POLSKIE ARCHIWUM

Medycyny Wewnetrznej

POLISH ARCHIVES OF INTERNAL MEDICINE

ESTABLISHED 1923 VOL.126 (2016) Special Issue 2 WWW.PAMW.PL

IMPACT Electrocardiograms: diagnostic problems
B and clinical interpretations

2015
2.054

Barbara Dabrowska

medycyna praktyczna .



POLSKIE ARCHIWUM

Medycyny Wewnetrznej

POLISH ARCHIVES OF

EDITORIAL BOARD

EDITOR-IN-CHIEF
Prof. Anetta Undas, MD, PhD

VICE EDITOR-IN-CHIEF
Grzegorz Gajos, MD, PhD

GUEST EDITOR
Barbara Dabrowska, MD, PhD

MANAGING EDITOR
Matgorzata Wiesner-Spyrczynska

TRANSLATION
Marcin Pustkowski, MD

MANUSCRIPT EDITING

Weronika Kuzdzat

Wiktoria Lesniak, MD, PhD
Wojciech Strojny, MD
Matgorzata Wiesner-Spyrczynska

DTP

Matgorzgta Biernacka
Tomasz Smigla

WEB EDITOR
Weronika Kuzdzat

ADDRESS

Cholerzyn 445

32-060 Liszki, Poland
phone: +48 12 293 42 20
fax: +48 12 293 40 10
e-mail: pamw@mp.pl
www.pamw.pl

Copyright by Medycyna Praktyczna,
Krakéw 2016

PUBLISHER
Medycyna Praktyczna

PRINT
Drukarnia Technet, Krakéw
Circulation of 550 copies

INDEXED IN
Crossref, ISI Master Journal List,

ISI Science Citation Index Expanded
(SCI-Ex), National Library of Medicine
(NLM), PubMed/MEDLINE, Scopus,
EMBASE, Index Copemicus (IC),

KBN/MNiSW, Polish Medical Library (GBL),

EBSCO, Directory of Open Access Journals
(DOAJ), Database of Abstracts of Reviews
of Effects (DARE), Chemical Abstracts
Service (CAS), SciFinder, Scirus, HINARI,
J-Gate, TUMS Digital Library, GENAMICS,
Geneva Foundation Free Medical Journals

ISSN 0032-3772

NATIONAL SCIENTIFIC BOARD

Prof. Franciszek Kokot, MD, PhD (Chair)
Prof. Witold Bartnik, MD, PhD

Prof. Tomasz Brzozowski, MD, PhD

Prof. Stanistaw Czekalski, MD, PhD

Prof. Anna Cztonkowska, MD, PhD

Prof. Jézef Drzewoski, MD, PhD

Artur Dziewierz, MD, PhD

Prof. Piotr Gluszko, MD, PhD

Prof. Andrzej Januszewicz, MD, PhD

Prof. Barbara Jarzab, MD, PhD

Prof. Wiestaw W. Jedrzejczak, MD, PhD
Prof. Eugeniusz J. Kucharz, MD, PhD

Prof. Jan Kulpa, MD, PhD

Prof. Jan Kus, MD, PhD

Prof. Andrzej Lange, MD, PhD

Prof. Jolanta Matyszko, MD, PhD

Prof. Jacek Musiat, MD, PhD

Prof. Ewa Nizankowska-Mogilnicka, MD, PhD
Prof. Grzegorz Opolski, MD, PhD

Prof. Bolestaw Rutkowski, MD, PhD

Prof. Marek Sanak, MD, PhD

Prof. Tomasz Stompér, MD, PhD

Prof. Krzysztof Strojek, MD, PhD

Prof. Michat Tendera, MD, PhD

Prof. Krystyna Zawilska, MD, PhD

Prof. Irena Zimmermann-Gérska, MD, PhD
Prof. Dorota Zozulinska-Ziétkiewicz, MD, PhD

Impact factor 2015 = 2.054

The journal receives funding from
the Ministry of Science and Higher Education
for promoting scientific research.

Subscription to the journal grants 5 educational
points of the Ministry of Health.

INTERNAL MEDICINE

INTERNATIONAL SCIENTIFIC BOARD

Roman Jaeschke, MD, MSc
Hamilton, ON, Canada (Chair)
Carol M. Black, CBE, MRCP
London, UK

Knut Borch-Johnsen, MD, DMSc
Copenhagen, Denmark

Georg Brabant, MD, PhD
Manchester, UK

Flavio Coceani, MD, PhD

Pisa, Italy

Deborah Cook, MD, PhD
Hamilton, ON, Canada

Mark Crowther, MD, MSc, FRCP(C)
Hamifton, ON, Canada

James Douketis, MD, FRCP(C)
Hamifton, ON, Canada
Leonardo M. Fabbri, MD, PhD
Modena, ltaly

Gordon Guyatt, MD, PhD
Hamifton, ON, Canada

Jack Hawiger, MD, PhD
Nashville, TN, USA

Rudiger Hehlmann, MD, PhD
Mannheim, Germany

John Martin, MD, PhD

London, UK

Paul 0'Byrne, MD, PhD
Hamilton, ON, Canada

Ralf Paschke, MD, PhD

Leipzig, Germany

Bertram Pitt, MD, PhD

Ann Arbor, Mi, USA

Klaus Preissner, MD, PhD
Giessen, Germany

Marian Rewers, MD, PhD, MPH
Denver, CO, USA

Giuseppe Saglio, MD, PhD
Turin, Italy

Holger Schiinemann, MD, PhD, MSc
Rome, Italy

Ronald P. Stolk, MD, PhD
Groningen, The Netherlands
Jadwiga Wedzicha, MD, PhD
London, UK

Robert L. Wortmann, MD, PhD
Dartmouth, NH, USA

Albert W. Wu, MD, PhD
Baltimore, MD, USA



TOWARZYSTWO IN|
POLISH SOCIETY OF ™™

-
(R

Strona g

Strona gtovwna
Statut
Zarzgd Glawny

Oddziaby

cztonkiern

stanowiska

[N

tip.org.pl

Jak zamawia¢ publikacje MP

SPOSOBY SKtADANIA ZAMOWIEN

telefonicznie (pn.—pt., 8.00-18.00) pod numerami:

800 888 000 (z telefondw stacjonarnych, bezptatna infolinia)
12 293 40 80 (z telefonéw komédrkowych i stacjonarnych)

na stronie internetowej ksiegarnia.mp.pl

e-mailem pod adresem zamowienia@mp.pl (w tresci zaméwienia
prosimy podac tytuty zamawianych pozycji lub ich numery katalogowe,
adres korespondencyjny, dane do wystawienia faktury, wybrany sposéb
ptatnosci)

przesytajac do Wydawnictwa wypetniony formularz zgody na obcigzenie

rachunku (polecenia zaptaty) dostepny na stronie internetowej
ksiegarnia.mp.pl

FORMY PLATNOSCI

przelew bankowy/przekaz pocztowy:
Medycyna Praktyczna, Cholerzyn 445, 32-600 Liszki
numer konta: 35 1600 1039 0002 0033 3552 6001

karta kredytowa
przy odbiorze przesytki (zaliczenie pocztowe)

polecenie zaptaty (formularz zgody na obcigzenie rachunku dostepny
na stronie ksiegarnia.mp.pl)

KOSZTY PRZESYLEK

« Koszt przesytki zamoéwionych ksiazek oraz jednorazowy koszt
zamowienia prenumeraty wynosi 12 zt. Powyzsze ceny obowigzuja
wytacznie na terenie Polski.

INFORMACJE DODATKOWE

Prenumeratorzy czasopism Wydawnictwa maja prawo do znizki przy
zakupie jednego egzemplarza kazdej ksiazki i wydania specjalnego.
Na naklejce adresowej znajduja sie informacje dotyczace:

« zawartosci przesytki

« kwoty informujacej o ewentualnej nadptacie lub niedoptacie w stosunku
do zaméwienia

« ostatniego optaconego lub zaméwionego numeru kazdego z czasopism

KONTAKT

« telefoniczny (pn.—pt., 8.00-18.00) pod numerami:
800 888 000 (z telefondw stacjonarnych, bezptatna infolinia)
12 293 40 80 (z telefonéw komdrkowych i stacjonarnych)

* poczty elektroniczng (zamowienia@mp.pl)



POLSKIE ARCHIWUM

Medycyny Wewnetrznej

An official journal of the Polish Society of Internal Medicine
founded by professor Wtadystaw Antoni Gluziniski

MONTHLY  VOL.126 (Special Issue 2) DECEMBER 2016

Electrocardiograms: diagnostic problems and clinical interpretations Barbara Dabrowska

DIAGNOSTIC PROBLEMS

7 A seemingly wandering atrial pacemaker

8 Capture of sinus rhythm by an artificial cardiac pacemaker

10  Atrial flutter or focal atrial tachycardia?

12 Bidirectional tachycardia

14 Indeterminate QRS axis (right superior axis deviation)

16  Left bundle branch block with left axis deviation

18 s this really sinus tachycardia?

20 Tombstone-like QRS distortion

21  Left bundle branch block with left ventricular hypertrophy

23 Right bundle branch block with left anterior fascicular block

24  Premature beats in a patient with left bundle branch block

26  An abnormal heart rate turbulence after a premature ventricular beat

28 Anisolated QRS complex of less abnormal appearance compared with the other complexes
29 A double-fusion QRS complex

30 A premature beat with a narrower QRS complex than that in beats of sinus origin
32 Supraventricular tachycardia

34 Sudden sinus pauses

36 Relationship between wide QRS complexes and QT interval

38 Effect of quinidine treatment on electrocardiogram

40 Problems with identification of electrocardiographic features of left ventricular hypertrophy

42  Atrial flutter with a questionable left bundle branch block

CLINICAL INTERPRETATIONS

44 An apparent myocardial infarction in a woman with left bundle branch block
45  An 18-year-old man with muscular dystrophy

48 A 58-year-old woman with a history of 2 myocardial infarctions

50 A 92-year-old man with critical aortic stenosis

52 Palpitations in a 50-year-old man



54  Exhaust fume poisoning in a 25-year-old soldier

56 A 64-year-old woman with a history of myocardial infarction
58 Death in the postpartum period

60 A 50-year-old man with hypoparathyroidism

61 A male patient with renal insufficiency

62 Progressively worsening intraventricular conduction disturbances in a 65-year-old man after myocardial
infarction

64 An 82-year-old woman with an undiagnosed acute myocardial infarction
67 A 45-year-old man with epilepsy and hyperparathyroidism

69 Two patients in their sixties with near-normal electrocardiograms

71 A woman with poorly tolerated palpitations

73 A 40-year-old obese man with severe hypertension

75 A 25-year-old woman after an attempted suicidal quinidine poisoning
77 A 42-year-old man with abnormal electrocardiogram

79 An apparent contraindication to a stress test in a 40-year-old man
80 A 21-year-old man with recurrent palpitations

82 A 17-year-old boy with congenital heart disease

83 An 18-year-old boy with Down syndrome

84  Apparent bradycardia during sleep in a 65-year-old woman with coronary artery disease



PREFACE

Electrocardiography has already existed for over
100 years. Its centenary was celebrated even
twice, because according to the English the first
human electrocardiogram (ECG) was recorded
by Augustus Waller in 1887, while according to
the Dutch—by Willem Einthoven in 1903. Since
then, some great scientists and experts in this field
(for example, Thomas Lewis, 1925, and Luis Katz,
1956) repeatedly declared that an electrocardiog-
raphy had already been fully explored and there
was no need for further investigations. Meanwhile,
the alterations and modifications of the ECG cri-
teria and their interpretations, as well as the val-
ues of different quantitative parameters, occur al-
most incessantly. A good example of such mod-
ifications is the upper limit of the normal QRS
complex duration: from 0.09 s (in the first half of
the 20th century), through 0.1 s (1965), to 0.11 s
(since 2009). Therefore, in the descriptions and
interpretations of the ECGs in this set, I use the
most current 2009 ECG guidelines (authorized by
the American Heart Association, American Col-
lege of Cardiology, and Heart Rhythm Society) as

a reference, following them strictly with regards
to numerical criteria and less so with regards to
terminology and recommendations.

To users of this ECG set, I pass on the following
most important (but frequently forgotten) advi-
ce: the interpretation of an ECG tracing must take
into account the sex, age, and clinical data of the
patient. The best example for this recommenda-
tion is the interpretation of horizontally depres-
sed (4 mm) ST segments in several precordial le-
ads (V,-V,) without the intraventricular conduc-
tion defects. Such ST-segment depression in a
60-year-old man should be interpreted as acute
myocardial ischemia, while the same ECG recor-
ded in a young woman just before an oral exami-
nation should be treated as an increased sympa-
thetic tone. I hope that the examples of ECG in-
terpretations presented in this set will encoura-
ge all users to aim at an accurate analysis of ECGs
(always including the clinical data!) in their own
medical practice.

Prof. Barbara Dgbrowska, MDD, PhD






DIAGNOSTIC PROBLEM

This electrocardiogram (FIGURE 1) shows a rath-
er rarely seen wandering of a pacemaker from
the sinus node to the lower parts of an atrium,
with no change in heart rate (86 bpm). Between
these events, a couple of beats with P waves of in-
termediate morphology are seen. This feature is
analogous to the concertina effect, which is usu-
ally observed in QRS complexes in patients with
preexcitation syndrome or isorhythmic atrioven-
tricular dissociation. The recording seemingly al-
lows a diagnosis of a wandering atrial pacemak-
er because at least 3 different morphologies of
the P waves are seen. However, the wandering
is only apparent because the variability of these
morphologies is not due to the origin of subse-
quent electrical events from different active pace-
makers, but rather due to the superimposition of
2 rhythms: from the sinus node and from a sin-
gle focus located in the lower part of the atrium,
as described above. Therefore, the heart rhythm
presented in FIGURE 1 would be better described

A seemingly wandering atrial pacemaker

as isorhythmic dissociation of 2 supraventric-
ular rhythms: a sinus rhythm and a low atrial
rhythm. Such a parasystolic atrial rhythm is usu-
ally associated with increased parasympathetic
tone, but in this case, a spontaneous increase in
the activity of an ectopic pacemaker or an atypi-
cal increase in sympathetic tone may be suspect-
ed, considering a quite rapid heart rate. Of note,
in the 2 sets of recommendations by the Amer-
ican College of Cardiology, American Heart As-
sociation, and Heart Rhythm Society (2006 and
2007), there was a minor change in terminolo-
gy, and so we currently diagnose wandering of
an atrial pacemaker instead of wandering of a su-
praventricular pacemaker.
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DIAGNOSTIC PROBLEM

Capture of sinus rhythm by an artificial cardiac

pacemaker

This routine electrocardiogram (ECG; FIGURE 1) was
recorded in a 60-year-old woman with an artificial
cardiac pacemaker, who was scheduled for a gyne-
cologic surgery. Sinus rhythm at a rate of 60 bpm
is smoothly captured by the artificial atrial pace-
maker. Particularly interesting are low-voltage
QRS complexes in the limb and left precordial
leads, with poor R-wave progression in leads V, to
V,. These changes of QRS complexes are accompa-
nied by symmetric but not very deep negative T
waves in leads V, to V.. How to read such an ECG?

The only conclusion that can be drawn with
some certainty is a high probability of sick si-
nus syndrome, which in the present case result-
ed in a decision to implant the artificial pacemak-
er. A low amplitude of QRS complexes may be
caused by heart diseases, for example, constrictive

pericarditis or restrictive cardiomyopathy (al-
though this ECG does not show the commonly ob-
served features of more prominent electrical ac-
tivity of either the left or the right atrium). Oth-
er possible causes include endocrine or metabol-
ic disorders (obesity, hypothyroidism). However,
sometimes the low amplitude of the QRS complex
cannot be explained, and the results of echocar-
diography are completely normal. In the present
case, the coexistence of negative T waves raises
the suspicion of heart disease and warrants fur-
ther diagnostic workup (including targeted medi-
cal history) before deciding on a surgery. It should
be noted that symmetrical negative T waves are
a nonspecific feature, which is found in numer-
ous diseases but also in patients without clinical
symptoms of heart disease.
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FIGURE 1
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Also another symptom suggesting the pres-
ence of heart disease—the lack of R-wave pro-
gression—is a nonspecific feature. It can be seen
in patients with left ventricular overload or cor
pulmonale (in such a case, it is accompanied by
other characteristic ECG features), in those with
anterior wall myocardial infarction, as well as in
individuals without cardiovascular disease who
are obese or have a deformity of the anterior
chest wall. Therefore, this ECG should be sub-
ject to further clinical interpretation.

DIAGNOSTIC PROBLEM Capture of sinus rhythm by an artificial cardiac pacemaker



DIAGNOSTIC PROBLEM

Atrial flutter or focal atrial tachycardia?

This is a routine electrocardiogram (ECG; FIGURE 1)
showing a regular cardiac rhythm of 66 bpm.
The ECG raises a common question: is this atri-
al flutter or focal atrial tachycardia with a heart
block? Of note, experts of the American College of
Cardiology, American Heart Association, and Eu-
ropean Society of Cardiology (2003) and Ameri-
can College of Cardiology, American Heart Associ-
ation, and Heart Rhythm Society (2006) current-
ly classify atrial flutter as a type of atrial tachycar-
dia resulting from a large reentry circuit.

The rate of atrial deflections is 240 per min-
ute, so it does not help in the differential diag-
nosis because the typical range for atrial flutter
is from 200 to 400 per minute, and for focal atri-
al tachycardia—from 100 to 250 (or even up to
300) per minute. In such a case, it may be help-
ful to assess whether the ECG shows the baseline
between atrial waves (P or F) in leads II, III, and
aVFE. Its presence, as in this case, provides the ba-
sis for diagnosing P waves and atrial tachycardia
with second-degree atrioventricular block. This
type of arrhythmia is typically associated with
toxic effects of digitalis and, less frequently, with
heart diseases, usually of the right heart and espe-
cially with cor pulmonale. However, in this ECG,
the only morphological characteristic—left ven-
tricular hypertrophy—does not allow a determi-
nation of the cause of arrhythmia.

10 POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2016; 126 (Special Issue 2)



FIGURE 1

DIAGNOSTIC PROBLEM  Atrial flutter or focal atrial tachycardia?
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DIAGNOSTIC PROBLEM

Bidirectional tachycardia

At first glance, this electrocardiogram tracing,
recorded during Holter monitoring, shows bi-
directional tachycardia (FiGuRe 1A). Tachycardia
is diagnosed because the heart rate is 117 bpm.
This rhythm does not originate from the sinus
node, and it is classified as bidirectional because
the QRS complexes are wide and distorted with
alternate directions.

Classic bidirectional tachycardia is an ectopic
rhythm (reentry or automatic) originating from
a group of pacemaker cells and spreading over
the ventricles using, alternately, one or the oth-
er conduction pathway. Such tachycardia is one of
the features characteristic for the toxic effects of

digitalis. It originates from a focus located either
in the ventricles near the bifurcation of the His
bundle or in the atrioventricular junction. How-
ever, such a recording may be observed in a few
other types of arrhythmia, for example, sinus
rhythm with bundle branch block and ventricu-
lar bigeminy. In such a case, usually every second
QRS complex is preceded by a P wave, but the ven-
tricular rhythm is not regular since it is charac-
terized by alternating RR intervals.

However, in this case, the intervals between
the beginnings of the QRS complexes are the same
(520 ms). Only further in the recording, at the
end of tachycardia (FIGURE 1B), permanent atrial
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FIGURE 1
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fibrillation in this patient can be identified. So
what is the mechanism for bidirectional tachycar-
dia shown in FiGURE 1A? The explanation is provid-
ed by the tracing in FIGURE 1¢, which was recorded
immediately before that shown in FIGURE 1A. This
patient had ventricular bigeminy lasting a few
seconds, which after another few seconds was ac-
companied by another ectopic ventricular rhythm.
The second rhythm was still interfered by the ven-
tricular bigeminy shown in FIGURE 1c.

The history of this patient was unknown, and
there was no information on a previous treat-
ment with digitalis glycosides. The recordings
from 2 leads of the Holter monitor only indicate
that the patient could have suffered an anteri-
or or lateral wall myocardial infarction (an ab-
normal Q-wave duration of 0.06 s in lead CM; in
the course of tachycardia [arrows]). It is interest-
ing that this infarction does not manifest within
the supraventricular QRS complexes, which are
conducted normally. Although the clinical causes
of this arrhythmia are unknown, it is still worth to
study this case as an unusual example of bidirec-
tional tachycardia induced by an acute episode of
idioventricular rhythm and ventricular bigeminy.

DIAGNOSTIC PROBLEM Bidirectional tachycardia

13



DIAGNOSTIC PROBLEM

Indeterminate QRS axis (right superior axis

deviation)

14

This electrocardiogram (ECG; FIGURE 1) was record-
ed in the 6-channel system at a standard paper
speed of 25 mm/s and the 10-mm calibrating de-
flection representing a 1-mV signal.

A single premature ventricular contraction
in the limb leads can be clearly seen (arrow).
This contraction is premature, but occurs after
a P wave of sinus origin. It is probably a fusion
beat and therefore without any impact on the si-
nus rhythm.

Even without this ectopic evolution, the ECG
cannot be considered normal because there are

S;S ;S complexes with the R <S wave in the limb
leads (although the complexes may be equal in
some parts of the recording). Also in lead aVF,
the S waves have a greater amplitude than the R
waves, which together with the R <S wave in lead
I'indicates the presence of an indeterminate axis
(right superior axis deviation in the frontal plane).
Such a direction of the axis is usually associat-
ed with specific diseases: severe right ventricu-
lar hypertrophy, hypertrophic cardiomyopathy,
or significant intraventricular conduction delay.
However, the ECG shows no other abnormalities,
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FIGURE 1
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particularly in the precordial leads. In such cas-
es, when the history of a patient is unknown,
the ECG might be described rather vaguely as
“for further clinical interpretation”. However,
a rare possibility should be considered that we
are dealing with some normal variant and that
the attending physician will refer the patient for
echocardiography, in addition to the analysis of
the available clinical data.

DIAGNOSTIC PROBLEM Indeterminate QRS axis (right superior axis deviation)
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DIAGNOSTIC PROBLEM

Left bundle branch block with left axis
deviation

16

This short electrocardiogram (ECG) tracing
(FIGURE 1) shows quite a few abnormalities.

It was recorded at a standard paper speed of
25 mm/s, although this may be surprising when
looking at its various components, especially
the wide P waves and QRS complexes. It is a sinus
rhythm (which is the only normal feature of this
ECG), and it is quite slow (58 bpm). The P waves
meet the criteria for both P mitrale (widened to
140 ms, split in lead I, and characteristically bi-
phasic with a larger negative final phase in lead
V,) and P pulmonale (P-wave amplitude in lead
11, 3 mm). The PR interval is prolonged (0.24 s).
Left axis deviation (-50°) with a g wave and an ex-
tended time to the peak of the R wave (245 ms)
in lead aVL would allow a diagnosis of left an-
terior fascicular block, according to the criteria
of the American College of Cardiology, Ameri-
can Heart Association, and Heart Rhythm So-
ciety (2007 and 2009). However, the wide QRS

complexes (0.2 s) would allow this type of diag-
nosis only in the presence of right, not left, bun-
dle branch block, while in this ECG the prolon-
gation of conduction to the peak of the R wave
to 0.12 s in lead V clearly indicates that this is
the left bundle branch block. According to most
experts, the assessment of an intraventricular
conduction abnormality in such a case should be
limited to a diagnosis of left bundle branch block
with left axis deviation. A change in this overcau-
tious approach will be possible when contempo-
rary researchers will be curious enough to con-
tinue the research began already after 1950s that
indicated the anatomical possibility of the left
bundle block on 2 levels, with a characteristic
ECG tracing. In the meantime, we may support
the European Society of Cardiology experts who
in their 2009 guidelines on syncope went as far
as to include “bifascicular block, that is, left or
right bundle branch block with accompanying

FIGURE 1
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block of the left anterior or posterior fascicle” as
one of the ECG features suggesting arrhythmia
as the cause of syncope.

The abnormal Q waves in leads I, II, aVL, and
V, that coexist with this bundle branch block
(although in leads II and V,, residual r waves in
the QRS complexes known as rSR’S’ complex-
es can be seen) are features of lateral wall myo-
cardial infarction. The elevation of ST segments
in leads V, and V, (in patients with left bundle
branch block, these segments would rather show
downsloping depression) allows an identification
of persistent Pardee wave, probably as the feature
of a postinfarction left ventricular aneurysm.

Although the R-wave amplitude in lead aVL in
the presence of left anterior fascicular block (pro-
vided it actually is the fascicular block) is not a re-
liable criterion for left ventricular hypertrophy,
the sum of the S -wave amplitude and the larg-
est QRS complex in the precordial leads exceeds
30 mm (S, + QRS,, = 14 + 23 = 37 mm), which
supports this diagnosis. Finally, the QT interval
(0.5 s with a heart rhythm of approximately 60
bpm) is prolonged, which is not exclusively due to
the left bundle branch block because its presence
increases the QT interval by no more than 0.03 s.

The description of these few cardiac cycles
should thus include the numerous abnormali-
ties presented above, in addition to a possible
reference to a clinical diagnosis or a comparison
with the previous ECG, if available.

DIAGNOSTIC PROBLEM  Left bundle branch block with left axis deviation
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DIAGNOSTIC PROBLEM

Is this really sinus tachycardia?

18

FIGURE 1 shows a routine electrocardiogram (ECG)
with 2 premature ventricular beats.

The basic rhythm is accelerated to 110 bpm,
while the shape of P waves in leads I and II al-
lows an identification of sinus tachycardia ac-
companied by first-degree atrioventricular (AV)
block (PR interval, 0.24 s) and the 2 premature
ventricular contractions described above. A “rig-
id” (very regular) rhythm of P waves, which re-
mains unaffected by premature ventricular beats,
raises the possibility of ectopic atrial tachycardia.

However, to confirm or exclude this arrhyth-
mia, a longer ECG tracing (preferably including
the start of tachycardia) or a previous ECG with
a slower heart rate would be necessary. The latter
would allow a comparison of the shape of P waves
between the 2 tracings. Of note, in the 2007 state-
ment of the American Heart Association, Amer-
ican College of Cardiology, and Heart Rhythm
Society on standardization and interpretation
of ECG, experts recommended to no longer use
the previously popular diagnosis of “paroxysmal
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atrial tachycardia” (PAT; including also PAT with
AV block) but rather to drop the word “paroxys-
mal” in such contexts.

What other abnormalities can be found in this
ECG? The incomplete left bundle branch block
may be responsible for ST-T changes and for
the lack of R-wave progression in leads V, to V;
however, a small rSr’ (or even Qr)-type QRS com-
plex in lead V, raises the suspicion of a scar af-
ter anterior wall myocardial infarction. Undoubt-
edly, features of inferior wall myocardial infarc-
tion can be identified. The ST-segment elevation
in leads IIT and aVF (although concave) requires
differentiation between the evolution of the ECG
during a myocardial infarct and persistent eleva-
tion indicating the possibility of a postinfarction
ventricular aneurysm.

DIAGNOSTIC PROBLEM s this really sinus tachycardia?
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DIAGNOSTIC PROBLEM

Tombstone-like QRS distortion

20

7

1

FIGURE 1

This electrocardiogram (ECG; FIGURE 1), recorded
at a speed of 50 mm/s, shows a specific config-
uration of QRS-T complexes, sometimes seen in
acute myocardial infarction (MI) and constituting
a very unfavorable prognostic factor. The ECG pat-
tern has a characteristic tombstone appearance.
It consists of 2 ECG features: 1) QRS complexes
without R waves or with residual (very small and
narrow) R waves, and 2) dome-shaped elevation
of all ST-segments, merging with the descending
limb of the T waves.

Such configuration can be seen inleads V, to V.
It is accompanied by features of acute MI, includ-
ing the lateral and inferior walls, which allows
a use of a rather imprecise term of apical MI. Such
a location of changes indicates the proximal oc-
clusion of the left descending anterior coronary
artery above the first diagonal branch.

In patients with tombstone-like ST-segment
elevation in the course of acute MI, death during
hospitalization occurs 10 times more frequently
than in those without such elevation. In 2006, it
was reported that not only the amplitude of ST-
-segment elevation but also the characteristic
shape of the QRS-T complex is an ECG feature
associated with unfavorable prognosis.
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DIAGNOSTIC PROBLEM

Left bundle branch block with left ventricular
hypertrophy

In this interesting electrocardiogram (FIGURE 1A
and 18), only 2 abnormalities do not raise doubts:
sinus bradycardia (approximately 50 bpm) and
left bundle branch block. The exceptionally deep
S waves in leads V, and V,, reaching 45 mm, de-
serve particular attention. This feature, despite
the presence of very small R waves in the left pre-
cordial leads, allows an identification of left ven-
tricular hypertrophy on the basis of the criteria
that are rarely used but are recommended in the
2009 guidelines of the American Heart Associa-
tion, American College of Cardiology, and Heart
Rhythm Society (AHA/ACC/HRS). These criteria
include the sum of the amplitudes of the R and
S waves in one of the precordial leads exceeding
35 mm or the sum of the amplitudes of S, and
R, cwaves exceeding 45 mm. On the other hand,
such a marked clockwise rotation of QRS in the
horizontal plane in a patient with left ventricu-
lar hypertrophy is most likely a sign of a signif-
icant hypertrophy causing the displacement of
the apex downwards and to the left.

What is the origin of the 2 QRS complexes
marked as numbers 4 and 5 in FIGURE 187 The shape
of these complexes, which resembles that of
the QRS complex seen in sinus rhythm, indicates
that these are supraventricular beats. Interesting-
ly, before the QRS complex no. 5, a P wave can be
seen that overlaps the peak of a preceding T wave
(arrows) and is best visible in leads V, to V,, while
the PP interval between beats 3 an 5 is similar to
the intervals between beats 1 and 2, 2 and 3, as
well as 5 and 6. Therefore, the QRS complex no.
5 is simply a sinus beat, while the prolonged PR
interval in this cardiac cycle is a result of a physi-
ological slowing of atrioventricular nodal conduc-
tion, which remains in a relative refraction peri-
od after the premature beat. Thus, beat 4 can be
described as an interpolated beat because it did
not discharge the sinus node. How was that pos-
sible? Most probably, it originated from the atrio-
ventricular junction. Beats from this area some-
times do not conduct back to the atria.

And the next question: what is the cause of
a prolongation of the RR interval to 1.48 s be-
tween beats 6 and 7? The diagnosis of postex-
trasystolic abnormalities of the sinus rhythm is
tempting; however, this premature beat is not

of ventricular origin, it is not accompanied by
compensatory pause, and finally, no initial short
postextrasystolic acceleration of the sinus rhythm
can be seen. Therefore, the only diagnosis left is
a physiological sinus arrhythmia.

The variability of the T waves in the precor-
dial leads, especially V, and V., is another inter-
esting feature. The mere presence of symmetri-
cal negative T waves in lead V, during slow sinus
rhythm is also interesting because their shape is
not typical for repolarization abnormalities sec-
ondary to bundle branch block or left ventricu-
lar overload (seen in leads I, aVL, and V). What
is more, they are accompanied by negative QRS
complexes. When clinical data are not available,
itis hard to tell what may be the specific cause of
this symptom (eg, previous nontransmural myo-
cardial infarction). On the other hand, the devel-
opment of positive T waves in beats 4 and 5 (with
short RR intervals) is a manifestation of transient
“pseudonormalization” during ventricular repo-
larization caused by the shortening of the car-
diac cycle, a symptom that is usually seen in pa-
tients with primary abnormalities of the T waves
(ie, not related to repolarization abnormalities).
This finding is not clinically significant.
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DIAGNOSTIC PROBLEM

Right bundle branch block with left anterior
fascicular block

This is a simple electrocardiogram (FIGURE 1) show-
ing the late evolution of an extensive anterior wall
myocardial infarction in a 56-year-old man with
persistent right bundle branch block and left an-
terior fascicular block. Although according to the
experts of the American Heart Association, Amer-
ican College of Cardiology, and Heart Rhythm So-
ciety (2009), QRS complexes in the left anterior or
posterior fascicular block should be shorter than
0.12 s, the experts of the Polish Cardiac Society
(2010) allow an exception, namely, the simulta-
neous presence of the right bundle branch block
with left anterior or posterior fascicular block.

However, all these societies consider the popu-
lar term “bifascicular block” to be inadequate.
Nonetheless, it is worth noting that simulta-
neously with the release of these guidelines, their
authors published textbooks of electrocardiogra-
phy providing the basis for diagnosing bifascicu-
lar and trifascicular blocks as well as containing
information on their clinical significance.
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DIAGNOSTIC PROBLEM

Premature beats in a patient with left bundle

branch block

FIGURE 1 presents a rather simple electrocardio-
gram (ECG) with normal sinus rhythm, isolated
premature beats, and left bundle branch block.
What is the origin of these 2 premature beats?
If these were supraventricular beats, they
would have the shape of a left bundle branch
block, while the shape of a right bundle branch

block indicates that they originated from the left
ventricle. The beats cannot be of supraventricu-
lar origin also because they are not preceded by
premature P waves and, finally, there is no ret-
rograde discharge of the sinus node (the prema-
ture beats are accompanied by a compensato-
ry pause). Moreover, both nonconducted sinus

FIGURE 1
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P waves are present: in the case of the first prema-
ture beat, the P wave is seen after the QRS com-
plex in leads I and II, and in the case of the sec-
ond ectopic beat—immediately before the QRS
complex in leads V, and V, (arrows 1). The dif-
ferent locations of the sinus P waves in relation
to the ectopic QRS complexes obviously result
from a different coupling of premature beats in
relation to the preceding beats.

A surprising feature are unusually deep and
wide ectopic T waves in leads V| to V,. They could
be assumed to reveal acute myocardial ischemia,
although it is more likely that they reflect the so
called cardiac memory of abnormal deep and wide
QRS complexes observed during the basic heart
rhythm. This is rather an unusual possibility, typ-
ically considered in the context of sinus rhythm.
It is supported by the presence of a positive ecto-
pic T wave in lead I (arrow 2), in which sinus QRS
complexes are positive, as well as the presence of
anegative T wave in lead III, which is “less nega-
tive” than the ectopic T waves in the precordial
leads. Both criteria support the presence of car-
diac memory rather than ischemia.

Another issue is the shape of the QRS com-
plexes of sinus origin in lead III, resembling
a shallow and notched bowl. Because the neigh-
boring lead (aVF; obviously this is adjacent not
in a standard ECG but in the panoramic [hex-
axial] reference system for the limb leads [ie,
the Cabrera sequence]) does not show features
of the loss of potential, this QS complex cannot
be interpreted as a manifestation of prior myo-
cardial infarction (MI). However, it should also
be noted that the duration of the QRS complex-
es with the left bundle branch block in this trac-
ing exceeds 150 ms, which suggests the concom-
itant slowing of conduction in the damaged ven-
tricular myocardium.

Finally, the most alarming symptom (suggest-
ing acute MI) is the dome-shaped ST-segment el-
evation in leads V, to V,, which corresponds to
the Pardee wave but is atypical for the left bun-
dle branch block in a patient without acute MI.
In addition, this elevation also meets the Sgar-
bossa criterion for acute MI in a patient with
bundle branch block, because it slightly exceeds
5 mm. This presentation requires a clinical diag-
nosis to confirm MI. The diagnosis in this case
is unknown, but taking into account the normal
heart rate (65 bpm) and unnotched QRS com-
plexes in the bundle branch block, it may be as-
sumed that this ECG is one of the 10% of false
positive diagnoses of acute MI established on
the basis of this criterion.

DIAGNOSTIC PROBLEM Premature beats in a patient with left bundle branch block
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DIAGNOSTIC PROBLEM

An abnormal heart rate turbulence after
a premature ventricular beat

FIGURE 1 shows a standard example of 2 prema-  appears directly after the P wave of sinus ori-
ture ventricular beats followed by a compensa-  gin (arrow 1). Why such an escape beat occurred
tory pause. However, an interesting finding is  at all? It is known that after premature ventric-
an escape beat from the atrioventricular junction  ular beats that do not discharge the sinus node,
after a ventricular beat in leads V, to V, which  after the so called compensatory pause, complete
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sinus beats rather than premature beats can usu-
ally be observed.

In comparison with the duration of the RR in-
tervals of sinus origin, separated by a premature
ventricular beat, the time after which the prema-
ture beat occurs seems short, but in fact these 2
premature beats do not occur too early. They ap-
pear after the T waves and are additionally sep-
arated from them by the baseline. Therefore, it
is rather the R'R interval (between the prema-
ture beat and the next beat) that is unusually
long. This interval, summed up with the preced-
ing RR’ interval, should equal a double RR in-
terval of sinus origin and could be even shorter
than the duration of the 2 RR intervals preceding
a premature ventricular beat, owing to a physio-
logical phenomenon of short-term acceleration
of sinus rhythm after a premature beat. This ac-
celeration causes additional pulse wave in the si-
nus node artery. After this short acceleration in
heart rate, including 2 to 3 cardiac cycles, usu-
ally an opposite reflexive reaction can be seen,
namely, a gradual extension of several consecu-
tive RR intervals. The sequence following a pre-
mature beat is called the heart rate turbulence,
and its intensity reflects the sensitivity of arte-
rial baroreceptors in the carotid arteries. In this
case, the PP intervals rather than the RR inter-
vals should be measured (because of the escape
beat originating from the atrioventricular junc-
tion, which caused the shortening of the RR in-
terval following the premature beat). The P wave
of sinus origin blocked by extrasystole is seen
(poorly but undoubtedly in leads V,-V) on the as-
cending arm of the ectopic T wave (arrow 2). In
this tracing, no shortening of the PP intervals
occurred; quite the contrary, while the duration
of the PP intervals in the precordial leads before
and during the premature ventricular beat was
800 ms, the PP interval after this beat increased
to 980 ms. In the subsequent beats, it decreased
to 940 ms and finally down to 880 ms.

This observation not only explains the origin of
the escape beat (which was obviously the exces-
sive pause after the premature beat), but also al-
lows an assumption that this patient has a 5 times
higher risk of sudden cardiac death in compari-
son with patients with preserved heart rate tur-
bulence following a premature beat. In this par-
ticular case, such a conclusion could be reached
without the use of special software for calculat-
ing turbulence parameters, because the stage
of the initial acceleration of sinus rhythm after
the premature beat did not occur at all. The accu-
racy of prediction of mortality based on the as-
sessment of the severity of heart rate turbulence
is not high because it reaches 33% in the case of
abnormal results. Hence, experts of cardiac societ-
ies do not recommend this method for prognosis
assessment (class IIb recommendation). However,
when the heart rate turbulence is readily at hand,
it is worth having a closer look at an ECG tracing
and search for other possible threats to the pa-
tient. In this ECG, not many abnormalities can

be seen. Only the notching of the QRS complex
in leads III and aVF may suggest “loss of poten-
tial”, that is, the possibility of a scar after prior
inferior wall myocardial infarction. This slightly
increases the significance of the above prognos-
tic factor, namely, the lack of physiological heart
rate turbulence after a premature beat.

DIAGNOSTIC PROBLEM An abnormal heart rate turbulence after a premature ventricular beat 27



DIAGNOSTIC PROBLEM

An isolated QRS complex of less abnormal

appearance compared with the other complexes

This electrocardiogram tracing (FIGURE 1) was re-
corded at 11:14 during Holter monitoring in a
65-year-old man. What might be the origin of
a single QRS complex in the middle, which is
slightly narrower and less abnormal than the re-
maining QRS complexes and has narrow S waves
in both leads?

First of all, the basic heart rate should be as-
sessed, which obviously reveals sinus bradycar-
dia (41 bpm) with left bundle branch block. Be-
cause this diagnosis includes the QS complexes
with ST-segment elevations not exceeding 5 mm
in leads V, to V,, which corresponds to the fea-
tures seen in lead CS,, there is no point in con-
sidering whether this patient suffered anterior
wall myocardial infarction. Sinus bradycardia is
probably a result of sleep.

And what is the origin of the QRS complex in
the middle, which differs from the others? Ob-
viously, this is not a premature atrial beat (since
the shape of the P wave is the same as that of
the other P waves, and it occurred precisely within
the expected time designated by a sinus rhythm).
Also, this is not an intermittent ventricular pre-
excitation beat using an accessory conduction
pathway (which could be suspected because of
a short PR interval) because the QRS complex
does not reveal features characteristic for this
preexcitation. Therefore, the only possible diag-
nosis is an isolated ectopic ventricular beat (prob-
ably coming from the interventricular septum),
which bypasses the block area in the left bun-
dle branch and is perhaps partially summed up

with the sinus beat. However, is it really conduct-
ed without any obstacles? The shape of the QRS
complex with a deep S wave in lead CM; raises
the possibility of an additional left anterior fas-
cicular block that was not modified by this pre-
mature ventricular beat.

%

FIGURE 1
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DIAGNOSTIC PROBLEM

A double-fusion QRS complex

The lower electrocardiogram tracing, recorded  node in the presence of an additional conduction
during Holter monitoring (FIGURE 1), shows a si-  pathway is a fusion beat, the overlapping ventric-
nus rhythm with ventricular preexcitation. Inlead  ular beat results in a double-fusion QRS complex
CS,, which corresponds to lead V, in a standard ~ caused by excitation from 3 different sources.
electrocardiogram, a negative delta wave is clear- ~ Such a phenomenon is rare.
ly marked on the descending arm of the S wave.
The upper tracing is quite extraordinary.
The beginning shows the end of a typical atrioven-
tricular reentrant tachycardia: negative P waves
corresponding to a retrograde atrial excitation
in lead CM; (arrows) with RP intervals exceed-
ing 70 ms. Once tachycardia resolves, the sinus
rhythm with features of preexcitation returns;
however, the first cardiac cycle is additionally dis-
torted by an ectopic ventricular beat (which in
this case should be called an escape beat). Because
the beat reaching the ventricles from the sinus
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DIAGNOSTIC PROBLEM

A premature beat with a narrower QRS complex

than that in beats of sinus origin

30

This electrocardiogram (FIGURE 1) shows the evo-
lution of inferior wall myocardial infarction (MI)
spreading to the apex (negative T waves in leads
V,-V,, ). The lack of R-wave progression in leads
V, to V, with accompanying notching of the QRS
complexes in leads V, and V, suggests the pos-
sible coexistence of anterior wall MI, which has
probably developed before this coronary event.
The widening of the P waves in leads II and
V, to V, allows an identification of atrial con-
duction abnormalities.

The sinus rhythm (90 bpm) is interfered by
2 premature beats. The second premature beat,
with a QRS complex duration of 160 ms and
the shape resembling the left bundle branch block
rather than the right bundle branch block, prob-
ably comes from the edge of a septal MI, from

where it can faster reach the right bundle branch
rather than the left bundle branch. In patients
after MI, such a location of the ectopic focus is
more likely than the location in the right ven-
tricle. The origin of the first premature beat (oc-
curring only 0.3 s from the beginning of the pre-
ceding QRS complex of sinus origin) is more in-
teresting. It is located on the descending arm of
the T wave with a narrower QRS complex than
the complexes of sinus origin.

As regards tachycardias with the QRS complex-
es that are narrower than those of sinus origin,
such feature is considered a reliable evidence of
their ventricular origin from the focus located
near the base of the heart, usually near the left
bundle branches or in an area with no conduc-
tion disturbances. However, in the case of a single
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premature beat, the presence of a supraventric-
ular focus might be considered, with the stimu-
lus reaching the ventricles in the “supernormal”
phase, that is, the phase of hyperactivity. This
phase is characteristic for stimuli superimposed
in the end part of the third phase of an action po-
tential, but then we would expect to see an ectopic
P wave before the QRS complex or to find an in-
direct evidence for a discharge of the sinus node.
Yet, in this case, there is no track of a P’ wave and
a typical compensatory pause is present, notably,
without heart rate turbulence (a dashed arrow in-
dicates the location of the invisible sinus P wave
superimposed on the ST segment of the prema-
ture beat). Moreover, a supraventricular beat that
occurs so close would have to reach the atrioven-
tricular node in the period of its functional refrac-
tion, and at least for that reason, it would cause
a delay in the supraventricular stimulus reaching
the ventricles. Therefore, for many reasons, it is
a highly unlikely option, and the only possibili-
ty left is the premature ventricular beat. The dif-
ferent shape of these 2 beats is not the evidence
for their initiation in 2 different foci because sep-
tal beats often propagate through different path-
ways, depending on the temporary state of their
conduction within the various fascicles. A short-
er duration of this QRS complex in comparison
with QRS complexes of sinus origin should be as-
sociated with the “supernormal” conduction men-
tioned above, usually lasting no longer than 80 to
100 ms. This phenomenon was confirmed exper-
imentally by stimulating the heart in this narrow
scope of coupling with the preceding stimulus.

Ventricular extrasystole with short coupling al-
ways raises concerns that a stimulus might reach
a “vulnerable” phase located nearby the peak of
a T wave (a phenomenon known as “R-on-T7),
while in patients after MI nonhomogeneous re-
polarization, which poses a risk of life-threatening
ventricular tachyarrhythmias, is not uncommon.
This situation is characterized by extended QT in-
tervals and their spatial dispersion, among other
features. In the present case, the QT interval is
normal (400 ms) at first glance, and after the cor-
rection for heart rate using the Hodges method,
it is 453 ms. Therefore, it only slightly exceeds
the upper limit of normal established for a cor-
rected QT interval in men (ie, 450 ms). The QT-
-interval dispersion in this tracing is quite small,
around 20 ms. Thus, except for a single prema-
ture beat (short-coupled and without postextra-
systolic turbulence) and features of MI evolu-
tion, there are no other sings in this electrocar-
diogram indicating a risk of dangerous ventricu-
lar tachyarrhythmias.

DIAGNOSTIC PROBLEM A premature beat with a narrower QRS complex than that in beats of sinus origin



DIAGNOSTIC PROBLEM

Supraventricular tachycardia

The first 2 electrocardiogram (ECG) tracings, re-
corded during Holter monitoring (FIGURE 1), show
the onset and end of a paroxysmal supraventric-
ular tachycardia. Between these points, a tachy-
cardia of 24 s in duration and 163 bpm in fre-
quency is seen.

Let us start from establishing the type of tachy-
cardia. It begins with a wide QRS complex pre-
ceded by a premature ectopic P wave, imposed on
a T wave from the previous cycle (arrow 1). This
ectopic atrial stimulus reached the ventricles with

delay (PR interval, 0.3 s), probably via a slow nod-
al conduction pathway, and returned to the atria
using the fast pathway shown on this ECG as
a retrograde P wave immediately after the QRS
complex (arrow 2). This sequence initiates a re-
current tachycardia originating from the atrioven-
tricular node. Ventricular depolarization is initial-
ly associated with aberrant conduction, but after
10 cycles the normal pathway of intraventricular
conduction is restored. Throughout the record-
ing, in leads CM, and CS,, negative P waves can
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be seen after the QRS complexes. After less than
30 s, tachycardia resolved.

Another interesting ECG feature during this
supraventricular tachycardia is variability of
the T waves. After the resolution of an aberra-
tion within the QRS complexes, the T waves seem
to be split (bold brackets). In the last beat of su-
praventricular tachycardia shown in the middle
tracing, it is clear that the peak of the T wave in
lead IS (corresponding to limb lead III) is synchro-
nized with the second peak of the split T wave
in lead CS, (arrow 3). Perhaps the supposed first
peak of the split T wave is not the peak of the
T wave but the second phase of the negative—
positive P wave? However, in the first beat of si-
nus origin, the pattern of these 2 components
is stretched (arrow 4, brackets), probably due to
the prolongation of the cardiac cycle, and one
can get the impression that it is the T wave fol-
lowed by the U wave (although still synchronous
with the monophasic T wave in lead IS). In subse-
quent beats, both components of the T wave (or
perhaps T+U) overlap, and a few seconds later,
the third tracing already shows normal T waves
with a trace of a physiologic U wave following
the T wave (arrow 5). Therefore, it is now clear
that during tachycardia and immediately after,
the split T waves are seen. However, the reason
for this manifestation is unclear.

DIAGNOSTIC PROBLEM Supraventricular tachycardia
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DIAGNOSTIC PROBLEM

Sudden sinus pauses

34

These 5 electrocardiogram tracings (FIGURE 1) were
recorded during Holter monitoring at different
times of the day.

A sinus rhythm is diagnosed on the basis of
the presence of positive P waves in leads I and
II of a standard electrocardiogram. In the pres-
ent case, the sinus rhythm can be identified, al-
though it should be remembered that leads I and
IT have no equivalent in Holter monitoring leads.
Recurrent sinus pauses can be seen, with the lon-
gest reaching 4.4 s. Howevery, it is difficult to de-
termine their origin.

Tracings 1 and 2 allow us to examine wheth-
er the PP intervals seen during the pauses are
a multiple of the basic PP interval during a si-
nus rhythm. In the first tracing, the pause is only
0.16-second longer than the 5-fold duration of
the subsequent PP interval, while in the second

tracing, the first pause is not the multiple of
the preceding PP interval but the second pause
is 2-fold longer than the PP interval. What is
more, the regular rhythm of a normal frequen-
cy preceding the sudden pauses on tracings 3-5
speaks against the diagnosis of episodes of a si-
nus arrest, usually preceded by a gradual slow-
ing of the rhythm. Therefore, on the basis of
the available records, the diagnosis of a sinoatri-
al block type II seems more likely. Regardless of
its pathomechanism, the presence of the pauses
longer than 3 s (in the first tracing almost 4.5 s)
and of the simultaneous first-degree atrioven-
tricular (AV) block (PR intervals reaching 0.4 s)
supports the diagnosis of sick sinus syndrome.
Another interesting feature is the diversity
of supraventricular escape pacemakers during
the pauses. In tracings 3 and 4, the escape rhythm
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from the top of the right or the left atrium inter-
feres with the rhythm of a similar frequency orig-
inating from the AV junction, while in tracing 5,
a rhythm originating in the lower atrial area and
conducted with the first-degree AV block is seen.

DIAGNOSTIC PROBLEM  Sudden sinus pauses
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DIAGNOSTIC PROBLEM

Relationship between wide QRS complexes and
QT interval

This electrocardiogram tracing (FIGURE 1), recorded
during Holter monitoring, shows sinus tachycar-
dia (100 bpm), seemingly disturbed by ventricular
premature beats or periodic preexcitation. How-
ever, in fact, nothing disturbs this basic rhythm
but the patient has periodic left bundle branch
block, which is evidenced by the absence of atrio-
ventricular dissociation and fixed PR intervals,

regardless of the conduction pathway. The shape
of the QRS complexes without a bundle branch
block in lead CS, suggests that the patient had suf-
fered anterior wall myocardial infarction (notched
QS complexes). Interestingly, the Holter analyz-
er does not distinguish the bundle branch block
from ventricular premature beats and marks all
wide QRS complexes with the letter “K”, thus
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increasing the number of episodes of ventricu-
lar arrhythmia recorded during the day.

This electrocardiogram also clearly illustrates
that the left bundle branch block does not neces-
sarily prolong the QT interval. In the lower trac-
ing, the QT interval in both conduction variants
lasts 0.36 s, while in the upper tracing in 2 beats
with a wide QRS complex, it reaches 0.4 s. It has
been suggested that the bundle branch block may
cause a minor prolongation of the QT interval
(to 0.03 s in the case of left bundle branch block
and shorter in the case of right bundle branch
block). The question arises as to why the QT in-
terval sometimes remains unchanged, although
in the case of left bundle branch block there is un-
doubtedly a significant delay in left ventricular de-
polarization. Experimental studies demonstrated
that delayed depolarization, whether caused by
a block or an artificial stimulation of the ventri-
cles, reduces the duration of an action potential
in the fibers showing abnormal depolarization,
as reflected by the shortening of the JT interval.
The shortening is most pronounced in the left
ventricle and can reach up to 0.03 s. Therefore,
the final change of the QT interval is either mi-
nor or undetectable.

DIAGNOSTIC PROBLEM Relationship between wide QRS complexes and QT interval
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DIAGNOSTIC PROBLEM

Effect of quinidine treatment

on electrocardiogram

38

This electrocardiogram (FIGURE 1) was recorded in
the 1970s, on the 3rd day of quinidine treatment
in a 45-year-old man with hypertension, severe
left ventricular hypertrophy, long QT interval
(520 ms), and atrial premature beats (misdiag-
nosed as ventricular premature beats). The pa-
tient was administered quinidine, which at that
time was considered the treatment of choice for
premature beats and its effects on the QT inter-
val and the risk of ventricular tachyarrhythmia
were yet unknown.

First, the QT interval should be measured. It
cannot be measured in leads I, I, and V, because it
is difficult to determine the end of the T waves. In
leads I11, V,, and V,, the QT interval lasts 520 ms,
and in lead aVL, 600 ms. In leads V, and V,,
the T wave is split and a large U wave superimpos-
es on its descending arm. Therefore, the measure-
ment has to be made by plotting the tangent to
the descending arm of the T wave (after the point
where it is split) and measuring the QT interval
to the intersection of the tangent with the line
marked out by the TP segments. In both these
leads, the QT interval is 620 ms.

Now, the QT interval should be corrected for
heart rate (50 bpm). TABLE 1 presents the results
of the correction obtained using exponential re-
gression according to the Bazett formula com-
pared with those obtained using linear regres-
sion according to the Hodges formula. The Ba-
zett formula is too common to be presented
here, while the Hodges formula (one of the nu-
merous formulas based on linear regression)
is as follows: corrected QT = QT interval [ms]
+1.75 x (HR-60), where HR is the heart rate per
minute. If the heart rate is below 60 bpm (in this
case 54 bpm), the product of the difference of
the 2 heart rates is multiplied by 1.75 and sub-
tracted from the measured QT interval.

TABLE 1 shows that the Bazett formula signifi-
cantly reduces the real value of the QT interval
if the heart rate is below 60 bpm (the opposite
happens in the case of higher heart rates, and
particularly in the case of tachycardia exceed-
ing 90 bpm). If we were to use this formula, we
would conclude that quinidine increased the de-
gree of QT-interval prolongation by less than
60 ms compared with its duration before treat-
ment. According to the 2005 US Food and Drug
Administration guidelines for the pharmaceuti-
cal industry, such a value indicates a necessity to
discontinue a drug. The longest QT interval cor-
rected by the Hodges formula exceeds the refer-
ence value recorded 3 days earlier by as much as
83 ms. Moreover, the duration of the QT interval
in individual leads indicates their wide dispersion,
namely, 100 ms. It is a feature independent of sig-
nificant QTc prolongation, indicating the risk of
malignant ventricular tachyarrhythmia.

The present case corroborates the 2009 guide-
lines of American cardiac societies, which recom-
mended the use of linear regression methods to
correct the QT interval for heart rates and sug-
gested the following upper reference ranges for
the corrected QT interval: 450 ms for men and
460 ms for women.

However, the Bazett formula has a single ad-
vantage over the linear regression methods. QT
prolongation measured by this method better re-
flects the risk of cardiac death than that measured
using linear regression. The reason for this advan-
tage is simple: QT-interval prolongation in the Ba-
zett method is related not only to the actual dura-
tion of the QT interval but also to the accelerat-
ed heart rate, and it is well known that the high-
er the resting heart rate, the higher the risk of
cardiac death (regardless of the presence of other
risk factors). Yet it is obviously better to evaluate

TABLE 1

Leads Measured QT interval, ms Bazett correction Hodges correction
I, V, and V, 520 475 503

aVL 600 548 583

V,andV, 620 566 603
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this risk not using one common formula, which
does not reveal the significance of each individu-
al parameter, but rather independently—by pre-
cisely correcting the QT interval for the heart rate
and separately evaluating the clinical significance
of heart rates.

DIAGNOSTIC PROBLEM Effect of quinidine treatment on electrocardiogram



DIAGNOSTIC PROBLEM

Problems with identification

of electrocardiographic features

of left ventricular hypertrophy

40

FIGURE 1 shows an electrocardiogram (ECG) re-
corded in a 61-year-old man with atypical angi-
na. In this description, the ECG will be interpret-
ed according to the 2010 Polish Cardiac Society
guidelines, and the results will be compared with
the 2007 and 2009 guidelines of the American
Heart Association, American College of Cardiol-
ogy, and Heart Rhythm Society (AHA/ACC/HRS).

A slow regular sinus rhythm (58 bpm), normal
electrical axis of the heart in the frontal plane, and
rotation of the heart to the left (counterclockwise
in the apical view; R = S between leads V, and V,)
can be identified.

The P waves are wide (0.11 s), although still
within the reference range, and they are also
slightly “notched”. The dimensions of a negative
phase of the P wave in lead V| are also within
the reference range. Therefore, it would not be
wrong to consider these waves as normal.

The QRS complexes are of normal duration,
but the interpretation of their amplitude is
problematic. They do not meet any of the crite-
ria of left ventricular hypertrophy, recommend-
ed by the Polish Cardiac Society (R-wave am-
plitude in V,, <26 mm; the sum of SV, + RV
<35 mm; and the sum of SV, + RaVL <28 mm),
while they fulfill some of the 36 criteria listed in
the AHA/ACC/HRS guidelines: the sum of R + S
exceeding 35 mm in any precordial lead (in this
case, 40 mm in lead V,) and the R wave exceeding
26 mm in any precordial lead (in this case, 32 mm
in lead V,). Thus, the diagnosis of left ventricu-
lar hypertrophy is not unequivocal and will de-
pend on what guidelines are used as reference, if
any. If hypertrophy was diagnosed, then severe
abnormalities in ST-T would be identified as re-
lated with the hypertrophy and they would be de-
scribed either in a standard way (although not in
accordance with the guidelines) as the features of
left ventricular overload, or in accordance with
all of the above guidelines as the features of left
ventricular hypertrophy with secondary ST-T ab-
normalities. However, it is important to note that
ST-T abnormalities associated with ventricular
hypertrophy can be either secondary (resulting

from abnormal ventricular depolarization) or pri-
mary (associated with myocardial ischemia). This
is also emphasized by the AHA/ACC/HRS guide-
lines. In the present case, the extent of ST-T ab-
normalities may raise some doubts as to wheth-
er they are associated with left ventricular hyper-
trophy only. Yet the counterclockwise heart ro-
tation makes the QRS complexes in leads V, and
V, seem to correspond with the left ventricular
complexes. However, if we do not diagnose left
ventricular hypertrophy, the only possible diag-
nosis left is the features of myocardial ischemia,
owing to the presence of negative T waves with
significant ST-segment depression.

As for the counterclockwise heart rotation,
it has recently become popular to describe such
a feature as “prominent anterior QRS forces”.
Both these terms describe the presence of R>S-
-type QRS complexes in leads V, to V,. Moreover,
those who identify prominent anterior QRS forc-
es interpret them as a feature of left septal fas-
cicular block, but they have no proof for the ex-
istence of such a relationship beyond the imag-
ined course of depolarization. Meanwhile, such
a picture is quite common and is seen not only
in various diseases but also in healthy individu-
als. The R>S-type QRS complexes in lead V, may
be present in patients with right bundle branch
block, ventricular preexcitation syndrome type A,
right ventricular hypertrophy, and inferoposte-
rior myocardial infarction. When R>S-type QRS
complexes are present only in leads V, and V,,
the following conditions might be considered:
heart displacement due to chest distortion or lung
disease, congenital heart disease with hypertro-
phy of both ventricles, and sometimes also tran-
sient disturbances of intraventricular conduc-
tion of unknown origin (these conduction distur-
bances also tend to cause the opposite configu-
ration of the QS complexes in these leads, which
is similarly transient and unrelated to myocar-
dial infarction). Finally, considering the variable
location of the septal fascicle, it can be assumed
that patients with a dominant posterior fascicle
that sends its branches to the septum may show
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a physiological depolarization of the interventric-
ular septum that manifests with the presence of
R>S-type QRS complexes, instead of a more com-
mon depolarization from the left to the right side
of the septum, which is manifested on an ECG
by small Q waves in leads I and V, /69 called “sep-
tal Q waves”. Thus, counterclockwise heart ro-
tation with R>S-type QRS complexes in lead V,
orinleadsV, and V, is a nonspecific feature and
usually requires no further diagnostic workup.

DIAGNOSTIC PROBLEM Problems with identification of electrocardiographic features...




DIAGNOSTIC PROBLEM

Atrial flutter with a questionable left bundle
branch block

42

In the limb leads of this electrocardiogram
(FIGURE 1), only in leads I and aVL small QRS com-
plexes can be seen, while in the remaining limb
leads these complexes are embedded in the flut-
ter waves (the rate of approximately 280 per min-
ute). A small amplitude of the QRS complexes is
not specific for any particular disease. It can be
seen in patients with pericarditis (both exudative
and constrictive) and in various other conditions
associated with large pericardial effusion (not al-
ways inflammatory); in cardiomyopathy, mainly
restrictive (eg, amyloidosis) but also dilated (in-
cluding inflammatory and ischemic); sometimes
in chronic or acute cor pulmonale (in the case of
chronic disease, it is related to obstructive pul-
monary disease); and occasionally also in healthy
individuals (in whom it results from a specific

vector of ventricular depolarization, perpendic-
ular to each axis in the frontal plane).

So what are other possible clues to an under-
lying disease in this electrocardiogram? Of note,
the precordial leads show moderate nonspecific
features of clockwise heart rotation and focal dis-
turbances of intraventricular conduction (notched
QRS complexes in leads V, and V,). The notches
in lead V,, only slightly visible also in lead V,;, as
well as an increase in the time to peak R in these
leads to more than 0.06 s raise the suspicion of in-
complete left bundle branch block. The T waves
in these leads, which are opposed to the QRS
complexes, may in part result from the negative
phase of the F waves that superimpose on the T
waves (they can also be seen outside the T waves
within the longer RR intervals). However, since

é

FIGURE 1
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the duration of the QRS complexes is 0.12 s, com-
plete left bundle branch block is the only possible
diagnosis according to arbitrary expert criteria.
Such diagnosis will be in line with the current cri-
teria (American Heart Association / American Col-
lege of Cardiology/ Heart Rhythm Society, 2009),
although in fact, it may not reflect the actual sta-
tus. This is because despite the current criteria,
numerous reports have shown that the duration
of QRS complexes in complete bundle branch
block exceeds 0.12 s. Nevertheless, this issue is
of little practical importance, and moreover, it
has not been clearly resolved to date.

DIAGNOSTIC PROBLEM Atrial flutter with a questionable left bundle branch block
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CLINICAL INTERPRETATION

An apparent myocardial infarction in a woman

with left bundle branch block

44

This simple electrocardiogram (FIGURE 1) was re-
corded at a speed of 50 mm/s in a 75-year-old
woman with hypertension, who was admitted
to the hospital with symptoms of transient isch-
emic attack. The patient was informed that she
had suffered myocardial infarction in the past,
which she was unaware of. Apart from the di-
agnosis of left bundle branch block, a physician
included the following information in the de-
scription of the electrocardiogram: “the lack of
R-wave progression in leads V, to V, indicates pri-
or anterior wall myocardial infarction.” Howev-
er, the lack of R-wave progression in leads V, to
V, is one of the characteristic features of the left
bundle branch block. Moreover, it is quite com-
mon to see QS complexes in leads V| to V, in pa-
tients with this type of a block, and in this setting

they also do not indicate a myocardial infarction.
In patients with left bundle branch block, ante-
rior wall myocardial infarction can be identified
only when QS complexes are seen up to lead V,,
or when wide Q waves are present in leads V or
V, (or both).
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CLINICAL INTERPRETATION

An 18-year-old man with muscular dystrophy

These 2 electrocardiograms (ECGs) were record-
ed within 1 month in a young man with Em-
ery-Dreifuss muscular dystrophy.

The first ECG (FiGURE 1) shows atrial tachycar-
dia with a rate of the P waves of 180 bpm, com-
plete atrioventricular (AV) block, and an escape
rhythm from the AV junction with a heart rate of
45 bpm. Although the ratio of the atrial and ven-
tricular rates and the shape of the P waves and

QRS complex in leads I to III may suggest other-
wise, this is not a second-degree AV block (4:1).
The variable PQ intervals in the subsequent leads,
sometimes very short, indicate that the atrial
stimuli are not the source of the QRS complexes
that occur immediately after them.

The second ECG (FIGURE 2) shows only the
rhythm from the AV junction with a heart rate
of 37 to 45 bpm, with no visible P waves. In both
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ECGs, the QRS complexes have a similar shape:
in the form of S S;;S,, with incomplete right bun-
dle branch block.

This rare hereditary muscular dystrophy dam-
ages skeletal muscles to a lesser extent (and only
in men), while in all patients (both men and wom-
en) with the genotype of the disease, it leads
to progressive cardiomyopathy, first affecting
the atrial muscle (with atrial conduction system)
and then the ventricular muscle. Characteristic
types of arrhythmia include sinus arrest, AV block
(usually first-degree), episodes of atrial fibrilla-
tion or atrial flutter, and atrial arrest, a condi-
tion in which atrial muscle fibers lose their excit-
ability and do not produce action potential, and
therefore do not contract under stimulation. Such
a possibility may be considered when interpreting

the origin of the rhythm from the AV junction in
the second ECG.

The shape of the QRS complexes deserves at-
tention. The SS;;S,; complex with S>R deflections
is usually found in patients with cor pulmonale
or extensive myocardial infarction, sometimes
also in patients with hypertrophy of both the left
and right ventricles and in a rare type of intra-
ventricular conduction disorder with right supe-
rior axis deviation of unknown pathophysiology.
In this case, the results of the echocardiogram
were (yet) completely normal, and in the pres-
ent ECG, the amplitudes of the R and S waves
were more or less the same. Therefore, the car-
diac axis should be considered indeterminate,
and together with the presence of the incomplete
right bundle branch block, it should be regarded

é
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as an early sign of intraventricular conduction
system damage.

Because of the risk of a complete AV block
(not only during rapid atrial tachycardia) and its
spread to the intraventricular conduction system,
as well as because of a deteriorating pacemaker
function, patients with Emery-Dreifuss mus-
cular dystrophy usually require implantation of
VVI pacemakers.

CLINICAL INTERPRETATION An 18-year-old man with muscular dystrophy
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CLINICAL INTERPRETATION

A 58-year-old woman with a history

of 2 myocardial infarctions

48

This electrocardiogram (ECG, FIGURE 1), record-
ed at a speed of 50 mm/s, shows a regular si-
nus rhythm (84 bpm) and a minor upsloping ST-
-segment depression in leads V, to V, which has
no clinical significance.

The ECG was recorded in a woman who, a few
years earlier, suffered anterolateral wall myocar-
dial infarction without an abnormal Q wave, com-
plicated by sudden cardiac arrest (an ECG showed

ventricular tachycardia, followed by asystole, and
then by transient third-degree atrioventricular
block). After these events, a cardiac team decid-
ed to perform percutaneous coronary interven-
tion to dilate the right coronary artery, which was
the only occluded vessel at that time. The inter-
vention caused an arterial spasm, which led to
another myocardial infarction, this time affect-
ing the inferior wall. The patient survived and
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remained in a good general condition, except for
mild hypertension and hypercholesterolemia.

The present case shows that normal ECG find-
ings do not exclude heart disease, such as life-
-threatening Prinzmetal angina seen in this
patient.

CLINICAL INTERPRETATION A 58-year-old woman with a history of 2 myocardial infarctions
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CLINICAL INTERPRETATION

A 92-year-old man with critical aortic stenosis

The greatest challenge in this routine electro-  with a PR interval of 0.26 s can be seen; trans-
cardiogram is to determine the origin of a heart = ferring this time interval to leads I to III explains
rhythm of 115 bpm. It is only in the precordial ~ that the P waves are hidden in the T waves and be-
leads that the P waves imitating U waves (arrows1)  gin to appear only in the last 2 beats (arrows 2),

oH | ‘i | !
3!;! i N | Mgﬂﬁ

"avR : |

ravi i

rave

FIGURE 1

50 POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ  2016; 126 (Special Issue 2)



during which the prolongation of the RR inter-
vals from the initial 520 ms to 560 ms occurs
(and thus the heart rate decreases to 104 bpm).
Of note, in leads aVR, aVL, and aVF, the rhythm
after a single premature atrial beat (arrow 3) tran-
siently decreases to 96 bpm. Therefore, acceler-
ated sinus rhythm with a single premature atrial
beat and first-degree atrioventricular block can
be diagnosed.

In addition, downsloping or horizontal ST-
-segment depression indicates myocardial isch-
emia, and the R-wave amplitude in leads V, and
V, exceeding 26 mm suggests that this ischemia
is probably related to left ventricular overload.

Although sinus tachycardia and features of
myocardial ischemia in the elderly indicate a seri-
ous heart disease, this presentation does not ful-
ly reflect the actual condition of the patient, who
had hypertension and critical aortic stenosis (gra-
dient, 108 mmHg; left ventricular wall thickness,
up to 18 mm; ejection fraction, 26%), diabetes,
and a history of myocardial infarction with pul-
monary edema that occurred 2 years earlier. Cur-
rently, the patient is in a good general condition;
his heart rate is normal and features of ischemia
have decreased significantly. This electrocardio-
gram might be classified as a case of electrocar-
diographic dissimulation.

CLINICAL INTERPRETATION A 92-year-old man with critical aortic stenosis
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CLINICAL INTERPRETATION

Palpitations in a 50-year-old man

52

FIGURE 1 presents an interesting series of electro-
cardiograms (ECG) recorded during Holter mon-
itoring in a man with hypertension and periodic
palpitations, significant concentric left ventricu-
lar hypertrophy (wall thickness, 14 mm), without
segmental wall motion abnormalities, and with
a negative result of the stress test during which
the patient experienced numerous ventricular
premature beats, including couplets. The leads are
marked as A, B, and C because their origin is un-
known. Because the tracings from leads A and C
are almost identical, all 3 leads are presented only
once. Lead B, unfortunately, was recorded over an
area with very small amplitudes of deflections.
In tracings 1 to 3, recorded during sleep, brady-
cardia of up to 30 bpm (tracing 3) was interrupt-
ed by episodes of atrial tachycardia of 120 to 130
bpm and, interestingly, with a variable shape of
the P waves. With only 2 or 3 bipolar precordial
leads used for Holter monitoring, it is difficult to
tell what happened in the limb leads at that time.
There is insufficient evidence to suspect that it
was a chaotic atrial rhythm, that is, multifocal
atrial tachycardia (in such a case, we would see
occasional beats from the atrioventricular junc-
tion with inverted P waves in the leads represent-
ing the vertical axis in the frontal plane). There-
fore, it is hard to tell whether the variable shape
of the P waves indicates intraatrial conduction
disturbances or the beats originating from mul-
tiple sites. The diagnosis of aberrant intraatrial
conduction is supported by features of intraatri-
al conduction disturbances during the basic heart
rhythm, which can be treated as sinus rhythm
(with wide and split P waves [arrows 1]). These
features, together with the presence of atrial ar-
rhythmia, indicate an underlying condition that
may increase the risk of atrial fibrillation.

Apart from short episodes of atrial tachycar-
dia, also occasional single atrial premature beats
and episodes of sinus bradycardia were recorded
at night. On the other hand, during the day, ep-
isodes of parasystolic ventricular rhythm were
seen, with heart rates similar to those of the cur-
rent sinus rhythm, namely, 70 to 80 bpm (trac-
ing 4, recorded at 7:40 PM).

This ECG shows an interesting feature: severe
disturbances of ventricular repolarization after
resolution of the consecutive episodes of atri-
al tachycardia, manifesting as a transient sig-
nificant increase in the amplitude and duration

of the U waves (arrows 2) and prolongation of
the Q(T + U) interval to about 600 ms. While
numerous studies have indicated that postextra-
systolic ST-T features (including those seeming-
ly ischemic) are not associated with unfavorable
prognosis, it has also been reported (although not
yet confirmed) that an increase in the amplitude
of a postextrasystolic U wave is a poor prognos-
tic factor. In conclusion, the only abnormality in
this ECG series that can be considered as mild
and without clinical significance is the parasys-
tolic ventricular rhythm.
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CLINICAL INTERPRETATION

Exhaust fume poisoning in a 25-year-old

soldier

54

At the end of September 2007, a professional sol-
dier presented to an emergency room (ER) after
a short-term loss of consciousness, which he suf-
fered for the first time in his life during a train-
ing shooting from a tank. On the spot, it was as-
sumed that he was poisoned with exhaust gas-
es and he was given oxygen; in the hospital, he
complained of nausea, headache, and dry cough.
A physical examination and laboratory tests re-
vealed no significant abnormalities. Based on data
from interviews and an electrocardiogram (ECG),
Brugada syndrome was suspected and the patient
was transferred to a tertiary referral military hos-
pital. As no abnormalities were detected, the pa-
tient was sent back to his military unit.

The ECG tracing in FIGURE 1 was recorded on
the first day in the ER (at a speed of 25 mm/s,
1 mV =10 mm). It shows a regular and fast si-
nus rhythm (112 bpm). The PR interval is pro-
longed (0.24 s), the QTc interval corrected by
the Hodges method is 0.41 s, and the duration of
the QRS complexes in leads IT and [T is 0.12 s. As
for the QRS complex in the precordial leads, first
it has to be determined where the R and S waves
end. But before that, please take a closer look
at Q waves, whose duration (0.05 s) and depth
in leads V, and V, are quite surprising In lead
V,, a residual R wave can already be identified
at the beginning of the QRS complex, and thus

the subsequent negative wave is the S wave. Af-
ter Q waves in leads V, and V,,, we would typical-
ly recognize R waves, and after S waves in lead
V.,—R’ waves, but from the top they form arch-
es followed by the T waves, with concave ST seg-
ments in leads V, and V, and with a downslop-
ing depression in leads V, and V,. Therefore, as we
classify them as J waves rather than R waves, this
presentation meets the criteria of type I Brugada
syndrome (not type I, because ST segments are
not followed by negative T waves; unfortunate-
ly, the quality of the tracing from leads V, to V, is
suboptimal, particularly with respect to P waves).
All these abnormal ECG features resolved on day
6 of hospitalization (FIGURE 2): the sinus rhythm
was no longer accelerated (range, 75-82 bpm), the
PR intervals were normal (0.18 s), the QRS com-
plexes had no pathological Q waves and their du-
ration did not exceed 0.1 s, and finally, the chang-
es in the ST-T segment in the precordial leads cor-
responded to the physiological early repolariza-
tion syndrome.

How to interpret these 2 ECGs? In the case of
the first ECG, the least likely option (though often
seen) is a technical error made during the record-
ing by placing the precordial leads about 1 or 2 in-
tercostal spaces higher than necessary. However,
we would then expect narrow and small Q waves
or QS complexes, not Qr complexes. Moreover,

FIGURE 1
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this would not explain the wide QRS complexes.
Therefore, the suspicion of Brugada syndrome
was justified in this case, and before excluding
such a diagnosis, we would have to make sure
that the patient had no family history of sud-
den cardiac death and confirm a negative result
of sodium channel blocker challenge. In case of
doubt, we should consider whether the patient
might have been exposed not only to exhaust gas-
es, but also to high ambient temperature during
the shooting. There have been reports that high
temperatures may trigger or exacerbate ECG ab-
normalities consistent with Brugada syndrome.
However, this is not all. Regardless of the etiol-
ogy of changes in the ventricular repolarization
phase, both the loss of consciousness and com-
plaints after recovery as well as the presence of
deep and wide Q waves on the first ECG suggest
an important role of the poisoning from exhaust
fumes, which contained mainly carbon monox-
ide but also lead dioxide. As the Q waves quick-
ly subsided and the enzyme markers for myocar-
dial infarction were normal, transient myocardi-
al stunning might be considered in this case (al-
though carbon monoxide poisoning often leads
to myocardial necrosis and is associated with poor
prognosis).

As regards confusion with the J waves: there
is convincing evidence that these waves do not

represent the early phase of ventricular repolar-
ization, but they are a manifestation of abnormal
depolarization within the right ventricular out-
flow tract. However, this does not affect the above
interpretation of ECG findings.

FIGURE 1
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CLINICAL INTERPRETATION

A 64-year-old woman with a history of
myocardial infarction

FIGURE 1 shows electrocardiogram tracings record-  with one episode of tachycardia with wide QRS
ed at 00:30 AM during Holter monitoring. complexes.
Sinus rhythm of approximately 85 bpm can It can typically be assumed that the leading

be identified, disturbed by numerous premature =~ rhythm in Holter monitoring is a sinus rhythm
ventricular beats with compensatory pausesand  if P waves seen before the QRS complexes are
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identical and are positive in lead CM,. However,
in this tracing, the P waves sometimes lose their
similarity to the previous ones, especially in lead
CM;. They are more flattened (eg, in a penultimate
beat with sinus rhythm seen in the upper tracing,
or in the 2nd and 3rd sinus beats from the end
seen in the middle tracing), while the P wave is
not seen at all before the 3rd QRS complex of si-
nus origin in the lower strip in lead CM,, while it
is visible in lead CS, (although with an abnormally
shortened PR interval [arrow 1]). Because all these
smaller P waves do not break out of the rhythm
of the PP intervals (0.72 s), it may be safely as-
sumed that they are merely variable, perhaps due
to respiratory sinus arrhythmia. And the last of
the above beats with a shorter PR interval illus-
trates an escape beat from the atrioventricular
junction (after a premature beat).

This short episode of tachycardia should be rec-
ognized as ventricular, although no atrioventricu-
lar dissociation can be identified. The ventricular
origin is supported by the similarity of the QRS
complexes to the complexes seen in premature
beats as well as by the shape of the QRS complex
in lead CM,, which follows a pattern of a left bun-
dle branch block with a single positive deflection.
However, it is interesting that in lead CS, the wide
QRS complexes are alternating, which allows a di-
agnosis of bidirectional tachycardia. Obviously
this is not a masked ventricular bigeminy falling
between sinus QRS complexes, because QRS com-
plexes in lead CM are of uniform shape. There-
fore, this is tachycardia originating from the in-
terventricular septum near the base of the heart
(probably from the edge of the scar after myo-
cardial infarction), which preferentially reaches
the right bundle branch, but the impulse alter-
nately travels via 2 different paths on its way to
the left ventricle.

The notches visible just behind the single ecto-
pic QRS complexes in lead CS, in the middle trac-
ing and after the first such complex in the low-
er tracing (arrows 2) are another interesting and
perhaps alarming feature. The notches appear
at sites of the expected atrial depolarization orig-
inating from the sinus node, which would suggest
that these are sinus P waves that have not been
conducted to the ventricles depolarized by ecto-
pic premature beats. However, similar notches
can also be seen during ventricular tachycardia
in the upper tracing, without any connection to
a sinus rhythm. Therefore, it has to be assumed
that these apparent P waves reflect fragmented
ventricular depolarization, that is, the € waves
that are the equivalent of “late potentials”, which
during a sinus rhythm are best visible in highly
amplified averaged tracings.

CLINICAL INTERPRETATION A 64-year-old woman with a history of myocardial infarction
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CLINICAL INTERPRETATION

Death in the postpartum period

58

This routine electrocardiogram (ECG; FIGURE 1)
was recorded in a 28-year-old woman in the 9th
month of pregnancy.

The ECG shows a regular sinus rhythm (ap-
proximately 80 bpm). An interesting feature is
the variable shape of sinus P waves, especially
in the limb leads. Such a presentation is called
a wandering sinus pacemaker and its clinical

significance has not been established yet. Other
features that can be identified include extreme
right axis deviation (about +180°) with a positive
R wave in lead aVR and a trace of R waves in leads
I and aVL (arrows); very high R, waves (22 mm)
with ST-T abnormalities corresponding to right
ventricular overload and with deep S waves in
left ventricular leads; a variable amplitude of
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the QRS complexes in leads II and III (perhaps
due to respiratory sinus arrhythmia); and, final-
ly, a prolonged QTU interval, reaching 500 ms
in the right ventricular leads (marked by brack-
ets) and exceeding the QT interval by 120 ms in
the remaining leads (a much greater difference
than the duration of a normal U wave). The type of
QRS and ST-T abnormalities suggests significant
right ventricular overload associated with pres-
sure overload-induced hypertrophy rather than
volume overload-induced hypertrophy or hyper-
trophy seen in chronic cor pulmonale with domi-
nant emphysema. Most probably, the prolonged
QT intervals in leads V, to V, are also associated
with severe right ventricular hypertrophy. The ab-
sence of Q waves in lead V, suggests that this is
not severe tricuspid valve insufficiency. However,
the ECG features do not explain the cause of such
a severe right ventricular hypertrophy.

At 15 years of age, the patient was accidental-
ly diagnosed with congenital heart disease. She
was hyposthenic, but asymptomatic, and her de-
velopment was normal. A few months later, car-
diac catheterization was performed, which re-
vealed ductus arteriosus with severe pulmonary
hypertension and variable shunt: from the left
to the right and vice versa. In subsequent years,
the patient occasionally had dyspnea on major
exertion. She became pregnant at the age of 28
years and the course of pregnancy was normal.
For obstetric reasons, she delivered by cesare-
an section. She delivered a healthy girl with no
complications of delivery. On day 2 after delivery,
the patient suddenly developed a rapidly progres-
sive dyspnea and cyanosis that spared the right
hand (even clubbing, which she had developed
earlier, affected only the left hand and both feet).
She was transferred to a cardiac intensive care
unit with worsening features of respiratory in-
sufficiency and heart failure. Her condition wors-
ened, leading to pulseless electrical activity result-
ing in death within several minutes on day 4 af-
ter delivery. Autopsy confirmed the clinical sus-
picion of pulmonary embolism, although a micro-
scopic examination revealed thrombosis affecting
mainly small pulmonary arteries along minor lip-
id embolism. Of note, pregnancy in women with
Eisenmenger syndrome, regardless of its patho-
genesis, is associated with an almost 40% risk of
death. In most cases, death occurs immediately
after delivery as a result of large fluctuations in
blood volume and metabolic disturbances, which
increase the risk of thrombosis.

As for this ECG, the dominant feature was
the prominent right ventricular hypertrophy (on
autopsy, the thickness of the left and right ven-
tricular walls was identical and equal to 13 mm),
which masked the coexistent left ventricular hy-
pertrophy typical for patients with patent duc-
tus arteriosus. The appropriate bedside diagno-
sis of this malformation could have been made
on the basis of physical examination: clubbing
limited to the left hand and both feet indicat-
ed that venous blood from the main pulmonary

CLINICAL INTERPRETATION Death in the postpartum period

artery reached mostly the left subclavian artery
and the descending aorta, which is in line with
the typical location of the ductus arteriosus con-
necting with the aorta opposite to the ostium of
the left subclavian artery.
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CLINICAL INTERPRETATION

A 50-year-old man with hypoparathyroidism

60

This electrocardiogram (ECG, FIGURE 1) was record-
ed in a patient with primary hypoparathyroidism,
admitted to the hospital with a suspicion of sar-
coidosis. However, sarcoidosis was excluded, and
the analysis of the ECG prompted further diag-
nostic workup. In fact, this ECG is almost pathog-
nomonic for the diagnosis of hypocalcemia. It
shows prolongation of the QT interval solely due
to extension of the ST segment, which takes al-
most 0.3 s of the QT interval of 0.44 s (QTc ad-
justed for heart rate using the Hodges formula is
0.48 s). Accordingly, the levels of total and ionized
calcium (0.94-1.4 mmol/l and 0.61-0.68 mmol/],
respectively) were approximately 2 times lower
than the reference range. The levels of parathy-
roid hormone and magnesium were also signifi-
cantly reduced, while the levels of inorganic phos-
phate were increased.

It is known that the change in serum calcium
levels is responsible for the change in the shape
of the ventricular repolarization phase, although,
reportedly, not directly but rather by modifying
the activity of potassium channels in cardiomy-
ocytes. A hypocalcemia-induced prolongation of
the plateau phase of the action potential is homo-
geneous, and therefore it is not associated with
a risk of ventricular tachyarrhythmia.

However, such a presentation on ECG is only
“almost pathognomonic” for hypocalcemia, be-
cause there is another rare disorder manifesting
with the same ECG features, namely, congeni-
tal long QT syndrome (LQTS) type 3. In LQTS
type 3, the prolongation of ST segments is asso-
ciated with genetic sodium channel dysfunction
in myocardial ventricular cells. Compared with
LQTS types 1 and 2, LQTS type 3 is much rarer
but is associated with a much higher risk of sud-
den cardiac death. Differential diagnosis with hy-
pocalcemia should be based on the measurement
of serum calcium levels.
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CLINICAL INTER

PRETATION

A male patient with renal insufficiency

FIGURE 1A shows an electrocardiogram (ECG) trac-
ing from precordial leads V, to V, (paper speed of
25 mm/s). The QT interval is extremely long (0.7
s), while a heart rate of 58 bpm makes the correc-
tion unnecessary. The QT prolongation is caused
by a very long ST interval. The first suspicion
when reading this ECG is hypocalcemia, and in-
deed, the ECG was recorded in a patient with re-
nal failure and electrolyte disturbances, includ-
ing hypocalcemia and hypokalemia. This associ-
ation was confirmed by the ECG from right ven-
tricular leads (FIGURE 1B) recorded 2 days later, af-
ter correction of electrolyte disturbances, showing
the shortening of the QTc interval to 0.5 s.

The widening of the QRS complexes up to 0.12 s
seen in FIGURE 1A, compared with their normaliza-
tion in FIGURE 1B, can be attributed to hypokale-
mia because extracellular calcium deficiency does
not affect this parameter. As for the QT interval,
the prolongation of the QTc interval in hypoka-
lemia usually does not exceed 140% of the ref-
erence value, and if it does, it suggests that it is
in fact the measurement of the QU interval, and
not of the QT interval. Therefore, this promi-
nent T wave in FIGURE 1A might in fact have been
a U wave caused by coexistent hypokalemia. Un-
fortunately, this ECG does not provide a defini-
tive answer to this question.

If we were to read this ECG without data on
the calcium levels, the differential diagnosis

would include long QT syndrome type 3 (charac-
terized by ST-segment prolongation), caused by
the SCN5A gene mutation responsible for sodi-
um transport in phase 0. Mutation of this gene
causes a prolonged sodium influx into cells, in-
cluding the repolarization plateau. However, this
serious condition is even less frequent than se-
vere hypocalcemia.

FIGURE 1A

FIGURE 1B
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CLINICAL INTERPRETATION

Progressively worsening intraventricular

conduction disturbances in a 65-year-old man

after myocardial infarction

62

The electrocardiogram (ECG) tracings in FIGURE 1A
and 18 show intraventricular conduction distur-
bances in a male patient with progressive coro-
nary artery disease.

Already the first ECG (FIGURE 1) reveals numer-
ous abnormalities, including right superior axis
deviation (approx. —-95°) and right bundle branch
block with an extreme clockwise heart rotation
(R/S V<1). In addition, features of the late evo-
lution of anterior wall myocardial infarction can
be seen: Q waves in leads V, to V,, QS complex
in lead V,, and resolving ST-segment elevation
in leads V, to V, with deep symmetrical T waves
in leads V, and V,. The asymmetric negative
T waves in lead V, should be treated as a change
in the course of repolarization secondary to right
bundle branch block, and in lead V,—as a result
of the summation of both those mechanisms.

After 7 years (FIGURE 1B), the features of the
right bundle branch block are still visible, but now
the cardiac axis is directed upwards and to the left
(approx. —75°). However, these ECG features do
not meet the criteria for anterior fascicular block
because there are no q waves in leads I and aVL,
while in leads I and III the QRS complexes have
a QS rather than an rS pattern. On the other hand,

the ECG now shows the features of left bundle
branch block, but—although the QRS duration
is 0.2 s—it cannot be considered as a complete
heart block. This is because the patient had had
complete right bundle branch block for years, and
in such case the development of complete left
bundle branch block would have caused third-
-degree atrioventricular (AV) block. Therefore,
contrary to the current criteria of the American
Heart Association, American College of Cardiol-
ogy, and Heart Rhythm Society (2009), incom-
plete left bundle branch block should be diag-
nosed, probably caused by progressive fibrosis
and chronic ischemia within the septal fascicle
of the left bundle branch. This type of block is
also sometimes referred to as a concealed bundle
block. The simultaneous presence of first-degree
AV block (PR interval, 0.32 s) and right bundle
branch block indicates that conduction abnor-
malities are present also in the other 2 fascicles
of the left branch, which may pose a risk of com-
plete AV block.
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CLINICAL INTERPRETATION

An 82-year-old woman with an undiagnosed

acute myocardial infarction

64

This electrocardiogram (ECG; FIGURE 1A-C) was re-
corded in an 82-year-old woman, who 7 years ear-
lier suffered anterior wall myocardial infarction
(MI) “without a Q wave” and since then has pre-
sented with left bundle branch block. She present-
ed to the hospital with retrosternal pain lasting
2 hours, after she fell victim to a street robbery.
An ECG was recorded (FIGURE 1A; paper speed of
this and subsequent ECGs, 50 mm/s), and sub-
lingual nitroglycerin and intravenous analgesic
were administered. With no obvious indications
for hospitalization in the opinion of the doctor on
duty, she was discharged after resolution of pain,
with a diagnosis of stress-induced angina pecto-
ris in a patient with a history of MI, and possi-
ble chest pain due to injury.

After 4 days, the patient presented for a previ-
ously scheduled consultation with her cardiologist,
who raised a suspicion of acute MI on the basis
of the current (FIGURE 1B) and previous ECGs (the
ECG recorded on the day of the assault showed

the previously absent convex ST-segment elevation
in leads V, and V,, QS patterns in leads V, to V,,
and an abnormal Q wave in lead V,). The diagnosis
was confirmed by a subsequent ECG (evolution of
the ST-T complexes in leads V,-V,), and the patient
was referred for hospitalization at a cardiac unit in
the hospital from which she was discharged a few
days earlier. She was discharged again after 6 days,
and, interestingly, the diagnosis was unstable angi-
na. The basis for excluding the diagnosis of MI was
the normal troponin level on the 4th and 5th days
after the event. Thus, the clinical features, includ-
ing the evolution of ECG, were not given priority
over a biochemical study performed already after
a few days since the coronary event. What is more,
echocardiography performed 7 years earlier showed
only asynchronous contraction of the interventric-
ular septum and akinesia limited to the anterior
part of the septum, while the current echocardiog-
raphy revealed akinesia of the apical and middle
segments of the interventricular septum as well as
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of the apical segment of the lateral wall. However,
despite this abnormality the hospital cardiologist
did not attempt to revise the diagnosis made on
the basis of normal troponin levels. FIGURE 1¢ shows
further evolution of ECG features in this patient.
The present case illustrates that we should
avoid:
1 making a diagnosis of angina pectoris in pa-
tients with chest pain without comparing the cur-
rent ECG with previous results (especially in pa-
tients after MI) and/or measuring troponin lev-
els in the acute phase of the disease;
2 dismissing the risk of MI in patients with left
bundle branch block;
3 making a diagnosis of MI based solely on tro-
ponin levels, particularly when assessed only in
the first hours of chest pain or a long time after-
wards, without considering other clinical features
of MI, which include evolution of ECG features
and echocardiograms;
4 and street robbers, too.
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CLINICAL INTERPRETATION

A 45-year-old man with epilepsy and
hyperparathyroidism

This electrocardiogram (ECG; FIGURE 1) was record-
ed in a man with epilepsy (treated with 2 drugs
at high doses), who was admitted to the hospi-
tal for diagnostic workup of severe bone loss re-
vealed on densitometry. During the 4-day hos-
pital stay, primary hyperparathyroidism was di-
agnosed on the basis of laboratory findings (sig-
nificant hypercalcemia [3.58-3.79 mmol/1], hy-
pophosphatemia, and high parathyroid hormone
levels) as well as ultrasound findings (calcium de-
posits in the kidneys and oval hypoechoic lesion
under the right thyroid lobe—probably an en-
larged parathyroid gland). Glucose and creati-
nine levels were normal, while potassium levels
were low (2.7-3.1 mmol/]). The patient was ad-
ministered a bisphosphonate, methylprednis-
olone, furosemide, spironolactone, and potas-
sium, and was referred for a consultation with
an endocrinologist.

If we did not know the diagnosis, we would
consider this ECG as normal; in particular, the QT
interval is normal (0.40 s corrected for heart rate
of 82 bpm using the Hodges formula). The only
feature that may draw some attention is a short
ST segment (in leads V, and V,, it is slightly lon-
ger than 0.04 s, while in leads II, III, aVR, and
aVFE, the T wave starts almost at the J point).
However, the ECG also shows an objective, al-
though not commonly known, quantitative fea-
ture characteristic for hypercalcemia. It has been
suggested (Surawicz B. Chou’s electrocardiogra-
phy in clinical practice, Saunders Elsevier 2008)
that in patients with hypercalcemia, a short in-
terval from the Q wave to the top of the T wave
(Q-aT) is a more important feature than the QT
interval (which may not always be shortened).
In more than 90% of patients with hypercalce-
mia, the Q-aT interval does not exceed 0.27 s.
In this ECG, it is 0.25 s, which is consistent with
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the clinical diagnosis. On the other hand, the pro-
longation of the PR interval and QRS complex,
although occasionally associated with significant
hypercalcemia, is not characteristic for this elec-
trolyte disturbance and therefore is not men-
tioned in most textbooks.

The T wave in the present ECG is wide and its
early peak makes its descending limb longer than
usual (it is even longer than the ascending limb,
indicating reversed physiological asymmetry of
the T wave). This change, particularly visible in
leads V, and V,, was at first (during 4-day hospi-
talization) linked to concomitant hypokalemia,
which in turn was attributed to the use of glu-
cocorticoids. However, is it a correct interpre-
tation? Hypokalemia could have been related to
glucocorticoids only if the patient had been tak-
ing them before hospitalization, and this is un-
likely because the diagnosis was established in
the hospital. Therefore, it would be worth consid-
ering whether hypokalemia was not linked with
an underlying condition: is it possible that it was
a parathyroid adenoma coexisting with an adre-
nal aldosterone-producing adenoma? Such ade-
nomas are often small and difficult or even im-
possible to identify on ultrasound. If the patient
had primary hyperaldosteronism, the diagnosis
of multiple endocrine neoplasia type 1 would be
the correct one.

Regardless of the cause of hypokalemia, it is
rather unlikely that the above disturbances of
ventricular repolarization were associated with
low potassium levels, because the key feature is
missing, namely, T-wave flattening with an in-
creased amplitude of U waves and the reversal of
their normal ratio (not T>U, but U>T). Besides,
the U waves in this ECG are normal. However,
there is one feature undoubtedly associated with
hypokalemia (although, unfortunately, not wide-
ly recognized), namely, an increase in the ampli-
tude of the QRS complex, which meets the crite-
ria for left ventricular hypertrophy. In this ECG,
the sum of the amplitudes of S, and Ry, , exceeds
45 mm (S, + Ry, = 18 + 29 = 47 mm), which is one
of the 36 criteria of left ventricular hypertrophy,
according to the 2009 guidelines of the American
Heart Association, American College of Cardiol-
ogy, and Heart Rhythm Society.

As for the T waves, although the reason for ex-
tension of their descending limb is unclear, it is
important to note that this part of the ECG is con-
sidered as a measure of a transmural dispersion
of ventricular repolarization. However, the ex-
tension of the descending limb of the T wave is
not used in routine clinical practice because its
measurement generates too many errors. Yet
there have been numerous reports suggesting
that its considerable extension may be associated
with a risk of severe ventricular arrhythmia. Then,
the final question to answer would be whether
the patient in fact had epilepsy. Maybe the loss
of consciousness with convulsions was caused by
episodes of ventricular arrhythmia? And maybe
this would explain the alleged low effectiveness

of antiepileptic drugs and the gradual uptitra-
tion of their dose?
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CLINICAL INTERPRETATION

Two patients in their sixties with near-normal
electrocardiograms

These 2 standard electrocardiograms (ECGs) were
recorded in men aged 69 and 65 years. In the first
case (FIGURE 1A), a doctor referring the patient for
ECG established a diagnosis of hypertension and
lung tumor, while in the second case (FIGURE 1B) no
diagnosis was indicated on the referral.

The first ECG (FIGURE 1A) shows only a slightly
prolonged PR interval—0.24 s (however, such a
feature may also be seen in healthy persons). The
notched and narrow QRS complexes in leads III
and aVF (“adjacent” to each other, although not
in a routine 12-lead ECG but in a Cabrera display
presenting the 6 limb leads in their anatomically
ordered sequence at the frontal plane) would not
typically be considered as an abnormal feature.
However, in the 21st century, there have been re-
ports linking some clinical conditions with QRS
notching. First, French cardiologists showed that
the notches seen on the ascending limb or on the
top of the R wave in leads IL, III, and aVF are char-
acteristic for an atrial septal defect (ASD) and
are more common in this condition than incom-
plete right bundle branch block (even if they are
present only in one of the above leads, which is a
less specific feature than their presence in 2 or 3
leads). This feature is 10 times more frequent in
patients with ASD than in healthy persons. How-
ever, the mean age of the control group of healthy
individuals in this study, corresponding to the age
of patients with ASD, was only 23 years. As it is
well known that notched QRS complexes become
more common with age, further diagnostic work-
up for a previously undiagnosed congenital heart
disease seems unnecessary.

There is also another observation relating to
the presence of high-frequency components in
the QRS complexes (found also in computerized
ECG assessments), which has long been described
in patients with myocardial infarction. Recently,
American investigators studied the significance
of this feature as part of a routine ECG diagnostic
workup in a cohort of nearly 500 persons without
a branch block referred for stress myocardial per-
fusion scintigraphy due to diagnosed or suspect-
ed coronary artery disease. They showed that the
presence of notches in 2 adjacent QRS complex-
es had a 2-fold higher sensitivity (86% vs 36%)
and only slightly lower specificity (89% vs 99%)

than the Q waves for prediction of post-myocar-
dial infarction scar, while the negative predictive
value (ie, the absence of myocardial infarction if
the notches were not present) reached almost
93%. However, as long as these data are not con-
firmed in other studies and approved by experts,
it would not be necessary to include the follow-
ing statement in the description of the first ECG:
“notches of QRS in leads III and aVF for clinical
interpretation.”

But how do these data affect the interpreta-
tion of the second ECG (FiGurE 18)? The problem
here is much more complex. The QRS complex-
es are quite wide (0.1-0.11 s; according to the
20009 guidelines of the American Heart Associa-
tion, American College of Cardiology, and Heart
Rhythm Society, the value of 0.11 s is the upper
normal limit for QRS duration in adults), with
notches in 3 adjacent leads (IL, III, and aVF) and
coexisting incomplete right bundle branch block
(unless it is a Qr complex). These features are ac-
companied by clockwise heart rotation and the
RS pattern in lead I (with R>S). Echocardiography
would probably be useful in this case to exclude
ASD type 2 and to evaluate the inferior and an-
terior wall motion (because of suspected myocar-
dial scars in these sites). Therefore, in this case,
it seems justified to include the presence of QRS
notching in the description of the ECG, along
with an indication for further diagnostic workup.
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CLINICAL INTERPRETATION

These 2 standard electrocardiogram tracings
(FIGURE 1) were recorded in a woman who present-
ed to the hospital with poorly tolerated palpita-
tions. Before admission, she did not take any an-
tiarrhythmic drugs.

At first glance, the most obvious diagnosis
would be ventricular bigeminy. For better as-
sessment, it may be reasonable to start—rather
atypically—from the precordial leads. It can be
assumed that the basic rhythm is a sinus rhythm
of 100 bpm, but every second sinus impulse does
not reach the ventricles, since these stimuli are
blocked in the atrioventricular [AV] node by ven-
tricular bigeminy. The ectopic rhythm probably
comes from the base of the heart, from the area
of the bundle of His, because the QRS complex-
es are only slightly distorted compared with si-
nus QRS complexes, with a shape typical of an in-
complete right bundle branch block. This raises a
possibility of an alternative diagnosis, namely, bi-
geminy from the AV junction, which first reach-
es the ventricles and is followed by an immedi-
ate retrograde conduction to the atria (with al-
leged R’ deflections in lead V,). However, this di-
agnosis can be excluded because there are traces
of sinus P waves just before some premature QRS
complexes, for example, in lead V, (arrows 1). The
same situation can be seen in leads I to Il before
the fourth ectopic ventricular beat. In the middle
of the tracing, other sinus P waves can be clearly
seen, all positive in leads II and aVF, with a rate
of 100 to 110 bpm (arrows 2). However, these
P waves are followed by conducted QRS com-
plexes only twice (arrows 3). The first complex is
completely of sinus origin, while the second one,
slightly wider (fourth from the end), is summed
up. The other sinus P waves merge with the QRS
complexes of nonsinus origin: they sometimes
hide in the QRS complexes completely and some-
times not entirely or even slightly position them-
selves ahead of the nonsinus wide QRS complex-
es (the third and fifth beats from the onset in the
limb leads [arrows 4]). But where is the third ac-
tive pacemaker located?

The consecutive QRS complexes in the limb
leads, just as in the precordial leads, are arranged
in bigeminy. These premature QRS complexes, the
second of a pair, are slightly different (especially
in lead I [arrow 5]) than the preceding QRS com-
plexes, also of nonsinus origin. Therefore, it is
obvious that the basic rhythm in the limb leads

A woman with poorly tolerated palpitations

(coming once from the sinus node and another
time from an ectopic supraventricular parasystolic
pacemaker, probably located in the AV junction)
is disturbed by ventricular bigeminy originating
from some other neighboring site.

Such arrhythmia from 3 pacemakers, with si-
nus tachycardia seen later in the tracing, sug-
gests that the patient was subject to a strong
B-adrenergic stimulation (perhaps the use of a
B-agonist, eg, in the treatment of asthma), be-
cause B-adrenergic stimulation not only acceler-
ates the sinus node but also increases the activi-
ty of nonsinus pacemakers.

CLINICAL INTERPRETATION A woman with poorly tolerated palpitations n
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CLINICAL INTERPRETATION

A 40-year-old obese man with severe
hypertension

This is a standard electrocardiogram (ECG; FIGURE 1)
recorded in an obese man (weight, 115 kg; height,
1.78 m), a taxi driver, who presented to the doctor
because of high blood pressure persisting for the
past 3 months (average range, 180/110-190/110
mmHg, sometimes reaching 200/140 mmHg). He
reported smoking of about 30 cigarettes a day for
the past 20 years and denied alcohol abuse. His
father had hypertension and died at the age of 40
years due to hemorrhagic stroke. On the day of
the visit, the blood pressure was 180/120 mmHg.

The ECG shows a sinus rhythm of approximate-
ly 70 bpm, with mild arrhythmia, probably respi-
ratory. On the basis of the other ECG features, left
ventricular overload might be suspected.

However, despite the typical changes of ST-T,
such a diagnosis would not be correct because the
ECG does not meet the criteria for left ventricu-
lar hypertrophy: the amplitude of the QRS com-
plexes is normal, no features of P mitrale can be
seen, and there are no intraventricular conduc-
tion disturbances (reflected either by wide QRS
complexes or prolonged intrinsicoid deflection in
the left ventricular leads).

So how should we interpret such an ECG? If
the clinical data on blood pressure and obesity
of the patient were unknown, the first diagnosis
to consider would be hypertrophic cardiomyop-
athy. However, considering high blood pressure
and obesity, such ECG features are rather a re-
sult of “typical” left ventricular hypertrophy in
the course of hypertension, and the amplitude
of the QRS complexes does not meet the criteria
for hypertrophy due to obesity. The differential
diagnosis should also account for the fact that
the lower part of the S waves in lead V, was cut
off. However, it seems that the S waves, narrow
in the place where they were cut off, would not be
deep enough as to meet the criterion of S +Ry
>35 mm. Therefore, one of the possible descrip-
tions of the ECG would be “features of myocar-
dial ischemia resembling secondary ST-T chang-
es in left ventricular hypertrophy.”

There are also 3 other interesting abnormali-
ties. Firstly, although the ECG does not show the
features of P mitrale, split P waves in leads V, to
V, (arrows 1) may suggest intraatrial conduction
disturbances, and therefore they suggest damage

of the atrial myocardium, often promoting a ten-
dency to atrial fibrillation that is frequently as-
sociated with hypertension. Secondly, in leads
V, and V,, split T waves can be found, and the
peak of the T wave in lead V, corresponds to the
notch on a descending limb of the T wave in lead
V, (arrow 2). Therefore, these notches are not the
U waves, which in this ECG are clearly seen after
the split T waves. T-wave splitting in the right
ventricular leads occurs even in healthy individu-
als, but it is sometimes associated with impaired
sympathetic tone seen, for example, in patients
with withdrawal syndromes.

Finally, in the aVR lead, an almost 2-mm
ST-segment elevation can be seen. Previously
considered to be of little significance, this fea-
ture is now believed to be the most sensitive and
specific ECG feature of acute coronary syndrome
in the course of left coronary artery stenosis or
3-vessel disease. Of course, in this case such a di-
agnosis would be incorrect because the elevation
is concave (unlike the Pardee wave) and the clin-
ical features are not suggestive of an acute cor-
onary syndrome. Therefore, the ST-segment el-
evation in lead aVR is only a reflection of exten-
sive subendocardial ischemia associated with left
ventricular hypertrophy (not seen in this ECG).

It is worth emphasizing that ischemic features
on ECG resulting from left ventricular hypertro-
phy may be associated with poor prognosis.

CLINICAL INTERPRETATION A 40-year-old obese man with severe hypertension 73
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CLINICAL INTERPRETATION

A 25-year-old woman after an attempted

suicidal quinidine poisoning

These electrocardiograms (FIGURE 1AB) were record-
ed in a young woman after an unsuccessful sui-
cidal poisoning with quinidine tablets.

An interesting feature is the significant prolon-
gation of the QT interval, perhaps combined with
a U wave and ending within a P wave (for this rea-
son, the QT interval is difficult to measure, but
if the descending limb of the T wave in lead V, is
extended to the baseline, then the extrapolated
QT interval will be 560 ms, while the QT interval
adjusted for heart rate using the Hodges formula
[QTc]—620 ms). QT prolongation is due to the
blocking effect of quinidine on the outflow of po-
tassium in the 2nd and 3rd phases of the action
potential. The simultaneous inhibition of sodium
influx into myocardial cells is associated with oth-
er characteristic ECG features: the widening of the

QRS complexes (here, 0.12 s) and prolongation of
the PR interval (here yet normal, 0.2 s) (FIGURE 14).
It may also cause bradycardia. However, in this
case, it is sinus tachycardia (96 bpm), which is
also typical for quinidine effects. This is because
immediately after quinidine ingestion, its addi-
tional effects such as a decrease in vagal tone and
vasodilation become most apparent, resulting in
hypotension and adrenergic response. Moreover,
increased adrenergic response promotes ST-seg-
ment depression, as seen in this ECG.
Fortunately, in this case, life-threatening ven-
tricular tachyarrhythmia did not occur. At this
point, it is interesting to note that, paradoxical-
ly, low-dose quinidine triggers early afterdepo-
larizations more frequently than high-dose quin-
idine, because the dominant effect of the latter is
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A 25-year-old woman after an attempted suicidal quinidine poisoning
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the inhibition of the sodium current rather than
potassium channel blockade. In a follow-up ECG
(FIGURE 1B) recorded a few weeks later, all the above
features returned to normal.
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CLINICAL INTERPRETATION

A 42-year-old man with abnormal

electrocardiogram

These 3 electrocardiograms (ECGs) were recorded
in a man with mitral valve prolapse diagnosed at a
young age and with various cardiovascular psy-
chosomatic symptoms effectively controlled by
metoprolol. Because of recently diagnosed gas-
troesophageal reflux disease, a gastroenterologist
prescribed treatment with pantoprazole, which
coincided with a follow-up ECG performed as part
of routine medical checkup. The ECG in FIGURE 1A is
almost normal, except for notched QRS complex-
es over the inferior wall and a quite unusual con-
figuration of ST-T complexes in leads V, and V..
As an artifact was suspected, the ECG was repeat-
ed after a few days, but the results were the same
(Ficure 18). This “rough” area within the ventricular
repolarization phase shows a convex ST-segment
elevation starting from the J point, which con-
siderably differs from the normal pattern of ear-
ly ventricular repolarization. Moreover, a U wave
superimposed on an unusually long descending
limb of the T wave can be seen. The QTU inter-
val in leads V, and V, is 0.54 s (0.55 s corrected
for heart rate [68 bpm] using the Hodges formu-
la). A comparison of these values with QT inter-
vals in other leads without U waves is hardly pos-
sible, because such a dispersion of repolarization

is difficult to interpret and there are no refer-
ence values for QTU intervals in the case when
a U wave is superimposed on a T wave. Howev-
er, the very presence of such superimposition is
an abnormal feature. What is possible and worth-
while to do is the measurement of the QT inter-
vals in leads V, and V,, by plotting a tangent to
the descending limb of the T wave, with the in-
tersection of the tangent and isoelectric line con-
sidered as the end of the T wave. It turns out that
due to the less steep than usual inclination of
that limb, the end of the T wave falls not much
nearer than the end of the U wave. Thus, there is
every reason to interpret this untypical ECG as
long QT syndrome. After discontinuation of pan-
toprazole, the ST-T changes resolved (FIGURE 1c).
As for the causal relationships between panto-
prazole and ECG findings, apart from the appar-
ent resolution of ECG changes after the discon-
tinuation of the drug, there are also some clues
related to the pharmacokinetic characteristics of
this drug class.

It is believed that more than half of the drugs
used in clinical practice are metabolized in the
liver by cytochrome P450 enzyme systems,
with a large part being metabolized by CYP3A4

o
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FIGURE 1A
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FIGURE 1B

FIGURE 1C

isoenzyme. If a patient takes a drug that is metab-
olized by this pathway and at the same time pro-
longs the QT interval (eg, terfenadine or erythro-
mycin), and another physician prescribes the pa-
tient another drug metabolized by CYP3A4 (eg,
ketoconazole), then both drugs will compete for
the same enzyme system. This will result in a sig-
nificant increase in the concentration of the drug
prolonging the QT interval and may cause torsade
de pointes. Proton pump inhibitors are also me-
tabolized via this common pathway. Pantoprazole
is considered to have low potential for drug-drug
interactions, because although it is metabolized
by CYP3A4 in the biotransformation phase, con-
jugation occurs through other metabolic path-
ways. Numerous studies have reported the ab-
sence of interactions between pantoprazole and
various other drugs. There are also no data in the
literature indicating that proton pump inhibitors
directly affect the QT interval; however, it is im-
portant to note that the percentage of patients in
whom non-antiarrhythmic drugs prolong the QT
interval is small, which even allows an assump-
tion that QT prolongation in such cases may in-
dicate latent congenital long QT syndrome. It

is also possible that the patient took some oth-
er drug (eg, an antiallergic agent) that compet-
ed with pantoprazole for access to CYP3A4 (half
a year after that incident, he confirmed that he
may have sometimes taken cetirizine on his own
for allergic rhinitis).

The notched QRS complexes over the inferior
wall are not indicative of atrial septal defect, be-
cause they are seen in the descending rather than
the ascending limbs of the R waves. Such a vari-
ant when the QRS complexes are not widened and
show no other abnormalities except the notches
in the descending limb has been considered nor-
mal in the 20th century. However, in recent years,
one of the leading research centers in the field of
ECG, the Krannert Institute of Cardiology in the
United States, has reported that notches in QRS
complexes in 2 adjacent leads are a highly specif-
ic and more sensitive marker of previous or acute
myocardial infarction than the Q waves. Yet this
case proves that this ECG feature is not pathog-
nomonic for myocardial infarction because the
patient did not show any clinical or echocardio-
graphic features of previous myocardial infarction.
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CLINICAL INTERPRETATION

An apparent contraindication to a stress test
in a 40-year-old man

This electrocardiogram (ECG; FIGURE 1) was per-
\ formed in a standing position, using the Mason—
HH J Likar system (ie, with the leads placed only on
the torso) before a scheduled stress test in a man
with atypical chest pain and no abnormalities
on routine ECG. The ECG shows sinus tachycar-
dia of 110 bpm, P waves indicative of abnormal
a = ‘ conduction within the right atrium (P pulmona-
le), minor right axis deviation (90°), and an ST-
segment depression of up to 1 mm at a distance
of 0.06 s from the J point, downsloping in leads
11, II1, and aVF, parallel to the isoelectric line in
leads V and V,, and upsloping in lead V,. Of the
\ i above features, only the right axis deviation can
be associated with a different placement of the
limb leads. If such minor right axis deviation with
the coexistent q wave in lead III was present in a
! standard ECG, would it be correct to diagnose left
4 posterior fascicular block? The answer is “no” be-
cause right axis deviation meeting the criteria for
posterior fascicular block is a nonspecific feature,
usually seen in asthenic young men, as well as in
] HH patients with chronic cor pulmonale. Therefore,
NV A A A, the diagnosis of left posterior fascicular block
should be based not only on typical ECG results
but also on the coexistent clinical features sug-
gesting left ventricular damage.

As the patient reported no complaints, the
physician considered the other abnormal ECG
\ features to reflect increased sympathetic tone
1 and decided that the patient had no contraindi-
cations to undergo a stress test. The test was suc-
FIGURE 1 cessful and yielded negative results: all the above
features normalized already in the first stage of
the exercise.

Of note, the ST-segment depression seen in
this ECG was caused not only by subendocardial
ischemia due to increased sympathetic tone, but
also by a negative wave of atrial repolarization
(Ta). The latter also affected the ST-segment ele-
vation in leads aVR and aVL.
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CLINICAL INTERPRETATION

A 21-year-old man with recurrent palpitations

FIGURE 1 shows a series of electrocardiogram trac-
ings recorded during Holter monitoring in a man
with recurrent palpitations. Tracing A was record-
ed a few months earlier than tracings B and C.

Persistently recurrent episodes of supraventric-
ular tachycardia (tracing B), with the rates rang-
ing from slightly below 140 bpm to 200 bpm, were
characterized by negative P waves at a distance of
up to 140 ms before the QRS complexes (arrows).
A variable shape of the T waves (tracing B), par-
ticularly in lead CM,, is associated both with su-
perimposing ectopic P waves (in different areas,
because both episodes of tachycardia are irregu-
lar) and with the duration of the preceding RR
interval. Moreover, during acceleration of tachy-
cardia, the patient frequently experienced intra-
ventricular conduction disturbances (only one
such beat can be seen in FIGURE 1, ie, the first one
in tracing B). Between the episodes of tachycar-
dia, particularly at night (tracings A and C), a re-
currence of an active ectopic rhythm of 68 to 95
bpm was seen. This electrocardiogram allows an
exclusion of: 1) uncommon nodal atrioventricu-
lar (AV) tachycardia; 2) AV reentrant tachycardia;
and 3) persistent junctional reentrant tachycardia
(using an additional pathway), because the rate of
ectopic P waves is sometimes too low (below 100
bpm) and they are periodically conducted with
second-degree AV block (tracing A). Therefore,
the only possible diagnosis is focal atrial tachy-
cardia originating from a very active autonomic
pacemaker located in the lower part of the atria.

Antiarrhythmic therapy was ineffective, and
within a few months the patient developed clin-
ical features of tachycardia-induced cardiomyop-
athy. Interesting features of this process are seen
in tracings B and C: a change in the shape of the
T waves in leads CM, and IS (normal or even high
in tracing A and asymmetrically negative in trac-
ings B and C) and a significant increase in the am-
plitude of the R waves in lead IS in tracings B and
C (up to 26 mm). The latter feature suggests that
persistent tachycardia in this patient led not only
to atrial and ventricular dilation but also to myo-
cardial hypertrophy. Tachyarrhythmia and ECG
abnormalities resolved after successful ablation
of the active pacemaker.
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CLINICAL INTERPRETATION

A 17-year-old boy with congenital heart disease

82

N

=

T

FIGURE 1

This electrocardiogram (ECG; FIGURE 1) was record-
ed in a 17-year-old boy with congenital heart dis-
ease. It shows an interesting feature, namely, ex-
ceptionally high P waves.

In 2003, an ECG of an 8-month-old child with
tricuspid atresia was published in Circulation, with
the P waves described as “Himalayan”, reaching up
to 6 mm in lead II. However, in the present case,
they are even higher by 1 mm, and their shape in
lead V, indicates coexisting left atrial augmenta-
tion (hypertrophy?).

Unfortunately, ECG rarely provides sufficient
information to diagnose congenital heart dis-
ease. However, if no other data are available, a
differential diagnosis may be attempted on the
basis of the abnormal features seen in this ECG:
1 right axis deviation (approx. 140°, with posi-
tive QRS complexes in lead aVR);

2 QRS complexes in lead V, fluctuating during
respiration, mostly with R>S and the amplitude
of the R wave reaching 8 mm, which together
with right axis deviation and features of P pul-
monale allows an identification of right ventric-
ular hypertrophy;

3 qRS complexes (with R>S) in lead V;, and a
high amplitude of the R waves in the limb leads,
with R>S and a high amplitude of the R waves in
the limb leads (25 mm in lead III), which may in-
dicate a coexistent left ventricular hypertrophy.

Very high P waves (known as “Himalayan”) are
seen most often in patients with tricuspid atresia
and Ebstein anomaly, sometimes in pulmonary
artery stenosis. However, in this case, tricuspid
atresia (characterized by left axis deviation) and
Ebstein anomaly (characterized by right bundle
branch block with a specific multiphase distor-
tion of the end of the QRS complex in lead V)
can be excluded. Another unlikely possibility is
pulmonary stenosis, because it does not explain
the coexistence of P mitrale and left ventricular
hypertrophy. A possible diagnosis on the basis of
all these ECG features is a condition that is ex-
tremely rare in adolescents, namely, the trans-
position of the great arteries, which results in a
burden for both the atria and ventricles. In pa-
tients with this defect, survival to this age is pos-
sible only when specific other defects are simulta-
neously present (eg, a large atrial septal defect).

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2016; 126 (Special Issue 2)



CLINICAL INTERPRETATION

This electrocardiogram (ECG; FIGURE 1) was record-
ed in an 18-year-old boy with Down syndrome.
The ECG shows a sinus rhythm of 94 bpm. The P
waves are wide (up to 0.16 s) with an amplitude of
up to 2 mm in leads I and II, occasionally widely bi-
fid (to 0.06 s in leads V, and V,), and biphasic (+/-)
in lead V, with a profound negative phase lasting
0.06 s. Such a presentation allows a diagnosis of
P mitrale. The PR interval is 0.24 s. Significant left
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FIGURE 1

An 18-year-old boy with Down syndrome

axis deviation can be seen (-70°). The QRS com-
plexinlead V, is shaped as qR syndrome with an R
wave reaching 8 mm, which together with deep S
deflections in leads V and V, as well as with typical
features of the ST-T complex in leads V, to V, indi-
cates right ventricular overload. The upper limit of
the R-wave amplitude in lead V, (26 mm) and the
sum of the amplitudes of the S wave in lead [lland
the largest QRS complex in the precordial leads ex-
ceeding 30 mm (a criterion for left ventricular hy-
pertrophy in patients with left axis deviation, in-
dicating left anterior fascicular block, according to
the 2009 guidelines of the American Heart Associ-
ation, American College of Cardiology, and Heart
Rhythm Society; in this case, the sum of the am-
plitudes of S;;; and QRS in lead V reaches 47 mm),
along with typical changes of the ST-T complex in
leads V, to V,, indicate the coexisting left ventric-
ular overload. First-degree atrioventricular block,
extreme left axis deviation, P mitrale, as well as the
overload of both ventricles and the probability of
right atrial dilation suggest ostium primum-type
atrial septal defect (ASD) with severe mitral regur-
gitation. Right atrial dilation is probable because of
the presence of a narrow q wave in lead V, within
the QRS complex with features of right ventricu-
lar hypertrophy, even though the findings do not
generally meet the criteria for P congenitale be-
cause the amplitude of the P waves in leads [ and
IT does not exceed 2.5 mm. To establish a full diag-
nosis, except for P congenitale, features of incom-
plete right bundle branch block would have to be
present (perhaps the initial R in lead V, is masked
by the Q wave?). However, the above diagnosis is
also supported by one additional feature, name-
ly, the notches in the S waves in leads II, III, and
aVFE, which are equivalent to the notches in the R
waves in these leads, seen in patients with ostium
secundum-type ASDs.

Of note, extreme left axis deviation in patients
with atrioventricular canal defects, whose “in-
complete” type is an ostium primum-type ASD
coexisting with a cleft of anterior mitral leaflet
(responsible for mitral regurgitation seen in this
patient), is not actually a manifestation of left
anterior fascicular block, but the result of sub-
stantial downward and backward shift as well as
underdevelopment of the left anterior fascicle.

Congenital heart disease occurs in approxi-
mately 40% of patients with Down syndrome,
with ASDs being the most common.
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CLINICAL INTERPRETATION

Apparent bradycardia during sleep
in a 65-year-old woman with coronary
artery disease

The electrocardiogram tracing in FIGURE 1A, record-  indications for pacemaker implantation or for fur-
ed during Holter monitoring, shows sinus brady-  ther diagnostic workup for sick sinus syndrome.
cardia with a rate of 27 bpm. It was recorded be-
fore midnight in a patient who had never reported
any symptoms suggestive of intermittent abnor-
malities of cerebral perfusion. The atypical shape
of the T waves, which are narrow and peaked,
raises the suspicion that in fact they are ectopic
P waves that constitute atrial bigeminy blocked
within the atrioventricular node.

The tracing in FIGURE 1B, recorded a minute lat-
er, confirms the above diagnosis. It shows a mi-
nor prolongation of the coupling ectopic P waves
with the preceding QRS complexes, which un-
blocked conduction through the atrioventricu-
lar node and revealed premature QRS complex-
es with aberration of ventricular conduction in
the form of right bundle branch block.

What treatment, if any, should be adminis-
tered for this type of arrhythmia? On the basis of
clinical data and the above findings, there are no
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FIGURE 1A

FIGURE 1B
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