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7.1  Case 1: Hemiblocks

A preoperative ECG of a 48-year-old male
affected by dyslipidemia, without any previous
cardiological pathologies, was recorded. He
complained of occasional palpitations (Fig. 7.1).

7.1.1 ECG Analysis

Regular rhythm at 67 bpm; every QRS is pre-
ceded by a P wave with normal axis, amplitude,
and duration typical of a sinus rhythm; the atrio-
ventricular conduction is at the upper limit (PR
200 ms); QRS duration is slightly prolonged
(110 ms).

There is a left axis deviation —60° with poor R
wave progression on the precordial leads and a
delayed intrinsicoid deflection in aVL (60 ms), a
terminal R wave in aVR, and a biphasic complex
in V6. These findings suggest a left anterior fas-
cicular block.

The QTc is slightly prolonged (Bazett =
465 ms).
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7.1.2 From ECG to Clinic

When a complete left axis deviation (> —30°) is
recorded, there are usually two main causes:

(1) A simple left anterior fascicular block (or
hemiblock, LAH) where the QRS complexes
have an rS morphology

(2) Inferior or inferolateral myocardial infarc-
tion; with a possible Q wave in leads II, III,
and aVF (5%)

Other possible clinical conditions coming
together with a left axis deviation are:

(3) Left ventricular hypertrophy
(4) Ventricular preexcitation
(5) Pulmonary emphysema (COPD) (Table 7.1)

Some authors [1] further distinguished LAH
in complete and incomplete; that may be appar-
ent when premature beats are conducted with dif-
ferent degrees of LAH with a different QRS axis
and S wave amplitude in II and III.

The electrocardiographic and vectorcardio-
graphic expressions of LAH may have a high
variability secondary to the fascicular speed and
its anatomy (Fig. 7.2). It could be possibly more
appropriate to substitute the term “block™ with
simply “delay” [2].
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Fig.7.1 Case | 12-lead ECG

Table 7.1 Case 1 ECG features of LAH

ECG features of LAH Additional findings

Left axis deviation of at least | Delayed intrinsicoid

—30° deflection (>50 ms) in
aVL

S wave II < IIT Slurred R downstroke
in I and/or aVL

qR complexes inaVL andI | Rs or rS without Q
waves in V6©

QRS duration <0.12 s

1S complexes in III and aVF,
and rS or RS in II
Secondary repolarization
abnormalities of ST-T in [
and aVL

“In opinion of some authors, the lower limit should be set
at -45° because of its specificity
°Or from V4-V6

r terminal wave in
aVR

Figure 7.3 reports a minor grade of left axis
deviation (—30°) due to left anterior hemiblock.
The AV conduction is at upper normal limit, and
there is a slightly prolonged QTc. Are those fig-
ures clinically relevant features when compared
to Fig. 7.17

The prognostic value of a left anterior hemi-
block depends on the clinical context. Previous
studies [3, 4] that evaluated its prognostic signifi-
cance in a general population with structurally
normal hearts did not report any relationship with
long-term mortality.

Biagini et al. [5] instead found that LAH is an
independent predictor of total (1.5-fold) and car-
diac (2.5-fold) mortality in a special patient pop-
ulation referred for a dobutamine stress test.
Patients with LAH had a 10% higher incidence of
ischemia at dobutamine stress echocardiography.

More recently, pre-existing isolated LAH was
found to be associated with a higher incidence of
permanent pacemaker implantation after a trans-
aortic valve implantation (TAVI) [6].

However its natural history is benign since only
6% of LAH in people without apparent heart disease
will evolve to complete left bundle branch block.

The latest European Guidelines [7] advise
against preventive PMK implantation in asymp-
tomatic patient with any bundle branch block
(class 3, level of evidence B).
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Fig. 7.2 Case 1 Diagrammatic sketches of the left-sided
conduction system as observed in 20 normal hearts [taken
from J.C.Demoulin and H.E. Kulbertus, 1972.

Possible misdiagnosis:

1. A right bundle branch block may mimic LAH;
in that case, a possible wrong diagnosis of bi-
fascicular block can be done.

2. A “standard lead” masquerading right bundle
branch block coexisting with LAH.

3. A “precordial” masquerading right bundle
branch block coexisting with LAH.

In the first case, the anterior direction of the
terminal forces is missing, so an rSr’ complex in
precordial leads may be absent, and an rs or rS
complex appears in IIL.

A close look at Fig. 7.4 reveals that S2 > S3
and there is a little s wave in aVL; those patterns
are not typical of a simple LAH.

In the second and third cases, a right bundle
branch block is masquerading by a left anterior
hemiblock (respectively, Figs. 7.5 and 7.6):

e In the standard leads masquerading, there
aren’t S delayed waves in I and aVL.

 In the precordial masquerading, there are rSR’
complexes in right precordial leads.
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7.1.3 Left Posterior Hemiblock

Left posterior hemiblock is a rare finding.

Its electrocardiographic diagnosis is mainly
made after a right ventricular pathology exclusion.

In a long-limbed patient, for instance, this
diagnosis could be overdone since a right axis
deviation could be due simply to the vertical heart
position, in the absence of a true conduction delay.

In Fig. 7.7, there is an example of an ECG of a
31-year-old female: she was referred to the cardi-
ologist for clinical evaluation before starting a
physical training at the gym.

She was completely asymptomatic.

7.1.4 ECG Analysis

Narrow complex regular tachycardia; every QRS
is preceded by a P wave with normal axis (+75°),
high amplitude (0.25 mV in lead II), and normal
duration typically of sinus origin. HR is 102 bpm;
atrioventricular conduction is normal (PR =
180 ms); there is a small PR segment
depression.
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Fig. 7.4 Case 1 12-lead

ECG
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Fig.7.5 Case 1 12-lead ECG
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Fig.7.7 Case 1 12-lead ECG

QRS duration is normal, with a right axis
deviation (+115°).

There are diffuse ST-T alterations: flat ST seg-
ment with biphasic T waves in III and aVF, sym-
metrical in V2-V5.

QTc is normal (430 ms).

In summary, the ECG shows sinus tachycardia,
normal AV conduction, right axis deviation second-
ary to left posterior fascicular hemiblock, nonspe-
cific repolarization abnormalities, and normal QTc.

7.1.5 From ECG to Clinic

In the absence of any pathology, an echocar-
diogram was also recorded and confirmed a
normal right ventricular morphology, dimen-
sions, and function and normal pulmonary

artery dimensions and gradients; there was
only a mild mitral regurgitation due to anterior
leaflet prolapse.

A pectus excavatum was present; that anatom-
ical pattern by changing the normal topography
of the chest/heart could influence on the axis
deviation and thus question the diagnosis of left
posterior hemiblock.

The diagnostic reported classical signs of this
rare conduction disturbance are:

* Right axis deviation (>90°)

* R complexes in II, III, and aVF

e ST-T inversion in the same leads

e Q wave absence in V6

e aVF intrinsicoid deflection delay slower than
in V6

¢ QRS duration <120 ms



7 QRS Morphologies of Difficult Interpretation

67

We believe that this reported ECG is a normal
variant in a young woman with mild mitral valve
prolapse and without other abnormal findings.

The diagnosis of left posterior hemiblock
remains a conundrum, which is possible to solve
only after an exclusion criteria work-up.

7.2  Case 2:Pathological

and Physiological Q Waves

In Table 7.2, the common conditions that favor Q
waves on the surface ECG are reported [§—10].

In Wolff-Parkinson-White (WPW) preexcita-
tion a pseudo-infarction pattern may be a com-
mon finding in up to 70% of patients. That is due
to negative delta waves in the inferior/anterior
leads (“pseudo-Q waves™) or to a prominent R
wave in V1-3 (mimicking a posterior infarction).

Inferior lead pseudo-infarct Q waves are a
common finding in the Wolff-Parkinson-White
(WPW) syndrome.

In a retrospective study [11], pseudo-infarct Q
waves in the inferior leads were associated with
positive or isoelectric T waves in 47 of 50 exam-
ples (94%).

Table 7.2 Features of Case 2 pathological and physio-
logical Q waves

Pathological Q waves

Physiologic and positional effects: dextrocardia,
rightward mediastinal shift in left pneumothorax,
pectus excavatum, COPD, corrected transposition of
the great vessels, congenital absence of the left
pericardium

Ventricular enlargement

Altered ventricular conduction: left bundle branch
block, WPW

Misplacement of chest lead electrodes

Stress-induced (Tako-Tsubo) cardiomyopathy
Myocardial ischemia (without infarction)

Sign of previous myocardial infarction: pathological
Q waves are 25% or more of the height of the partner
R wave, and they are greater than 40 msec in width
and greater than 2 mm in depth

Physiological Q waves

Physiologic activation of the ventricles begins at the
left side of the interventricular septum: small “septal”
Q waves occur in the lateral leads

QS complex can appear in aVL with a vertical axis
and in leads III and aVF with a horizontal axis

Q wave in lead III may be positional and a normal
finding

This characteristic Q wave-T wave vector dis-
cordance may be related to a nonhomogeneous
ventricular activation.

A further cause of pseudo-infarct pattern could
be left or right ventricular enlargement [12].

Q waves in these settings may reflect a variety
of mechanisms, including a change in the bal-
ance of early ventricular depolarization forces
and altered cardiac geometry and position; in
fact, slow R wave progression in the precordial
leads is commonly observed either in left ven-
tricular hypertrophy or in right ventricular
overload.

The acute pulmonary embolism develops the
classic S1Q3T3 pattern of McGinn and White,
but this sign is neither sensitive nor specific for
pulmonary embolism (Fig. 7.8).

A prominent Q wave (usually as part of a QR
complex) in lead aVF is also reported in this
condition.

It was found that an acute right ventricular
overload itself does not necessarily cause any
pathologic Q wave in lead II [13].

7.2.1 ECG Analysis

Figure 7.9 shows a sinus tachycardia (HR
105 bpm) with PR interval of 160 ms, QRS axis
of —15° normal intraventricular conduction,
1 mm ST depression in lateral leads, biphasic T
waves in leads I and II, and flattened T waves in
precordial leads V3—V6. There is a classic pattern
S1Q3T3.

The polarity of T waves may be useful in the
differential diagnosis between hypertrophic car-
diomyopathy  and  previous
infarction.

T wave will be usually upright in an ECG of a
patient with Q waves secondary to hypertrophy.

In case of myocardial infarction, prominent Q
waves may be associated either with upright or
also inverted T waves.

Figure 7.9 represents an equivocal ECG: there
is a sinus rhythm at 55 HR, the QRS axis is —15°,
and there is normal AV and IV conduction and
nonspecific repolarization pattern.

There are clear Q waves in the inferior leads
that could be related to previous infarction.

myocardial
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Fig.7.8 Case 2 12-lead ECG

In Fig. 7.10 is shown the same ECG repeated
during a deep inspiration.

7.2.2 ECG Analysis

Sinus rhythm at 60 bpm; QRS axis is —15°; nor-
mal  atrioventricular and  intraventricular
conduction; Q wave in lead III with an r appear-
ance in aVF (look at the arrow).

7.2.3 From ECG to Practice

Bodenheimer et al. [14] studied the effect of deep
inspiration on Q waves in leads IIT and aVF in 31
patients by comparing with their cardiac cathe-
terization results.

They found that the phasic inspiration can sig-
nificantly influence Q wave duration in leads III
and aVF, regardless of the presence or absence of
significant associated coronary artery disease and

i i et
O A e

] e e e

)

asynergy. When that happens, those Q waves
have no relevant values.

Nanni et al. [15] evaluated the diagnostic
accuracy of electrocardiographic inferior Q wave
persistence during inspiration by comparing with
echocardiographic segmental wall motion abnor-
malities and using cardiac magnetic resonance as
the gold standard.

They prospectively enrolled 50 apparently
healthy subjects with inferior Q waves on routine
electrocardiogram and high atherosclerotic risk
profile.

From ten positive cardiac magnetic resonance
subjects, eight showed persistence of inferior Q
waves during inspiration, giving a sensitivity of
80% and a specificity of 95%.

The conclusion was that the inferior Q
wave persistence during deep inspiration is a
simple test with a high accuracy for the diag-
nosis of silent myocardial infarction, while
the standard echocardiography result is less
accurate.



69

7 QRS Morphologies of Difficult Interpretation

o + = ¥ 28 a8 4 4 e ¥
e EEen s w3 03 Py e A% NPaEE AE NS - 3 : :
s R EEEE HH . 2 =
ba £ - T ~ - ~ +
Tt 1 s +
——— 3 1 T -
I e yuas t T
I [ jass -t 1 - 2 1 $
IR ERERY SYNE - +
3 3 o 1
I EETYY B TW. <mnas - - - . - ? $ 1
S nrmm. | hm '’ . 8 1 -l
1 1 11 1 T 1 r '3 :
X T 18 . 1 1 I s ' n
1 T s 2 1 o Y .
L . 1 asnn O -2
444511 - a=s * =
I £ T o .
e I3 - 1 It T ! ’ $ . s : -y
= - - - - ¥ - 1T o e
L - i " > =~ 3 T I T TIIr
srwes | ¥ ' v i 1 o
| $ 2 1
y 1 t T e 1 . I 1 ++ 1
. . = o o 1 Y ¥ 1 "
L5 6 T T - 1 s . 1T .
s - = . . . s
caspbet | =R rtttrtrbf- vl e " 1 ]
% 1 T : ' - x
3 : it z 2 T
: T T ¥ T
2| 1 I T s 1 " :
. 1
- ? " ’ - . - - : : s mas
3 e 4 . .= "4 - I
SeSe —aee = i i
SHREE BESSE ¥ 14 P St a
- . 1 3 : | &8 BN ' b . + I 14 !
4bofsivef Wit + + + 4 + 4o
i - e ry
u ] —
44 = =
- + 4 -
T s "y s
smiraseat (masstreisases i i
= $ 4+ -+ i 0 4
—+fe st L i tae i ¥ e
o |
HEE e b 1 :
1 . 3
1 Tt ' i " s
*4 T2 . I .1 i u 1 I ++ 4 snmn m
e e - - <14 . | - I —
FHt =3 il Am 1 + 4 E._ - : I .
- s . . T - .- T it
' ' o b v -4
Tt e It .
: S 3 : ! i 1
[1In: v + T
. 3 X +
1 1 1 .d
- ' 1 =t 1 t T
" e it ‘ a4 . o
» e
- IAS B REe SR ATE s s $ ” 4
- -— - - .
w1 1 1 ymuEn Ry TR : ey
T I I T 2 e
. Ml a1 - I T
* Bun roe u -~ o
3 - eak i MRS NEE + - =¥
12es as be 5
1 P T : T
Soues Fu "R a8 4 1 - 4
fmwnsd e W' — It
' nEs $ T ' ' 1 s
smme b o rwwen n o - —-
44 it + i ﬁu E..:m = and e 2 i
R 42120 R 5
SAREES A T 4 - T . X H +
¥ - t : ]
3 Bl el RS snats oe: 1 . bt . 1
IR ! 18 182 B & s e ¥ by
1 L * ' i ' - ——
g s 2 1 ¥ 1 o e H 5, = 3 ' T
nm s . anm =
ISk § B8 e 1 1 : ]
¥ T .ﬂ, 1 4 TG 3
$ - 1=} I v 1 !
E s | o el ' It
ek " 3 'y T = rame e b4 e . L — - I v 4
+ + ¥ + ’ e * - -

lead ECG

Fig.7.9 Case 2 12-
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7.3  Case 3:rSr' Complexes
in the Precordial Leads

Male, 30 years old, without previous cardio-
vascular pathologies. Normal familiar medi-
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cal history and physical examination; no
echocardiographic signs of structural heart
disease.

In Fig. 7.11 is shown his ECG:
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Fig.7.11 Case 3 12-lead ECG

7.3.1 ECG Analysis

Regular rhythm is at 60 bpm; every QRS is pre-
ceded by a P wave with normal axis, amplitude,
and duration, thus expression of sinus rhythm;
the atrioventricular conduction is normal (PR
120 ms). QRS duration is normal (80 ms), show-
ing rSR” morphology in the right precordial leads
(V1-V2); QRS axis is vertical (+90°) with a
clockwise QRS rotation on the longitudinal axis;
there is an S wave in lead I and V6 and a wide
terminal R wave in aVR.

QTc is normal (400 ms).

In summary, the ECG shows a sinus rhythm
with normal atrioventricular conduction, incom-
plete right bundle branch block, and secondary
repolarization abnormalities.

7.3.2 From ECG to Practice

Incomplete RBBB diagnosis is mainly QRS
morphology related because the ventricular
activation length could be in total poorly

Table 7.3 Case 3 ECG features of RBBB

ECG diagnostic criteria [17]

* rSR’ complex in the right precordial leads
with R” wave usually higher than initial R wave
inV1-V2

e Wide S waves in I, V5, and V6

* Wide terminal R wave in aVR

¢ QRS duration >120 ms and S waves duration >40 ms
(complete RBBB)

* QRS duration <120 ms and S waves duration <40 ms
(incomplete RBBB)

prolonged despite a significant delay already in
the right ventricle [16, 18] (Table 7.3).

V1 QRS morphology depends on the amount
of activation delay.

However, the increased conduction time can
be related not only to a slower conduction veloc-
ity but also to an abnormal long right bundle
branch or to a right ventricular outflow hypertro-
phy [19].

The QRS axis is usually normally oriented in
RBBB, but there could be a mild right axis devia-
tion or an undetermined axis.
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A rSr’ complex only in V1 (not extended to
V2) could be often found in normal young people
as a normal variant.

Some authors [20] identified the following
features in the right precordial leads (V1, V2)
that precede or accomplish the appearance of the
rSr’ as RBBB findings:

e Reduced S wave depth (100%)

e Inverted ratio of the S wave depth to SV1 >
SV2 (93%)

e Slurred downstroke or upstroke of the S wave
(27%)

e Prolonged QRS duration >0.10 s (73%)

The rSR’ pattern is not associated with an
increased risk of cardiovascular diseases and
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therefore may be considered as a benign finding
[21].

The RBBB pattern could be confused so far
with the “Brugada syndrome” since the last is
characterized by a rSr’ complex in lead V1 that
resembles an incomplete RBBB.

Nevertheless, r* wave of the QRS complexes
of Brugada pattern is not a sign of delayed activa-
tion of the right ventricle, but it is an expression
of a repolarization abnormality with a consequent
delayed initial repolarization, and it should be
called more appropriately “J” wave [22].

Thus ST-segment elevation in Brugada and
terminal r’ wave are not synchronized with the
extended S wave in leads I and V6.

Below (Fig. 7.12) there is an example of
Brugada pattern.
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7.3.3 ECG Analysis

Sinus rhythm with normal atrioventricular con-
duction; normal QRS duration of 120 ms with
rSR’ pattern in lead V1 and S wave in V6.

In V1 and V2, there are few features that can
lead to the correct diagnosis:

e Inlead V1, there is a J-point elevation of 3 mm
and coved-type descending ST-segment eleva-
tion which merges into a negative T wave.

e Inlead V2, there is J-point elevation (2 mm), a
saddleback ST-segment elevation (1 mm in its
terminal portion), and a biphasic T wave.

The V1 features are typically a Brugada type 1
pattern, whereas the V2 findings are typical of a
Brugada type 2 pattern. The difference with an
incomplete RBBB is striking.

This ECG belongs to a young man with a clear
Brugada syndrome.
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