
THE PACEMAKER ELECTROCARDIOGRAM (Cont.) 
1 and 2. (On p. 68.) 

A. Regular S-S. (On pp. 
66-68.) 

3. Superimposed on early spontaneous QRS (1) When appearing - 
and appearing after the pause at preset* after a pause, the 
interval. S is followed by 

ventricular depo-
larization. 

I. Present. (Cont.) 

4. Superimposed on early spontaneous QRS 
but escape interval or rate less or greater 
than preset;* when appearing after pause, 
spike fails to capture ventricle. 

PACER SPIKE 
(Cont.) 

II. Absent.$ 

B. Irregular S-S. (Cont.) 

A. Spontaneous 
gular. 

(1) Irregular QRS 
rhythm without 
pauses greater 
than preset escape 
rate of pacemaker. 

(2) Irregular QRS 
5. S follows each P at fixed interval and rhythm with 

is in turn followed by ventricular de- pauses greater 
polarization except when P-P interval ex- than preset escape 
ceeds escape interval of pacemaker. rate of pacemaker. 

When P-P interval 
lengthens to great-
er than escape in-
terval, a spike ap-
pears followed by 
ventricular depo-
larization. 

6. S superimposed on all spontaneous 
QRSs. 

1. Spontaneous QRS rate greater than pre-

QRS Reg- set rate.* 

2. Spontaneous QRS rate less than pre-
set rate.* 

B. Spontaneous QRS Ir-
regular. 

1. No R-R interval greater than preset 
escape interval. 

2. Some R-R intervals greater than preset 
escape interval. 

*The specific escape interval, refractory period, and preset fixed rate of the individual pacemaker must be known to interpret proper function. 

tTest by shutting off standby mode with magnet and forcing pacemaker to act in a fixed rate mode (Fig. SS X). 

tlf pacemaker is a fixed rate model, the absence of a spike always indicates malfunction. 
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(1) Irregular QRS 
rhythm without 
pauses greater 
than preset escape' 
rate of pacemaker. 



2 4 7 • 
NO ECG ItO 

Properly functioning ventricular synchronous pacemaker. FIG. SS12 

Malfunctioning ventricular synchronous pacemaker.  FIG. SS13 

Atrial synchronous pacemaker with sinus arrhythmia. FIG. SS14 

Atrial synchronous pacemaker, properly functioning.  >  FIG. SS15 

Ventricular synchronous pacemaker with irregular ventricular 
rhythm. 

Ventricular inhibited pacemaker in standby modet or FIG. SS16 
nonfunctioning fixed rate pacemaker. 

Malfunctioning pacemaker. 

Demand or ventricular inhibited pacemaker in standby mode.t 

Demand pacemaker malfunctioning. 

FIG. SSX 
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Magnet applied. 
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CHAPTER 4 

Differential Diagnosis of the Q Wave 

THE Q WAVE 

When the initial deflection of the QRS 
complex is downward, it is called a Q 
wave. The term QS is used to designate 
an entirely negative QRS complex. A Q 
wave may be normal, borderline, or ab-
normal in any lead, depending upon wheth-
er its amplitude, duration, and configura-
tion conform to certain arbitrary criteria. 
Normally, a small q wave is present in 
those leads facing the left ventricular epi-
cardial surface. This normal q is caused 
by the depolarization of the interventric-
ular septum from left to right during the 
initial 0.02 sec. of ventricular depolariza-
tion. 

A normal q wave is one which is less 
than 0.03 sec. in duration, less than 25 per 
cent of the following R wave in ampli-
tude, and neither slurred nor notched. (See 
Fig. Q5, lead 1.) 

An abnormal Q wave is one which is: 
(1) 0.04 sec. or longer in duration; (2) 25 
per cent or more of the following R wave; 
or (3) notched or slurred, regardless of the 
lead or the height of the following R 
wave. (See Fig. Q53, lead V6.) 

The borderline Q is more likely to be 
normal if: (1) it is less than 0.04 sec. 
in duration, even though it is more than 

These criteria apply specifically to leads 
electrically facing the left epicardial sur-
face, V4 to V6 and usually standard lead 
1. They also apply to any lead in which 
a prominent R wave, 6 to 8 mm. in 
height, is present. They do not apply to 
AVR. They may or may not apply to 
lead 3, AVF, and AVL. The criteria for 
abnormality of a Q wave in leads VI to 
V3 differ somewhat from these and are 
considered in more detail in Volume II. 

A borderline Q wave is one that does not 
fulfill all of the criteria for abnormality. Sev-
eral factors may influence the physician's 
judgment as to whether or not a borderline Q 
wave is indicative of underlying disease. (See 
Fig. Q1, lead 1.) 

The borderline Q wave is more likely to 
be abnormal if: (1) it is 0.04 sec. or more 
in duration, even though less than 25 per 
cent of the following R; (2) it is notched or 
slurred; (3) it is followed by an inverted T 
wave; (4) the following R wave is notched 
or markedly slurred; (5) the S-T segment is 
elevated in the same lead. 

25 per cent of the following R wave; (2) 
it is smooth and sharp; (3) the following T 
wave is upright. 

In spite of these stated criteria, expe-
rience has shown that it is impossible to 
absolutely define an abnormal Q wave. 
Various competent observers have offered 
markedly different criteria for the abnor-
mality of the Q wave. A wave of a certain 
depth, width, and configuration that is nor-
mal in one lead may be abnormal in 
another. The use of a fixed percentage 
ratio of Q to R is arbitrary and empiric 
and open to frequent error. 

When the distinction between a normal 
and an abnormal Q wave is not clear, the 
electrocardiogram should be reported as 
borderline. Serial tracings and careful 
clinical evaluation may aid in the differ-
ential diagnosis. 

When the Q wave is borderline in sus-
pected acute myocardial infarction, it may 
become more abnormal in serial tracings, 
thus helping to resolve the problem. In 
doubtful cases, serial S-T segment and T 
wave changes may occur which will pro-
vide additional help in establishing the 
diagnosis. 
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KEY PAGE-Q WAVE ABNORMALITIES 

DIFFERENTIAL 
DIAGNOSIS 
OF THE Q 

WAVE* 

I. Q wave in the limb leads LI and AVL 
with or without Q in L2. 

II. Q wave in AVF and L3. 

A. Abnormal Q wave (pp. 74-76). 

B. Borderline Q wave (p. 76). 

A. Abnormal Q wave (p. 78). 

B. Borderline Q wave (p. 80). 

C. QS complex in AVF (p. 82). 

A. Wide, deep Q wave (followed by a small 
r) (p. 82). 

B. Any deep Q wave followed by a large R 
(p. 84). 

III. Q wave in the right precordial leads: V l  1r C. Small q followed by a large R (p. 84). 
and/or V2 and at times V3 or V2 and V3. 

IV. Q wave in the midprecordial leads (usu-
ally V3, V4, and V5). 

V. Q wave in the left precordial leads (usu-
ally V4, V5, and/or V6). 

D. QS complex (p. 86). 

E. Any small q preceding a small r (p. 86). 

F. Failure of R to progressively increase in 
amplitude from right to left (may have the 
same significance as a q wave) (p. 88). 

A. Abnormal Q wave (p. 90). 

B. Borderline Q wave (p. 90). 

C. QS pattern (p. 90). 

A. Abnormal Q wave (p. 94). 

B. Borderline Q wave (p. 94). 

C. QS complex (p. 94). 

*The criteria for a normal, borderline or abnormal Q wave for each of the various leads is discussed on page 72. A careful reading of this discussion 
is prerequisite to the use of this section. 
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DIFFERENTIAL DIAGNOSIS OF Q WAVE 

1. No other electrocardiographic abnor-
malities present. 

2. Associated with abnormal Q wave in L2. - 

3. Associated with inverted T wave with or - 
without elevated S-T segment in the same 
lead. 

4. Associated with deep Q in V4 to V6. 

I. Q wave in the limb\ 
leads LI and AVL 
with or without Q 
in L2. 
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A. Abnormal Q wave. 

B. Borderline Q wave.* 
(See p. 76.) 

5. Associated with P mitrale if in RSR and an - 
electrocardiogram characteristic of right 
ventricular hypertrophy (large R in VI, 
marked right axis shift). 

6. Q in AVL alone. 

7. Associated with a negative P wave, normal 
P-R interval, and negative T wave (rS 
complex present in VI through V6). 
Right-sided V leads show qR. 

8. Associated with a negative P wave. (See p. 
76.) 



Usually anterior wall myocardial infarction. 

Anterior wall myocardial infarction. 

Anterior wall myocardial infarction.  

FIG. QI 

FIG. Q2 

Additional evidence of anterior wall myocardial infarction. FIG. Q3 

Positional Q wave associated with left atrial enlargement and FIG. Q4 
right ventricular hypertrophy. 

May be normal, especially if associated with negative Pin the FIG. Q5 
same lead. 

May possibly be anterior wall myocardial infarction, 
particularly if P is upright. (High lateral leads or serial 
tracings may help to establish diagnosis.) 

FIG. Q6 

Dextrocardia.  FIG. Q7 
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DIFFERENTIAL DIAGNOSIS OF Q WAVE (Cont.) 

A. Abnormal Q wave. 
(Cont.) 

I. Q wave in the limb 
leads Ll and AVL 
with or without Q 
in L2. (Cont.) 

8. Associated with a negative P wave, a nor-
mal P-R interval, and a negative T wave, 
but with normal precordial leads. 

1. No other electrocardiographic abnor-
malities present in these leads. 

B. Borderline Q wave.  ► 2. Associated with inverted T and/or S-T 
segment elevation in the same lead. 

3. Associated with abnormal Q in V4 to V6. 

4. In AVL alone. 
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Leads misplaced (transposed RA and LA leads). > FIG. Q8 

Borderline electrocardiogram. >  FIG. Q9 
Clinical findings, serial tracings, and exploratory chest 
leads may aid in establishing the diagnosis. 

More likely anterior wall myocardial infarction. > FIG. Q10 

Anterior wall myocardial infarction.   FIG. Q11 

Probably normal.   FIG. Q12 
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DIFFERENTIAL DIAGNOSIS OF Q WAVE (Cont.) 

1. No other electrocardiographic changes 
present. 

2. Associated with an abnormal Q in L2. 

II. Q wave in AVF 
and L3. (An iso-
lated, deep Q in 
L3 is not usually 
abnormal.) (See 
p. 72.) 

3. Associated with an inverted T wave with or 
without elevated S-T segment in the same 
lead. 

4. Associated with high, peaked T waves in 
the right percordial leads. S-T often de-
pressed in the same lead. 

A. Abnormal Q wave. 5. Associated with an R greater than S in VI. 

B. Borderline Q wave. (See 
p. 80.) 

C. QS complex in AVF. 
(See p. 82.) 

*The previously stated criteria for an abnormal Q do not apply in lead AVF unless the entire QRS in this lead is over 4 mm. in amplitude. When the QRS 
complex is less than 4 mm., the amplitude relation of Q and R is less important than is the width and the notching and slurring of the Q wave. 
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6. Associated with a deep SI. 

7. With or without an R in V I and an inverted 
T in VI and possibly V2 and V3 and as-
sociated 

3/4%•••••. 
with a deep SI. 



Probable inferior wall myocardial infarction. 1  FIG. Q13 

Inferior wall myocardial infarction. >  FIG. Q14 

Inferior wall myocardial infarction.  FIG. Q15 

Confirmatory evidence of inferior wall myocardial infarction. 

Inferior wall myocardial infarction with posterior wall involve- FIG. QI6 
ment. 
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May be either acute or chronic cor pulmonale (RV H) and FIG. Q18 
occasionally normal. 
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