turbances the U waves are inverted

Case Summary

Rheumatic mitral msufficiency and stenosts of long duratton Climcally the patient has a grade 11
systolic and grade I early diastoltc murmur at the mutral area The heart 1s enlarged markedly to
the left There 1s fullness m the region of the pulmonary conus The aortic knob is small The lung
fields are congested




Answer

C

Explanation

Right atnial enlargement 1s suggested by the tall peaked P waves in leads II and IIT Tt should be
noted that the heart 1s relatively low tn the chest in relation to the nib cage so that the electrodes
were placed high with respect to the heart The fourth intercostal space anteriorly passes across
the base of the heart In normal individuals the electrodes are placed over the anterior surface of
the heart In this patient the high position of the electrodes helps to explain the relatively small
r and deep S waves 1n lead V5andVg The tall R waves in lead V; and deep S waves i lead Vg
suggest night ventricular hypertrophy

Case Summary
Advanced pulmonary emphysema Hematocrit 56 per cent The teleoroentgenogram 1s typical

of pulmonary emphysema The nbs are horizontal There 1s decreased density at the night upper
half of the lung Heart 1s not defintely enlarged The cardiothoractc ratio 1s 0 44




Answer

o]

Explanation

Atnal enlargement 15 present because of the tall peaked P waves 1n leads II 11 and aVg In lead
11 the P amphitudes exceed the upper limit of normal of 2 S mm measunng 3 0 mm (see appendix)

The differentiatation between night and left atnal enlargement often 15 uncertam especially if
determinated from the himb Jeads Left ventricular hypertrophy 1s indicated by the high R waves
1 lead Vg which measure 38 0 mm (upper hmt of normal 1s 22 0 mm for adults sec appendix)

The sum of the amplitudes of RV g plus SV exceeds the upper imit of normal of 35 0 being 47 0
mm A digitahs effect 1s mndicated by the short Q T intervals which i lead V, are 13 per cent below
average Sinus tachycardia 1s present with a rate of 110 beats per minute

Case Summary

Severe bronchial asthma thirty years Essential hypertension twenty years Patient 1s taking digitalis
leaf 02 gm (3 grams) daily Teleoroentgenogram shows a heart which 1s enlarged to the left
The cardiothoracic ratio 15 0 57




Answer

A

Explanation

Rught ventnicular hypertrophy 1s present The R waves are tall 1n lead Vj and exceed the upper
limit of normal of 70 mm They measure 11 0 mm The ntrisicoid deflections are delayed 1n Jead
V] being 005 second A digitalis effect shows clearly in lead V4 1n which the S T segments are
saucer shaped and the Q T intervals are at the lower limit of normal They measure 0 28 second
for a cardiac rate of 93 beats per minute (lower limit of normal 15 0 28 second see appendix}

Case Summary

Pulmonary emphysema advanced Resting arterial oxygen saturation 80 per cent After exercise
65 per cent At necropsy the heart weighed 420 grams Marked dilatation of the right atrium and
the nght ventricle The left ventricle measured 10 to 15 mm and the right ventricle 3 to 10 mm
inthickness Teleoroentgenogram shows the heart enlarged markedly and hfted from the diaphragm
This suggests nght ventricular hypertrophy The ribs are honizontal There 1s an ncreased density
at the nght lung base which 1s in keeping with a diagnosis of bronchiectasis and pulmonary fibross
which was present at necropsy The cardiothoracic ratio 1s 0 61
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Answers
I A
I B

Explanation

The electric axis of QRS 15 deviated to the right as 1t 15 116 degrees (upper mit of normal for a
small series of normals 1s 102 degrees see appendix) The axis was obtained by subtracting the
amplitudes of the positive and negative waves m lead I which equals minus 4 mm and performing
the same calculation 1n lead 1II which gives plus 9 mm The axis was found by using these figures
1n the table mn the appendix

The predominently positive QRS complexes and R prime waves 1n lead V; suggest an incomplete
nght bundle branch block

Case Summary

Atnal septal defect revealed by cardiac catheterization A phonocardiogram taken from the pul
monary area revealed a systoltc and early diastolic murmur The heart 1s enlarged 1n 1ts transverse
diameter The cardiothoracic ratio 1s 0 50 The pulmonary conus area 1s enlarged and the vascular
markings at the inner lung fields are mcreased A six foot X ray kymogram shows increased pul
sations of the pulmonary artenies (see below)
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Answers

1 D
1 A
Explanation

Supraventncular tachycardia 1s present with a cardiac rate of 136 beats per minute It 15 difficult
1n tracing this to determine 1f thus 1s sinus or atrial tachycardia With sinus tachycardia the cardiac
rate 1s usually less than 160 beats per minute sinus arrhythmia 1s present or appears on deep
breathing the cardiac rate slows gradually with cartoid sinus pressure and the P waves are usually
clearly distinguishable With atnal tachycardia the cardiac rate 1s usually but not always greater
than 160 beats per minute sinus arrhythma 1s not present and does not appear on deep breath
mg carotid sinus pressure either produces sinus rhythm abruptly or has no effect and the P waves
are usually buned in the T waves

Left ventricular hypertrophy 1s diagnosed because of the high voltage of the QRS complexes with
discordant J points S T segments and T waves 1n leads V4 Vg and Vg along with the deep S waves
n leads Vy and V2 The relatively large Q waves i leads V g and Vg probably are due to septal
hypertrophy

Case Summary

Three years 1go the patient had an anterior myocardial mfarct This 1s revealed in the tracing
by the low R waves i lead V3 This usually indicates antenor infarction espectally when the
R waves 1n lead V3 are lower than the R waves i leadVy Small r waves in lead V4 occur m a
few ndividuals with left ventricular hypertrophy The tracing also shows a digitalis effect



Answer

C

Explanation

The tracing 1s abnormal as the T waves in leads aVy I and V 4 through V ¢ are Jow relativ
to the herght of the R waves Also the ST segments are shghtly negative 1n these leads Thes
changes are consistent with an abnormality of the myocardium and could be secondary to Jon
standing severe anemia (primary T wave changes) however left ventnicular hypenmphyAa]s\
often produces stmular changes (secondary T wave changes) The . tracing does not~mndicat
coronary astery discase as electrolyte disturbances drugs and certain diseases which effect th
such as rt 1c fever can produce similar abnormalities Thc tracing 1s nc
dnagnusnc of hypertensive heart disease as this cannot be d: d from the elect;
Left ventricular enlargement which may be associated with hypertensive heart disease can b
diagnosed from the tracing but 1t can be produced also by aortic stenouis or msufficiency o
other disease states Normal sinus thythm Rate 76 Semuvertical electnc position

Case Summary

Sickle cell anemta Hemoglobin 50 grams Blood pressure 110/68 The heart 15 enlarged to th
left The cardiothoracic ratio 1s 056 No congestive heart failure Blood electrolytes wer
normal




Answers

I D
o A
Explanation

Supraventricular tachycardia 1s present with a cardiac rate of 136 beats per minute It 15 difficult
tn tracing this to determine if this 1s sinus or atnal tachycardia With sinus tachycardia the cardiac
rate 1s usually less than 160 beats per minute sinus arrhythmia 1s present or appears on deep
breathing the cardiac rate slows gradually with cartoid siaus pressure and the P waves are usually
clearly distingwshable With atnial tachycardia the cardiac rate 1s usually but not always greater
than 160 beats per mmute sinus arrhythmma 1s not present and does not appear on deep breath
mg carotid sinus pressure either produces sinus rhythm abruptly or has no effect and the P waves
are usually buried 1n the T waves

Left ventricular hypertrophy 1s diagnosed because of the high voltage of the QRS complexes with
discordant J points S T segments and T waves tn leads V4 Vg and Vg along with the deep S waves
mn leads Vi and Vo The relatively large Q waves in leads V g and V g probably are due to septal
hypertrophy

Case Summary

Three years ago the patient had an anternior myocardial mfarct This 1s revealed 1n the tracing
by the low R waves in lead V3 This usually indicates anterior infarction especially when the
R waves in lead V3 are lower than the R waves in leadVy Small r waves 1n lead V 3 occur m a
few individuals with left ventricular hypertrophy The tracing also shows a digitalis effect



Answers

I A
Inm A
Explanation

Atnal flutter 1s diagnosed because of the lack of isoelectric periods 1n leads aVy and aVp
Isoelectric periods are present however 1n leads Vy and V5 The relatively low atrial flutter
waves 1n lead 1 with taller flutter waves 1n leads I and 111 suggest that the atral depolanzation
pathway 1s almost perpendicular to a line connecting the lead 1 electrodes

Right ventricular hypertrophy 15 suggested by the qr waves n lead Vi and nght axis deviation
of the QRS complexes

Case Summary

The patient has theumatic mtral stenosis and had a mitral commissurotomy The mutral onfice
was 05 cm Atnal fibnillation was present on 12/26/53 and a smus rhythm was present on
6/13/55 (see below) Teleoroentgenogram of the heart shows fullness in the region of the pul
monary conus The walking pomnt (junction of left atrial appendage and the left ventricle as
seen n the P A view) 1s displaced toward the apex The aortic knob 1s small The hilar markings
are mcreased The cardiothoracic ratio 1s 0 58

June 13 1955



Answers

I A
I A
Explanation

The time of onset of the mtrnsicord deflection 1n lead Vg 15 delayed The imitial portions of th
QRS complexes 1n this lead are 1soelectric which 1s revealed by comparing lead Vg agains
lead V9 1n the simultaneous recording

A myocardial infarct 1s suggested by the Q waves 1 leads I and aVy and low R waves 1n leac
V3 The Q/R ratio mn lead aVy usually does not exceed 075 (see appendix) In this tracing 1
measures 1 5 The shape of the QRS T waves 1n leads Vs and V g suggest left ventricular hyper
trophy however the voltage of the R waves 1s unusually low for this condition This may b
due to the myocardial infarct or to edema or to other causes which reduce voltage

Case Summary

Climcally the patient had a myocardial infarct three years ago and has had three attacks of
pulmonary edema since The heart s enlarged to the left There 1s rounding at the apex The
cardiothoracic ratio 1s 0 55 Cardiac dilatation 1s probable




Answer

B

Explanation

The P R ntervals are short and i lead IT measure 0 10 second The QRS intervals are long
(0 11 second) The P R intervals are especially short when dered m the hight of the slow
cardiac rate Slurring on the upstroke of the R waves 1n leads I and VzlhroughVG 1s charac
teristic of this condition This suggests an anomalous atrioventricular conduction Normal sinus
rhythm rate 71 beats per minute

Case Summary

There 15 no definite evidence of cardiac disease The patient has a Wolff Parkinson White syn
drome and has attacks of tachycardia which lasts from ten minutes to hours These have been
present for years The patient has angma pectoris on effort Radiologcally the heart 1s not en
larged 1n 1ts transverse diameter The aortic knob 1s large and prominent




Answer

B

Explanation

The tracing 1s suggestive of left and right ventricular hypertrophy The tall QRS complexes with
faurly deep Q waves and relatively low T waves in leads V gand V g suggest left ventricular hyper
trophy Hypertrophy of the mterventncular septum frequently produces large Q waves 1n the
leads overlying the left ventricle The tall R waves 1n leads V j and Vg suggest night ventricular
hypertrophy One cannot rule out the possibility of myocarditis or pericarditis as a cause for
the T wave changes 1n leads aVr V2 VgandV gand $ T segment shfts m Jeads i1 111 aVF Vg
and Vg As the ST segments are concérdant with the tall R waves i leads aVy and Vs 1t 15
probable that myocardial mjury 1s present in addition to ventnicular hypestrophy A tracing
taken six months previously showed more normal ST segments and T waves 1 these leads
(see below) Senal tracings of this sort are important when trying to differentiate S T segment
and T wave changes of hypertrophy from those due to other factors such as myocarditis pert
carditts or electrolyte disturbances

Case Summary

Rheumatic mitral stenosts and insufficiency The child has been 1n bed for one year with typical
rheumatic fever There was no defimte evid of penicarditis A Itation of the heart revealed
a grade 11 systolic murmur and an early diastolic murmur at the mitral area Teleoroentgenogram
showed fullness 1n the region of the pulmonary conus with increased vascular markings
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Answer

A

Explanation

The duration of the QRS complexes measured 1n lead II 15 0 13 second and the time of onset
of the ntrmsicoid defiection 1 lead V115 009 second A nght complete bundle branch block
1s diagnosed when the durattons of the QRS complexes are 0 12 second or greater rsR prme
waves are present m lead Vi and the time of onset of the mtrinsicord deflection (R prime wave)
15 delayed Usually the time of onset in lead V1 15 0 08 second or greater Additional leads taken
over the night chest show 1n certam leads small mtial r waves and R prime waves which are
charactenistic of a nght bundle branch block

Case Summary

Essential hypertenston for ten years Mild angina pectorss Patient had a thoracolumbar sympa
thectomy two years ago The heart 15 not enlarged There 15 shight widening of the great vessel
shadow The cardiothoracic ratio 15 036 The tracing 15 typical of a nght complete bundle
branch block without other cardiac abnormalities e g without myocardial schemia mjury or
mfarction
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Answer

Cc

Explanation

The tracing fits the cnteria for night ventnicular hypertrophy Some of these are qR waves 1n leads
V3R or V1 R waves 1n lead V) which are greater than 70 mm  an R/S ratio 1n lead V) greater
than 1 0 and a delay in the onset of the intninsicord deflection from 0 035 to-0 05 second

Case Summary

Prnimary pulmonary hypertension Cardiac cathetenization showed a pressure in the pulmonary
artery of 83/41 mm of mercury 1n the night ventricle 83/2 and in the right atrium 8/1 Teleoroent
genogram of the chest showed enlargement 1n the region of the pulmonary conus and nght pul
monary artery The heart appears to be shifted from the diaphragm indicating nght ventricular
hypertrophy The cardiothoracic ratio 1s 0 49 X ray kymogram showed right ventricular and pul
monary arterial pulsations which exceeded those of the left ventricle and aorta
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Answer

B

Explanation

Hypc 15 d by the p of the large U waves which are supenimposed on the
downstroke of the T waves The saggmg of the S T segments in leads V4 V5and Vgis consistent
with this diagnosis The tracing before treatment was taken when the patients serum potassium
was 3 2 mEq per Iter which 1s 64 per cent of the normal The tume measured from the begrning
of the Q waves to the peak of the T waves was prolonged as compared with records made after
treatment The patient was treated with ntravenous potassium chlonde after which the serum
potassium was 4 9 mEq per hter which 1s normal As a result of treatment the U waves became
smaller the time from the beginming of the QRS complexes to the peak of the T waves shortened
and the S T segment shifts became more normal

Case Summary

Intestmal obstruction due to neoplasm The hyperkalerma was due to the potassium loss from the
stomach followmng gastric suction for three days X ray of the chest showed that the heart was
normal size shape and position The lungs were clear



Answers

Aand C

Explanation

An mcomplete AV block 15 present because the P R intervals are prolonged The intervals m lead
1 measure 0 32 second the upper limit of normal 150 20 second for rates above 70 beats per minute
Also nght bundle branch block 1s present because of the wide QRS complexes (0 13 second)
which are predomimently positive in lead Vi Wide S waves are present in lead Vg In addition the
tracing 1s abnormal because of negative § T segment shufts in leads 1 V5 and V 4 and positive shifts
m lead III These suggest at least injury to the posterior aspect of the left ventricle This 15 con
firmed by companson with a tracing taken two weeks previously when the patient was recetving
the same amount of digitalis but before chest pain had developed and i which the S T segments
were more 1soelectric (sce below) Charactnstically when S T segment shifts occur secondary
to a right bundle branch block they are discordant with the wide termunal portions of the QRS
complexes in most leads In this case they are concordant and therefore suggest the presence of
cardiac disease mn addition to the block 1n the right bundle of His

Case Summary

Artenosclerotic coronary artery disease with a possible posterior myocardial infarct An infarct
was d b the ST shifts (snjury shifts) persisted for more than 24 hours

A\cragcr blood pressure 180/72 Rgdlo]ogmally the transverse diameter of the heart 1s at the upper
hmit of normal




Ansver

B

Explanation

The tracing 1s suggestive of a posterior myocardial infarct The Q waves i lead aVy measure 0 03
second and are not wide enough to be typical of a posterior myocardial infarct (they should meas
ure 0 04 second 1n duration or more) The Q/R ratios m lead aVy do not indicate an infarct as the
ratios ate only 0 17 (they should exceed 0 28 to be mdicative of an infarct) The Q waves 1n lead
aVr do not disappear with mspiration which 1s 1n keeping with a posterior infarct The tracing
taken before the nfarct showed no Q waves 1n lead aVr (sec below) After companng these two
tracings & diag of posterior my dral infarction can be made with greater assurance

Case Summary

Old posterior myocardsal nfarct The patient had severe chest pam of long duration with an 1n
creased sedimentation rate and white count During the pain the T waves were inverted n lead avg
(see below) Heart normal size shape and position The cardiothoracic ratio 1s 0 39

Tracing During Chest Pain

Before the Infarct



Answer

B

Explanation

The positve S T segment shifts in leads I 11 aVy V4 Vg and Vg mdicate recent myury to the
subepicardial surface of the left ventricle This may be due’to injury from various causes such as
trauma surgery pericardial infection etc with mvolvement of the subepicardium

Case Summary

Congenital bilateral polycystic kidneys Blood pressure 230/120 Death i uremia Postmortem
examnation showed advanced fibrmous pericarditis The injury shifts of the electrocardiogram
developed at the time a friction rub appeared a few days before death Teleoroentgenogram showed
the heart was enlarged to the left




Answer

B

Explanation

An incomplete left bundle branch block 1s present The QRS complexes are wide measuning 0 12
second and the tme of onset of the intninsicord deflection 1n lead V6 1s delayed bemng 008
second (upper mut of normat 1s 0 05 second see appendx) The QRS complexes are predomin
ently positive 1n the leads overlying the left ventnicle (leads Vs and V) and there 1s evidence of
atrial actvity (P waves) The normal relationship between P waves and QRS complexes suggests
that normal AV conduction has taken place and helps to distmguish teft bundie branch bloch from
ventricular ectopic beats or ventricular tachycardia The incomplete block was paroxysmal ajter
nating with periods of complete block (see below) A digitalis effect 1s present Sinus rhythm rate
88 beats per minute

Case Summary

Arteriosclerotic coronary artery disease Five years ago the patient had severe chest pain which
was chnically 2 myocardial infarct Angima pectornis since Highest blood pressure 168/100 and
lowest pressure 140/80 Radiologically the heart 1s enlarged to the left and there 15 rounding at
the apex There 1s slight congestion of the lung fields The cardiothoracic ratio 1s 0 53
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Answer

D

Explanation

The T waves in leadsaVy Vgand Vsare abnormal as they are negative 1n the presence of clearly
posiive QRS complexes The terminal coving of these waves suggests myocardial 1schemia A
tracing taken three months previously showed very little change in the T waves mdicating that
the 1schermia was chromic (see below) The tall R waves 1n lead I and deep S waves m lead V3
suggest left ventricular hypertrophy It 15 difficult often to differentiate myocardial 1schemua from
left ventricular hypertrophy In the former termmal coving of the S T segments 15 charactenstically
found and the amplitudes of the QRS complexes are not unusually tall In the latter the S T seg

ments are straight generally and the amplitudes of the R waves dre usually tall A transmural
anterior myocardial 1nfarct 1s not present as large Q waves or QS waves do not occur in the pre

cordial leads Electrolyte disturbances do not preduce terminal coving of the S T segments

Case Summary
Diabetes mellitus  Essential hypertension Highest blood pressure 256/120 Lowest pressure

185/105 Coronary artertosclerosts with coronary nsufficiency and myocardial ischemia No defi
nite cardiac enlargement The cardiothoracic ratio 1s 0 46 Grade IIT Keith Wagener retmopathy
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Answer

B

Explanation N

The QRS complexes are wide measuring 0 16 second 1n lead T (upper Itmit of normat 1s 0 10 second
see appendix) The QRS complexes are predommently positive 1n the leads from the left chest
M shaped QRS complexes are seen in lead V4 There 15 evidence of atrial activity as shown by the
P waves which precede the QRS complexes Ventricular ectopic beats are present as they occur
early in time _are wide exceeding 0 10 second are followed by secondary T waves and are not
preceded by P waves The ventricular premature beats are followed by full compensatory pauses
(the sum of the R R distance immediately m front of the ectopic beat and the R R distance mmme
diately 1n back of the ectopic beat 1s equal to the sum of two complete heart cycles in which no
ectopic beat occurs) This means that the rhythm of the sinus node 1s not altered by ventricular
ectopic beats because retrograde conduction from ventricles to atria does not occur 1n this case
The sagging of the S T segments 1n leads V; V5 and Vg and other leads 1s slightly suggestive of a
digitals effect The tracing below shows leads V4 Vs and Vi taken before digitalis was admins
tered In this tracing the S T segments are convexed upward and the Q T mntervals are longer

Case Summary

Artenosclerotic coronary artery disease with coronary msufficiency and angina pectonts Paroxys
mal nocturnal dyspnea Left ventricular congestive heart failure severe Radiologically the heart
15 rounded at the apex The cardiothoracic ratio 15 0 52 indicating an increased transverse cardiac
diameter The great vessel shadow 1s enlarged Calcification 1s present 1n the aortic knob There
1s moderate congestion of both lungs
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Answer

E

Explanation

The P R intervals are short and the P waves are mnverted shghtly 1 lead aVp and 1n most of the
precordial leads The cardiac pacemaker 1s 1n the AV node and there 15 retrograde conduction
from the AV node through the atria toward the sinus node The pacemaker 1s low n the AV
node Thus the atna and ventricles are activated almost simultaneously Negative S T segment
shifts in leads V5 Vg and other leads are consistent with coronary artertosclerosis with insufficiency
or digitahs or both” A tracing taken after chest pamn but before digitalis 1s shown below

Case Summary

Hypertensive arteriosclerotic coronary artery disease with severe angina pectons X ray showed
that the heart was at the upper limit of normal 1n the transverse diameter Average blood pressure
158/100
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Answer

B

Explanation
The low voltage of the QRS complexes in leads Vg and Vg was due to the presence of air betweer

the heart and chest wall A tracing taken after the lung had expanded showed taller R waves 1n the
precardial leads recorded from the left side of the chest

Case Summary

Left p horax due to pub

Heart normal size shape and posiion The
cardiothoracic ratio 1s 0 41




Answer
1 C
I B

Explanation

Pressure on the carotid sinus was made during the recording &f eoch lead A long period of sinus
arrest shows clearly 1n lead I and other leads Sinus arress 1s & temporary standstill of atna due
often to increased vagal tone The tracing 1s suggestive of an old posterior myocardial nfarct
because of the low R waves and wnverted T waves 1n lead Vg Normally the R waves in this lead
should exceed 4 0 mm and the T waves should not be more negative than 0 5 mm (see appendix)
A ventricular escape beat 1s present in lead V4 The low voltage of the QRS complexes 1n the
standard leads 1s tn heeping with the dragnosts of myocardral infarction

Case Summary

Posterior myocardial nfarction one year ago Hypersensitive carotid sinus The heart 1s rounded
at the apex and 1t 1s enlarged 1n 1ts transverse diameter The cardiothoracic ratio 1s 0 51 The
great vessel shadow 1s enlarged There 15 calcification of the aorta




Answers

I B
I B
Explanation

Regular vibrations occurring 60 tines a second are present i most of the mb leads The stand
ardization 15 5 0 mm 1n leads I and Il and 8 mm 1n most of the other leads

Atnal fibrilation 1s present because of the absence of demonstrable P waves along with the mrregu
lanity of the R R intervals between the narrow QRS complexes which are conducted from the atria
Multtfocal ventricular ectopic beats are present because the QRS complexes are of different form
in certain leads indicatimg that these beats arise from different foc in the ventricles A digitalis
effect 1s present as shown by the sagging of the S T segments Digitalis intoxication could account
for most of these findings Low voltage of the QRS complexes 1s present i the standard leads

Case Summary

Coronary artertoscl coronary angina pectonis and eventration of the nght
diaphragm Teleoroentgenogram of the chest shows elevation of the diaphragm on the nght The
cardiac size 1s difficult to determune in the presence of the draphragmatic abnormality




Answer

A
Explananon

An old posterior myocardial nfarct 15 present In lead aVy the Q waves are wide and measure 0 05
second 1n duration A posterior mnfarct 1s suggested when the Q waves measure 0 04 second or
greater in thus lead The Q waves and mverted T waves i teads 11 and H{ support this diagnosis
Postenior pen mfarcuon block s suggested by the presence of widenng of the QRS complexes

which measure 0 11 second 1n Jead I with slurning of the terminal portions of the QRS complexes
winch 15 evident especially an fead aVg

Case Summary

Posterior myocardial infasct exght months prior tothns tracing Angina pectons The hieart 15 rounded
at the apex The cardothoracic ratio 15 0 48
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Answer

C

Explanation

A posterolateral infarct 15 suggested by the Iow R waves (3 0 mm ) 1n lead V g(lower imit of
normal 4 0 mm  see appendix) Posterior myocardial 1schemma 15 suggested by the mverted T
waves 1 leads II TII aVF and Vg In addition the R waves in lead V are at the upper limit of
normal being 7 0 mm The R/S ratios m this lead are abnormal being 1 75 (upper Iimit of normal
10 see appendix) The elect: diographic position of the heart 15 horizontal Sinus bradycardia
rate 58 beats per minute A tracing taken a month prior to this showed no sigmificant differences
The T waves 1n the right precordial leads at that time were relatively tall indicatng that the rschemic
process 1 static (see below)

Case Summary

Old myocardial nfarct due to arteniosclerotic coronary artery disease Heart 1s normal size shape
and positton The cardiothoracic ratio 1s G 45

Tracmg taken one month previously




Answer

C

Explanation

The large Q waves n Jead aVF and abnormal Q/R ratios sndscate a postersor snfarct Ventricular
ectopic beats are present w the hinb leads An miraventricular block 1s present as shown by the
wide § waves mn jead aVy and wide R waves in Jead aVy Lead aVy taken with the paper speed
runmng 75 mm per second shows slurning on the downstroke of the R waves which 1s further
evidence of the mtraventricular block The unipolar imb leads recorded before the mnfarct show
QRS complexes of normal duration Widening of the termunal portions of the QRS completes
lead aVy, and aVr 15 not present (see below) Left ventricular hypertrophy s suggested by the R
waves m lead V s which are at the upper limit of normal

Case Summary

Postentor myocardial nfarct The heart 1s rounded at the apex There 1s shight congestion of both
lung fields The cardiothoracic rato s 0 42

Before Infarct
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Explanation

The QS waves 1n lead V jare mdicative of necrosis or death of the anteroseptal aspect of the left
ventricle The T waves dre of the coronary type with coving of the S T segments and with pro
longation of the Q T intervals These findings suggest myocardial 1schema of the anteroseptal
lateral and posterolateral aspects of the left ventricle Sinus thythm rate 62 beats per minute The
tracing shown below was recorded four months ago at the onset of the precordial pam which was

assoctated with the infarct The coronary type T waves are prominent and QS waves are not present
n lead Vy

Case Summary

Coronary arteniosclerosis with coronary occlusion and myocardial infarction four months ago The
heart 1s enlarged 1 its transverse diameter The cardiothoracic ratio 15 0 53 There 1s a fusiform
aneurysm at the base of the ascending aorta Calcification of the lymph nodes 1s present

Tracing Taken Four Months Ago



Answer

C

Explanation

Right ventricular hypertrophy 15 suggested by the tall R waves i leads Vy and Vo which measure
110 and 23 0 mm respectively (they should not exceed 7 0 and 16 0 mm respectively see ap
pendix) Also the time of onset of the mtnnsicoid deflections n lead Vy 1 delayed shightly,
measuring 0 04 second (upper hmit of normal 1s 0 03 second see appendix) The additional leads
to the night show the predommence of R waves which also indicate right ventricular hypertrophy
Left ventricular hypertrophy 1s suggested by the deep S waves 1n lead V2 which measure 34 0 mm
(normaily these waves should not be deeper than 29 0 mm  see appendix) Sinus rhythm rate 83
beats per minute Shght widening of the QRS complexes which measure 0 10second (This 1s above
the average which 15 0 08 second see appendix)

Case Summar)

Eisenmenger complex Artenal oxygen saturation at rest 90 per cent which fell to 70 per cent
after exercise Arm to ear circulatton ttme 7 5 seconds Fluoroscopy showed increased pulsations
of the pulmonary artery The heart 1s enlarged 1n the region of the pulmonary conus and the apex
15 displaced downward and to the left The cardiothoracic ratio 1s 0 56 The pulmonary arteres
are enlarged especially on the nght
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Answer

B

Explanation

Right complete bundle branch block of an unusual variety 15 present The large P waves i lead
Iland lead Vsuggest night atnial enlargement The enlargement nvolves the night atrium because m
these leads the P waves are relatively narrow and tail and show no sigmficant notching Note that
the nght axys deviation of P waves whuch 15 typical of chronic cor pulmonale s not present The
P R intervals are at the upper hmit of normal These findings are consistent with a diagnosis of
Ebstein s syndrome  Anatomically this syndrome 1s charactenzed by nght atnal enlargement with
downward displacement of the tricuspid valve mnto a small nght ventnicle Electrocardiographically

tall peaked P waves in lead 11 and prolonged P R intervals resulting from night enlargement are
seen The P axis 15 often about 40 degrees Ao 2 nght complete bundle branch block with QRS
mtervals greater than 0 12 second 15 charactensticaily found Usually there 1s a tendency to low
voltage of the QRS complexes in the imb leads and 1n leads Vy Voand V gbecause of the thin Upper
poruon of the night ventricle There 1s normal voltage of the R waves 1n leads V4 Vs and V6 because

of the relatively normal left ventricle The intrinsicoid defiection in lead Vy often 1s longer than

that 1n lead Vg

Case Summary

Ebstemn s syndrome was diagnosed with the aid of an angiocardiogram which d d the
large night atnium and the small nght ventricle with downward displacement of the tricuspid valve
Teleoroentgenogram shows a heart which 1s enlarged in its transverse diameter The night cardiac
border 15 promnent The vascularity of the lung fields 15 diminished



Answer

B

Explanation

The QS waves 1n lead V3 and small R waves in lead V4 are indicatve of an anterolateral myocardial
mfarct The infarct 1s subacute or chronic because the § T segments are essentially 1soelectric and
deep negative coved T waves are present n these leads A tracing taken one year before the infarct
1s shown below The r waves 1n lead V pare unchanged R waves were present 1 leads V2 and V3
before the infarct

Case Summary

Typcal myocardial infarct eight months previously Heart enlarged shightly to the left and down
ward The cardiothoracic rauo 1s 0 49
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Answers

I C
i1 E
Explanation

Negative T waves in lead aV are found normally 1n vertically placed hearts The QRS complexes
and T waves have pormal concordant relationships i ths lead The tracing 1s within normal limits
The electrocardiographic posttion 15 vertical because the ventricular complexes of lead aV, resemble

those of Jeads Vy and V, and the ventricular complexes of lead aVg resemble those of leads A\
and Vg

Case Summary

No heart disease Normal male Heart normal size shape and position The cardiothoracic ratio
15038




ATanel

B

Explanarion
There 1s evidence of night ventricular and atrial hypertrophy The former 1s shown 1n lead Vy by
the tall R waves with discordant S T segments and T waves and the latter 1n lead Vy by the tall P
waves which measure 2 5 mm  (upper imit of normal 1 6 mm , see appendix) The clinical con
dinon pulmonary valvular stenosis charactenstically produces evidence of nght ventnicular hyper

trophy in the electrocardiogram

Case Summary
Congenital pulmonary valvular stenosis with atrial septal defect 1s present and was diagnosed by
cardiac catheterization Clinically there 1s a grade III systohc murmur and thnll over the pul
monary area The intensity of the pulmonary second sound 1s dimimished greatly The heart 1s en
larged to the night and the apex 1s elevated These findings suggest right atnal enlargement and
nght ventricular hypertrophy The pulmonary artenies are enlarged which suggests poststenotic

dilatauon The vasculanity of the lung fields 1s dimimshed
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Answer

C

Explanation

An incomplete right bundle branch block with ventricular hypertrophy 1s diagnosed because the
requirements of an incomplete right bundle branch block are met and tall R prime waves are present
1n lead V{ which measure 2 7 mithivolts Right ventricular hypertrophy n the presence of a night
complete bundle branch block 1s diagnosed when the R prime waves in leads Vj or V, measure
more than 1 0 millivolt (Barker) Note that the standardization 1s lower than normal because of
the tall QRS complexes which are present A ventncular ectopic beat 1s present mn lead V3

Case Summary

Large ventricular septal defect diagnosed by oxygen data during cardiac cathetenization Oxygen
saturation of blood from the night atrium was 67 per cent and from the night ventricle 77 per cent
Pulmonary and right ventricular hypertenston Pulmonary artery pressure 117/70 and right ven
tricular pressure 118/2 Findings compatible with Eisenmengers complex of functional single
ventricle The heart 15 enlarged to the night and 1s elongated slightly to the left The vascular mark
mgs are normal or increased




Answer

A

Explanation

The R waves are tall in leads T and 11 being 13 0 and 17 0 mm respectively (upper lumit of normal
1s 11 4and 16 0 mm respectively for this age) The S waves 1n leads Vi and Vaare deep and the R
waves i leads V4 Vg and Vg are relatively tall The S T segments and T waves are relatively
normal Thus the diagnosis of feft ventricular hypertrophy 1s made primarify on the basis of
increased voltage of the QRS complexes It 1s somewhat hazardous to make a diagnosis of left
ventricular hypertrophy solely on the basis of incresed voltage as the voltage may be increased
by vanious causes such as a thin chest wall which places the precordial electrodes closer to the
myocardium than is usual

Case Summary

Coarctation of the aorta which was corrected surgically Teleoroentgenogram of the chest shows
the apex of the heart to be rounded due to left ventncular enlargement The cardiothoracic ratio
150 49 The lung fields are clear Notching of the ribs 1s present in the region of the right lung base
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Answer

B

Explanation

In lead V small rSR prime waves are present with delay in onset of the intrinsicord deflections of
R prime to 0 05 second (1n incomplete night bundle branch block 1t varnes usually from 0 05 to 0 075
second) The S waves 1n lead V6 are of greater duration than the R waves Sinus rhythm rate 88
beats per minute

Case Summary

Congemtal heart disease Atrral septal defect Cardiac catheterrzation showed a large interatrial
left to right shunt which measured 2 6 liters per nunute The oxygen saturation of blood from
the superior vena cava was 61 per cent and from the night atrium was 81 per cent The right ven
tricular p was 32/0 R tically the heart 1s enlarged The pulmonary artery 15
promunent The aorta 1s small The vasculanty of the lung fields 1s normal (typically 1t 1s increased)
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Answer

B

Ecxplanation

The infarct appears chronic The QS waves m leads Vq and V2 and small r waves 1n leadsV3and V4
suggest a subendocardial mfarct which 1s not transmural in that portion of the myocarditm adjacent
to these electrodes In exceptional circumstances small r waves may be present in the presence of
a transmural infarct if the infarct 1s small In such cases the electrode picks up forces from the
healthy myocardium obscuring the changes due to the infarct The infarct m this tracing appears
old (more than a few weeks) because the S T segments are 1soelectric It ts often difficult to deter

mune the age of an jnfarct from the electrocardiogram as the presence or absence of segment shufts
depends upon the acuteness of the onset of the infarct as well as on its age Senial tracings are helpful
10 determiming the age of the infarct because chronic infarcts show no sigmficant changes while
acute or subacute infarcts show progressive or regressive changes Sinus bradycardra 1s present

Case Summary

Typical myocardial infarct one year ago The heart 1s at the upper limit of normal size The cardio
thoracic ratio 15 0 44 Increased densities are present in the hilar regtons




Answers
I A
oI A

Evplanation

The QS waves 1 leads Vo Vi and V4 and large Q waves n lead Vs ndicate an anterolateral myo-
cardial infarct Q waves i léad V5 should not be deeper than 2 1'mm  (sce appendix) Normally
the depth of the Q waves vares with the height of the associated R waves The abnormally deep
Q waves with respect to the height of the R waves n lead Vg 1s shown by an abnormal Q/R ratio
(see apendix) With left ventricular hypertrophy the septal Q waves are usually less than 25 per
cent of the height of the R waves In this case they are greater

The electrocardiographic position of the heart 1s horizontal because the ventricular complexes of
lead aVE resemble those of lead Vj and the ventricular complexes of lead aVy resemble those of
lead Vg In the presence of cardiac disease the electric position usually does not correlate well
with the anatomic position of the heart

Case Summary

Hypertensive heart disease Average blood pressure 168/98 Congestive heart faiture Myocardial
infarct three years ago Coronary arteriosclerosis and angina pectoris The heart 1s enlarged
markedly to the left The cardiothoracic ratio 1s 055 X ray kymogram shows absent pulsatons
over the left lateral border of the heart




Ansuer

E

Explanation

Saucer shaped 8 T segments with relatvely short Q T mtervals charactesistic of digitalis are
present The wntervals 1n fead Vg measure 0 32 second (lower limat of normat for a cycle length of
09515032 second see appendix) The magnstude of the J and S T segment shufts in lead V4 and
other Jeads 15 greater than can be accounted for on the basis of therapeutic amounts of digitahs
and suggestssubendocardial snjury as weil Large U waves are present i lcadV3 and other leads

Case Summar)

Hypestensive heart disease Blood pressure 160/100 for ten years Mald left vertueular congestive
heart failure Angina pectons on effort The heart appears at the upper linit of normal size The
aortic knob s prominent The lung fields are clear
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Answer

A

Explanation

The tracing suggests abnormalities of the atrta and night and left ventricles Atnal fibnllation 1s
present The QR waves in lead Vsuggest night ventricular hypertrophy while left ventricular hyper
trophy 1s suggested by the deep S waves in lead V4and tall R waves with discordant J shufts ST
segments and T waves n lead Vg A digitalis effect 15 present The durations of the QRS complexes
mn lead Vy are Jess than those 1n lead V o because the first portions of the QRS complexes m lead Vi
are 1soelectric and correspond in time to the wntmg of the r waves 1n lead V,

Case Summary

Rheumatic mitral insufficiency and stenosis There was an apical grade III systolic murmur and
thnill and 2n aprcal grade 11 diastolic murmur Heart enlarged markedly to the left The pulmonary
conus 1s large The cardiothoracic ratio 15 0 67
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Answer

C
Explanation

Lead I appears to be upside down Thus could be due to switching of the lead I wires when applied
to the patients arms The lead wire labeled LA then would be on the night arm of the patient
and would be recording the potential variations from the night arm The lead wire labeled RA
would be on the left arm of the patient and would be recording the potential varations from the
left arm The dufference 1n potential between these electrodes would produce fead I wihich s pre
domnently negatne because the polarity of lead I had been reversed by the musapphication of the
lead wires The standard leads are corrected by viewing lead I as sts mirror image and interchanging
leads 1Y and 111 The umpolar limb leads are corrected by relabeling the lead marked aVy with the
correct designation aVig and relabeling the lead marked aVy, with the correct designation aVg The
leads recorded carrectly are shown below The notchmg of the S waves n lead Vy 1 suggestive of
an incomplete night bundle brauch block however tius 15 not borne out by the night chest leads
as R R prime waves are not present in these leads (see below) Myocardial injury and 1schema
are suggested by the slight negative ST segments and flar T waves 1 the corected lead T and mn
leads V3 through Vﬁ A short peniod of sinus arrest followed by a sius beat s seen 1n fead aVy

Case Summary

Arteniosclerotic coronary disease with myocardial 1schemia and angma pectotis Teleoroentgeno
gram shows that the heart 1s rounded at the apex and 15 enlarged tn uts transverse diameter There
15 enlargement of the great vessel shadow




Answers

B Cand E

Explanation

An mcomplete left bundle branch block 1s present because the QRS complexes are wide and pre
dominently posttive m lead I with small Q waves i leads I and Vg The early electric forces of ven
tricular depolanization are from left to right which makes a complete left bundle branch block un
Iikely Q waves are more evident 1n lead Vg when the electrode 1s elevated 1 cm (see below)

A partial AV block without dropped beats 1s present because of the prolongation of the P R ratervals
Ventricular ectopic beats are present also The negative J pomnts and saggmg of the § T segments
in lead Vgand other leads appear to be due to subendorcardial myury which could be erther acute
or chronic It 15 of interest that these shifts have been present for three years (see below) and are
1 part secondary to the large areas under the QRS complexes These shufts are not due to digitalis
as at no time has this pattent had this drug

Case Summary

Coronary arteriosclerosis coronary msufficiency with myocardial 1schemia The heart 15 rounded
at the apex and enlarged m 1ts transverse diameter There 1s calcification of the aorta
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Answer

C

Explanation

An intraventricular block 1s present as shown by the unusually wide Q!
The complexes are considerably wider than those produced by an uncomphcated left b
block 1n which the QRS width 1s usualty tn excess of 0 12 second but seldom exceeds 0 18 second
In addition the tracing shows no demonstrable P waves thus atnal standstill or possibly atnal
fibullation ts present A common cause for an intraventricular block 15 hyperkalemia however
this was not present 1n this case (see summary) Low R waves in lead Vg and Vg are in keeping with
a diagnosts of a posterolateral myocardial nfarct which mvolves the mterventricular septum The
diagnosis of myocardial nfarction 1n the presence of an ntraventricular block 1s uncertain how

ever as the mtraventricular block alone may sometime produce these abrormalities

Case Summary

The patient had hypertensive heart disease for years The tracing taken three years ago showed
left ventncular hypertrophy and anterior myocardial 1schemia (see below) The tracing taken six
months ago showed a left bundle branch block 1n which R waves were present in leadsVgandVg
(see below) Necropsy showed an old small anterior infarct and an acute large posterior infarct
extending from apex to base and mvolving the lateral wall of the left ventricle and the postertor
wall of the interventricular septum The non protemn mitrogen was normal The serum potassium

was normal
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Answer

D
Explanaton

5

The tracing 1s 1n keeping with a venthcular septal defect Elgc!rocardlographlcally the tracing 1s
suggestive of left ventriculac hypertrophy because of the deep S waves 1a leads V) and V, and all R
waves 1n lead Vg The fairly large U waves in lead V, V 3andV gare in keeping with cardiac hyper

trophy however other states such as a slow cardiac rate and hypokalerma also produce large U
waves The diagnosis of ventricular hypertrophy can be made best when the characteristic changes
m S T segments and T waves occur along with high voltage of the QRS complexes Left ventricular
hypertrophy of moderate degree which 15 not associated with degenerative changes of the myo-

cardium may show high voltage of the QRS complexes without signtficant changes m the S T seg
ments and T waves

Case Summary

Small ventrcular septal defect There 15 a Roger s murmur in the third 1ntercostal space to the left
of the sternum which radiates 1n a star ke fashion 1n all directtons and s associated with a thrill
Radwologrcally the heart 1s rounded at the apex which 1s suggestive of left ventricular hypertrophy
The heart 15 not enlarged 1n its transverse diameter Right ventricular hypertrophy 1s suggested by
the lifting of the heart from the diaphragm




Answer

C

Explanation

Hyperhalema 1s suggested by the tall T waves 1n the precordial leads Postertor myocardial ischemra
can produce similar changes however this often produces low T waves n lead Vg With hyper

\alema additional electrocardiographic abnormalities often develop for example atrial standstill,
traventricular block and ventricular fibrillation Sinus tachycardia 1s present with a rate of 125
beats per minute

Case Summary

The patient had chronic glomerulonephntis Serum potassium 7 9 mEq per ter CO, combining
power 14 mEq per hter NPN 375 mg % Hemoglobimn 6 gm

18



Answer

Cc

Explanation

The atria and ventricles are beating from independent pacemakers The atnal rate 1s 90 beats per
mmute and the ventricular rate is 29 beats per minute The atrial pacemaker 1s 1n the sinus node and
the ventricular pacemaker 15 111 the basal portion of the ventricles An alternative theoretical expla
nation for the wide QRS complexes 1s a night complete bundle branch block with the ventricular
pacemaker tn the junctional tissue This would account for the ventricular complexes which bave
the appearance of a night complete bundle branch block The slow ventricular rate however 1ndi
cates that the ventricles are driven from a pacemaker 1 the ventricles and not in the AV node

Case Summary

Congenital complete AV heart block No other cardiac abnormalities






PART B

ANSWERS TO QUESTIONS ON
ELECTROCARDIOGRAPHIC INTERPRETATION




ANSWERS TQ QUESTIONS
ARRYTHMIAS

Atrial depolarization s not regular so the P waves are not eanly distinguishable The
R R imtervals are wregular because of irregular conduction through the AV node

The atrial rate cannot be counted with cestamty, however the atral fibrillation waves usually
oceur at a rate of approximately 450 beats per mimute

Hyperthyrouhism bypertension corofiary artenoscleross myoeardial mfarction and other
diseass states are often associated with atrial fibritlation or flutter Rarely atnal fibnillation
or flutter are found in patients who have no demonstrable cardiac disease

The ventucular rate 15 usually wregular especially when o 1s slow When the rate 15 rapid
the wregulanty 15 more difficalt to detect

Often the P P intervals do not vary by more than 001 second

Atnal tachycardia charactenstically changes suddenly mnto smnus thythm This may be pre
cipitated by carotid sinus pressure or deep breathing This charactenstic reaction s different
from that winch occurs with stnal flutter or with smus tachycardma

Paroxysmal atnal tachycardm with block frequently occurs with digitabs mtoxication espe
cially 1f the blood potassium 15 low

Often paroxysmal atrial tachycardia occurs in apparently normal individuals without ewt
dence of cardiac disease however if may occur as a result of digtalis or a myocardial
mfarct or it may be associated with other disease states

Paroxysmal tachycardia sncludes intermuttent pensods of rapid heart beat when the pace
maker 15 1 the smmus node atnum AV node or venincle Some zuthors rmght not inctude
sinus thythms s this group

Elecinic alternation frequently 1s independent of pulsus alternang

Frequently the AV node takes over the function of pacemsker when the smus node
depressed

With AV nodal thythm with retrograde conduetion the atnal depolarization process maves

away from the AV node through the atna which results m a negative field of force at the
left foot electrode

When the node (as 1 nodal rhythm) 15 referred to 1t 15 generally meant to be the atrio-
ventnicular node rather than the sinus node

Nodal rhythm with retrograde conduction 1 referred to as high middle or low depending
upon the poution of the pacemaker 1 the AV node

With o pacemaler i the AV node and with retrograde conduction the P waves are mverted
in leads IF 1 and aVe Nodal tachyeardia with retrograd d s d
by rapd ainial conducuons occurning at a rate greater than 100 beats per munute If the
rate 1s between 60 and 100 1t 15 classified as nodal rhythm

Retragrade conductuion from AV node to atna depends upon the presence or absence of
disease of the AV node and other factors
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With parasystole an imtable focus outside of the sinus node serves as pacemaker and
discharges impulses at a regular rate The parasystolic rthythm will be the dommant chythm
of ts rate s mare rapid than the discharge rate from the sinus node

Sinus arrest 1s caused f;

quently by vagal stimul which prod 'y 1nhit
of the sinus node

When the cardrac rate vanes with respiration 1t 15 referred to as phasic sinus arrhythma
The cardiac rate may vary with the altered activity of the stnus node which 15 not rejated
to respiration 1n which case the term phasic 15 not employed

Phasic smus arrhythmra 1s a common finding 1n normal children and 1n patients with Cheyne
Stokes respiration

This figure has been selected arbitranily and 15 accepted by most cardiologsts Many normal
young adults and normal well trained athletes have cardiac rates below 60 beats per migute

These figures have been selected arbitranily but are accepted by most cardiologists

Sinus tachycardia may be due to nervousness anxiety hyperthyrordism tobacco infections
toxerma cardiac disease and other disease states

Some cardrologists may not mclude smus tachycardid 1 this group The term supra
ventricular tachycardia 1s employed when a more definite diagnosis regarding rhythm cannot
be made

Ventnicular fibriflation 15 charactenized by an absolute irregulanity of ventricular depolar
1zation

To determine the multifocal origin of ventricular ectopic beats differences configuration
of the beats should be observed 1n one particular lead

The P waves of the basic thythm coming ordmanly from the sinus node may be burieq
within the ventricular premature contractions Also retrograde conduction followmg the
ventricular premature contractions may occur 1n which case P waves will be found within
or after the QRS complexes

Ventricular premature contractions occur 1n health and dsease

The ventnicular ectopic beats from the base of the heart are predomunantly positive becay e
they follow 1n general the normal course of ventncular depolanization that 5 from ¢,
base to the apex This charactenistically resuits in posiive QRS complexes 1 the s'a“dar;
leads

The most common causes for bigeminy are a normal sinus beat followed by ap at
premature contraction or by a ventreular or nodal premature contraction fal

Ventricular premature contractions may occur 1 young mdividuals without d""ﬂnstm,
cardiac disease They are suggestive of cardiac dsease if they have therr onset Jate 1 b!t
and are precipitated by exercise

Usually the cardiac rate exceeds 100 beats per minute and the pacemaker 15 tn
Retrograde conduction through the atnia may or may not occur

T N



67

68

69

70

71

72

3
74
5
76

77

8

9

80

81

82

83
84
85

0o w » >

The work of the left ventricle 1s mncreased because 1t supplies blood to the pulmonary as
well as to the systemic crreulation The amount of Jeft ventricular enlargement 1s related
to the size of the ductus

Early n Iife the electrocardiogram may be nearly normal Late i life the left ventricular
hypertrophy pattern 15 common

Tricuspid atresta usually 1s assoctated with an anteratrial septal defect Because of this
a left ventnicular hypertrophy pattern 1s common In infants tnicuspid atresia with non
functioming night ventnicle may obscure normal physiologic night ventnicular predomnance
picture

Usually a nght ventricular hypertrophy pictute 15 present The nght ventricular pressure
1s usually increased as the right ventricle 1s pumping blood agamst the huigh systemic pres
sure of the peripheral circulation

Right ventricular pressure 1s usually increased because of the ventricular septal defect and
pulmonic stenosis and because the night ventricle1s pumping blood mnto an overniding aorta
aganst relatively hagh pressure

The pressure mn the right ventricle and the amount of nght ventricular hypertrophy vares

with the degree of pulmonic stenosis If the stenosis 1s shight a normal electrocardiogram
may be present

Disseminated lupus erythematosus may or may not affect the heart

The electric axis of P waves often 15 about 90 degrees i patients with pulmonary em
physema

Paroxysmal atrial fibrillation or atrial fiutter are common with severe untreated hyper
thyroxdism

Sinus bradycardia can be mmproved significantly with therapeutic doses of thyroid

DRUGS AND ELECTROLYTES

Digstalis accelerates the rate of ventricular repolarization

Dugitalis commonly causes first second or third degree AV block but does not as a rule
produce an intraventricular block

Charactenstically digitalis does not slow the cardiac rate when an increased rate 15 due
to toxic states or nfections when congestive heart farlure 15 not present

Discordant J shifts are common 1n most leads however n certain leads especrally those
near the transitional zone this general rule does not hold

Quinidine prolongs the time of ventricular repolarnization

When atrial flutter 15 present with a 2 1 AV block quinidine may accelerate the ventnicular
rate by producing a 1 1 conduction as a result of slowing the atrial rate
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Hypocalcemra delays ventricular repolarization

Prolongation of the Q T intervals may be shown by measuring from the beginning of the
QRS complex to the peak of the T waves In this way a faly accurate measurement
can be made

With hypocalesa U waves ate common which make 1t difficult to measure the Q T atervals
n the conventional manner

The blood potasstum level does not bear a constant relationship to the electrocardiogram,
however under certain circumstances it may be of value For example 1n drabetic patients 1
coma Of 1N Post operatwe patients after prolonged gastric suction the electrocardiogram
may be of value 1 determining the dwectional changes m blood potassiom In cases of
this sort, 1t 1s wise mitially to take an electrocardrogram and also to determine the blood

p clinically T frer the electrc am may serve as a means of determun
g rtelative changes in potassium

ELECTRIC AXIS

The average mean electric axis of the QRS complexes for mfants und
1s 4 130 degrees The average for children 1s - 52 degrees er 6 months of age

The amount of nght axis deviation 1s dependent upon the relativ

e enla
nght and left ventricle and 15 related indirectly to the relative amout of \v;\gi”:)i“‘hof the
and left ventricles the night

In all of these conditions the work of the left ventricle exceeds that of the night

When the mean electric axes of QRS and T are m opposite dir
ection
usually present s cardiac disease s

HYPERTROPHY
(ATRIAL AND VENTRICULAR)

The precordial leads are of value also 1 diagnosing atnal enlar
‘gement or hypertroph,
y

Atnial enlargement should be determined from the precord,
e ends precordial as well as from the standard

The dsstribution of the electric forces over the surface of the body depends
upon the

selative preponderance of ventricular hypertrophy as well as on f]
1n the chest he position of the hear

Although 27 mm 1S the upper hmit of normal for R waves 1n
appendix 1t should be remembered that the normal values are b;\]::?;’f as shown 1n the
senies of cases a relatively sma

The upper limit of normal for the time of onset of the intrinsic
1 005 seconds for adults 1coid deflection i lead v ‘
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The work of the left ventricle 1s increased because it supplies blood to the pulmonary as
well as to the systemic circulation The amount of left ventneular enlargement 18 related
to the size of the ductus

Early 1n Uife the electrocardiogram may be nearly normal Late 1n hfe the left ventricular
hypertrophy pattern 15 common

Tricuspid atresia usually 15 associated with an interatnal septal defect Because of this
a left ventricular hypertrophy pattern 1s common In infants tricuspid atres:a with non
functiomiag, nght ventncle may obscure normal physiclogic right ventricular predomnance
picture

Usuallv a night ventnicular hypertrophy picture 1s present The right ventricular pressure
15 usually increased as the right ventricle 1s pumping blood agamst the high systemuc pres
sute of the penpheral circulation

Right ventricular pressure 15 usually increased because of the ventricular septal defect and
pulmonuc stenosis and because the right ventricle1s pumping blood into an overnding aorta
against relatively high pressure

The pressure in the night ventricle and the amount of nght ventricular hypertrophy varies

with the degree of pulmomc stenosis If the stenosis 1s shght, a normal electrocardiogram
may be present

Disseminated lupus erythematosus may or may not affect the heart

The electric axis of P waves often 15 about 90 degrees in patients with pulmonary em
phvsema

Paroxvsmal atrial fibnliation or atnal flutter are common with severe untreated hvper
thyrowdism

Swmnus bradycardia can be 1mproved sigmificantly with therapeutic doses of thyrowd

DRUGS AND ELECTROLYTES

Digitalis accelerates the rate of ventricular repolanization

Digitalis commonly causes first second or third degree AV block but does not as a rule
produce an intraventricular block

Charactenstcally digitabis does not slow the cardiac rate when an mcreased rate 15 due
to toxic states or infections when congestive heart failure 1s not present

Discordant J shifts are common 1n most leads however 1 certamn

leads especially those
near the transiional zone this general rule does not hold

Quinidine prolongs the time of ventneular repolanzation

When atrial flutter 15 present with 2 2 1 AV block quinidine may accelerate the ventncular
rate by producing a 1 1 conduction as a result of slowing the atnal rate
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Hypocalcemia delays ventricular repolarization

Prolongation of the Q T intervals may be shown by measuring from the begmmning of the
QRS complex to the peak of the T waves In this way a famly accurate measurement
can be made

With hypocalerma U waves are common which make 1t difficult to measure the Q T intervals
i the conventional manner

The blood potassium level does not bear a constant relationshup to the electrocardiogram
however under certain circumstances it may be of value For example 1n diabetic patients in
coma or in post operative patients after prolonged gastric suctton the electrocardiogram
may be of value 1n determimng the directional changes 1n blood potassium In cases of
this sort 1t 18 wise 1nitially to take an electrocardiogram and also to determine the blood
potasstum chinically Thereafter the electrocardiogram may serve as a means of determin
mg relative changes m potasstum

ELECTRIC AXIS

The average mean electric axis of the QRS complexes for infants under 6 months of age
18 - 130 degrees The average for children 15 | 52 degrees

The amount of right axis deviation 1s dependent upon the relative enlargement of the
right and left ventricle and 15 related indirectly to the relative amout of work of the rght
and left ventricles

In all of these conditions the work of the left ventricle exceeds that of the right

When the mean electric axes of QRS and T are n opposite directions cardiac disease 15
usually present

HYPERTROPHY
(ATRIAL AND VENTRICULAR)

The precordial leads are of value also in diagnosing atnal enlargement or hypertrophy

Atnial enlargement should be determined from the precordial as well as from the standard
himb leads

The distribution of the electric forces over the surface of the body depends upon the
relative preponderance of ventricular hypertrophy as well as on the position of the heart
1 the chest

Although 27 mm s the upper hmt of normal for R waves 1 Jead V4 as shown 1n the
appendix 1t should be remembered that the normal values are based on a relatively small
senies of cases

The upper it of normal for the time of onset of the mtnnsicord deflection in lead V¢
15 005 seconds for adults
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Normally 1n adults the R waves should not be taller than 70 mm 1 lead Vy or 16 0 mm
1 lead Vy

Left ventricular hypertrophy 1n a horizontal heart 15 associated with mean electric axis
to the left Left ventnicular hypertrophy may exist 1 a vertical heart in which case the
electric axts may be within normal himits but can be displaced to the right

With night ventricular hypertrophy the transitional zone as seen i the 6 precordial leads
often occurs m lead Vg or between Vi and V2 This 1s shufted to the night of the usual
posttion which 15 1n lead Vg orVy

If 1 the presence of a night bundle branch block the R prime wave exceeds 17 0 mm ,
1t 1s Likely that nght ventsicular hypertrophy 1s present as well

INTRINSICOID DEFLECTION

Delayed onset of the mstrinsicoid deflections 1n lead V5 occurs when ventricular depolariza
tion occurs 1n an abnormal fashion for example with a left bundle branch block or when
the ventricular accession wave 1s delayed as with an intraventricular block or when the
thickness of the left ventricle 1s mncreased which prolongs the time for the passage of the
activation wave

In order to obtam the most useful mformation 1t 1s best to place the electrodes as close
to the heart as possible

The upper it of normat for the tume of onset of the intrinsicord deflection m V115003
and nV ¢ 15 0 05 second

LEADS
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Normally the apex of the heart 1s downward to the left and toward the front of the
body LeadV g faces the posterolateral aspect of the left ventricle

With atsal fibnillation an srregular base line 15 seen often between QRS complexes With
atrial tachycardia the P waves are promnent if the electrode 1s properly placed and the
P P intervals are nearly regular  Carotid sinus pressure and deep breathing assist m differ
entiating between these two conditions

The electrode 1s below the sinus node The atnal depolanzation process moves toward the
electrode which results 1 a positve P wave

The aVg electrode 1s common to standard leads IT and ITI

The aVp electrode 15 common to leads I and 1T

MYOCARDIAL INFARCTION

The process of nfarction 15 considered chronic when significant changes 1n the electry
cardtogram no longer occur 0~
QS waves may occur mn leads V3and V 4 with an anterior mfarct and also with 2 Teft
branch block bundle

A stnctly anterior myocardial infarct results 1n forces which travel
frontal plane of the body which produce very hittle change 1n the I
changes occur usually 1 precordial leads

perpendicular 1o g,
mb leads Slgmﬁcani

When the major deflection of the QRS complex 1s negatne the J pomt and § T

are positive Segments
A small subendocardial infarct ch: wtically does not alter the height of he R W
in the precordial Jeads which overlte the mfarct providing the epreardium aves

15 1ntact

Lead V3 often overhes the anteroseptal portion of the heart if the heart s p,

0ty
larged or rotated and if the electrodes have been properly placed on the ch nduly e

est wall

With a small mtramural infarct the electnc forces produced by the infarct are equa)
onposite and have a balancing effect which does not alter the QRS complexac ... '~ 0 and
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A transmural infarct 1nvolving the anterior portion of the left ventncle destroys the electnc
forces ordinarily produced by this portion of the myocardium An electrode placed over
this area records the electric forces present within the cavity of the left ventricle

A lateral nfarct destroys electric forces on the lateral surface of the left ventricle which
leaves an overbalance of forces on the rnight resulting 1n tall R waves 1n lead V|

With a lateral myocardial infarct electric forces are moving toward or away from the
Vgand aVy, electrodes thus these leads reveal the presence of the nfarct

Typically the Q waves are large and there are elevated S T segments and nverted T waves
1 lead aVp

A large subacute posterior myocardial nfarct 15 characterized by relatively deep Q waves
1soelectric S T segments and mverted T waves which change 1n amplitude 1n senal electro
cardiograms The chronic stage 1s reached when the amphtude of the T waves becomes
constant

With a chronic posterior infarct Q waves are often present 1n lead aVr S T segments
are nearly 1soelectric and T waves do not change 1 amplitude 1n senal tracings

A negative field of force with respect to the central terminal produces a negative deflection
(Q wave) m lead aVg

An old infarct hugh on the posterior wall of the left ventricle may not be detected by the
usual twelve lead electrocardiogram

Many subendocardal 1nfarcts produce negative S T segment shifts 1n the precordial leads
without altering the QRS complexes

MYOCARDIAL INJURY AND ISCHEMIA

Isch of the subendocardium results in injury shifts which often mamfest themselves
by negative S T segment shafts 1n lead V4

Coronary arteries which have narrow lumens may be able to supply adequate blood to
the myocardium of the patient at rest however this supply may be madequate when the
patient exercises

The S T segment shifts often last from one to five minutes

PERICARDITIS

When pencarditis 1s acute severe and diffuse the S T segments are usually elevated m
leads I 11 andV 4

When the subepicardium 1s involved the electrocardiogram 1s altered If the percardium

1s involved without mvolvement of the subepicardium no electrocardiographic changes are
produced

Tuberculosts mnvolving the pencardium sometimes produces constrictive pertcarditis which
15 charactenized by low voltage of the QRS complexes
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POSITIONS OF THE HEART
(ELECTROCARDIOGRAPHIC)

The correlation between the electrocardiographic and the anatomic position of the heart
1s better i health than 1t 1s 1n disease

When the apex of the heart moves up (the heart becoming more horizontal) counterclock
wise rotation usually occurs

This may be associated with strong counterclockwise rotation of the heart about the long
axs as viewed from the apex

This may be assoctated with slight counterclockwise rotation of the heart about the long
axis as viewed from the apex

Charactensstically there 1s no significant rotation of the heart about the long axis as viewed
from the apex

This may be associated with slight clockwise rotation of the heart about the long axis as
viewed from the apex

This may be associated with strong clockwise rotation of the heart about the long axis
as viewed from the apex

The indeterminate posttion 1s diagnosed when the tracing does not fit into the following
categories honzontal semihonizontal intermediate semivertical and vertical

PULMONARY INFARCTION

S waves appear in lead I with Q waves elevated S T segments and mverted T waves 1n
lead III Lead aVr does not necessanly resemble lead I

Small pulmonary infarcts usually do not produce significant changes n the electrocardio
gram Subacute pulmonary mfarcts usually show less change than acute ones

THEORY

In many normal ndividuals the mean electric axis of the QRS com lexes po
from the right arm and toward the left sliac crest 1n such cases the (gRS cogn};rll;e;sl“;iy
small in lead I and are positive and of equal amplitude mn leads T and I} e

Forces moving parallel with the frontal plane of the body have Lttle effect on Jead v,
B

Other transitional zones may be found on the body besides that
standard 6 precordial leads which appears 1 the

.
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Ventricular depolarization begins from the Purkinje system which 1s at the endocardium

A When the depolarization process moves perpendicular to the lead I hine a small or no
deflection 15 written 1n that lead If the process 1s moving toward the foot at a 90 degree
angle with a line connecting the lead T electrode the QRS complexes will be large, positive
and of equal amplitudes 1n leads II and IIT

A

(o3

A An mtraventrcular block can be local or diffuse

A This 1s true 1 general but does not hold necessarily for all of the different tissues of the
body

B

A

A

A The ventricular gradient 1s a2 measurement of the electric activity (depolarization and
repolanization) of the ventricles

A Electrocardiographically this would be shown as shifts of the S T segments

B

A

A A good example 15 a bath of saline

A

A

C

B

B

WAVES, INTERVALS, SEGMENTS AND J POINT

Notching of P waves occur in 2 large percentage of normal individuals

See appendix

» N O w0

Atrial enlargement may be simulated by rotation of the heart and should be dizgnosed
with caution from the standard leads The precordial leads are of value in differentiating
nght from feft atnal enlargement
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See appendix

Prolonged P R intervals can be due to a varnety of cau es

The P R nterval measures the time from the beginning of atrial depolanization (P waves)
to the beginming of ventrscular depolanzation (QRS complexes)

Erroneous measurements may result when narrow waves or QRS complexes are used
because parts of the depolarization processes may be 1soelectric

In normal subjects the Q waves are of short duration

Tt 15 desirable to consider the amplitude of the QRS complexes 1n Jead aVy when making
a dragnosis of posterior myocardal infarction Somte normal mdividuals have QRS com
plexes of low amplitude (less than § 0 mm ) 1n this lead and 1n these subjects the Q waves
may be deep with respect to the height of the R waves however 1n such a case this finding
15 not necessanly mdicative of disease

Relatively deep Q waves (6 0 mm or less) 1n lead III occur normally with obesity left
ventricular hypertrophy as well as with posterior infarction

Septal Q waves 1 lead I are small

Potential varations from the endocardial surface of the night and left ventricles have a
strong nfluence on the configuration of lead aVg

Often the widest QRS complexes are found in lead V5

This 15 because the ventricular depolarization process in many normal individuals moves
perpendicular to a line the lead III el d

Only a few normal mwdividuals have QRS pl wider than 0 10 secong

Low voltage of the QRS complexes 15 diagnosed usually when the highest QRS g,

of the six imb leads 1s less than 5 0 mm This occurs 1n the standard and 1 ‘hemupnljmodl;:
Imb leads when the ventricular depolanization process 1s traveling perpendicular tg th
frontal plane of the body It occurs also 1 certain disease states for example hypoth e
roidism ypothy
Wide QRS complexes occur with a left bundle branch block severe hype,
from quiding intoxication YPerkalemia and

The relationship 1s shown by the Bazett formula which 1s QT¢ = QT

VR R
Hyperparathyroidism produces hypercalcemia which shortens Q T mtervals
Digitalis accelerates the rate of ventncular repolanization

See appendix
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Long QT wtervals may be due to qumdine hypocalcemia and other states . which
orgame myocardial diseases may not be present Myocardial mjury and mschemia also
prolong QT mtervals

In addition to correcting the Q T interval for heart rate (Q Tc) 1t 15 often necessary
to correct for abnormal profongatson of the QRS mterval 1¢ 1n the presence of a bundle
branch bloch

The sormal values are shown in the appendix Prolonged athletic trawung produces ST
segment shifts which are greater than those Iisted in the tables of normal values

‘When the segment siifts persist {or as long as 24 hours necrosis of the myocardium usually
results § T segment shifts histing for five 10 ten munuies are assoctated with acute myo
cardral injury and 1schemua however necrosts and death of muscle may not result

Some normal subjects especially athletes have elevation of the RT junction which
exceeds the fimits of normal shown i the appendix

Penicarditis and other disease states in addiion to myocardml ischemia can produce
abnormalities of the T waves

Imerted T waves m lead 1 1 the presence of posune QRS complexes are almost always
a sign of cardiac disease providing the ECG has been taken and mounted properly Myo
cardral ischemia left ventnicular hypertrophy and penicardiis are causes

Secondary T wave changes are associated with mncreased areas under the QRS complexes

See appendit






