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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. 
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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. 
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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  

ii) 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. 
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ii) 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.  
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v) Diverse group of anomalies 

Ten publications are presented in this section. 

i) It is described how a congenital diaphragmatic hernia may lead to left atrial 

compression and be the subsequent cause of postprandial syncope. 

ii) The peculiar appearance of a left ventricular false tendon between the two left 

ventricular papillary muscles is described. 

iii) It is described how congenital hepatic cysts may be the cause of a cardiac 

arrhythmia. 

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

cerebral embolism. 

v) It is described how hypothyroidism may be the cause of cardiac late 

potentials and thus be a risk factor for sudden cardiac death. 

vi) The importance of lipoprotein(a) levels in congenital bicuspid aortic valve 

anomalies are shown. 

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

viii) It is described how congenital aortic diverticulae may be the cause of cerebral 

emboli. 

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

cause electrocardiographic anomalies. 
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SECTION 1  

APICO-BASAL MUSCLE BUNDLES  

 

Declaration 

Seven publications are included. I 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.1 included the clinical information from this publication in their review and 

study of left ventricular false tendons in the paediatric population. 

Gilbert and Ionescu2  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 unique 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.3 of the 

echocardiographic characteristics of left ventricular false tendons in the Polish 

population and was cited by Sanchez et al.4  in their work on the association of false 

tendons with heart disease and innocent murmurs in children. 

Lange et al.5 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 5 . A description of the sounds made by such muscle bundles in 

the hearts of the young by Hussain et al.6  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.7  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 Danisman8 in their discussion of 

how such bundles may alter the echocardiogram of the fetal heart and was cited by 

Silbiger9 in a comprehensive overview of the presentation of left ventricular false 

tendons. 

Zinovyeva et al.10 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.11  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.5   
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Although they cited the second publication this article is of major relevance to their 

work. Lange et al.5 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 Ionescu2 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. i 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. I am the sole author of all these publications, except 

one. In the one publication where I am not the sole author, I 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, I 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.12  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.13 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.14  referred to this publication in their report and discussion of how solitary 

papillary muscle hypertrophy represents a unique 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.15  on isolated papillary 

muscle hypertrophy which describes the spectrum of clinical presentations of 

hypertrophic cardiomyopathy. 

Talbot et al.16  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.11 in 

the previous section on apico-basal muscle bundles—the concept of “implantation 
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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.17 cited this publication in their discussion on T wave inversion in young 

subjects and Patil et al.18 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.19 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.20 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.13 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.13 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 ii . Note that my 

article was published in 2009, the same year that Tikkanen et al ii 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 Uhm et al.13 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.21  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.22  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.14 . In this publication, 

Sung et al.14  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.13 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.23 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.24  
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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. I 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. I am the first author of all four 

publications. I am the sole author of the first publication. The other three publications 

were all my original research ideas and I 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.25 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.26 in their novel description of supraventricular arrhythmias as a complication of left 

ventricular noncompaction. 

Fazio et al.27 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.28 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.29 in their book on cardiovascular MRI 

in practice. 

The paper had a significant impact on the work of Jaramillo et al.30 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.31 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.32  in their 

discussion on unresolved issues and the entity of left ventricular 

hypertrabeculation/non-compaction, Mayosi 33  in his discussion of cardiomyopathies in 

Africa, Baquero et al.34 in their publication which adds further evidence to the fact that 

this entity is a cause of stroke in the young, Sliwa et al.35 in their publication on the 

epidemiology of cardiomyopathy in Africa and Kulhari et el.36 who discussed the risk for 

stroke in left ventricular noncompaction. 

My publication had an impact on the work of Myasnikov et al.37  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. I 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.38  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.39  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.40  

referred to the paper in their discussion on diagnostic and therapeutic issues in left 

ventricular noncompaction. 

Finsterer et al.41  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.42 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. 

Stöllberger et al.43  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.44 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. Stöllberger et al.45  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.46  cited my 

work in their publication on the computed tomographic appearance of familial 

noncompaction. Stöllberger and Finsterer47 referred to the work in their review of 

unsolved issues in left ventricular hypertrabeculation/noncompaction and Finsterer et 

al.48  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. I predict that this 

will be widely researched and explained in the ensuing years. 
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SECTION 4 

CONGENITAL ANOMALIES OF THE LEFT ATRIUM AND INTERATRIAL SEPTUM 

 

Declaration 

Seven publications are included in this section. I 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.49 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.50 

and Jha et al.51  

 

Following the publication by Siniorakis et al.49 I 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.52 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.53  
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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. I am the sole author in all these 

publications, except publication twenty seven. In this publication, I made the diagnosis 

and I 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 Lang54  referred to this paper in their work on 

masses impinging on the left atrium and also the fact that Khouzam et al.55 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.56 , Kocatürk et al.57 , Maheshwari et al.58 

and Chang et al59 . 
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The publication had an impact on the work of Dencker at al.60 on the use of echo 

contrast and was cited by Goyal et al.61 and Ono et al.62 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.3 and Silbiger et al.9 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. 

63 referred to this work in their book on simple hepatic cysts and polycystic liver disease 

and by Zippi et al.64  and Shi et al.65  in their work on the effects of hepatic cysts. 

Panchal et al.66 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.67 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.68 referred to the publication in their review on the effects of 

thyroid disorders on the heart and Chatzitomaris et al.69 cited the paper in their 

description of the cardiovascular effects of myxedema. 
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The publication was cited by Araque et al.70 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.71  and was referred to by Mozos et al.72 in their work on the signal-averaged 

electrocardiogram. Wisniowska et al.73 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.74 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 valves74 . 

 

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 I 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. I demonstrated the appearance of isolated papillary muscle 

hypertrophy as a variant of hypertrophic cardiomyopathy, I published a peculiar 

electrocardiographic pattern of abnormalities unique to this condition. I have published 

various congenital anomalies of the papillary muscles and it was subsequently shown 

how such anomalies may cause intraventricular pressure gradients. I 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. I have shown how an interatrial septal aneurysm may be 

utilized to diagnose pulmonary hypertension, I have raised some yet unanswered 
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questions 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. 

I 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. 

I 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 
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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 affliction—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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