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INTRODUCTION

The author graduated in medicine (MBChB) cum laude from the University of Pretoria in
1996. He completed his Internship at the Pretoria Academic Hospital in 1997. During
this year he became interested in the subject of Internal Medicine and subsequently
was appointed as a registrar in the Department of Internal Medicine of the University of
Pretoria in 1998. His years as a registrar stimulated a keen interest in the
cardiovascular manifestations of systemic diseases and specifically how this affects the
electrocardiogram (ECG). He graduated as an internist (physician) MMED cum laude in
2001. The author then spent a year working in the intensive care unit of the Pretoria
Heart Hospital, caring for a wide variety of patients in critical condition due to various
cardiovascular diseases. In 2003 he joined the Department of Physiology of the
University of Pretoria as a senior lecturer with the purpose of working on his PhD which
was awarded in 2006 with the title: “Cardiac memory T wave frequency as an
electrocardiographic surrogate for structural myocardial alteration in the hearts of
Dorper sheep”. Additional academic qualifications subsequently obtained, include
MRCP (Member of the Royal College of Physicians of Edinburgh and London). He was
elected Fellow of the European Society of Cardiology (FESC) in 2005 and Fellow of the
American College of Cardiology (FACC) in 2008. In 2012 he received a Fellowship from
the Royal College of Physicians of Edinburgh. In 2015 he completed and was awarded

an MSc in Internal Medicine from the University of Edinburgh.



Since 2001 to the present the author practices clinical cardiology on a daily basis and
currently has eight thousand and eight hundred patient files available for peer review.
Since 2013 he is also an extraordinary professor of Internal Medicine at the University
of Pretoria. He is the author of sixty six publications and currently has a C2 rating from
the National Research Foundation of South Africa. He served as the associate editor of
the Cardiovascular Journal of Africa under the late professor Andries Brink between

2008 and 2012.

For the purpose of this thesis, thirty six publications are presented, dealing with the
clinical presentation and echocardiographic diagnosis of rare and subtle congenital
cardiovascular anomalies in the adult. This research topic evolved over the span of two
decades, as echocardiography evolved as an excellent non-invasive tool to detect
subtle structural congenital cardiovascular anomalies, explaining a wide variety of

clinical syndromes and electrocardiographic abnormalities in the adult.



SUMMARY

This presentation consists of thirty six selected publications that have appeared in
international peer reviewed journals over the last thirteen years (2004 — 2017). The

presentation consists of five sections, namely:

i) Apico-basal muscle bundles

i) Papillary muscle anomalies.

iii) Left ventricular hypertrabeculation.

iv) Congenital anomalies of the left atrium and interatrial septum.

V) Diverse group of anomalies.

i) Apico-basal muscle bundles

Seven publications are presented. Six peer reviewed publications and one peer
reviewed chapter in a textbook. These seven publications demonstrate the
echocardiographic appearance of these muscle bundles, how they may
echocardiographically mimic hypertrophic cardiomyopathy and moreover how they may
be the cause of ST-segment elevation on the electrocardiogram (ECG). In addition, the
physiology of how they may be the cause of right bundle branch block is also
demonstrated. The author's work and publications on this entity culminated in the
invitation in 2014 by senior Lancet editor Dr. Richard Turner to write an editorial for this

esteemed journal.



i) Papillary muscle anomalies

Eight publications are presented.

These eight publications demonstrate the appearance of isolated hypertrophy of a
papillary muscle, an inverted (mirror) papillary muscle, accessory papillary muscles, a
bifid papillary muscle and how these mentioned anomalies may alter the normal

electrocardiogram.

iii) Left ventricular hypertrabeculation

Four publications are presented in this section.

The first publication in 2006 describes the entity of left ventricular
hypertrabeculation/non-compaction as a cause of recurrent cerebral emboli at a time

when this entity was quite new to most clinicians.

iv) Congenital anomalies of the left atrium and interatrial septum

Seven publications are presented in this section.

Among these, cor triatriatum sinister is noted as an unusual cause for refractory atrial
fibrillation. This article then led to an invitation by Prof Andrew.J Coats, the then editor
of the International Journal of Cardiology, to write an editorial for the journal on cor

triatriatum sinister.



v)

Diverse group of anomalies

Ten publications are presented in this section.

ii)

vi)

vii)

viii)

It is described how a congenital diaphragmatic hernia may lead to left atrial
compression and be the subsequent cause of postprandial syncope.

The peculiar appearance of a left ventricular false tendon between the two left
ventricular papillary muscles is described.

It is described how congenital hepatic cysts may be the cause of a cardiac
arrhythmia.

It is described how mitral valvular strands (the “serpentine” valve) may lead to
cerebral embolism.

It is described how hypothyroidism may be the cause of cardiac late
potentials and thus be a risk factor for sudden cardiac death.

The importance of lipoprotein(a) levels in congenital bicuspid aortic valve
anomalies are shown.

A rare congenital anomaly of the inferior vena cava is presented.

It is described how congenital aortic diverticulae may be the cause of cerebral
emboli.

Two articles demonstrate how the immunogenetic marker, HLA-B27, may

cause electrocardiographic anomalies.

10



LIST OF PUBLISHED SUBMISSIONS

SECTION 1:
STUDIES ON APICO-BASAL MUSCLE BUNDLES

1. Ker J. (2009). “False Tendon Induced Subaortic Hypertrophy—A New Variant of
Hypertrophic Cardiomyopathy”. Peter H. Bruno and Matthew T. Giordano, editors.
Cardiomyopathies. Causes, Effects and Treatments. New York. Nova Science
Publishers. Page 27 56-65

2. Ker J. Subaortic tendon induced ST-segment elevation---a new echo-
electrocardiographic phenomenon? Cardiovascular Ultrasound 2009; 7(1):13.66-68

3. Ker J. The subaortic tendon as a mimic of hypertrophic cardiomyopathy.
Cardiovascular Ultrasound 2009; 7(1): 31. 69-71

4. Ker J. Structural causes of right bundle branch block---time for a closer look? Open
Cardiovascular Medicine Journal 2010; 4(1): 105-1009. 72-76

5. Ker J. Subaortic (Type 6) muscular band---innocent bystander or pathologic
structure? Clinical Medicine Insights Cardiology 2010; 4(1): 69-71. 77-79

6. Ker J. Hemochromatosis and the heart---heavier than iron? International Journal of
Cardiology 2014; 170(3): e70-71. 80-82

7. Ker J. A new phenotypic marker of hypertrophic cardiomyopathy. Lancet 2014,

384(9956): 1731. 83
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SECTION 2:
PAPILLARY MUSCLE ANOMALIES

8. Ker J. Solitary papillary muscle hypertrophy: A new echo-electrocardiographic
syndrome? Angiology 2007; 58(4): 502-503. 84-86
9. Ker J. The U wave and papillary muscle variants: revisiting an old association.
Cardiovascular Journal of Africa 2009; 20(4): 256-256. 87-88
10. Ker J, du Toit L. The accessory papillary muscle with inferior J-waves—peculiarity
or hidden danger? Cardiovascular Ultrasound 2009; 7(1): 50. 89-91
11. Ker J. The “mirror” papillary muscle. International Journal of Cardiology 2010;
142(1): el-e2. 92-94
12. Ker J. Bigeminy and the bifid papillary muscle. Cardiovascular Ultrasound 2010;
8(1): 13. 95-96
13. Ker J. Right ventricular variants and pulmonary embolism—association or
coincidence? Clinical Medicine Insights: Cardiology 2010; 4(1): 53-57. 97-101
14. Ker J. The double U wave—should the electrocardiogram be interpreted
echocardiographically? Clinical Medicine Insights: Cardiology 2010; 4(1): 77-83.
102-108
15. Ker J. Electrocardiographic intricacies clarified by echocardiography—should the
electrocardiogram be interpreted echocardiographically? International Journal of

Cardiology 2012; 158(2): 260-266. 109-116
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SECTION 3:
LEFT VENTRICULAR HYPERTRABECULATION

16. Ker J, van der Merwe C. Isolated left ventricular non-compaction as a cause of
thrombo-embolic stroke: a case report and review. Cardiovascular Journal of South
Africa 2006; 17(3): 146-147. 117-118

17. Ker J, du Toit-Prinsloo L, van Heerden WFP, Saayman G. Post-mortem
echocardiography—a worthwhile concept? Clinical Medicine Insights: Cardiology
2010; 4(1): 59-61. 119-121

18. Ker J, du Toit-Prinsloo L, van Heerden WFP, Saayman G. Sudden infant death
syndrome and left ventricular hypertrabeculation—hidden arrhythmogenic entity?
Clinical Medicine Insights: Cardiology 2010; 4(1): 85-87. 122-124

19. Ker J, du Toit-Prinsloo L, van Heerden WFP, Saayman G. Subendocardial
fibrosis in left ventricular hypertrabeculation—cause or consequence? Clinical

Medicine Insights: Cardiology 2011; 5(1): 13-16. 125-128
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SECTION 4:
CONGENITAL ANOMALIES OF THE LEFT ATRIUM AND INTERATRIAL SEPTUM

20. Ker J. The enigma of bulging to the left—a case report of an unusual atrial septal
aneurysm. Journal of Clinical and Experimental Cardiology 2012; 3(2): 175.
129-131
21. Ker J. Cor triatriatum sinister presenting with adult onset atrial fibrillation—another
rare cause for a common clinical problem. International Journal of Cardiology 2013;
167(1): e12. 132-134
22. Ker J. On the many possible futures of atrial fibrillation. International Journal of
Cardiology 2013; 168(5): 4968. 135-136
23. Ker J. Congenital left atrial bands and cardioembolic events. International Journal
of Cardiology 2014; 170(3): e72-e73. 137-139
24. Ker J. Interatrial septal aneurysm with mitral valve prolapse in a patient with
Marfan syndrome—a caveat of note. International Journal of Cardiology: Heart and
Vasculature 2015; 9(9): 65-66. 140-141
25. Ker J. The interatrial septal aneurysm as a diagnostic aid in pulmonary embolism.
Tropical Doctor 2017; 47(4): 380-382. 142-144
26. Ker J. Unilateral atrial fibrillation—how common is atrial divorce? Journal of the

Royal College of Physicians of Edinburgh 2017; 47(2): 135-137. 145-147

14



SECTION 5:
DIVERSE GROUP OF ANOMALIES

27. Ker J, van Beljon J. Diaphragmatic hernia mimicking an atrial mass: a two-
dimensional echocardiographic pitfall and a cause of postprandial syncope.
Cardiovascular Journal of South Africa 2004; 15(4): 182-183. 148-149

28. Ker J. The violin heart. Clinical Medicine Insights: Cardiology 2010; 4(1): 49-51.

150-152

29. Ker J. The liver and right atrium—nhepatic cyst as a cause of arrhythmia. Clinical
Medicine Insights: Cardiology 2010; 4(1): 63-67. 153-157

30. Ker J. The serpentine mitral valve and cerebral embolism. Cardiovascular
Ultrasound 2011; 9(1): 7. 158-159

31. Ker J. Thyroxine and cardiac electrophysiology—a forgotten physiological duo?
Thyroid Research 2012; 5(1): 8. 160-163

32. Ker J. Bicuspid aortic valve disease and lipoprotein(a)—a concept worth
exploring? International Journal of Cardiology 2014; 174(1): 197-203. 164-171

33. Ker J. Rare congenital anomaly of the inferior vena cava. International Journal of
Cardiology: Heart and Vasculature 2015; 9(9): 63-64. 172-173

34. Ker J. Aortic diverticulae and transient cerebral ischemic attacks—Another reason
for aortic imaging in unexplained TIA? International Journal of Cardiology 2016;
221(1): 914-915. 174-175

35. Ker J. HLA-B27 associated J-wave—a new variant of HLA-B27 associated cardiac

disease? International Journal of Cardiology 2010; 145(3): 637. 176
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36. Ker J. HLA-B27 and an electrocardiographic peculiarity. Journal of Clinical and

Experimental Cardiology 2011(1); 2: 8. 177-180
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SECTION 1

APICO-BASAL MUSCLE BUNDLES

Declaration

Seven publications are included. | am the sole author of all seven publications.

Abstract

The expansion of knowledge on the presence, appearance and clinical significance of

apico-basal muscle bundles evolved over the span of five years.

The first observation and description of apico-basal muscle bundles in the literature was
that by the author in 2009, which clearly demonstrated muscular, intraventricular
bundles extending between the left ventricular apex and the basal part of the
interventricular septum. These should not be confused with left ventricular false
tendons, a well-described entity, that differs from apico-basal bundles. Apico-basal
muscle bundles always extend between the left ventricular apex and the basal part of

the interventricular septum and constitute a unique and novel observation.

The first publication, “False Tendon Induced Subaortic Hypertrophy—A New Variant
of Hypertrophic Cardiomyopathy”, submitted in this section was a retrospective
analysis of three thousand adult echocardiograms. This study was published as a
chapter in a textbook on cardiomyopathy in 2009. The aforementioned

echocardiograms were performed between 2004 and 2008. During this period the term
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apico-basal muscle bundle did not yet exist and the reader will note that the name given
to these apico-basal structures differs in the different publications, until the final editorial
in the Lancet when the term “apico-basal muscle bundle” was finally coined. In this first
publication, a total of six echocardiograms of patients with apico-basal muscle bundles
were presented and described. Furthermore, a novel observation of a striking, localised,
left ventricular hypertrophic response at the site of the septal implantation was also
demonstrated. This was also a novel observation and the importance of this will emerge

in the ensuing discussion.

With the second publication, “The U wave and papillary muscle variants: revisiting
an old association”, it was clearly shown how such an apico-basal muscle bundle may
be the cause of ST-segment elevation on the electrocardiogram. This finding added a
further novel cause for ST-segment elevation unrelated to myocardial infarction to the
current literature. Of note, the term subaortic tendon was used, as the term apico-basal

muscle bundle did not yet exist at that time.
The clinical impact this publication had in the field is demonstrated by the following:

Philip et al. included the clinical information from this publication in their review and

study of left ventricular false tendons in the paediatric population.

Gilbert and lonescu? referred to this publication in their description on how such an
entity may constitute an important caveat leading to unnecessary re-exploration after
elective aortic valve replacement. The impact of this study in the field of caveats in the

post-operative cardiac patient is evident. Another important impact of this second
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publication is that a new and unigue cause for ST-segment elevation on the

electrocardiogram was added to the literature.

Furthermore, this paper had a clear impact on the study of Pisiak et al.® of the
echocardiographic characteristics of left ventricular false tendons in the Polish
population and was cited by Sanchez et al.* in their work on the association of false

tendons with heart disease and innocent murmurs in children.

Lange et al.>did a very interesting study with an important conclusion. They studied the
effects of such muscle bundles in the hearts of patients with left bundle branch block.
They found that these muscle bundles significantly reduced the QRS duration in
patients with left bundle branch block which then posed a relevant research question—
will this have a positive impact on mortality in these patients? My study clearly
influenced their work °. A description of the sounds made by such muscle bundles in
the hearts of the young by Hussain et al.® is clear evidence this publication had on

their study.

The third publication, “The subaortic tendon as a mimic of hypertrophic
cardiomyopathy”, raised the issue of how the entity of apico-basal muscle bundles
may mimic hypertrophic cardiomyopathy. The impact of this publication is evident by
the following: The publication influenced the work of Sanosyan et al.” on their
assessment of asymmetrical hypertrophy of the left ventricle and how the caveat of

apico-basal muscle bundles may present in such a scenario.
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The publication was useful for the work of Altug and Danisman&in their discussion of
how such bundles may alter the echocardiogram of the fetal heart and was cited by
Silbiger®in a comprehensive overview of the presentation of left ventricular false

tendons.

Zinovyeva et al.1% who called for a unified approach to the detection and classification
of these structures in order to study any possible effects they may have on left

ventricular function.

Wolf et al.1? referred to this publication in a veterinary journal of how these structures
may lead to focal thickening of the left ventricle of the feline heart. The importance of
this citation is twofold. First, if the reader refers to the first and fifth publication, it can be
seen that the concept of “implantation hypertrophy”—a striking, localised site of left
ventricular hypertrophy at the site of septal implantation of apico-basal muscle bundles
was seen in such human patients. Secondly, this has been observed in the feline heart,
which implies that a feline model may be a valid model to study the molecular

mechanisms of such an observation of “implantation hypertrophy.”

The fourth publication, “Structural causes of right bundle branch block---time for a
closer look?” was a prospective, observational study, which enrolled eight hundred and
eighty patients and it was shown how apico-basal muscle bundles may be the cause of
right bundle branch block in these patients. This proof of concept study identified a third
type of right bundle branch block which was discussed in the article. The importance of

this publication becomes clear when one refers to the citation by Lange et al.®
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Although they cited the second publication this article is of major relevance to their
work. Lange et al.® studied the effect of apico-basal muscle bundles on QRS-duration
and intraventricular conduction in patients with left bundle branch block. My study
looked at this phenomenon from another angle—in patients with normal left ventricles
and apico-basal muscle bundles in the left ventricle, the increased velocity of

intraventricular conduction presents as a right buncle branch block.

The fifth publication, “Subaortic (Type 6) muscular band---innocent bystander or
pathologic structure?” was another descriptive study of apico-basal muscle bundles.
In this publication, a retrospective analysis of four thousand and nine hundred adult
echocardiograms, the novel concept of localized left ventricular hypertrophy at the site
of septal implantation of these apico-basal muscle bundles was clearly illustrated in all
three hundred and seventy six patients with apico-basal muscle bundles. This paper
was also cited by Gilbert and lonescu? in their publication warning about the important

caveat these structures may pose to the cardiac surgeon.

The sixth publication, “Hemochromatosis and the heart---heavier than iron?” was a
case series of eighty five patients with apico-basal muscle bundles which found that
81% of these patients were heterozygous for one of the three mutations associated with
hemochromatosis. A research question that originated from this publication was what

the exact nature of this association may turn out to be in future.
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The seventh publication, “A new phenotypic marker of hypertrophic
cardiomyopathy” was an editorial in the Lancet. Dr Richard Turner, then a senior editor
at the Lancet, asked me to put into perspective the concept of apico-basal muscle
bundles—the term used to describe this entity for the first time by Gruner et al.' In their
publication in the European Heart Journal, the authors demonstrated that this entity may

be added to the pool of non-hypertrophic stigmata of hypertrophic cardiomyopathy.

In summary, my work on apico-basal muscle bundles clarified important
echocardiographic caveats when these structures are visualized on the
echocardiogram. Stimulating research questions flowing from these publications include
the following: Will we see long-term mortality benefits in patients with left bundle branch
block, and what, if any, will be the long-term consequences of right bundle branch
block? Will we see any detrimental effects of “implantation hypertrophy” over the long-
term? What is the exact physiological explanation of the strong association with the

mutations associated with hemochromatosis?

Finally, apico-basal muscle bundles was added to the pool of non-hypertrophic,

echocardiographic stigmata of hypertrophic cardiomyopathy.
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SECTION 2

PAPILLARY MUSCLE ANOMALIES

Declaration

Eight publications are included. | am the sole author of all these publications, except
one. In the one publication where | am not the sole author, | presented the clinical case,

made the diagnosis and wrote the article.
Abstract

Congenital papillary muscle anomalies are a fascinating and relatively common group of
disorders. Since publishing the first observation on how papillary muscle anomalies may
cause electrocardiographic abnormalities, | strongly suspected that this group of
anomalies may be the cause of sudden death in a subgroup of people who experience

sudden cardiac death. Subsequent work by other authors compounded this suspicion.

The eighth publication, “Solitary papillary muscle hypertrophy: A new echo-
electrocardiographic syndrome?” presented a case of isolated papillary muscle
hypertrophy and the unique constellation of electrocardiographic abnormalities was

described.
The importance of this publication becomes evident by the following.

Cresti et al.'? referred to this article in their publication which discusses the finding that

isolated hypertrophy of a papillary muscle may cause an electrocardiographic pattern of
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left ventricular hypertrophy in the absence of hypertrophy of the left ventricular walls.
They concluded that an electrocardiographic pattern of left ventricular hypertrophy in the
presence of normal left ventricular wall thickness should raise the clinician’s suspicion
for the presence of an early or variant form of hypertrophic cardiomyopathy and that the
measurement of the papillary muscle heads should be mandatory in such patients. This

fact is unknown to most clinicians.

The work by Uhm et al.2? is of great importance as their published analysis of 190
patients who presented with sudden cardiac arrest strongly suggests that isolated
papillary muscle hypertrophy is a risk factor for sudden cardiac arrest. The eighth

publication had a clear impact on their study.

Sung et al.'* referred to this publication in their report and discussion of how solitary
papillary muscle hypertrophy represents a unigue type of hypertrophic cardiomyopathy
that may lead to a dynamic pressure gradient during systole in the mid-cavity of the left

ventricle.

My publication had an impact on the discussion by Ferreira et al.'® on isolated papillary
muscle hypertrophy which describes the spectrum of clinical presentations of

hypertrophic cardiomyopathy.

Talbot et al.'® referred to the publication in their description of the first published case
report of hemifacial microsomia in a domestic kitten. The importance of this citation lies
in the observation that this kitten also had isolated hypertrophy of the anterolateral
papillary muscle. This is interesting if one refers back to the citation by Wolf et al.*! in

the previous section on apico-basal muscle bundles—the concept of “implantation

24



hypertrophy” was also seen in cats with left ventricular false tendons. This implies that a
feline model to study these hypertrophic as well as papillary muscle variants may be a

valid research model.

Attisani et al.'’ cited this publication in their discussion on T wave inversion in young
subjects and Patil et al.'® referred to this paper in their publication on the clinical
presentation of papillary muscle hypertrophy in a septuagenarian. The importance of
this citation is that the isolated papillary muscle variant of hypertrophic cardiomyopathy

may also present to the clinician at an advanced age.

Lombardi et al.1% in their publication on how to investigate atypical ECG changes in the
examination of athletes cited my paper which contributed to the risk assessment for

sudden death in athletes.

Perez et al.? in their publication, discussed the U wave of the ECG. The importance of
my publication is evident by the fact that a novel cause for a prominent U wave was

added to the literature.

The ninth publication, “The U wave and papillary muscle variants: revisiting an old
association” demonstrated how an accessory papillary muscle may be the cause of a
prominent U wave on the electrocardiogram. The significance of this publication is
highlighted by the fact that Uhm et al.'® referred to this article in their study of causes of
sudden cardiac death. They found that accessory papillary muscles may be the cause
of sudden death. Note that Uhm et al.'? also referred to the eighth publication in their

analysis of the role of papillary muscle anomalies in sudden cardiac death.
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The tenth publication, “The accessory papillary muscle with inferior J-waves—
peculiarity or hidden danger?” described the presence of J waves on the
electrocardiogram in a patient with an accessory papillary muscle. The notability of this
publication is that it was the first observation published in the literature that J waves
may be present on the electrocardiogram in patients with accessory papillary muscles.
The significance of J waves as a strong risk factor for sudden cardiac death in the
community was demonstrated by the publication by Tikkanen et al ' . Note that my
article was published in 2009, the same year that Tikkanen et al ' proved that J waves

on the electrocardiogram is a risk factor for sudden cardiac death.

Moreover the impact of the tenth publication becomes more evident by the following:
Uhm et al.13 also referred to this work in their publication on the risk factors for sudden
cardiac death. It is noteworthy that Unhm et al.*® cited the eighth, ninth and tenth articles
in their publication. Accessory papillary muscles (both with and without accompanying J
waves on the electrocardiogram) are associated with sudden cardiac death according

to Uhm et al.13

The publication had an important impact on Nakagawa et al.?* who demonstrated that

J waves may also be associated with false tendons in the left ventricle.

The eleventh publication, “The “mirror” papillary muscle” described how a papillary
muscle may be inverted and lead to the appearance of a “mirror” papillary muscle. The
importance of this publication is reflected in the work by Misra et al.?? describing such

anomalies.
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The twelfth publication, “Bigeminy and the bifid papillary muscle” outlined how a
papillary muscle may have a bifid appearance and in addition this article also described
a ventricular dysrhythmia due to such a papillary muscle anomaly. The importance of
this article is further highlighted by the citation by Sung et al.'* . In this publication,
Sung et al.'* described how accessory papillary muscles (as well as hypertrophied
papillary muscles) may cause symptomatic, dynamic mid-wall obstruction in the left
ventricle. The ventricular dysrhythmia described in this twelfth publication correlates
with the risk for sudden cardiac death due to the presence of accessory papillary

muscles as described in the paper by Uhm et al.*® who cited three of my publications.

The thirteenth publication, “Right ventricular variants and pulmonary embolism—
association or coincidence?” described a large, aberrant papillary muscle complex in
the apical part of the lateral wall of the right ventricle and importantly it was shown how
this aberrant muscular complex was the source of thrombi with resultant pulmonary
emboli. The importance of this paper is further demonstrated by the fact that Loukas et
al.?3 referred to this publication in their review article on the double-chambered right

ventricle 23,

The fourteenth publication, “The double U wave—should the electrocardiogram be
interpreted echocardiographically?” was a retrospective analysis of four thousand
seven hundred and twenty nine echocardiograms which proved that accessory papillary
muscles may be the cause of a prominent U wave on the electrocardiogram and was

cited by Ong et al.?*
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The fifteenth publication, “Electrocardiographic intricacies clarified by
echocardiography-should the electrocardiogram be interpreted
echocardiographically?” was a review article which summarized the
electrocardiographic manifestations of apico-basal muscle bundles and papillary muscle
anomalies and the research question asked was: Should the electrocardiogram be

interpreted in association with echocardiographic findings?

In summary, my work on papillary muscle anomalies led to the realization that such
anomalies may not only cause electrocardiographic anomalies, but may also lead to
symptomatic, dynamic mid-ventricular obstruction in the left ventricle. A new concept
arose from this work, namely that such anomalies may be the source of thrombi in the
right ventricle with resultant pulmonary emboli. Furthermore, these anomalies are
strongly linked to an increased risk for sudden cardiac death. | hope that one day the
evaluation of risk for sudden death in the athlete (and other populations) will include the

systematic evaluation of the papillary muscles of both the right and left ventricles.
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SECTION 3

LEFT VENTRICULAR HYPERTRABECULATION

Declaration

Four publications are included in this section. | am the first author of all four
publications. | am the sole author of the first publication. The other three publications

were all my original research ideas and | wrote the articles.

Abstract

Left ventricular hypertrabeculation/non-compaction is characterized by a persistence of
the embryonic pattern of a highly trabeculated myocardium in the left ventricle. This can
occur in a sporadic or familial pattern and may be caused by a variety of mutations in
genes coding for mitochondrial, cytoskeletal, Z-line or sarcomeric proteins. Unknown
before the observation by Jenni in 1999, isolated left ventricular non-compaction is
currently classified as a primary cardiomyopathy with heart failure, arrhythmias and
thromboembolism as the main complications. Left ventricular hypertrabeculation, which
has unique diagnostic criteria, may be viewed as a less severe form of left ventricular

non-compaction.

The sixteenth publication, “Isolated left ventricular non-compaction as a cause of

thrombo-embolic stroke: a case report and review” described a case of isolated left
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ventricular non-compaction as a cause of recurrent, cerebral thromboembolism in a
young woman. This was published two years before the condition was listed as a
primary cardiomyopathy and clinical descriptions of this condition were rare. The clinical

impact and significance of this publication is demonstrated by the following:

Sahin et al.?® referred to the publication in their description of left ventricular non-

compaction as an unusual cause of cardioembolic stroke in 2008—at a time when the
entity was fairly new and unknown to most clinicians. The paper was cited by Fazio et
al.?% in their novel description of supraventricular arrhythmias as a complication of left

ventricular noncompaction.

Fazio et al.?” also referred to my work in their publication which discussed the need for
anticoagulant drugs in patients with left ventricular noncompaction—one of the first

discussions on the need for anticoagulation in this condition.

The publication had an impact on the work of Finsterer et al.?2 who analysed the risk
for stroke in patients with and without heart failure in the presence of left ventricular
noncompaction and was cited by Grizzard et al.?? in their book on cardiovascular MRI

in practice.

The paper had a significant impact on the work of Jaramillo et al.3® who referred to the
publication in their work highlighting how ischemic stroke may be the first manifestation
of left ventricular noncompaction. Jimenez-Caballero et al.3! then focused on how left
ventricular noncompaction may also be the cause of stroke in the juvenile and they also

referred to my publication.
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This paper has been cited by numerous other authors including, Captur et al.3? in their
discussion on unresolved issues and the entity of left ventricular
hypertrabeculation/non-compaction, Mayosi 3 in his discussion of cardiomyopathies in
Africa, Bagquero et al.3* in their publication which adds further evidence to the fact that
this entity is a cause of stroke in the young, Sliwa et al.® in their publication on the
epidemiology of cardiomyopathy in Africa and Kulhari et el.%® who discussed the risk for

stroke in left ventricular noncompaction.

My publication had an impact on the work of Myasnikov et al.3” as reflected in their
publication which discusses the secondary prevention of stroke in patients with left

ventricular noncompaction.

The seventeenth publication, “Post-mortem echocardiography—a worthwhile
concept?” was a proof of concept article. | wanted to know if post-mortem
echocardiography of intact hearts may alter the standard method of dissection in cases
of sudden, unexpected death in the young. The importance of this proof of concept
article is reflected in the fact that this publication was cited by Javan et al.3 in their

book on the forensic assessment of cases of unexpected cardiac death.

The eightheenth publication, “Sudden infant death syndrome and left ventricular
hypertrabeculation-hidden arrhythmogenic entity?” raised the research question of
whether left ventricular hypertrabeculation may be the cause of death in a subgroup of

patients with sudden infant death syndrome. The importance of this article is reflected
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by the fact that Yoshinaga et al.3° cited this publication and concept in their article on

electrocardiographic screening of infants for risk of sudden death.

The nineteenth publication, “Subendocardial fibrosis in left ventricular
hypertrabeculation—cause or consequence?” documented the presence of
subendocardial fibrosis in a case of sudden infant death syndrome and left ventricular
hypertrabeculation. This publication raised the research question of whether
subendocardial fibrosis is strongly associated with left ventricular hypertrabeculation or

whether it may be present only in those cases presenting with sudden death.

The importance of this publication is demonstrated by the following: Blagova et al.
referred to the paper in their discussion on diagnostic and therapeutic issues in left

ventricular noncompaction.

Finsterer et al.*! referred to the publication in their work which demonstrates how the
intertrabecular recesses may disappear when left ventricular hypertrophy develops in a
heart with left ventricular noncompaction. This is an important caveat which may mask

the underlying cause of systolic dysfunction in a hypertrophic left ventricle.

Gerger et al.*? referred to the paper in their publication with a very interesting and
important observation—subendocardial fibrosis in cases of left ventricular
hypertrabeculation. They concluded that subendocardial fibrosis in left ventricular

hypertrabeculation deserves further research.

Stollberger et al.*® cited to my work in their review article on fetal ventricular
hypertrabeculation/noncompaction. These authors also concluded that subendocardial
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fibrosis merits further research in these patients. Furthermore, Blagova et al.** referred
to my work in their publication—a case series and discussion of myocardial infarction as
a complication of left ventricular hypertrabeculation/noncompaction due to
thromboembolism of the coronary arteries and subendocardial ischemia of the
noncompacted layer. Stollberger et al.*® referred to this paper when they presented a
convincing argument on the presence of subendocardial fibrosis in the hearts of patients
with left ventricular hypertrabeculation/noncompaction and Finsterer et al.*¢ cited my
work in their publication on the computed tomographic appearance of familial
noncompaction. Stollberger and Finsterer?’ referred to the work in their review of
unsolved issues in left ventricular hypertrabeculation/noncompaction and Finsterer et

al.*® cited my publication in their review in Nature on left ventricular noncompaction.

In summary, my work on left ventricular hypertrabeculation/noncompaction contributed

to the realization that this may be an important cause of stroke in the young.

My work on the concept of post-mortem echocardiography in order to alter the standard
practice of cardiac dissection in cases of sudden infant death syndrome in whom left

ventricular hypertrabeculation was suspected was accepted and cited in a textbook.

My work on the histological finding of subendocardial fibrosis in hearts with left
ventricular hypertrabeculation was also recognised by other investigators and is widely
cited. This contributed to the current research question of what the possible reasons
and consequences of subendocardial fibrosis in these hearts may be. | predict that this

will be widely researched and explained in the ensuing years.

33



SECTION 4

CONGENITAL ANOMALIES OF THE LEFT ATRIUM AND INTERATRIAL SEPTUM

Declaration

Seven publications are included in this section. | am the sole author of all these

publications.

Abstract

Unusual congenital anomalies of the left atrium and interatrial septum are presented in
this section. These anomalies are clinically important as they may present with

refractory atrial fibrillation and/or cerebral thromboembolism.

The twentieth publication, “The enigma of bulging to the left—a case report of an
unusual atrial septal aneurysm” described and discussed the echocardiographic
presentation of an interatrial septal aneurysm. The discussion then focused on the
peculiarity of why such an aneurysm would bulge into the left atrium where the intra-
atrial pressure exceeds right atrial pressure. The importance of this publication is that it

focuses attention on this peculiar phenomenon which still remains unexplained.

The twenty-first publication, “Cor triatriatum sinister presenting with adult onset

atrial fibrillation—another rare cause for a common clinical problem” documented
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and discussed cor triatriatum sinister as a cause of refractory atrial fibrillation. The

clinical importance of this publication is evident by the following:

Siniorakis et al.*° referred to this publication in their work on cor triatriatum sinister in
atrial fibrillation and stroke. Cor triatriatum sinister in the adult is important as it may
cause refractory atrial fibrillation and echocardiography should be carried out in these
patients to evaluate the structure of the left atrium. The clinical importance of cor
triatriatum sinister in the adult is further reinforced by the citations by Strickland et al.>°

and Jha et al.??

Following the publication by Siniorakis et al.*® | was asked by Prof Andrew J Coats,
then the editor of International Journal of Cardiology, to write an editorial for the
International Journal of Cardiology on the concept of cor triatriatum sinister as a cause
of refractory atrial fibrillation in the adult. This editorial, “On the many possible futures

of atrial fibrillation” became the twenty-second publication.

The importance of the twenty-third publication, “Congenital left atrial bands and
cardioembolic events” is that it reinforced the observation by Ozer et al.>? that left
atrial bands, which are anomalous muscular bands in the left atrium, may be the cause

of cardioembolic events. The paper was also cited by Crosca et al.>®
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The importance of the twenty-fourth publication, “Interatrial septal aneurysm with
mitral valve prolapse in a patient with Marfan syndrome—a caveat of note” lies in
the important clinical caveat that if an interatrial septal aneurysm is present in a patient
with mitral valve prolapse, the clinician may overestimate the echocardiographic
diameter of the left atrium. This in turn may lead to an overestimation of the severity of
mitral incompetence that usually accompanies mitral valve prolapse and result in

unnecessary mitral valve replacement surgery.

The importance of the twenty-fifth publication, “The interatrial septal aneurysm as a
diagnostic aid in pulmonary embolism” is that the bulging of an interatrial septal
aneurysm into the left atrium may be the only echocardiographic manifestation of raised

intrapulmonary pressures in a patient with dyspnea.

The twenty-sixth publication, “Unilateral atrial fibrillation-how common is atrial
divorce?” described and discussed a novel concept—a case of atrial fibrillation where
one atrium is fibrillating, while the other atrium is in sinus rhythm. Although this is not a
congenital anomaly, it is important to include the paper in this thesis, as many
congenital cardiovascular anomalies will ultimately lead to atrial fibrillation. A valid
research question is what percentage of such patients may have unilateral atrial
fibrillation. This article added a novel concept to the existing pool of literature on atrial

fibrillation.
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In summary, the publications presented in this section demonstrate the importance of a
careful echocardiographic evaluation of the inner aspect of the left atrium in cases of
unexplained cerebral thromboembolism in order to exclude left atrial bands as an
underlying cause. Furthermore, the importance of evaluating the interatrial septum in
order to exclude the presence of an interatrial septal aneurysm is emphasized in this

section.
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SECTION 5

DIVERSE GROUP OF ANOMALIES

Declaration

Ten publications are included in this section. | am the sole author in all these
publications, except publication twenty seven. In this publication, | made the diagnosis

and | am the first author.
Abstract

These ten submitted publications represent a diverse group of subtle and congenital

cardiovascular anomalies that may be present in the adult.

The twenty-seventh publication, “Diaphragmatic hernia mimicking an atrial mass: a
two-dimensional echocardiographic pitfall and a cause of postprandial syncope”
documented a peculiar phenomenon. A hiatal hernia may compress the left atrium and
cause post-prandial syncope and mimic a left atrial mass. The impact of this publication
is evident by the fact that Smelley and Lang®* referred to this paper in their work on
masses impinging on the left atrium and also the fact that Khouzam et al.% referred to
the publication in their review on the echocardiographic features of hiatal hernias. The
paper also had an impact on the work of the following authors who subsequently
observed this phenomenon: Koskinas et al.>¢, Kocatlirk et al.>”, Maheshwari et al.58

and Chang et al®°.
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The publication had an impact on the work of Dencker at al.®° on the use of echo
contrast and was cited by Goyal et al.6* and Ono et al.®?in their discussion on how this
condition may mimic cardiac disease. The impact of the twenty-seventh paper on
subsequent work on this phenomenon is clear—congenital diaphragmatic pathology

may lead to cardiac compression.

The twenty-eighth publication, “The violin heart” demonstrated the peculiar
appearance of a left ventricular myocardial band, also known as a false tendon. This
paper had an impact on the work of Pisiak et al.®and Silbiger et al.® as they referred to
this publication in their description of left ventricular false tendons in the Polish

population and a review of the characteristics of such tendons, respectively.

The twenty-ninth publication, “The liver and right atrium—hepatic cyst as a cause of
arrhythmia” documented another unusual phenomenon, namely atrial arrhythmia due
to right atrial compression by a hepatic cyst. This was a novel observation and the first
published in the pool of available literature. The impact of this publication is evident by
looking at the subsequent work and publications by the following authors: Zheng et al.
83 referred to this work in their book on simple hepatic cysts and polycystic liver disease
and by Zippi et al.®* and Shi et al.®® in their work on the effects of hepatic cysts.
Panchal et al.8 later also documented a case of right atrial and right ventricular outflow

tract compression caused by a hepatic cyst. The importance of this twenty-ninth
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publication is that it focused attention on the important potential influence of structural

liver lesions on cardiac function.

The thirtieth publication, “The serpentine mitral valve and cerebral embolism” is a
description of how valvular strands attached to the mitral valve may be the source of
cerebral emboli with resultant neurological sequelae. This publication was cited by
Alekhin et al.?”in their work on the clinical significance of these filiform structures (also
known as Lambl's excrescences) on the cusps of cardiac valves. The importance of the
thirtieth publication is that it described a new and novel cause for stroke in humans. By
extending the base of knowledge on causes of stroke in humans, this paper may

improve the quality of medical care and prevention of stroke.

The thirty-first publication, “Thyroxine and cardiac electrophysiology—a forgotten
physiological duo?” documented the presence of electrocardiographic ventricular late
potentials with a resultant risk for ventricular arrhythmias and the disappearance of
these late potentials when hypothyroidism was corrected with thyroxine. As
hypothyroidism can also be a congenital condition with these resultant cardiac effects,
this paper is included in this thesis. The impact of this publication is evident by the
following: Potempa et al.%8 referred to the publication in their review on the effects of
thyroid disorders on the heart and Chatzitomaris et al.% cited the paper in their

description of the cardiovascular effects of myxedema.
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The publication was cited by Araque et al.”®in their work that demonstrated how the
primary manifestation of Hashimoto’s disease may be T-wave inversions on the
electrocardiogram. The publication also had a clear impact on the laboratory work of
Wu et al.”* and was referred to by Mozos et al.”?in their work on the signal-averaged
electrocardiogram. Wisniowska et al.”® referred to my publication in their work on drug-
disease interactions. The importance of the thirty-first publication is thus that it
describes a novel link between thyroid disease and resultant cardiovascular pathology,
both of which may be congenital in origin. My publication has contributed to improving

the quality of care in patients with thyroid disease and cardiac disease.

The thirty-second publication, “Bicuspid aortic valve disease and lipoprotein(a)—a
concept worth exploring?” described a case series of patients with bicuspid aortic
valves. It was found that lipoprotein(a) levels are a risk factor for calcification of the
aortic valve cusps in these patients. This was a novel observation and the first
published in the available literature. The impact of this publication is that it identified a
new risk factor for premature calcification of the aortic valve cusps in these patients.
This gives rise to a new scientific question—will the lowering of lipoprotein(a) levels in
these patients improve their clinical outcome? Wang et al.”* cited this work in their
publication on the possible role of PCSK9 inhibitors in preventing aortic valve
calcification in these patients. The impact of the thirty-second publication is thus that a
novel risk factor for aortic valve calcification in patients with bicuspid aortic valves was

identified and furthermore, this stimulated other researchers to explore the role of new
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therapeutic agents to prevent this common and dreaded complication of calcification of

bicuspid aortic valves™ .

The thirty-third publication, “Rare congenital anomaly of the inferior vena cava”
demonstrated a rare variant of an inferior vena cava anomaly. Such anomalies are
known to be more common in patients with other congenital cardiovascular anomalies.
However, this particular case is unusual in that it demonstrates a combined absence of
the suprarenal as well as the infrarenal portions of the inferior vena cava—a rare variant
with only eight previously described cases so far. The importance of the thirty-third
publication lies in the fact that various congenital anomalies of the inferior vena cava are
possible and in patients presenting with edema and other stigmata of cardiovascular
disease, this is an important anatomical region to evaluate. The publication will thus

contribute to the evaluation and care of patients with this condition.

The thirty-fourth publication, “Aortic diverticulae and transient cerebral ischemic
attacks—Another reason for aortic imaging in unexplained TIA?” demonstrated the
concept of aortic diverticulae. The importance of this publication is that it added yet
another new aetiology to that of known causes for cerebral emboli. Stroke due to emboli
from various cardiac sources constitutes a very important cause for this common human
affliction across all age groups. As the bank of knowledge on this entity will surely grow
in the years to come, more causes of cerebral emboli will be described in the literature

and this publication will undoubtedly contribute to this pool of knowledge.
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The thirty-fifth publication, “HLA-B27 associated J-wave—a new variant of HLA-B27
associated cardiac disease?” was a case series which demonstrated the high
incidence of electrocardiographic abnormalities in patients with the immunogenetic
marker, HLA-B27. The importance of this publication is that it alerts the clinician to this

possibility in patients with unexplained electrocardiographic abnormalities.

The thirty-sixth publication, “HLA-B27 and an electrocardiographic peculiarity” was a
case series that demonstrated how J-waves on the electrocardiogram may occur more
frequently in patients with the immunogenetic marker HLA-B27. The importance of this
publication is that it adds another variant of HLA-B27 associated cardiac disease to the

existing literature.
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CONCLUSION

The thirty six publications included in this thesis were selected in order to reflect the

focus of my research over the past thirteen years, namely the clinical presentation and
echocardiographic diagnosis of rare and subtle congenital cardiovascular anomalies in
the adult. All of these manuscripts have been published in international, peer reviewed

journals between 2004 and 2017.

For the purpose of this DSc thesis | needed to demonstrate the impact that these
publications had on my field of study. In evidence of this, reference has been made to
current international citations of my work. Such citations will likely increase in number
over the ensuing years, so this discussion therefore reflects the current snapshot in time

of our knowledge of these congenital cardiovascular anomalies and their complications.

My work contributed significantly to the clarification of apico-basal muscle bundles, how
they differ from left ventricular false tendons, how they may cause electrocardiographic
abnormalities and how they finally were added to the pool of non-hypertrophic stigmata

of hypertrophic cardiomyopathy.

My work on papillary muscles and their variants and pathology contributed significantly
to the field of study. | demonstrated the appearance of isolated papillary muscle
hypertrophy as a variant of hypertrophic cardiomyopathy, | published a peculiar
electrocardiographic pattern of abnormalities unique to this condition. | have published
various congenital anomalies of the papillary muscles and it was subsequently shown

how such anomalies may cause intraventricular pressure gradients. | then published on
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ventricular dysrhythmia due to papillary muscle variants. Numerous authors
subsequently published articles on the association of papillary muscle anomalies with
an increased risk of sudden cardiac death. My work contributed to the indication of

papillary muscle assessment when evaluating a patient for risk of sudden cardiac death.

My work on left ventricular hypertrabeculation led to one of the first reports that this may
be a cause of stroke in the young at a time when this was a newly discovered and
unknown entity. In my quest to link this with a risk for sudden cardiac death in infants, a
new method of cardiac dissection in babies who succumbed to sudden infant death
syndrome was developed—one based on a post-mortem echocardiogram of the
excised heart. This led to this method being published in a textbook of forensic medicine
and the novel concept of post-mortem echocardiography to guide subsequent
dissection of the heart was published. Later work by me clearly demonstrated the
presence of left ventricular hypertrabeculation in a subgroup of infants who died from
sudden infant death syndrome. The peculiar phenomenon of subendocardial fibrosis
was present in this subgroup. Later work by other authors confirmed the presence of
subendocardial fibrosis in a subgroup of patients with left ventricular
hypertrabeculation.There is currently a major focus of research on subendocardial
fibrosis in left ventricular hypertrabeculation and my work played a significant role in

focusing research on this yet unexplained phenomenon.

My work on congenital anomalies which affect the left atrium also had a significant
impact on the literature. | have shown how an interatrial septal aneurysm may be

utilized to diagnose pulmonary hypertension, | have raised some yet unanswered
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guestions on the physiology and it was shown that this is an important entity to
understand and recognize, especially if associated with mitral valve prolapse, as this

may lead to an erroneous impression of left atrial enlargement.

| have published an article and an invited editorial on cor triatriatum sinister and my
work on this entity added a new and novel cause for refractory atrial fibrillation to the

existing pool of literature on atrial fibrillation.

| have added yet another cause of cerebral emboli with resultant stroke in the young—

the entity of congenital left atrial bands as a source of cerebral emboli.

My work on the cardiac sequelae of a congenital diaphragmatic hernia is widely cited
and added a unique cause of syncope and specifically post-prandial syncope to the

literature.

My work on congenital hepatic cysts leading to right atrial compression and arrhythmia

is widely cited and added a new and novel cause for arrhythmia to the literature.

These two entities—diaphragmatic hernia and hepatic cysts—focused the attention on
the diaphragmatic and subdiaphragmatic area when evaluating a patient with

unexplained syncope and/or arrhythmia.

My work on mitral valvular strands added another cause of cerebral emboli and

resultant stroke in the young to the literature. The value of a properly performed

46



echocardiogram in a case of unexplained stroke is proven beyond any doubt with this

thesis.

My work on the electrocardiographic abnormalities in hypothyroidism—which is often a
congenital afflicion—added new and novel information to existing literature. This
described a new risk factor for sudden cardiac death—cardiac late potentials due to

hypothyroidism reversible with T4 therapy.

My work on bicuspid aortic valves identified a new and novel risk factor for calcification
of the cusps of such valves—a common and dreaded complication. My publication
subsequently stimulated other authors to explore therapeutic agents to prevent such

calcification and a prominent publication on PCSK9 inhibitors subsequently appeared.

My work on congenital anomalies of the inferior vena cava added valuable information

on this possibility and the clinical presentation of such patients.

My work on aortic diverticulae added another cause of cerebral emboli and stroke in the

young to the growing pool of literature on causes of cerebral emboli.

Finally, the importance of knowledge of the immunogenetic marker HLA-B27 in patients
with electrocardiographic abnormalities is highlighted by the addition of two publications

as a result of my work on this entity.
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False Tendon Induced Subaortic
Hypertrophy—A New Variant
of Hypertrophic Cardiomyopathy

*
James Ker
University of Pretonia, South Africa

Abstract

Left vemtnicular false tendons are a common cchocardiographic finding and consist
of thin fibrous or fibromuscolar structures traversmg the lefi ventricular cavity, They
kave no connection 1o any valvuiar cusps and may be sigle or multiple. Histologic
examination has shown that they can be composed of uny combi
fibrous tissue, blood vessels and Purkinje cells

ation of cardiac muscle,

At present the climical significance of these false tendons s uncertain, with some
studies showing a possible causal roke for ventricular arrhythmias, These tendons have
been divided into five categories, based on the site of implantation

In this study a sixth category of left ventricular false tendon ts identified, with
mplantation into the veatricelar septum in a subaortic position, These subaortic false
tendons are nssociated with localized subzortic hypertrophy and it 1s suggesied that they
play a causal role in the genesis of localized subsortic hypertrophy with @ possible new
variant of hypertrophic cardiomyopathy—false tendon induced subaortic hypertrophy

Keywords: false tendons, hypertrophy, cardiomyopathy.
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Introduction

Left ventricular false tendons are thin, Tibrous or fibromuscular structures that traverse
the lett ventriculdar cavity]1]. They may be single or muitipie and have po connection to the
valvular cusps.[1]

False tendons ¢an be an isolated finding or can be associated with cardiac
abnormalities.{2] These tendens are wsually of no clinical significance but has been
associated with rate-dependent ventricular arthythmias and has also been shown to be a cause

of musical murmurs when pulled aut by ventricular dilatation.{2]

Loukas et al[3] examined 200 formalin fixed, adult hearts and divided false tendons into
five categories: In type T the false tendon is locared between the posieromedial papillary
muscle and the ventricular septum. In type [1 the false tendon is located between the two
papillary muscles, In type 11 the false tendon is located between the anterolateral papillary
muscle and the ventricular septum. In type IV the false tendon is located between the
veatricwlar septum and the free wall, In type V the false tendons appear weblike and have
three or more points of insertion.

After carefui histological examination Abdulla et ai[2] suggested that false rendons may
be intracavitary radiations of the bundle of His and that their clinical significance may be
more relevant than previously believed and merits further study.

Methods

This study was a retrospective analysis, A tota! of 3000 adult echocardiograms, performed
between 2004 and 2008 for various clintcal indications. were reviewed and analyzad for the

presence of a left ventricular false tendon in the subsortic position

Results

A total of 6 adult echocardiograms clearly demoenstrated the presence of a false wendon
located between the left ventricular lateral wall and the subacriic intervearricular septum (see
figure |1-6). In all 6 of thesc cases a striking local ventricular hypertrophic response was
present at the site of septal implantation of the false tendon (see figure i-6)

No systelic and/or diastolic dysfunction, valvular disease or pericardial disease were

present in uny of these patients. Al 6 echocardiograms were from men. aged from 35 years o
64 years.
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“igure 1. Parasternal long-axis view on a transthoracic echocardiogram of patient 1, Note the subaortic

siplantation of a false teaden. with a prominent Jocalized hypertrophic response.

e —__ -

-axis view of & transthoracic echecardiogram of patient 2, demonstrating the
subrortic false tendon as in patient 1, also with a localized hypertrophic response.
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|
Figure 3, Parasternal long-axis view of patient 3. The presence of the same type of subaortic false
tendon with lecalized hypertrophy is shown
'
Figure 4. Apical twe-chamber view of patient 4. The presence of a subacrtic false tendon with a striking S

localized hy pertrophic response is
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2ure 2

Apical two-chamber view of patient 5. The subaortic (ulse lendon is clearly shown

sure 6. Parasternal short-axis view of patient 6. The localized hypertrophic respense is cleariy shown
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Discussion

A sixth type of left ventricular false tendon is identificd—with the specific location
between the subaortic portion of the interventricular septum and the left ventricular free wall
In each of the six cases presented, a striking localized ventricalar hypertrophic response is
present at the site of subaortic implantation of the false wendons.

Lvpertrophic growth is the primary mechanism by which the heart reduces stress on the
ventricular waii.[4] Mechanical stress on the ventricular wall elicits auto-and paracrine
signaling by inducing the synthesis and secretion of growth factors. such as angiotensin 11,
insulin hike grewth factor 1 and endothelin 1 and furthermere, mechanical stretch is also
capable of activating angiotensin [ receptors directly, without the involvement of angiotensin
11.]4,5

Fhe predominani feature of the hypertrophic cardiomyopaithy phenotype is increased
thickness of the left ventricular wall.f6] However, hypertrophic cardiomyopathy is both
genotypically and pheaotypically 2 highly heterogeneous diserder with more thaa 150
mutations. scattered throughour 10 gencs, encoding various proteins of the cardiac sarcomere,
as known genetic causes for the condition.[7,8.9] Phenotypically, there can be marked
regional differences in veatricular wall thickness.[10] with the hypertrophic process affecting
cither the left and/or right ventricle,[7] being symmetrical or asymmetrical.|7] Septal
hypertrophy is the most common phenotype, with midventricular and apical hyperrophy less
common,[7] Even in patients with identical mutations siriking inter-and intra-family

variations have been naticed in the presence and severity of left ventricular hypertrophy [11]
So-called modifier genes may comribute to this phenotypic diversity and indeed the
rs2106809 and rs6632677 polymorphisms of the angiotensin-converting enzyme 2 gene have
been shown to increase the risk for expressing greater magnitude of ventricular hypertrophy
in hypertrephic cardiomyopathy [11]

Kobashi et al [12] noted that patients can present with isolated papillary muscle
hypertrophy  and  suggested that this is a newly identified subtype of hypertrophic
cardiomyopathy.

Harrigan ¢ af [6] have shown on the other hand, that in patients with establ

ished

hypertrophic cardiemyopathy, both the number and the mass index of the papillary muscles
p yopathy Paf )

may be increased and that in thesc paticnts accessory papillary muscles can even contribute
10 ventricular outflow obstruction.

Adult-onset hypertrophic cardiomycpathy is @ prevalent condition[ 3] and is caused by
either inherited or new mutations in cardiac sarcomere pratein genes, such as: cardiac beta-
myosin heavy chain (MYi7), cardiac myosin-binding protein C (MYBPC3), cardiac
troponin T (TNNT2), cardiac troponin | {TNNI3), essential myosin light chain (MY1.3},
regulatory myosin light chain (MYL2), alpha-tropomyosin (TPM! ), cardiac actin (ACTC)
and titin (TTN}. The age range at clinical diagnosis of hypertrophic cardiomyopathy is broad,
however, clinical manifestation before the age of |4 years are atypical,[13]

In view of the above background of hypertrophic cardiomyopathy three issues are
relevant to this study: First, it is possible that the Jocal hypertrophic response is due to local
mechanical stretch, induced by the false r2odon anachment. Second. the involvemen: of the
papillary muscles in hypertrophic cardiomyopathy has heen clearly shown -an increase in

—
— T d
-
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their mass index and number with accessory papillary muscles—has been documented. It is

perhaps time to focus on false tendons In hyperrophic cardiomyopathy—will there be an

increase in their mass index and number the same as for the papillary muscles? Thindly, the
striking local bypertrophic response at the site of septal implantation of these false tendons
misy be caused by the lalse tendon itsell in a manner other than a locat stretch induced
response~—a (rue false fendon-induced hyperrophic cardiomyopathy. Lastly, an important
clinical question 15 whether these localized hypertrophic responses will remain static or will
progress with generalized ventricular involvement over time?

A sixth type of ventricular false tenden is proposed—the subaortic false tendon, giving
rise 10 false tendon-induced subanrtic hypertrophy, Whether this s due to a Jocal stretch
response or a true hypertrophic cardiomyvopathy will need to be determined by further studies,
also perfonning genetic analyses for possible mutations in geaes encoding proteins of the

cardiae sarcomere
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Abstract

The causes for ST-segment elevation other than myocardil infarction are numerous.

The existence of left ventricular false tendons has been known for more than a century. Currendy,
the clinical entities assoclated with these left ventricular false tendons include innocent murmurs

and premature ventricular contracdons.

A case report is presented where such a false tendon, attached to the interventricular sepum, is
responsible for striking ST-segment elevation in the anterior precordial leads.

It is proposed that this is a newly observed entity — that of subaortic tendon-induced ST-segment
elevation. This is proposed as a totally benign phenomenon with the clinical importance in that it
should not be confused with other pathological processes, such as the Brugada syndrome.

Introduction

‘The fisst description of so called false tendons inside the left
ventricle was published 115 years ago [1]. These structures
are also described in the literature as left veniricular mod-
erator bands, anomalous cords, left ventricular bands and
aberrant tendons |2]. Abdulla ef af |3| examined these ten-
dons histologically and suggested that they are intracavitary
radiations of the bundle of His. Embryologically, these
false wendons are thought to derive from the inner muscle
layers of the primitive heart and in addition to Purkinje
cells, they also comtain myocardial fibers, blood vessels,
connective tissue and fibrous tissue | 2). Anatomically, these
tendons have been divided into longimdinal and transverse
tendons - longitudinal tendons extending from the ven-
tricular septum to the posteroapical wall and transverse ten-
dons extending between the septum and the lateral wall
[4]. These tendons have been shown to be a cause of func-
tional ejection murmurs |2-5|. It has also been docu-
mented that they are assocated with both uni-and
multifocal premature ventricular contractions {P'VC's)

[4.6]. These PVC's are pootly controlled by antiarthythmic
drugs, but easily suppressed by exercise |4].

There are currently two hypotheses for the generation of
these PVC's [4): These tendons contain Purkinje fibers and
it is known that the automaticity of Purkinje cells is
increased by mechanical streiching [4,7]. It may be that
mechanical stretching of the tendon can generate the PVC
or alternatively, the medhanical strecich of the ventricular
wall, where the tendon inserts, may trigger the PVC.

Case report

A case report is presented where it is postulated that a lefi
ventricular false tendon, attaching to the interventricular
septum in a subaortic location, is responsible for striking
ST-segment elevation in the anterior precordial leads

A 34-year old Caucasian male was referred for a cardiovas-
cular examination, because of an abnormal electrocardio-
gram, demonstrating striking ST-segment elevation in

Page 1of 3
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leads V1, 2 and 3 (Figure 1), The patient is totally asymp-
tomatic. The ECG was done by his primary care physician
for insurance purposes for an insurance policy he applied
for. He Is an athlete who competes in marathon running
in his spare time,

The clinical examination was normal. No chest pain or
any symptoms were present. Troponin 1 and creatine
kinase levels were all normal, Other known causes for ST-
segment elevation, such as hypothermia, trauma, hyper-
calcemia and hyperkalemia were all excduded. Echocardi-
ography demonstrated a heant without any pathological
findings.

‘The only peculiarity noted was the presence of a left ven-
tricular false tendon, extending between the apical wall
and the interventricular septum (see Additional file 1 and
Additional file 2). Note the parasternal, long-axis view
from a transthoracic echocardiographic image, demon-
strating the false tendon, marked with + (See Additional
file 1, Additional file 2 and Additional file 3.) The subaor-
tic location of implanation is clearly shown. Also note
the same false tendon from the parasternal short axis
view, marked with « (se¢ Additional file 4). Note the
localized, hypertrophic response at the site of implanta-
tion (see Additional file 4, Additional file 5 and Addi-
tional file 6).

The patient was closely followed for a period of three
years. During this period no symptoms or signs of any car-
diovascular disease and specifically no rhythm distur-
bances was ever present. He remains totally asymptomatic
to date.

Discussion

The differential diagnosis of ST-segment elevation is wide
and diverse, and includes the following [8]: myocardial
ischemia or infarction, Prinzmetal angina pattern, Takot-
subo cardiomyopathy, ventricular aneurysm, pericarditis,

*
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File format: JPEG, Title: 12-lead electrocardiogram.
Description: This is the 12-lead elecrrocardiogram which
clearly demonstrates the striking ST-segment elevation in
leads V2 and V3.
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normal variant (“early repolarization”), left ventricular
hypertrophy, left bundle branch block, other causes of
myocardial injury, such as myocarditis, trauma or tumor
invading the left ventricle, hypothermia, after DC cardio-
version,  hyperkalemia,  hypercaleemia,  type  1C
antiarchythmic drugs, intracranial hemorrhage and the

Brugada pattem,

Three aspects are important in the discussion of this case:

Fiestly, Loukas et al 9] divided false tendons into five cat-
egories, according to the site of implantation. Ker [10]
described a sixth type of false tendon where the specific
location is between the subaortic portion of the interven-
tricular septum and the left ventricular free wall, Six cases
were described and in all of them a striking, localized ven-
tricular, hypenrophic response was present at the site of
subaortic implantation. This condition was named “false
tendon-induced subaortic hypenrophy® and it was pro-
posed as a new variant of hypertrophic cardiomyopathy
[10]. This case cleardy belong to this sixth group of false
tendons with a clear subaortic implantation location.

Secondly, repolarization changes in leads V1-V3 can be
associated with Brugada syndrome. This case does not ful-
fill the criteria for Brugada syndrome [11]: Three ECG pat-
terns for Brugada syndrome have been identified but only
a “coved” or type | ECG segment elevation is presently
considered diagnostic for the disease [11]. The other cru-
cial aspect in the diagnosis of Brugada syndrome is the cri-
terion for structurally normal hearts [11]. This case clearly
does not demonstrate a structurally normal heart, as it
demonstrates the false tendon-induced subaonic hyper-
trophy variant of hypertrophic cardiomyopathy. In order
1o accept a type 11 ECG ("saddle-back™ elevation) as Bru-
gada syndrome one needs genetic confirmation with a
structurally noemal heart [11].

Thirdly, hypertrophy is a mechanism (or response) of the

heart to reduce stress on the ventricular wall |10, It has
been shown that mechanical stress on the ventricular wall
can elicit a wide variety of auto-and paracrine responses,
leading to the local secretion of a wide varlety of growth
factors, such as endothelin 1, angiotensin 11 and insulin
like growth factor [ 10], Therefore, scientifically it is clearly
conceivable that a false tendon inserting itself in a subaor-
tic location, will cause a localized stretch response at the
implaniation site and leading in some instances 1o a local-
ized, hypenrophic response, as shown before [10], It is
therefore quite plausible that the localized, septal hyper-
trophic response is the reason for the observed repolariza-
tion changes.

In conclusion, a case report is presented of a young, healthy
man with a “saddle back” ST-elevation of the precordial
feads, The cause for this phenomenon is the sixth type of
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false tendon, the subaortic false tendon |10] leading 10 a
localized hypertrophic response. It is proposed that this is s
totally benign phenomenon and that care should be taken

http/Awww.cardiovascularutrasound comicontent/7/1/13
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Abstract

Originally described by Brock and Teare, today hypertrophic cardiomyopathy is clinically defined
as left (or right) ventricular hypertrophy without a known cardiac or systemic cause, such as
systemic hypertension, Fabey's di or aortic i

Also appreciated today is the enormous genotypic and phenatypic heterogeneity of this disease
with more than 300 mutations over more than 24 genes, encoding vanous sarcomeric,
mitochondrial and cldum-handling proteins, all as genetic causes for hypertrophic
cardiomyopathy.

Phenotypically, the disease can vary from negligible to extreme hypertrophy, affecting either the
left andlor right ventricle in an apical, midventricular or subaortic location.

Left ventricular false tendons are thin, fibrous or fibromuscular structures that raverse the left
ventricular cavity, Recently, a case report was presented where it was shown that such a false
tendon, originating from a subaortic location, was responsible for striking ST-segment elevation on
the surface electrocardiogram,

In this case report, a case is presented where such a subaortic tendon led to the classic

echocardiographic appearance of hypertrophic cardiomyopathy, thus in the assessment of
hypertrophic cardiomyopathy, this entity needs o be excluded in order to prevent a false positive

diagnosis of hypertrophic cardiomyopathy,

Introduction

Hyperrophic cardiomyopathy (HCM) was first described
in 2 publications between 1957-1959 by Brock |1-3).
During this period Teare [1,4] also described the entity of
asymmetrical septal hypertrophy in § autopsy cases

HOCM is the most prevalent genetic cardiovascular disease,
as it affects one in 500 individuals and exhibits enormous
genotypic and phenotypic heterogeneity |5).

Phenotypically, hypertcophy can vary from negligible 1o
extreme - similarly fibrosis and myocyte disarray can also

range from negligible 1o extreme |5|. This phenotypic var-
iation is the result of the vast array of mutations present in
the family of HCM [5]

These mutations can be inherited (familial) or can occur
de novo (sporadic) [6).

Currently, more than 300 mutations, which are scattered
over more than 24 genes are known as causes for HOM
5] These involved genes encode various proteins of the
sarcomere, mitochondra and the calcium-handling appa-
ratus {5]. Sarcomeric mutations can affect the thick myo-
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filament (beta-myosn heavy chain, regulatory myosin
light chain and essential myosin light chain), the interme-
diate myofilament (myosin binding protein C) or the thin
myofilament (cardiac toponins T and 1, alpha-tropomy-
osin and actin) |5).

It is thus no wonder that the dinical presentation can
range from apical hypertrophy, mid-ventricular hypertro-
phy, concentric hypertrophy and subaortic hypertrophy
of the left and/or right ventricle |1,5-10),

Of all these vanants, hypertrophic obstnuctive cardiomy-
opathy (HOCM) is the variant that has been studied the
most [8). In this entity (previously known as idiopathic,
hyperrophic, subaortic stenosis) asymmetrical, septal
hypertrophy is accompanied by the following three ele-
ments |8]: systolic anterior motion (SAM) of the anterior
leaflet of the mitral valve; a left ventricular omflow tract
(LVOT) gradient and mitral regurgitation.

Left ventricular false wndons are thin, fibrous or fibro-
muscular structures that traverse the left ventricular cavity
and they may be single or multiple [11]. Recently, it was
demonstrated that such & left ventricular false 1endon,
attached to the subaortic portion of the interventricular
septum, led to striking ST-segment elevation on the sur-
face electrocardiogram [12] In this case report another
possible diagnostic pitfall that can arise due to the pres-
ence of a subaortic tendon is presented

Case report

A case report is presented where it is shown that a left ven-
tricular false tendon, when attached (o the subaortic por-
tion of the mterventricular septum - a subaortic tendon -
can mimic the echocardiographic appearance of hyper-
trophic cardiomyopathy.

A 30-year old Caucasian male was referred for a cardiovas-
cular examination by his primary care physician, The clin-
ical reason for the referral was the presence of a soft,
subaortic midsystolic murmur {Levine grade 1), The
patient was wtally asymptomatic and no previous medi-
cal or surgical problems were present. Clinical examina.
tion confirmed the grade |, subaortic. midsystolic
murmur. The rest of the dinical examination was normal,

Echocardiography demonstrated a classical parasternal
long axis picture of hypertrophic cardiomyopathy, with
the phenotype of subaortic hypenrophy (see additional
file 1, 2, 3 and 4). However, no systolic anterior motion of
the mitral valve (SAM) and no left ventricular ouflow
tract gradient were present,

However, further examination revealed the presence of a
big, muscular, subaoric tendon, running parallel to the

http/Awww.cardiovascularutrasound comicontent/7/1/31

interventricular septum and giving the false impression of
hypertrophic cardiomyopathy. See additdonal file 2 dem-
onstrating this muscular tendon clearly as a separate struc-
ture.

Discussion

The echocardiographic assessment of ventricular hyper-
trophy is an exiremely imponant component of the cardi-
ovascular examination and it is also one of the most
difficult clinical scenario’s because of the vast array of
pathologies, each one with a different prognosis.

Shapiro ef al [13] performed a prospective, echocardio-
graphic examination to determine the prevalence of local-
ized, subaortic hypertrophy in 1000 consecutive patients
presenting for a routine echocardiographic examination.
They excluded patients with hyperntrophic cardiomyopa-
thy and 8 cases of such localized, subaortic hyperwrophy
were found. In their series, localized subaortic hypenro-
phy was diagnosed when the subaortic seprum was 50%
thicker than the mid-point of the septum.

Numerous diseases can lead to secondary left ventricular
hypertrophy, which may then imitate hypertrophic cardi-
omyopathy |14] Jategaonkar ¢t al described a case of
HCM, with all the components of HOCM - asymmetric
septal hypertrophy, SAM and mitral regurgitation — which
turned out to be all due w an underfying pheochromocy-
toma | 14]. Another important condition to exclude when
localized, subaortic hypertrophy is found is hyperparath-
yroidism, as it has been shown that this condition is
another important mimic of hypertrophic cardiomyopa-
thy [15]. In the analysis of so-called "hypertrophic cardiac
syndromes”, they are often distinguished from one
another by features such as: valvular abnormalities, out-
flow tract obstruction, dectrocardiographic patterns, the
presence or absence of diastolic dysfunction, as well as the
degree and pattern of ventricular hypertrophy [16].

Amyloidosis causes the accumulation of amyloid in the
myocardial interstitium and this process ultimately leads
1o a ventricle with a firm, rubbery consistency and ven-
tricular hyperrophy [16]. Two-dimensional strain is a
unique imaging mode that permits the objective analysis
of myocardial motion throughout the entire cardiac cycle
[16). Sun et al | 16] studied the ability of two-dimensional
strain to assess global and regional function in patients
with amyloidosis, hypertrophic cardiomyopathy and
hypertrophy due to hypertension. They were able to dem-
onstrate that patients with “amyloid cardiomyopathy”
had significantly lower myocardial deformation as seen
by two-dimensional strain imaging than patients with
hypertrophic cardiomyopathy and hypertensive hypertro-
phy. Thus, two-dimensional strain imaging can be added
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to the armamentarium of the echocardiographer in the
assessment of idiopathic ventricular hyperrophy.

Another good example of how a meticulous echocardio-
graphic examination can detect the presence of a specific
and unusual cause for severe ventricular hypernirophy, is
Fabry's disease - an X-linked metabolic storage disease
where glycosphingolipid accumulates in the myocardium
and other tissues, due 1o deficient activity of the enzyme
alpha-galactosidase A [17]. The endocardium in Fabry's
cardiomyopathy has a peculiar binary appearance. detect-
able by ransthoracic echocardiography |17

Thus, it is dear that not all cases of subaortic hypertrophy
are due to hypertrophic cardiomyopathy.

This case report adds another mimic of hypertrophic cas-

diomyopathy to the list - that of the muscular subaortic
tendon.
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Abstract: Right bundle branch block is an electrocardiographic phenomenon with specific criteria

Currently, two specific forms of nght bundie branch block are acknowledged, a proxamal and a distal vanant. A vast sy
of pathologies can canse proximal, distal or even combmed forms of right bundle branch block

In this study it s suggested that a third type of night bundle branch block exist: one caused by 2 subasortic mascular tendon

in the lelt ventnicle, deadmy to o

d velocity of

fuction i the lefl ventricle, with a resultang “relative” rght

bundie branch block Tt is concluded that it is necessary (and time) to take a closer look ut endoventricular structures in the

nesessment of structural conses of right bundle branch block

Keywords: Right bundle beanch block, subaortic, tendon, structural.

INTRODUCTION

Right bundle branch block (RBBB) 15 an electrocardio-
graphic phenomenon with specific critenia [1. 2]: QRS dura-
tion > 120 msec; broad and/or notched R waves (rsr', rsR’ or
SR pattemn) m the right precordial leads (leads V1 and V2)
mnd wide and/or deep S waves in leads 1 and V6.

REBB is the electrocardiographic reflection of delayed
conduction i the right ventricle, caused by sclerosis (Lene-
gre's disease), fibrosis (Lev s disease) or necrosis of the
right bundle branch [3. 4], Recently, Shah ef o, [5] described
a case of a septal branch aneurysm which caused a nght
bundle branch block by causme direct pressure on the right
bundle branch near it's subendocardial course on the right
ventricular side of the nterventricular septum

1t has been established that there are two forms of REBB
[6-8]: In the fwst. there 18 mterruption of conduction mn the
main right branch of the bundle of His—tenmed proximal
REBR and m the second, conduction m the termiumal ramifi-
cations of the right bundle branch are delayed —termed distal
RBEB or arborisation block.

Interestingly, it has been shown that the clinical examina-
tion ¢an guide the clinician to distinghuish between proximal
md distal RBBB [6, 9], Brooks ef al. [9] demonstrated
cchophonocardiograplucally that m patients with proximal
RBER the time nterval between mitral valve and tricuspid
valve closure wias prolonged, whereas in patients with distal
REBB the time delay is between tricuspid valve closwre and
pulmonary valve opening

In thes study a thurd cause of RBBB 15 proposed—neither
proxumal, nor distal, but one caused by mereased conduction

*Address comopondancc 1o this suthor of the Departinent of Playsiology,
Uneverssty of Pretoms, Pretonn, South Affica. PO Box 24318 Geswia,
Protonia, South Afncs, 0031, Tel: 42712330078 Fax: #2712-3430079.
Eomail: jkeri@wolcoza

1574192410

to the lefl ventricle by a subacetic muscular tendon m this
way causing a “psendo” RBBB

MATERIALS AND METHODS

This was a prospective. observational study. A total of
880 pateents who presented for a cardiovascular exammation
were examined for the presence of nght bundle branch block
(RBBE). 830 patients were screened. The number of patients
amounted to 880, due to the study protocel stipulatng a time
penod of 6 months for enrollment.

All patients with REBB with any history of structural
heart disease and/or myocardial mfarction were excluded
from the study.

RESULTS

A total of 11 patients with REBB were found. In this
group of 11 patients 6 had a history of myocardial mfarction
and were excluded from the study. 2 of the remaining 5 had
no detectable structural anomaly of the heart. However, m 3
of these S patients (Figs 1, 2, 3) a peculiar muescular tendon
extended between the subaortic portion of the mterventricu-
lar septum and the left ventricular apex (Figs. 4. 5. 6)

DISCUSSION

Anatomically, the right bundle 1s composed of a single
group of fibres which arborises only at the penphery [6]
Current physiological evidence demonstrates that the elec-
trocardiographical pattem of RBBB is identical m both
proximal and distal nterruptions (block) of the nght-sided
His-Purkinje network [6, 10-12). It has been shown that
mterruption of the proxmmal portion of the nght-sided
His-Pukinje network leads to a delay in the onset of nght
ventricwlar contraction (manfesting clinieally as a delay
between tricuspid and mitral valve closure} with a normal
subsequent sequence of nght ventnicular contraction,

2019 Bentham Open
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Pig. ). Right bundie branch block is present

whereas a distal block (disease affecting the distal branches
of the His-Purkmje netwark) will canse asynchronous con-
traction of the right ventricle, thus glowing the rate of rise of
pressure m the right ventnicle, without delaying its onset,
manifestmg as a delay i the openng of the pulmonary
valve{6, 10-12].

Combined discase 18 also possible n the same patient,
with generalized disease afTectmg the nght-sided conduction
system, causmg both proximal and distal RBBB [6]

Prognostically, it has been shown that this distinction 15
important, as proxmal block caused by a single. localized
lesion has an excellent loag-term prognosis, whereas distal
block caused by diffuse disease may be a manifestation of a
progressive process [6, 13].

In this study, it & proposed that there exists a thed
type of nght bundle branch block—nerther proximal,
nor distal, bul one caused by mn increased velocity of con-
duction 1o the lefl ventricle, effected by & musculn sub-
sortic tendon coursing between the sub-aortic poetion of the
mnterventricular septum and the apex of the left ventricle, in
this way leading to a “relative” RBBB as conduction n the
right ventricle lags behmd the mereased conduction in the
left ventricle.

Physiologically, this third type of RBBB behaves as a
proximal block, with s delsy n night ventricular contraction,
manifested by a delay between matral and  tricuspid
vitlve closwre. This & not the first electrocardiographic
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Fig. (3). Right humdle branch block s present

. (4). Parastesonl lomg axis view f
implanting m the apex of the lefl yentnicle

manifestation of muscular, sub-aortic tendons; Ker [14]
demonstrated that such a tendon can be responsible for
stnking ST-segment clevation on the electrocardwogrom

The electrocardiographic feature shared by all three these
cases 15 8 broad and notched R wave m lead aVR (Figs. 1, 2
and 3) Furthermore, they also share a deep and notched S
wave m leads I, II, aVL and V4, 5 and 6 with a broad R
wave in lead V1

+ Length

w patient 1. demonstrating the muscular subaortic tendon, arising from the subaortic aren mxd
P :

The echocardographic feature (Figs. 4, § and 6) 15 that of
a thack and muscular band or tendon like structure extending
from the subaortic area to the left ventricular apex. These
muscular tendons are different from the widely known
thin tendon hke structures as they appear much thicker
and they always extend from the subaortic region to the
left ventricular apex. As stated before they have been shown
to be a cause of ST segment elevation [14] and recently
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Fig. (5). Subaortic tendon m patient 2

James Ker

+ Length = 0.804 an

Fig. (6). Subaortic texdan m patient 3

they have been shown to mimic hypatrophic cardiomy opa-
thy [15]

Thus, m the asseszment of structural causes for right
bundle branch block it is suggested that it is tume to take a
closer look ot endoventricular structures and specifically ot
muscular structiures traversmg the cavity of the left ventricle
Based on the demonstrated clectrocardiograms it s

suggested that a broad and notched R wave mn lead aVR in
patients with RBBB may serve as an electrocardiographic
clue for an underly mg endoventricular cause of REBB
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Abstract: Intraventricular tendons are structures that was identified more than # hindred years ago. It has been suggested that they
represent intracavitary radiations of the bundle of Hiz and that they may be an 1solated finding or be associated with structural cardiac
abnormalities.

Loukas et al divided these structiures into five categories and recently a sixth type have been added.

Vartous phystological disturbances have been observed due to the sixth type of tendon, such as ST segment elevation and nght bundle
branch block. It has been noted that this pecaliar structure appears too thick to be called a tendon, thus the term band,

This retrospective analysis analyzed the mcidence of the thick. subaortic (type 6) muscular band in a cardiovascular clinic.
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Introduction
Intraventnicular tendons was first observed 115 years
ago.' They are usunally thin, fibrous or fibromuscular
structures that traverse the left ventnicular cavity?
They may be single or multiple and have no connec-
tion to the valvular cusps *

False tendons can be an 1solated finding or can be
assoctated with cardiac abnonmalities

Loukas et al' examined 200 formalin fixed, adult
hearts and divided false tendons into five categories
In type 1 the false tendon 1s located between the
posteromedial papillary muscle and the ventnicular
septum. In type Il the false tendon is located between
the two papillary muscles. In type IT1 the false tendon
15 located between the anterolateral papillary muscle
and the ventricular septum. Intype IV the false tendon
1s located between the ventricular septum and the free
wall. In type V the false tendons appear weblike and
have three or more points of insertion

After careful lustological examination Abdulla
et al’ suggested that false tendons may be intrac-
avitary radiations of the bundle of His and that their
climcal sigmficance may be more relevant than previ-
ously believed and ments further study

Recently, various physiological effects due to a
newly observed thick, subaortic muscular band have
been describad ™’

The purpose of this study was to desenbe the mci-
dence of this peculiar new type of muscular band ina
cardiovascular clime

Methods

I'lus stady was a retrospective analysis. A total of 4900
adult echocardiograms, performed betwezn 2004 and
2010 for vanous climncal indications—ranging from
hypertension to cardiac murmus and dyspnoea-
were reviewed and analyzead for the presence of a left
ventricular muscular band m the subaortic position

Results

A total of 376 adult echocardiograms clearly demon-
strated the presence of a muscular struchure, located
between the left ventncular inferior wall and the sub-
aortic interventiicular septun (see Figure | and 2 and
movie chip 1 and 2). In all of these cases a stnking
local ventiicular hypertrophic response was present
at the site of septal mmplantation. In some of these
cases the local hypertrophic response even mumics

P

Figure 1 Parastemal, long-axis echocardiographical mage, depicting a
thick subacrtic, muscular band, marked with X

the echocardiographical appearance of hypertrophic
cardhomyopathy” (see movie chip 1)

Discussion
A peculiar nmscular structure, too thick in appear-
ance o be called a tendon, extending between the
subaortic portion of the interventricular septum and
the infertor left ventricular wall is identified in this
study. A stnking feature is a localized area of ventric-
ular hvpertrophy at the site of subaortic implantation
of the muscular structure

Among these 376 patients with the muscular
subaortic band present. the following physiological

effzcts have been obsarved: ST-segment elevation of

the antenior electrocardiographic leads. mimucking
acute myocardial nfarction.' echocardiographical
mimicking of hypertropic cardiomyopathy* and nght
bundle branch block

Figure 2 Ancther axample of a thick subacctic muscular band, marked
with X
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Subaortic muscular band

It has been proposed before that this muscular,
subaortic band may represent a sixth type of ventricu-
lar false tendon ® The current chimcal imphication of
the presence of this peculiar intracardiac structure 1s
that 1t may numic carchac disease, such as myocardial
infarction or Brugada syndrome in the case of ST
segment elevation,” it may lead to the erroneous diag-
nosis of hypertropluc cardiomyopathy 1f the echocar-
diographer 1s not vigilant® and recently it has been
described that a third type of nght bundle branch
block may result due to the presence of such a sub-
aortic muscular band’

Disclosures

This mamuscript has been read and approved by the
author. Tlus paper 13 unique and 1s not under con-
sideration by any other publication and has not been
published elsewhere. The author and peesr reviewers
of this paper report no conflicts of interest. The author
confirms that they have pernussion to reproduce any
copynghted matenal,

References

I Tumer WA Inuvan beart with moderstor band in kfl ventricle J Un
Plysod. 18932719

1 Kavmcioght M, Ozbng D, Kavanooglu P, of al Echocediographec and
morphologx exmuimtion of kel ventnoda faive temfors in luansn sed
wnenal beats. Clingead Awatowy, 20031 6{5) 389-94

3 Abdulla AKX, Frustaci A, Martinez JE, Florio RA. Somerville J, Olsen EGJ
Echocandwgnply aod pathology of bl ventioudie Ualse tendons. Clest
1990,98:120-32

4 Lonkws M. Lovs RG. Black B, Ploen D, Fudadg M. Sharkoes M. Falselandone
An endoscopac eadavenc apgeoach. Chnical Anatowey, 2007, 24 2):163-9

5 KaJ Sub aortk fendon mdoced ST seamast devation—a new echo electro-
cadiographec phesomence” Cardiovascadar {itraownd 2009,7:13,

6 Ker 1 The sub aortx tendon ax » mimue of Typertrophic <ordicosmy opoattiy.
Cardfovascadar Ultrasowd. 2009.7:31

T Ker 1 Saructursd conses of nght bandie branch block—time for » closer look?
The Open Cardiovsci Modicine Joumnal 20104 105-9

& Ker J False tendon indaced mb hypetrophy —a ooy vant of
Iypertropdiic cardsoanyopidly. Tn: Cordiomy opatlees | Canses, Effects md Tros-
ment Edaed by: Bamao PH, Gioedano MT Nova Saawe Publihes 2008

Publish with Libertas Academica and
every scientist working in your field can
read your article

*I would Jike to say that this is the most author-friendly
editing process | have experienced in over 150
publications. Thank you most sincerely.”

“The communication between your staff and me has
been terific. Whenever progress is made with the
manuscrpt, | receive notice. Quie honestly, I've
never had such complete communication with a
Jjournal.”

LA is different, and hopefully represents a kind of
scientific publication machinery that removes the
hurdies from free flow of scientific thought.”

Your paper will be;
. Avallable to your entire community
free of charge
. Fairly and quickly peer reviewed
*  Yours! You retain copyright

http://www.la-press.com

Clirical Medicine Insights: Cardiclogy 2010:4

I

82



Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

MR G 7

paaal

- 3
ELSVIER

CARDIOLOGY

This article appeared in a journal published by Elsevier, The attached

copy Is furnished to the author for Internal non-commercial research

and education use, including for Instruction at the authors institution
and sharing with colleagues,

Other uses, including reproduction and distribution, or selling or
licensing coples, or posting to personal, institutional or third party
websites are prohibited

In most cases authors are permitted (o post their version of the
article (e.g. In Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier's archiving and manuscript policies are
encouraged to visit:

http://'www.elsevier.com/authorsrights



Imernariond jourmd of Cardicdogy 170 (2014) 70271

Conterts lists available st Sclncabinct

International Journal of Cardiology

ELSEVIER

journal homepage: www.eisevier.com/locate/ijcard

CARDIIOGY

Letter to the Editor

Hemochromatosis and the heart—Heavier than iron?
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My pertrophy

Recently a fascinating observation on Increased hetght in HFE hemo-
chromatosis was made by Cippa and Krayenbueh! [ 1] The authors
assessed height in a cohort of 176 patients with HFE hemochromatosis
in Switzerland and they found that men with hemochromatosis were
on average 4.3 cm talier than their reference population without hemo-
chromatosis—in women the difference in height was 3,3 cm In those
with versus thase without hemochromatosis [ 1], Note that all these pa-
tients were homozygous for C282Y (93%) or compound heterozygotes
for C282Y-HG3D (7%) and thus they all had hemochromatosis with
iron overioad.

Classic, hereditary hemochromatosis is an autosomal recessive iron
overload disease due to mutations of the HFE gene, located on chromo-
some 6 2. In most cases the culprit mutation is C282Y, which may have
originatex in a Celtic (Viking) ancestor more than 2000 years ago |2}
Other, less common miations are H63D and S65C |2}

The major-histocompatibility complex dass I-ike protein, HFE, affiect-
od by these mutations. has an ancestral peptide-binding groove that & too
nmarrow for antigen presentation, but importantly it now seems that HFE
might bind to other (as yer uncharacterized ) proteins 2],

* Tl 427 RIMROTHGE! lax: + 77 LIMOOIGA
-l nsdires: fhor@aol (s

O16F-5274/% - see Bunt mater © 2013 Elwewer reland Lid. A% mghts reserved.
hepe abxdocong 1010164 joard 20155 1024

Recently, a subaortic muscular band inside the left ventricle with
physiological sequelae have been described [3-5]. A total of 85 such pa-
tients were collected and screened for the three HFE mutations, Out of a
total of 85 such patients 69 (81%) were heterozygous for one of these
mutations, None of these patients had iron overdoad asmay be expected
m heterozygotes, as hemochromatosis is an autosomal recessive dis-
case. Figs. 1 and 2 are examples of such subaortic muscular stroctures,
observed in this series,

In the series by Cippa and Krayenboehl all of the patients had veri-
fied iron overloud and the authoes attribute the increased height in
these patients to 4 constantly enhanced oo supply during physical de-
velopment | 1} However, ane has to ask if this enhanced growth effect is
really simply due to iron supply? As stated before HFE has an ancestral
peptide binding groove too narrow for antigen presentation, but might
bind to other protetns | 2] It is plausible that & mutated HFE might lead
to some as yet uncharacterized cetlular effect enhancing both skeletal
andd myocardial growth

It iy therefore suggested that it may be worthwhile to éxplore the
concept that this mutated protein (HFE) may exent cellular effects far
beyond that of iron absorption, such as causing myocardial groweh/
hypertrop!

hy.
Will hemochsomatosis in the future tum oot  be heavier than won
In the human heant?
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A new phenotypic marker of hypertrophic cardiomyopathy

“Life sa great bundie of fittle things."
Ofver Wendell Holmes (1809-94)

Hypertrophic cardiomyopathy (HCM) is a common
cardiac  disorder associated with sudden cardiac
death, characterised by an unexplained increase in left
ventricular wall thickness or mass.! The prevalence is
about one in 500 of the general population, affecting
men and women of all ages and ethnic backgrounds™
who present with wventricular  hypertrophy,  left-
ventricular outflow tract obstruction, heart fallure, and
potentially lkethal archythemias.*

More than 1000 mutations in at least nine genes
cause HCM* The majority are missense alleles,
encoding so-called  poison  peptides—dominant-
negative, mutant peptides—which adversely affect
cardiac sarcomere function® Some mutations might
also result In insufficient proteln for nomal function.
The advent of cardiac imaging and genetic testing
identified two distinct phenotypes, hypertrophic and
non-hypertrophic. HCM* However, non-hypertrophic
HCM s not equivalent to phenotype-negative HCM, as
various non-hypertrophic stigmata of classic HCM are
often present in genotype-positive, phenotype-negative
patients.’ These stigmata include redundant mitral valve
leaflets, myocardial crypts, and anomalows papiliary
muscle insertions into the anterior mitral vatve leaflet!
Individuals can express the hypertrophic phenotype
as late as the sixth or seventh decade® and thus by
identifying these stigmata HCM can be diagnosed before
the devefopment of classic ventricufar hypertrophy,
and appropriate management planned. Sudden cardiac
death i a myjor concern in these patients, especially
the young,” and identifying the phenotype can thus lead
to recommendations on participation in competitive
sports and interventions ranging fram beta blockers to
Iimplantable cardioverter defibeillators.

Recently, Chrstiane Gruner and colleagues” described
distinctve apical-basal muscle bundies in the hearts
of HCM patients, as well as in genotype-positive,
phenotype-negative  relatives.  The  study  cobort
consisted of 230 genetically and  phenotypically
confirmed HCM patients who underwent cardiovasaulas
magnetic resonance imaging at three tertiary centres,

thok o Vol 4 N ber 15, 2014

with 30 genotype-positive, phenotype-negative family
members and 126 control individuak also studied, An
accessory left-ventricular muscle bundle was defined
as a single band of musde extending through the left-
ventricular cavity from the apex to the basal septum or
the anterior wall of the left ventricle* Such apical-basal
muscle bundles were present in 145 (63%) of 230 HCM
patients, with similar proportions in patients younger
than 20 years and in those older than 60 years Bundies
were also seen In 18 (60%) of 30 genotype-positive,
phenotype-negative family members, and in 12 (10%)
of 126 controls, Although no assoclation could be
found batween the presence of muscle bundles and left-
ventricular outflow tract obstruction, in 22 patients who
required surgery for relief of obstruction removal was
deemed necessary,

Gruner and colleagues’ study” adds another useful
morphological marker to aid in the clinical diagnosis
of a common inherited carcliac disease. Although MRI
provides a comprehensive assessment of intracardiac
anatomy in HCM patients no single anatomical
observation can be deemed completely specific for the
disease. However, adding accessory apical-basal left-
ventrkular muscle bundles to established anatomical
signs of HCM, such as redundant mitral valve leafiets,
myocardial crypts, and anomalous papillary musde
insertions, will add to dinicians’ confidence n
identification of HCM,

James Ker

Department of Intemal Medicine, Ureversity of Pretoria,
Pretoeia 0001, South Afrkca
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Solitary Papillary Muscle Hypertrophy: A New
Echo-Electrocardiographic Syndrome?

A Case Report

J. Ker, MRCP (Edinburgh), PhD, Pretoria, South Africa

Hypertrophic carciomyopathy is the term for a heterogeneous aroup of disorders for which
various mutations of genes invelving proteins of the cardiac sarcomere lead to hypertrophy of
various segments of the left ventricle, The hypertrophy can involve the left and/or right
ventricle, be symmetric or asymmetric, invelving the septum, free wall, mid-ventricle, or apex
The phenomenon of solitary papillsry muscle hypertrophy is rare with only 2 references in the
lterature. Furthermore, giant negative T and U waves are 2 common electrocardiographic
phenomena in hypertrophic cardiomyopathy and have been attributed to hypertrophy of the
posterior paplllary muscle. Soltary hypertrophy of the anterior papillary muscle might be a

new echo-electrocardiographic syndrome.

Introduction

Hypertrophic cardiomyopathy (HCM) is geno-
typically and phenotypically a highly heteroge-
neous disorder.’” In this condition, various
mutations in genes coding for proteins of the
cardiac sarcomere manifest as left ventricular

Angiology 58:502-501, August/September 2007
Prom the University of Pretoria and Pretona Heart Hospisal,
Pretoria, South Africa,

Correspondence: J. Ker, MRCP (Edinburgh), PhD, PO Box
24318, Gesina, Premria, South Africa 0031 e mail:
Jeer@wol coza,

DOI: 10.1177/0003319706291159

L2007 Sage Publications

hypertrophy without obvious cause.'* In the
Familial Hypertrophic Cardiomyopathy Data-
base, more than 150 mutations, scattered
throughout 10 genes encoding proteins of the
cardiac sarcomere, are listed as causes of HCM.*
The phenotypic manifestation of HCM is equally
diverse: the hypertrophy may affect the left
and/or right ventricle and can be symmetrical
or asymmetrical.' Septal hypertrophy is the
most common tvpe of asymmetrical hypertro-
phy, with midventricular and apical hypertro-
phy being less common.*

Kobashi et al* noted that patients can present
with isolated papillary muscle hypertrophy and
suggested that this is either a newly identified
subtype of HCM or, alternatively, that this is sim-
ply an early form of HCM. In that same year
(1998), Reddy et al* described a case of apical
hypertrophic cardiomyopathy. However, Suwa
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Figure 1. Twelve-lead electrocardiogram. Note the
peculiar appearance of lead V4. There is notching

of the QRS complex, ST elevation, and a prominent,
positive U wave.

and Kobashi" noted that the case actually had typ-
ical features of solitary papillary muscle hyper-
trophy. Since then, no case reports of solitary
papillary muscle hypertrophy were found in the
literature, and the question of whether this entity
truly represents a subtype of HCM remains.

A 20-year-old Caucasian man was referred
to our cardiology department because of an
abnormal electrocardiogram (ECG) result (see
Figure 1). The ECG revealed a peculiar pattern
in lead V4: norching of the QRS complex with
elevation of the ST segment and a prominent,
positive U wave, The clinical examination, chest
x-ray, blood urea nitrogen, full blood count,
troponin-T, Pro-brain natriuretic peptide, and
electrolyte levels were all normal.

Transthoracic, two-dimensional echocar-
diography revealed isolated hypertrophy of the
anterolateral papillary muscle, with an other-
wise normal left ventricle with no hypertrophy
in any other segment (see Figure 2).

Giant negative T and U waves are two com-
mon electrocardiographic findings in HCM.’
Hasegawa et al” reported 2 cases of HCM as a
possible explanation for these electrocardio-
graphic changes in HCM. In the first patient,
giant negative T and U waves became evident
only after the appearance of posterior papillary
muscle hypertrophy, and in the second patient,
these waves disappeared following posterior
wall infarction, which involved the posterior
papillary muscle.

In this case, a prominent, positive U wave was
accompanied by ST elevation and notching of the

Ker Solimry Papillary Muscle Hypertrophy 503

Figure 2, Echocardiogram: parasternal, long-axis
view. Note the marked, tsolated hypertrophy of the
anterior papillary muscie.

QRS complex in lead V4, with marked hypertro-
phy of the anterior papillary muscle. Might this
be the first of a new echo-electrocardiographic
syndrome?
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Case Report

The U-wave and papillary muscle variants: revisiting an

old association
JAMES KER

Summary

One of the earliest hypotheses on the origin of the U-wave
wits that these wives represent repolarisation of the papillary
muscles and their neighboring structures. Various U-wave
and TU-segment abnormalities have been described and
nseribed to certain cardine pathological conditions.

In this case report it is hypothesised that prominent
U-waves in the inferior feads are caused by am accessory
papillary muscle. Any possible long-term consequences are
not known,
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The U-wave, first desenbed by Emthoven,' is still an clectrocar-
diogrmphic deflection of enigmatic ongin. It is an additional low-
amplitede wave that is sometimes visible afier the T-wave, The
U-wave is usually less than 0.1 mV in amplitude and normally
has the same polarity as the preceding T-wave. It is usually best
seen in the mid-precordial leads at slow hesrt mtes.

The electrophysiokegical basis for U-wave generstion 13 not
certain. Any one (or more) of the following may be the cause of
the U-wave: repolarisation of the papillary muscles,’ repolari-
sation of the Purkinje fibers outlasting that of the contructing
myocardium,’ prolonged repolarisation in cells of the mid-myo-
cardium — the *M cells',* or after-potentials, caused by mechani-
cal forces in the ventricular wall with termination of mechanical
systole - the ‘mechano-electrical feadback ' hypothesis.!

| 1 .vn' | | v 1 ik va| l _ 'l
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Fig. 1. Standard 12-lead electrocardiogram. Note the prominent U-waves in leads II, lll and aVF, Interestingly, they are
absent in the preceding beat with a longer R-R interval. A possible explanation for this phenomenon is the longer
diastolic time with resultant increase in end-diastolic volume, leading to a greater degree of papillary muscle stretch
with a possible augmentation of the U-wave of the following beat,
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Fig. 2. This is the parasternal, long-axis view from a tran-
sthoracic echocardiogram, + marks the accessory papil-

lary muscle. This accessory illary muscle led to no
obvious adverse sequelae. The mitral valve functioned
normally and no intra-ventricular pressure gradient was
present.

Recently, vanous pnmary asbpormahities of the ventricular
papillary muscles have been described " These abnormali-
ties inchude: hacmungomas,” solitary hypertrophy,” endodermal
heterotopia (inclusion cysts),' papillary fibroclastoma,” and
an octopus-shaped papillary muscle cousing mad-ventricular
obstruction.'

Ker' described a case of ST-clevation and QRS-notching with
u prominent U-wave in dead V4 in o patiest with solitary papil-
lary muscle hyperrophy. Although the papillary muscle origin
of the U-wave is only one of many theories (each one of them
plausible but not conclusively proven), the current era in cardi-
ology where echocardiogruphy readily ientifies variants (not
necessanily pathological) of intra-ventricular structures 15 ideal
for chnicians o try and cormelate these varants with electrocar-
diogruphic chunges.

Case report

A healthy |S-year-old girl wus referred for a cardiovascular
evaluation because of very prominent U-waves in the inferior
leads of o 12-lead ekectrocardiogrm (Fig. |). She had no previ-
ous medical or surgscal problems, chinkal exammation was
normal and i comprehensive bochemical evaluation revealed mo
abnormalities

Transthoracic echocardiogmphy revealed a prominent acces-
sory papillary muscle (Fig. 2). This accessory papillary muscle
had no apparent functional consequences; the mitml valve func-
tionod normully and no intra-ventricular pressure gradient was
presemt

Discussion

The U-wave s usually the most prominent in kads V2 or V3.
Two observations in this case merit discussion. Firstly, the
prominent U-waves are noted in the inferior leads (11, 11, aVF),

It s therefore possible (and proposed) that 1n cases of prominent
U-waves, which might be caused by accessory papillury muscles,
that these U-waves will be noted only in the inferior leads.
Therefore, it is proposed that the location of visible U-waves may
be a clue o underlying papillary muscle vaniants,

Secondly. as is clearly visible in Fig, |, the U-waves in leads
I Ul and aVF are seen in the beat following a beat with a
longer R-R interval. It is proposed und hypothesised that this
might be due to the followmng mechanism: The beat preced-
ing the Uswave hay a longer R-R interval, which will cause a
longer dustolic mterval, thus leading 1 s greater left ventricular
end-dhastolic volume and i consequently langer ejection fraction
(Frunk-Starhng mechamsm ), This may cause a greater amount
of papillary muscle stretch and torsion with a possible effect
on the observed U-waves m the followng beat. Therefore, this
cuse report indirectly supports the mechano-clectrie feedback
hypothesis for these visible U-waves and not repolursation of
the papillary muscles

Lastly, it is hoped that this case report focuses attention on
the possible correlution between a growing number of wnatomi-
cal variants of the papillary muscles and possible vartants of
the U-wave, which might be identified on the standard |1 2-lead
electrocardiogmm,
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Abstract
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Originally described in 1953, teday the so-called J-wave is the source of much controversy, As a
marker of so-called "early repolarization”, this variant has been regarded as a totally benign variant
since the 1960's. However, since then a wealth of dam have indicated that the J-wave may be a
marker of a highly arrhythmaogenic substrate with a resultant high risk of sudden cardiac deach.

In this case report a case of an accessory papilary muscle with a prominent J-wave is described,
This may be the first of many possible cases where papillary muscle variants may be the cause of

the J-wave.

Introduction

In 1953 the so-called “Fwave” was described by dr John
Osborn (thus, also called the Oshorn wave) [1]. This
peculiar electrocardiographic  deflection  was  inidally
described in experimental hypothermia—-today realized as
an injury current” which is the result of the fact that
hypothermia increases the epicardial potassium corrent
relative to that in the endocardium during ventricular
repolarization--this explains the risk of ventricular fibrilla-
tion in hypothermia | 1),

However, another peculiar elecwrocardiographic pattem,
known as "early repolarization® has been known for more
than 60 years |2]. This electrocardiographic pattem is
diverse |3, but all of it's variants have one characteristic in
common: The "J.wave'--a characieristic slurring or noich-
ing producing a positive hump, found at the junction of
the end of the QRS complex and the beginning of the ST
segment |2|. Lintil recently, this variant was considered
benign |4] and epidemiologically is found in 2 to 5% of

the population, usually in men, young adults, athletes
and dark-skinned persons | 2|

However, during the last decade, numerous publications
appeared, describing l-waves in men with idiopathic ven-
tricular fibrillation |5-10]. Basic efectrophysiology have
already suggested a critical role of the l-wave in the patho-
genesis  of idiopathic  venwicular  fibrillatdon  [11).
Recently, Nam et al |12] examined the incidence of carly
repolarization among 1395 controls, representative of the
general population, and 15 patients with idiopathic ven-
tricular fibrillation. In these 15 patients with idiopathic
ventricular fibrillation all known causes, including the
long-and shont Ql-syndromes, Brugada syndrome and
catecholaminergic polymorphic ventricular tachycardia
have been excdluded and 4 of these 15 patients presented
with eleanical storm (defined as four or more episodes of
ventricular fibrillation in one day). Among the conwrol
group the incidence of early repolarization was 3.3% and
among the idiopathic ventricular fibrillation group it was

Page 1of 3
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a staggering 60% with all four patients with electrical
storm having early repolarization [12]. Also recemly, is
the swdy by Ha ssaguerre [13] who found that 31% of
206 patients who were resuscitated after idiopathic ven.
tricular fibrillation have carly repolarization--as shown by
the F-wave,

Thus, currently it is thought that early repolarization is not
always benign as previously thought and that the J-wave is
indicative of a highly mrhythmogenic substrate with a
high risk of sudden death in some cases.

In this case report an accessory papillary muscle with infe-
rior J-waves--corresponding to the area of the accessory
papillary muscle--are shown, It is possible that this may
be a uniquely newly discovered group of patients with |-
waves.

Case report

A case report is presented which clearly demonstrates a |-
wave in the inferior lead 111 on the electrocardiogram. An
accessory, third papillary muscle is dearly present on the
parasternal, short-axis view--corresponding to the area
covered by the inferior lead 111 It is suggested that thisis a
new phenotype of the J-waw—-cused by accessory papil-
lary muscles.

A 40-year old caucasian male was referred for a cardiovas-
cular examination by his primary care physician due to a
peculiar electrocardiogram.  The  patient was  totally
asymptomatic with no previous medical problems and
the only previous surgical procedure was an appendicec-
wmy. The patient sought medical advice from his prmary
care physician on yearly health screening wsts as he
recently reached the age of 40 years.

The clinical examination did not reveal any abnormali-
ties. The electrocardiogram clearly demonstrated a J-wave
in the inferior lead 111 In addition, a bifid T-wave was
present in Jead 111, consistent with electrocardiographic
stigmata of early repolarization and in leads 1 and V2 strik-
ing ST-clevation was present (see additional file 1).

Echocardiography demonstrated an accessory (third ) pap-
illary muscle, dearly visible on both the parasternal long-
axis (see additional file 2) and the parasternal short-axis
view as a separate structure (see additional file 3 and 4),

Discussion

Various primary and secondary abnormalities of the ven-
tricular papillary muscles has already been described [14].
These abnormalities include, hemangiomas, solitary
hyperrophy, papillary fibroefastoma, inclusion cysis,
inflammation in Takayasu's arteritis, isolated infarction,
hypoplasia as pan of ventricular non-compaction and the

http/Awww.cardiovascularukrasound com/content/7/1/50

description of an octopus shaped papillary muscle, caus-
ing mid-ventricular obstruction |14, A growing number
of reports are focusing on the electrocardiographic effects
of endoventricular strocwres [15,16),

As discussed, the |-wave is currently a topic of major inter-
est as it is becoming Increasingly plausible that this once
benign thought marker of early repolarization may be
indicative of a highly arthythmogenic substrate with a
high risk of sudden cardiac death.

As a possible anaomical explanation for the |-wave
Boineau raised the possibility that the cause may be deep
invagination of Purkinje fibers to the subepicardial level,
which will result in increased transmural activation, fol-
lowed by earlier repolarization [17].

This case report, showing a dear |-wave in the inferior lead
1 in association with an accessory papillary muscle, may
be explained by one of two mechanisms: The accessory
papillary muscle may be the endoventricular assocGation
of deep invagination of Purkinje fibers or the |-wave may
be caused by the accessory papillary muscle itself. In light
of the recently described arthythmogenic associations of
the J-wave, as discussed above, this case can be regarded as
one with a high risk for idiopathic ventricular fibrillation
and thus, sudden cardiac death. The whaole spectrum of
carly repolarization consists of an elevation of the QRS-ST
junction (the I-point), ORS notching or slurring (the |
wave) and a tall, symmetric T-wave |[4,12]. The only other
published case repont on an accessory papillary muscle
with electrocardiographic effects is that of an asympto-
matic and healthy 15-year old caucastan girl with promi-
nent  U-waves  in the inferor  leads of the
clectrocardiogram and an accessory  papillary musde,
detected by transthoracic echocardiography [16]. It is
quite plausible that the Uswaves in that case may also rep-
resent repolanization abnormalities as the QRS-ST junc-
tion is often involved in repolarization abnormalities
14,12}

Therefore, the diagnostic implication for the echocardiog-
rapher is that the echocardiogram, which is an ideal diag-
nostic modality for the evaluation of endoventricular
structures may also be utilized 1o assess the patient for the
risk of idiopathic ventricular fibrillation and thus, sudden
cardiac death,
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Abstruct

Various structural anomalies of the papillary muscles have been deseribed in o vaniety of primary and secondary cardiovasoular disorders.
Some of these kead to intraventriculur pressure gradicnts, while some hos no obvious functional consequences at present.
A peciliar anterolateral papillary muscle anomaly with an sccessory papillary muscle, causing the appearunce of a mirror image on

transthomcic cchocardiography is described.
© 2008 Elsevier Irelomd Lul, AN rights reserved,

Kevaowde: Papillary musclo; Anconsly; Mirror

Various primary and secondary abnommalities of the
ventnicular papillary muscles has been described [1-10)
Nordblom et al, [1] recently described the normal ventricular
positioning of the papillary muscles. Among the primary
group of papillary muscle anomalics, some has been noted to
be a cause of dynamic left ventricular obstruction [2]. The
clinical implication{s) of the secondary group usually
reflects those of the underdying cause of the papillary muscle
abpormality. To date no case of n primary papillary muscle
unomaly, resembling that of a “mirror™ anterolateral papillary
muscle has been described.

A S0-year old Caucasian male patient presented for a
routing medical evaluation. He was asymptomatic, never had
any previous. surgery, never smoked and had no known
allergies. He was taking ramipnil 10 mg per day for un-
complicated hypertension.

His glinical evaluation did not reveal umy sbnommalitics
and his electrocardiogram was normal. A routine, transthor-
acic echocardiogram (TTE) was done to exclude the presence
of left ventricular hypertrophy (LVH). This revealed the
presence of a miror image anterolateral papillary muscle
with the chordae tendineac extending to the left ventricular
apex (see Fig, 1),

* el <27 1254043405 tax; <27 128005358
Eanall avkdresc jkeriewol ooz,

0167.82738 - see frunt matier © 2008 Elsevier freland Ltd. All nghts reserved.

dot 101016/ oard % 11162

This “mirror”™ papillary muscle did not have any clinical
consequences, no ekectrocardsographic effects and specifi-
cally no mid-ventricular dynamic obstruction,

This is the first documented case of a “mirror™ papillary
muscle | could find in the Medline data base, adding to the
growing number of primuary papillury muscle anomalics
described in the recent literature.

Recently, & growing number of publications | 1-9), focused
attention on a wide variety of pathologies and congenital
unomalics afflicting the ventricular papiflary muscles. These
patbologies include: hemangiomas [3], solitary hypertrophy
[4]. endodermal heterotopia [ 5] ( previously known as inclusion
cysts), popillary fibroclastoma [6]. an octopus shaped [7]
papillary muscle, causing mid-ventricular obstruction. inflam-
maton in Takoyasu's artentis [8], isolated infarction affer
cardiopulmoenary resuscitation [9] and the finding of poordy
formed papillary muscles in cases of left ventricular non-
compaction [10],

The cumently known clinkal implication(s) of these
papillary muscle snomalics are malfunction of the mitral
valvular appamtus, causing valvular meompetence and/or
dynamic mid-ventricular obstruction [2].

In this case of an accessory papillary muscle, which
causes 4 minor image of the snterolaternl papillary muscle,
there is no cument functional mpairment of the mitral val-
vular apparatus and no dynamic mid-ventricular obstruction,
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Fig 1. Ths is e pacsternal, long axis view on sansthorcik echocandogsgpby
of the scovssory popilory muscle fmackod with 8 11 The scoessoty papikiry
muscle & noted %0 be attched o the mtervemtricular septam, with the chordee
extending 0 the apex of the befl ventriche, leading % the appeasrsnce of o
Smmirroe™ i of the sokerolsteral papdlery imscle

However, there i no current data availabke to predict the
possibic future occurrence of nny sdverse long-term cardiac
sequelae that might develop

1 sincerely hope that the future will shed more light on the
pathogenesis and long-term sequelne of this growing number
of primary papillary muscle anomalies,
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Bigeminy and the bifid papillary muscle

James Ker'2

Abstract

have been linked 10 electrocardlographic aberrations.

have kd 1o left ventricuiar dysfunction,

Various structural anomalies of the left ventricular papillary muscles have been observed in recent years. Many af these

Recently two reports have appeared where the base of the pasteniar papillary muscle was identified as the source of
frequent premature ventricular complexes In some of these patients these frequent premature ventricular complexes

I this repart a newly discovered structural varlant of the anterior papilary muscle is described-the bifid papillary
muscle, Furthermaore, it is proposed that this bifid paplllary musde is the source of frequent ventricular premature
complexes, presenting as bigeminy in a patient with normal left ventricular function,

Introduction

In recent years various anomalies of the left ventricular
papillary muscles have been observed [1]. These include:
solitary hypertrophy [2] (as a variant of hypertrophic car-
diomyopathy), accessory papillary muscles [1], inverted
papillary muscles giving a "mirror” appearance (3], and an
octopus-shaped variant, leading to mid-ventricular
obstruction (4.

Interestingly, many of these papillary muscle variants
have been linked to electrocardiographic aberrations
[1,2,5]: These include: prominent U-waves in the inferior
leads with an accessory papillary muscie [1], notching of
the QRS-complex with ST-segment elevation and a
prominent, positive U-wave, all in lead V4 with solitary
hypertrophy of the anterolateral papillary muscle [2] and
inferior [-waves with an accessory papillary musde [5).

In this report, a new structural variant of the anterolat-
eral papillary muscle is described--the bifid papillary
muscle. In addition the patient had frequent premature
ventricular complexes, presenting with pulsus bigeminy.
It is proposed that the bifid papillary muscle is a newly
discovered entity causing bigeminy.

Case report

A case report is presented depicting 4 new variant of the
anterolateral papillary muscle--the bifid papillary muscle.
Furthermore, there Is a growing number of reports in the
literature demonstrating various electrocardiographic
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aberrations caused by the papillary muscles and it's vari-
ants. Here it is proposed that the bifid papillary muscle is
the cause of frequent premature ventricular complexes,
presenting clinically with pulsus bigeminy.

A 51-year old Italian woman was referred for a cardio-
vascular examination by her primary care physician. The
reason for the referral was the presence of an irregular
pulse beat detected by the primary care physician, The
patient herself was totally asymptomatic and was totally
unaware of this irregularity. She never had any medical
problems, never underwent any surgical procedures and
was not taking any medication or illicit drugs. She also
never smoked or has any known allergies. The reason for
her visit to the primary care physician was for a routine
medical examination to ensure that she was fit for travel
and for advice on the prevention of influenza HINI as
she was planning a baat cruise for vacation purposes,

Clinical examination revealed a pulsus bigeminy. The
rest of the clinical examination did not reveal any patho-
logical findings and the blood pressure was 115/75
mmHg, The electrocardiogram demonstrated frequent
premature ventricular complexes with bigeminy (see
additional file 1). The total number of premature ventric-
ular complexes amounted to 21345 over a 24-hour
period. A comprehensive biochemical screen did not
reveal any pH, electrolyte or hematological abnormalities
which could account for the rhythm disturbance. This
biochemical screen specifically excluded thyroid abnor-
malities. Coronary artery disease was ruled out by means
of a CT-angiogram. Although the patient had a low risk
for atherosclerotic disease this was done to exclude the
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possibility of alternative ischaemic etiologies, such as cor-
onary artery anomalies.

Echocardiography demonstrated a peculiar anomaly of
the antervlateral papillary muscle (see additional files 2,
3, 4and 5). The apical, two chamber view revealed a bifid
appearance of the anterolateral papillary muscle (see
additional files 2 and 3).

The parasternal, short axis view also clearly demon-
strates the bifid appearance (see additional files 4 and 5).
The larger of the two heads are marked with +, Note the
smaller head below. Additional files 6, 7 and 8 demon-
strate additional apical two chamber images.

Due to the fact that papillary muscle abnormalities are
frequent in patients with hypertrophic cardiomyopathy
(HCM), it was specifically noted that there were no fea-
tures of hypertrophic cardiomyopathy present in this
case. There were no ventricular hypertrophy, systolic
anterior motion of the mitral valve, septal immobility and
the septal to free wall thickness ratio was < 1.3. Specifi-
cally there were also no apical hypertrophy or any T wave
inversion, suggestive of apical HCM.

Discussion

Premature ventricular complexes {ventricular premature
beats) is the most common arrhythmia detected by physi-
clans during a physical examination [6].

Recently it was realized that the papillary muscles of
the left ventricle may be the source of frequent premature
ventricular complexes |7.8].

Doppalapudi et al [7] recently described a distinct new
syndrome in seven patients. In this syndrome ventricular
arrhythmia arises from the base of the posterior papillary
muscle in the left ventricle. This entity presented as sus-
tained ventricular tachycardia in two patients and as fre-
quent premature ventricular complexes with salvos of
non-sustained ventricular tachycardia in five patients [7],
Importantly, all these patients had a normal left ventricu-
lar function.

In contrast to this series with normal left ventricular
function Sternick et al [8] published a case where fre-
quent premature ventricular complexes, also arising from
the base of the left posterior paplllary muscle provoked
significant left ventricular dysfunction. Furthermore,
after cool-tip ablation with resultant elimination of these
premature ventricular complexes, complete reversal of
the left ventricular dysfunction occurred.

In conclusion, a case is presented of a newly described
structural variant of the left anterolateral papillary mus-
cle-the bifid papillary muscle, It is furthermore also pro-
posed that this structural variant is the source of frequent
premature ventricular complexes, presenting as bigeminy
in a patient with normal left ventricular function. This
adds to the cited two reports where the left ventricular
posterior papillary muscle was the source of frequent pre-
mature ventricular complexes.

Page 2ol 2

Additional material

Additional file 1 Eloctrocardsogram o 1ing fregquant prama
ture ventricular complexes with bigeminy This i ihe 12 lead electiocar
diogram, Gamonsiatng Nequent gremitire venuicull compleses with
bigerniny,

Additional file 2 The bifid papiitary muscle. |1 (s an rmage from the
apical twa chambiy view, charly demonatrming the bifid anterolateral pap-
My muscls

Additional file 3 Apical two chamber view 71s (o move dip fom e
Apecal v chamber i demon Sranng the Hifid anterdateral papitary
musce

Additional file 4 Pasastemal short axis view 1 an b fronn the
paragernad thort aws view dearly dernoratzatng the bifid antevolateral
popilary mascle The Lrger Lppet Neod 15 ke with + NGOG 1he smafer
head below

Additional file § Parastemal short axis view 71 amovie dio fom
the parasterrasl short auls view, Jerodrsarating the bifid anterclime s papll
lary musce,

Additional file 6 Apical two chamber view "o o un sdd ool mone
clip hom the apical tao chamber wew

Additional file 7 Apical two chamber view 1o 1 an scdiional o
CHp Borm Ihe apical o charnber wew

Additional file 8 Apical two chamber view 71 an sddion i mones

clip from the apizal two chamber vew
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Right Ventricular Variants and Pulmonary Embolism—
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Abstract: It has been stated that the mterior of the nght ventricle 15 as unique to cach individual as one’s fingarprmt. This statement
15 backed by numercus publications which demonstrates considerable variation in the number, shape and configuration of papillary
muscles mside the normal nght ventricle,

1t has also been shown that these variants may be the cause of cardiac rhythm disorders

In this case report another potential complication of such right ventricular papillary muscle variants 15 proposed—these muscles may
be the source of pulmonary emboli

The pathogenesis may be that of local stagis asoind these abervant muscular structures and/or emboli nyay form inside the right ventricle
as aresult of cardiac rhythm disorders. induced by these muscles.

It is propesed that in future the role of the right ventricle as the source of pulmonary emboli will become more apparent and an impoctant
part of the diagnostic work up in cases of 1diopathic pulmonary embolism.
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Introduction
According to Victor and Nayak' the intenor of the
right ventricle is as unique to each individual as one’s
fingerprint. Numerous publications®* has shown that
mside the normal nght ventnicle considerable vana-
tion exasts m the number of papillary muscles, the
number of heads of individual papillary muscles. the
number of papillae on the heads of papullary muscles
and also the shape of individual papillary muscles,

Wenink® examined 100 normal hearts and con-
cluded that the medial papillary muscle of the nght
ventricle, also known as the papillary musele of the
conus, the muscle of Luschka and the muscle of Lan-
cist, displays such wide morphological vanations that
the value of the muscle as an anatomical landmark in
the night ventricle 1s very restncted. Due to this wide
morphological vanations he proposed the name the
medial papillary complex

Restivo et al’ studied fetal hearts—81 sub-
Jects, ranging in age from 20 weeks of gestation to
13 months-—and also found considerable vanability
n the papillary muscles of the right ventricle

Nign et al' studied the morphological character-
istics of the right ventricular papillary muscles and
their chordae tendineae in 79 normal human hearts—
aged from 14 1o 68 years— and found the following:

The anterior and posterior papillary muscles were
present in all of the 79 hearts. The septal papillary
muscle was absent 1 21.5% of cases. The antenor
papillary muscle had one head in 81% of cases and
two heads i 19% of cases. A head of a papillary mus-
cle was defined as a muoscle that 1s directly attached to
the ventricular wall. The average lengthof the anterior
papillary nmiscle was 19.16 mun The septal papillary
muscle had one head m 41.7% of cases, two heads
in 16.5% of cases, three heads in 12.7% of cases and
four heads in 7.6% of cases and the average length of
the septal papallary muscle was 5.59 mun. The poste-
rior papillary muscle had one head in 25.4% of casss,
two heads in 46 8% of cases, three heads in 21 .5%
of cases and four heads in 6.3% of cases. Its aver-
age length was 11.53 mm. The chordae tendineae also
displayed enormous variation: From one to eleven
onginated from the antenor papidlary muscle, from
one 1o eight from the posterior papillary muscle and
from one to five from the septal papillary musele.

Skwarek et al* separates the conal papillary mus-
cle and the papillary muscles of the postenar angle
of the nght ventricle from the classically described
papillary muscles of the nght ventnicle, referred to in
anatomcal nomenclature—the antenor, posterior and
septal papillary nuscies. They found the conal papil-
lary muscle—also described by Luschka in the sev-
enteenth century—as the most constant of the septal
papillary muscles. Furthermore, they found papillary
muscles i the postenor angle of the nght ventricle
which could not be clearly classified as either septal
or posterior muscles—thus, called the muscles of the
posterior angle of the nght ventncle.

Stmilar to Nigri et al,' Begum et al® studied
fifty hearts—aged from 20 to 70 years—from the
Bangladash population and found the following:

The nght venincle had a single anterior papil-
lary muscle in 92% of cases. The posterior papillary
muscle was single in 28% of cases and double in
32%. The septal papillary muscle was single in 46%
of cases and absznt in 30% of cases. They found the
antenior papillary muscles the longest and the septal
papillary muscles the shortest.

Case report

A case report 15 presented where a lange papillary
muscle complex is present in the apreal part of the lat-
eral wall of the right ventricle in a 44 year old Canca-
stan wormnan. This aberrant papillary nmscle complex
15 thought to be the source of recurrent pulmonary
emboli

A 44 year old Caucasian woman presented with a
3 month history of pleurnitic chest pain. Dunng and
after all three her pregnancies she also expenenced
the same plewntic chest pain for variable penods,
ranging from one to four months,

She was taking levothyroxine for hypothyroidism,
which had been diagnosed two years earlier No other
medical problems were present.

The chinical examination was normal A 12-lead
electrocardiogram and chest radiograph were also
nommal A ventilation-perfusion (V/Q) scan demon-
strated multiple pulmonary emboli in both hungs.

A comprehensive search did not reveal any known
cause for these multiple pulmonary emboli- No deep
venous thromboses of the lower and upper lunbs o

Clirecal Medicine nsights: Cardiclogy 2010:4
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pelvic veins were present, no malignant process were
present and the following biochenucal measurements
were all normal: Anfithrombin and proteins C and
S levels were within normal limts, factor IX levels
were within normal himuts and factor V Leiden was
negative, hipoprotein(a) and homocyteine levels were
normal, anti-muclear factor was absent, antiphospho-
liptd antibodies were absent, and the prothrombin
mutation PT G20210A was absent

Echocardiography revealed the presence of a laige,
papillary muscle complex in the apical part of the lateral
wall of the nght ventnicle (Fig. 1). Figures 2 and 3 dem-

onstrate that this papillary muscle complex consists of

a base with a single, fall head flanked by a saller head
on either side. In supplementary Figure 1, 1t 1s clear that
this muscular complex 1s papillary muscle, as chordae
tendineae extends from the papillary muscle complex

Discussion
What nught be the potential clinical complications
of these vanous varants of papillary muscles m the
right ventncle?

Thev may be the source of cardiac thythm dis-
orders.” Lazzan et al” examned the short-term
behavior of extrasystoles, ansing from the anterior
papillary muscle of the nght ventricle, 20 subjects
were studied with Holter recordings and exercise
data. According to the authors a right ventnenlas
anterior papillary muscle extrasystole has a left

Figure 2. Papiilary muscie complex
Note: Ancther view of the aberrant papillary musde complex

bundle branch block morphology with a downward
oriented QRS axis in the frontal plane, a slurred 1
wave mn lead V1 and an R/S ratio less that 1 1n lead
V1. They concluded that this entity can be found in
otherwise normal hearts with an uncomplicated out-
come in the shorl-term

Aktas et al® investigated papillary muscle vaniants
around the tricuspid valve in cases of sudden death
400 hearts were studied and a great vanability in the
mumber of papillary muscles i the nght ventnicle
was found, ranging from two to nine, The authors
also observed a stnking meidence of comcal and flat
topped configurations of the posterior papillary muscle
in these deaths. The authors concluded that these pap-

Figure 1. Aberran| papillary muscle complex in the lateral wal of the
right ventncdle

Nofte: This is an apical, four chamber view demonstrating a rge papitary
muscle complex, with its crign from the lateral wall of the right ventricle

Figure 3. Three headed papillary muscle complex

Note: This is an apical view which demonstrates that the papilary muscle
compiex consists of a base with a single, tall head flanked by a smaler
head on either side

Clirmcal Medicine Insights: Cardiciogy 2010:4
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illary muscle variants may be the cause of sudden car-
diac death. However, there is a paucity of data on the
existence and possible mechanisms of amhythmia in
patients with papillary muscle vanants

In this case report another potential complication
of such papillary muscle varants in the night ventnele
1s proposed—these vanants may be the source of
pulmonary emboli.

The physiological basis of this may be due to
stasis of blood around these structures with resul-
tant emboli or these muscles may be the source of
brief episodes of cardiac rhythm disorders in the nght
ventricle, as previously described.” with resultant
episodes of stasis and consequent emboli.

The night side of the heart as the sowrce of pul-
monary emboli 15 not a new concept: Vanous pri-
mary and secondary cardiac tumors have been shown
to be a potential sowrce of pulmonary emboli **
The pnmary tumors include myxomas® and papil-
lary fibroelastomas,'® whereas testicular embryonal
carcinoma’ and squamous cervical carcinoma'? are
examples of metastatic nght ventricular tumors with
resultant pulmonary emboli.

Possible mimics of such a papiliary muscle van-
ant mn the nght ventmcle mclude: valvular vegetations,
a papillary fibroelastoma, thrombus and metastatic
tumors. A valvular vegetation was not considered due
to the fact that there 1s no contimuty between the mass
and the mcuspid valve. The unique echocardiographic
features of papillary fibroelastomas include sinall size,
attachment to the endocardium via a stalk or pedicle
that 1s laghly mobule, a refractive appearance and areas
of echolucency witlun the tumor itself" No evidence
of any prumary malignancy could be found and there-
fore the possibility of a cardiac metastasis was not con-
sidered Endocardial inetastases are extremely rare and
this has been attnbuted to the strong kneading action
of the heart, the metabolic peculiarities of the myo-
carchium, the rapidity of coronary blood flow and the
lymphatic connections that drain afferently from the
hmﬂ."

Lastly, Maron et al** have shown that there may
be a “spillover” of the primary left ventricular
hypertropluc process from the septum into adjacent
segments of the nght ventricular wall in patients
with hypertrophic cardiomyopathy. However, in this

case the muscular complex is seen i the lateral wall
and no echocardiograpluc stigimata of hypertropluc
cardiomyopathy were present in the left ventncle.
However, it 15 possible that pulmonary embolism
may anise from this nght ventricular apical muscu-
lar complex by the same mechanism as that seen
in patients with left ventnicular apical hypertrophic
cardiomyopathy.

It 15 hoped that this report will lead to more
focus on the right ventnicle as the possible source
m cases of unexplained pulmonary emboli It is
proposed that in the future of climcal cardiology
the nght ventricle will become an important area
of investigation in cases of unexplained pulmonary
embolism.
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be Interpreted Echocardiographically?
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Abstract: The U wave 1s still an electrocardsographic deflection of entgmatic ongin Nusnerous hypotheses on #t= ongm have been
formmuilated, bt to date none has been conclusively proven. Recently, a report described the first case of bifid (or notched) U waves.
Until then this phencenenon has only been described m the T wave This 1s the first report of double U waves—two separate deflections,
ascribed to an accessory papillary muscle,

Hypothesis: The presence of a double U wave will be associated with an accessory papillary muscle (s)

Materials and methods: This 15 a refrospective analysie of 4729 pateent files of patients who were evaluated al a cardiology practice.
The 12-lead surface electrocardiogram was evaluated for the possible presence of a double U wave In cases where a double U wave
was found, the transthoracic echocardiogram was then scnutmized for the presence of an accessory popillary muscle.

Results: A total of 3 cases of a double U wave were foundd. In every casze an accessory papillary muscle was clearly seen on the transt-
horacic echocardiogram.

Conclusion: A double U wave 15 a new variant of an old electrocardiographic deflection of enigmatic ongm. This vanant may be associ-
ated with an acceszary papillary muscle.

Keywords: Uwave, double, papillary muscle
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Introduction

The electrocardiographic deflection, which 1s some-
times seen at the end of ventricular repolarisation and
which was named the U wave by Emthoven, is often
seenmnormalsubjects, butisstill ofemgmaticongin '*
The electrophysiological basis of U wave generation
1s still elusive with munerous cited hypotheses,** such
as’ repolansation of the papillary muscles® repo-
larisation of the Purkinje fibers outlasting that of the
contracting myocardinun,” prolonged repolarisation
in cells of the mid-myocardnon—the “M cells™ or
it may be due to after-potentials, caused by mechani-
cal forces m the ventncular wall with termination of
mechanical systole—the “mechano-electrical feed-
back hypothesis™*

Equally interesting 1s the new focus on vanation
in morphology of the U wave: “Nommal™ U waves
are usnally upright, <1 mm and of similar polanty
of the preceding T wave * Recently, Ariyarajah et al*
desenbed the first report of “notched™ or “hifid” U
waves—mtil this report only T wave bifidity have
been descnbed. Butis it possible to observe two sepa-
rate U waves—a true “double U wave™

Thas study descnbes the first observation of double
U waves—a new vanant of a known electrocardio-
graphic deflection of enigmatic origin, possibly asso-
ciated with an accessory papillary muscle

Materials and Methods

This is a retrospective analysis. A total of 4729 files
of patients evaluated at a cardiology practice were
evaluated for the presence of a double U wave, seen
on a 12-lead swrface electrocardiogram

Case 1

A d6-year-old Caucasian male withno previous medical
or surgical history presented for a routine medical eval-
nation (o exclude any possible underlying disease.

He was completely asymptomatic and was not
using any medical treatment.

The clinical examination did not reveal any abnor-
malities. The electrocardiogram (Fig, 1) demonstrated
stniking double U waves in leads II, III, aVF and
V3-V6. An effort electrocardiogram (Bruce protocol
via treadmull exercise) was within normal lumits

The echocardiogram demonstrated a struchur-
ally normal heart. but with a prominent accessory
papillary muscle, situated between the left ventnicular

apex and interventmcular septum (Figs. 2 and 3),
No intra-ventricular pressure gradient or mutral valve
dysfunction were present. Figure 2 1s an echocar-
diograpluc 1mage from the parasternal, long axis
view, demonstrating the accessory papillary muscle
(marked with 4). Figure 3 15 an echocarchograpluc
image, taken from the apical, four-chamber view. also
demonstrating the accessory papillary muscle, also
marked with +. A comprehensive biochemical evalu-
ation, which mcluded thyroid function, serum glucose
level, serum electrolytes, 1ron and ferritin levels and
a full blood count did not reveal any abnormalities
which could explain the double U wave.

Case 2

A 33-year-old Caucasian woman with no previous
medical or surgical lustory also presented for a cardio-
vascular examination to exclude any possible under-
Iying cardiovascular disease due to the presence of
a family lustory of 1schacmuc heart disease. She was
not taking any medicine and was completely asymp-
tomatic. The climcal exanunation was completely
normal and a biochemical screen did not reveal any
abnormalities, The electrocardiogram (Fig 4) revealed
a double U wave n leads I1, III, aVF and V3-V6.
An effort electrocardiogram (Bruce protocol via tread-
mill exercise) was within normal limits, The transt-
horacic echocardiogram also revealed an accessory
papillary muscle. No intra-ventricular pressure gradi-
ent or natral valve dysfunction were present Figure 5
15 the parastemal, short-axis view—note the accessory
papillary muscle marked with + The accessory papil-
lary muscle can be clearly seen, situated between the
anterolateral and posteromedial papillary muscles. All
senum electrolytes were within nonmal hmits.

Case 3

A 67-vear-old Caucasian male with hyperhpidaemia
presented for a cardiovascular exanunation. He was
asymptomatic and was taking 10 mg of atorvastatin
daily. His swigical history included a prostatectomy
for benign prostatic hyperplasia.

The climcal examination was completely normal
and a biochemucal screen did not reveal any abnor-
malities. The electrocardiogram revealed a double U
wave in leads I1, III, aVF and V3-V6 (Fig 6). An
effort electrocardiogram (Bruce protocol via tread-
mill exercise) was within normal linits
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Figure 1. Electrocardiogram of case 1. Note the striking double U waves in |leads |1, I, sVF and V3-VE
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Figure 2. Echocardiogram. Echocardiographic image demonstrating the acoassory papilary muscle of case 1
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Figure 3. Echocardiogram. Additional echocardiographic image demansirating the accessory papillary musde of case 1
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Figure 4. Electrocardiogram of case 2. Blectrocardiogram demonstrating dauble U waves in leads |1 Il aVF and V3-VE
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Figure 5. Echocardiogram. Parasternal, short-axis view of case 2 Nole the accessory papillary musde, marked with +
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Figure 6. Electrocardiogram of case 3. Electrocardiogram demonstrating dauble U waves in leads |1 1l aVF and V3-VE
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The echocardiogram demonstrated an accessory
papillary muscle—Figure 7 1s a parastemal, long-axis
view, demonstrating the accessory papillary nmscle
Just below the interventnicular sephum, marked with +
No intra-ventricular pressure grachent or mitral valve
dysfunction were present. All serum electrolytes were
within normal limits.

Discussion
Thisstudy clearly demonstrates the presence of double
U waves. As these are visible on separate ECG leads
(11, TII, aVF and V3-V6) they are unlikely artefac-
tual. Furthermore, as there is a clear retum to baseline
between these U waves, they cammol be considered
bifid (or notched)

Inall of these leads witha double U wave, a following
P wave 1s clearly seen, thus the second U wave 1s also
not a nustaken P wave, If 15 proposad that the second U
wave 1s caused by the accessory papillary muscle.

Interestingly, this 1s not the first report linking
U waves to papillary muscle anomalies. A case
of ST segment elevation with QRS notching and a

prominent U wave in lead V4 have been descnbed in
a patient with solitary papillary muscle hypertrophy”
and another case linked an accessory papillary muscle
to promunent U waves in the infenor leads.’

In the era of readily available echocardiographic
examinations, nmunerous other electrocardiograplne
phenomena have been explained by underying
endoventricular structural anomalies, These include:
premature ventricular complexes with bigenuny due
to a bifid papillary muscle,'” infenor J-waves due to
an accessory papillary muscle." ST segment elevation
dus to a sub aortic tendon'? and a new vanant of nght
bundle branch block due to the presence ofa sub aortic
tendon, leading to an mnereased velocity of conduction
in the left ventricle."* However, not all observed pap-
illary muscle anomalies are associated with electro-
cardiographic changes—a case of a “mimor” papillary
muscle had no electrocardiographic abnormalities '

It is proposed that the double U wave is a newly
observed electrocardiographic entity, possibly and most
probably caused by an accessory papillary muscle. Pecu-
liarly, this 15 observed inleads II, [T, aVF and V3-V6 n

Figure 7, Echocardiogram. Parasternal, long-axis viaw of case 3, demonsirating the accessory papiliary muscle pist below the interventricular septum
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all of the observed cases. Whether or not there may be
any associated arthythima nsk 1s not known.

Disclosure

This manusenpt has been read and approved by the
author. Tlus paper is unique and is not under con-
sideration by any other publication and has not been
published elsewhere. The author and peer reviewers
of this paper report no conflicts of interest. The author
confirms that they have permission to reproduce any
copyrighted material Wntten consent was obtained
from the patients for publication of this study.
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Borkground: During the past century the electrocardiogram (ECG) has established itsell as an integral part of
the cardiovascular examination. Since the first direct recordings of cardiac potentials by Waller m 1887, 1o the
inventicn af the strng galvanometer by Willem Einthoven in 1901, to use i the dliniec by 1910, the
dlectrocardiogram has become the most widely used clinical toel in the duagnosis of virtually every type of
heart disease. Carrently up to 20 millien ECCs are pesformed annually in the United States alone.
Hypothesis: Howeves, in this era of readily svalabde echocardiography, an impostant cavest m the interpretation
of the electrocardiogram has emerged: variants of intracardiac structures which maght mimic disease co the
FOG

ethods: In this perspective various structurad of ardiac sir specifically varlants of
papiilary muscles and subaoctic muscular bunds, will be shown, together with their assoclted electmcardio-
prapleic changes, mimickonyg desease.

Conchision: It is concluded that in this era of readkly avalable edrocandiography, the dectrocardiogram should be
i d echocards hcally in instances where intricate vanations are seen on the surface eledrocamdiogam.

L G

© 2011 Elsevier lrefand Lad. All rights reserved.

1. Introduction

During the past century the electrocardiogram (ECG) has estab-
lished wself as an integral part of the cardiovascular examination.
Since the first direct recordings of cardiac potentials by Waller in
1887, to the Invention of the string galvanometer by Willem
Einthoven in 1901, to use in the clinic by 1910, the electrocardiogram
has become the most widely used clinical tool in the diagnosis of
virtually every type of heart disease {1},

Carrently up to 20 million ECGs are performed annually in the
United States alone |1

However, in this era of readily avalable echocardiography, an
important caveat in the interpretation of the electrocardiogram has
emerged: vanants of intracardiac structures which might mimic
disease on the ECG,

In this perspective various structural variants of Intracardiac
stroctures will be shown, together with their assocated electrocar-
diographic aberrations, mimicking disease,

2. Subaortic tendon induced ST-segment clevation

Fig 1 is the 12-lead electrocardiogram of a 34-year old, healthy
cascastan male. Note the striking ST-segment elevation in leads V1

* Tel: +27 12 3007, e +27 12 34300790,
E.maf adfresc ferdwol ooz,

O167-5275/% - see front matter © 2011 Elsewser frctand Lid, All rights eeserved.
ot 10,108 G rard 2011 01 052

and V4, The dilferential diagnosis of ST-segment elevation is wide and
diverse and includes the following [2]: myocardial ischemia or
Infarction, Prinzmetal angina pattem, Takotsubo cardiomyopathy,
ventricular aneurysmy, pericardicis, easly repolarisation pattern, left
ventricular hypertrophy, left bundle branch block, other causes of
myocardial injury, such as myocarditls, trauma or 3 tumor invading
the left ventricle, hypothermia, after DC cardioversian, hyperkalemia,
hypercalcemia, type 1C antlarrhythmic drugs, Intracranial hemor-
rhage and the Brugada pattem. In this particular case none of the
ahove were present and the only explanation found was the presence
of a pecudiar muscular band, extending between the interventricular
septum and the left ventricular apex [2] (Fg 2). The charactenistics of
this peculiar subaortic muscular band have been described before [3).
The possible pathophysiological mechanisms of this phenomenon of
subaortic tendon induced ST-segment elevation have been desaribed
in detail [2].

3. Solitary papillary muscle hypertrophy with QRS-and
ST-segment changes

Fig, 3 b the 12-lead electrocardlogram of a healthy 20-year old,
caucasian male. Note the notching of the ascending limb of the QRS-
complex in lead V4, together with ST-segment elevation and a
prominent, positive U wave, also in lead V4. Echocardiography
revealed tsolated hypertrophy of the anterclateral papillary muscle
(Fig 4). Isolated papillary muscle hypertrophy is a rare entity and In
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Fig L 12-%e0d ddectrocardiogram of a bealthy 34 yeor old Coscastan maade. Noee the ST-segment rdevatson in leads VI and V4

this case it was proposed that isolated hypertrophy of the
anterodateral papillary muscle with notching of the ascending limb
of the QRS camplex, with ST-segment elevation and a prominent,
positive U wave, all in lead V4 is 2 new echo-electrocardiographic
syndrome 4]

4. Papillary muscle variants and the U wave

One of the earliest hypotheses on the origin of the U wave involved
repolarisation of the papillary muscles and their neighboring
structures [5). Today the U wave is still an electrocardiographic
deflection of enigmatic origein with none of the current theories on the
genesis of the U wave acoepted as factual, These theories include the

following | 5): repolanisation of the papillary musclkes. repolanisation of
the Purkinje fibers outlasting that of the contracting myocardium,
prolonged repolarisation in cells of the mid-myocardium—the “M
cells”, and the so-called “mechano-elearical feedbacdk hypothesis™—
after-putentials, Giused by mechanical forces in the ventricular wall
with termination of mechanical systole

Fig 5 is the 12-lead electrocardiogram of a healthy 15-year old
caucasian girl. Note the prominent U waves in the inferioe leads (11, 11l
and aVF). The only anomaly found in this case was the presence of two
prominent, accessory papillary muscles (Fg, 6), Fig, 6 s the
echocardiographic image demonstrating this scessory papillary
muscles (marked with <), In this case it was proposed that the
prominent inferor U waves are caused by the presence of the

Fig 2. Tramythor aox echocardsographs image. taken [rom rhe purastermal long-axis view, Note the presence of 2 peculiar mrecaodar band which extends between the sterventnoular

septum and the lef ventnodar apex
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ponanent, posssve U wave are also present i lead V4.

accessory papillary muscles and the pathophysiological mechanisms
were discussed [5),

Currently, there is a new focus on the morphology of the U wave
|6]. Usually U waves ate upright, < 1 mim in amplitude and of similar
polarity than that of the preceding T wave |7} The first report of
“notched” or “bifid* U waves was recently described [7]. Until this
report only T wave bifidity has been described.

5. Accessory paplilary muscies and the double U wave

Fig. 7 is a 12-lead electrocardiogram which clearly demonstrates
the presence of double U waves. A recent retrospective analysis
identified 3 cases of double U waves in a database of 4729 patients |6 ]
In all three these cases of double U waves, an accessory papillary
muscle was clearly demonstrated |6] Fig 8 Is an echocardiographic
image, taken from the patient in Fig. 7, This is a transverse section of
the left ventrick, demonstrating two accessory papillary muscles—
one in the 7 o'clock position and the other one just before the 3 o'clock

position. Fig 9 Is a longitudinal section of the left ventricle,
demonstrating the same accessory papillary muscles in another
Mane (marked with + }, It is proposed that the double U wave is a
newly abserved electrocardiographic entity which is possibly and
most probably the result of an accessory papillary muscle [GL,

6. Bigeminy and the bifid papillary muscle

Fig, 10 Is the 12-lead electrocardiogram of a 51-year old Malian
woman, presenting with ventricular bigeminy, After a comprehen-
sive evaluation the only explanation found for the electrocardio-
graphic abnormality was the presence of a peculiar structural variant
of the anterofateral papiflary muscle—the *bifid” papillary muscle
(Fig. 11 [8).

It was recently realized that the papillary musdes of the lefr
ventricle may be the source of frequent premature ventricular
complexes [9,10). Doppalapudi et al. |9) recently described a distinet
new syndrome of ventricular arrhythimea arsing from the base of the
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posterior papillary muscle, presenting clinically as sustained ventric-
ular tachycardia in two patients and as lrequent premature venric
ular complexes with salvos of non-sustained veatricular tachiycandia
in another five patients, This report added to the two already cited
reports of the kit ventrcular papillary muscle(s) as the source of
ventrxcular arrhythmia [8)

7, Conclusion

The papillary muscles have already been identified as potential
sites of reentry, contributing to the maintenance ol ventricular
fibrdlation in animal models [11), Recently, the beft ventricular
papillary muscles ave been shown to be arrhythmogenic in the
human heart after myocardsal infarcton [ 11-13], In addition to this
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papillary muscle arrhythmogenic entity as a complication of struc-
tural heart disease, idiopathic ventricular archythmia, originating
froem the posterior papitlary muscle has also been described as a novel
clinical syndrome (9], In addition o this a distinget subgroup of
idiopathic ventricular archythmias, ansing from the antecior papdlary
muscle has also been described | 11], Both the anterior and posterior
papillary muscles have thus been shown to be the source of
ventricular arthythmias in the human heart, without any underiying
structural heart disease, The left ventricalar papillary muscles are
contcal projections of myocardium into the left ventricular cavity,
covered by endothelium | 14), A peripheral Purkinge network extends
on to the surface of the papllary muoscles and may serve as either a
focal point of onigin of arrhythmia or it may form part of a
macroreentrant circuit [ 144
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Case Report

Isolated left ventricular non-compaction as
a cause of thrombo-embolic stroke: a case

report and review

J KER, C VAN DER MERWE

Summary

Isolated left ventricular non-compaction s the result of
Incomplete myocardial morphogenesis, leading to per-
sistence of the embryonic myocardium, The condition is
recognised by un excessively prominent trabecular mesh-
work and deep intertrabecular recesses of the left ventri-
cle. These intertrabecular recesses are prone to thrombus
formation, with resultant embolic sequelac, We describe
a case of cerchral thrombo-embolism in 4 young woman
due to solated left ventricular non-compaction,
Cardomuee J Sowh Afr 2006 17 146 147 WIWWCV jsd. 0o
Case report
A A2.year-old womin was referred for a cardiac evalua-
tion after i second episode of cercbral thrombo-embolism,
involving the left mid-cérebral artery distribution. The
patient had a history of uleerative colitis, which was in
remission due to S-aminosalicylic acid use. The clinical
examination, ¢lectrocardiography, biochemical peofile and
chest roenfgenography were all within normal limats,

Two-dimensional echocardiography was then performed.
This revealed the presence of numerous, excessively promii-
nent tmbeculations and deep intertrabecular recesses in
the mid- and apical segments of the left ventricle (Fig, 1).
During systole, the ratio of the non-compacted to compacted
layer was above two, a characteristic finding in isolated left
ventricular noa-compaction (Fig. 2).

The dingnosis of solsted left ventricular non-compaction

Department of siology, University of Pretoria
and Pretoria Hop:l' Hospital, Putorli:y

J.KER, MB ChB (Pret), MMed (Pret), MBCP (Edinburgh)
Department of Radiology, Pretoria Heart Hospital,
Pretoria

C VAN DER MERWE, MB ChB {Pret), MMED (Pret)

wis made, based on fulfillment of four echocardiographic
criterin, as descenibed by Jenni ef af, (see Discussiony: (1) co-
existing cardiae abnormalities were absent, (2) a trabecular
meshwork with decp. endomyocardial spaces was present,
(3) an end-systolic rtio of more than two of non-compacted
to compacted laver was present, and (4) colour Doppler dem-
onstrted deep, perfused intertrabecular recesses, Systolic
function was nommal with a left ventricular ejection fraction
of 64% and a normal pro-BNP level. No electrocandiograph-
¢ manifestations of dysrhythmin were presemt

It was decided that the patient needed long-term antico-
agulation with warfann in order to prevent any thrombo-
embwolic recurrences. Echocardiography of first-degree rela-
tives did not reveal any other cases of non-compaction.

Discussion

Isolated left ventricular non-compaction is & rare congenital
condition that is the result of an intrauterine developmental
arrest, which stops the compaction of the loose, myocandial
fibre meshwork of the left ventricle,’ The resultant non-com-
pacted myocardium has a spongy appearunce with promi-
nent trabeculations and deep, intertmbecular recesses that
communicate with the ventncular cavity, predisposing to
local thrombus formation.” The condition is currently listed
by the World Health Organisation us an unclassified cardio-
myopathy,” with only a few case reports in the literature.

A non-isolated form associated with other congenital
heart defects, and an isolated form, often undetected, have
been describesl! The risk for thrombo-embolic episodes is
high."* Severe heart faslure and life-threatening ventriculur
arrhythmias can also complicate this condition® and it has
heen advocated that cardiac transplantation should be aggres-
sively pursued once heant Frilure occurs.' It s therefore clear
that a diagnosis of isolated left ventricular non-compaction
is associated with » high morbidity and morwmlity and the
disgnosis should be made with care, a8 prominent ventricu-
lar trabeculation can be found in healthy hearts as well as in
hypertrophied hearts, due to dilated, hypertrophic, valvular
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Fig. 1. Two-dimensional echocardiography. Note
the excessively prominent trabeculations (white
lines) and deep intratrabecular recesses in the
mid- and apical segments of the left ventricle.

ot hypertensive cardiomyopathy However, i a recent study
by Murphy ef al." it was found that solated Jeft ventriculur
non-compaction is associated with a better progoosis than
previously thought

Since our patient did not have beant Gudlure, which was
shown by normal LVEF and a normal pro-BNP level as well
as the ubsence of any dyschythmias, one tends 1o think that
the prognosis might not be so grave as that reported in the
literature. Because this is such u rare condition with few doc-
umented case reports, it 38 fair to speculate that there might
be a contmuum of severity, with not all patients progressmg
to heart faihure, Only time will tell; as more case reports will
undoubeedly appear in future

Echocardiographic criteria have b estublished” and

include the following: the charactenstic appearance of
numerous, excessively prominent trubeculations and deep
ntertrabecular recesses; intertmbecular spaces filled by
biood from the ventricular cavity: and an end-systolic ratio

of more than two of non-compacted to compacted Lyers

This last critenion differentiates solated left ventriculiar non-
compaction from the trabeculutions seen in left ventricular

hypertrophy. hypertrophic cardiomyopathy and dilated car-

Flg. 2. Two-dimensional echocardiography. Note
the characteristic ratio of non-compacted (long
white line) to compacted layer (short white line)
> 2 during systole.

anmu'p:l!:l\ In summary, we describe an unusual cause of
thrombo-embolic stroke and this case should highlight the
importance of meticulous echocardiography in patients with
thrombo-embolic stroke.
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Introduction

Every year thousands of mmfants, chuldren, adolescents
and young adults die suddenly and unexpectedly.'
Of these a significant proportion are autopsy nega-
tive and are classified as autopsy negative sudden,
unexplained death' Sudden unexpected death in
infancy (SUDI) 1s defined as climcally unexpected
death tn mfants from one week to one year of age?
SUDI affects around 1 in 1000 infants, with a peak
prevalence at three months of age ?

Detaled autopsy exanmunations, including various
ancillary examinations reveal a specific cause of death
in only about one third of cases** These ancillary
exanunations include radiological skeletal surveys to
identify nb fractures,' bacteniological examination,**
post-mortem genefic t2sting to 1dentify the subset of
channelopathic SUDI, known as the cardiac channel
molecular autopsy.' as well as DNA and RNA extrac-
tion from a variety of tissues to detect serotonin trans-
porter gene polymorplusms *

Vartous cardiovascular abnormalities, 1solated o
assoctated with cenfral nervous system alterations
have been observed in cases of SUDI ® These include:
accessory atnoventncular pathways (mostly Mahaun
fibres). hypoplasia of the cardiac conduchon system
or the central fibrous body, sphtting of the atnoven-
tricular node or the His bundle and a Zahn node *

In this proof of concept study we aumed to explore
the feasibility of post-mortem echocardiography in
order to alert the pathologist to any possible under-
lying cardiovascular anomalies before the actual dis-
section of the heart, mn order to avord any possible
damage to underlying delicate structures

Materials and Methods
This proof of concept study was undertaken with
approval of the ethical committee of the Faculty of
Health Sciences, Umversity of Pretoria

The heart of a three month old male infant, whose
death fulfilled the entena for SUDI was used. At
autopsy, the heart was removed, umigated and filled
with buffered formalin The major vessels were tied
of with stnng, in order to maintain the filling of the
left ventricle with formalin to facilitate the subsequent
echocardiogram

Echocardiography was performed with a Plahips
Envisor C echocardiography system, The heart was
dissected afterwards

Results

Echocardhography revealed the presence of a sub-
aortic muscular band (see Figure 1). The muscular
tendon 1s marked with + The left ventncle was then
dissected by cutting it open from the lateral aspect in
order to prevent any damage to the observed muscu-
lar band. The presence of a thick muscular band was
confinmed macroscopically (see Figure 2)

Discussion

Autopsy has a very low yield for a specific diagnosis
i cases of SUDI** Weber et al performed the larg-
est single-mstitution autopsy study of SUDIL.? They
analyzed 1516 paediatnic post-mortem examnations
and found 546 SUDI cases. Death could be explained
in 37% of these cases by the autopsy findings imply-
mng that 63% of SUDI cases remained unexplained.
The authors suggest that alternative and/or additional
diagnostic techniques are neaded to mmprove the
detection rate of an identifiable cause of death at
autopsy in an attempt to lower the high munber of
wnexplamed SUDI cases

An intngumg new concept 1s the so-called “molec-
wlar autopsy™ where post-mortem genetic analysis mn
cases of SUDI explores the prevalence of channelop-
atlues as the pathogenice basis for sudden unexplained
death in infants *

We propose that post-mortem echocardiography
1s an addiional concept worth exploring. This single
case report ments a larger study to determune whether
post-mortem echocardiography can ulhimately guide
the cardiac dissection method in order to preserve
delicate underlying cardiac anomalous structures

Figure 1. Post-mortem echocardiogram. Nole the subaorts muscular
band marked with +
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Post-mortem echocardiography as a guide to cardiac autopsy

Figure 2. The dissectad left ventricle. Note the thick muscular band

which may ultimately tum out to play a causal role in
cases of SUDI
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Abstract: Left ventricular noncompaction/hy pertrabeculation s a condition which s characterized by a hughly trabeculated, “spongy”
myocardinm

1t can present at any age with heart falure, amhythmin and/ce thromboembolic events.

A wade variety of mutations have been found to be a canse of hypertrabeculation and it is possible that there i3 3 contmuum of
hypertrophic cardicmy opathy, dilated cardiomyopathy and hypertrabeculation nonccmpaction

We present a case of left ventricular hypertrabeculation which presented as sudden mfant death syndrome and we propose that this entity
may be a hidden cause of andythmic death m some infants presenting as sudden infant death syndrome.
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Introduction
The cardiac syndrome of 1solated, left ventncular
noncompaction 1s characterized by a persistence
of the embryonic pattem of a lughly trabeculated
myocardium in the left ventricle,' This condition can
be farmhal or sporacdic and can be due to a vanety
of mutations i any one of the following proteins:
mitochondrial, eytoskeletal, Z-line or sarcomenc
Chin et al* were the first to describe the entity and
the complications of heart failure, ventricular arrhyth-
mas and thromboembolic events. Anassociation with
Wolft-Parkinson-White syndrome was also noted ?
This condition can present dunng early life as
fetal hydrops' or as sudden infant death syndrome
due to neonatal heart faihwe andior ventncular
fibrillation."**

Case Report and Discussion
We present a case report of a three month old male
mfant who presented with sudden infant death
syndrome. Tlis three month old non-caucasian died
suddenly and unexpectedly at lus day care centre. He
did not have any known medical problems and no
surgical procedures were ever performed No known
allergies were present and no known family history of
sudden, unexpected death were present. Unfortunately
the family members were lost to follow up, before
clectrocarciographuc and echocardiographic screen-
ing could be perfonmed to assess the nsk for sudden
unexpected death

Postmortem examunation of the heart revealed
nuerous apical trabeculations of the left ventncle
(sze Fig. 1), The nght ventncle appeared perfectly
normal The left ventnicular wall thickness measured
I em and the listological assessment was perfectly
normal. No abnormalities were detected in any other
organs during the postmortem examination and no
thrombi were detected in the artenal system or the
left ventncle

Cwrent consensus on the mechamsm of left
ventricular noncompaction s that an arrest of myocar-
dial maturation oceurs during embryogenesis ” Before
the eighth week of fetal life the myocardium consists
of a network of fibres, washed by deep recesses,
communicating with the left ventncular cavity!
The reason for this is that there 1s no coronary vascu-
lature vet, therefore the trabeculations of myocardial
tissue increases the myocardial surface area in contact

Figure 1. Lent ventrioutar hypertrabeculation in a three morth old infant.
presenting as sudden infant death syndrame. Ilis postulated that the apical
ares of hypertrabeculalion acted as the source of & fatal serhythmia

with the ventricular lumen, as the myocardium is
nourished directly from the endoventneular colurmmn
of blood at thas stage.'

The coronary vasculature develops duning the fifth
to exghth week of fetal life and after this the mesh-
work of myocardial fibres will become compacted '
This “compaction process” advances from the base
of the heart to the apex and from the epicardium to
the endocardium as this 1s the direction of coronary
arterial development.'

Vanous echocardiographic cnteria have been
proposed for the dagnosis of left ventneulan
noncompaction.*® In reaction to these proposed
echocardiographic critenia Stollberger et al'*' named
this peculiar left ventricular phenotype “left ventricu-
lar hypertrabzculation™ and dafined the condition as
the presence of more than three trabeculations n the
left ventricle in a location distal (apical) to the papil-
lary muscles. A postmortem study by Boyd et al'*' in
474 nonal lnunan hearts have shown that while 68%
of these hearts displayed prominent frabzculations,
only 4% of these hearts had more than three and none
had more than five trabeculations.

Left ventneular noncompactionhypertrabecula-
tion can ocewr i a sporadic or familial form and both
types can be due to a vanety of mutations in vanous
sarcomere, mutochondnal, Z-line or cytoskeletal
proteins, 131

Figure | clearly demonstrates more than three
trabeculations in the left ventncle i a loca-
tion apical to the papillary muscles. According to
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Sudden infant death syndrome and left ventricular hypertrabeculation

Boyd et al'' this case wluch presented as a sudden
infant death syndrome thus fulfills the critenon for left
ventnicular hypertrabeculation, The association of
hypertrabeculation/noncompaction with vanous sar-
comere mutations supports the concept that this entity
is a cardiomyopathy and futhermore, that there
15 a spectrum from hypertrophue cardiomyopathy,
especially apical hypertrophic  cardiomyopathy,
dilated cardiomyopathy and hypertrabeculation/
noncompaction. '

The natural history of le ft ventneular hypertrabecu-
lationnoncompactionvanes widely. Presentation with
heart fatlure, arthythmias and/or thromboembolisim
15 desenbed i patents of all ages '* Mild cases may
remain asymptomatic.

We propose that this case of sudden infant death
syndrome 1s due to an episode of fatal arrhythima due
to underlying left ventricular hypertrabeculation and
that the presence of more than three trabeculations
apical to the papillary muscles should be specifically
excludad during postmortem examination in cases of
sudden infant death syndrome.

We acknowledge the possibility that the left ventne-
ular hypertrabeculation may be an incidental finding as
this entity may be found in asymptomatic, “healthy™
mndividuals, but due to the observation that arrhyth-
mias may occwr at any age'’ we propose that this may
be an underrecogmzed cause of sudden. umexpected
death, municking sudden infant death syndrome

Disclosure

This manuscript has been read and approved by all
authors. This paper 15 umque and is not under consid-
eration by any other publication and has not been pub-
lished elsewhere. The authors and peer reviewers of
this paper report no conflicts of mterest. The authors
confirm that they have permssion to reproduce any
copyrighted matenal. Wntten consent was obtained
from the patients parents for publication of this study.
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Abstract; Left ventricular noncompaction has been classified az a primary cardiomy opathy with a genetic origin. This condition
marphologically charactenzed by o thickened, two-layered myocardim with mumerous promment trabeculations and deep, intertra-
becular recesses. Recently, it has become clear that these pathological characteristics extend across a continuum with left ventricula
hypeatrabeculation at one end of the spectmim,

The histological findings mclude areas of mterstitial fibrosis,

We present a case of left ventricular hypertrabeculation which presented as sudden mfant death syndrome. Histologically areas of suben-
docardial fibrosis was promunent and we propose that this entity may be a hidden cause of arhythmic death in some mfimts presenting
as sudden nfant death syndrome. . with areas of subendocardial fibrosss as possible anfwthmogenic foci
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Introduction

Lefl ventricular noncompaction has been classified
as a prumary cardiomyopathy with a genetic ongin.'
Morphologically, this condition i1s characterized by
a thickened, two-layered myocardium with numer-
ous and prominent trabeculations and deep, intertra-
becular recesses.!” Left ventricular noncompaction
may be an 1solated finding or 1t may be associated
with a variety of other congenital heart defects’
Left ventricular noncompaction is associated with
numerous sarcomere mutations and tlus fact cre-
ated the view that there 1s a spectrum spanmng
hypertrophic cardiomyopathy (especially apical
HCM), dilated cardiomyopathy and left ventricular
noncompaction.!

Current diagnostic entena for left ventnicular non-
compaction require the visnalization of two distinct
myocardial layers * The work of Stéllberger departs
from this stipulation and he coined the term “left
ventricular hypertrabeculation”™ * This entity, which
can be viewed as a less severe form of noncompac-
tion, 1s charactenzed by the presence of more than
three trabeculations located apically to the papillary
muscles.*

Case Report and Discussion
We present a case report of a three month old male
mfant who presented with sudden infant death
syndrome. The macroscopical charactenistics of this
case was reported before® This three month old
non-caucasian died suddenly and unexpectedly at hus
day care centre. He did not have any known medi-
cal problems and no swgical procedures were ever
performed. No known allergies were present and no
known family history of sudden, unexpected death
were present, Unfortunately the fannly members
were lost to follow up, before electrocardiographic
and echocardiographic screemng could be performed
to assess their risk for sudden unexpected death.
Postmortem examunation of the heart revealed
numerous apical trabeculations of the left ventncle
(see Fig 1), The nght ventricle appeared perfectly
normal. The left ventricular wall thickness measured
1 em No abnormalities were detected in any other
organs during the postmortem examination and no
thrombr were detected 1n the artenal system or the
left venincle.

Figure 1, Ncte the numerous trabeculations in the apex of the left

veniricle, More than three trabeculations distal to the level of the papdlary

muscles is present, thus fulfiling the crterion for the dagnosis of left
¥icular hypertrabeculation,

Figwre | clearly demonstrates more than three
trabeculations in the left ventricle m a location apical
to the papillary muscles. According to Stdllberger™
this case which presented as a sudden mfant death
syndrome thus fulfills the criterion for left ventneu-
lar hypertrabsculation. Histological assessment of
sections underlying the left ventricular trabeculae
revealed prominent areas of subendocardial fibrosis
(sez Figs. 2, 3 and 4).

Figure 51sa histological section of the apex of the lefl
ventricle of a three month old male infant who also pre-
sented as a sudden mfant death syndrome, but wathout
left ventneular hypertrabeculation to serve as a control.

2. Histological secti

Figure 2. ¢ g with a M wtain of the apex of the left
ventride Note the areas of subendocardial and interstifal fbrosis
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Subendocardial fiorosis in left ventriculsar hyperirabeculation

Figure 3, Histological sections with a Masson stain of the apex of the left
veninde. Note the areas of subendocardial and interstiial fibrosis.

Endocardial fibrosis with promnent elastin depo-
sition have been described mn cases of left ventucu-
lar noncompaction **'* Currently, it 1s thought that
ischaemia may play a major role in the pathogen-
esis of lefl ventricular noncompactionn MRI and
thallnun-201 scintigraphy has shown subendocardial
and transmural perfusion defects which comresponds
to areas of noncompacted myocardium *"'-" Reduced
coronary flow reserve, indicating microvascular dys-
function has also been shown to be present in 1s0-
lated ventricular noncompaction by PET ™ Currently,
a “chicken and egg™ dilemma exists regarding the
pathogenes:is of 1solated ventricular noncompaction:
either an moparment 1n the development of the

Figure 4, Histological sections with a Masson stain of the apex of the left
ventrice. Note the areas of subendocardisl and interstitial fibrosis

Figure 5. Histological section with a Masson stain of the apex of the left
veniricie of the control case of sudden infant death syndrome, but without
le® ventricular hypertrabeculation

myocardial microcirculation imparrs the normal com-
paction process of the myocardium or vice versa

In this case report we desenibe subendocardial
fibrosis in a three month old infant with left ventric-
ular hypertrabeculation. Current literatwre notes the
presence of fibrosis in cases of ventricular noncom-
paction, this is the first case descnbing fibrosis inven-
tricular hypertrabeculation—the less severe form of
noncompaction. Secondly, the presence of such strik-
g subendocardial fibrosis implies that the involved
areas in the lefl ventricle must experience 1schaemia
already in utero. Lastly, we propose that these fibrotic
areas may act as the foc1 of ventnieular arrhythma as
the underlying cause of death.

Contribution from Different Authors
] Ker did the Iiterature review and writing. L Du-Toit-
Prnsloo, WFP Van Heerden and G Saayman did the
post-mortemn analysis and histological assessment.

Disclosure

Thas manuscnpt has been read and approved by all
authors. This paper 1s wmque and 1s not under con-
sideration by any other publication and has not been
published elsewhere. The authors and peer reviewers
of this paper report no conflicts of interest The
authors confinm that they have permission o repro-
duce any copyrighted material Wntten consent was
obtamned from the patient or relative for publication
of this study.

Clirical Medicine Insights: Cardiclogy 20115

15



Ker et al

£

References
Klaasson §, Probet §, Occhistin E of al Mutatices: i sar comete protein genes
in beft ventricular noscompaction. Clrendirion. 2008, 1172895901

2 Jomu R Hopas 1, Oeclivlin E Dolsted noscompnition of the oy ocardiv,
N Engl J Mo 1999, 340:965-7

3 Occhedin EN Attenholer Jost CH, Roges JR, Kaufisann PA. Jemi R Long-tem
follow-up of 34 adults with isolated left ventricular noncomgpaction: a distmct
candwomyopatly with poor prognieses J Am Coll Cavalad 2000,36:493-500.

4. McNally E Dellefave L. Sar n cardios and ventricu-
I " | Trenxds Coreionive Med 2009.19.17-21

S Senv-Chowdley S. McKenna WJ Lefl venincubr noncompaction and
cardhomyopathy . canse, contributor or epiphencenenon” Crarr Opin Candiol
2008:23:171-8

6 Ker J, Du-Tou-Prinwleo L, vin Hearden WFP, Saayman G Sudden st
death syndrome and lefl vestnoular hypertrabeoaltion—hedden artwyth-
mogenic enkity ? Clinien] Malic me Insghis Cordodogy 20104857

T Stilibawer C. Fusterer ), Blazek G Left vaurkulie hypertoabeculatson,
noncompaction and associstion with additional contiae sboommaldses sl
now ool disceders. Aw J Cardbol. 2002.90:899-502

& Finsterer J, Stollberuer C Definite, probable. or possble lef ventricula
by pertrabesul ‘noncompaction i J Cardlol 20081231756

9 Purke A, Moot £ Kutys R Vi R Left ventricular noaconpactson” a
potictogical study of 14 cases. Humon Pathod. 20053640311

10, Bleyl S8, Mumitod BR., Brown-Hamson MC. Xq23-inked neacompaction
of the ventrsendme myocardisen: prenatal disgicsis and pithologic analyss
of affected indrviduals. Am J Med Genwes. 1997,72.257-65

11 Sokr R. Rodrigiez E. Monsenrsl L Alviwez N MR of subendoc sl
pefusion deficts m isolated left ventncular noncompastion J Congres
Arvigs Toowcggr, 2002,26:373-5

12 Jeomi K, Wyms CA, Oechidm EN, Kaufioowm PA. Isoled ventricular non-
compaction is msocited with coronary microcawalatoey dysfimction J/ Aw
Codl Carbod. 2002,39. 4504

15, Jngs G, l\tmfd 5. vou Smckal A Myocardial ischarin o children with

Err Heart J. 1999.20610-4

14 Havanhs Y, Iehnda F Hnih-mm 1 Boded poncomgaction of the
vestricubyr myocardicen: ultrafast computer tomogrphy mid magnetic

e JutJ Cardy Imegging. 2001, 17:305- 14

TS

Publish with Libertas Academica and
every scientist working in your field can
read your article

*I would Jike to say that this is the most author-friendly
editing process | have experienced in over 150
publications. Thank you most sincerely.”

“The communication between your staff and me has
been terrfic. Whenever progress is made with the
manuscrpt, | receive notice. Quie honestly, I've
never had such complete communication with a
journal.”

LA s different, and hopefully represents a kind of
scientific publication machinery that removes the
hurdies from free flow of scientific thought.”

Your paper will be;
Avallable to your entire community
free of charge
. Fairly and quickly peer reviewed
*  Yours! You retain copyright

http://www.la-press.com

16

Chinical Medicine Insights: Cardiology 2011:56

131



Clinical & Experimental

Cardiology

case Roport Open Access

The Enigma of Bulging to the Left
Septal Aneurysm

James Ker*

A Case Report of An Unusual Atrial

Depaimery of Physiology. Liniverady of Pretosla, PO Box 24318 Geana, Pratocks. Scauth Aftica

Abstract

natural history is unknown.

raising the question of a cause effect relationship

Te date this phenomencn remains unexpiained

Kcy‘words: Atriuny; Septal; Anearyun

Introduction

An atrial septal aneurysm (ASA) can be defined as o Jocalized
segment of the interatrial septum that bulges into either (or both of) the
tight or left atrium [1]. 1€ is stil] not certain whether this is a congenital
or an acquired lesion and the natural history is unknown |2]

Furthermore, an ASA can be an isolated lesion or it can be
ussoclated with o variety of other cardiac anomalies, such as a patent
foramen ovale, atrial sepral defect and mitral valve prolapse [1,3-6]

OFf even more importance is the fact that an ASA can occaslonally
be found in associotion with various disturbances of intracardieg
hemodynamics, thus raising the question of o canse effect relationship
[2]. An ASA has been reported in association with the following
alterations of itracardiac hemodynamics: tricuspid atresia [7.8],
premature closure of the foramen ovale [2], mitral stenosis 9],
hypoplastic right heart syndrome | 10], spontancous closure of an atrial
sepiad defect [11], severe sortic stenosis n & 68 year ofd man 9], in 4
4 year old boy undergoing revivion of o Watenston shunt [9] and even

in a case of pulmonary tuberculosis with pulmonary hypertension |2|

Marazanof et al. [ 12] studied the echocardiogmphic characteristics
of atrizl septal aneurysms in 259 patients. They found that in 90% of
cases the atrial septal aneurysm protruded into the right strium and
that in half of the 10% of cases where it bulged into the left atrium this
could not be explained by a raised right atrial pressure {12]. To date this
phenomenan remakns unexphined

In this case report such an unusual presentation of an atrial septal
uneurysm Is presented and discussed

Case Report

A 51 year old Coucosian male presented for a cardiovascular
examination. He was asymptomatic with no peior surgical or medical
problems. He didd not use any prescription medication, never smoked
and had no known allergies. The reason for the presentation for a
cardiovascular examination was the peesence of a midsystolic click,
auscultated by his primary care provider

Clinical examinatson confirmed the presence of a midsystolic click,

An #rial seplal aneurysm (ASA) can be defined as a localized segment of the interatnal septum that bulges Into
either (or both of) the right or lef alrium . ) is stil not certaln whether this is a congenilal or an acguired lesion and the

An ASA can cccasionally be found in associalion with various disturbances of infracardiac hemodynamios. thus

Marazanct et al. found that in B0% of cases the atrial septal aneurysm prolruded into the right atriim and that in
half of the 10% of cases where il bulged into the left atium this could not be explained by a raised right atrial pressure

In $his case report such an unusual preserdation of an atrial septal aneurysm is presented and discussed

no murmur was present. No other abnormalities were detectable
Transthoracic, two dimensional echocardiography revealed the cause
of the midsystolic click to be a prominent atrial septal aneurysm
(Figures 1.3}

Note the absence of the ancurysm during ventricular diastole with
the mitral valve at maximal opening (Figure 4), Figure 1-3 demonstrate

Figure 1: Tile. Atrial saptal ansurysm during sardy venlriculsr systcle
Desoption: Transthorack echocardogmaphic mage. Note the abna septal
aneurysm bulgng into the left atrium earty In ventiodar systale. Sequental
mages will show the prolapse to become maore pronounced
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ovale [19] and this combination of Jesions is more strongly associated
with cryptogenic stroke and also more likey to lead to recurrent stroke
than a patent foramen ovale in isolation [20,21],

Previous dogma held that stroke risk was due to paradoxical
embolism through a patent foramen ovale, yet this risk remains
undefined as deep venous thrombosis is infrequently detected In
such patients [19]. An alternative and currently plausible mechanism
for systemic embolism in these patients entails the presence of left
atrial dysfunction and intermittent atrial arrhythmias, such as atrial
fibrillation [19,22,23]. The incidence of atrial fibrillation in patienty
with atrial septal aneurysm ranges from (% to 23% [5,24,25,].

In conclusion, it s suggested that there are many aspects of atrial
septal ancurysms still to be elucidated and specifically that the stroke
risk may be more related to atrial archythmia than currently realized.
It can be hypothesized that atrial septal aneurysms bulging into the left
atrium may be more prone to systemic embolism pusely due to the left
atriad bulge.
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Cor triatriatum - which may present as classical cor tatratum or
cor triatdatum sinister - is a rare form of congenital heart disease
where the left atriem s divided by a fibromuscular sepeum | 1] First
described by Church in 1868 |2 this is an entity which is rarely
found in adults and accounts for approximately 0.1% of cases of con-
genital heart disease |3}

Patents with cor tratratum classically present tn infancy due to
the obstructive nature of the left atrlal membrane, with the creation
of a pressure gradient with resultant elevation in pulmonary venous
and artenial pressures {41 However, some cases may present in adult-
hood [4),

A few classifications of cor tnamatum exist and may explain
why some cases only present in later life [1.5-7]: In 1949 Loeffler
divided cor triatriatum into 3 groups. based on the number and size
of membrane fenestrations (6] — group | has no opening. group 11
has one or more small openings and group Il has a wide opening
Marin-Garda et al, |7] classify cor triatriatum on the appearance of
the accessory left atnal chamber, with diaphragmatic, hour-glass
and tubular subtypes.

As stated] before cor triatnatum most commonly presents in infan-
cy or childhood | 1] and there are only a few reports of “subtotal” cor
triatriatum presenting in adulthood in the fiterature — so-called cor
triatriatum sinister |5). Such adults may be asymptomatic where the
diagnosis is incidental or the presenting clinical picture may be dys-
pnea, hemoptysis and or atrial fibrillation. The ranty of the sinister
variant in adults is llustrated by the following: in the laboratory of

* Tels +27 123330078, fac + 27 1234830079
E.muf adfresc ferdaol.coxa,

O167-5275% - see Font matser © 2015 Ekevier Ireland Ltd. AN raghts reserved.
htrge/dedodong/ 100086 4 ijcand 201 101,266

Buchholz and Jenni |5] only one classic cor tratriatum sinister was
diagnosed in the 1980's out of a total of 12576 Doppler echacardio-
graphic studies and from 1994 to 1999 there were only three newly
diagnosed cases in the literature [5).

Fig., 1 is a transthoracic echocardiographic image demonstrating
an accessory left atrial chamber in the lateral wall of the left atrium
above the posterior mitral valve cusp (marked with + ). Fig. 2 is an
MRI image of the left atrium and left ventricle, clearly demonstrating
this accessary left atrial chamber, These figures are from a 43 year old
Cancasian male. He was perfectly healthy until two years ago, when
he presented with atrial fibeillation, After extensive diagnostic work
up, which did not reveal any known cause for atrial fibrillation, he
was sent for an ablation procedure which failed, Afterwards another
two failed ablation artempts were perfarmed. He was sent 1o our in-
stitution for a second opinion and a dugnosis of cor triatratum sinis-
ter was macde,

Another clssification by Lucas and Krabill [7] divides cor
triatriatum into type 1 with an accessory left atrial chamber where
all the pulmonary veins communicate with the left atrium, type 1l
where the pulmonary veins do not communicate directly with the
left atrium and type [, the “subtotal” variant where same pulmonary
velns commaunicate with the left atrium and some commusnicate with
the accessory chamber.

Currently the embryologic basts of this ancmaly is controversial, wieh
three main theories at present | 1]: the malseptation, malincorporation
and entrapment theories. The malsepration hiypothests proposes that
the dividing septum in the left atrum (s an abnormal growth of the
septum primum, The malincorporation hypothesis proposes that the
septum results from incomplete incorparation of the embeyonic com-
mon pulmonary vein into the keft atrium. The entrapment hypothes:s
proposes that the left horn of the sinus venosus entraps the commeon pul-
monary vein and thereby prevents its incorporation into the left atrium,

In conclusion, cor triatriatum sinister is a rare form of congenital
heart disease which can present with adult onset atrial fibrillation.
In this era of advanced diagnostic imaging this entity might be diag-
nosed with increasing frequency in the coming years and thos adds
another rare cause for a common clinical entity, the patient with atrial
fibeillation,

11| Chen @ Cuhathaburta §, Vadstapad G, Natladaru 2, Easthope 5. Sharma AK, Cee
triatriatum in adults, Tex Heart Inst | 199926, 206 10,

12| Church WS Comprnieal midoamgion of heart: abnoteul wptem o left srice
Trans Path Soz 1868, 1918890

136



soone Joarme' of Candfiod

hames Kor

wcardiog raphic g demonid

Fg 2. MR image o

the e

sory Chamoer lor

wed in the

steral wall of the Jef

+Dopth « 110m

he mwredicane in (5 Laterd wall of the Ieft 210

Modi KA. Senthallkcumar A, Kl £ Reddy PC Dugnoss aad surgeal comectior

srastriatum i an adult: combned we hageat and contrast echocard)

200 06-9

view of Meatun
W, Bue

ween

AT sEnetEr presenin
he adult 2 ch may be retevant in late

gresentation, Mot Lung ¢

B b i K Dogpdey ectocardographic Sedong D il varants of 4

rare cardiac anomaly, “subtoal” cor siariaum; a antical yevew of the lterarune
o 200 9

E. Unissaal mador mati striumr pubmomany sit. Arch Pathol

KA, Aoonmaloss e
AN

pudmonary and

tors, Heart diseanse in ol hed Sltamore

137



Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

?g';“ T et

ELSVIER

CARDIOLOGY

This article appeared in a journal published by Elsevier, The attached

copy Is furnished to the author for Internal non-commercial research

and education use, including for Instruction at the authors institution
and sharing with colleagues,

Other uses, including reproduction and distribution, or selling or
licensing coples, or posting to personal, institutional or third party
websites are prohibited

In most cases authors are permitted (o post their version of the
article (e.g. In Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier's archiving and manuscript policies are
encouraged to visit:

http://'www.elsevier.com/authorsrights

138



4568 Letters 1o the Edisor

On the many possible futures of atrial fibrillation

James Ker *

Departesent of Plosiology, Usbvessity of et 1O Bay NIIR Gezla, Iyesario 0037, Sowth Aftiod

ARTICLE INFO

Article hiscory:
Mecetved 7 July 2013
Accepted 13 Judy 2013
Available online 31 jady 2013

Keywards

Atrial Bixillacion
Adult anset

Cor triatriatum
Sinser

Dear Editor,

After reading the latest report of yet another case of adult cor
triatriatum sinister complicated by atrial fibriilation by Siniorakis
et al, | 1] the following quote by the bestselling British author of herok
fantasy, David Andrew Gemmell sprang into my mind: “Lfe & not 50
simple. There are many futures. The fife of a single person is like a
great tree: every branch, every twig, every leaf is a possible future”™
2}

This is especially true in the clinical scenario of atrial Abrillation.
Clearly a multifactorial disease with many possible causes...many
branches, many twigs, many leaves,,..

Clearly we can add adult cor triatniatum sinister as yet another leaf
to the tree of atrial fibrillation. However, we are faced with
numerous clinical questions on this faidy newly discovered adult
clinical entity.

Wihy do these adult patients present so Lae? It can be assumed that
they had fairly asymptomatic chidhood years as they would present as
adules with extensive dinical investigations as children otherwise, which
certainly & not the case if one looks at afl the currently available case
reposts

* Tels 27 12 3430078; fac #2712 3430079,
Emmi oddress ferdwol o za,

OWT-5273/5 - see [runt matter © 2013 Elsevier leeland L1d, All rights seserved.
hrp Al docorg 01016 5 geard 20010710700

Secondly, by merely assuming that this entity Is as simple as a
congenital membrane separating variows pasts of the ket atrium one (s
left with a hypothess which is fraught with many errors and open to
ariticism, If this was truly the case, then why the late presentation as
adults. Therefore, a reasonable question is if this presumed develop-
mental anomaly involyes the whole atrial wall with abnormal atnal
musculature as a whole affecting all strsctural components,

Thirdly, we have to ask the question if whether they may all have
had atrial fibrillation since birth which was simply not diagnosed
before their aduithood years, This will imply that this particular
subset of atrial fibrillation is more benign than the other subsets of
adult onset cases with their respective diverse causes.

Fourthly. how should these cases be treated, if at all? At present we
do not have any evidence bassd medicine on this subset of patients,

Lastly, in my apinion it is essential to obtain a proper imaging
study of every single case of atrial fibrillation, 1 still see patients in my
clinic who underwent unsuccessful ablation procedures where no
imaging study of the left atrium was ever performed and hence with
no specific diagnosis—my published case report of adult cor
triatriarum sinister with adult onset atrial fibrillation is an example
of such an unacceptable scenario [3]. In my opinion this can be
compared to performing 4 thotacotomy on a coughing patient without
obtaining a chest radiograph fiest to look for a possitle reason for the
sympeom of cough

In conclusion, we are left with a fairly newly discovered clinical
entity with still many uranswered clinical guestions, | look forward
to these being answered and adding yee another leaf to the complex
tree of atvial fibrillation.
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Congeniral lefr atrial bands (CLAB) is a known entity | 14} However,
the clinical importance of these anomalkous muscalar bands in the kft
atrium s still not clearty defined and they should not be confused
with left ventricular false tendons [2], It has been found that the inci-
dence of supraventricular arrhythmias is increased in patients with
such left atrial bands 3L

Until the report of two cases where cardioembolic everss, resuited in
stroke by Ozer ec al. | 1] this association was never published To date,
these two cases remain the only ones in the literature where stroke
resuited from a cardioembolic event from such a CLAB

I want to add two morne cases of such cardioembolic events: One is a
29-year old male and the othes a 43-year okl male. Both presented with
transient Jeft sided hemiplegia which resalved completely. In both cases
the only possible explanation found was the presence of a congenital

* Teb: +27 BITE9T05Y; fax: + 27 128091350
E.mul adiress hs@aalinza

O167-5274/% - see Bunt mater © 2013 Elwevier reland Lid. AN mghts reserved
hipe abxdocoeg 1010164 ijoard 20153 1006

Jeft atrial band (Figs, 1 and 2). Figs 1 and 2 is & 2D and 4D-
transthoracic echocardiographic image respectively, demonstrating
the presence of a congenital left atrial band from one of these cases.

I an autopsy series it was found that the incidence of CLABis 2% 3]
These bands are composed of fibrous and muscular tissue and can be as-
sociated with a Chiari’s network, a patent foramen ovale, mitral valve
prolapse, mitral regurgitation and supraventicular amrhythmias [ 1.3).
Of note, none of these patients with stroke and transient neurological
deficits dee 1o cardioembalic events had amy one of these associations
peesent,

It s important that this entity Is not confused with that of cor
triatriatum sinister in which the left atrium is divided or compartmen-
talized by a septum [45),

As aryprogenic stroke is a diagnosts of exclusion | want to concur
with Ozer et al [1] that the presence of a congenital left atrial band
should be added to the growing list of cardiac conditions to exdude in
patients presennting with sudden neurological deficits,
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Interatrial septal aneurysm with mitral valve prolapse in a patient with

Marfan syndrome—a caveat of note

An interatrial septal aneurysm is a localized segment of the
mreratrial septum that bulges into either or both the feft and right aoi.
um | 1.2]. The dinical importance of such an interatrial septal aneurysm
is that it may be confused with an atrial tumor | 2). it may be the cause of
supraventricular arrhythmias {3} and it has a strong assoclation with
ayptogenic stroke in the young [4]. A review of the Medline database
reveaked only two case reports of an interatrial septal aneurysm in
Marfan syndrome {3.5

A patient with Marfan syndrome with mitral valve prolapse, as well
as an interatrial septal aneurysm is presented, In this presentation an
mportant caveat in such patients, which may lead to unnecessary mi-
al valve replacement, will be highlighted,

An asymptomatic 58-year old Caucasian woman reguested a second
opimion prior to mitral valve replacement doe to severe mitral valve
prolapse and apparent severe left atrial enlargement, Atrial fibrillstion
and stigmata of Marfan syndrome was noted, but no other clinical ab-
normalities were present. Fig. 1 is a two-dimensional, transthoracic
echocardiographic image of the left atrium which demonstrates mitral
valve prolapse of both the anterior and posterior mitral valve leaflets,
as well as a prominent interatrial septal aneurysm which buiges into
the right atrium. No echocardiographic stigmata of left ventricular dys-
function were present,

This case demonstraces an important, although unusual, caveat in
chnical cardiotogy. The smultangous presence of an Interatrial sep-
tal aneurysm created the erroneous impression of severe left atrial
enlargement. The dotred line in Fig. 2 indicates the actual position
of the interatrial septum If one needs to measure the transverse
dameter,

In this particular case, normal left ventricular funcion was present,
no actual left arrial enlargement was present and the patient was
advised that mitral valve replacement is not currently indicated.

Recently, a significant increase in the incidence of interatrial septal
aneurysms was noted in young adults who were born prematurely

hetgeddxdotong’t 01016 acha 201 508 02

with an extremely low birth weight (<1000 g} |6]. It is therefore
foreseen that more such patients may be seen in the near future and it
Is hoped that this publication will aid the clinician in avoiding this
important caveat in patients with severe mitral valve prolapse and
simultaneous interatrial septal aneurysms.
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Short Report

Tropical
Doctor

The interatrial septal aneurysm as a
diagnostic aid in pulmonary embolism

James Ker

Interatrial, septal, aneurysm, pulmonary hypertension

Introduction

An interatrial septal ancurysm is a localised segment of
the interatrial septum that bulges into either or both the
left and right atrium.'” Such an ancurysm may be an
isolated phenomenon. or it may be associated with
other cardiae anomahies, such as o patent formamen
ovale, atrial septal defects or mitral valve prolapse.

Hunley's dugnostic criteria for an interatrial septal
aneurysm dictiates that such a protrusion of the dilated
part of the mteratrial septum must be at least 1.5cm
bevond its pline or that it must have a phasic excursion
during the cardiac cycle of at least 1.1 em in total amp-
litude, with a diameter at its base of at least 1.5em. ™
There is no certainty yet if this is a ¢congenital or an
sequired lesion.'”

It is known that young adulis who were born pre-
maturely are vulnerable to cardiovascular mishaps.”
Recently, Bussarco ¢t ul” observed o significantly
increased incidence of imteratrinl septal ancurysms
in young adults who were born prematurely with un
extremely low birthweight (<1000g), This mportant
observation suggests that all young adults who were
born prematurely should be sereened for the presence
of such®

Much has been written aboul interatrinl septai
ancurysms, focusing on their assoctations, possible
genetic assocmtions, location, direction of bulging
und clinical presentations. bul to date this is the
first report that the interatrial septal ancurysm can
serve as a diagnostic aid in the diagnosis of pulmon-
ary embolism.

Case report

A case of a S3-year-old man with recent onset exer-
tional dyspnoca und prominent bulging of an intera-
trial septal ancurysm into the left atrium 18 described
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and how this finding led to the dingnosis of pulmon-
ary embolism,

Figure 1. Prominent balging into the lefl atrium
{arrow), This a two-dimensional, transthoraex: echo-
cardiographic image of an interatrial septal ancurysm
in a S5year-old man with recent onset exertional
dyspnoca.

Discussion

An cchocardiographic study by Marazunof et al’
reveaked that in 90% of cases the interatrinl septal aneur-
ysm will bulge into the right atrium,” which makes sense,
as left utnal pressure exceeds right atral pressure in the
normal individual.” Interestingly, in hall of the 10% of
cases in Muruzanof™s study, where the interatrial septul
aneurysm bulged into the kft atrium, it could not be
explained by an clevated night atrial pressure and to
date this phenomenon  remains  unexplained.'’
However, from a clinial perspective, it is important to
realise that half of such cases do display clevited right
atrial pressure and indeed vanous disturbances in intra-
carduc haemodynamics may be associated with an
interatrial septal ancurysm.' "' These include tricus-
pad atresta, hypoplastic right heart syndrome, premiture
closure of the foramen ovale, mitral stenosis, 401t sten-
osts and even a case of pulmonary hypertension due to
tuberculosis,'-**1”

In this case of u 35-year-old mun with recent onset
excrtionsl dyspnoca, the prominent bulging of the
interatrial septal ancurysm into the lfeft atrium was
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Figure |. The prominent interatrial septal

aneurysm. bulging into the left atrium

Figure 2. The enlarged right atrium
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atrium, the pulmonary pressure emboll, thus no interventional procedures (o measure
wis  clearly cle

and 1t was concluded that  pulmonary pressure was undertaken

146



Ker

Conclusion

The presence of an interatrial septal ancurysm, apart
from associations with various cardiac abnormalities
mentioned muy aid in the diagnosis of pulmonary
embolism,
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Unilateral atrial fibrillation — how common is
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Atrial fibrillation {AF) i1s the most common pathologic
supraventricular tachycardia, affecting 3 milion people In
the USA alone > * AF is caused by multiple electrical wavelets,
appearing In the atria simultaneously, resembling the wavelets
that would be produced i one dropped several pebbles in a
bucket of water st the same time,!

AF is usually a progressive disease;’ it often begins with
Infrequent episodes of limited duration which Is termed
paroxysmal AF {often defined as episodes of AF that werminate
spontaneously within 1 week).” Such episodes tend to
become more frequent and longer in duration, progressing to
persistent AF (persistent AF fails 10 terminste spontaneously
within 7 days and may require cardioversion) or permanent
AF (permanent if the AF lasts for more than 1 year and
cardioversion elther has not been attempted or has failed).”

The electrophysiological basis of AF requires both a trigger
that initiates the dysrinythmia and a substrate that can sustain
IL.** The most common trigger of AF is eclopic atrial bests
that arise from the muscle sleeves arocund the pulmonary
veins, ** These triggers (ectopic beats) may be provoked by
the Intrinsic activity of cardiac ganglionic plexuses which
are clustered in the vicinity of the pulmonary veindeft atrial
junction,*® The pulmonary veindeft atrial junction together
with an enlarged atrium, harbouring fibrosis and inflammation,
then serve as the subistrate for sustaining wavelets of atrial
fibeill ation

With persistence of AF, further electrophysiological changes
occur in the atria, which include shortening of the refractory
penod of the atrial musche and this In tum predisposes 10 the
development of other triggers and wavelets.” Consequently,
this process results in 3 greates predisposition (o AF, as well

as the perpetuabion of existing AR Maintenance of sinus
riythim can reverse these changes,' hence the saying ‘AF
begets AF and sinus riythm begets sinus rhythm'*

AF is an important disease as the rate of death is about
doublke when compared Lo patients in sinus riythm; it has an
adverse effect on the quality of life and is expensive to treat
(more than $6.5 billion per year in the USA alone).®

Atrial dissociation which presents as unilateral AF has been
described previously”’ Doubled by some, further evidence
supporting the existence of atrial disscciation was presented
by Chung in 1971.°

Figure 1 is the electrocardiogram of a 80year-okd Caucasian
male with pubmonary hwpertenslon and an enlarged nght
atrium due 1o idiopathic pulmanary fibrosis. The rhythm strip
(lead Il) reveals atrial Autterfibrliation, However, If one looks
at lead V1, two distinct sets of Pwaves are seen. Figure 2
Is the transtricuspid pulsed wave Doppler appearance. This
clearly reflects AF. However, the transmitral pulsed wave
Doppler (Figure 3) reflects sinus rhythm with E-A waves,
There are two Nlling phases during ventricular Alling: early
and lato. These two phases are ropresented by the E and A
waves, respectvely. These two waves represent the velocity
of flow through the atrioventricular valve during early (E
wave) and late (A wave) ventricular filling respectively, Late
ventricular filling is caused by atrial contraction. Thus, when
AF is present, no A wave will be seen, If one looks closely ot
Figures 2 and 3 this ditference is striling: there is only an E
wave in Figure 2 but E and A waves in Figure 3.

Atrlal dissociation is characterised by the presence of two
Independent sets of Pwaves.5 In extremely rére instances

Professor of Internal Medicing, Department of Intermal Medicing, University of Pretods, Pretorla, South Africa
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Case Report

Diaphragmatic hernia mimicking an atrial
mass: a two-dimensional echocardiographic
pitfall and a cause of postprandial syncope

J.KER, J. VAN BELJON

Summary

A large hintal hernia constitutes o form of posterior
mediastinal mass that can encroach on the posterior
aspects of the heart. During two-dimensional echo-
cardiogruphy this phenomenon may be confused with
an intra-atrial mass or various other posterior medin-
stinal masses. Furthermore, such a large hiatal hernia
encroaching on the heart may cause syncope. We present
such a case and the various possible mechanisms of
syncope, as well as review the two-dimensional echo-
cardiographic pitfalls in these patients,
Carslovare J Sowth Afr 204, 15: 152153 WWW L8] N1 .00 24
We present a cuse of postprndial syncope in which a
large diaphragmatic hemia produced the two-dimensional
echocardiographic appearance of an obstructing left atrial
moss. Surgical correction of the bermia completely prevented
any further syncope episodes.

Case Report

A t4-year-old man was admitted to hospital following an
cpisode of postprandial syncope, accompanied by severe
chest pain. The patient had a onc-year history of posgprandial
syncope, sccompanied by chest pam that increased progres-
sively in mtensity and frequency over this period. The only
prios history was that of a left bundic branch block that
was diagnosed 10 years previously. The patient was not
toking any medication, Physical examination and blood and
biochemical profiles, including troponin T levels, were all
nomuil. The ECG showed left bundle branch block

Department of Physiology, University of Pretoria
and Pretoria Heart Hospital, Pretoria

J.KER, M.B. Ch.B., M Med. (Int Med)

Department of Surgery, University of Pretoria,
Pretoria

J.VAN BELJON, MB.Ch B., MMed. (Surg), FCS

Two-dimensional echocardiogruphy was then performed.
Fhis revealed the presence of a large, amorphous minss
impinging on the posterior left atrigl wall (Fig. 1). An
M-mode scan revealed an almost total obliteration of the
left atrml cavity (Fig. 2)

Fig. 1. A long-axis view demonslraung a large
mass that appears to fill the cavity the left
atrium. It is not possible to distinguish between an
intra-atrial and an extra-atrial mass with extrinsic
compression of the left atrium.

Fig.2. An M-mode scan through the aorta and left atri-
um. This demonstrates almost total obliteration of
the left atrial cavity, which is worse during diastole.
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A chest roentgenogram demonstrated n massive hiatal
hernia with a large portion of the stomach in the posterior
mediastinum, A computed tomogmphic (CT) scan, follow-
ing the oral administration of contrast, confirmed the
posterior mediastinal mass to be the stomach. An endoscopic
Nissen fundoplication was performed and po further epi-
sodes of postprandial syncope or chest pain oceurred.

Discussion

Two-dimensional cchocardiography s a valuable diagnostic
tool for the detection of various intru-atrinl masscs, such
s thrombus and tumours.! However, various adiacont extra-
cardhac structures may closely mimic intmeardiac masses on
o two-dimensional echocardiogram.’ The echocardiographic
appearances of various anomalies of these adjoming struc-
tures have been described and these include mediastinal
spread of bronchogenic carcinoma, various other mediasti-
nal tumours, descending thoraewx: aortic ancurysms and even
oesophageal carcinoma.”’

In 1985 Nishimura ¢f al’ were the first to describe
five cases of n proviously unrecognised phenomencn of
diaphmgmatic hernias mimicking intra-strial masses, Since
then, a surprisingly small number of single case reports of
this peculinr phenomenon have appeared.

‘Swallow syncope” is not an unknown pheaomenon® and
may have an electrical or mechanical pathophysiology.'
An ocsophagocandine reflex, selectively tnggered by deglu-
tition, may induce various cardinc dysrhythmias. This
abnormal reflex starts from tensoreceptors localised deep in
the ocsophageasl wall and a distention of the oesophageal
wall is necessary for their activation.** The afferent pathway
of this reflex s unknown, whereas the efferent pathway
is cholinergic and vagal, and able to cause sinus or nodal
bradycardin, sinus arrest, or second-degree mrioventricular
block." In o report of three cases, it has also been proposed
that stimufation of epicardial receptors by a hiatal hernia
muy cause bradycandia

Recently, Akdemir e o desenibed i case of postpeandial
syncope where o hintal hernia stimulaed epicardial recep-
tors and consequently triggered non-sustained ventriculor
tachycardin. A mechanical actiology of postprandial syncope
has also been proposed in patients with hiatal hemia — by
compressmg the heart from owtside, o hintal hemin may
cause an obstructive cardine lesion.*

Severnl features may help to distinguish between a
lurge hiatal hemia and an atrial mass on two-dimensional

echocardiography.® The echo density of a hiatal hemia will
extend beyond the margins of the atria, With angulation of
the transducer, the mass will not be confined to one atrium,
buat may appear to be in cither atrium bocause the hemia is
i posterior structure separate from the heart. The swirling
effect 15 a very useful feature. The echo reflections from
i hintal bernia that contains stomach contents and air will
demonstrate changing echo densities within the mass, If the
patient drinks & carbonated beverage during the examination
this phenomenon will be augmented.

D'Cruz et al’ desenbed a few useful features in o series
of 20 patients with large hintal hemms. In parasternal
views there was respirtory fluctuation in the degree of
encroachment of the mass on the left ntrium due 10 motion
of the hiatal hermia along with the diaphragm dunng the
respinatory cycle, In the apical four-chamber and long-axis
views the descending thoracic aorta was obscured by the
large echogenic mass, The histal hernin masy could be
visualised in the subcostal view superior o the Hver and
posterior to the atria.

In conclusion, we present a case of postprandial syncope
in a patient with a large hiztal hernia that almost completely
obliterated the lefi atrial cavity, thus causing an obstructive
cardioe lesion with resultant syncope. The possibality of
variows brady- and tachydysrhythmias caused during meals
by the stimulation of various cpicardial receptors by the
mass cannol be exchuded, as we did not perform any
electrocardiogruphic monitoring during meals.
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In this caze report a peculinr left ventricular false tendon is shown—one extendimg between the two papillary muscles, giving the
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Introduction

Left ventncular myocardial bands—also called falss
tendons—are anomalous fibromuscular structures
which traverse the left ventricular cawity' They
ongimate 1n the interventneular sephum and stretch
across the left ventricular cavity, implanting in either
the lateral wall or a papillary muscle *

I'hey may be associated with cardiac pathology or
they may be an isolated finding *

Echocardiographucally these structures may mimuc
pathologic structures, such as intraventricular chorda
ruphurre, vegetahion or thrombus.*

These tendons may be a cause of mrmurs—a
musical mmummo has been described when they are
pulled taut by ventricular chlatation.' A substudy from
the Framingham Heart Study have confinmed the
assoctation of false tendons with imocent, precordial
mnomms, but they were not associated with a nsk of
mortality.”

In this case report a peculiar left ventricular
false tendon is shown—the tendon extends between
the two papillary muscles, giving the papillary
muscle-tendon complex the appearance of a musi-
cal note. During the cardiac cycle the tendon is
continuously being pulled taut and relaxed during
ventricular diastole and systole respectively, thus
leading to the echocardiographical umpression of
the playing of a musical cord, thus the term the
“violin heart™

Case Report
A 23-vear old, healthy Caucasian male was referred
for an echocardiogram by is prumary care physician
who suspected the presence of a prolapsing mutral
valve
click.

The patient never had any previous medical
or swgical problems and he was completely
asyiptomatic. The mudsystolic click was heard
during an examnation done during a bout of fiu

During the clinical examination of the patient the
midsystolic click was not audible. No climcal abnor-
malities were detected and theelectrocardiogram
was normal

Echocardiography revealed a peculiar left ven-
tncular false tendon which was clearly wvisible on the
parasternal, short-axis view between the two papillary

based on his auscultation of a midsystolic

Figure 1. Parasternal, shorl-axis view duning dastole

Note: This is the parastermal, shomt-axis view during venincular
dastole. The ventricle is filled, thus pulling the tendon taut between the
two papillary muscles, Note the appearance of the papillary muscle
tendon complex. resembling & musical note The tendon s marked
with +

muscles (see Fig. 1- the tendon is marked with 4)
Also note the clear relaxation of tension on the tendon
during left ventrnicular contraction (see Fig 2- the
tendon 15 marked with +)

Supplementary Figure 1 15 a movie chip which
clearly demonstrates the continuous and rhythmuc
cyele of the tendon bemg pulled taut and relaxing
cdunng ventricular diastole and systole respectively
Supplementary Figure 2 1s a movie clip which clearly
demonstrates a structurally normal mitral valve

Figure 2. Parasternal, short-axis view dunng systole

Note: This s the parasternal, shom-a0s view during veninicular systole
The ventricle is contracted, thus reducing the internal diameler and
reduong the lension on he tendon 48 & resul. During ventnoular filling
the tendon will suddenly be pulled taut and conseguently a ping will be
audble

50
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Violin heart

Discussion

In this case report a peculiar echocardiograplucal
entity 1s described-—the “violin heart™ This picture is
the result of a false tendon extending between the two
heads of the papillary muscles.

The differential chagnosis of ventncular false
tendons mcluds the following:! isolated, left venfricular
non-compaction, hypertrophic  cardiomyopathy  and
levo-transposition of the great arteries,

The production of sound™’ is not the only
physiological action of tendons: Bhatt et al® have
demonstrated that patients with cardiomyopathy who
have false tendons presentin the left ventncular cavity
have less severe matral regurgitation. The mecharmsm
for this reduction in functional nutral regurgitation
15 thought to be less severe mutral valve deformation
when a false tendon 1s present ® Long false tendons
are also at nisk for rapture and can then act as a mdus
for infection or thrombus formation '’

The embryologic basis of left ventricular false ten-
dons 13 umknown, but may be due to the extension
of the cardiac conduction system into the left ven-
tricular cavity."* False tendons can be associated with
ventricular septal defects, a bicuspid aortic valve and
coarctation of the aorta '*

A substudy of the Frammngham Heart Study® have
shown that these tendons are not associated with an
increased mortality if no associated pathology is pres-
ent and thus, the patient in this case report has a good

PIOgNOsIS.
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Introduction
Sunple hepatic cysts is a frequent finding and oceur
in approximately 2.5% of the population.' They
are usually bemgn, asymptomatic and require no
treatment

Although usually asymptomatic they may causz
symptoms due to local compression, such as:
abdorminal discomfort or pain, dyspnoea, ecarly satiety,
swelling of the lower imbs due to caval compression,
portal hypertension or jaundice ’

This report descnbes the occwrence of atmal
arthythima due to nght atnal compression by a sunple
hepatic cystina 71-year old man

Case Report

A case report 15 presented where it 15 postulated that
a simple hepatic cyst. located just beneath the nght
atrun 1s responsible for symptomatic palpitations
due to frequent atnal premature beats, induced by
shght right atnal compression

A 7l-year old, Caucasian male presented with
the climcal problem of symptomatic palpitations for
a penod of two years. He was not using any medi-
cation. never smoked, and never had any previous
surgery. The climcal examination did not reveal any
abnormalities. The electrocardiogram was normal,
however Holter momtonng revealed frequent atnal
premature beats (see Fig. 1 and 2)

The transthoracic echocardiogram did not reveal
any pathological findings, however the subcostal
view demonstrated a large, simple hepatic cyst,
measunng 449 cm in diameter with occasional
slight compression of the right atnum (see Fig. 3, 4
and 3).

All electrolytes and the thyroid function tests were
within normal hrmts. The patient did not have any
obstructive respiratory disease, a common cause of
atrial premature beats

Discussion

True hepatic cysts can be classified as parasitic or
non-parasitic* The former 1s almost exclusively
the result of hydatidosis’, caused by the cestode
Echinococeus®. Echinococeus is classified imto two
species: E, gramiosis, the most common which
causes chronic disease and E. multiloculans, which

causes a more progressive and multifocal infection *
The hiver 1s the mam site of infection with the nght
lobe most frequently affected® Non-parasitic cysts
are the result of congenital anomalies wlich affect the
mtra-and extrahepatic biliary ducts, leading tovarying
degrees of eystic dilatations * These may be solitary or
polyeystic.! According to Henson et al' non-parasitic
and non-congenital cysts may be classified as neo-
plastic, inflammatory and traumatic cysts.

Although usually asymptomatic, hepatic cysts
may cause climeal symptoms due tolocal compression,
such as abdomunal discomfort or pain, dyspnoea,
early satiety, swelling of the lower lumbs due to caval
compression, portal hypertension or jaundice ! Liver
function enzymes will only be abnormal if biliary
compression s present’ and cyst infection may oceur
1f'a commumcation is present between the biliary tree
and the eyst ** These cysts may also cause extrinsic
gastnic compression and mmic the symptoms and
endoscopic findings of gastric submucosal tumors
A case of extrinsic duodenal compression with
obstruction due to a hepatic cyst have also been
described *

In tlus case repoit a subcapsular, simple hepatic
cyst is shown in the left lobe of the liver. Other case
reports have shown eysts such as this to lead to gastrie
compression, mimicking the endoscopical appearance
of submmcosal tumors and duodenal compression,
leading to intestinal obstruction Figures 3. 4 and 5
clearly show that the cyst 1s causing slight nght atrial
COMpression

Thus, a new complication of simple hepatic cysts
15 proposed—atnal premature beats due to nght atrial
COMpression.
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reproduce any copynghted matenal.
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; Atrial compression by hepatic cysts
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Figure 1. Electrocardiogram
Note: Electrocardiographic image. demonsirating atnial premature beats
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Figure 2. Electrocardiogram

Note; Ancther electrocardiographic image, demonstraing afrial premature beats

Figure 3. Subcostal echocardiographic image (o demonstrate the
hepatic cyst touching the nght atrium

Note: Subcostal echocardiographic image to demonstrate the hepatic
cyst louching the nght alrium

Figure 4. Subcostal echooardiographic image to demaonstrate the hepatic
cyst teuching the right atrium
Note: Subcostal echocardiographic image 1o demonsirale the hepalic
cyst louching the right atrium
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Atrial compression by hepatic cysts

Figure 5. Subcostal image

PHILIPS

Note: Echocardiographic image, demaonstrating siight nght atnal compression by a smple hepalic cyst
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The serpentine mitral valve and cerebral

embolism

James Ker

Abstract

right sded hemiparesis,

Vahvlar strands, well-delineated fillform masses, attached to cardlac valve edges are assaciated with cerebral
embolism and stroke. Strokes, caused by emboli from vahular strands, tend to occur among younger persons

In this case report a valvular strand, giving o peculiar sérpenting appearance to the mitral valve s described, This
mitral valvular strand was the only explanation for an episode of cerebeal embolism, prasenting with 3 transient

It 5 propoesed that a randomized study involving combined treatment with asprin and clopidogre! is warranted in
youna patients with valvular strands, presenting with a first eplsade of cerebral embolism

Introduction

Valvular strands have been described as small, well-
delineated masses with a predilection for the valvular
endocardium {1}, Clinically these strands present as fill-
form material attached to cardiac valve edges and is
detected by transesophageal echocardiography (2]

These strands, as visualized by transesophageal echo-
cardiography are associated with systemic embolization,
especially stroke and notably these strokes tend to occur
among younger persons [3,4],

Case report
A 32 year old man presented with an acute onset of
right sided hemiparesis. This occurred within the matter
of minutes without any preceding warning symptoms,
He had no known ilinesses or allergies, He was a non
smoker who never had any previous surgery and did not
use illicit drugs, He works in the pharmaceutical indus-
try and never experienced any similar symptoms before.
The right sided hemiparesis resolved spontancously
over the next three hours and at the time of clintcal
examination no objective neurological signs were pre-
sent, An MRI and MRA scan of the brain and cerchral
vasculature were normal. His electrocardiogram and bio-
chemical analysis, including electrolytes, glucose, thyroid
function and full blood count were within normal limits.
Carotid-IMT and Doppler studies of both carotid

ety ecommoniog A cameytny/ 20

arteries were normal, Holter electrocardiography
excluded the occurrence of intermittent arrhythmias as
a possible cause for embolism. Paradoxical embolism
was excluded by the absence of both a patent foramen
ovale and deep venous thrombosis, Infective endocardi-
tis was excluded by the absence of positive blood cul-
tures and vegetations,

Transthoracic, two-dimensional echocardiography
revealed a peculiar serpentine strand attached to the
coapting edge of the mitral valve (see additional files 1,
2 and 3).

He was diagnosed with a valvular strand attached to
the mitral valve as the cause for a cerebral embolism to
the left mid-cerebral artery. He was treated with a com-
bination of aspirin (100 mg daily) and clopidogrel
(75 myg every second day). This maintained his platelet
ADP function below 50%. Follow up during the follow-
ing three years was without any further incidents.

Discussion

Vilem Dusan Lambl, a Bohemian physician (1824-1895)
were the first to describe the occurrence of small, fili-
form processes he observed on the aortic valve in 1856
[5]. Today, these Lambl's excrescences are also referred
to as valvular strands and have been observed on all
native and prosthetic valves [5]. These strands may
octur as single strands, in rows or even In clusters [5),
They can vary in length from 1 mm to 10 mm and are
usually less than 1 mm in thickness [5].
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Valvular steands are composed of a fibroelastic, avas-
cular core, covered by a layer of endothelial cells [5,6].

The exact pathogenesis of formation of these struc-
tures are still unclear, however current opinion Is that
the initiating factor is that of an endocardial lesion in
arcas of trauma and/or high shear stress [5,6]. These
denuded areas are then covered by fibrin with subse-
quent covering by an endothelial layer [5,6). The preva-
lence of valvular strands has been estimated #s 5.5% in a
general population referred for transesophageal echocar-
diography and 40% in patients with stroke of unknown
cause [1,2].

The differential diagnosis for valvular strands includes
the following [5]: a myxoma, thrombi, valvular vegeta-
tions, nonbacterial thrombotic (marantlc) endocarditis,
cardiac metastases, a fibroclastoma and other primary
cardiae neoplasms.

Of all of the above, the most difficult distinction is
that between a valvular strand and a fibroelastoma [5,7].
Histologically, these two entitles are very similar with
both containing a central core of elastic connective tis-
sue, covered by endothelium. However, valvalar strands
are covered by a single layer of endothelial cells, but
fibroelastomas contain regions of multiple layers of
endothelial cells [5,7].

Echocardiographically, fibroelastomas are more bulky,
with stalks or pedestals sometimes present and multiple,
fingerlike projections on their surface [5]. Ax fibroelasto-
mas are usually found on the mechanically Jess strained
parts of valves and endocardium they tend to be larger
than valvular strands [5], Valvular strands (Lambl's
excrescences) are always found on the affected valve’s
line of closure and this limits their growth [5].

Several published case ceports have shown that valvu-
lar strands are associated with emboli to the coronary,
pulmonary, spinal, retinal and cerebral cireulation [1).

Specifically regarding stroke, numerous reports have
demonstrated an association with valvular strands, parti-
cularly In young patients [3,4,8,9]. The mechanism for
embolic events is either that of thrombi forming on the
strands which then embolize or it is possible that the
valvular strand itself can embolize [2]. Direct visualiza-
tion of thrombus on a valvalar strand have indeed been
described before [10].

In conclusion, a case of a valvular strand, attached to
the coapting edge of the mitral valve is presented, giving
a serpentine appearance to the mitral valve, This valvu-
lar strand was the cause for a cercbral embolism which
presented with a transient right sided hemiparesis. This
is the only current case in the literature, where the com-
bination of aspirin and clopidogrel is used for the pre-
vention of further episodes of cerebral embolism. [n the
only randomized treatment study to date, no difference
in relation to efficacy of warfarin compared to aspirin

Page 2 of 2

was found in patients with valvular strands and previous
embolic episodes (2], For this reason a combination of
antiplatelet therapy was initiated as a therapeutic trial.

It is proposed that a randomized controlled study
involving the combination of aspirin and clopidogrel is
warranted in patients with valvular strands presenting
with a first episode of cerebral embolism.
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CASE REPORT Open Access

Thyroxine and cardiac electrophysiology—a
forgotten physiological duo?

James Ker

Abstract

death Is worth exploting

Thyroid harmone exerts numerous effects aon the cardiovascular system, Hypothyroldism can lead 10 vatous
electracardiographic and mechanical changes in the heart and blood vessels.

The potential risk for sudden cardiac death in patients with hypathyroidism have never boeen properdy explored
However, numeraus reports of various electrocandcgraphic changes indicative of such a risk has been published,

In this case report the occurrence of ventricular late potentials n a case of overt hypothyroidism & described and
furthermore, the disappearance of these potentials with T4 treatment alone Is shown

It & concluded that the concent that undiagnossd and/or untreated hypothyroidism poses a risk for sudden cardiac

Keywords: Hypothyroidism, |ate patentials, Sudden cardiac death

Introduction

Thyroid hormone has impaortant physiological effects on
the cardiovascular system [1]. Cardiovascular effects of
hypothyrokdism can indude dectrocardiographic changes,
such as bradycardia, right bundle branch block, flattened
or inverted T waves, QRS prolongation and even torsades
de pointes ventricular arrhythmia (2],

Mechanical cardiovascular effects of hypothyroidism in-
clude a remarkable Increase in peripheral vascular resist-
ance [3], an increase in arterial stiffness [4], an impairment
In left ventricular diastolie function as characterized by a
slowing of myocardial relaxation and impaired early ven-
tricular filling [5] and pericardial effusion (6],

Currently, there s an Interesting electrocardiographic
contrast between thyrotoxicosis and hypothyroidism [2): In
thyrotoxicosss atrial tachyarrhythmias ave common and ven-
tricular arrhythmias are rare. However, in hypothyroidism
QT Interval prolongation and ever QT dispersion can oceur
and lead to ventricular arrhythmias, such as torsade de
pointes ventricular tachycardia which can be resolved with
T4 treatment alone [2.7].

In this case report it is shown that severe, primary
hypothyroidism can present with an abnormal signal aver-
aged clectrocardiogram and that this can be corrected with
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T4 treatment alone. To date this is the only report of primary
hypothyroidism presenting with an abnormal signal-averaged
dectrocardiogram corrected with T4 treatment alone.

Case report

A 66 year old Caucasian woman was referred for a cardio-
vascular examination due to an abnormal electrocardio-
gram, taken by her primary care physidan after compkining
of tiredness. The 12 lead, surface dlectrocardiogram revealed
the presence of low QRS voltages and flattened and inverted
T waves, all findings suggestive of and compatible with
hypothyroidism (Figure 1),

At no stage did the patient experience any symptoms
suggestive of hypothyroidism or any other disease.

The serum TSH (thyrold stimulating hormone) mea-
sured 76,11 mILY/L and was indicative of severe, primary
hypothyroidism (normal range 027 — 4.20 mIU/L).

No other pathology was found. Specifically no secondary
hyperlipidemia was present and the serum glucose level
was normal. No dassical signs of hypothyroidism were
present. Thyroxd ultrasonography revealed a small and
hypoechogenic thyroid gland with the typical appearance of
advanced Hashimoto thyroiditis with no nodules present.

A signal-averaged electrocardiogram (SAECG) was done
and this was clearly abnormal (Figure 2) with the root-
mein square voltage of the terminal 40 ms (RMS )
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measuring 19u\V and the duration of low-amplitude signal
<400V (LASA) measuring 56 ms.

The patient was treated with 100 ug of T4 daily and the
TSH level after two months of therapy measured 234
mlU/L and the signal-averaged electrocardiogram was
repeated (Figure 3), The RMS 40 now measured 40 uV and

the LASA measured 40 ms. The measured parameters of

the SAECG thus changed from clearly abnormal into the
normal range (see Figure 2 and Figure 3). During the first
two weeks of therapy the dose of T4 was started at 50 ug
daily and this was increased to 100 ug daily thereafter,

The patient remains well with a normal signal-averaged
clectrocardiogram after one year of clinical follow-up,

Discussion

Three aspects of this case merit discussion. Fistly, this bs
the first case report in the literature which describes the
presence of ventricular late potentials in the myocardium
of a patient with overt hypothyroidism. The signal-averaged
clectrocardiogram is a technique used to detect the pres-
ence of ventricular late potentlals [8]. Ventricular late
potentials correspond to areas in the ventricular myocar-
dium where there is slowed conduction velocity and these

Page 3 of 4

cause delayed ventricular activation (8], These ventricular
late potentials indicate an increased risk for the occurrence
of ventricular arrhythmias {8]. These observed ventricular
late potentials disappered in this patient after T4 treat-
ment alone

Secondly, other parametess indicating an increased ven-
tricular arrhythmie risk has been described in hypothy-
roidism {9-11), An increase in the QTc interval have been
described in hypothyroidism and that this Increase is dis-
ectly related to the severity of hypothyroidism (9], TSH
leveds have also been shown to be directly related to QT
prolongation and QT dispession [10]. QT dispersion Is the
interlead vaniability of the QT interval on the surface ECG
that reflects reglonal variations in myocardial repolarization
and an increased QT dispersion has been found to be
strongly assoctated with an increase In ventricular arrhyth-
mias and sudden cardiac death |2]. Lastly, an improvement
in heart rate vardability have also been documented in trea-
ted hypothyroidism (2],

Thirdly, hypothymidism can affect cardiac structure
[11-13], These structural effects manifests clinicadly in
hypothyroidism as an increase in myocardial echoreflec-
tivity [13,14], perhaps an explanation for the observed
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L Figure 3 Signal averaged ehectrocardiogram after thyroxine replacement.
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electrocardiographic abnormalities observed in hypothy-
roldism?

Condusions
In conclusion, a case Is presented showing the pre-
sence of cardiac late potentials in a patient with overt

hypothyroidism. Disappearance of these late potentials
with only T4 treatment is shown. It is proposed that un-

diagnosed and/or untreated hypothyroldism poses a threat
of sudden cardiac death and that this concept is worth-
while to be studied in a proper randomized trial.
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Bicuspid aortic valve disease and lipoprotein(a)—A concept

worth exploring?
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Bicuspid aortic vaive (BAV) disease is the most common form of
congenital heart disease with a prevalence of 1-2% in the population
[1.2). For the clinician BAV is the most important congenital cardiac
leslon, because this results in more meebidity chan all other
congenltal cardiac fesions combined {1,341 This can be a sporadic
or familial affliction with a made to female ratio of 3-4:1 |12},

A bicuspid aortic valve is the end result of a complex develop-
mental abnormality and is not simply the result of the fusion of two
normal cusps |1 This is a diverse and complex coadition with a
significant morphological variability [1,5,6] The following pheno-
types of BAV can be seen 5. The two groups of BAV are: i) those with
a raphe and i ) those withour a raphe,

The group with a raphe has the following passibikties and thus
phenctypes: i) fusion of the right- and left-coronary cusps, ii) fusion of
the right coronary and non-coronary cusps and 1i} fusion of the feft
coronary and non-coronary cusps. The group without a mphe s
classffied according to the onentation of the free edge of the cusps.
This can be either anterior-posterior (BAV-AP) or lateral {BAV-1A) {7).

The major clinical significance of this common condition is the fact
that only 20% of such patients will maintain a functioning valve
throughout their lifetime | L8], The complication includes aortic dissec-
tion, infective endocarditis, aortic regurgitation and aostic stenosis |1.9),

The creasing of the BAV and resudtant turbulent flow is currently
thought to contribute to the calcification of such valves |210].

Recently a genomewide association study by Thanassoulis et al,
| 11] identified a SNP in the LPA locus that is significantly associated

* Vel + 27 1280028 1)
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with aortic valve calcification in cases of normal aortic valves.
Specifically, that study implicates genetic variants at the LPA locus
with elevated plasma lipoprotein(a ) levels as a cause for aortic valve
calcification in the general population with normal aortic valves [11],
This leads to the clinical question of whether lipoproteinia) may be
an important role player in calcification of the bicuspid aortic valve?

The purpose of this observational study was thus to correfate the
plasma lipoprotein(a) level with the presence or absence of
calcification of bicuspid aortic valves.

This is an observational study looking at 10 cases of BAV disease—
all discovered incidentally. These 10 cases were chosen as no other
diseases were present. no medication was used by any of the patients
and they were all asymptomatic.

The absence or presence of cakeification of the bicuspid aortic
valve was documented in each case and the plasma lipoprotein{a)
level was measured in each case.

The echocardiographic images of the 10 cases of BAV discase are
displayed as Figs, 1-10,

Of these 10 cases, 4 cleardy demonstrates calcification (Figs 2,4, 5
and 10).

Al of the cases without calcfication has normal plasima lipoprotem{a)
levels.

3 of the 4 cases with calcification has elevated plasma lipoprotein{a)
levels.

In this case series a male predomnance is seen which correlases wich
the current ligesature |12} The youngest patient with calcificaion is
38 years okd and the oklest patient without calafication 15 55 years old,

Sex Age Calcification Lipopreteinia)
LM 27 yeann No Normial
2 M B yeans Yes Bevated
I M 50 yeans Nu Nl
4 M 47 yean e Bevaed
5 F 54 yean Yeu Bevated
6 M A5 yours N Nl
M M yean No Nosrrmal
&M 55 yean No Nonual
a9 M 2 yean No Nomal
M L years Yes Normal
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Of note, the youngest with cakification had an elevated plasina
lipoprotein(a) level and the eldest without calcification had a normal
plasma level of lipoprotein{a ). This means that the calcfication of the
bicuspid aortic valve may not merely be a consequence of time.

A dear association between plasma lipoprotein(a) level and the
presence or absence of calafication of the bicuspid aoetic valve is seen in
this case series,

it is therefore postulated that the concept that the plasma
lipoprotein{a) level is a major role player of the calcification process

of the bicuspid sortic valve is worth exploring in a randomized
controlled trial looking at the long term effect of reducing the
plasma lipoprotein{a) level in patients with bicuspid aortc valve
disease,

This Is a small case series merely exploring a concept. This
observation needs to be repeated with a larger sample volume,

The long term clinical effects of reducing the plasma lpopro
rein(a) level in patients with bicuspid aortic valve disease needs to
be studied in a randomized controlled trial.

Fig A Calahication. Elevated plasna hpopeotemn| a)

1/0
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Increased serum level of CTRP1 is associated with low coronary
collateralization in stable angina patients with chronic total occlusion
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collaterad cwculatson
C1q TNF relaied prodesn
Chromic total ocdison
Lodotheliaf progreseor cell
Comnary artery disease

Development of collateral vessels is a physiological adaption to
severe coronary artery narrowing and /ot occlusion for myocardium
to circumvent ischemia [1.2], and contributes to better outcomes
after acute myocardial infarction [3.4], However, patients with
similar degrees of coronary artery obstruction may exhibit signifi-
cant variability of collaterals, The reasons for this heterogencity
remain largely unknown, Clq TNF related protein (CTRP) has been
shown to have diverse biological influences on cardiovascular
system [5-8], It remains unclear whether CTRPI and CTRP alfect
coronary collateral growth. In this study, we analyzed sesum levels of
CTRP1 and CTRP3 in patients with stable angina and angiographic
chronic total occlusion with high or low coronary collateralization,
categorized according to Rentrop score {9 Since endothelial
progenitor cells (EPCS) are responsible for endothelial recovery
after injury and angiogenesis in ischemia [ 10}, we also assessed the
effect of significant CTRP on anglogenic property of EPCs from
patients with multi-vessel coronary disease on matriged, Moreover,
the expression of vascular endothelizl growth factor (VEGF) and its
receptors [VEGFR1 and VEGIR2) were examined in these CTRP-
treared EPCs because they were cruclally involved in angiogenesis
|11z},

* Correposdente i 26, Wi, Departiment of Cantlinbgy, Second Houptad ABRared
10 the Secom! Mlilary Medod Universiy, 415 Fesgyang Road, Shanghss 200001,
Peophe's Republic of Owew, F + 86 21 63520020

** Comespondence to: WF Sher Department of Carthiology, R Jir Hospital, 197 Ris
Jin Rowd 11, Shanghas 200005 Prople's Republic of Chana, Fax: +85 21 64457177
£-mnl adderser: 2pau@medmalcomon (26 Wi, nshermwerdeng@ygmalcom
|W.F. Shem),

A total of 357 consecutive patients who had stable angina and at
least one fesion with 100% occlusion between Janwary 2010 and
September 2012 were screened. For the purpose of research, patients
with type I diabetes, chronic heart fadure, pulmonary heart disease.
malignant tumor or immune system disorders and those who had a
history of coronary artery bypass grafting or received percutineous
coronary (ntervention within prior 3 months were excluded. We also
excluded patients with Interminent claudication to avold the
influence of peripheral collateral arculation. The remaining 264
cligible patients with stable angina and chronic total coronary
occlusion [~ 3 months) were selected for analysis. The study protocol
was approved by the Hospital Erhics Committee and written
Iinformed consent was obtained from all patients. The authors of
this manuscript have certified that they comply with the Principles
of Ethical Publishing in the International Journal of Cardiology.

Coronary angigraphy was performed through femoral or radial
appmoach [13]. All angiograms were reviewed by two experienced
cardiologists blinded to study protocol and biochemical measure-
ments, and the presence/absence and extent of collatersls were
determined with Rentrop score [14-16).

Blood samples were collected on the day of anglography after
overnight fasting. Serum glucose, glycosylated hemoglobin (HbAC),
creatinine, uric acid, and lipid profile were measured with standard
laboratory techniques 117,18). Serum levels of CTRPI, CTRP3 and
high-sensitivity C-reactive protein (DsCRP) weére assayed using
ELISA kits.

Peripheral blood mononuctear cells from 26 patients with multi-
vessel disease were isolated by density gradient centrifigation and
plated on culture dishes at 37 °C in a 5% CO; humidified atmosphere,
Colonies of EPCs usually appeared between 10 and 20 days [19).
Based upon serum CTRP1 level detected in participants, EPCs were
treated with increasing concentrations of recombinant human
CTRP1 protein (0, 10, 100, 1000 ng/mL] for 72 h (Aviscerabloscience,
Santa Clara, CA, USA). These cells were then harvested and placed on
a 96-well glass slide pre-coated with matrigel (BD Bioscience, San
Jose, CA, USA) and stimulated with CTRPL Afterwards, plated EPCs
were grown in normal condition for 12 b, The angiogenic capacity of
EPCs was graded by the length of the cordlike structure and the
branch point number in randomly selected fields located within
5 mm of the center of the wells using NIH image program [20]. Two
investigators who were blinded to the protocol randomly examimed
the selected fields, EPCs were harvested after CTRP induction. and

1/4



Contants hats avadabie at S

IJC Heart & Vasculature

journal homepage: hitp:ii/w

glgeviar.com/i hanrt-and-vasculature

Correspondence

es of the venous
or vena cava of a 44 year old C
g history of intermittent edema

graphy im

Rare congenital anomaly of the inferior @w; Figs. 1 and
vena cava

¥k
male who presented with a lod

the lower ext

lower extremities, His dinical examination was perfectly nonmal, CT an

Congendtal anom of the infertor vena cava (IVC 2 well de glography of the lower extremities and IVC demonstrated patent pop

scribed phenomenc

2]. These anomalles indude complete absence, femoral and iliac veins with a completely absent IVC, Massively

e IVC 3], Such anamalies af the IVC

partial absence ar du ated ¢ visible with large, dilated azygos and

ahon o

Mi-AZYLEOS veins, gos vein drained inta the supe

are seen mote frequently in those with other co LM CAndiac AnaHm rvena

abes (0.6%-2%)14) cava, In addition the lumbar vedns were dilated with multiple collaterals

s and abdomen, He tested heterozygous for the L

This congentital condition can ed incidentally, or present in the pely

to symptoms of

e discov

ciated congenital heart dise asplenia, I ten mutation [RS06Q

1 Conger

naly of the IVC 1

lysplenia congenital kidney anomalies or deep venous thrombo

nbined abser

of the suprarenal and infrare

Y. 1. CT angiography % anence of the irfra- ane) segrarenad partions of the mfenIon vena Giva W s coileteral vt

teatieg alvience of the infra- aod suprasend porsons of the iforor vewa anva wih eTous

o JO15 The Asthor. Pubimhed by Elseviey bedand Lid Ths 0 an open access atiche under thy Y -NC-ND bersee [ iy 2 ommoenor g osoes by ocod A

175



L) Coren paodeniy

strated in this particular case) has been reportad in only elght cases {1),
Furthermore, whether the absence of &ll or only a segment of the IVC is
an embryonic anomaly or the result of perinatal thrombosis with re-
gression and subsequent disappearance of the affected segment & cur-
rently & controversial topic [ 5],

The clinical implications of this mteresting congenital anomaly in-
clude the following: 1) itcan lead o an erroneous diagnosis of deep ve-
nous thrombosis |6], 2) the azygous continuation may mimic a right
paravertebral or tracheobronchial tumour [6] and an accessory hemi-
azygos vein may mimic an enlarged aortic knuckie [6], 3) a fatzl out-
come after ligation of the azygos vein in an undiagnosed patient with
an absent IVC during surgery has been reported |7, and 4) congenital
absence of the IVC has been described to create difficulties for catheter
ablation of arrhythmias via the femoral vein approach {8]. It has been
recommended that all patients with an IVC anomaly be screened for a
thrombaphilic disorder; as in a series by Gayer et al. |2] 7 out of 9 pa-
tients with an IVC anomaly and deep venous thrombosis (OVT) had &
positive thrombophilic screen [2] Ruggeri et al. [9) also found that con-
genital absence of the IVC may be a potential independent risk factor for
DVT in the young |9},

In light of this the patient was started on Rivaroxaban [ Xarelto®)
10 mg daily,

Isolated absence of the IVC rarely ocours in isolation and s wsually
associated with other cardiac and/or visceral anomalies, such as
dextrocardia, polysplenia or makotation of abdominal viscera [6].

In summary, this particular case of congenital absence of IVC is
unique due to the Gt that no other cardiac and/or abdominal visceral
Anomalies are present. Furthermore, 3 combined absence of the supra-
and infrarenal portions of the IVC 5 present and as stated only eight
cases are found in the literature.
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Aortic diverticulae and transient cerebral ischemic attacks—Another
reason for aortic imaging in unexplained TIA?
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Tractitionally a transtent tschemic attack (TIA) was defined as 2 brief
episode of a neurologic debicit due to focal cerebral or retinal ischemia
which lasts Jess than 24 h| 1] However, Albers et al. | 2] defivered a com-
pelling argument for 4 redefinition of a TIA a3 “a brief episode of neuro-
logie dysfunction caused by focal brain or retinal ischemia, with clinical
symptoms typically lasting less than 1 h, and without evidence of acute
infarction”

It s imperative to exclude cardiac sources of emboli in the assess
ment of the patient with a TIA [3-6]. Such cardiac causes indude: atnal
fibrillation, the presence of prosthetic valves, native valve disease
(rheumatic and non-rheumatic), complicated mitral valve prolapse,
Interatrial septal aneurysms, Hipomatous atrial sepral hypertrophy, pat-
ent foramen ovale, mitral valvular strands, left atrial bands, mitral
annular calcification, dilated cardiomyopathy and akinetic/dyskineti
left ventricular segments with intraventricular clot formation, atrial
myxoma. papillary fibroelastoma of the aortic valve and aoetic plaques
|3-6}

Figs. | and 2 are CT aoctograms of a 38-year ald Caucasian woman
who presented with an episode of aphasia which resolved spontane-
ousty within 30 mm, The current transient episode of neurlogic dys-
function was the third one expenienced during the past two years.
The clinical examination was unremarkable with no abnormalities
found. The echocardiogram was perfectly normal and ultrasound ex-
amination of both carotid arteries was perfectly normal. All bio
chemical analyses were normal with normal blood glucose and
cholesteral levels, Hypothyrowdism was excluded. The CT aortogram
was then done to exclude possible atheromatous plagues in the aor-
tic arch, Instead an aoctic diverticula was found at the end of the arch
(seearrow in Figs 1 and 2, Clopsdogrel at a dose of 75 mg once daily
was prescribed and after 24 months of follow up no furthes TIA epi
sodes have occurred

E-mmi adddrese Jhor@wol oo

e detoeg 101010 | Dcard 2018
OIT-52710 2016 Ebsevees Ireland Lid. AR rgghis reserved

Diverticuiar outpouchings of the aortic arch are important to both ra-
diologists and dinicians as they may be canfused with anewrysms and
mediastinal masses [7], Three types of aortic diverticula can be found
{6}: 1) An aortic diverticulum in a left sided aortic arch with an aberrant
right subclavian artery. This anomaly presents as an outpouching at
the origin of the aberrant right subdavian artery and this is the dassical
“diverticulum of Kommerell” described in 1936 |7.8]. 2) An aortic
diverticulum in a right sided aortic arch with an aberrant keft subclavian
artery, This is sometimes incorrectly labeled as diverticulum of
Kommerell—a term which applies to a diverticulum at an aberrant
right subdavian artery in a left sided aortic arch |9, 3} An aortic divertic-
wlum at the aortoductal junction, This diverticulum presents as a bulge
along the inner aspect of the aortic isthmus distal to the subclavian artery
|7} This particular diverticelum repeesents 2 remnant of the infundibudar
part of the ductus arteriosus | 7], Thisis the diverticulum in this particuar
case (Figs. 1 axl 2),

In this partcudar case of recurrent TIAS in a young woman with no
other cause found, it is postulated thae the source of cerebral embok

g L.CT sormgram desvongraning ok diverscubon dizal wo the left siclavian anery
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HLA-B27-associated J-wave — A new variant of HLA-B27-associated cardiac disease?
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In 1973 the strong assoclation between the immunogenetic marker
HLA-827 and ankytosing spondylitis was described | 1 | The strength of
this assodation was unprecedented — HLA-B27 incurred a relative risk
of more than 104 for ankylesing spondylitis |2],

In 1997 Bergfeidr |2] noted the presence of a cardiae syndrome,
consisting of severe conduction system abnormalities plus aortic
regurgitation, assocated with HLA-B27 — present in 67% o 88% of
patients with both these cardiac findings. The strength of this
association led him to replace the concept of “cardiac complications
of HLA-B27" with the term “HLA-B27-assoclated cardiac disease”™ |2},
An increased incidence of arrhythmias was also noted.

In this study it was hypothesized that a high mcidence of
efectrocardiographic abnormalities will be present m patients with
the immunogenctic marker HLA-B27. In this retrospective analysis a
total of 62 patients with the immunagenetic marker HLA-B27 were
entified out of a total of 1500 patient files from a cardiac chinic.

Electrocardiographic abnormalities were present in 69% of these
patients, OF interest is that the most common electrocandiographic
abnormality in this group of patients was |-waves in the inferior
dectrocardiographic leads, present n 44% of these patients (see
Rg. 1),

Tikkanen et al. | 3] noted that an early repolarization pattern (-
wave ) in the inferior leads of the electrocardiogram is associated with
an ncreased risk of death from cardiac causes in middle aged subjects,

Kazmierczak et al. [4] recently published their study on the
maoidence of cardiac arrhythmias in 31 patients with ankylosing

T el + 2702 30007H; s + 27 12 343007
Eoanl adidress: jher@wol coza,

DIBT-5273'5 - see front matter € 2000 Elsevier Ireland Lud All nghts reserved,
ok 10 M1V} cand 20004078

Numbwe of putivats with HEA-B27:

2
i Thafitatiad 14 41 414
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spondylins and they found a high incidence [55%) of ventricular
extrasystoles.

This is the first observation of a high Incidence of inferior Jwaves - an
entity with a proven risk for cardiac death - in patients with the
Immunogenetic marker HLA-B27.

It is postulated that the same obliterative endarteritis and fibrosis
which are present in the tissues adjacent to afflicted joings [2] in these
patients, are also present in the myocardiom and are responsible for
the inferior J-waves,

The authors of this manuscript have certified that they comply
with the Principles of Ethical Publishing in the International journal of
Cardiology |5].
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HLA-B27 and an Electrocardiographic Peculiarity
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Abstract

I8 less than 30 ms.

Introduction: An increased cardiovascular mortality has been descrbed in palients with spandyloarthropathies
due to HLA-B27, Numerous cardiovascular afflictions are currertly known to be associated with HLA-B27. These
include aortic root dilation. acrtic regurgitation, mitral regurgitaion, myocarditis, heart faikire. pedcarditis, pericardial
eftison, atrioventricular conduction block and more recently, the presence of J.waves

Matarials and methods: 48 HLA-B27 pesitive patients (23 men and 25 women) were ncluded in this cbservational
stidy. A 1248ad elactrocardiogram and a signal-averaged electrocardiogram was recorded in every patient in crder to
detect any possible Jwaves and ventricular Gte potentials resp ectivedy,

Results: 27 oul of these 48 pabierts demonstrated a visble J-wave In the Inferciateral leads. I was revealed that
there is a likedhood ratio of 11.386 (p=0.00074) 1o demonsirate a vistle J-wave If the duration of low-amplitude signals

Conclusion: HLA-B27 postive patents has a high Incidence of inferolatersl cardiac Jwaves There is & high

probability of demonstrating such a Jwave on the 12-ead eecl di ifthe durab

is less than 30 ms. The possble mechansms of this *dmmdiowahlc paradox is discussed,

of ventriculas [ate potentiaks

Keywords: HLA. B27; Ventricular: Late potentials; | -wave

Introduction

In 1973 the strong association between the immunogenetic marker
HLA-B27 and ankylosing spondylitis was described [1,2]. More than
11 subtypes or polymorphisms of HLA-B27 have been described
since, each one varying in frequency in different ethnic groups, with
HLAB*2705 the so-called “parent” alkle, common in all racial groups
13).

It was subsequently realized that HLA-B27 is common 1o the
entire spectrum  of seronegative spondyloarthropathies, such as
ankylosing spondylitis.  Reiter's syndrome, psoratic spondylitis,
spondylitis in assockation with inflammatory bowel disease, juvenile
spondyloarthropathy, undifferentiated spondyloarthropathy and scute
anterior uveitis [2,3]. This spectrum can range from the majority of
Individuals who have no disease at all to iswlated skin, eye or joint
involvement 1o full-blown ankylosing spondylitis [3].

It has been reported that there s an increased cardiovascular
mortality in patients with spondyloarthropathies 4], In fact the first
reported case of cardiac involy in spondyloarthropathy already
appeared in 1936 5,6]. Aortic root lnvdvcmcm s cdlounloynphhﬂlly
detectable in 61 % of patients with ankylosing spondylitis [4,7.5]
presenting echocardiograpically as thickening of the posterior aortic
watll with occaslonal sortic root dilation [4,7.8]. Aortic regurgitation is
u known complication of FILA-B27 spondyloarthropathy as a result of
cusp thickening and aortic root dilation [4,9). A study by Rddnn e al
10 found mitral regurgtation in 30 % of 44 patients. The pi

of ankylosing spondylits and is regarded os the most common cardiac
complication [2,14]. It has been suggested that as many as 20 % of male
patients with permanent pacemakers may have an HLA-B27 related
disease as the underlying cause for the pacemaker [2,15,16],

An important feature of atrioventricular block in HLA-B27
positive patients is that there is a tendency for these blocks to occur
Intermittently and it has been stated that this feature supports the
notion that a reversible inflammatory process, rather than fibrosis s
the cause of the conduction blocks in these patients [2,17-19],

Ker [20] detected & high incdence of inferior [-waves on the
clectrocardiograms  of asymptomatic  HLA-B27-positive  patients.
Might this be evidence that HLA-BX7 positivity may be a risk factor
for sudden cardiac death as it has been reported that J-waves in the
inferior cectrocardlogruphic leads is associated with an Increased risk
of death [21].

Materials and Methods

48 HLA-B27-positive patients (23 men and 25 women) were
included in this study. All of these patients were chosen in o
retrospective manner from a cardiology practice. Only patients
where no comorbities were presemt were chosen for the study.
They all had o normal echocardiographic study, This was done 1o
exclude the possibility that any concomitant disease could affect the
clectrocardiogram. A 12-lead electrocardiogram was then recorded in

reason being basal thickening of the umcrlor mutral Ieaﬂct [4,10].
Another dassic echocardiographic feature is the so-called “subaortic
bump” hyperechoic thickening of the aortic-mitral junction [48,11].
Myocardial and pericurdial involvement in spondyloarthropathy s
u well described entity with myocarditis, heart failure, symptomatic
pericarditis and pericardial effusion known sequelae [24,12,13]. More
inleresting and much more common s involvement of the cardisc
conduction system in HLA-B27 positive patients [2.4], Atrioventricular
conduction blcks have been reparted since the 1940’ s asa complication
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LAS duration < 30 ms with Jwave  LAS duration > 30 ms with Jwave ’

fm 18 pv--tl . |
|LAS duration < 30 ms with Jwave  LAS duration > 30 ms with Jwave |
(absent:4 ! 17w |
Lixelhood ratio=11.356 |p=0 00074)

LAS denotes low amplibude signal

Table 1: Slectrocardographic characteristics

every patient and the presence of any | waves noted, Subsequently a
nignal-averaged electrocardiogram was recorded in every patient,

The abm of this observational study was 1o describe the signal-
averaged  electrocardiographic  features  in - HLA-B27  pasitive
patients and to detect any possible differences between the group of
HLA-B27 positive patients with and without J-waves on the 12-lead
electrocardiogram, 1t has been shown befare that a high prevalence of
inferolateral J-waves exist in HLA-B27 positive patients, but no there
is currently no data on the possibility of cardiac late potentials in this
patient population,

The author of this manuscript cectify that he complied with
the principles of ethical publishing in the International fournal of
Cardiology.

Results

Out of these 48 patients a total of 27 demonstrated a visible [-wave
on the 12-Jead electrocardiogram, All observed [-waves was seen in the
inferolateral keads (leads 1 11, aVF and V3-V6) (Fagure 1),

All of the signal-averaged electrocardiograms were within normal
hmits according to current published criterta. Howeser, when
scrutinizing both the 12Jead surface elecirocardiograms and the
signal-averaged electrocardlograms it was seen that almost all observed
J-waves occurred in the SAECG s of patients where the low-amplitude
signal (LAS) duration was less than 30 ms.

A two-by-two table was then used to calculate the Bkelihood ratio
10 observe Jowaves in cases where the LAS duration is less that 30 ms.

The two'bytwo table (Table 1) reveaked a likelibood ratio of
11,386 (p=0.00074) to demonstrate a visible |-wave on the 12-lead
electrocardiogram If the Jow-amplitude algnol {(LAS) duration is bess
that 30 ms on the signul-averaged electrocardiogram (SAECG),

Discussion

The |-point marks the end of the QRS complex and the |-wave
5 a low frequency deflection at the end of the QRS complex [22].
Currentlyt s not clear whether the J-wave represents ventricular
depolarization or early repolarization [22], However, for the clinician
it may become one of the most important electrocardiographic risk
markers for card ulir death: Habusaguerre [23] found a [-wave in
31 % of survivors from idiopathic ventricular fibeitlation versus only 3
% in control subjects { 22,23], Tikkanen [ 24] found a strong association
between an inferfor J-wave and rsk for cardiec death among 630
middle aged subjects. Recently, Sinner [25] published a prospective
study of 2063 subjects between the age of 35 and 74 vears. 1t was found
that the prevalence of o J-wave was 18,5 % and this was associated with
an increase in cardiovasculkar mortality [22,25),

Thus. according to available data the |-wave ks associated with &
dispersion of repolarization within the ventricular myocardium with
a subsequent rigk for cardiac arrhythmia [26]. A recent chasification
scheme for cardiac [-waves divides the electrocardiographic pattern

into four possible types [2627): Type 1 demonstrutes [-waves in
the Eateral precordial lesds, This pattern has a low level of risk for
arrhythmic events and is prevalent among healthy male athletes. Type
2 demonstrates J-waves in the inferior or inferolateral leads and Is
assoctated with a moderate level of risk. Type 3 demonstrates J-waves
gobally in the inferior, lateral and right precordial keads and <an be
associated with electrical storms, The fourth type represents Brugada
syndrome with |-waves limited to the right precoedial leads,

The observed |-waves in this of HLA-B27 positive
patients thus fits the criteria for type 2 (Figure 1), The Incidence
and electrocardiographic pattern of observed [-waves in this study
corresponds to that of o previous study in HLA-B27 positive patients
|20}, But, what might the undertying physiological reason be for these
type 2 ['wawes in HLA-B27 positive patients? Cardiomyopathy was
reported in patients with ankylosing spondylitis 31 years ago already
[28L In a series of studbes in such patients with cardiomyopathy, but
without sortic regurgitation or conduction abnormalities-other known
soquelae of HLA-B27-—early diastolic dysfunction was found [29,30]
with histological examination showing a mild and diffuse increase in
interstitial connective tissue [291 It was shown that the myocardium
an develop histopathological abnormalities in the small arteries-
an obliterative Intimal proliferution-this obliterative arteritis is also
found in the tissues adjacent to affected joints, the sinus node arery,
the atrioventricular nocdal artery and the vasa vasora of the proximal
aorta 2], It is thus suggested that the high incidence of J-waves in this
population is related to such histopathological abnormalities in the
myocardism of afilicted patients,

Signal d electrocardiography is designed o detect low
amplitude uguls in the terminal part of the QRS complex and early
ST segment by the elimination of nolce which contaminates the
surface electrocardiogram [31). The principal clinical indication for
this method Is for the detection of ventricular lote potentials [31].
Ventricular late potentials are microvokt signals that are part of the
terminal QRS complex and persist into the ST segment [31]. These
late potentials carrespond to areas of delayed ventricular activation
due to slowed conduction velocity [11]. On such a signal averaged
chectrocardiogram {SAECG) the so-called root-mean-square voltage
of the terminal at 40 ms (RMS40) represents the relative amphtude of
the late potential camponent and the low amplitude signal (LAS) is the
duration of the signal whose initial vakie Is less than 40 uV [32)

(Fagure 2) is the signal avernged electrocurdiogram of the
with the prominent inferolateral [-waves as seen in (Figure 1). On
the SAECG in this case (Flgure 2) the duration of the Jow amplitude
sigmal 15 16 ms. As shown by the two-by-two table the likdihood of
demuonstrating [-waves on the 12-lead ECG is 11,386 {p=0.00074) if the
low amplitude vignal duration 35 less than 30 ms.

Current opinion favours the concept that the J-wave i a marker of
carly repolarization |26] und that low amplitude signals (o ventriculer
late patentials) correspond to areas of delayed ventricular activation
{depolarization) [31]. It Is therefore physiologically plausible that
in cases where Jow amplitude signals has a low duration, that earlier
repolarization is possible and thus the higher probability of observing a
|-wave on the 12-lead ECG.

However, as both these entities (J-woves and late potentials) have
been shown 1o be electrocardiographic risk markers for archythimia, this
study raises the possibility that HLA-B27 positive patients displays a
double risk for arrhythmia-cither early repolarization or late potentials,

It s proposed that this qu merits an observational study of
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16 Bergleidt L (1683) HLA B27. d rh with severe cardiac

adequate size and duration 10 answer the specific question of wheth

the presence of HLA-B27 Ols a risk factor for death 1o due cardisc

arrhythmia,
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