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Preface

There are many good books on case-based cardiovascular disorders but what distin-
guishes case-based clinical cardiology from the rest is a strong emphasis on its 
practical points. All the chapters deal with a specific group of cardiovascular prob-
lem and several diagnostic tools. The particular problem depends on the clinical 
presentation, and once a diagnosis is made, there will be an issue of determining 
different aspects of the disorder by different diagnostic tools and respective practi-
cal points. Almost all of the figures are not simply a single good illustration, but 
rather they are a sequence of images prepared and gathered from our patients with 
the problem being demonstrated showing the necessary features for the diagnosis 
and its severity and how to manage it.

The target group of this book is both those who are new to the field of cardiology 
and those who are experienced in different areas of this field. This is not intended to 
be a textbook, but it is a practical guide to all medical students, cardiology residents, 
and fellows in different aspects of cardiology such as electrocardiography, echocar-
diography, electrophysiology, interventional cardiology, congenital heart diseases, 
peripheral disease, and even experienced cardiologists and cardiac surgeons.

Any work has a number of contributors both direct and indirect. Most of the images 
used in this book were collected by the authors of different chapters to whom we owe 
a great debt. Expert secretarial help was provided by Sara Tayebi and Arefeh Ghorbani.

Our thanks go to all our families and children who understand the importance of 
the time spent for preparing and writing this book.
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Chapter 1
Electrocardiography Cases

Majid Maleki

Abstract The electrocardiogram (ECG) is one of the most important and one or 
first tool for diagnosis and management of cardiovascular and sometimes systemic 
disorders.

Abbreviations

BAA Biatrial abnormality
Bpm Beat per minute
DOE Dyspnea on exertion
Dx Diagnosis
LAA Left atrial abnormality
LAD Left axis deviation
LVH Left ventricular hypertrophy
MI Myocardial infarction
NPJT Non-paroxysmal junctional tachycardia
NSR Normal sinus rhythm
PRWP Poor R wave progression
RAA Right atrial abnormality
RVH Right ventricular hypertrophy

M. Maleki (*) 
Rajaie Cardiovascular Medical and Research Center, Iran University of Medical Sciences, 
Tehran, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4471-7496-7_1&domain=pdf
https://doi.org/10.1007/978-1-4471-7496-7_1#DOI


2

 Introduction

The electrocardiogram (ECG) is one of the most important and one or first tool for 
diagnosis and management of cardiovascular and sometimes systemic disorders.

Also, it can help to diagnose some abnormalities such as electrolyte abnormali-
ties thyroid disease, hypothermia, drug effects, and systemic disease effects on 
the heart.

Our goal in this chapter is just focusing on ECG interpretation in both simple and 
complex cases with some comments on final diagnosis and if necessary differential 
diagnosis.

Electrocardiography has its greatest role in diagnosis, treatment, and follow-up 
the cardiac and noncardiac patients. Not only the diagnosis of abnormality is essen-
tial but it is also important to know that ECG may mimic heart disease falsely and 
can lead to unnecessary medical actions. The presentation and form of this chapter 
are directed primarily at the clinicians such as cardiologist, internist, and different 
cardiology fellows in echocardiography, electrophysiology, interventional cardiol-
ogy, and so on.

The text consists of the case summary, illustrative case studies, interpretation of 
electrocardiogram, and some important point as a take-home massage.

This chapter is not a detailed presentation of the electrocardiographic manifesta-
tion and mechanism of the various ECG abnormalities. But it is intended to be 
familiar with common ECG abnormalities and their clinical points.

The chapter is rather aimed to be familiar with the genesis, and clinical signifi-
cance of certain comment electrocardiographic and arrhythmia with focusing on 
their diagnosis and management.

In summary, the analysis of abnormal rhythm includes three basic steps:

 1. Identification and analysis of P wave in ECG
 2. Finding out the P.QRS relation
 3. The QRS complex analysis

If a bipolar chest leads is used for heart rhythm monitoring, then the modified 
CL1 (MCL1) lead is a more useful MCL1 lead that has the advantages of not inter-
fering with cardiac physical examination and probable administration of precordial 
electric shock.

M. Maleki
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 Case 1

Thirty years old man with a history of mitral stenosis

 

• ECG: atrial flutter with 4:1 conduction
• LAD
• Atrial rate: 300 bpm
• Ventricular rate: 75 bpm
• PRwp
• Diagnosis: atrial flutter with 4:1 conduction

1 Electrocardiography Cases
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 Case 2

Thirty years old man with history of frequent palpitation

 

• ECG: NSR
• Normal axis
• 90 bpm
• Short PR interval
• Delta wave presence
• Secondary ST T changes
• Diagnosis: pre-excitation syndrome with accessory pathway probably from RV 

free wall [1]

M. Maleki
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 Case 3

Thirty-five years old man with history of dilated cardiomyopathy since 1 
year age

 

• ECG: NSR
• LAD
• Variable rate between 75 and 77
• Occasional PVC
• Rate-dependent LBBB with fusion beat
• Dx: occasional PVC with tachycardia dependent LBBB pattern [1]

1 Electrocardiography Cases
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 Case 4

Twenty-five years healthy man with atypical chest pain

 

• ECG: Sinus bradycardia
• Normal axis
• Concave st elevation in inferolateral leads
• Dx: early repolarization [2]

M. Maleki
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 Case 5

Seventy years old man with vertigo since 1 month age

 

• ECG: Sinus rhythm
• Atrial rate 90 bpm
• Ventricular rate 43 bpm
• AV dissociation
• Dx: complete heart block

1 Electrocardiography Cases
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 Case 6

Sixteen years old girl with clubbing fingers since birth.

 

• ECG: NSR.
• HR 80 bpm.
• LAD.
• RAA.
• LVH.
• Dx: NSR, RAA, LVH.
• NOTE: LVH and RAA in a young cyanotic patient are strongly suggestive of 

Tricuspid Atresia [2].

M. Maleki
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 Case 7

Thirty years old man with history of frequent palpitation since many years ago

 

• ECG: NSR
• LAD
• 75 bpm
• Short PR interval
• Delta wave
• Dx: pre-excitation syndrome with accessory pathway originated from mid-

septal [3]

1 Electrocardiography Cases
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 Case 8

Fifty years old man with history of valvular heart disease

 

• ECG: NSR
• Normal axis
• 75 bpm
• LBBB pattern with secondary st. T changes occasional PAC.

M. Maleki
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 Case 9

Sixty years old man with history of valvular heart disease.

 

• ECG.
• AF with rapid ventricular response.
• LAD.
• Long pause, short pause with RBBB pattern (Ashman phenomenon).
• Dx: AF, LBBB pattern, with Ashman phenomenon.
• NOTE: sometimes it is difficult to distinguish PVC with RBBB pattern from 

aberrancy (Ashman phenomenon) in atrial fibrillation with rapid ventricular 
response. PVC usually has its coupling interval and compensatory and Ashman 
phenomenon is distinguished in AF with preceding long pause short pause with 
RBBB pattern [2].

1 Electrocardiography Cases
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 Case 10

Sixty years old man with history of CABGS 1 week ago.

 

• ECG: Lead II.
• Sinus rhythm.
• PVC (second beat in the first row).
• Fusion beat (sixth beat in the first row).
• Short run of ventricular tachycardia with concealed conduction to AV node and 

subsequent prolonged PR interval after VT [3].

M. Maleki
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 Case 11

Thirty-eight years old lady with history of Rheumatic heart disease.

 

• ECG: Sinus rhythm.
• PVC with compensatory pause junctional escape beat after PVC.
• NOTE: sinus node in patient with sick sinus syndrome may not recover after a 

compensatory pause with pvc and unusual recovery of the sinus node is sugges-
tive of sinus node disease.

1 Electrocardiography Cases
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 Case 12

Sixteen years old asymptomatic boy with III/VI murmur at lower left sternal 
border and sail sound due to Ebstein anomaly.

 

• ECG.
• NSR.
• RAD.
• HR: 100/min.
• RAA.
• RBBB, rsr’.
• Fragmented QRS in V.
• Note: This ECG pattern and Fragmented QRS may be due to atrialization of 

parts of the right ventricle. Fragmented QRS in right precordial leads may be due 
to abnormal depolarization of residual right ventricle [2].

M. Maleki
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 Case 13

Thirty years old man with chest pain aggravation by respiration since 1 week 
ago. He had history of influenza 20 weeks ago.

 

• ECG.
• NSR.
• HR: 80/min.
• LAD.
• ST. elevation in all leads except AVR and V1.
• ST Depression in AVR and V1.
• Note concave st. Elevation in all except AVR and V1 which in characteristics for 

pericarditis [2].

1 Electrocardiography Cases
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 Case 14

Twenty-three years old man with history of frequent palpitation

 

• ECG: NSR
• 75/min
• LAD
• Short PR
• Delta wave
• Tall R in V1-V2
• Diagnosis pre-excitation syndrome (WPV)

M. Maleki
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 Case 15

Fifty years old man with history of myocardial infarction and congestive heart 
failure. Echocardiography showed enlarged cardiac chambers and reduced 
Ejection fraction.

 

• ECG: Narrow QRS regular rhythm.
• 75/min.
• Q wave in II, III, AVF.
• ST.t change in, AVL, v4-v6.
• QS pattern in precordial leads with inverted T wave in v4-v6.
• Atrial rate 300/min.
• Ventricular rate 75/min.
• Diagnosis, Atrial flutter with 4:1 conduction, old inferior myocardial infarc-

tion [4].

1 Electrocardiography Cases
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 Case 16

Twenty years old cyanotic man with dyspnea on exertion (Fc, II, III) since 
childhood.

 

• ECG.
• NSR.
• HR: 100/min.
• LAD.
• RAA.
• High voltage QRS in the precordial lead.
• Diagnosis, RAA, LVH most probably due to Tricuspid Atresia.
• Sometimes thin pattern is seen in a single ventricle too [2].

M. Maleki
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 Case 17

Seventy years old woman with vertigo since last week.

 

• ECG: Atrial rate 75/min.
• Ventricular rate 48/min.
• AV Dissociation.
• Complete heart block.
• Note: complete heart block usually is Av dissociation too but AV dissociation in 

not always complete heart block such as ventricular tachycardia.

1 Electrocardiography Cases
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 Case 18

Forty-five years old man with history of dyslipidemia and heavy smoking has 
been referred to ER due to severe chest pain.

 

• ECG: sinus Rhythm.
• 115/min.
• St-Segment elevation in inferior leads (II > III and posterior leads).
• Prominent R wave in v1.
• ST depression and T wave inversion in V2-V4.
• ST-segment depression in V4R.
• Diagnosis: acute inferior posterior STEMI most probably due to LCX occlu-

sion [1].

M. Maleki
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 Case 19

Forty years old man with typical chest pain and sweating since 1 day ago.

 

• ECG: sinus Rhythm.
• Q waves in inferior leads.
• ST. elevation in leads II, III, AVF.
• Progressive prolongation of PR interval.
• Diagnosis: type I second-degree AV block (Mobitz type I) due to inferior ST 

elevation myocardial infarction (STEMI) [5].

1 Electrocardiography Cases
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 Case 20

Fifty years old man with typical chest pain, nausea, vomiting, and vertigo.

 

• ECG: Atrial rate 100/min.
• Ventricular rate 40/min.
• AV dissociation (No relation between atrial and ventricular complexes).
• Q wave and ST elevation in inferior leads.
• Diagnosis: complete AV nodal block due to inferior ST elevation MI [5].
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 Case 21

Twenty years old unconscious man who has been admitted to the ER he had 
history of severe weight reduction in recent month. (lead v1).

 

• ECG: Sinus rhythm.
• High degree Av block. Occasional sinus capture beat and PVC.
• QRS rotation about the baseline.
• DX: Episode of torsade de pointe.
• Most probably due to prolonged QT secondary to weight reduction and may be 

hypokalemia [6].
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 Case 22

Fifteen years old asymptomatic boy with incidental ECG finding.

 

• ECG: sinus rhythm.
• PR interval progressively lengthen (first and second p wave) before the dropped 

beat (third p wave).
• R-R interval shortening suggestive of second-degree type 1 Av block (Mobitz 

type I).
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 Case 23

Twenty years old apparently healthy woman with history of frequent palpita-
tion since last year.

a

b  

• ECG A: narrow QRS tachycardia.
• HR: 160/min.
• Normal axis.
• 1:1 Av association.
• DX: Atrial tachycardia with one to one atrioventricular conduction.
• ECG B: after rate control.
• Irregular narrow QRS tachycardia.
• With varied Av conduction and Ashman phenomenon before the last beat.
• Note: Ashman phenomenon usually is seen in AF with rapid ventricular response. 

According to the electrophysiology role, the longer the cycle, the longer the 
refractory period and vice versa so after a long pause preceding a beat if there is 
a short cycle beat it shows RBBB pattern. This is because usually, the right bun-
dle has a longer refractory period than the left bundle branch [3].

1 Electrocardiography Cases



26

 Case 24

Twenty years old man with dyspnea on exertion (Fc, II), fixed splitted second 
heart sound and II/VI ejection systolic murmur in left sternal border.

 

• ECG: NSR 100/min.
• Normal axis.
• Terminal r delay in D1.
• rSr’ pattern in lead v1.
• s wave in lead I>/40 ms wide, and late intrinsicoid (prolonged time to peak r’ 

wave in v1 is indicative of RBBB in v1).
• Diagnosis: Right bundle branch block most probably due to atrial septal defect 

secundum [1].

M. Maleki



27

 Case 25

Thirty-five years old lady with history of rheumatic fever and severe mitral 
stenosis since many years ago.

 

• ECG.
• HR: 55 min.
• Normal axin.
• Negative flutter wave in inferior lead and upright in v1.
• Counter clockwise atrial flutter with varied AV conduction.
• Dx: atrial flutter with slow ventricular response [4].
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 Case 26

Thirty years old pregnant woman who has been admitted due to severe dys-
pnea since one night before.

 

• ECG: NSR, 70/min.
• S1 Q3 T3 pattern, RAD.
• T wave inversion in v1-v4 suggesting RV overload, incomplete RBBB.
• Dx: ECG pattern compatible with submissive pulmonary embolism considering 

patient history [7].
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 Case 27

Forty years old asymptomatic man with history of longstanding hypertension.

 

• ECG.
• NSR, 75/min.
• LAD.
• Broad R wave in leads I, AVL, V5, and V6.
• Absent initial r wave in v1.
• Absent septal q wave in lead I, V5, and V6.
• Dx: complete left bundle branch block (LBBB) [3].
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 Case 28

Thirty years old woman with history of Rheumatic fever (RF (who has been 
referred due to DOE (FC II) and palpitation since 1-year ago.

 

• ECG: NSR, 80/min.
• Prolonged P wave duration in lead II.
• Increased duration and depth of terminal negative portion of P wave in lead V1.
• LAA, RAD, incomplete RBBB.
• DX: NSR, LAA, RVH, RBBB most probably due to mitral stenosis [1].
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 Case 29

Twenty-five years old woman with history of RF in childhood. Physical exam 
showed diastolic rumble accentuated first heart sound (S1) and systolic mur-
mur with inspiratory accentuation in the left sternal border.

 

• ECG: Sinus Rhythm.
• HR, 140/min.
• RAD, tall P in lead II.
• Abnormal large terminal negative component of the P wave in V1 peaked P in II.
• DX: BAA, RAD, RVH probably due to mitral stenosis and tricuspid regurgita-

tion [2].
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 Case 30

Thirty-five years old man with atypical chest pain with a diagnosis of extensive 
Ischemia and probable old myocardial infraction.

 

• ECG: NSR.
• Normal axis.
• HR: 90/min.
• Prominent downward ST-segment depression. Deep asymmetrical T wave inver-

sion in precordial leads.
• DX: LVH most probably due to apical hypertrophic cardiomyopathy (HCM) 

(Yamaguchi Syndrome).
• Note: The echocardiogram confirmed the diagnosis and angiography showed 

normal coronary arteries [5].
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 Case 31

Twenty-five years old man with atypical chest pain.

a

b  

• ECG: Incorrect placement of limb leads (right and left arm reversal) in Figure A 
and the correct of the leads in a healthy individual in Figure B. Note to inversion 
in lead I, marked right axis deviation, reversal of leads II and III, reversal of leads 
aVR and aVL, and unchanged leads aVF and pericardial (A) as compared to 
normal ECG (B) [8].
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 Case 32

Forty years old obese woman who has been referred for a routine checkup.

a

b  

• ECG: Incorrect placement of limb leads (left arm and left leg reversal) in Figure 
A and the correct of the leads in a healthy individual in Figure B. Note to reversal 
of leads I and II, reversal of leads aVL and aVF, inversion of lead III, and 
unchanged leads aVR and pericordial (A) compared to normal ECG (B) [9]
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 Case 33

Eighteen years asymptomatic old boy who has been referred for evaluation of 
cardiovascular system due to ECG misdiagnosis.

a

b  

• ECG: Incorrect placement of limb leads (right arm and left leg reversal) in Figure 
A and the correct of the leads in a healthy individual in Figure B. Note to inver-
sion of leads I, II, and III, reversal of leads I and III, reversal of leads aVR and 
aVF, and unchanged leads aVL and pericordial (A) compared to normal ECG 
(B) [8].
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 Case 34

Thirty-five years old man with atypical chest pain who has been diagnosis old 
lateral wall myocardial infarction by general practitioner.

a

b  

• ECG: Incorrect placement of limb leads (right arm and right leg reversal) in 
Figure A and the correct of the leads in a healthy individual in Figure B. Note to 
diminished signal (zero potential) in lead II, lead I that inverted lead III, leads 
aVR and aVF identical, lead aVL that approximates an inverted lead III, and 
unchanged precordial.

• leads (A) compared to normal ECG (B) [9].
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 Case 35

Thirty years old man with chest pain and misdiagnosis of inferior wall myocar-
dial infarction by an intern in general hospital.

a

b  

• ECG: Incorrect placement of limb leads (bilateral arm-leg reversal) in Figure A 
and the correct of the leads in a healthy individual in Figure B. Note to dimin-
ished signal (zero potential) in lead I, inversion of leads III, leads aVR and aVL 
that become identical, lead II and aVF that becomes approximately an inverted 
lead III, and unchanged precordial leads (A) compared to normal ECG (B) [9].
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 Case 36

Twenty years asymptomatic old boy with incidental finding in ECG.

a

b  

• ECG: Incorrect placement of limb leads (left arm and right leg reversal) in Figure 
A and the correct of the leads in a healthy individual in Figure B. Note to lead I 
that becomes identical to lead II, diminished signal (zero potential) in lead III, 
lead aVR that approximates to an inverted lead II, leads aVL and aVF that 
become identical, unchanged leads II and pericordial (A) compared to normal 
ECG (B) [8].
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 Case 37

Forty-five years old man with history of heavy smoking since 20 year ago. He 
has been referred due to Doe (Fc, II) with cough and sputum since 6 month ago.

 

• ECG: NSR
• HR: 130/min
• Axis: RAD, large P wave in lead II and prominent initial positivity in V1 (p pul-

monale) suggestive right atrial abnormality.
• Dominate R wave in V1 (7 mm tall and R/S in V1>1), dominant S more than r in 

V6. Reversal of normal R wore progression in precordial leads.
• Dx: RAA, RVH most probably due to cor pulmontal [10].
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 Case 38

Thirty-year-old woman with history of mitral stenosis and palpitation.

 

A counterclockwise atrial flutter. Note that the flutter waves are negative in infe-
rior leads and upright in V1. The atrial rate is 300 beats/min and the ventricular rate 
is 150 beats/min (two-to-one AV conduction).
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 Case 39

Thirty-five years old man with history of rheumatic heart disease and frequent 
palpitation since a few months ago.

 

A clockwise atrial flutter with varied AV conduction. Note that the flutter waves 
are positive in inferior leads and negative in V1 [1].
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 Case 40

Forty years old lady with history of DOE (Fc: IIII) Since many years ago. She 
had recently atrioventricular septal defeat repair.

 

• ECG: wide QRS (RBBB pattern) with 85 bpm.
• Visible inverted P wave in leads II and III.
• Left axis deviation.
• Terminal S in DI rsr’ in V1.
• Diagnosis: RBBB, LAHB, non-paroxysmal junctional tachycardia.
• Note: RBBB plus LAD in most often seen in endocardial cushion defect. NPJT 

in common after mitral valve repair or replacement, myocarditis, inferior MI.
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 Case 41

Eighteen years old girl with history of anorexia and vomiting.

 

• ECG: Sinus bradycardia.
• 55 bpm.
• Normal axis.
• Small or T wave.
• Long QT.
• Note: Bulimia, vomiting, and hypokalemia in a young girl can cause Long QT 

interval and probably torsade de pointes [6].
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 Case 42

Fifty years old man with history of palpitation and DOE (Fc, II) Since 1 year 
ago. Echocardiogram in compatible with dilated cardiomyopathy.

 

• ECG: AF with rapid ventricular response.
• Absence of Q wave in I, AVL, V4-v6.
• LBBB pattern.
• Occasional PVC.
• Note: Although there is long cycle, short cycle in V1 and wide QRS with RBBB 

pattern but in fact it is PVC because of already LBBB and wide QRS with com-
pensatory pause. it is not Ashman phenomenon.
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Abstract Mid-ventricular hypertrophic obstructive cardiomyopathy is a rare type 
of hypertrophic cardiomyopathy that can be accompanied by an apical aneurysm.

Left heart catheterization and continuous-wave Doppler echocardiography 
revealed a pressure gradient between the apical and basal chambers of the left ven-
tricle in concomitant with other important and prognostic echocardiographic 
findings.

Hypertrophic cardiomyopathy (HCM) is a genetic cardiac disorder characterized by 
marked variability in morphological appearance and natural history. The hypertro-
phic myocardium is frequently confined to the septum or lateral wall of the left 
ventricle (LV), however, it can also be encountered in the middle or apical regions 
of the LV myocardium [1–3].

 Case Presentation

A 34-year-old woman presented with a history of chest pain and also shortness of 
breath producing important limitations on her daily activities. She had no history of 
hypertension, diabetes, and coronary artery disease. Her physical exam was 
unremarkable.

Transthoracic echocardiography (TTE) revealed normal systolic function and 
significant concentric LV hypertrophy that was greater in the mid-LV cavity region. 
There was high LV end-diastolic pressure; normal right ventricle function and nor-
mal pulmonary artery pressure (Fig. 2.1).

Our patient had persistent symptoms despite receiving optimized medical man-
agement, and a surgical approach was indicated for her. Coronary CT-angiography 
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was normal; Precise myectomy surgery was done with preservation of papillary 
muscles and fortunately, no complications occurred after surgery, and her symp-
toms resolved completely.

In the follow-up beyond 1 month, the patient’s NYHA class improved from III to 
I. Additionally, the medication being used was meaningfully reduced postopera-
tively. New TTE was performed after the surgery, and it confirmed the disappear-
ance of the mid-ventricular pressure gradient.

a b

c d

Fig. 2.1 (a) Mid-LV cavity hypertrophy, (b) Turbulent flow in mid-LV cavity in apical 3-chamber 
view, (c) LV short-axis view with significant hypertrophy, (d) High Doppler Flow gradient in mid-
 LV cavity
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 Discussion

It might involve principally the proximal septum, or there can be diffuse LV hyper-
trophy. However, there are other forms, such as mid-ventricular and also apical 
hypertrophy. In the mid-LV cavity HCM pattern, there may be an intraventricular 
pressure gradient that creates an obstruction at the level of the papillary muscles, 
which may lead to apical myocardial infarction and an apical aneurysm. Mid- 
ventricular obstruction is defined as a ventricular gradient ≥30  mm  Hg [1, 4] 
(Fig. 2.2).

Patients with mid-ventricular HCM are more symptomatic than HCM patients 
without obstruction or LV outflow tract obstruction. Moreover, the incidence of sud-
den death and arrhythmic events is relatively high in this pattern of HCM [3, 4]. 
Minami and colleagues, by using multivariate models, demonstrated that mid- 
ventricular obstruction is an independent determinant of HCM-related cardiac 
death [1, 5].

Fig. 2.2 Mid-LV cavity 
obstruction, apical 
four-chamber view, 
(white arrow)
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The pharmacologic management of HCM, specially in obstructive variants, is 
based on β blockers, calcium-channel blockers, and disopyramide. This treatment is 
effective in many patients, however, those with mid-ventricular hypertrophy have 
worse results in terms of symptom relief. In these patients, the standard treatment is 
surgical resection of the hypertrophied portion of the ventricle or even cardiac trans-
plantation [3–5].

 Conclusion

Our patient had a mid-ventricular HCM with symptoms refractory to a optimize 
medical therapy. In addition, the patient’s hypertrophy obstructed the cavity and 
created a significant intraventricular gradient. After consultation with the heart 
team, the surgical approach was chosen for her.

The procedure was performed without complications, and no damage in the 
mitral valve apparatus or disturbance in the left bundle branch was found too.
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Abstract The diagnosis of constrictive pericarditis requires a high degree of clini-
cal suspicion, for the signs and symptoms of this disease can be falsely attributed to 
other causes. Herein, we present A 67 year old woman, known case of breast cancer 
from 17 years ago, whose symptoms of right heart failure were initially attributed to 
cardio-toxicity due to chemotherapy.

 Case Presentation

Herein, we present a 67-year-old woman, known case of breast cancer from 17 
years ago, treated by surgery in 1381/8 and followed by 7 courses of chemotherapy 
and 27 courses of radiotherapy until 1382/2, after that she was followed by her 
oncologist.

She demonstrated dyspnea on exertion FCII from 2 years ago and orthopnea and 
abdominal distention from 4 months ago and was admitted to another center with 
impression of decompensating heart failure with a left ventricular ejection frac-
tion of 30%.

She was discharged. One month later he presented with worsening breathless-
ness and ascites. Echocardiography, in our center revealed the diagnosis of constric-
tive pericarditis (CP) and CMR confirmed that. She underwent near-complete 
pericardiectomy and has made a good recovery. This case exemplifies the difficulty 
in diagnosing this condition, the investigation by echocardiography, and the benefit 
of surgery.
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 Clinical and Echocardiographic Findings and Discussion

CP or Restrictive Cardiomyopathy (RCM) should be considered in any patient with 
the disproportional degree of right-sided HF with NL systolic and valve function. 
With a history of prior surgery, pericarditis, and radiation CP is more likely. 
Pericardial calcification seen on chest radiography is helpful but occurs in only 23% 
of patients and should raise the suspicion of TB pericarditis. Calcification per se is 
not diagnostic for CP.

The clinical and hemodynamic profiles of restriction (myocardial diastolic heart 
failure) and constriction (pericardial diastolic heart failure) are similar, although 
their pathophysiologic mechanisms are distinctly different.

Both are caused by limited or restricted diastolic filling, with relatively preserved 
global systolic function (Fig. 3.1).

Currently, the most common cause of constriction is previous cardiac surgery, 
followed by pericarditis, an episode of pericardial effusion, and radiotherapy. In the 
developed world the cause is most commonly idiopathic, postsurgical, or radia-
tion injury.

In CP, diastolic dysfunction is related to a thickened or noncompliant pericar-
dium, but Diastolic dysfunction in RCM or myocardial disease is the result of a stiff 
and noncompliant ventricular Myocardium, frequently RCM resulting from infiltra-
tive cardiomyopathy is the easiest abnormality to diagnose typical 2D and biochem-
ical features. A non-infiltrative type of RCM is more difficult to diagnose.

In CP Thickened, inflamed, adherent, or calcific pericardium forms a rigid shell 
that limits diastolic filling of the heart, in up to 20% of patients. The pericardial 
thickness is relatively normal but adherent to the epicardium pericardial thickness 
may be normal.

Atrial enlargement is less prominent in CP than in restrictive cardiomyopathy, 
but it can be as large.

To establish the diagnosis of CP, the following two hemodynamic characteristics 
need to be demonstrated either with 2D or Doppler echocardiography or with car-
diac catheterization:

 1. Disassociation between intrathoracic and intracardiac pressures and
 2. Exaggerated ventricular interdependence

 2D Echocardiographic Features of CP

• Thickened pericardium
• Abnormal ventricular septal motion
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Fig. 3.1 Upper: Myocardial diastolic heart failure due to RCM. Lower: Pericardial diastolic heart 
failure due to CP and thickened pericardium
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Fig. 3.2 Thickened 
pericardium in M-Mode 
Echocardiography 
(white arrow)

• Respiratory variation in ventricular size
• Dilated hepatic vein and inferior vena cava

But these findings are not sensitive or specific

 M-Mode Echocardiographic Features of CP

• Flattening of the LV posterior wall during diastole and thickening (Fig. 3.2).
• Abrupt displacement of the IVS during early diastole (Septal bounce) 

Fig. 3.3, Upper.
• Septal motion reflects the competitive filling of the two ventricles Fig. 3.3, lower 

with constriction ventricles that may fill in an alternate fashion and produce a wavy 
pattern of diastolic septal motion.

• Premature pulmonic valve opening due to elevated RVEDP

Normally, with inspiration, intrathoracic pressure falls (normally 3–5 mm Hg) 
and the pressure in other intrathoracic structures (PVs, pulmonary capillaries) 
decreases to a similar degree. This inspiratory pressure change is not fully transmit-
ted to the intrapericardial and intracardiac cavities.
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Consequently, the driving pressure gradient for LV filling decreases immediately 
after inspiration and increases with expiration.

In CP, a thickened or inflamed pericardium prevents full transmission of the 
intrathoracic pressure changes that occur with respiration to the pericardial and 
intracardiac cavities.

Diastolic filling (or distensibility) of the LV and RV relies on each other because 
the overall cardiac volume is relatively fixed within the thickened or noncompliant 
(adherent) pericardium, so there is exaggerated respiratory variation in heart cham-
bers (Fig. 3.4).

Fig. 3.3 Upper: Abrupt displacement of the IVS during early diastole (Septal bounce). Lower: 
Septal motion reflects a wavy pattern of diastolic septal motion
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a

c

b

Fig. 3.4 Respiratory variation in (a) MV, (b) TV and in (c) pulmonary veins
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Another important echocardiographic finding HV flow reversal after the onset of 
expiration, with decreased forward flow during diastole (D) (Fig. 3.5).

TDI is at least as sensitive as conventional echocardiography Doppler study. In 
myocardial disease, the mitral septal annulus velocity that reflects myocardial relax-
ation is decreased <7 cm/s because myocardial relaxation is abnormal; however, in 
constrictive pericarditis, the mitral annulus velocity, especially the septal annulus 
velocity, is relatively normal or even increased (Fig. 3.6).

Regional variations in deformation and strain include reduced LV circumferen-
tial strain, torsion, and early diastolic untwisting with preserved longitudinal strain 
and deformation.

In contrast, in restriction, circumferential strain and untwisting are preserved but 
these parameters are reduced in the longitudinal direction.

Fig. 3.5 Hepatic vein diastolic flow reversal after the onset of expiration

Fig. 3.6 Increase in MV septal annulus velocity in CP
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When a comprehensive transthoracic echocardiographic study is diagnostic for 
constriction, no further diagnostic testing should be necessary. In equivocal cases, 
where noninvasive evaluation is inconclusive or discordant with clinical findings, 
hemodynamic assessment by cardiac catheterization should be performed [1–6].

 Treatment

CP has a progressive but variable course. For most patients, surgical pericardiec-
tomy is the definitive treatment.

Pericardiectomy for constriction has a relatively high perioperative mortality 
rate, ranging from 2% to nearly 20% in modern series.

Our case underwent near-complete pericardiectomy and has made a good recov-
ery, and also echocardiography after surgery in the hospital and also 4 months later 
showed improvement in LV and RV function (Fig. 3.7) [4, 5].

Fig. 3.7 Thickened pericardium after surgery

A. Alizadehasl



59

References

 1. Garcia MJ.  Constrictive pericarditis versus restrictive cardiomyopathy? J Am Coll Cardiol. 
2016;67(17):2061–76.

 2. Yared K, Baggish AL, Picard MH, Hoffmann U, Hung J. Multimodality imaging of pericardial 
diseases. JACC Cardiovasc Imaging. 2010;3(6):650–60.

 3. Kaga S, Mikami T, Takamatsu Y, et al. Quantitative and pattern analyses of continuous-wave 
Doppler-derived pulmonary regurgitant flow velocity for the diagnosis of constrictive pericar-
ditis. J Am Soc Echocardiogr. 2014;27:1223.

 4. Choi JH, Choi JO, Ryu DR, et al. Mitral and tricuspid annular velocities in constrictive peri-
carditis and restrictive cardiomyopathy: correlation with pericardial thickness on computed 
tomography. JACC Cardiovasc Imaging. 2011;4:567.

 5. Xu B, Kwon DH, Klein AL. Imaging of the pericardium: a multimodality cardiovascular imag-
ing update. Cardiol Clin. 2017;35:491.

 6. Maleki M, Alizadehasl A, Haghjoo M. Pericardial disease. In: Practical cardiology book. 1st 
ed. Elsevier; 2017.

3 Constrictive Pericarditis



61© Springer-Verlag London Ltd., part of Springer Nature 2021
M. Maleki, A. Alizadehasl (eds.), Case-Based Clinical Cardiology, 
https://doi.org/10.1007/978-1-4471-7496-7_4

Chapter 4
Ebstein Anomaly

Azin Alizadehasl

A. Alizadehasl (*) 
Rajaie Cardiovascular Medical and Research Center, Cardio-Oncology Department and 
Research Center, Iran University of Medical Science, Tehran, Iran

Abstract Ebstein’s anomaly is an infrequent but fascinating congenital heart disor-
der accounting for <1% of all congenital heart disease. Since its depiction in 1866, 
dramatic developments in diagnosis and treatment have been made.

Ebstein’s anomaly is a complex congenital disorder with a broad pathologic- 
anatomical and also clinical spectrum and no two patients are identical. So, precise 
knowledge of the different anatomic and hemodynamic variables, related malfor-
mations and management choices are essential. Managing Ebstein’s anomaly 
patients is so complex. Thus, it is important that these patients are frequently seen 
by a cardiologist with expertise in congenital heart disease.

Here in we present a 24-year-old woman referred to our center due to frequent epi-
sodes of sudden-onset palpitation. He had a history of unknown congenital heart disease.

Keywords Ebstein’s anomaly · Sail sound · Accessory conduction pathways · 
Complex congenital disorder · Right ventricular outflow tract obstruction

 Clinical Presentation

A 24-year-old woman referred to our center due to frequent episodes of sudden- 
onset palpitation. She had a history of unknown congenital heart disease.

In physical exam, he was a well-developed young woman without distress, cya-
nosis, or clubbing. Blood pressure and pulses were normal. Jugular venous pressure 
was normal. PMI was in mid-clavicular line and, there was a widely split S1 with a 
loud tricuspid component (the “sail sound”), a widely split S2, a right-sided third 
heart sound, and a systolic murmur grade 2 in LSB (Fig. 4.1).

Diagnosis and differential diagnosis based on ECG:
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• DDX: right posteroseptal accessory pathway: Ebstein anomaly or brugada syn-
drome type 1

• Dx: sinus rhythm, wide QRS complex, RBBB pattern, right posteroseptal acces-
sory pathway: Ebstein anomaly (Fig. 4.2)

• DDX: “water bottle” or “box-shaped” heart
• R/O Ebstein anomaly; or Severe RA enlargement, or Severe TR, or Massive 

pericardial effusion
• Dx: Ebstein anomaly (Figs. 4.3 and 4.4)

Interestingly in this case the displacement of the posterior leaflet was more than 
the septal leaflet (5/2.2 cm) (Figs. 4.5, 4.6, 4.7 and 4.8).

Echocardiography allows accurate evaluation of the TV leaflets, the size of the 
right atrium, and size and function of both ventricles. The site and degree of TV 
regurgitation and the feasibility of valve repair are also assessed by 
echocardiography.

Associated anomalies with Ebstein’s include PFO or ASD in approximately 50% 
of patients; accessory conduction pathways in 25% (usually right-sided); and, occa-
sionally, varying degrees of right ventricular outflow tract obstruction, VSD, aortic 
coarctation, PDA, or mitral valve disease.

Fig. 4.1 ECG findings: Sinus rhythm; Rate = 80 bpm; Left axis deviation; No voltage criteria 
infavour of LA or RA abnormalities; Short PR interval; Wide QRS complex with atypical RBBB 
pattern; Negative QRS and delta wave in V1; Q wave in inferior leads (II, III, AVF); ST elevation 
with bi-phasic T wave (coved or brugada pattern) in leads V1–3 and inferior leads; ST depression 
in I, aVl, V4–6
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Fig. 4.2 PA x-ray in full 
inspiration and normal KV 
from a woman. Mild 
deviation to the left; 
Increased cardiothoracic 
(CT) ratio infavour of 
cardiomegaly indicative of 
enlargement of right-sided 
chambers; Normal position 
of gastric bubble and 
carinal angle; Normal 
pulmonary vasculature; No 
tracheal deviation

 Current Indications for Intervention in Ebstein Anomaly

• Poor exercise capacity (NYHA class > II)
• Right heart failure
• Large heart size (cardiothoracic ratio > 64%)
• Important cyanosis (resting oxygen saturation < 90%)
• Severe symptomatic tricuspid regurgitation
• Transient ischemic attack, or stroke due to a paradoxic embolus, sustained atrial 

flutter, or fibrillation and atrial arrhythmias secondary to an accessory pathway.

 Management

 Medical

Patients with mild forms of Ebstein’s anomaly may be followed medically for many 
years. Regular evaluation by a cardiologist with proficiency in congenital heart dis-
ease is suggested.

Endocarditis prophylaxis is commended in Ebstein’s anomaly, although the risk 
of endocarditis is low.

In patients with Ebstein’s anomaly and cardiac failure who are not candidates for 
surgery, we recommend standard heart failure treatment.

Heart transplantation is an alternative treatment option in select patients who are 
not candidates for standard surgical treatment.

4 Ebstein Anomaly
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Fig. 4.3 Showing apical four-chamber view with significant apical displacement of septal tricus-
pid valve (TV) leaflet and tethered anterior TV leaflet
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Fig. 4.4 Showing severe low-pressure TR
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Fig. 4.6 Displacement distance of septal TV leaflet is 2.2 cm

Fig. 4.5 Showing apical four-chamber view with tethered anterior TV leaflet
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 Catheter Interventions

Most patients with symptomatic WPW syndrome, with or without EA, must undergo 
electrophysiological assessment and maybe radiofrequency ablation of the acces-
sory pathway(s); also, all types of supraventricular tachyarrhythmia associated with 
EA can be successfully ablated by the electrophysiologist.

Fig. 4.7 Showing significant apical displacement of septal TV leaflet and tethered anterior 
TV leaflet

Fig. 4.8 Showing RV inflow view with significant apical displacement of posterior TV leaflet; 
Arrow: the insertion site of posterior TV leaflet

4 Ebstein Anomaly
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 Surgery

Several types of procedures can be used to surgically treat Ebstein anomaly and 
associated defects:

• Tricuspid valve repair.
• Tricuspid valve replacement. ...

The goal of this surgery is to fix the defective valve between the right atrium and 
the right ventricle so that the leaflets open and close correctly.

When there is enough tissue present, the valve can be repaired. This is the preferred 
treatment because it uses your own tissue. When the existing valve cannot be repaired, 
it is possible to replace it with a mechanical valve or one made of biologic tissue.

• Closure of the atrial septal defect.
• Maze procedure [1–6].
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Abstract Right atrial myxoma accounts for 15–20% of cardiac myxomas and feet 
swelling is a rare manifestation. We present the case of an 59-year-old man with 
right atrial myxoma and progressive swelling of feet, and discuss the role of cardiac 
echocardiography in the diagnosis of myxomas.

 Case Presentation

An 59-year-old man with a history of hypertension, hyperlipidemia, presented to the 
emergency department with progressive swelling of feet. Physical examination 
demonstrated normal and regular heart sounds, and normal respiratory rate and oxy-
gen saturation. Echocardiogram described a well-circumscribed echo-dense pedun-
culated mass in the right atrial cavity, which was attached to the interatrial septum 
with short stalk and also with obstructing the tricuspid valve annulus, measuring 
3.7 × 5.2 cm at its widest diameter (Figs. 5.1, 5.2, 5.3, 5.4, 5.5 and 5.6).

 Discussion and Management

Myxomas are the most common type of adult primary heart tumor. Most myxomas 
arise sporadically (90%), and only about 10% are thought to arise due to inheritance.

About 10% of myxomas are inherited, as in Carney syndrome. Such tumors are 
called familial myxomas. They tend to occur in more than one part of the heart at a 
time and often cause symptoms at a younger age than other myxomas. Other abnor-
malities are observed in people with Carney syndrome include skin myxomas, 
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Fig. 5.2 Large well-
circumscribed echo-dense 
mass that filled right 
atrial cavity

Fig. 5.3 Large well-
circumscribed echo-dense 
mass that obstructing the 
tricuspid valve annulus

Fig. 5.1 Large well-
circumscribed echo-dense 
mass in the right atrial cavity
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Fig. 5.4 Significant 
Doppler flow gradient due 
to large well-circumscribed 
echo-dense mass that 
obstructing the tricuspid 
valve annulus 
(Velocity: 2 m/s)

Fig. 5.5 3D view. Large 
well-circumscribed 
echo-dense mass in the 
right atrial cavity
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pigmentation, endocrine hyperactivity, schwannomas, and epithelioid blue nevi. 
Myxomas are more common in women than in men.

General symptoms of myxoma may also be present, such as:

• Cough
• Fever
• Cachexia—Involuntary weight loss
• General discomfort (malaise)
• Joint pain
• Blue discoloration of the skin, especially the fingers change color upon pressure, 

cold, or stress (Raynaud’s phenomenon)
• Clubbing—Curvature of nails accompanied with soft tissue enlargement of 

the fingers
• Swelling—any part of the body

The symptoms and signs of left atrial myxomas probably mimic the mitral steno-
sis. Right atrial myxomas rarely produce symptoms until they have grown to be 
obstructive on TV.

The CMR of our patient confirmed the myxoma too and tumor surgically 
removed there is no need for TV repair. He discharged very well.

Some patients will also need their mitral or tricuspid valves to repair or replaced. 
This can be done during the same surgery, also myxomas may come back if the 
surgery did not remove all of the tumor cells [1–6].
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Chapter 6
Pseudoaneurysm of the Mitral-Aortic 
Intervalvular Fibrosa (MAIVF)
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Abstract The region of the mitral-aortic continuity (MA inter-valvular fibroza; 
MAIVF) contains mostly fibrous and avascular tissue. MAIVF is the weakest seg-
ment of the aortic ring, prone to infection and trauma and creation of 
pseudoaneurysm.

TEE is the most sensitive technique.
Characteristic dynamic feature of pseudoaneurysm is its expansion during early 

systole and collapse in diastole. Confirmation of this diagnosis requires communi-
cation to the LVOT.

Keywords Pseudoaneurysm · Mitral-aortic intervalvular fibrosa (MAIVF) · 
Infective endocarditis · TEE · TTE · 3D echocardiography

 Case Presentation

A 32-year-old woman with type 1 diabetes underwent TTE due to atypical chest pain.
She had had IE with Streptococcus viridans 3 years ago and fortunately improved 

just by medication and discharged with moderate aortic regurgitation.
In this visit TTE revealed an echolucent area adjacent to the aortic valve, raising 

suspicion of a Pseudoaneurysm of MAIVF (P-MAIVF).
TEE showed an echolucent area too measuring 23 mm in its widest dimension, 

which was freely communicating with the LVOT.
This cavity expanded during systole, bulging into the left atrium and collapsing 

during diastole. Doppler examination confirmed it. There was no fistulous commu-
nication to the left atrium or aorta.

She underwent surgical repair with the closure of the communication with the 
LVOT using a Dacron patch.
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 Echocardiography Findings and Discussion (Figs. 6.1, 6.2, 6.3, 
6.4 and 6.5)

Because TEE has come into routine use, there has been increasing recognition of 
this entity, although the number of patients in any series is quite small.

Pseudoaneurysm of the mitral-aortic intervalvular fibrosa (P-MAIVF) is a rare 
condition that has been reported as a sequela of endocarditis and surgical trauma.

It is defined as a pseudoaneurysm at the inter-annular zone between the mitral 
and aortic valves and its communication with the LVOT between the left coronary 
or non-coronary aortic cusp and the anterior leaflet of the mitral valve.

Our patient underwent surgical repair with the closure of the communication 
with the LVOT using a Dacron patch.

Endocarditis and aortic valve surgery were the two most frequently associated 
causative factors for PSA. In study, 46 patients (52%) had prosthetic aortic valves, 
either bioprosthetic (n = 6) or mechanical. Of the 43 patients (48%) with native 
valves, 14 (33%) had bicuspid valves, 1 had a unicuspid valve, and 27 had normal 
tricuspid aortic valves.

The shortest time reported after valve surgery to the development of a P-MAIVF 
was 9 days, but that patient had had a MAIVF abscess preoperatively. 
Pseudoaneurysms had developed within 1 month of valve surgery in two patients.

Aortic regurgitation has been suggested as a contributing factor for the develop-
ment of P-MAIVF.

In other previous study Of the 87 patients, 42 were noted to have some degree of 
aortic regurgitation at the time of diagnosis. Diagnoses by TTE were made in 31 
(54%), missed in 24 (42%). Diagnoses by TEE were made in all cases. 3D echocar-
diography was performed in five patients, with excellent visualization of the pseu-
doaneurysm. Computed tomography was performed in four patients CMR in six 
patients.

Fig. 6.1 TTE parasternal 
long-axis view showed an 
echolucent area adjacent to 
the aortic valve, a 
Pseudoaneurysm 
of MAIVF
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Fig. 6.2 TTE apical 
four-chamber view showed 
a Pseudoaneurysm 
of MAIVF

Fig. 6.3 TEE view showed an echolucent area (Pseudo-aneurysm of MAIVF)

6 Pseudoaneurysm of the Mitral-Aortic Intervalvular Fibrosa (MAIVF)
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These modalities provided very good 3D information of the pseudoaneurysm 
size and its relationship to adjacent structures.

Surgery is currently the recommended treatment to prevent further enlargement 
and complications.

In this review the patient with 4-year follow-up, the P-MAIVF diameter increased 
from 1 to 1.7  cm and in two other patients, there were no changes in the 

Fig. 6.5 3D TEE 
of P-AMIVF

Fig. 6.4 Communication between LVOT and pseudoaneurysm
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pseudoaneurysm sizes at 10-month and 3-year follow-up; so the natural course of 
uncomplicated P-MAIVF is not clear, but, most patients undergo surgery as soon as 
the diagnosis is made. This study considered two groups of patients who might be 
at higher risk for developing P-MAIVF: one group includes patients with infective 
endocarditis complicated by ring abscess, particularly in the area of the MAIVF and 
the other group includes patients with prosthetic valves and histories of IE.

Surgery may still be the recommended course of action, but in patients who are 
at high risk for surgery and in asymptomatic patients who refuse surgery, watchful 
observation may be considered after careful evaluation of associated high-risk fea-
tures [1–6].
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Chapter 7
Arrhythmogenic Right Ventricular 
Cardiomyopathy/Dysplasia
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Abstract Arrhythmogenic right ventricular cardiomyopathy/dysplasia (ARVC/D) 
is an infrequent disease categorized by progressive fibro-fatty replacement of the 
myocardium, primarily involving the right ventricle (RV). The structural changes in 
the ventricular myocardium form a substrate for ventricular arrhythmia ranging 
from premature ventricular complexes to ventricular tachycardia characteristically 
of RV origin and might result in RV failure and progress to congestive heart failure 
at a future stage. ARVC/D is a documented cause of sudden cardiac death in young 
people; however, it might occur at any age.

Keywords Arrhythmogenic right ventricular cardiomyopathy/dysplasia (ARVC/D) · 
Right ventricle (RV) · RV failure · Echocardiography · Prominent RV Moderator Band

 Case Presentation

Here in we present a 19 years old female that presented with near syncope attacks 
due to recurrent self-limiting monomorphic VT originating from the RV in the elec-
trophysiological study. She had no RV failure signs and symptoms. But her ECG 
and Echocardiogram was typical for this disease (Fig. 7.1).

 Transthoracic Echocardiography

► A TTE study is a perfect screening tool to assess the RV size and function in 
cases with probable ARVD-C. TTE can be done easily at a low cost, and not only 
is it readily available but it is also portable. Additionally, this modality is mainly 
valuable in following affected patients over time because of its ability to present 
serial imaging in cases with ICDs.
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► TTE for ARVD-C study should be performed using the current American Society 
of Echocardiography’s consensus and guidelines. Because the RV might be 
enlarged and, thus, not completely imaged on the standard imaging planes, addi-
tional off-axis views should be achieved to make sure that all parts of the RV free 
wall are well imaged and visualized. Given the patchy involvement, this is 
 especially important to echocardiographers so that they do not miss small and 
localized aneurysms (Figs. 7.2, 7.3, 7.4, and 7.5).

 Discussion

ARVC/D is a rare cardiac disease characterized by fibrofatty replacement of myo-
cardial tissue. It affects the RV primarily, but an extension to the LV in more 
advanced stages of the disease may occur. At the molecular level, both ventricles are 

Fig. 7.1 ECG with classical Epsilon waves (Waves)

Fig. 7.2 RV enlargement in RV focus view
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affected, presumably in all stages of the disease. Its prevalence has been estimated 
to vary from 1:2000 to 1:5000. Patients typically present between the second and 
the fourth decade of life with VT episodes originating from the RV. It is also a major 
cause of SCD in young patients and athletes (Fig. 7.6).

Differential diagnosis of ARVC/D:

• RVOT tachycardia
• Sarcoidosis
• Idiopathic DCM
• Isolated myocarditis
• Adipositas cordis
• Uhi ANOMALY
• Congenital heart disease

Fig. 7.3 RV dilation is often observed in cases with ARVD-C. Previous studies revealed that an 
enlarged right ventricular outflow tract (RVOT) was found in 100% of patients. A major criterion 
for ARVD-C is achieved when there is RVOT dilation on the parasternal long-axis view (≥32 mm) 
or in the short-axis view (≥36 mm), alongside localized akinesia, dyskinesia, or aneurysms in the 
RV free wall (the RVOT size of this case was 42 mm)

Fig. 7.4 Prominent RV Moderator Band in ARVD/C
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• RV infarction
• Carcinoid syndrome

Based on clinicopathologic and patients’ follow-up studies, four different dis-
ease phases have been described for the classical form of ARVC/D:

• Concealed: No symptoms; Subtle structural changes
• Overt: Ventricular arrhythmias (PVCs/VT of LBBB morphology); RV structural 

abnormalities
• RV failure: Symptoms and signs of RV failure; Preserved LV function
• Biventricular failure: Symptoms and signs of LV failure; LV structural changes

LV involvement in ARVD has been increasingly described, with the prevalence 
reported as 16–76% [1–8].

Fig. 7.5 Transmural fatty 
replacement in RV free 
wall at T1 weighted 
image of CMR
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Chapter 8
Cardiac Sarcoidosis

Azin Alizadehasl and Feridoun Noohi

Abstract Sarcoidosis is a systemic inflammatory disease of unknown etiology, 
characterized by non-caseating granulomas. It mainly affects people in the 3rd and 
4th decades of life, but may also be found in children or elderly subjects.

Heart involvement has been reported in as many as 58% of patients and may be 
responsible for up to 85% of deaths due to sarcoidosis.

Various forms of echocardiography have been tried and features such as septal 
thinning, LV regional systolic dysfunction, pericardial effusion and commonly LV 
diastolic dysfunction determined, but these abnormalities only seem to be present in 
advanced heart involvement.

Keywords Sarcoidosis · Systemic inflammatory disease · LV regional systolic 
dysfunction · Non-caseating granulomas · Septal thinning · Pericardial effusion

 Case Presentation

A 59-year-old woman with sarcoidosis was admitted to hospital for assessment of 
severe dyspnea, palpitation, and limb edema. Echocardiography showed severe LV 
and RV dysfunction and the following figures (Figs. 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7, 
and 8.8):
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Fig. 8.1 Apical four-chamber view; Biatrial enlargement, LA thrombosis, Pericardial effusion

Fig. 8.2 Biatrial enlargement, LA thrombosis, Aortic, and tricuspid valve leaflets thickening
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Fig. 8.3 LA thrombosis, Mitral valve leaflets thickening; Aneurysm formation at the base of infe-
rior wall

Fig. 8.4 Very reduced TAPSE = 0.6 cm (severe RV dysfunction)
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Fig. 8.5 TR gradient: 40 mmHg; Moderate to severe pulmonary hypertension

Fig. 8.6 Severe diastolic dysfunction; very reduced TDI velocities
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Fig. 8.7 Dilated IVC. High RA pressure

Fig. 8.8 Significant diastolic flow reversal of hepatic vein at inspiration
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 Discussion

The 2D echo features of myocardial involvement occur in less than 20% of sarcoid 
patients.

The heart is involved in as many as 50% of advanced cases including LV enlarge-
ment and regional wall motion abnormality (RWMA) in base and mid-levels.

In other study the echocardiographic findings are:

• RWMA
• Thining: at basal of posterior and lateral walls
• Posterobasal aneurysm
• Restrictive morphology
• Pulmonary hypertension and right-sided failure

Almost various forms of echocardiography have been tried and features such as 
septal thinning, LV regional systolic dysfunction, pericardial effusion, and com-
monly LV diastolic dysfunction determined, but these abnormalities only seem to be 
present in advanced heart involvement.

Pts with heart involvement may have had granulomas in the myocardial intersti-
tium, which could stiffen the myocardium and damage ventricular Relaxation. 
Granulomas are most frequently located in the LV free wall (96%), followed by the 
interventricular septum (73%); whereas, the atrial wall is rarely affected (right, 
11%; left, 7%).

Strain imaging demonstrated impaired longitudinal strain and strain rate of sev-
eral lateral LV segments.

Finally, the frequency of is pulmonary hypertension ≈20% and the presence of 
Pulmonary hypertension contributed to poor outcomes in pts with sarcoidosis [1–5].
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Chapter 9
Carcinoid Tumor and Echocardiography

Azin Alizadehasl

Abstract Carcinoid tumors are neuroendocrine tumors that have an estimated inci-
dence of 1 to 8.4 cases per 100,000 people (2.5 to 5 cases per 100,000 population); 
these tumors release vasoactive compounds, including 5-hydroxytryptophan (sero-
tonin) that fibroblast proliferative properties or transforming growth factor-b.

We are presenting a 75-year-old woman with neuroendocrine tumor with liver 
metastasis.

Keywords Carcinoid tumors · Neuroendocrine tumors · Liver metastasis · 
Intermittent flushing · Malignancy

A 75-year-old nice woman who presented to our clinic with complaint of dyspnea, 
fatigue, edema, and palpitation.

Medical history was remarkable for malignancy since 4 years ago. According to 
pathology sheet, it was neuroendocrine tumor with liver metastasis. She had received 
some medication from her oncologist.

Carcinoid tumors are neuroendocrine tumors that have an estimated incidence of 
1–8.4 cases per 100,000 people; (2.5–5 cases per 100,000 population) these tumors 
release vasoactive compounds, including 5-hydroxytryptophan (serotonin) that 
fibroblast proliferative properties or transforming growth factor-b.

In 75% of patients, carcinoid tumors originate in the gastrointestinal tract, most 
often in the ileum or appendix, although they may also occur within the lungs, pan-
creas, and gonads.

Usually grow slowly, over years, commonly causing few or no symptoms until 
they are large or have metastasized to the liver and, less frequently, to other sites 
(e.g., the lungs or bone).
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 Carcinoid Syndrome

In approximately 30% of patients with carcinoid tumors characterized by episodes 
of vasomotor changes:

• Intermittent flushing
• Hypotension
• Wheezing (due to bronchospasm)
• Diarrhea

Approximately two-thirds of patients with carcinoid syndrome develop carci-
noid heart disease and up to 20% of patients with metastatic carcinoid tumors first 
present with carcinoid heart disease.

 Carcinoid Heart Disease

Carcinoid heart disease is poorly understood, but it is believed to be due to the 
release of vasoactive substances from hepatic metastases into the systemic 
circulation.

Plasma serotonin and urine (5-hydroxyindoleacetic acid) (5-HIAA) levels are 
higher in patients with carcinoid syndrome with carcinoid heart disease.

Receptors for 5-HT play a pivotal role in the pathogenesis of carcinoid heart 
disease. These receptors are well represented in the heart, with the 5-HT2B receptor 
subtype being the most prevalent on cardiac valves. Mitogenic effects on fibroblasts 
and smooth muscle cells, triggering of inflammatory cytokines, and up-regulation 
of transforming growth factor-b1 are induced by 5-HT through activation of 5-HT 
receptors, especially subtype 2B.

The result is the deposition of plaque-like material on the endocardial surfaces of 
valve leaflets, subvalvular apparatus (chordae and papillary muscles), and cardiac 
chambers, and occasionally within the intima of the pulmonary arteries and aorta, 
as well as the venae cava.

Typical cardiac lesions are described as fibrous, plaque-like areas of endocardial 
thickening that lead to retraction of the valve leaflets, which causes a combination 
of stenosis and regurgitation (Table 9.1).

The Tricuspid Valve is the most commonly affected valve, followed by the pul-
monic valve.

Table 9.1 Relative proportions of valvular pathologies in carcinoid heart disease

Heart valve Most common Less common

Tricuspid valve Isolated regurgitation Mixed stenosis and regurgitation
Pulmonary valve Mixed regurgitation and stenosis Isolated regurgitation or isolated 

stenosis
Left-sided valve Isolated regurgitation
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The left side of the heart is affected less commonly and usually in the setting of:

• Right-to-left Shunts
• Large tumor burden
• Primary Bronchial Carcinoid Tumors (isolated left heart)

Because cardiac symptoms and signs are often subtle or absent early in the dis-
ease course, the diagnosis of carcinoid heart disease may be delayed if echocardio-
graphic screening is not performed early in patients with carcinoid syndrome.

The imaging modality of choice for the diagnosis of carcinoid heart disease is 
transthoracic echocardiography (TTE) interpreted by a physician who is familiar 
with typical carcinoid heart disease valvular morphology.

Cardiac computed tomography (CT) and cardiac magnetic resonance (CMR) 
scanning may also be valuable adjuncts in the investigation of patients with the 
disease.

TTE remains the gold standard for the diagnosis and follow-up of carcinoid heart 
disease. It should be performed in all patients with carcinoid syndrome and high 
suspicion of carcinoid heart disease, such as those with clinical features or increased 
NT-pro BNP and/or 5-HIAA levels.

Pulmonary valve involvement is often underappreciated at the time of initial 
echocardiographic assessment. Special attention to the 2D/3D, color flow, and spec-
tral Doppler features of the pulmonary valve is needed to provide a comprehensive 
assessment (Evidence Level 2, Grade B).

Advanced techniques, such as 3D TTE or 3D transesophageal echocardiogram, 
may be helpful in identifying and assessing valve pathology, as well as assessing 
right ventricular size and function (Evidence Level 2, Grade B).

• Thickened, Retracted and Malcoapted TV With Shortening Or Fusion Of The 
Chorda Resulted in Free Regurgitation and To Lesser Extent, Stenosis.

• The Leaflets May Be Affected Symmetric Or Asymmetric.
• Right, Atrial, And Ventricular Enlargement.
• A “Dagger-wave Form” With Early Peak Pressure & Rapid Decline In 

Doppler Study.
• Prolonged Pressure Half-time Consistent With TS (Figs. 9.1 and 9.2).

The involvement of the pulmonic valve is characterized by diffuse thickening of 
the arterial aspect of the valve leaflets, which results in reduced leaflet excursion 
and pulmonic stenosis, although pulmonic regurgitation (Fig. 9.3).

For established carcinoid heart disease, echocardiography should be performed 
if dictated by a change in clinical status; otherwise, it should be performed every 
3–6 months, depending on the severity of established carcinoid heart disease and 
clinical status (Evidence Level 2, Grade B).

CMR imaging can be used to evaluate the pulmonary valve, identify cardiac 
metastases, and assess right ventricular size and function (Evidence Level 2, 
Grade B).

Cardiac CT imaging has a role for assessment of valvular pathology, especially 
of the pulmonary valve, right ventricular size, and function, and the pre-operative 
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assessment of coronary arteries, as well as relations of coronary arteries and cardiac 
metastasis (Evidence Level 3, Grade B).

Carcinoid heart disease is a marker for increased mortality in patients with carci-
noid tumors who have a median survival of 14 months.

 Treatment

The management of patients with carcinoid heart disease is complex because both 
systemic malignant disease and cardiac involvement have to be addressed at the 
same time. A multidisciplinary approach at an experienced center is 
recommended.

Fig. 9.1 Fibrotic and retracted tricuspid valve in 2D apical four-chamber view and also in 3D 
view, severe tricuspid regurgitation
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Therapeutic options include pharmacotherapy for heart failure, aggressive low-
ering of 5-HIAA levels (<300  mmol/24  h), and, in selected individuals, cardiac 
valve replacement.

Without treatment, the prognosis of carcinoid heart disease is poor, However, the 
prognosis of patients has improved over the past few decades, which may be due to 
advancements in cardiac imaging technologies, antitumor therapies, perioperative 
management, and cardiac surgery.

Symptomatic Tricuspid Regurgitation and Moderate To Severe RV Dilation & 
Failure associated with worse outcomes and are currently indications for TVR.

Recent data suggest that survival has improved over the past decades for patients 
with carcinoid heart disease who undergo earlier replacement surgery.

Generally, patients with carcinoid heart disease are referred for valve surgery 
when they develop symptoms or ventricular dysfunction and rarely in anticipation 
of hepatic surgery. By consensus, patients referred for cardiac surgery should have 
evidence of right heart failure, with at least 12 months of anticipated post-operative 
survival from their NET disease.

The choice of valve prosthesis is still a matter of debate. The decision on the type 
of prosthesis should be individualized.

Fig. 9.2 Fibrotic and retracted tricuspid valve in 2D RV inflow view and also in 3D view, severe 
free tricuspid regurgitation
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Bioprosthetic valves are usually preferred ( due to the inherently increased risk 
of bleeding in patients with advanced high-volume liver disease and hepatic dys-
function from carcinoid disease, the increased likelihood of invasive procedures 
requiring temporary discontinuation of anticoagulant agents, and to a lesser extent—
the risk of right-sided mechanical valve thrombosis. Newer generation bioprosthetic 
valves may also be more durable.

The optimization of treatment of carcinoid syndrome after cardiac surgery may 
protect bioprosthetic valves from the adverse effects of vasoactive peptides by 
decreasing carcinoid activity, and patients with a biological prosthesis should 
receive anticoagulation therapy with warfarin for 3–6 months.

Also, balloon valvuloplasty for PS may be an option for patients with symptoms 
of pulmonic stenosis and elevated right-sided heart pressures to palliate symptoms 
and decrease the severity of tricuspid regurgitation [1–8].

Fig. 9.3 Fibrotic and retracted pulmonary valve; severe free pulmonary regurgitation
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Chapter 10
Aortic Coarctation and Complicated 
Infective Endocarditis

Azin Alizadehasl

Abstract Aortic coarctation is an example of congenital disorders with a high risk 
of development of endocarditis and endarteritis. In the presurgical era, infective 
endarteritis constituted a frequent complication of aortic coarctation and was 
responsible for 20% of death of these patients. Here in, we describe a case of coarc-
tation endarteritis with pseudoaneurysm formation in an adult and review the echo-
cardiographic findings of this condition.

Adult coarctation endarteritis is a rare entity but sometimes represents the initial 
presentation of coarctation. Diagnosis is critically important given the risk of rup-
ture. Transesophageal echocardiography can be helpful in diagnosis and 
management.

Keywords Aortic coarctation · Infective endarteritis · Transesophageal 
echocardiography · Pseudoaneurysm · Aortic valve replacement

 Case Presentation and Discussion

26-year-old young man with dyspnea and palpitation (FC II-III), Low aptitude, low- 
grade fever, and weight loss, Soft S1, SM II/VI in LSB, DM III/VI in LSB and 
specially in RUSB & low-Pitched apical diastolic murmur. Three sets of blood cul-
tures grew viridans group streptococci. Here is the TTE and TEE findings (Figs. 10.1, 
10.2, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 10.9, 10.10, 10.11 and 10.12):

He underwent two-staged surgeries (at first repair for coarctation and then exci-
sion the pseudoaneurysm) and Aortic valve replacement 8 days later.

Macroscopic examination of the operative piece revealed a false aneurysm cor-
responding to the post stenotic dilatation communicating with the aortic lumen by a 
small hole.
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Fig. 10.1 M-mode tracing of LV, significant LV enlargement with LVEF = 50%

Fig. 10.2 Apical four-chamber view, severe LV enlargement with LVEF = 50%
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Fig. 10.3 Parasternal long-axis view, severe LV enlargement, bicuspid AV, vegetation on 
AV (arrow)

Fig. 10.4 Severe multi-jet AI due to destructed and perforated bicuspid aortic valve because of 
IE. Upper left: Parasternal short-axis view; Upper right: TEE, ME, 120′ view; Lower left: TEE, 
ME, 0′ view; Lower right: TEE, Trans-gastric, 90′ view
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Fig. 10.5 Color-Doppler flow of Severe AI, AI flow PHT = 196 ms

Fig. 10.6 Holo-diastolic flow reversal in the proximal part of descending aorta due to severe AI
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Fig. 10.7 Coarctation of aorta; flow velocity = 3.7 m/s

Fig. 10.8 Typical Doppler flow for aortic coarctation of abdominal aorta
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Fig. 10.9 TEE view. UE. 90′. Coarctation of aorta (arrow)

Fig. 10.10 Color flow of coarctation site (black arrow); Mirror artifact (wide arrow)
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Fig. 10.11 Transesophageal echocardiography; descending aorta, Coarctation site (blue arrow); 
intraluminal vegetations (wide blue arrow); associated with a complex pseudoaneurysm (wide 
white arrow)

Fig. 10.12 Coarctation and vegetations and Pseudoaneurysm (wide blue arrow); also the neck of 
pseudoaneurysm is seen clearly (narrow arrow)
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Postoperatively, the patient felt well with no complications. TEE study did not 
show any abnormality at the level of the dacron tube.

The last TTE before discharge includes: Severe LV enlargement and dysfunction 
(LVEF = 20–25%). Mild RV enlargement with moderate dysfunction. Acceptable 
AV prosthesis hemodynamic study with normal range of motion, no vegetation. 
Normal flow in Gore-tex and No PE.

So, aortic coarctation is an example of congenital malformation with a high risk 
of development of endocarditis-endarteritis. In aortic coarctation, blood flows 
through a narrowing in the aorta at high velocity, resulting in a lower-pressure 
“sink” in the area distal to the stenosis. Bacteria may attach to the aortic wall in this 
low-pressure region, especially when there is concurrent endothelial injury. In 
coarctation, endothelial injury is likely precipitated by shear stress forces [1–5].
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Chapter 11
Symptomatic Mitral Prosthesis 
Paravalvular Leakage

Azin Alizadehasl

Abstract Prosthetic paravalvular leak is an uncommon but potentially serious 
complication following valve replacement surgery.

A 43-year-old man with history of prosthetic mitral valve replacement 8 years 
ago due to rheumatic valve disease. He presented with red urine and shortness of 
breath. A transoesophageal echocardiogram revealed a paravalvular leak at the pros-
thetic mitral valve, he underwent a repeat mitral valve replacement.

Keywords Prosthetic mitral valve · Paravalvular leakage · Rheumatic valve disease · 
Infective endocarditis · Mechanical hemolysis

 Case Presentation and Discussion

A 43-year-old man with a history of prosthetic mitral valve replacement 8 years ago 
due to rheumatic heart disease. He presented with red urine and shortness of breath 
and sweating, he took warfarin as his only medication. He had a soft pansystolic 
murmur and an ejection systolic murmur. His chest was clear and also his abdomen 
was soft. A 12-lead ECG showed a sinus rhythm with no specific abnormalities. His 
echocardiographic findings are as follow (Figs. 11.1 and 11.2):

So, transesophageal echocardiography revealed an anterolateral mitral paraval-
vular leak (Figs. 11.3, 11.4 and 11.5). Left ventricular systolic function was near 
normal. As part of the standard pre-operative evaluation, the patient had an angio-
gram, which showed normal coronary arteries.

Active Infective endocarditis was ruled out. The patient should be screened for 
mechanical hemolysis because the paravalvular leak is a suspected cause of anemia 
and red urine. Normocytic anemia with raised lactate dehydrogenase, bilirubinae-
mia (with a raised unconjugated count) and reticulocyte count >2% can identified 
hemolysis.
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Fig. 11.1 TEE, 
Prosthetic MV

Fig. 11.2 Doppler flow showed high MV flow peak velocity and mean gradient and low-pressure 
half-time due to significant paravalvular leak
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Fig. 11.3 TEE, 0′ view; 
Paravalvular leakage from 
the anterolateral side of 
prosthetic MV

Fig. 11.4 TEE, 120′; 
significant paravalvular 
leakage more prominent at 
anterior side
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Due to active hemolysis, the patient required blood transfusions. His warfarin 
was stopped and he was placed on an unfractionated heparin infusion awaiting sur-
gery. With the possibility of percutaneous closure of the mitral paravalvular leak 
being negated because of his low risk for surgery and our case undergone surgical 
replacement of the mitral valve [1–5].
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Fig. 11.5 3D TEE view 
with a paravalvular defect 
at the anterolateral side of 
the sewing ring (red stars). 
LAA left atrial auricule, AV 
aortic valve
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Chapter 12
A 37-Year-Old Lady, Post-MVR, -AVR, 
-TVR and -AVNRT

Shabnam Madadi

Abstract In this chapter, some challenging and interesting Electrophysiology 
cases done in Rajaie Cardiovascular, Medical and Research Center were discussed. 
These cases include some interesting SVT and AFL, AF, PVC and accessory path-
way cases. In each case, differentiating maneuvers were discussed. Some of them 
are simple arrhythmia cases but there was a challenge in ablation due to anatomical 
causes. The first case was a patient with prosthetic valves with SVT. The patient was 
a case of severe MS, severe AS, AI, and severe TR for whom AVR and MVR and 
TVR was done; 1 day after the operation she had revealed a regular narrow QRS 
tachycardia that was degenerated to AF; Amiodarone was administrated for her; 
about 3 h later, she had demonstrated torsade de point and with D/C shock had been 
converted to NSR and had revealed that QT was prolonged (about 500 ms) so sul-
fate magnesium was administrated and an epicardial pacemaker was programed in 
70 VVI 85 bpm; then she had demonstrated three more episodes of narrow QRS 
tachycardia, mostly compatible with AVNRT (Fig. 12.1).

The patient was a case of rheumatic heart disease with severe MS, severe AS, AI, 
and severe TR for whom AVR and MVR and TVR was done; 1 day after the opera-
tion she had revealed a regular narrow QRS tachycardia degenerated to AF; 
Amiodarone was administrated for her; about 3 h later, she had demonstrated tors-
ade de point and with D/C shock was converted to NSR and then revealed that QT 
was prolonged (about 500 ms) so sulfate magnesium was administrated and an epi-
cardial pacemaker was programed in 70 VVI 85 bpm; then she had demonstrated 
three more episodes of narrow QRS tachycardia, mostly compatible with AVNRT 
(Fig. 12.1).

So we decided to ablate the arrhythmia, because we could not administer Beta- 
blocker or other antiarrhythmic drugs, due to long QT. EPS was done; we only used 
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a decapolar catheter in CS, epicardial temporary pacemaker was programmed to 
VVI 60 bpm. With CS pacing a narrow QRS tachycardia infavor of AVNRT was 
induced and RFA in the posterosetpal area, between CS ostium and prosthetic tri-
cuspid valve resulted in junctional rhythm and RFA continued for 1  min. Then 
Isuprel was administrated and arrhythmia was not inducible after ablation 
(Fig. 12.2a, b).

 Discussion

AVNRT is the most common type of supraventricular arrhythmia and usually pres-
ents with no visible P wave in narrow QRS tachycardia [1–3].

In typical AVNRT there is a long AH interval (>180 ms) during tachycardia, and 
the earliest retrograde atrial activity is at the fast (Beta) pathway; at the superior part 
of Koch’s triangle, posterior to the Todaro tendon (Fig. 12.3) [4].

In most of the AVNRT patients, CS ostium is greater than normal subjects, and it 
may be a case of difference between slow and fast pathway conduction velocity and 
refractory periods and that could participate in the occurrence of AVNRT [5].

With HRA pacing prolongation of AH interval to more than 180 ms, is indicative 
of slow pathway conduction.

Some features of dual AV nodal physiology are as:

 1. More than 50 ms increase in AH interval with 10 ms decrease in A1–A2 interval 
with atrial extrastimulation (Fig. 12.4).

Fig. 12.1 Typical AVRT with pseudo S in inferior leads
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In addition to the more common type of the AVNRT (slow–fast) type, there are 
two another less common types as: slow–slow and fast–slow types, which include 
about 3% and 2% of all AVNRT cases respectively [6–8].

 2. Left-sided variant occur about 1.5% of all AVNRT cases who underwent abla-
tion, and usually needs ablation from the left atrium (mostly via coronary sinuse). 
A short VA interval (<15 ms) and double response to atrial pacing are most fre-
quent in this variant. The differential diagnosis of typical AVNRT is AT and 

Fig. 12.3 Typical AVNRT, earliest site of retrograde atrial activation in His

Fig. 12.4 AH jump, with 10 ms decrease in atrial extrastimulation, there is >50 ms in AH interval
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orthodromic AVRT via the anteroseptal accessory pathway. There are frequent 
maneuvers for differentiation of them, such as Morady maneuver (ventricular 
entrainment and VAV response with PPI–TCL (Post-pacing interval—Tachycardia 
cycle length) difference more than 110  ms and SA-VA difference more than 
85 ms (Fig. 12.5) [9, 10].

Atrial pacing at TCL and AH interval difference between atrial pacing and dur-
ing tachycardia more than 40 ms is infavor of AVNRT; between 20 and 40 ms is 
infavor of AVRT and less than 20 ms suggests AT.

At the beginning of all maneuvers, His pacing for evaluation about the nodal or 
extranodal response is more effective; and is sinus rhythm, para-Hision pacing 
could be done by low and higher amplitude for myocardial capture and his capture; 
if VA interval was the same during myocardial capture and His capture; there is 
evidence of extranodal response and in nodal conduction VA during His capture 
should be shorter than during myocardial capture (Fig. 12.6) [10].

Fig. 12.5 Ventricular entrainment in AVNRT shows prolonged PPI–TCL difference

Fig. 12.6 His pasing shows nodal response in AVNRT
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Junctional tachycardia (JT) is another arrhythmia that mostly occurs after abla-
tion and should be differentiated from AVNRT for decision making about the termi-
nation of ablation. JT could be discriminated from AVNRT with early PAC that 
administered before His activation, and terminates the AVNRT, but could induce the 
JT [10].

Ablation of typical AVNRT is done by ablation of the slow pathway in CS ostium 
between CS and TV ring.

In this patient, we were very careful about prosthetic mechanical TV.
The atrial EGM in the ablation site should have multiple components and AV 

ratio should be about 1:3–1:10.
Ablation in the higher position and CS roof could result in AV block. The recom-

mended power for initiation of ablation is 20–30 W with nonirrigated catheters, 
after 15 s the power could be gradually increased to 60 W with target temperature 
of 60 °C.

Junctional rhythm during ablation is a sensitive marker of success.
Cyoablation could be done with a lower risk of AV block but a higher rate of 

recurrence. No junctional rhythm is elucidated during cryoablation and it should be 
done during atrial pacing to demonstrate slow pathway conduction, and if elimi-
nated, ablation should be continued 4 min at 60 °C.

It is recommended to give Isoproterenol after the ablation for all patients with 
AVNRT, regardless of the initial induction (with or without Isuprel).
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Chapter 13
Slowly Conducting Posteroseptal Accessory 
Pathway

Shabnam Madadi

Abstract Long RP narrow QRS tachycardia with negative P waves in the inferior 
leads, in addition to CS ostium AT and atypical AVNRT be aware of PJRT.

 PJRT

A 32-year-old lady, with frequent episodes of narrow QRS tachycardia and failed 
ablation elsewhere, presented to out clinic for more evaluation and redo ablation.

ECG revealed episodes of narrow QRS tachycardia, with rate about 110 bpm and 
long RP-short PR, negative P wave in the inferior leads. Patient had a history of 
frequent and long-standing episodes of palpitations. Echocardiography revealed 
mildly reduced LVEF.

EPS was done, using three quadripolar catheters, for recoding HRA, His and RV 
potentials, and a decapolar catheter for recording CS potentials. A long steerable 
sheet (Agillis) was used for the passage of the ablation catheter.

With AES a narrow QRS tachycardia was induced with a rate of about 110 pbm 
compatible with patient’s clinical arrhythmia, with long RP-short RP; and 1:1 AV 
association. The earliest site of atrial activation was in CS 9–10; but VA signal was 
not so fused.

His refractory ventricular pacing was done during arrhythmia and resulted in the 
advancement and resetting of arrhythmia, consistent with the presence of a con-
cealed AP’s corporation in the arrhythmia (Fig. 13.1).

Another His refractory PVC resulted in the termination of the arrhythmia 
(Fig. 13.2).

HV interval was normal during sinus rhythm and with atrial overdrive pacing; 
suggesting that the accessory pathway had only retrograde conduction.
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Entrainment of the arrhythmia with ventricular overdrive pacing during arrhyth-
mia was done and resulted in VAV response.

Also, His refractory ventricular pacing revealed the presence of an accessory 
pathway, but ventricular extra stimulation showed decremental conduction, so dec-
remental, slowly conducting AP was considered as culprit pathway, resulting 
in PJRT.

In addition, AH interval during atrial pacing (after Isuprel infusion) at the tachy-
cardia cycle length was within 20–40 ms of the tachycardia in PJRT, in contrast with 
atypical AVRNT, that is more than 40 ms (Fig. 13.3).

Results of differential septal sequential pacing were not conclusive.
Mapping of the right posteroseptal area for finding the earliest A was begun, after 

meticulous mapping, RF application in the site of atrial activation immediately 

Fig. 13.1 His refractory pacing resulted in advancement and resetting of the arrhythmia infavor of 
the presence of an accessory pathway that is incorporating in the arryhthmia

Fig. 13.2 Arrhythmia termination with His refractory PVC, that is strongly in favor of accessory 
pathway-mediated tachycardia that was PJRT in this case
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resulted in the termination of the arrhythmia. Ventricular pacing showed VA disso-
ciation immediately and after 30 min.

Half an hour after ablation VA was dissociated.

 Discussion

Posteroseptal accessory pathways account for 25–30% of APs. Because of the com-
plex anatomy of the posteroseptal area ablation of these types of APs is time con-
suming with greater fluoroscopic time [1].

The AP is located in the posteroseptal RA or CS proximal in 76% of cases, in 
12% in mid septal location, and in the remainder is in right or left posterior or lat-
eral [2, 3].

CS diverticula are present in about 9–10% of patients [3].
Patients often present with arrhythmia due to posteroseptal accessory pathways, 

but the presence of the CS diverticulum is not as reason for the presence of AP.
There are some electrocardiographic clues for discrimination of right from left 

septal accessory pathways in the WPW cases with antegrade conduction; such as 
negative or isoelectric delta wave in V1, with abrupt transition in V2 and deeply 
negative delta in III and aVF; but in left side delta is positive in V1 or R > S in V1 is 
present, and aVF is less negative. These are not discriminating during orthodromic 
reciprocating tachycardia or in concealed accessory pathways [2, 3].

PJRT manifests as long RP tachycardia, for more than 12 h/day with typically 
inverted P waves in the inferior leads [4].

About 80% of the slowly conducting and decremental accessory pathways 
responsible for PJRT are located at the posteroseptal region [5, 6].

Fig. 13.3 AH interval during HRA pacing is within 20–40 ms of tachycardia AH interval (34 ms 
in this case)
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The differential diagnosis for PJRT is atrial tachycardia of the CS ostium and 
atypical from of AVNRT (fast–slow) type [7].

With ventricular overdrive pacing a VAAV post-pacing response indicates AT 
and could rule out PJRT.

With His refractory pacing, the atrial activation advancement or delay or termi-
nation of the arrhythmia without conduction to the atrium are in favor of PJRT, and 
could rule out atypical AVNRT and AT.

Differential septal sequential pacing as a variant of septal versus apical RV pac-
ing has not been studied in patients with decremental APs [8].

In addition, AH interval during atrial pacing at the tachycardia cycle length is 
within 20–40 ms of the tachycardia in PJRT, in contrast with atypical AVRNT, that 
is more than 40 ms.

During ablation in long RP tachycardia, the target site for ablation is mostly the 
right posteroseptal area. There is another clue for the right target site for ablation, 
that is the presence of a sharp followed by blunt component of the earliest retro-
grade atrial electrogram, in contrast with blunt followed by sharp electrogram sug-
gesting the left site of the septum as the target.

The shortest VA time and negative unipolar atrial electrogram are the best targets 
for ablation.

Despite the complex nature of the anatomy of the posteroseptal area, the success 
role for ablation is about 93%. Rarely heart block could be occurred due to damage 
to the AV nodal artery [9].

For ablation within the coronary sinus, the proximity to the right coronary artery 
may be problematic, and in such situations, coronary angiography is recommended. 
In sites with less than 2  mm distance of the coronary artery, cryoablation is 
the choice.
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Chapter 14
Anteroseptal Accessory Pathway

Shabnam Madadi

Abstract Antroseptal accessory pathways are sometimes challenging because of 
proximity to normal conduction system and risk of AV block. Sometimes they could 
be ablated via noncoronary cusp of aorta.

A 22-year-old lady; with frequent episodes of palpitations and near syncope; mildly 
reduced LVEF; manifest preexcited AF; with EPS elsewhere; considering antero-
septal accessory pathway, without any attempt for ablation, referred for cryoabla-
tion, because of the risk of AV block.

 EPS and Ablation

ECG revealed a narrow QRS tachycardia with rate about 200  bpm with 1:1 AV 
association and positive HV, earliest site of atrial activation in His (Fig. 14.1).

With ventricular pacing also earliest A was in His.
During sinus rhythm, HV was short about 10 ms.
With AES, AF rhythm was induced with SPERRI (shortest preexcited RR inter-

val about 250 ms).
All of the above findings were infavour of need to ablation; because of the malig-

nant type of the accessory pathway [1].
Cryoablation was inaccessible, so we tried for RF ablation.
During sinus rhythm the ventricular insertion site was targeted by searching the 

earliest site of ventricular activation time precedes the surface ECG delta wave by at 
least 15 ms, with a sharp QS deflection on the unipolar electrogram. We ablated on the 
atrial aspect of the annulus, with ratio of atrial to ventricular electrogram amplitude 
more than 0.4. We used a long steerable sheet to stabilize the position of the catheter tip.
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We started ablation with a relatively low power (10 W), and temperature 60 °C, 
and gradually increased the power to 30 W. In our lab, in any attempt, we do not 
continue for more than 5″ if the accessory pathway was present yet because of the 
possibility of edema formation and difficulty in the ablation.

In one attempt delta wave was disappeared abruptly so ablation was continued 
for 2 min.

His pacing after ablation showed nodal response (Fig. 14.2).
After 30  min waiting time, there was no evidence of AP conduction with 

Adenosine injection, so ablation was successfully terminated.

Fig. 14.1 Positive delta in I, II, short HV in sinus rhythm (left tracing), and earliest A in HIS dur-
ing RV pacing (right tracing)

Fig. 14.2 Nodal response with HIS pacing after ablation
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 Discussion

Anteroseptal (superoparaseptal) accessory pathways comprise about 6–7% of all 
APs [2].

An antegrade conduction manifests as positive delta wave in the inferior leads, 
and negative delta in V1 with the early transition. In orthodromic SVT the P wave is 
positive in the inferior leads, also almost is buried in the ST segment [2].

The atrial activation sequence during SVT may similar to typical AVNRT; so in 
the case of concealed anteroseptal APs, there may be a challenge.

Introduction of ventricular premature His refractory extrastimulus could be diag-
nostic during tachycardia.

In case of non-sustained SVT, other maneuvers such as para-Hision pacing could 
be discriminating. Pacing from a location near His bundle could be done as follows: 
at low pacing outputs, ventricular capture occurs, whereas at higher outputs, His 
bundle capture occurs resulting in a narrower QRS. In the presence of a septal AP, 
the stimulus to atrial interval will be identical with and without His capture (extra-
nodal responses) but in nodal response, the stimulus to atrial interval is longer with 
ventricular only capture than His capture [3–5].

With differential septal sequential pacing (DSSP), comparison of the stimulus to 
atrial intervals observed during apical versus basal RV pacing can demonstrate the 
presence of accessory pathway [3–5].

The apex is electrically closer to the atrium; although physically is distant; so RV 
apical pacing results in a shorter stimulus to atrial interval than RV basal pacing. 
However; in the presence of an accessory pathway, RV basal pacing results in a 
shorter stimulus to the atrial interval [4].

Comparison of the HA interval during tachycardia and RV pacing is also helpful 
for discrimination between AVNRT and ORT using an anteroseptal accessory 
pathway.

In ORT (orthodromic reciprocating tachycardia), HA interval during RV pacing 
is shorter than during arrhythmia, but in AVNRT, HA interval during RV pacing is 
longer than during arrhythmia. Because in QRT the sequence of Atrial, His, and 
Ventricular activation is in series and ventricular pacing results in a parallel activa-
tion of the Atrium and His, leading to a shorter HA interval, but in AVNRT, 
Ventricular, and Atrial activation is in parallel sequence and ventricular pacing 
results in series activation of the His and atrium, so HA should interval increases 
with ventricular pacing [4].

Ventricular Entrainment maneuvers also could help in differentiating between 
there; with ventricular overdrive pacing with cycle length about 20 ms less than 
arrhythmia CL, the difference between post-pacing interval (PPI) and tachycardia 
cycle length (TCL) in AVNRT is more than 110 ms and in AVRT is less than 110 ms.

Similarly, stimulus to atrial activation interval in ORT is less than 85 ms, but that 
is more than 85 ms in AVNRT.

In the presence of preexcitation, the ventricular insertion site can be targeted for 
ablation, in this situation pre-delta wave activation times are earlier in right-sided 
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than in left-sided APs in general and that is true about anteroseptal (superoparasep-
tal) APs.

Ordinary, one should ablate on the ventricular aspect of the annulus, with lower 
risk of injury to the normal conduction system.

Cryomapping and ablation are introduced to avoid damage to the AV node, of 
note cryoablation does not result in accelerated junctional rhythm, however, this 
finding, should not be interpreted as lack of damage to normal conduction so abla-
tion during HRA pacing with CL about tachycardia could help for monitoring of AV 
conduction during ablation [6].

There is about a 20% recurrence rate after cryoablation.
With Radiofrequency ablation, atrial aspect ablation with A/V EGM ratio of 

more than 0.4 may increase the risk of injury to the normal conduction system [7, 8].
There is one trick in the cases of a very close ablation site to His bundle, that the 

recording His catheter can be slightly advanced into the ventricle, leaving the insu-
lated portion of the catheter as a potential physical barrier for His bundle.

Ablation during sinus rhythm allows monitoring of PR interval prolongation and 
accelerated junctional rhythm occurrence, indicating normal conduction injury.

In some cases, anteroseptal APs could be ablated in the left ventricular outflow 
tract and noncoronary sinus of valsalva [9].

Criteria for successful ablation are lack of preexcitation at rest (with adenosine 
injection), ventricular decremental pacing, and lack of retrograde conduction via 
accessory pathway.

Recurrence rate of AP conduction is about 15% for right-sided anteroseptal and 
mid septal APs.
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Chapter 15
Mahaim Accessory Pathway

Shabnam Madadi

Abstract In any young patient with wide QRS tachycardia with LBBB pattern 
without structural heart disease, when SVT is considered be aware of Mahaim.

A 27-year-old man presented with frequent episodes of palpitation, without syn-
cope. Some episodes of palpitations were during exercise and another episodes 
were occurred during rest without any known precipitating factor. 
Electrocardiography during palpitation revealed a wide QRS tachycardia with 
LBBB morphology and superior axis. Arrhythmia was adenosine sensitive and sev-
eral episodes of arrhythmia were terminated with adenosine injection at the emer-
gency ward. Patient was referred for ablation and electrophysiology study was 
revealed that arrhythmia is contributed to the atriofascicular accessory pathway 
(Mahaim) and successful ablation of the accessory pathway was done.

ECG demonstrated a wide QRS tachycardia with LBBB morphology with rate of 
about 170 bpm and left axis deviation. There is no evidence of AV dissociation. 
Morphology criteria were infavor of SVT. There was not any evidence of broad R 
wave in V1 or R/S nadir more than 70 ms in V1–V2 and QR or QS in V6.

 EPS

Atrial overdrive pacing resulted in AH prolongation HV interval shortening and 
LBBB appearance of QRS (Fig. 15.1).

AES (Atrial extra stimulation) demonstrated LBBB morphology and AH prolon-
gation with HV interval shortening all consistent with decremental conducting atri-
ofascicular accessory pathway (Fig. 15.2).
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With ventricular stimulation, a wide QRS tachycardia with LBBB morphology, 
similar to the patient’s documented arrhythmia was initiated with negative HV 
interval (about 12 ms) and 1:1 AV association and earliest site of atrial activation in 
His consistent with antidromic AVRT due to right atriofascicular accessory pathway 
(Mahiam accessory pathway) (Figs. 15.3 and 15.4).

Patient’s basic ECG evaluation demonstrated no evidence of preexcitation dur-
ing sinus rhythm in favor of decremental conduction property of the accessory 
pathway.

Catheter ablation with radiofrequency was done during atrial stimulation with 
targeting the M potential in the lateral site of the tricuspid ring. During ablation 
ventricular automaticity was appeared, similar to the junctional rhythm during 
AVNRT ablation (Fig. 15.5).

After ablation no arrhythmia was inducible with AES or VES. Accessory path-
way was not appeared as at the lateral side of the TV ring with atrial stimulation 
(Fig. 15.6).

Fig. 15.1 With HRA pacing AH prolongation, HV shortening and LBBB pattern is seen

Fig. 15.2 LBBB pattern and HV shortening in Mahaim
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Fig. 15.3 Antidromic AVRT in Mahaim

Fig. 15.4 Mahaim potential on the catheter ablation that is positioned in the lateral side if TV ring

Fig. 15.5 Mahaim automaticity similar to AV automaticity during RFA

15 Mahaim Accessory Pathway
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 Discussion

The first time, in 1938, nodoventricular fibers were described by Dr. Mahaim as 
fibers that connected from nodal region to the ventricular region by bypassing the 
His system. It was only a histologic description without any physiologic impor-
tance, but in early 1980, antidromic reciprocating tachycardias due to slowly con-
duction atrioventricular and atriofascicular accessory pathways were described and 
eponym of Mahaim was adopted for such fibers contributing in such arrhyth-
mia [1–3].

These fibers are long, insulated fibers with decremental conduction properties 
that connect atrium directly to the distal part of His purkinje system. This structure 
is very similar to the nodal system with decremental conduction properties. Except 
for a single report of the left side Mahaim pathway, these pathways are almost 
always located at the right side, along the lateral part of the tricuspid annulus.

These pathways are associated with unique tachyarrhythmia using the accessory 
pathway as the antegrade limb and AV node as the retrograde limb, resulting in 
antidromic AV reciprocating tachycardia with LBBB morphology [4–6].

They can only conduct antegrade, and are mostly right-sided, giving rise to an 
antidromic AVRT with LBBB type morphology, which is sensitive to adenosine and 
verapamil. Similar to the AV node, there are some reports of ducal conduction prop-
erties in such accessory pathways [7].

Maximally preexcited QRS, during rapid atrial pacing or during antidromic 
tachycardia, is very similar to typical LBBB, without broad R wave in V1, with mid 
precordial R were transition (beyond V4), and an R wave in lead I. QRS duration 
during tachycardia is less than 150 ms, because atriofascicular pathway allows for 
more rapid activation to the His-Purkinje system. The distal insertion of atriofas-
cicular pathways is at the distal part of the right bundle in the anterior free wall of 

Fig. 15.6 No evidence of accessory pathway with atrial stimulation after ablation
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the right ventricle. Similar to the AV node, decremental conduction in the atriofas-
cicular pathways occur in the proximal portion, between the atrial insertion and the 
M potential. Initiation of the tachycardia could be done by atrial or ventricular 
stimulation.

In the atrial stimulation initiation of the tachycardia may be more easily done by 
atrial stimulation near the AV node, such as proximal of coronary sinus stimulation, 
because it may allow more time for AV node for recover and facilitate retrograde 
conduction. Because initiation of tachycardia by atrial stimulation requires AV 
nodal block for conduction through the accessory pathway, and because these acces-
sory pathways cannot conduct retrogradely, ventricular stimulation can almost 
always initiate the tachycardia [8].

Ventricular stimulation when could result in sufficiently short retrograde V-H 
interval, or sufficient delay on retrograde HPS activation because of retrograde 
RBBB could result in the initiation of the tachycardia. The AV interval during anti-
dromic tachycardia is often more than 150 ms. Direct insertion of the pathways to 
the distal RBB or fascicle results in the rapid simultaneous activation of His and 
ventricular with a very short V-H interval the V-H interval during tachycardia is 
shorter than V-H interval during sinus rhythm, because of the simultaneous activa-
tion of the His and the ventricular via right bundle [9, 10].

In the setting of the retrograde RBBB, V-H, and V-A interval may be prolonged 
and in this situation, the tachycardia cycle length increase, because the conduction 
occurs across interventricular septum via myocardium and then up to system via left 
bundle to reach to the His bundle and then to the atrium. In the absence of retrograde 
RBBB, rapid retrograde conduction over the right bundle to the His may allow for 
antegrade left ventricular activation via left anterior fascicule, resulting in a nar-
rower QRS with the inferior axis.

A late PAC, could preexcite the tachycardia and advance or delay the following 
ventricular activation without affecting the septal atrial activation, and reset the 
tachycardia. Cycle length oscillation following extrastimulus is common and is 
characteristic for such pathways. Mapping of the atriofascicular accessory pathway 
is done by locating to the M (Mahaim) potential along the tricuspid ring during 
atrial stimulation or during antidromic tachycardia.

The site of successful ablation is defined by simultaneous of the A, M, and RV 
potential in the lateral part of the tricuspid annulus [11].

In some situations ablation of the atrial insertion of the accessory pathway is 
done that can be achieved by recording the shortest stimulus to the fully preexcited 
ventricular electrogram, or by mapping the tricuspid annulus during antidromic 
AVRT. The second one could be done by mapping of the site where the latest PAC 
could reset the tachycardia cycle length without activating the atrial tissue near the 
AV node.

Radiofrequency ablation of atriofascicular pathways has a success rate of about 
90–100%.

15 Mahaim Accessory Pathway
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Chapter 16
An Unusual Location of Accessory 
Pathway Anteromedial Side of the Mitral 
Annulus

Shabnam Madadi

Abstract This brief case presents a patient with frequent episodes of palpitations 
and electrocardiographic abnormality consistent with preexcitation and multiple 
episodes of tachyarrhythmia such as atrioventricular reciprocating tachycardia and 
preexcited AF, with an unusual location of accessory pathway.

This patient was a 42-year-old female. Her 12 lead ECG showed evidence of preex-
citation with positive delta wave in V1, and II, III, aVF, and negative delta wave in 
I, aVL, and aVR. During electrophysiologic study, an orthodromic atrioventricular 
reciprocating tachycardia was induced and the earliest site of retrograde atrial depo-
larization was recorded at the proximal site of the coronary sinus, of course not 
so fused.

Meticulous mapping via septostomy and during tachycardia showed the local VA 
fusion in the anteromedial mitral annulus and radiofrequency application in this 
area resulted in the termination of tachycardia and elimination of accessory pathway.

 Case History

A 42-year-old woman with a 20 year history of paroxysmal supraventricular tachy-
cardia was referred for intracardiac electrophysiologic study.

A 12 lead ECG showed ventricular preexcitation (that was manifest during AF) 
with positive delta wave in V1 and inferior leads and negative delta wave in lead I 
and aVL and aVR, during electrophysiology study patient demonstrated antidromic 
AVRT (Fig. 16.1).
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With standard percutaneous techniques, intracardiac multipolar electrode cathe-
ter was placed in the high right atrium, right ventricular apex, his bundle region, and 
coronary sinus.

During electrophysiology study, AF was induced and demonstrated with positive 
QRS complex in lead V1 and negative delta and QRS complexes in leads I and aVL 
and aVR.

With programmed electrical stimulation a narrow QRS tachycardia consistent 
with orthodromic atrioventricular reciprocating tachycardia was induced with the 
earliest site of atrial activation in the proximal part of the coronary sinus, but not so 
fused signal (Fig. 16.2).

Fig. 16.1 Antidromic AVRT, positive concordance, negative aVL, Iso-Negative I

Fig. 16.2 Narrow QRS tachycardia with earliest atrial activation in CS 9–10
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Septostomy was done and meticulous mapping of the left atrioventricular ring 
during tachyarrhythmia showed the most fused VA signal in the anteromedial mitral 
annulus (Fig. 16.3).

Radiofrequency application in this area resulted in the termination of tachycardia 
with VA dissociation and elimination of delta wave during antegrade conduction.

 Discussion

The aortomitral continuity is a fibrous body that couples the mitral and aortic valves 
together as these two structures originate in widely separated parts of the early 
embryonic heart tube. Accessory atrioventricular pathway located at or near the 
anteromedial mitral annulus has rarely been reported [1–5].

In one report, Reginal Liew reported two cases of accessory pathway at aortomi-
tral continuity with positive delta waves and QRS polarities in the inferior leads and 
negative delta waves and QRS polarities in leads aVL and aVR [6].

In some reports para-Hisian accessory pathways were ablated via coronary cusps 
and in all of them, aVL was positive [7–10].

Compared with the ablation at the right anteroseptal area, RF delivered at the 
aortic cusps had a higher immediate success, lower complication rate, and good 
long-term outcome [11–13].

In this case surface, ECG analysis according to previous algorithms was concor-
dant with left lateral accessory pathway, but during sinus rhythm with the proper 

Fig. 16.3 Success site of 
ablation in aortomitral 
continuity
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position of coronary sinus catheter and during atrial pacing for manifest preexcita-
tion, distal coronary sinus electrodes showed no fused AV potentials [14, 15].

During orthodromic atrioventricular reciprocating tachycardia, the earliest site 
of atrial activation was at the proximal part of coronary sinus without fused 
VA signal.

During preexcited AF a pattern like aortomitral continuity PVC was seen with 
qR like potential in V1 and positive delta wave in the inferior leads and negative 
delta in leads I and aVL.

Mapping of the left atrioventricular ring via septostomy showed no evidence of 
a fused signal in the lateral and anterior portions of the ring consistent with that seen 
in the surface ECG.

There was no history of prior ablation and suspected iatrogenic isthmus block.
Mapping of the aortomitral continuity showed the most fused signal during 

tachyarrhythmia and radiofrequency ablation in this area was successful.
Mapping and success signal at this unusual location showed an uncommon site 

for left-sided accessory pathway.
There were few reports of the accessory pathway in this location, one concealed 

form of the accessory pathway at this location was reported in 1996 by WuTj and 
colleagues.

In summary, we present a case of an accessory pathway in the anteromedial 
mitral annulus with both antegrade and retrograde conduction properties.
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Chapter 17
Epicardial Left Anterolateral Wall AP

Shabnam Madadi

Abstract PI was a 39-year-old man, with some episodes of palpitation, but not 
documented ECG during arrhythmia; Family history of SCD was present in his 
young brother without any evaluation.

PI was a 39-year-old man, with some episodes of palpitation, but not documented 
ECG during arrhythmia; Family history of SCD was present in his young brother 
without any evaluation.

Twelve lead surface ECG showed evidence of minimal preexcitation with short 
PR interval with positive delta wave in V1 and negative delta wave in aVL (Fig. 17.1).

Echocardiography revealed normal ventricular size and function without any 
structural abnormality.

Because of atypical chest pain, coronary angiography was done elsewhere and 
was normal (NECA).

Because of the family history of SCD, we decided to evaluate the accessory 
pathway characteristics. So EPS was done, using two quadripolar catheters In HRA 
(High right atrium) and RV (right ventricle) and a decapolar catheter in CS (coro-
nary sinus).

With HRA pacing, manifest preexcitation was revealed with a negative QRS 
complex in I, aVL, and positive concordance in V1–V6 and positive QRS in II, III, 
aVF, all consistent with a left anterolateral accessory pathway (Fig. 17.2).

Any attempt for the right positioning of the CS was difficult and CS was posi-
tioned in a CS branch, so there was not any fused AV potential in CS. EPR (Effective 
refractory period) of the AP (accessory pathway) was about 250 ms, we tried to do 
septostomy for transseptal mapping and ablation of the accessory pathway. The best 
earliest ventricular signal was in the anterolateral portion of the ring, around the 
base of the LAA (Fig. 17.3).

Any attempt for ablation there was unsuccessful so we changed our approach, 
and unfortunately, it was very difficult to position the catheter in the anterolateral of 
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MV (Mitral valve) ring with this approach so we came back so the right side. Then 
we decided to remap the coronary sinus and great cardiac vein.

Unbelievably there is was a very nice and early ventricular signal in the antero-
lateral part of CS (Fig. 17.4) and RFA with irrigated tip catheter with power 20 W 
and target temperature 43 °C resulted in immediate disappearance of the delta wave 
(Fig. 17.5).

It was very uncommon, so we did coronary sinus venography and there was an 
amazing pattern of CS anatomy (Fig. 17.6).

Adenosine injection 30 min after ablation showed no evidence of accessory path-
way and ablation was terminated successfully (Fig. 17.7).

Fig. 17.1 Short PR with positive delta wave in V1, Ang negative delta in aVL

Fig. 17.2 HRA pacing demonstrated manifest preexcitation as negative delta in I, aVL, and posi-
tive delta in V1
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Fig. 17.3 The site of best 
signal in the base of LAA

Fig. 17.4 Site of the 
success signal in CS
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Fig. 17.5 Delta wave disappearance during RFA

Fig. 17.6 Interesting 
pattern of CS anatomy
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 Discussion

Left free wall accessory pathway is the most common type of all APs and accounts 
for about 50–60% of all of them. Epicardial APs account for 4% of all left free wall 
accessory pathways and are more frequent in the cases of failed ablation [1].

If manifest preexcitation was present, all left free wall APs should have positive 
delta wave in V1, with R wave greater than the S wave in leads V1 or V2. Mapping 
and ablation of the left free wall APs could be done via transseptal or retrograde 
approaches. If the ratio of the dominant amplitude in limb lead II was more than III, 
the pathway is likely anterior [2, 3].

A negative delta in I, aVL is infavor of the left lateral accessory pathway.
In the retrograde approach via aorta, the target is an accessory pathway ventricu-

lar insertion site.
It is often difficult to achieve a good position in the lateral and mitral annulus via 

retrograde approach. In the transseptal approach, the target is the atrial side of the 
annulus, the ability to maneuver the catheter is greater with the transseptal approach. 
The target sites for ablation in the left free wall accessory pathways are delta-VEGM 
difference less than 0 s and AEGM-VEGM ≤40 ms and atrial ECG EGM amplitude 
should be more than 0.4 mV. In unipolar electrogram, the maximum negative dv/dt 
reflects local ventricular activation. The AV intervals for left lateral APs are less 
than other free wall APs [4, 5].

In the cases of failed endocardial ablation, ablation could be done successfully 
via CS. For irrigated catheters, maximal power of 20–30 W and target temperature 
about 50 °C is recommended.

Cryoablation in the CS has also been used safely and effectively.
Coronary sinus muscular connections to the ventricle are mostly mapped in the 

MCV (middle cardiac vein) or posterior cardiac vein. Ablation within the CS or 
venous tributaries could be done safely by cryoablation, followed by irrigated tip 

Fig. 17.7 Absence of accessory pathway conduction during Adenosine injection
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RFA and finally noncooled RFA. Epicardial approach through percutaneous peri-
cardial access provides another approach for mapping and ablating such path-
way [6–8].

In our patient, there was no evidence of ECG manifestations of epicardial AP 
according to the previously known characterization of epicardial accessory path-
ways such as negative delta wave in lead II or steep positive delta wave in aVR, but 
because of failed endocardial attempts for ablation, we changed to epicardial 
approach via CS.

Although it is recommended to do coronary angiography prior to ablation in the 
CS because of the proximity of RCA (Right coronary artery) to MCV (Middle car-
diac vein) and LAD (Left anterior descending artery) and LCX (Left circumflex 
artery) to great Cardiac vein (GCV), we did not do coronary angiography in this 
case [9].
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Chapter 18
Fascicular VT

Shabnam Madadi

Abstract In any young patient without structural heart disease and wide QRS 
tachycardia with RBBB morphology be aware of fascicular VT.

A 19 y/o patient, presented with frequent episodes of palpitation and wide QRS 
tachycardia with RBBB pattern and inferior axis, positive QRS in I, aVL, small S 
wave in V5–V6.

Echo findings: Normal LVEF, Normal LV size, no significant valvular disease.
HR during tachycardia about 198/min. EPS was done; with retrograde aortic 

approach and mapping was done using a 3D Navx precision system; a tachycardia 
similar to the clinical one was induced with HRA pacing, and showed negative HV, all 
findings in favor of fascicular left posteroseptal VT. RFA was done and resulted in 
terminated of the arrhythmia during ablation and noninducibility with and without 
Isuprel.

 Methods

Patient was brought to the EP lab in NSR and good general condition. Conscious 
sedation was started for him. Invasive hemodynamic monitoring was done and the 
RV and coronary sinus catheter were introduced via the left femoral vein and right 
femoral artery access was archived for retrograde aortic approach.

The patient had documented wide QRS tachycardia with RBBB pattern and 
superior axis; positive QRS in I, aVL, and small S wave in V5–V6.

Atrial programed extra stimulation with protocol 300–280–240 ms with Isuprel 
resulted in initial of wide QRS tachycardia similar to the patient’s clinical arrhyth-
mia (Fig. 18.1). Flexibility ablation catheter was introduced via the femoral artery 
and via retrograde approach and inserted in the LV cavity by looping in the level of 
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valsalva sinus. Heparin administrated with dose 100 IU/kg and ACT was checked 
every 20% with a target ACT about 300 ms.

Because of the history of Verapamil sensitivity of the arrhythmia and because the 
arrhythmia was inducible with atrial programed stimulation, so Fascicular VT was 
considered for the patient and because of the axis of the arrhythmia, left posterosep-
tal fascicular VT was the first diagnosis. So we tried to find diastolic potentials dur-
ing VT in the apical third of the septum, but it was not so easy to find them, then we 
found and ablated Purkinje potentials but arrhythmia also inducible with PES and 
Isuprel yet.

Then we tried to ablate more proximal sites and RFA in more proximal sites 
resulted in the termination of the VT and noninducibility with Isuprel and 
PES. During sinus rhythm, there was also late potential suggesting unidirectional 
block to the diseased myocardium (Fig. 18.2).

Fig. 18.1 Wide QRS tachycardia, RBBB pattern, superior axis, AV diss

Fig. 18.2 VT termination during RFA in the more proximal portion
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 Discussion

Verapamil-sensitive fascicular VT is one of the most popular forms of the idiopathic 
VTs and was recognized by Zipes et al. in 1979 with RBBB morphology and left 
axis deviation and normal hearts.

In 1981 Belhassen et al. demonstrated the verapamil sensitivity of the tachycar-
dia. RBBB, inf axis and then an upper septal variant of this arrhythmia were reported 
by 2016; and three forms of this tachycardia were known as:

 1. LPF-VT pattern and super axis
 2. LAF-VT with RBBB morphology and inferior axis and
 3. Upper septal variant with narrow QRS and normal or right axis duration

The most common type was LPF-VT and the least common type was upper sep-
tal variant [1–4].

Recently Nogami et al. reported a distinct subtype of verapamil-sensitive fas-
cicular VTs as papillary muscle fascicular VT.

The mechanism of these VTs is reentry because it can be induced, entrained, and 
terminated by programed electrical stimulation. The circuit of LPF-VT is a P1 rep-
resents the activation potential in the distal part of the Purkinje tissue, with vera-
pamil sensitivity and decremented conduction (and is a slow conductive pathway of 
the arrhythmia) [5–7].

P2 is the activation of the left posterior fascicle or Purkinje fibers near the left 
posterior fascicle and is a bystander in VT.

Arrhythmia circus in VT is antergrade conduction via P1 and retrograde conduc-
tion via left ventricle septal muscle.

During sinus rhythm, the activation is from P2 to P1 (activation via left posterior 
fascicle to the distal Purkinje system), but arrhythmia circulation is from P1 to P2 
during VT and P1 is buried in ventricular activation during VT.

So during arrhythmia P1 as a mid-diastolic potential could be appeared and P2 
could be seen just before of the QRS.

Because the mechanism of the arrhythmia is reentry any lesion in the arrhythmia 
circulation could terminate arrhythmia but it is not so easy to do it. Nakagawa abla-
tion sites were at the apical inferior septum of the LV, but Tsuchiya’s et al., recom-
mend to ablate at the basal regions close to the main LBBB trunk [8, 9].

In this care; we finally used Tsuchiya’s approach for arrhythmia termination and 
noninducibility.

Two differential diagnosis for our patient and such patients is present:

 1. Posterior papillary muscle fascicular VT, was ruled out with the absence of supe-
rior right axis deviation (extreme axis).

 2. Non-reentrant posterior fascicle VT: That is a VT that could be induced by exer-
cise and catecholamine and cannot be induced or terminated by programed ven-
tricular stimulation and also is not responsive to verapamil. Fascicular VT can be 
slowed or terminated by verapamil but is unresponsive to the beta-blockers. 
Class Ia and Ic antiarrhythmic drugs may be effective. If the arrhythmia shows 
catecholamine dependency adenosine responsiveness may occur.

18 Fascicular VT
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The success and recurrence rate for the ablation of LPT-VT HF is reported about 
97% and 4% respectively and for LAF-VT about 90% and 11% respectively. For 
upper septal VT, success rate is about 100% and the recurrence rate about 2.5% 
[10, 11].

Left posterior fascicle in contrast with the upper septal variant is not a part of the 
arrhythmia circuit so left posterior hemiblock induction could not result in termina-
tion of arrhythmia.

The only predictor for recurrence after arrhythmia is the rate of the tachycardia 
and may be because of the catheter instability in the rapid heart rates, shorter CL of 
the arrhythmia could predict the arrhythmia recurrence [12].
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Chapter 19
Left Posteroseptal PVC

Shabnam Madadi

Abstract Left posteroseptal area is in close proximity to cardiac crux, if there is 
any finding in ECG in favour of epicardial origin this may be misleading. In this 
case, we had similar problem and after epicardial mapping of crux, we ablated the 
PVC in left posteroseptal area.

A 55 years old Patient; with Hx of inferior STEMI and fibrinolytic therapy else-
where, and coronary angiography 6 months ago, which revealed ectatic coronary 
arteries without significant stenosis.

The patient was referred to because of frequent PVCs and palpitation, LVEF: 40%.
PVCs were LBBB like pattern; with the rapid transition in V2 (breakthrough) 

and rS in V5–V6 (Fig. 19.1).
We planned for ablation, and EPS and ablation were started using one quadripo-

lar catheter in RV; one decapolar catheter in CS, and one vein for ablation. Using 3D 
precision mapping system with meticulous mapping in the right posteroseptal area 
there was no proper signal, so we attempted for middle cardiac vein mapping, map-
ping in the proximal part of the middle cardiac vein showed earliest about 20–24 ms, 
but ablation in that area was not successful (Fig. 19.2).

So we decided to do epicardial approach for mapping the apical crux. We did not 
do the left side approach before the epicardial approach because of the risk of bleed-
ing (due to heparin administration). So the epicardial anterior approach was done.

Short steerable catheter (Agillis) was introduced and meticulous epicardial map-
ping in the basal and apical crux was done but there was not an appropriate signal.

So we decided to do an arterial approach. Using retrograde arterial approach and 
posteroseptal mapping, these were an early signal in the left posteroseptal area and 
RF application in this area immediately eliminated PVCs (Fig. 19.3).

Triamcinolone 1 mg/kg was injected in the epicardial space then Agillis extracted. 
30 min waiting showed no recurrence of PVC, and the Patient discharged 1 day later 
with the good general condition; without PVC.
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Fig. 19.1 Positive QRS in lead II and negative in III, aVF, positive in lead I and aVL, break-
through in V2

Fig. 19.2 MCV (middle cardiac vein) signal in PVC

Fig. 19.3 Site of success signal

S. Madadi
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 Discussion

In about 1.8% of idiopathic PVC, the origin of PVC is the crux of the heart. In one 
report about 80% of these patients had sustained monomorphic VT and syncope and 
for some of those ICD was implanted. Basal curx PVCs could be ablated from the 
middle cardiac vein within 2 cm of the middle cardiac vein ostium [1, 2].

The ECG pattern of crux PVC, is a superior axis PVC with QS pattern in III and 
aVF and epicardial pattern morphologies, with maximal deflection index ≥55%, 
Pseudo delta wave >34 ms; and R ≥ S in V2 [3–5].

Those with LBBB pattern have an early transition in V2 with a late transition to 
an rS or qS in V6.

In patients with apical crux PVCs, the ECG morphology could be changed to 
RBBB or vice vera.

Basal curx PVCs have either negative or isoelectric potential in V1, positive 
potential in V6, and an early transition in V2. An algorithm to predict the precise 
focus of the crux PVCs was introduced by Kawamura et al. in 2014 and suggested 
that if there was an RBBB pattern PVCs; with R > S in V6; the apical crux is sus-
pected; otherwise basal crux could be the origin of the PVC.

Our patient had LBBB like morphologie with R > S in V2 and R < S in V6, maxi-
mal deflection index was more than 55% and pseudodelta wave was present; so 
strongly suggested epicardial origin but middle cardiac vein mapping showed no 
good signal so the epicardial approach was done and at the end; endocardial 
approach via LV in the left posteroseptal area resulted in the elimination of PVCs, 
this site was very adjacent to the sites with the earliest signal in electroanatomical 
mapping (Navx precision) in both right site and epicardial site [2].

In posteroseptal MV ring PVC, there is a precordial transition before V2 and 
negative QRS polarity in the inferior leads; posteroseptal VTs have a negative QRS 
component in V1, and the amplitude ratio of lead III to lead II is greater than poste-
rior PVSs.

Anterior and anteromedial VTs arising from the aortomitral continuity exhibit an 
absence of S wave in lead V6, and RBBB or LBBB with an early transition and 
inferior axis. In posterior and posterolateral mitral ring PVCs there is a notching in 
the late phase of the QRS complex in the inferior leads that may result from phased 
excitation from the LV free wall to the RV.

According to all finding and relatively higher frequency of MV ring PVCs than 
crux PVCs; MV posteroseptal origin was a suspected region in mind from the 
beginning of the procedure; but because of the need to anticoagulation during retro-
grade approach and risk of bleeding, we performed epicardial approach before ret-
rograde aortic approach.

We did the anterior epicardial approach, because it is recommended to puncture 
at the site further from the desired region of mapping to avoid “U” turns around the 
target area [6, 7].

A 17 gauge Curved tipped needle (Tuohy) was used then Agillis’s introduced and 
with an open irrigated tip catheter epicardial mapping was done using 3D precision. 
At the end; endocardial LV posteroseptal site mapping and ablation resulted in the 
elimination of PVCs.

19 Left Posteroseptal PVC
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Chapter 20
GCV (Great Cardiac Vein) PVC

Shabnam Madadi

Abstract LV summit PVCs are not infrequent and sometimes could be ablated via 
coronary sinus in the great cardiac vein.

The patient was a 44-year-old man, with complaints of palpitation, and dyspnea on 
exertion. Frequent PVCs were determined in ECG; with an inferior axis; LBBB pat-
tern with the early precordial transition, and breakthrough pattern in precordial 
leads (Fig. 20.1).

In ECG Holter monitoring there was about 20% PVC count. LVEF by echocar-
diography was about 40%. Ablation recommended.

EPS and ablation was done; using quadripolar catheter for RV potential record-
ing and pacing; one decapolar catheter for CS; and an arterial line for retrograde 
aortic approach; and another vein for GCV mapping via CS.
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Fig. 20.1 PVC with breakthrough in V2, inferior axis, iso-neg in I, negative in aVL
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The procedure was done during conscious sedation using 3D Carto mapping 
(CARTO; Biosense Webster) (Fig. 20.2). A 3.5 mm open irrigation tip catheter was 
used. With the retrograde mapping of the aortic cusp, the earliest site of activation 
was an LCC with about 30  ms earliest signal but ablation in that area was 
unsuccessful.

So RVOT (right ventricular outflow tract) and GCV (Great cardiac vein) map-
ping was done. The earliest signal in GCV was found and was about 34 ms earlier 
than surface ECG (Fig. 20.3); and RF ablation in that area with 20 W and target 
temperature 43 °C resulted in the elimination of the PVCs abruptly, but because of 
the impedance rise in the coronary sinus, ablation was interrupted; and intermittent 
titrated RF currents were applied. PVCs were eliminated without recurrence after 
30 min waiting period.

Fig. 20.2 CARTO mapping of PVCs (a left aortic cusp ablation was not successful)

Fig. 20.3 Earliest signal about 32 ms (in GCV)

S. Madadi
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 Discussion

The most common site of idiopathic PVCs is in right and left ventricular outflow 
tract. Patients with a high PVC burden could develop a reversible from of LV car-
diomyopathy. So PVC ablation could reverse the process of cardiomyopathy and 
cardiomyopathy could regress after PVC ablation [1, 2].

The classic ECG profile of outflow tract PVC is LBBB pattern and tall R waves 
in leads II, III, aVF, and QS pattern in aVR and aVL.

Idiopathic PVC could be ablated from aortic cusps. ECG criteria for RCC (right 
coronary cusp) PVC is a QS or rS pattern in lead V1, but LCC (left coronary cusp) 
PVC overall has multiphasic components with a positive complex in V1 [3, 4].

Target site for ablation in LCC is a site with very small presystolic up to 80 ms 
earlier than QRS onset with isoelectric segment before QRS and a delayed signal in 
NSR which reverse during PVC and a QS pattern in unipolar ablation recording, 
with an M or W shaped QRS complex. In RCC PVCs there is a QS or rS pattern in 
V1 and in right–left junction the potential in V1 has a notching on downstroke or a 
QS pattern [5, 6].

AMC (Aortomitral continuity) PVCs have RBBB, inferior axis, and q R pattern 
in V1. The LV summit is a triangular portion of the LVOT epicardium between LAD 
and LCX bifurcation. Epicardial LV summit PVC, have a maximum deflection 
index in the precordial leads. LVS is dissected by GCV into the basal and apical 
portion of the triangle [7–9].

In this PVCs, there is a QS pattern in lead I about 30%, and early precordial R 
wave transition in 70%. Intrinsicoid deflection time is also prolonged. LV summit 
arrhythmia could be ablated via GCV or via the epicardial approach [9].

Epicardial approach is only successful for ablation of the PVCs arising from the 
basal and lateral aspects of the LV summit, because of proximity to coronary vessels.

Because of epicardial fat, basal, and apical LV summit epicardial ablation is 
mostly unsuccessful.

ECG criteria predictive for the basal or lateral summit are: Q wave ratio >1.8 in 
aVL/aVR, R/S > 2 in lead V1 and absence of q wave in lead V1 [9].

Ablation with irrigated tip catheter in the cusps and GCV should be done with 
caution and start with 10–15 W and increase slowly to 30 W.

In PVCs originating for GCV, coronary angiography should be done before an 
attempt for ablation.

The acute success rate of ablation in idiopathic PVC is about 80 and 70% with 
and without antiarrhythmic drugs, respectively.

Complications during ablation consist of the development of bundle branch 
block or AV block, or aortic regurgitation or pulmonic regurgitation or coro-
nary damage.

Sometimes the origin of the PVC is midmyocardial and longer duration lesions 
are required.

Bipolar ablation could be done for eliminating mid myocardial foci.

20 GCV (Great Cardiac Vein) PVC
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Chapter 21
AS and HCM

Shabnam Madadi

Abstract LVH (left ventricular hypertrophy) is one of the most common presenta-
tions in aortic stenosis and sometimes it would be missed to evaluate for other 
causes of the LVH in the presence of AS. Combination of AS and hypertrophic CMP 
is not common too. In this case of such combination, HCM was missed until presen-
tation with VT and apical aneurysm.

A 36-year-old man with history of aortic valve replacement (AVR) 8  years ago 
because of severe aortic stenosis (AS) and bicuspid aortic valve (BAV) presented 
with palpitation and cold sweating with hemodynamically compromised state and 
wide QRS tachycardia to the Emergency room (ER). Electrocardiography showed a 
wide QRS tachycardia with RBBB pattern and transition in V2, and superior axis, 
considering VT with left ventricular (LV) origin (Fig. 21.1, ER ECG was inacces-
sible so we used the figure of the 12 lead ECG of the induced VT in EP lab).

QRS Synchronized electrical cardioversion was done in the ER with 100 J and 
resulted in the termination of arrhythmia 0.12 lead ECG revealed LVH in normal 
sinus rhythm state (NSR).

Echocardiography was done by cardiology assistant and showed LVH with nor-
mal functioning prosthetic valve without significant valvular gradient. CMR was 
recommended because of the discrepancy between LVH and normal function of the 
prosthetic valve without significant size mismatch. CMR was done with 1.5 Tesla 
Aventus Siemens device and showed LVH with apical aneurysm and diffuse LGE 
with mid-cavity gradient, all findings infavour of HCM (Fig. 21.2a, b).

Because of history of sustained monomorphic VT (SMMVT), electrophysiologi-
cal study (EPS) and mapping was done, using transseptal approach because of the 
prosthetic aortic valve. Substrate mapping during NSR revealed large low voltage 
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apical area and activation mapping after VT induction showed reentrant VT around 
the apical aneurysm.

Radiofrequency ablation (RFA), using a cooled tip catheter with 30 W and 43 °C 
was done and the apical aneurysm was isolated (Fig. 21.3).

At the end of the procedure, VT was non-inducible. Then because of high-risk 
features of the patient, ICD was inserted.

 Discussion

The coincidence of BAV and HCM was already described by Brown in 1990 in four 
adult patients [1–5]. The coincidence of HCM with other cardiomyopathies such as 
left ventricular noncompaction (LVNC) has been previously reported in some stud-
ies [6]. Also echocardiography remains now as a gold standard in examination of 
patients with HCM heart morphology, weak points of echocardiography are the 
anterolateral segments of the LV, Papillary muscles, Some Portions of the right ven-
tricle (RV) and apex [7, 8]. CMR using gadolinium can reveal areas of fibrosis and 
also better clarify missing points of echocardiography. However, necrosis can be 
found in half of the patients suffering from hypertrophy of LV as a consequence of 
aortic stenosis or arterial hypertension but diffuse fibrosis with an apical aneurysm 
are seldom findings of BAV and AS, and strongly suggest HCM [9].

Fig. 21.1 VT with RBBB pattern, transition in V2, superior axis
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Late gadolinium enhancement in CMR in many studies has been suggested to be 
a high-risk predicting factor [9].

LV apical aneurysm is also a high-risk factor for arrhythmia.
In this patient despite arrhythmia ablation, ICD was implanted, because of high- 

risk features for sudden cardiac death [10].
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Chapter 22
Air Embolism During Septostomy

Shabnam Madadi

Abstract Systemic and coronary air embolism is one the complications in left 
heart catheterizations and also could be seen during septostomy. In this case we had 
it in a patient with left side accessory pathway during septostomy.

A 30-year-old female with a history of frequent episodes of supraventricular tachy-
cardia presented with ECG manifestations of minimal left side accessory pathway 
and WPW syndrome.

An electrophysiologic study was performed in conscious sedation status, and 
diagnostic catheters were introduced via the left and right femoral vein.

Intracardiac electrograms were recorded using the Bard (Boston scientific) elec-
trophysiology system.

The evaluation of the conduction system revealed the most fused AV signal in the 
left lateral side of the coronary sinus (CS) (Fig. 22.1).
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The retrograde conduction pattern was also eccentric and the earliest retrograde 
atrial signal was recorded in the distal part of the CS during RV pacing.

A narrow QRS tachycardia was reproducibly inducible with programmed atrial 
and ventricular stimulation.

We attempted to do septostomy with Agillis long sheet (Agillis NxT™ Steerable 
Introducer, St. Jude Medical).

Needle was proceeded into the left atrium without the need for puncture of the 
interatrial septum.

Immediately after septostomy, we observed air bubbles in the left ventricular 
apex (Fig. 22.2).

Immediately 100% oxygen was administrated. Right femoral artery was cannu-
lated and a pigtail catheter (Dawson–Mueller Drainage Catheter) was introduced 
via femoral artery with a retrograde approach into the left ventricular cavity and 
suction was done.

During suction ST elevation in the inferior leads was appeared with sinus brady-
cardia and manifest accessory pathway conduction infavor of AV block (Fig. 22.3).

Rapid RV pacing was done, 100% Oxygen was administrated and Inotrope was 
injected too. ST elevation was resolved in about 1–2 min.

The procedure was terminated without any attempt for ablation.
Propofol injection was omitted, after consciousness, the patient was alert and 

awake with obey to orders but with left side hemiparesis without left central hemi-
facial weakness.

Brain CT scan was done and was normal. The distal force of left upper extremity 
was resolved in about 1 h but yet the proximal force of the left arm and total force 
of the left leg was compromised. The neurologic consult was done and heparin drip 
and dexamethasone were recommended by the neurologist.

Fig. 22.2 Air bubbles in 
the left ventricular apex
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After 24 h of procedure, all forces returned to normal status and after 72 h patient 
was discharged with the good general condition without any problem.

Follow-up of the patient showed no any problem and redo procedure was done 
14 days later and the accessory pathway was successfully ablated via a retrograde 
approach.

Transesophageal echocardiography in the second admission revealed a patent 
foramen oval (PFO)with size about 2 × 5 mm and right to left shunt.

 Discussion

RFA for WPW syndrome could be done via retrograde or transseptal approach. 
Retrograde approach may be associated with the risk of prolonged catheter manipu-
lation and potential arrhythmogenic ventricular lesions created during abla-
tion [1–3].

Potential risks can be avoided using transseptal atrial insertion. This approach 
was developed in 1950s and nowadays is on the most useful approaches for the abla-
tion of the left-sided targets in electrophysiology studies [4].

Lesh et al. reported one case of coronary air embolism complicating transseptal 
radiofrequency ablation of the left lateral accessory pathway during catheter 
exchange and recommended continuous flushing with heparinized saline during 
catheter exchange.

Khurram et al. in 2016 reported a case of catastrophic coronary air embolism 
during AF ablation with massive air embolism into the RCA leading to the hemody-
namic collapse and successful management with catheter-based coronary aspira-
tion [3].

Murat Tulmac et al. reported a case of massive systemic air embolism during 
aortic root angiography in 2012, with the collapse of the patient and pulseless elec-
trical activity. The patient became electrically stable shortly after cardiopulmonary 
resuscitation but she had a garbled speech and left hemiplegia with partial weakness 
and paresthesia in the right leg and arm. The brain CT was of the patient was normal 

Fig. 22.3 Manifest AP with bradycardia and inferior ST elevation
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such as our patient and the patient was transferred to the center with facility of 
hyperbaric oxygen chamber treatment (HBOT), and all of the neurological func-
tions were normal after 1 day.

We do not have facility of HBOT but we administered 100% O2 and after 24 h 
everything was normal and the patient was discharged after 72 h without any resid-
ual defect.
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Chapter 23
Case 12: A 56 y/o Man, with Typical AFL

Shabnam Madadi

Abstract Any atrial flutter which is cavotricuspid isthmus dependent is typical 
AFL and creation a line of RFA in CTI is the ablation strategy.

Patient was a 56 y/o man, with Hx of PCI on LAD years ago, presented with two 
episodes of palpitation and documented ECG in favor of typical AFL.

LVEF about 50%, no significant valvular disease.
ECG: inverted saw tooth F wave in the inferior leads, low amplitude biphasic F 

wave in I, aVL, upright F wave in V1, and negative F wave in V6.

 EPS

Activation mapping was done using multielectrode catheters introduced via right 
and left femoral vein.

Quadripolar catheters were positioned in HRA and RV and a decapolar catheter 
was positioned in CS. Some time we position a duo-decapolar catheter (Halo) in the 
right atrium around tricuspid valve annulus.

Patient was present to the EP lab in sinus rhythm, so induction of AFL was done 
by atrial programmed stimulation. A narrow QRS tachycardia with CL 280 ms was 
induced by electrical stimulation (Fig. 23.1).

The initial atrial activation was recorded at CS ostium for confirmation of the 
typical AFL using cavotricuspid isthmus entrainment mapping was done with pac-
ing in the CTI and concealed entrainment revealed typical AFL with PPI and TCL 
difference less than 30 ms (Fig. 23.2).
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Stimulus-to-F wave and stimulus-to-reference EGM interval and pacing EGM to 
F wave were the same during AFL and pacing.

For ablation of the CTI-dependent AFL, a line of RF ablation was created across 
the CTI and then bidirectional conduction block was checked across the CTI.

We usually use an external irrigated ablation catheter for ablation using a long 
steerable deflectable sheet (Agillis).

We commonly target the central isthmus for ablation, because is the narrowest 
site of CTI and also has a lower risk for AV block compared with the medial isth-
mus. In the case of the pouch in this site, lateral isthmus ablation is done, although 
it is thicker than central isthmus.

We usually use a maximal power of 35  W with a max temperature of 
48 °C. Impedance drop about 10 Ω is acceptable (Fig. 23.3).

After the termination of flutter, bidirectional CTI block was checked, because of 
the persistence of CTI conduction, we tried to create a new line of RF ablation 
(Fig. 23.4 a, b).

Fig. 23.1 Sawtooth F waves without isoelectric interval, negative in the inferior leads, posi-
tive in V1

Fig. 23.2 Entrainment via ablation catheter positioned in CTI showed that arrhythmia is CTI 
dependent
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Fig. 23.3 Arrhythmia termination during RFA

a

b

Fig. 23.4 (a, b) Bidirectional block across isthmus after ablation

23 Case 12: A 56 y/o Man, with Typical AFL
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 Discussion

CTI-dependent atrial flatter is a common arrhythmia that often occurs in structural 
normal hearts. This arrhythmia often causes by a macro reentry in the right atrium 
around the tricuspid valve annulus and the slow conduction area at the lower poste-
rior right atrium [1–3].

CTI is a portion of the right atrium between the TVA (tricuspid valve annulus) 
and IVC (inferior vena cava) and is anatomically bounded by the IVC and Eustachian 
ridge posteriorly and TVA anteriorly [3].

In about 80% of the patients, there is an inferior pouch in the CTI (sub- Eustachian 
pouch or sinus of Keith).

The posterior portion of the CTI is membranous part, near the IVC; the mid part 
is trabeculated portion and the anterior portion near the tricuspid valve is called 
vestibular (muscular portion) [3].

In the LAO view, CTI is divided into three portions: medical isthmus at 5 o’clock; 
central isthmus at 6 o’clock and lateral isthmus that is positioned at 7 o’clock. The 
central isthmus is the narrowest part and easy for ablation, but sometimes because 
of the presence of the pouches it may be difficult to do ablate at this site and lateral 
and then medial isthmus if need could be tried for ablation [2, 3].

There are three other macro reentrant tachycardias in this area:
Lower loop reentry, partial isthmus flutter, and intra-isthmus reentry.
Lower loop reentry is also isthmus dependent and in which the circuit is essen-

tially around the ostium of the IVC in the right atrium and the direction of rotation 
may be clockwise or counterclockwise [4–7].

In this reentry caudal to cranial activation in the right atrium crosses over gaps in 
the crista terminalis in the low RA to middle RA. There is a collision in the lateral 
RA that results in a decrease in the inferior forces. In lower loop reentry there is 
evidence of concealed entrainment in the CTI and also inferior-posterior of the RA.

In partial isthmus flutter, reentrant wave short circuits through the Eustachian 
ridge to pass between the IVC and CS ostium. In this type of AFL, concealed 
entrainment is present in the lateral isthmus but not medical isthmus. There is also 
early activation of the CS ostium and collision in the medical CTI. Intra-isthmus 
reentry is a micro reentry localized within the septal region of the CTI.

We used a maximal power of 35 W with max temperature of 48 °C. Impedance 
drop about 10 Ω was acceptable [8].
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Chapter 24
An Atypical Roof Dependent AFL

Shabnam Madadi

Abstract A case of valvular heart disease presented with frequent episodes of pal-
pitations and atypical AFL in ECG, EPS was done and entrainment study showed 
that the isthmus of the arrhythmia was in LA roof and ablation in that area resulted 
in termination of the arrhythmia.

 Introduction

Patient was a 58 y/o man, with moderate MS and moderate MR, presented with 
frequent episodes of palpitations, not responsive to medical treatment, and candi-
dated for ablation.

ECG showed a narrow QRS tachycardia with 2:1 AV association and AFL 
appearance and positive F waves in the inferior leads and V1 and positive F waves 
n V6 also. EPS was done using a halo catheter in RA, one quadripolar catheter in 
RV, and A decapolar catheter in CS.

EPS demonstrated a narrow QRS tachycardia with 2:1 AV conduction; CS acti-
vation was distal to proximal, arrhythmia CL was about 250 ms.

 EPS

Using halo catheter in RA there was evidence of early septal activation in RA and 
fusion of wavefronts in the RA lateral wall. RA mapping should <50% of tachycar-
dia cycle length.

Entrainment mapping in multiple cites of RA resulted in post-pacing interval 
more than 30 ms, all of findings were infavor of left side atrial macro reentrant 
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tachycardia and there was a distal to proximal CS activity; all of above findings 
were infavor of left side AFL.

After septostomy, entrainment mapping of the multiple sites in LA was done. CS 
proximal and distal entrainment showed manifest fusion and PPI–TCL > 30 ms, so 
perimetral reentry was ruled out and other sites in LA were mapped and entrainment 
was done in other sites.

In 3D mapping using the Navx velocity system, there was the presence of areas 
of early activation adjacent to late regions.

During mapping of the LA roof there were low voltage areas and entrainment 
study in the roof demonstrated concealed fusion with very short PPI–TCL differ-
ence so, RFA was done using irrigated tip catheter with power 20 W and target 
temperature 43 °C and resulted in tachycardia cycle length prolongation and termi-
nation of the arrhythmia (Figs. 24.1 and 24.2).

Roof line RFA (radiofrequency ablation) from left to right superior pulmonary 
veins was completed and pacing in the anterior and posterior walls showed bidirec-
tional block and no evidence of conduction recurrence after 30 min.

 Discussion

Macroreentrant circuits not dependent on the cavotricuspid isthmus are called atypi-
cal atrial flutter. Atypical flutter in contrast with typical AFL mostly occurs in 
organic heart disease [1–3].

In the ECG, in focal atrial tachycardia P wave durations are shorter and isoelec-
tric interval are longer than macroreentrant atrial tachycardia.

Fig. 24.1 Entrainment maneuver in LA roof, terminated the arrhythmia infavor of protected isth-
mus site of arrhythmia
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Flutter waves arising from RA are predominantly negative in V1, but broad posi-
tive F waves in V1 without any isoelectric or negative initial component arise from 
LA mostly [4].

In circuit entrainment, from anterior and posterior LA demonstrates roof depen-
dent LA reentry. Distal to proximal CS activity is strongly infavor of LA reentry, 
although proximal to distal CS activity may be seen in both RA and LA macroreen-
trant tachycardia.

Mostly, in roof dependent LA marcoreentry Chevron and reverse Chevron pat-
terns occur.

Chevron pattern occurs when LA activation is done via descending a wavefront 
from posterior walls then propagating in both septal and lateral dimensions [5].

The reverse chevron occurs when wavefronts descend the anterior LA wall and 
then propagate to the posterior LA wall.

In this patient, although there was a roof dependent AFL absence of Chevron or 
reverse Chevron pattern may be due to accelerated conduction via Backmann’s bundle.

According to the concealed entrainment in the LA roof and successful ablation 
in that area, the mechanism of the arrhythmia was strongly considered to be roof 
dependent AFL.

There are multiple variants of non-isthmus-dependent AFL such as upper loop 
reentry, right atrial free wall reentry, and dual loop reentry in the right atrium and 
perimitral annulus reentry, roof dependent reentry and periseptal reentry in the 
left atrium.

In addition, lesion tachycardia can occur on each side of atrial fibrosis following 
atriotomy or after Maze surgery [6].

So the first step for an approach to such arrhythmia is to confirm the mechanism 
of the arrhythmia that is reentry or not. Then entrainment maneuvers should be done 
in CTI for rule/out of typical AFL.

Fig. 24.2 Termination of the arrhythmia with ablation
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Then entrainment mapping in lateral septal sides in RA and proximal and distal 
CS, then anterior and posterior LA, could demonstrate the position of the reentrant 
circuit [7].

Electroanatomical mapping with mapping of the >90% of the tachycardia cycle 
length, could be helpful. A hallmark of macroreentrant arrhythmia in 3D mapping 
is the presence of the areas that earliest meets the latest [8, 9].

It should be noted that very low voltage areas can be the critical components of 
the tachycardia circuits. RFA with irrigated tip catheter and impendence drop of 
10 Ω could be more effective than nonirrigated tip areas [10].
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Chapter 25
AF Cryoballoon: Pulmonary Vein Isolation 
in a Patient with Amplatzer ASD Closure 
Device

Shabnam Madadi

Abstract Patient with Hx of ASD closure with Amplatzer, presented with AF 
rhythm and pulmonary vein isolation was done with cryoablation.

A 50 y/o man, with Hx of ASD closure (Amlatzer), with frequent episodes of palpi-
tation, no one last more than 24 h, without any history of CAD risk factor, presented 
with AF rhythm, and with the diagnosis of paroxysmal AF; non responding to anti-
arrhythmic drugs, referred for pulmonary vein isolation. After talk with patient 
about pros and cons of the two most available ablation strategies for AF (Cryoballoon 
and radiofrequency), the patient selected cryoballoon ablation so she was scheduled 
for cryoballoon ablation.

EPS was started with introducing one decapolar catheter and another quadripolar 
catheter for recording and stimulation of the CS and RV potentials, respectively.

Electrophysiology study for AF trigger was done and there was no evidence of 
any promoting arrhythmia. AF was induced reproducibly by AES and converted to 
sinus rhythm by cardioversion (Fig. 25.1).

So we started for cryoballoon ablation, after septostomy and introducing Flexcath 
catheter, which has 12 F line diameter and 14.5 F outer diameter. It was challenging 
because of Amplatzer device (Fig. 25.2).

Heparin was administered with target ACT about 300–350 ms.
In contrast with other septostomies for left lateral accessory pathway ablation 

and other types of the left side arrhythmia, a recommended approach for transseptal 
puncture in AF cryoballoon PVI (Pulmonary Vein Isolation) is a low and anterior 
transseptal puncture, at the lower limbs of the septum. We used second-generation 
cryoballoon, Arctic front advance, 28 mm, for our patient.
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After introducing cryoballoon via catheter sheet, we accessed the PVs using 
achieve catheter, then the cryoballoon was inflated in the left atrium and engaged 
the PV antrum, and if the PV occlusion was confirmed with contrast injection, abla-
tion was started by proximal seal method.

In the proximal seal method, ablation initiates for approximately 3 s to allow for 
cryoballoon expansion, then the balloon advances toward the antrum (Figs. 25.3, 
25.4, 25.5 and 25.6).

Fig. 25.1 AF induction during EPS

Fig. 25.2 Septostomy was 
done after several attempts. 
Dye staining in the septum 
of previous tries is present
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Regarding TIT (Tissue to Isolation), ablation was continued for 180 s or 240 s, in 
each PV. Phrenic nerve reservation was checked in the right PVs, during ablation. 
PV potentials were disappeared after ablation.

Ablation was terminated without any major and minor complications.

Fig. 25.3 Complete 
occlusion of LUPV with 
cryoballoon, before 
freezing

Fig. 25.4 Silent LUPV after ablation

25 AF Cryoballoon: Pulmonary Vein Isolation in a Patient with Amplatzer ASD…



186

 Discussion

According to the 2014 H ACC/AHA/AHRS guidelines and 2017 (HRS/EHRA) 
expert consensus, there is a class I indication for catheter ablation of drug refractory, 
symptomatic paroxysmal AF and a class IIa indication for persistent AF that is drug 
refractory and symptomatic [1].

AF affected more than 33 million people worldwide. AF with less than 7 days 
duration is defined as paroxysmal AF and early persistent AF is now defined as 
sustaining for less than 3 months but more than 7 days [1–3].

Fig. 25.5 RUPV 
cryoablation

Fig. 25.6 Silent RUPV after ablation
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In 1998, Haissaguerre et al., published that PV triggers, often initiate AF and 
reported that elimination of these potentials may eliminated AF in some patients. 
Now, pulmonary vein isolation is the cornerstone of AF ablation and could be done 
by electrical isolation via antral PV modification [4, 5].

Unlike traditional focal ablation, cryoballoon ablation achieves wide, homoge-
nous, and large antral modification.

Rate of complications such as pulmonary vein stenosis, atrial-esophageal fistula, 
stroke, and death with cryoballoon ablation is reported but are less than traditional 
radiofrequency ablation [6–8].

In conclusion, cryoballoon ablation is a safe and more predictable toolset for a 
reliable large area PV antral modification, for the treatment of AF [8].
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Chapter 26
AF Radiofrequency Ablation Using 
CARTO 3D System

Shabnam Madadi

Abstract Radiofrequency ablation of paroxysmal AF is Class I indication for drug 
refractory, symptomatic cases. In this case we did it for a highly symptomatic lady 
using CARTO 3D mapping system.

A 56 y/o lady presented with four episodes of palpitation and documented paroxys-
mal AF, nonresponsive to medical therapy, referred for pulmonary veins isolation.

 Methods

PV isolation is the cornerstone of catheter ablation of AF.
Haussaguerre et al. first time demonstrated that focal discharges from pulmonary 

veins could be triggers for initiation of AF and ablation of the sources of such dis-
charges could diminish paroxysmal AF episodes [1–3].

In patients with symptomatic paroxysmal AF who have failed treatment with 
optimal antiarrhythmic drugs, pulmonary vein isolation is a class I indication. All 
patients with paroxysmal AF, who are candidate for PV isolation should discontinue 
antiarrhythmic drugs for at least 3–5 half-lives for evaluation about AF trig-
gers [4–6].

In case of Amiodarone, it is recommended to discontinue the drug for 4–6 months 
before ablation. We usually use Warfarin or factor Xa inhibitors in the preablation 
setting.

After vascular access obtaining we administer Heparin (100  IU/kg up to 
10,000 IU for warfarin and up to 12,000–15,000 IU with factor Xa inhibitors [7–9].

The target ACT is about 350–400 s. PV triggers are the dominant mechanism of 
initiation of AF.
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Our approach to PVI is wide antral ablation. Almost always we use 3-Dimentional 
electroanatomical system such as Precision Navx or CARTO mapping [10–13].

Sometimes we do double septostomy but often we use sequential mapping and 
ablation of the PV potentials [14, 15].

We use open irrigated catheters with Max power of 23 W for the posterior wall 
and 25 W for anterior walls.

The end point of PVI is the entrance and exit block in PVs. In this case, we used 
CARTO mapping system (Fig. 26.1a, b).

a

b

Fig. 26.1 (a, b) PVI using CARTO mapping system
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 Discussion

We used 3D CARTO mapping system in this case. After deep anesthesia and vascu-
lar and left atrial access, we ablated a wide antral region of four PVs sequentially 
and checked entrance and exit block in each PV.

Optimal anticoagulation using Heparin with ACT 350–400 s was achieved dur-
ing the procedure.

Sometimes we do double septostomy and use circular mapping catheters for 
recording of PV potentials, but in this case, we did only single septostomy and 
sequentially checked for PV potentials.

After isolation of all PVs, we checked for reconnection (without Isuprel) and the 
procedure terminated successfully.
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Chapter 27
Epicardial Approach for VT Ablation 
in an ARVC Case

Shabnam Madadi

Abstract A young old man, with frequent episodes of VT, referred for ablation 
suspected for sarcoidosis and ARVC in CMR, after ICD implantation presented 
with VT storm, without any endocardial scar and with extensive epicardial scar in 
voltage mapping, so epicardial VT ablation was done.

Patient was a 36 y/o man, referred from elsewhere with diagnosis of RVOT–VT and 
hemodynamic compromise and termination of the arrhythmia with D/C shock. 
Echocardiography revealed moderate RV dysfunction and mild LV dysfunction, so 
cardiac MRI was recommended for patient.

Cardiac MRI revealed patchy areas of Late gadolinium enhancement (LGE) sug-
gesting fibrosis in the RV inflow and outflow tract and another site of LGE in the 
mid posterolateral wall of LV with LVEF about 45%, and moderate RV 
dysfunction.

Patient was infertile.
The first diagnosis in cardiac MRI was Sarcoidosis and ARVC was recommended 

as the second diagnosis (Fig. 27.1a, b).
ICD was implanted for patients.
He refused ablation so was referred for Rheumatology consult.
Three weeks later he presented with VT storm.
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 Ablation

We tried to do endocardial biopsy using guide of 3D voltage mapping, but interest-
ingly there was not any low voltage area in bipolar voltage mapping, but unipolar 
mapping revealed large scar burden, so ARVC with RV epicardial involvement was 
considered for him.

We did not do an endocardial biopsy because of the absence of any site of the 
endocardial scar.

So we tried to do an epicardial approach for VT ablation.
Subxiphoid puncture was done and 3D electroanatomical mapping of the epicar-

dium revealed multiple sites of patchy scars in the RVOT and RV inflow areas.
Because of hemodynamic deterioration with VTs (Figs. 27.2 and 27.3), substrate 

modification was done for patients (Fig. 27.4a, b).
Before ablation coronary angiography was done determination of the position of 

the coronary arteries (Fig. 27.5).
We ablated all of the entrance conducting channels and late potentials in the 

RVOT and RV inflow (Figs. 27.6 and 27.7).
No arrhythmia was inducible after ablation with three ventricular extrastimu-

luses and Isuprel infusion (Fig. 27.8), so ablation was terminated and no arrhythmia 
was present in the 1 and 3 months follow-ups later.

Fig. 27.2 VT1, Induced by VES (ventricular extra stimulation), the superior axis with negative 
concordance and positive I, aVL

27 Epicardial Approach for VT Ablation in an ARVC Case
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 Discussion

Scar distribution patterns in cardiac MRI may be helpful by indicating disease- 
specific patterns of fibrosis on LGE images. Cardiac Sarcoidosis is a diagnostic 
challenge and work up for it requires biopsy [1–3].

A scar pattern of basal septal RV involvement may be infavor of Sarcoidosis, but 
does not prove it.

In ARVC, the disease process starts in the epicardial RV where fibrofatty tissue 
replaces myocardial tissue.

In about 50% of the patients with ARVC, for cardiac MRI and voltage mapping 
was done, endocardial voltage mapping failed to detect areas of scar, especially in 
the inferobasal part of RV [4–6].

Involvement of LV is present in up to ¾ of the ARVC patients [7–9].
An epicardial approach is often necessary to eliminate VT in ARCV patients. 

The presence of epicardial scar could be assessed by unipolar mapping.
Low amplitude electrograms in bipolar mapping are defined in the endocardium 

by less than 1.5 mv voltage and in the epicardium by less than 1 mv voltage.
Endocardial unipolar signals suggesting midmyocardial or epicardial substrates 

are defined as less than 5.5 mv in RV and 8.3 mv in LV [10, 11].
In this patient we did scar dechanneling with ablation of the conducting channels 

entrance sites within scar, characterized by earliest late potentials following global 
ventricular activation and end point of the ablation was the elimination of all con-
ducting channels into scar. Following targeted ablation at entrance sites and 

Fig. 27.3 VT2. Superior axis, breakthrough in V2, positive I, aVL
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a

b

Fig. 27.4 (a) LAVAs (Local abnormal ventricular activity) in RV epicardium. (b) Disappearance 
of late potentials (LPs) after ablation
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Fig. 27.5 Coronary 
angiography before 
epicardial RFA, epicardial 
ablation catheter is present

Fig. 27.6 Extensive ablation of RV epicardium, targeted entrance conducting channels, using 
LAT of late potentials
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Fig. 27.7 Extensive ablation of RV epicardium, targeted entrance conducting channels, using 
LAT of late potentials

Fig. 27.8 No inducible arrhythmia post-ablation with VES

27 Epicardial Approach for VT Ablation in an ARVC Case
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noninducibility of VT with three ventricular extrastimuluses with and without 
Isuprel infusion.

IN this patient ablation was successfully terminated, and intrapericardial triam-
cinolone was administered before long sheet withdrawn. Procedure was done with-
out any complication [12, 13].
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Chapter 28
ST-Segment Myocardial Infarction 
in Patient with Heavily Calcified Lesion

Mohammad Javad Alemzadeh-Ansari

Abstract An 83-year-old woman presented in our hospital with acute inferior 
ST-segment myocardial infarction. The fluoroscopy and angiogram revealed severe 
diffused coronary artery calcification (CAC) with diffused significant lesions. Also, 
subtotal and calcified thrombotic lesion was seen in the mid part of the right coro-
nary artery (RCA). The primary percutaneous coronary intervention (PCI) was done 
very difficult because the presence of a heavily calcified lesion. Finally, stenting 
was done successfully. CAC is highly prevalent in patients with coronary heart dis-
ease and is associated with a higher rate of major adverse cardiovascular events in 
short and long-term follow-up.

 History and Clinical Presentation

An 83-year-old woman presented in our hospital with acute chest pain from 2 hours ago. 
She was coming to our center with EMS (247 code system). She directly was transmit-
ted in the cath lab. Past medical history was positive for chronic hypertension. At the 
time of presentation, the physical examination showed: blood pressure (100/60 mmHg), 
heart rate (70 bpm), respiratory rate (26 bpm), and temperature (37 °C).

 Para-Clinic Assessment

The first electrocardiogram showed ST-segment elevation in inferior leads (lead 
III > lead II) and also T-wave inversion in lateral and anterior leads (Fig. 28.1).
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 Managements

The patient with a diagnosis of acute inferior ST-segment myocardial infraction 
underwent coronary angiography via right radial artery access. The fluoroscopy and 
angiogram revealed severe diffused coronary artery calcification (CAC) with dif-
fused significant lesions (Figs. 28.2, 28.3, and 28.4). The angiogram in the left ante-
rior oblique (LAO) view revealed subtotal and calcified thrombotic lesion in the mid 

Fig. 28.1 The first electrocardiogram showed ST-segment elevation in inferior leads and also 
T-wave inversion in lateral and anterior leads

Fig. 28.2 The fluoroscopy showed diffused calcification (white arrow) in left main and proximal 
to mid part of left anterior descending (LAD) and circumflex (Cx) arteries (left figure). The angio-
gram in right anterior oblique (RAO) caudal view revealed significant lesion in mid part of LAD, 
proximal to mid part of diagonal, and proximal segment of Cx arteries (right figure)
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part of the right coronary artery (RCA). After RCA wiring, no balloon was passed 
from the lesion, even by support of the Guidion catheter. Finally, a 1.2 × 15 mm 
emerge balloon could be passed. After first balloon, no any balloon passed from the 
lesion. Interestedly, during attempts for passage the balloon, the drop-in heart rate 
and blood pressure occurred. It may because that the AV node artery which origi-
nated form posterolateral branch (PLB), one branch of dominant RCA, had no flow 

Fig. 28.3 The fluoroscopy showed diffused calcification (white arrow) in left main and proximal 
to mid part of left anterior descending (LAD) and circumflex (Cx) arteries (left figure). The angio-
gram in anterior cranial view revealed significant lesion in mid part of LAD, proximal to mid part 
of diagonal, and proximal segment of Cx arteries (right figure)

Fig. 28.4 The fluoroscopy showed diffused calcification (white arrow) in right coronary artery 
(RCA) (left figure). The angiogram in left anterior oblique (LAO) view revealed subtotal throm-
botic lesion in mid part of RCA (right figure)

28 ST-Segment Myocardial Infarction in Patient with Heavily Calcified Lesion
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during occlusion the RCA with a balloon. So, another wire (BHW) was placed, and 
by support of Guidion catheter, other balloons (1.5 × 15 mm and 2.75 × 15 mm) 
were inflated. Finally, a 3.0 × 18 mm Xience Alpine stent was deployed, success-
fully (Fig. 28.5).

 Conclusion

CAC is highly prevalent in patients with coronary heart disease and is associated 
with major adverse cardiovascular events. Interestedly, early detection of CAC in 
younger subjects has an important prognostic impact in terms of predicting future 
coronary heart disease risk [1]. The major factors associated with CAC are advanced 
age, renal disease, and diabetes [2]. Although CAC correlates with the extent of 
coronary artery disease. CAC is routinely underdiagnosed with fluoroscopy and 
angiography; and intravascular ultrasound (IVUS) studies have demonstrated that 
CAC is missed in nearly half of the cases with angiography alone [3].

Another modality that could be very good to illustrate the extension and pattern 
of CAC are computed tomography (CT). Detection of both the extent of calcifica-
tion as well as its pattern has prognostic implications. Although the relationship of 
CAC to plaque instability is extremely complex and incompletely understood, but 
generally, spotty calcification is more commonly associated with unstable plaques 
and extensive calcification more so with stable plaques [4]. Also, serial intravascular 
ultrasound (IVUS) studies have reported that spotty calcification was associated 
with greater progression of plaque volume compared to noncalcified plaques, 
whereas heavily calcified plaques were resistant to change in plaque volume [5]. 
There are two distinct forms based on the location of calcification in the vessel 

Fig. 28.5 After stenting
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(intima or medial layer). Medial calcification mostly affects the peripheral arteries 
of the lower extremities. In this arteries, loss of elasticity could be observed after 
affecting with medial calcification. On the other hand, intimal calcification is the 
dominant type of calcification seen in coronary arteries [4].

CAC is strongly associated with adverse outcomes in all the populations; also, 
treatment of these lesions is need to special attention. The previous studies showed 
that high intensive statin therapy has been associated with plaque volume reduction 
by serial IVUS imaging studies [6, 7]. Also, risk factor modification including treat-
ing hypertension, dyslipidemia, diabetes mellitus, as well as preventing the develop-
ment of advanced kidney disease is recommended.

On the other hand, during the percutaneous coronary intervention (PCI), recog-
nition of heavily calcified lesions allows appropriate utilization of ablative tech-
niques for initial vessel preparation. In these patients, the major problems during the 
procedure include difficult to dilate adequately, failure to deliver a stent or balloon, 
impaired drug delivery and possible polymer disruption with drug-eluting stents, 
and stent underexpansion. Also, periprocedural complications such as coronary dis-
section or perforation, and also long-term complications such as in-stent thrombosis 
or restenosis are significantly increased in calcified lesions. Thus, optimal approach 
to calcified coronary lesions is mandatory. The options for treatment of these lesions 
during PCI include cutting and scoring balloons, rotational atherectomy, orbital 
atherectomy, and excimer laser coronary atherectomy [8]. Recently, shockwave 
Intravascular Lithotripsy as a novel balloon catheter-based device based on an 
established treatment strategy for kidney stones was introduced to modify circum-
ferential calcium in the vessels by localized pulsatile sonic pressure waves. Optical 
coherence tomography demonstrated that the mechanism of this method is intra-
plaque calcium fracture in the majority of patients [9].
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Chapter 29
Myocardial Bridging

Mohammad Javad Alemzadeh-Ansari

Abstract A 56-year-old man presented in our emergency department with acute 
anterior ST-segment elevation myocardial infarction. The coronary angiogram 
showed that left anterior descending artery (LAD) was totally cut off at mid part. 
After LAD wiring, several manual thrombectomy was done. Final angiogram 
showed that there is dynamic systolic narrowing (myocardial bridging) of the mid 
one-third of the LAD. Myocardial bridging is a congenital anomaly in which an 
intramural segment of a major epicardial coronary artery (most frequently the mid-
dle segment of the LAD artery) overlies the segment of a coronary artery. This 
causes vessel compression in systole, resulting in hemodynamic changes that may 
be associated with ischemia symptoms and also progression of atherosclerosis.

 History and Clinical Presentation

A 56-year-old man presented in our emergency department with acute chest pain 
from 2 hours ago. The electrocardiogram revealed ST-segment elevation in ante-
rior leads.

 Para-Clinic Assessment

Immediately the patient transferred to catheterization laboratory and selective coro-
nary angiogram showed that the left anterior descending artery (LAD) was totally 
cut off at mid part (Fig. 29.1). After LAD wiring, several manual thrombectomy was 
done. Final angiogram showed that there is dynamic systolic narrowing (myocardial 
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bridging) of the mid one-third of the LAD, accomplished with a significant ulcer-
ative plaque in the mid part of myocardial bridge segment (Fig. 29.2).

Interestedly, selective coronary angiography which was done for this patient 
6 months later because of transient anterior ST-segment elevation in another center, 
showed myocardial bridging in the mid one-third of the LAD (with totally systolic 

Fig. 29.1 The LAD was 
totally cut off in mid 
part segment

Fig. 29.2 After wiring and manual thrombectomy, angiogram showed that there is dynamic sys-
tolic narrowing (myocardial bridging) of the mid one-third of the LAD (Right: systolic phase; Left: 
diastolic phase), accomplished with a significant ulcerative plaque in mid part of myocardial 
bridge segment
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compression) accomplished with nonsignificant plaque in mid part of myocardial 
bridge segment. Then, treatment with aspirin, beta-blocker, and statine was started 
for him. After the last admission, the patient was asymptomatic.

 Managements

After partial revascularization, the echocardiogram revealed that LVEF: 45%, with 
no any mechanical complication. Because the presence of deep and long segment of 
bridge and also significant stenosis at the site of bridge, patients referred for coro-
nary artery bypass graft surgery. 1 week after surgery, the patient was discharged 
with the good general condition.

 Conclusion

Myocardial bridging is a congenital anomaly in which an intramural segment of a 
major epicardial coronary artery (most frequently the middle segment of the LAD 
artery) overlies the segment of a coronary artery [1]. Coronary arteries that tunnel 
through the myocardium are seen in as many as 40% to 80% of cases on autopsy; 
however, functional myocardial bridging is less commonly observed on angiogra-
phy (0.5% to 16.0%) and can range from 4 to 80 mm in length [2]. This causes ves-
sel compression in systole, resulting in hemodynamic changes that may be associated 
with ischemia symptoms. The hemodynamic impact of myocardial bridging depends 
on the thickness and length of the bridge, the presence of loose connective or adi-
pose tissue around the bridged segment, and the orientation of the bridge relative to 
myocardial fibers [2].

Previous studies have shown that the intramural and distal segments of myocar-
dial bridges remain free from atherosclerosis while the proximal segment of the 
vessel is prone to developing atherosclerosis [3, 4]. The wall shear stress (WSS) 
immediately proximal to myocardial bridges is low, where is structurally dysfunc-
tional, flat, and polygonal endothelial cells; whereas endothelial cells lining bridged 
segments, where WSS is physiological or high, are structurally intact. The fluid 
dynamics model at end-systole of the LAD in a patient with a symptomatic myocar-
dial bridge revealed that there is relatively low WSS proximal and distal to the 
bridge, whereas high WSS within the bridge [2]. Also, some showed that systolic 
vessel compression may persist into mid-to-late diastole [5]. Thus both systolic and 
diastolic flow impairment contribute to myocardial supply–demand imbalance in 
patients with myocardial bridging.

By increase in age, additional pathophysiological changes, especially by increas-
ing hypertrophied muscle and negative remodeling of the vessel, can induce symp-
toms related to myocardial bridging in patients who were previously asymptomatic. 
Development in left ventricular diastolic dysfunction, hypertension, and coronary 

29 Myocardial Bridging



210

atherosclerosis can exacerbate the supply–demand imbalance imposed by the bridge 
segment. Increase in left ventricular hypertrophy can increase compression and 
reduce the reserve of coronary microvascular. The presence of coronary vasospasm, 
microvascular dysfunction, or endothelial dysfunction secondary to an increase in 
cardiovascular risk factors can exacerbate myocardial ischemia. Plaque develop-
ment proximal to the bridge can augment coronary obstruction by the bridge. 
Finally, the negative remodeling within the bridge segment can reduce myocardial 
flow [2].

Although bridging is not thought to be of any hemodynamic significance in most 
cases, myocardial bridging has been associated with angina, acute coronary syn-
dromes, arrhythmia (such as supraventricular tachycardia, ventricular tachycardia, 
or atrioventricular conduction block), depressed LV function, myocardial stunning, 
early death after cardiac transplantation, and syncope, or even sudden death [4]. The 
presence of previous factors that influence the pathophysiological changes can con-
tribute to a varying degree to the development of symptoms in patients with myo-
cardial bridging. For example, deep myocardial bridges over coronary arteries have 
been reported in association with sudden cardiac death occurring during strenuous 
exercise [6]. Also, increase in myocardial bridge thickness and length, as well as 
proximal vessel location, correlated with increased risk for myocardial infarction, 
proposed to result from the promotion of proximal atherosclerosis [1]. Interestedly, 
our patient presented with STEMI secondary to plaque rupture in the mid part of the 
myocardial bridging segment; that not commonplace for atherosclerotic plaque 
development.

Several modalities for diagnosis myocardial bridging and evaluation of physio-
logical effects have been described. Multiple-slice computed tomography (MSCT) 
defines bridges as segments surrounded by myocardium. On angiography, a signifi-
cant “milking effect” is present when there is more than 70% reduction in minimal 
luminal diameter during systole and persistent more than 35% reduction in minimal 
luminal diameter during mid-to-late diastole. Intracoronary injection of nitroglyc-
erin can accentuate the systolic narrowing by vasodilating adjacent non-bridged 
coronary segments. On intravascular ultrasound the half-moon sign could be seen 
that is an echolucent area present only between the bridged coronary segment and 
epicardial tissue. A fractional flow reserve (FFR) less than 0.75 indicates hemody-
namically significant stenoses of myocardial bridging. Although an FFR of 0.75 to 
0.80 is a gray zone of ischemia, like other non-bridged coronary arteries [2].

The pharmacological therapy is the first treatment of symptomatic patients with 
myocardial bridging; and PCI and open surgery should be remained for those with 
refractory to maximal medical therapy. Beta-blockers and calcium channel blockers 
are the first treatment for these patients. Some believed that aggressive risk factor 
modification and antiplatelet therapy beginning should be considered, because they 
are at increased risk for developing atherosclerosis. Although others recommended 
antiplatelet therapy for those with evidences of atherosclerosis development based 
on MSCT or angiography. On the other hand, pure vasodilating agents such as nitro-
glycerin should be used cautiously in these patients [2].
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Although PCI is an option for treatment in symptomatic patients, the rates of 
stent fracture, in-stent restenosis, and stent thrombosis are high in these patients. 
Another option for treatment is surgical intervention (supra-arterial myotomy or 
CABG). The major concern about myotomy is wall perforation, ventricular aneu-
rysm formation, and postoperative bleeding, whereas major concern about CABG is 
graft failure especially in those without significant atherosclerotic stenosis. In cases 
of extensive (>25 mm) or deep (>5 mm) myocardial bridges or when the bridged 
coronary segment fails to decompress completely in diastole, CABG may be favored 
over myotomy [7, 8].
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Chapter 30
Hypertrophic Cardiomyopathy and Deep 
Myocardial Bridge

Mohammad Javad Alemzadeh-Ansari

Abstract A 49-year-old woman presented in our hospital with Dyspnea and atypi-
cal chest pain from one year ago. The electrocardiogram revealed left ventricular 
(LV) hypertrophy and secondary ST-T changes. The echocardiogram showed nor-
mal LV cavity and systolic function (LVEF: 55-60%) with asymmetric left ventricu-
lar hypertrophy, and a significant dynamic left ventricular outflow obstruction, 
suggestive for hypertrophic cardiomyopathy. Also, moderate to severe mitral regur-
gitation accomplished with significant systolic anterior motion of the mitral valve 
touching the septum was seen in echocardiogram. The angiogram showed deep 
myocardial bridging in mid part of LAD; which during systole, the vessel was 
totally occulted.

 History and Clinical Presentation

A 49-year-old woman presented in our hospital with Dyspnea NYHA function class 
III and atypical chest pain from 1 year ago. The electrocardiogram revealed left 
ventricular (LV) hypertrophy and secondary ST-T changes.

 Para-Clinic Assessment

The echocardiogram showed normal LV cavity and systolic function (LVEF: 
55–60%) with asymmetric left ventricular hypertrophy (septum, 36 mm; posterior 
wall, 12 mm), and a significant dynamic left ventricular outflow obstruction (a rest-
ing peak systolic gradient of 100  mmHg and mean gradient 56  mmHg) due to 
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systolic anterior motion of the mitral valve. Also, moderate to severe mitral regurgi-
tation accomplished with significant systolic anterior motion of the mitral valve 
touching the septum was seen in echocardiogram.

Then, the patient underwent coronary angiography. The angiogram showed deep 
myocardial bridging in the mid part of LAD; which during systole, the vessel was 
totally occulted (Fig. 30.1). The left ventriculography revealed good systolic func-
tion accomplished with left ventricle hypertrophy with a spade-like left ventricular 
cavity during diastole systole (Fig. 30.2).

Fig. 30.1 Left coronary injection in lateral view showed dynamic systolic narrowing (deep myo-
cardial bridging) of the mid one-third of the LAD (Right: systolic phase; Left: diastolic phase)

Fig. 30.2 Left ventriculography revealed good systolic function and left ventricle hypertrophy 
with spade-like left ventricular cavity during diastole (left) systole (right)
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 Managements

The patient underwent full medical therapy for 3 months. But the patient was symp-
tomatic, so she was referred to surgeon for myomectomy.

 Conclusion

Hypertrophic cardiomyopathy (HCM), the most common of the genetic cardiovas-
cular diseases, is characterized by a thickened but non-dilated left ventricle. This 
condition should be confirmed after the role out of other diagnosis accomplished 
with LV hypertrophy such as aortic valve stenosis, systemic hypertension, athlete’s 
heart, and isolated basal septum hypertrophy in older adults [1, 2]. The clinical 
diagnosis of HCM has conventionally been made with 2D echocardiography. 
However, cardiovascular magnetic resonance (CMR) imaging has emerged with an 
expanded role in the diagnosis of HCM patients by virtue of its high-resolution 
tomographic imaging capability. CMR also allows for the quantification of late 
gadolinium enhancement (LGE), a marker for myocardial fibrosis [3, 4]. Imaging 
findings show an absolute increase in left ventricular wall thickness of 15 mm or 
more (to 21–22 mm on average), which can also be associated with mild right ven-
tricular hypertrophy [2]. In some cases, apical hypertrophy in echocardiography is 
associated with giant T-wave inversion on electrocardiogram. Borderline LV wall 
thicknesses (13–15 mm in males and 11–12 mm in females) can create diagnostic 
ambiguity, particularly in the differential diagnosis of physiologic athlete’s heart [1].

Hypertrophic cardiomyopathy is perhaps unique among cardiovascular diseases, 
with presentation at any age from infancy to old age. Many patients with hypertro-
phic cardiomyopathy achieve normal life expectancy with little or no disability and 
without the need for major therapeutic interventions. In some cases, symptoms of 
heart failure may develop at any age, with functional limitation predominantly 
resulting from exertional dyspnea and fatigue; orthopnea or paroxysmal nocturnal 
dyspnea occasionally occurs in advanced stages [1].

The complications attributable to HCM may progress in individual patients 
including: (1) sudden death (usually occurs in asymptomatic or mildly symptomatic 
patients); (2) progressive heart failure (with reduced or preserved systolic function); 
(3) repetitive, persistent, permanent atrial fibrillation (with risk for progressive heart 
failure symptoms and embolic stroke occurs in 20% of patients) [1]. Deep myocar-
dial bridges over coronary arteries in patients with HCM have been reported in 
association with sudden cardiac death occurring during strenuous exercise, possibly 
caused by dynamic mechanical obstruction [5].

The surgical septal myectomy has been considered for disabled patients with 
severe drug-refractory symptoms (i.e., NYHA functional class III or IV due to sig-
nificant obstruction to LV outflow more than 50 mm Hg or recurrent syncope) [6]. 
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The primary objective of surgical myectomy is reduction in heart failure symptoms 
and improvement in the quality of life, by virtue of relieving the outflow obstruction 
(and SAM) and associated mitral regurgitation, resulting in the normalization of the 
LV pressures [5].
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Chapter 31
Coronary Artery Aneurysm

Mohammad Javad Alemzadeh-Ansari

Abstract A 33-year-old man presented in our emergency department with diagno-
sis of inferior ST-segment elevation myocardial infarction. The past medical his-
tory was positive for smoking. He was a bodybuilder and regularly consumed 
anabolic steroids and human growth hormone (hGH) for the past two years. The 
angiogram of right coronary artery (RCA) showed totally thrombotic cut off at mid 
part. After RCA wiring, the angiogram revealed ectasia in proximal part, a large 
coronary aneurysm in mid part with huge thrombus burden in mid to distal part 
segment.

 History and Clinical Presentation

A 33-year-old man presented in our emergency department with acute chest pain 
from 6 months ago. The past medical history was positive for smoking. He was a 
bodybuilder and regularly consumed anabolic steroids and human growth hormone 
(hGH) for the past 2 years.

 Para-Clinic Assessment

The first electrocardiogram showed ST-segment elevation in inferior leads and 
ST-segment depression with T-wave inversion in lateral leads.
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 Managements

The patient immediately underwent coronary angiography with a diagnosis of infe-
rior ST-segment elevation myocardial infarction. The angiogram of the left coro-
nary system was unremarkable, but the right coronary artery (RCA) injection 
showed a totally thrombotic cut off at mid part (Figs. 31.1 and 31.2). After RCA 
wiring, the angiogram revealed ectasia in the proximal part, a large coronary aneu-
rysm in mid part with a huge thrombus burden in mid to distal part segment 
(Fig.  31.2). After several manual thrombectomies, acceptable TIMI flow was 
achieved. Although in the final injection there is some thrombus in the coronary 
aneurysm at the mid part of RCA and also some in the ostio-proximal part of the 
posterior descending artery (PDA) (Fig. 31.3). Then, the patient was treated with an 
infusion of Glycoprotein IIb/IIIa inhibitor and heparin. Five days later the patient 
was discharged with dual antiplatelet and high dose statin.

Fig. 31.1 The angiogram of left coronary system showed patient coronary arteries in RAO caudal 
(left figure) and AP cranial (right figure) view

Fig. 31.2 The angiogram of RCA revealed totally thrombotic cut off at mid part (left figure). After 
wiring, the angiogram showed ectasia in proximal part (black arrow), a large coronary aneurysm 
(white arrow) in mid part with huge thrombus burden in mid to distal part segment (right figure)
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 Conclusion

Aneurysmal dilation of coronary arteries is ranged from 0.3% to 5% among 
patients undergoing coronary angiography. Irrespective of the presence of con-
comitant atherosclerotic coronary artery disease, the presence of coronary aneu-
rysm or ectasia has been associated with poor long-term outcomes. Clinical 
presentations range from incidental findings on cardiac imaging to acute coronary 
syndrome. There are criteria that distinguish between two phenotype types of cor-
onary aneurysm and ectasia [1]. By these criteria, a focal dilation of coronary seg-
ments of at least 1.5 times the adjacent normal segment is described as a coronary 
aneurysm; whereas the term coronary ectasia is used to define similar, but more 
diffuse lesions where the length of the dilated segment is more than 50% of the 
diameter [1, 2].

Coronary aneurysms are most commonly found in the RCA (68%), followed by 
the proximal left anterior descending (60%) and left circumflex (50%). Aneurysms 
in the left main stem are exceedingly rare and occur in only 0.1% of the population 
[3]. Interestedly, the prevalence of coronary aneurysms is more in the men and also, 
in proximal than to distal segments of the coronary bed [4].

The most common cause of coronary aneurysms in adults is atherosclerosis, 
whereas Kawasaki disease is responsible for the majority of cases in children. Other 
etiologies such as inflammatory disorders, infectious, connective tissue disorders, 
drugs (cocaine and amphetamines), trauma, and iatrogenic are a less common cause 
of aneurysm formation [3]. Coronary aneurysms secondary to atherosclerosis or 
vasculitis usually affect more than one artery, whereas congenital and iatrogenic 
CAAs are typically confined to a single vessel [1].

Fig. 31.3 After several manual thrombectomy, acceptable TIMI flow was achieved. The final 
injection showed some thrombus in the coronary aneurysm at the mid part of RCA and also some 
in the ostio-proximal part of posterior descending artery (PDA)
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Most coronary aneurysms are clinically silent and are only detected incidentally 
during coronary angiography or computed tomography. However, in some cases the 
clinical symptoms and presentation can develop due to one of the following reasons:

 1. The presence of concomitant stenotic atherosclerotic disease can result in both 
effort angina or acute coronary syndrome.

 2. Local thrombosis in the lumen of large aneurysms may lead to distal emboliza-
tion and myocardial infarction.

 3. Massive enlargement of some coronary aneurysms can result in compression of 
adjacent structures.

 4. Stress-induced myocardial ischemia due to microvascular dysfunction has been 
documented even in the absence of significant coronary stenosis.

 5. Myocardial ischemia due to the turbulence of flow and energy loss as blood 
passes through the coronary aneurysm in absent of significant coronary stenosis, 
especially in giant aneurysms.

 6. Other complications such as sudden cardiac death, fistula formation, rupture, 
hemopericardium, tamponade are very rare [1, 3].

The most common imaging modality to assess ectatic or aneurysmal coronary 
arteries is coronary angiography. However, delayed antegrade contrast filling, seg-
mental back flow, and contrast stasis in the dilated coronary segment often hamper 
optimal imaging during angiography [1, 4]. So, a forceful and prolonged contrast 
injection may be necessary to avoid misinterpreting slow aneurysmal filling as in 
situ thrombosis, especially in giant aneurysms. In some cases, intravascular ultra-
sound (IVUS) can be extremely helpful for better distinguishing of vessel wall 
structures (between true aneurysm, pseudoaneurysm) and also, selecting proper 
stent size if percutaneous coronary intervention is planned. Although, optical coher-
ence tomography (OCT) in assessing coronary aneurysms is limited by the small 
scan diameter of the infrared light [1, 5]. Computed tomography is superior to inva-
sive angiography for evaluation of coronary aneurysm size and degree of thrombus 
and calcification, particularly in those with giant aneurysm [6].

Our case was bodybuilder and used anabolic steroids and hGH, additional to 
smoking. Anabolic-androgenic steroids, including testosterone and its numerous 
derivatives that have been modified to improve anabolism, are usually used to boost 
protein synthesis, muscle growth, and erythropoiesis. The anabolic-androgenic ste-
roids by a decrease in high-density lipoprotein, an increase in low-density lipopro-
tein, and an increase in homocysteine levels in the blood lead to increase the risk of 
Atherosclerosis development and cerebrovascular disease. Also, by direct effect on 
the coagulation/fibrinolysis system, can lead to an increased risk of thrombus for-
mation. Other effects of anabolic-androgenic steroids on the cardiovascular system 
include hypertension, coronary spasm, myocardial apoptosis, cardiac hypertrophy, 
dilated cardiomyopathy, arrhythmia, and sudden cardiac arrest [7]. Additionally, 
hGH abuse contributes to increased heart rate and cardiac output, consequently 
leading to concentric ventricular hypertrophy and diastolic dysfunction. In some 
cases, hGH abuse may even promote ischemia/necrosis and heart failure associated 
with impairment of the systolic function [8].
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Chapter 32
Conus Artery Injection: May Be Helpful?

Mohammad Javad Alemzadeh-Ansari

Abstract A 66-year-old man presented in our hospital with complain of exertional 
chest pain NYHA function class III from 8 months ago. The single-photon emission 
computed tomography (SPECT) scan revealed severe stress-induced ischemia in 
anterior and moderate ischemia in inferior and lateral territories. The angiogram of 
left coronary system showed that the left anterior descending artery (LAD) is totally 
cut off at mid part (after first large diagonal branch). The mid to distal part of LAD 
was not visualized at left coronary injection. In injection of right coronary artery 
(RCA), which was non-dominant, the LAD was not visualized. After withdrawal of 
catheter and selective conus artery injection, the mid to distal part of well-developed 
LAD was visualized by some collateral’s branches.

 History and Clinical Presentation

A 66-year-old man presented in our hospital with complain of exertional chest pain 
NYHA function class III from 8 months ago. The past medical history was positive 
for hypertension, dyslipidemia, and smoking.

 Para-Clinic Assessment

The electrocardiogram showed non-specific ST-T change in pericardial leads; 
and the echocardiogram revealed preserved left ventricular systolic ejection 
fraction (LVEF: 55%), without significant valvular heart disease. Then, 
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single-photon emission computed tomography (SPECT) scan was done and 
showed severe stress- induced ischemia in anterior and moderate ischemia in 
inferior and lateral territories.

 Managements

By regarding the SPECT scan findings, the patient underwent coronary angiogra-
phy. The angiogram of the left coronary system showed that the left anterior 
descending artery (LAD) is totally cut off at mid part (after first large diagonal 
branch), suggestive for chronic total occlusion (CTO). The mid to distal flow of 
LAD was not visualized in left coronary injection (Fig. 32.1). Other findings in left 
coronary injection revealed that first large diagonal had significant ostio-proximal 
lesion with good distal runoff; also, significant lesion was seen at proximal part of 
dominant left circumflex (LCx), significant lesion at proximal part of first large 
obtuse marginal (OM), and moderate lesion at proximal part of left posterior 
descending artery (PDA) (Fig. 32.1). The angiogram of right coronary artery (RCA) 
showed that this artery is nondominant artery and provides no collateral flow to the 
occluded LAD (Fig. 32.1). In this stage, we did not find the distal of LAD for deci-
sion about proper treatment strategy. So, by counterclockwise rotation and minimal 
withdrawal of right diagnostic Judkins (JR4) catheter and selective conus artery 
injection, good collaterals flow to a well-developed LAD with a well-preserved 
lumen distal to the occlusion (mid to distal parts with good runoff) was visualized 
(Fig. 32.2). Finally, by attention to angiogram findings, the patient referred to sur-
geon for coronary artery bypass grafting.

Fig. 32.1 The left anterior descending artery (LAD) is totally cut off at mid part (after first large 
diagonal branch). Also, significant ostio-proximal lesion at large first diagonal, significant lesions 
at proximal part of dominant left circumflex (LCx) and large first obtuse marginal (OM), and mod-
erate lesion at proximal part of left posterior descending artery (PDA) was seen (left and middle 
figure). The right coronary artery (RCA) is nondominant artery (right figure). The mid to distal part 
of LAD was not visualized at left and right injection
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 Conclusion

The conus artery, first branch of the RCA, courses in anterior aspect of the heart and 
supplies the right ventricular outflow tract. This branch terminates near the anterior 
interventricular groove, which also contains the LAD. The conus artery can act as a 
major collateral source in patients with LAD or RCA occlusions. In about 50% of 
patients undergoing coronary angiography, the conus artery had a separate ostium 
near the RCA ostium [1]. Interestedly, in about 20% of patients undergoing coro-
nary angiography and RCA injection, the conus artery was not adequately visual-
ized due to injection of contrast distal to its origin or had a separate ostium [2]. In 
patients with CTO of the LAD or RCA, the conus artery often serves as a principal 
source of collateral circulation [2]. In patients with isolated conus artery, nonselec-
tive angiography or counterclockwise rotation and minimal withdrawal of JR cath-
eter (same our case) could be helpful for better visualization of this artery. In other 
cases, multislice computed tomography may be an appropriate alternative diagnos-
tic tool for detecting the isolated conus artery and also evaluation of collateral 
branches and occluded coronary bed [3].

In some patients undergoing percutaneous coronary intervention (PCI), espe-
cially in those with CTO of RCA or LAD, can be used from conus branch as an 
important collateral pathway for evaluation of the length and course of a totally 
occluded segment, that is very crucial. It is important that the acquisition must be 
prolonged to visualize the distal segments filled by collaterals. Also, in some CTO 
cases of RCA, can be used from conus branch for additional support; by the anchor-
ing wire alone or, more commonly, by inflating the anchoring balloon at low pres-
sure in this branch [4].

Fig. 32.2 After counterclockwise rotation and minimal withdrawal of JR4 catheter and selective 
conus artery (white arrow) injection the mid to distal part of well-developed LAD was visualized 
by some collateral’s branches (black arrows) (left figure). Although this part of LAD (white arrow) 
was visualized fully with some delays (right figure)
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On the other hand, injection of contrast media directly into the conus branch may 
lead to ventricular fibrillation, especially in case of rapid intracoronary contrast 
medium injection on the condition of super-selective or deep engagement of right 
catheter [5]. Because in majority of cases, the lumen of the conus artery is small and 
its close proximity to the RCA ostium, inadvertent engagement of the conus artery 
by catheter is not uncommon. For the solution of this problem, re-position of the 
catheter with counterclockwise rotation and gentle withdrawal or re-engaging with 
a short tip catheter to prevent conus intubation may be helpful, especially when 
pressure damping has happened on selective engagement of the RCA. Also, for bet-
ter evaluation of the anatomical location of the conus branch and severity of RCA 
ostium, a nonselective shot can be taken. If problem sustains and recurrent super- 
selection of the conus branch has occurred, the other choices include using the other 
catheters such as Williams/3DRC catheters, catheter with a more down-sloping tip 
should be selected (e.g., JR4.5/JR5 or AR1/AR mod), 5 F JR catheter, or a guide 
catheter with side-holes [6].
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Chapter 33
Spontaneous Coronary Artery Dissection

Mohammad Javad Alemzadeh-Ansari

Abstract A 55-year-old woman presented in our hospital with complain of acute 
chest pain from one week ago. The past medical history was positive for only hyper-
tension. The patient with diagnosis of non-ST segment elevation myocardial infarc-
tion (NSTEMI) underwent coronary angiography. The angiogram revealed long 
significant narrowing in mid part of left anterior descending artery (LAD) artery, 
which this segment was bordered by normal proximal and distal segments. The 
patient with diagnosis of spontaneous coronary artery dissection (SCAD type 2A) 
underwent conservative management.

 History and Clinical Presentation

A 55-year-old woman presented in our hospital with complain of acute chest pain 
from 1 week ago. The past medical history was positive for only hypertension.

 Para-Clinic Assessment

The electrocardiogram revealed T-wave inversion in pericardial leads. The echocar-
diogram showed normal left ventricle size with mid systolic left ventricle dysfunc-
tion (LVEF: 45%), hypokinesia in the anterior territory; without significant valvular 
heart disease. Also, in laboratory data, a rise in serum troponin level was seen.
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 Managements

The patient with diagnosis of non-ST segment elevation myocardial infarction 
(NSTEMI) underwent coronary angiography. The angiogram revealed long signifi-
cant narrowing in the mid part of left anterior descending artery (LAD) artery, 
which this segment was bordered by normal proximal and distal segments. This 
significant stenotic segment was smooth and tortuous (Fig. 33.1); other coronary 
segments were normal (Fig. 33.2). The patient with diagnosis of spontaneous coro-
nary artery dissection (SCAD type 2A) underwent medical treatment with aspirin, 
metoprolol, atorvastatin, and losartan. Also, because of myocardial infarction, clop-
idogrel was started. The computed tomography angiography for screening the extra-
coronary arteriopathy, especially in the carotid, renal, and iliac arteries was done 
and revealed no significant pathology in these arteries. After 2 days the patient was 
asymptomatic and after 7 days was discharged. In follow-up, 6 months later, the 
patient was asymptomatic.

Fig. 33.1 The angiogram in RAO cranial view (left figure) and LAO cranial (right view) revealed 
long significant narrowing in mid part of left anterior descending artery (LAD) artery, which was 
bordered this segment by normal proximal and distal segments (SCAD type 2A). This significant 
stenotic segment was smooth and tortuous
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 Conclusion

 Epidemiology

The SCAD, a rare cause of acute coronary syndrome (ACS) or sudden cardiac 
death, is defined as an epicardial coronary artery dissection that is not associated 
with atherosclerosis or trauma and not iatrogenic. SCAD most commonly occurs in 
patients with few or no traditional cardiovascular risk factors. The true prevalence 
of SCAD remains uncertain, primarily because it is an underdiagnosed condition, 
but it is considered as a 1% to 4% of overall ACS cases. Although SCAD can occur 
in both men and women, it has occurred more in woman and it counts about 35% of 
MIs among women ≤50 years of age. The average age of women with SCAD ranges 
from 45 to 53 years. Interestedly, SCAD is the most common cause of pregnancy-
associated MI (43%). The majority of patients with SCAD are white, but this condi-
tion has been reported in all major racial and ethnic groups. Although any coronary 
artery can be involved by SACD, the LAD artery is the most commonly involved 
(Table 33.1) [1]. The mid to distal segments of coronary arteries are more affected 
by SCAD, and only less than 10% of cases involved the proximal segment of coro-
nary arteries [2].

Fig. 33.2 The angiogram revealed that other coronary segments were patent without signifi-
cant lesion

33 Spontaneous Coronary Artery Dissection
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 Pathogenesis and Etiology

SCAD results from sudden disruption of the coronary artery wall and intramural 
hematoma (IMH) development in the outer third of the media or between the media 
and the adventitia in the absence of traumatic or iatrogenic causes, resulting in a 
false lumen. Expansion of false lumen through blood or clot accumulation leads to 
distal propagation of the dissection and to compression of the true lumen, causing 
myocardial ischemia [3]. There are two theories about SCAD development in coro-
nary artery: (1) primary event is intimal tearing which allows blood from the true 
lumen to enter and generate a false lumen, (2) primary event is a spontaneous hem-
orrhage (IMH) arising from the vasa vasorum within the vessel wall. Although some 
believed that increasing pressure in the false lumen can cause reverse intimal rup-
ture into the true lumen [1].

 SCAD-Associated Conditions

The prevalence of traditional cardiovascular risk factors is low in patients with 
SCAD. On the other hand, other factors such as arteriopathies, genetic factors, hor-
monal influences, inherited or acquired arteriopathies, or systemic inflammatory 
diseases, often compounded by environmental precipitants or stressors have more 
effect on SCAD development. The most common associated condition associated 
with SCAD is multifocal fibromuscular dysplasia (FMD) in extracoronary arteries 
[1]. Thus, the screening for extracoronary arteriopathy by angiography, computed 
tomography angiography, or magnetic resonance angiography in these patients is 
recommended [1].

FMD, a nonatherosclerotic, noninflammatory vascular disease, most commonly 
affects the renal and internal carotid arteries but has been described in almost every 
arterial bed in the body. It can manifest as arterial stenosis, aneurysm, tortuosity, or 
dissection [4]. FMD according to the American Heart Association classification was 
defined in two types: (1) multifocal, most common type, is defined as the presence 

Table 33.1 The coronary 
distribution of SCAD [1]

Prevalence (%)

LAD and branches (septal and 
diagonal)

45–61

LCx and OM 15–45
RCA and branches (acute 
marginal, PDA, and PLB)

10–39

Left main Up to 4
Multivessel 9–23

LAD left anterior descending; LCx left circumflex; OM obtuse 
marginal; PDA posterior descending artery; PLB posterolat-
eral branch; SCAD spontaneous coronary artery dissection
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of sequential focal narrowing separated by focal dilations such as depicted in a clas-
sic string of beads pattern and (2) unifocal, less than 10% of cases, defined as single 
concentric or tubular narrowing [5].

The peripartum is another important condition associated with SCAD. The most 
common cause of MIs during pregnancy or in the 6-week postpartum period is 
SCAD [6, 7]. Although SCAD could be observed as early as 5 weeks of gestation 
and up to several months to a year or more postpartum, particularly in women who 
are still lactating, but the majority of pregnancy-associated SCAD events occur in 
the third trimester or early postpartum period. Also, the left main or LAD artery has 
been described as the most common coronary arteries which is affected. The most 
common hypothesis about pregnancy-associated SCAD is the hemodynamical and 
hormonal alternations during this period; resulting in an increase in spontaneous 
dissections in the arterial wall [1].

 Clinical Presentation

There are wide ranges of clinical presentations ranges from unstable angina, acute 
MI, ventricular arrhythmias to sudden cardiac death. In rare instances, it can be 
asymptomatic and discovered incidentally on coronary angiography. Whenever a 
young patient, especially woman, without conventional major coronary risk factors 
or a woman in the postpartum period presents with an ACS or sudden cardiac death, 
the possibility of a SCAD should be suspected and an urgent coronary angiography 
should be performed [3].

 Management

The conventional coronary angiography in ACS patients is the first-line diagnostic 
imaging method; although the major limitation of this method in patient with SCAD 
is that angiography is 2-dimensional lumenography and could not illustrate the 
structure of arterial wall and also, IMH. The SCAD based on angiographic appear-
ance of stenotic segment and also severity and length of lesion divided into three 
types [1]:

• Type 1, Classic appearance of multiple radiolucent lumens or arterial wall con-
trast staining.

• Type 2, Presence of diffuse stenosis (usually >20 mm) divided into two variants: 
variant 2A, diffuse arterial narrowing bordered by normal segments proximal 
and distal to the IMH, and variant 2B, diffuse narrowing that extends to the distal 
tip of the artery.

• Type 3, Focal or tubular stenosis, usually <20  mm in length, that mimics 
atherosclerosis.
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In some cases, intracoronary imaging including intravascular ultrasonography 
(IVUS) or optical coherence tomography (OCT) is required to confirm the presence 
of IMH. In patients with SCAD suspicious, catheter engagement in the coronary 
ostium and contrast injection should be done with great caution, because deep cath-
eter engagement, noncoaxial positioning of the catheter tip, catheter dampening, 
and forceful contrast injection may lead to development or extension of the coro-
nary dissection [8].

The conservative management is a preferred strategy for patients with SCAD and 
ACS, in contrast to the common atherosclerotic ACS. This decision is according on 
the natural history of spontaneous healing in SCAD, high rates of failure and/or 
complications during revascularization, and also poor clinical outcomes in those 
who underwent revascularization. Dual antiplatelet, beta-blockers, statins, ACE 
inhibitors, angiotensin, and mineralocorticoid receptor antagonists should be 
administrated according to ACS guidelines [9]. Interestedly, a large study showed 
that only the beta-blocker can reduce the risk of recurrent SCAD, whereas uncon-
trolled hypertension can increase this risk in long-term follow-up [10].

The conservative management may not be appropriate in high-risk patients with 
ongoing ischemia, left main artery dissection, or hemodynamic instability. The 
major complication during percutaneous coronary intervention in these patients 
include the entrance of coronary guidewires into false lumen and occlude the true 
lumen, extending dissection of the intima or propagating IMH upstream and down-
stream from the vessel following balloon dilation or stent placement, and long-term 
stent thrombosis resulting stent strut malapposition following resolving the IMH 
[11, 12].
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Chapter 34
Catheter-Induced Severe Right Coronary 
Artery Dissection During Coronary 
Angiography: A Successful Aortocoronary 
Stenting

Bahram Mohebbi

Abstract A 42-year-old female patient complained with chest pain since three 
months ago. The physical examination was unremarkable. Patient was candidate for 
selective coronary angiography. Catheter induced dissection of right coronary artery 
(RCA) was occurred. Immediate stenting at the origin of the dissection, aortocoro-
nary stenting, followed by stenting from proximal to distal part of RCA was per-
formed to repair dissected RCA.  After the procedure, patient was transferred to 
coronary care unit (CCU) and computed tomography (CT) angiography of aorta 
was performed and did not show any propagation of dissecting flap into the aorta. 
Post PCI course was uneventful and patient was discharged after a week. It is con-
cluded that immediate coronary artery stenting at the origin of coronary artery can 
be a vital and emergent life-saving plan in catheter-induced coronary dissection.

 History and Clinical Presentation

A 42-year-old female patient complained with chest pain since 3 months ago. The 
physical examination was unremarkable. Electrocardiography (ECG) showed nor-
mal sinus rhythm without any abnormality.
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 Para-Clinic Assessment

Exercise test was positive. Selective Coronary angiography showed no significant 
lesion in the left coronary arteries (Fig. 34.1) (Video 34.1). Right coronary artery 
(RCA) injection revealed midpart 50% stenosis associated with dissection from 
ostium to the distal part which has been resulted during catheter manipulation in 
RCA angiography (Fig. 34.2) (Video 34.2). The patient developed chest pain asso-
ciated with electrocardiographic evidence of ST-segment elevation in inferior leads. 
RCA was a dominant artery with a spiral dissection located between ostium and just 
before the proximal portion of the posterior descending and posterolateral artery 
bifurcation. Aortic root injection showed no retrograde propagation of dissecting 
flap into the aorta.

 Managements

The decision was made to perform a PCI to the RCA lesion. Immediate stenting at 
the source of the dissection, aortoostial stenting, followed by stenting from proxi-
mal to distal part were performed successfully to repair the moderate stenotic and 
dissected RCA (Fig. 34.3) (Video 34.3). After the procedure, the patient was trans-
ferred to coronary care unit (CCU) and computed tomography (CT) angiography of 
ascending aorta was performed and did not show any propagation of dissecting flap 
into the aorta. There was no evidence in favor of PCI related myocardial infarction 

Fig. 34.1 Left coronary 
arteries angiography. There 
is no stenosis in left 
coronary artery system
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based on serial measurement of Troponin-T (cTn) level which was within normal 
limit [1]. Post-PCI course was uneventful and the patient was discharged after a week.

Catheter-induced coronary artery dissection is a rare but serious complication of 
diagnostic coronary angiography and percutaneous coronary intervention (PCI) [2]. 
Propagation of a coronary dissection resulting from mechanical trauma due to a 
catheter, wire, inflated balloon, or other device. Even this dissection can progress 
retrogradely to the ascending aorta [3]. Although treatment of coronary artery 

Fig. 34.2 Right coronary artery angiography. (a) Dominant RCA with midpart 50% stenosis. (b) 
dissection flap from ostium to distal part

Fig. 34.3 Stented right 
coronary artery. Final 
result of right coronary 
artery stenting
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dissection may require surgical repair, coronary artery stenting is the mainstay treat-
ment of dissection, even stenting at the origin of the dissection area may be suffi-
cient in aortocoronary dissection [4].

Contrast injections may cause catheter-induced dissection to progress which was 
assumed by Perez-Castellano et al. [4] Also, ide branches rising from the epicardial 
vessels may be involved during propagation of coronary dissection. The shearing 
forces of blood flow during both systole and diastole could also probably explain 
the propagation of the dissection.

 Conclusion

It is concluded that immediate coronary artery stenting at the aortocoronary dissec-
tion can be a vital and emergent life-saving plan in catheter-induced dissection. CT 
angiography can be safely conducted to more evaluation for residual aortic exten-
sion of the dissection and follow-up.
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Chapter 35
A Rare Case of Adult Type ALCAPA 
Syndrome

Bahram Mohebbi

Abstract A 43-year-old male patient complained with atypical chest pain and dys-
pnea on exertion since six months ago. In heart physical examination, S1, S2, and 
III/VI systolic murmur in left sternal border was detected. In transthoracic echocar-
diography, mild LV enlargement with severe systolic dysfunction, EF=30% was 
reported. Patient was candidate for selective coronary angiography. Based on coro-
nary angiography, Anomalous origin of the left coronary artery from the pulmonary 
artery (ALCAPA) syndrome was confirmed and referred to cardiac surgeon to man-
age his condition.

 History and Clinical Presentation

This case report described a 43-year-old male patient presented with atypical chest 
pain and dyspnea on exertion with slight limitation of physical activity, (New York 
Heart Association [NYHA] class II) since 6 months ago. The patient’s vital signs 
were blood pressure 120/70 mmHg, pulse 80 beats/min with a regular rhythm. He 
did not report any cardiovascular risk factor. In heart physical examination, S1, S2, 
and III/VI systolic murmur in the left sternal border was detected.
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 Para-Clinic Assessment

In transthoracic echocardiography, mild LV enlargement with severe systolic dys-
function, EF = 30% was reported. The patient underwent coronary angiography. 
Access was made through the right radial artery and due to the inability to engage 
the left coronary system, nonselective aortic root injection revealed only right coro-
nary artery (RCA) origination from aorta which filled the left coronary system ret-
rogradely (Video 35.1).

In selective RCA angiography, RCA was dominant and huge which retrogradely 
filled the left coronary system and drained to the pulmonary artery(PA) (Fig. 35.1) 
(Video 35.2). Actually, the left coronary system was originated from PA with retro-
gradely filled via RCA with good distal runoff.

 Management

Because of enhancing survival rate due to performing surgery among pediatric 
ALCAPA patients, in this case, assessing the risk/benefit for surgery; finally, surgi-
cal correction was considered to the patient which was performed successfully.

Fig. 35.1 Selective RCA 
angiography. RCA was 
dominant and huge which 
retrogradely filled left 
coronary system and 
drained to PA
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 Conclusion

Coronary artery anomalies consist of several variants with diverse cardiovascular 
manifestations. In order to categorize each anomaly, distinguishing any condition of 
anatomic pattern and clinical significance to understand the prognosis is crucial. 
ALCAPA syndrome is an uncommon diagnosis. Generally, it is very rare for 
ALCAPA syndrome to be diagnosed in adulthood, because if they did not receive 
on-time treatment in childhood, this malformation can lead to death [1]. Due to low 
pulmonary artery pressure, flow in the left coronary artery reverses and drains to the 
pulmonary artery instead of supplying the myocardium completely. So there is a 
steal phenomenon due to this left-to-right shunting [2]. The final decision in patients 
with ALCAPA syndrome is surgery. There are some surgical techniques as left main 
(LM) coronary artery reimplantation, Takeuchi procedure, left coronary artery liga-
tion, and left coronary artery ligation with concomitant coronary artery bypass 
grafting [3].
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Chapter 36
Takotsubo Syndrome

Bahram Mohebbi and Feridoun Noohi

Abstract A 64-year-old postmenopausal female patient complained with chest 
pain, dyspnea and palpitation referred to our center. Physical examination was unre-
markable. She noted hypothyroidism in past medical history. In transthoracic echo-
cardiography, normal LV size with severe systolic dysfunction, EF=25% with mild 
inferior hypokinesia and mild inferoseptal severe hypokinesia, apex and all related 
segments were akinetic with preserved tissue and moderate diastolic dysfunction 
were reported. Patient was candidate for selective coronary angiography. Based on 
coronary angiography and left ventriculography, Takotsubo syndrome was con-
firmed and appropriate medications was considered.

 History and Clinical Presentation

This case report described a 64-year-old postmenopausal female patient complained 
with chest pain, dyspnea, and palpitation referred to our center. In heart physical 
examination, the patient’s vital signs were blood pressure 105/70 mmHg, pulse 80 
beats/min with regular rhythm. She noted hypothyroidism in past medical history. 
ECG revealed T-wave inversion in precordial leads and also there was mildly ele-
vated troponin level.
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 Para-Clinic Assessment

Transthoracic echocardiography showed normal LV size with severely decreased 
ejection fraction (EF = 25%), mid inferior hypokinesia, and mid inferoseptal severe 
hypokinesia, apex, and all related segments were akinetic with preserved tissue, and 
moderate diastolic dysfunction.

The patient underwent coronary angiography via right femoral access. There 
was only nonsignificant narrowing in the midpart of the left anterior descending 
(LAD) artery and the remaining coronary arteries were within the normal limit 
(Figs. 36.1 and 36.2). Left ventricle (LV) injection showed normal LV size with 
sever hypokinesia in all apical segments with good motion in the basal segments of 
LV (Apical ballooning) and severe LV dysfunction, LVEF = 20% (Fig. 36.3 and 
Video 36.1).

 Management

In this case, medical treatment for LV dysfunction, including Beta-blockers, 
Diuretics, and Angiotensin II Receptor Blockers (ARB) inhibitors, was considered 
and the patient was referred to heart failure clinic for ambulate follow-up.

Fig. 36.1 Left coronary 
arteries angiography. There 
is nonsignificant narrowing 
in midpart of (LAD) artery
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Fig. 36.2 Right coronary 
artery (RCA) angiography. 
Dominant and within 
normal limit

Fig. 36.3 Left 
ventriculography in right 
anterior oblique (RAO) 
projection. Normal LV size 
with apical ballooning 
morphology

36 Takotsubo Syndrome
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 Conclusion

Takotsubo syndrome described as a transient left ventricular systolic dysfunction, 
which frequently mimics a myocardial infarction activated by physical stress or 
emotional conditions [1]. Also, it is known as stress cardiomyopathy, apical bal-
looning syndrome, and broken heart syndrome. Takotsubo syndrome is an uncom-
mon cardiomyopathy [2]. About 90% of Takotsubo cardiomyopathy cases happen 
in postmenopausal women aged between 58 and 75 years old [1]. Takotsubo syn-
drome presents with clinical features of acute myocardial infarction and LV dys-
function but there are normal coronary arteries in coronary angiography. The 
postulated mechanism seems to be catecholamine excess which may result in cate-
cholamine intoxication, coronary spasm, and dysfunction of microvasculature caus-
ing myocardial damage [3]. As there are no evidence-based guidelines on Takotsubo 
management, patients are managed based on standard heart failure medications 
(Angiotensin-converting enzyme [ACE]/Angiotensin II Receptor Blockers [ARB] 
inhibitors, Beta-blockers, and Diuretics) [4]. It is concluded that facing patients 
(especially in postmenopausal female) with chest pain, ECG changes, and raising 
troponin level, besides to acute coronary syndrome (ACS), Takotsubo syndrome 
should be considered.
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Chapter 37
Hypertrophic Cardiomyopathy: A Case 
of Left Ventricle “Ballerina Foot” 
Morphology

Bahram Mohebbi and Feridoun Noohi

Abstract A 64-year-old male patient complained of dyspnea on exertion, New York 
Heart Association (NYHA) functional class II since six weeks ago. The physical 
examination revealed normal S1, S2 and II/VI systolic murmur in apex. 
Electrocardiography (ECG) revealed sinus rhythm with left bundle branch block 
(LBBB) QRS morphology. Transthoracic echocardiography showed normal LV size 
with LV EF=55%, asymmetric septal hypertrophy (anteroseptal wall thickness:1.8 
cm), mild systolic anterior motion (SAM) of the anterior leaflet of mitral valve with 
mild mitral regurgitation (MR), no significant left ventricular outflow tract (LVOT) 
obstruction (LVOT peak gradient: 12mmHg). The echocardiographic findings were 
compatible with hypertrophic cardiomyopathy (HCM). Selective coronary angiog-
raphy was performed, left and right coronary arteries were within normal limit, left 
ventriculography revealed normal LV size, EF= 55%, “Ballerina Foot” morphology 
without significant trans-left ventricular outflow tract (LVOT) gradient (peak 
gradient=10mmHg. It could be concluded that HCM should be considered in 
patients with dyspnea on exertion. Also, based on hereditary nature of disease, eval-
uating the family members of diagnosed patients is recommended.

 History and Clinical Presentation

A 64-year-old male patient presented with dyspnea on exertion New York Heart 
Association (NYHA) functional class II since 6 weeks ago. Vital signs were blood 
pressure 120/80 mmHg, pulse 84 beats/min with a regular rhythm. Physical examina-
tion revealed normal S1, S2, and II/VI systolic murmur in apex. Electrocardiography 
(ECG) showed sinus rhythm with left bundle branch block (LBBB) QRS morphology.
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 Para-Clinic Assessment

Transthoracic echocardiography showed normal LV size with LV EF = 55%, mild 
LV diastolic dysfunction, asymmetric septal hypertrophy (anteroseptal wall thick-
ness: 1.8 cm), mild systolic anterior motion (SAM) of the anterior leaflet of mitral 
valve with mild mitral regurgitation (MR), no significant left ventricular outflow 
tract (LVOT) obstruction (LVOT peak gradient: 12 mmHg). The echocardiographic 
findings were compatible with hypertrophic cardiomyopathy (HCM). Selective 
coronary angiography and left heart catheterism were also performed. Left and right 
coronary arteries were within normal limit (Figs. 37.1 and 37.2); left ventricle (LV) 
injection revealed normal LV size, EF = 55%, “Ballerina Foot” morphology (LV 
anterior convexity with early robust contraction of the posteromedial portion of LV, 
resulting in the morphology similar to a ballet dancer’s foot) without significant 
trans-left ventricular outflow tract (LVOT) gradient (peak gradient  =  10  mmHg) 
(Fig. 37.3).

 Managements

Since the patient was symptomatic without LVOT obstruction, beta-blocker was 
started for him and his symptom improved dramatically in follow-up.

Fig. 37.1 Left coronary 
arteries angiography. There 
is no stenosis in left 
coronary artery system
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Fig. 37.2 Right coronary 
artery angiography. There 
is no stenosis in right 
coronary artery

a bb

Fig. 37.3 Left ventriculography in right anterior oblique (RAO) projection. LV anterior convexity 
with early robust contraction of the posteromedial portion of LV, resulting in “Ballerina foot” 
morphology (a) similar to a ballet dancer’s foot (b)

37 Hypertrophic Cardiomyopathy: A Case of Left Ventricle “Ballerina Foot”…
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 Conclusion

HCM as a genetic disorder described with left ventricular hypertrophy based on a 
non-dilated LV with preserved/increased ejection fraction [1]. Maximum disease- 
related mortality is related to sudden cardiac death, followed by heart failure and 
stroke-related embolism [2]. Clinical assessment of patients with HCM consists of 
a detailed personal and family history for HCM, sudden cardiac death, and heart 
failure, physical examination, 12-lead ECG, and complete echocardiographic 
assessment. Cardiac magnetic resonance (CMR) imaging sometimes considers as a 
complementary tool besides to echocardiography for the assessment of HCM. All 
patients should be counseled to the genetic nature of the disease. Because of being 
asymptomatic or minimally symptomatic of most patients with HCM, they do not 
feel the need to adherence medical treatment. Periodic re-evaluation in asymptom-
atic patients seems necessary [2]. Health care workers should encourage them to 
have a healthy lifestyle to reach a better quality of life. Patients with HCM may be 
optimistic to have a near-normal life expectancy using modern management strate-
gies including family screening, risk stratification, thromboembolic prophylaxis, 
and implantation of cardioverter-defibrillators [2].
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Chapter 38
Device Closure of Multi-Fenestrated Atrial 
Septal Defect

Sedigheh Saedi

Abstract Atrial septal defects (ASD) are categorized into ostium primum, ostium 
secundum, sinus venosus, and coronary sinus types with the secundum type being 
the most prevalent form. ASD should be repaired once diagnosed to prevent pro-
gressive right ventricular enlargement and volume overload. With the advances in 
the field of structural heart disease interventions and advent of new occluder devices 
many secundum type ASDs are amenable to catheter closure. The major limitations 
of the percutaneous method are insufficient rims, multiple ASDs and highly aneu-
rysmal atrial septum. However new devices have been developed for closure of the 
multi-fenestrated or “Cribriform” defects that help the patients benefit from a less 
invasive repair method. Here we present a patient with multiple defects successfully 
managed by catheter intervention.

 History and Clinical Presentation

A 31-year-old female presented with recent onset palpitation and mild exertional 
dyspnea. Past medical history was negative and she had no history of drug use. 
Physical examination was normal except for wide fixed splitting of the second heart 
sound in cardiac auscultation.

 Para-Clinic Assessment

Twelve lead ECG showed normal sinus rhythm with incomplete right bundle branch 
block and T wave inversion in V2–V3 precordial leads. Chest X-ray depicted evi-
dence of right ventricular (RV) enlargement and pulmonary overflow.
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Transthoracic and transesophageal (TEE) echocardiography was performed that 
showed moderate RV enlargement with normal RV systolic function, mildly increased 
pulmonary arterial pressure(40  mmHg), aneurysmal interatrial septum (IAS), and 
multiple secundum type ASDs (three defects measuring 16, 7, and 5 mm) with sig-
nificant left to right shunt. IAS was redundant and aneurysmal (Figs. 38.1 and 38.2).

 Management

Cardiac catheterization and hemodynamic assessment showed significant left to 
right shunt and a Qp/Qs: 2.9:1. Under TEE guidance a superstiff guidewire was 
passed through the most central defect and a dedicated Figulla® Flex II UNI 33 mm 
Occlutech device was deployed with good final results. Intra-procedural TEE 
showed that all the defects were covered by the device (Figs. 38.3 and 38.4).

Fig. 38.1 Two-dimensional and color Doppler TEE views showing aneurysmal IAS with multiple 
defects in different echocardiographic planes

Fig. 38.2 Three- 
dimensional 
echocardiography image of 
multiple ASDs
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 Conclusion

Transcatheter device closure of multiple secundum ASDs that was once considered 
an indication for surgical repair is evolving. Various methods including covering all 
the defects by an oversized device, use of two separate devices, or dedicated devices 
for cribriform IAS has been carried on with satisfactory results. Three-dimensional 
(3D) echocardiography facilitates the definition of the IAS and defect anatomy as 
well as planning of the procedure and guiding the device deployment [1–3].

Fig. 38.3 Fluoroscopic 
image showing implanted 
occlude device

Fig. 38.4 Post-procedural 
echocardiography showing 
the occlude device on 
IAS (arrow)

38 Device Closure of Multi-Fenestrated Atrial Septal Defect
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Chapter 39
Partial Anomalous Pulmonary Venous 
Return with Scimitar Vein

Sedigheh Saedi and Tahereh Saedi

Abstract Partial anomalous pulmonary venous drainage/connection (PAPVC/D) 
results from the failure of the normal return of a single or multiple pulmonary veins 
to the left atrium. Instead the abnormal pulmonary veins (PVs) connect to the sys-
temic veins (including superior vena cava, inferior vena cava (IVC) and coronary 
sinus) or directly to the right atrium. Connection of the right sided veins to the IVC 
is a rare congenital anomaly and is usually through a vein that appears as a curvilin-
ear shadow on Chest x-ray resembling a “scimitar sword” and hence termed scimi-
tar vein. If scimitar vein and PAPVC are associated with other anomalies including 
right pulmonary hypoplasia and lung sequestration, cardiac shift to the right and 
aortic collaterals to the right lung the term scimitar syndrome is used. Here we 
describe a young patient in whom all the right sided PVs drained to the IVC via a 
scimitar vein.

 History and Clinical Presentation

A 17-year-old female with a history of occasional palpitation was referred to our 
clinic due to abnormal finding of right ventricular (RV) enlargement during trans-
thoracic echocardiography in another center. On thorough questioning, she 
expressed mildly diminished exercise capacity. There was no relevant past medical 
history. In physical exam, a II/VI ejection type systolic murmur could be heard in 
the left sternal border.
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 Para-Clinic Assessment

ECG showed evidence of RV dilatation. Chest X-ray depicted a curvilinear silhou-
ette in the right lung and around right heart border suggesting a scimitar sign 
(Fig. 39.1).

In transesophageal echocardiography there was severe RV enlargement and mild 
systolic dysfunction and a large secundum type ASD. All left-sided PVs drained to 
left atrium but right pulmonary veins flow was seen to enter IVC-right atrium 
junction.

Cardiac computed tomographic (CT) angiography confirmed the echocardio-
graphic findings and showed all right-sided PVs draining to scimitar vein and then 
to suprahepatic portion of the IVC (Fig. 39.2).

Catheterization was performed to determine the precise pulmonary arterial pres-
sure (PAP) as it could not be optimally measured by echocardiography and showed 
top normal systolic PAP of 30 mmHg (Fig. 39.3).

 Management

Cardiac surgery was performed and the scimitar vein and the PVs were baffled to 
the left atrium through IVC, right atrium, and the ASD. The ASD was then repaired 
with satisfactory post-op results.

Fig. 39.1 Chest X-ray 
depicting the scimitar 
vein (arrow)
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Fig. 39.2 Coronal 
projection image in 
computed tomographic 
pulmonary angiogram 
showing right-sided PVs 
connecting to scimitar vein 
(arrow) and then 
to the IVC

Fig. 39.3 Catheter 
angiogram image showing 
a pigtail catheter advanced 
from IVC (star) up to the 
scimitar vein (arrow) and 
connection to pulmonary 
veins (arrowheads)

39 Partial Anomalous Pulmonary Venous Return with Scimitar Vein
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 Conclusion

Patients with PAPVC might be asymptomatic for many years. Hemodynamic effects 
of the PAPVC depends on the degree of left to right shunting and associated anoma-
lies. An isolated PAPVC usually does not lead to a significant shunt but if there are 
multiple PAPVCs or concomitant defects such as ASD with cardiac chamber 
enlargement and pulmonary overflow corrective surgery should be considered [1–5].
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Chapter 40
Left Sided Partial Anomalous Pulmonary 
Venous Drainage with Vertical Vein

Sedigheh Saedi

Abstract Partial anomalous pulmonary venous drainage/connection (PAPVC/D) 
is abnormal connection of a single or multiple pulmonary veins to systemic veins 
including superior vena cava (SVC), inferior vena cava (IVC), coronary sinus or the 
right atrium. Right side PAPVCs that connect to SVC are frequently associated with 
SVC type sinus venosus atrial septal defect. Left sided PAPVCs and more com-
monly anomalous left upper pulmonary vein usually drains to the left innominate 
vein via a persistent fetal period structure called the vertical vein and thereby to 
SVC and the right atrium creating a left to right shunt. Here we present a middle age 
patient with isolated abnormal drainage of left pulmonary veins.

 History and Clinical Presentation

A 41-year-old female presented with dyspnea on exertion and atypical chest dis-
comfort since a year ago. She had no coronary artery disease risk factors and did not 
use any medication. There was no relevant familial history. Physical examination 
findings were unremarkable.

 Para-Clinic Assessment

Twelve lead ECG showed normal sinus rhythm, normal QRS axis, and T wave 
inversion in V1–V3 precordial leads. Chest X-ray depicted evidence of right atrial 
and right ventricular (RV) enlargement. A prominent abnormal shadow could be 
seen on the left side of the aortic knob (Fig. 40.1). In transthoracic echocardiogra-
phy, she had normal left ventricle size and function but moderate RV enlargement 
and mild systolic dysfunction. No intracardiac defect was detected. In the 
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suprasternal notch window, a vessel with cephalad flow was seen running parallel to 
the proximal part of descending thoracic aorta compatible with vertical vein and 
emptying to innominate vein (Fig.  40.2). In transesophageal echocardiography 
there was normal drainage of right PVs to the left atrium (LA) but left side PV 
drainage to LA was not seen and there was no atrial septal defect. With the diagnosis 
of left side PAPVC computed tomographic (CT) angiogram was performed and 
reported most left-sided PVs drained to the vertical vein except for a small left 
lower lobe PV that returned to the left atrium (Fig. 40.3). Cardiac catheterization 
was done for shunt evaluation and there was a Qp/Qs: 2:1. Pulmonary artery pres-
sure and coronary arteries were normal (Fig. 40.4).

Fig. 40.1 Posteroanterior 
(PA) projection chest x-ray 
with abnormal silhouette 
beside aortic knob (arrow) 
in favor of a vertical vein. 
SVC shadow is also 
prominent that could result 
from overflow (arrowhead)

Fig. 40.2 Echo-
cardiographic image from 
suprasternal window with 
color Doppler imaging 
showing vertical vein (VV) 
parallel to the aortic arch 
and proximal of 
descending thoracic aorta 
with a cephalad (red) flow 
toward the innominate 
vein. Ao: proximal part of 
descending thoracic aorta, 
VV vertical vein
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Fig. 40.3 Reconstructed 
CT angiogram image of 
vertical vein (arrow) 
draining most left 
PVs (stars)

Fig. 40.4 Pulmonary 
angiogram in levophase 
showing the left PVs (star) 
draining to vertical vein 
(VV), innominate vein 
(IV) and thereby to SVC

 Management

Due to significant left to right shunt corrective surgery was performed in which the 
vertical vein was transected and anastomosed to the left atrial appendage.

40 Left Sided Partial Anomalous Pulmonary Venous Drainage with Vertical Vein
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 Conclusion

Management of PAPVCs is based on the level of overflow and left to right shunting. 
If the shunt leads to RV enlargement, significant pulmonary overflow (pulmonary 
blood flow more than1.5 times systemic blood flow), or pulmonary hypertension 
reparative surgery is indicated. Patients with isolated single PAPVC and no signifi-
cant left to right shunt could be followed clinically and generally do not need further 
intervention [1–4].
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Chapter 41
Coronary Artery Abnormality and Atrial 
Septal Defect

Sedigheh Saedi

Abstract Congenital coronary artery (CA) anomalies might be isolated or in in 
association with other congenital heart defects and carry a risk of sudden cardiac 
death (SCD) in young individuals and athletes. There are various classifications for 
CA anomalies but clinically they are categorized based on anatomy or the potential 
to cause myocardial ischemia. Anatomic subtypes include coronary ostial anomaly/
hypoplasia/atresia, anomalies of origin or course of the CA or absence/hypoplasia 
of the CA.

Secundum type atrial septal defect (ASD) is the most common form of atrial 
septal defects but concomitant coronary artery anomaly is rare. Here we report inci-
dental finding of associated coronary abnormality in a young patient with ASD.

 History and Clinical Presentation

A 25 year-old female presented with a prolonged history of occasional palpitation. 
She did not have chest pain, dyspnea, syncope, or family history of heart disease, 
and her past history was unremarkable. In physical examination, there was an ejec-
tion type systolic murmur in the left sternal border and fixed splitting of the second 
heart sound.

 Para-Clinic Assessment

Twelve lead ECG showed normal sinus rhythm, the normal axis with incomplete 
right bundle branch block pattern. Chest X-ray showed evidence of pulmonary 
overflow and shunt vascularity.
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Transthoracic and transesophageal echocardiography (TEE) showed normal 
left ventricle size and function, moderate right ventricular (RV) enlargement with 
normal RV systolic function, normal pulmonary artery pressure and a 
moderate-sized (1.4 cm) secundum type ASD with sufficient rims for transcatheter 
device closure.

Hemodynamic study showed significant left to right shunt. During cardiac cath-
eterization aortic root injection revealed that no coronary artery originated from the 
left aortic sinus and selective coronary angiography showed all the coronary arteries 
arising from the right coronary cusp (Figs. 41.1 and 41.2).

 Management

As the left anterior descending artery (LAD) gave rise to septal perforator branches 
and regarding negative past history for syncope or chest pain and no family history 
of sudden cardiac death the coronary course was not expected to be of interarterial 
or malignant type. However coronary computed tomographic (CT) angiography 
was performed for better evaluation. CT reported anomalous origin of LAD and the 
left circumflex artery (LCx) from the right coronary cusp but with a retroaortic 
course (Fig. 41.3). As coronary artery anomaly was not of the malignant type and is 
not reported to be associated with a high risk of SCD or ischemia, successful ASD 
device closure was performed under TEE guidance (Fig. 41.4). There was no com-
pressive effect on coronary arteries post-procedurally.

Fig. 41.1 Aortic root 
injection in LAO (Left 
anterior oblique) 
projection, No coronary 
artery originated from the 
left sinus
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 Conclusion

Left coronary arteries arising from the right aortic cusp may follow four different 
courses and are anatomically classified as retroaortic, interarterial, prepulmonic, or 
intramyocardial/transeptal course. The interarterial course is malignant and can 
result in myocardial ischemia and SCD. When this type of anomaly is diagnosed 
coronary artery bypass grafting (CABGs) is warranted [1–5].

Fig. 41.2 Anomalous 
origin of left coronary 
artery from right coronary 
sinus, RCA Right coronary 
artery; arrowheads point to 
left coronary artery 
branches

Fig. 41.3 3D 
reconstruction of coronary 
CT angiogram showing 
anomalous origin of all 
coronary arteries from the 
right aortic cusp
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Chapter 42
Transcatheter Repair of Residual 
Postsurgical Ventricular Septal Defect

Sedigheh Saedi and Tahereh Saedi

Abstract Transcatheter closure of muscular and perimembranous ventricular sep-
tal defect (VSD) is becoming the technique of choice in patients with suitable anat-
omy and has superior patient comfort compared to surgery. However, there are 
subsets of patients with complex forms of congenital heart disease that have often 
undergone multiple reparative surgeries and yet suffer from clinically significant 
residual post-surgical VSDs. Transcatheter closure of a post-surgical VSD is much 
more challenging due to the variable and unusual form and location of the residual 
VSD or the previous repair patch and renders the device positioning and stability 
more unpredictable. Careful pre-procedural evaluation with use of multi-modality 
imaging could help choose the right candidates and decrease the complications. We 
report an adolescent with residual VSD and tricuspid regurgitation in whom suc-
cessful device closure was achieved percutaneously.

 History and Clinical Presentation

A 15-year-old male with a history of surgical VSD and pulmonary stenosis repair at 
age three came for follow-up visit after the transition to adult congenital heart dis-
ease care. In his previous pediatric post-op echocardiograms, small residual VSD 
was reported. Physical exam showed normal growth for age. In cardiac auscultation, 
there was a III/VI holosystolic murmur in the left sternal border.
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 Para-Clinic Assessment

In chest X-ray, the left ventricle was mildly enlarged with evidence of pulmonary 
overflow. Transthoracic (TTE) and transesophageal echocardiography (TEE) 
showed mild left ventricular (LV) enlargement and systolic dysfunction (estimated 
EF: 50%), mild aortic regurgitation (AI) and moderate tricuspid valve regurgitation 
(TR). There was no residual pulmonary stenosis and no regurgitation. A moderate 
size (about 8 mm) residual VSD at the previous repair site was visible with left to 
right shunt. The interventricular septum (IVS) around the VSD was aneurysmal and 
redundant. Distance of the VSD from aorta was 8 mm and from tricuspid valve 
5 mm which is considered acceptable for device closure (Fig. 42.1).

 Management

Cardiac catheterization was performed for hemodynamic study and device closure 
of the residual VSD. The calculated Qp/Qs was 2.3:1 implying significant left to 
right shunt. LV injection showed a residual VSD and aneurysmal IVS that measured 
larger than that reported by the echocardiography (Fig. 42.2). Wiring of the VSD 
was done from the LV side and the wire was snared in the superior vena cava to exit 
the femoral vein access. Then a long femoral sheath was inserted and passed the 
VSD to ascending aorta. Device closure was done with a 16 mm muscular VSD 
occluder under TEE guidance. TEE confirmed an acceptable device position with 
no compressive effect on adjacent structures so the device was released with no 
complications (Fig. 42.3). TTE prior to discharge showed the device in proper posi-
tion with no residue and no change in TR or AI severity (Fig. 42.4). The patient was 
monitored for 48 h to detect possible arrhythmias and complete heart block and was 
then discharged home with aspirin and clopidogrel.

a b

Fig. 42.1 Short-axis echocardiography view in 2D (a) and color Doppler (b) showing residual 
VSD (arrow) near tricuspid valve
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Fig. 42.2 Angiographic 
injection in LAO (left 
anterior oblique) caudal 
view showing residual 
VSD (star) and 
opacification of the right 
ventricle (RV) via VSD. Ao 
aorta, LV left ventricle

Fig. 42.3 Angiogram 
image showing occluder 
device obstructing the VSD 
flow (arrow)

42 Transcatheter Repair of Residual Postsurgical Ventricular Septal Defect
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 Conclusion

Before proceeding with VSD device closure presence of adequate distance and a 
safe margin from adjacent structures and most importantly aorta and tricuspid valve 
should be evaluated, otherwise, device-related complications including device 
embolization, tricuspid or aortic regurgitation, and heart rhythm abnormalities 
may occur.

Post-operation residual VSDs are often hemodynamically remarkable but hard to 
repair surgically. Device closure is a safe and effective method for residual postsur-
gical VSD closure in meticulously selected patients [1–4].
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Chapter 43
Percutaneous Device Closure of Ruptured 
Sinus of Valsalva Aneurysm

Sedigheh Saedi

Abstract Aneurysm of the aortic sinus of Valsalva is a rare anomaly and could be 
congenital or acquired. The aneurysms could rupture, most commonly to the right 
side heart chambers and lead to severe left-to-right shunt. If left untreated ruptured 
sinus of Valsalva (ROSV) causes cardiac chamber dilation, failure and pulmonary 
hypertension. Surgical correction is the standard procedure but catheter intervention 
can alternatively be performed.

 History and Clinical Presentation

A 52-year-old female with a history of hypertension presented with atypical chest 
discomfort. In a physical examination a loud continuous machinery cardiac murmur 
was heard with the maximal intensity in the left sternal border.

 Para-Clinic Assessment

Transthoracic (TTE) and later transesophageal echocardiography (TEE) showed 
mild left ventricular (LV) enlargement and systolic dysfunction (estimated EF: 
50%), ruptured right aortic sinus to right atrium (RA) with high-velocity continuous 
flow, windsock was seen at the site of rupture (Fig. 43.1).

Computed tomographic (CT) angiography showed a rupture size of about 6 mm 
and a good distance from the right coronary artery (RCA) but close proximity to 
tricuspid valve (Fig. 43.2).
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 Management

The patient was scheduled for device closure of ROSV. Under TEE guidance wiring 
of the rupture site from the aortic side and snaring was performed, device closure 
was attempted with a patent ductus arteriosus (PDA) occluder 10/8 mm, but the 
device failed to stabilize and there was significant residue so the device was 
retrieved. Successful closure was then achieved with a 12/10 mm PDA occluder 
(Fig. 43.3).

Intra and post-procedure echocardiography showed proper device position with 
no residue and no compressive effect on tricuspid valve or other adjacent structures 
(Fig. 43.4).

a b c

Fig. 43.1 TEE 2D and color Doppler images of RSOV, (a) windsock appearance of the ruptured 
RCC (arrow), (b, c) color flow from ruptured cusp to RA, Ao aorta, RA right atrium, LA left atrium

Fig. 43.2 CT angiography 
mage of rupture of the 
aortic cusp to RA
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 Conclusion

With improvement in catheter intervention techniques, percutaneous device closure 
of ROSV has become an alternative to surgery and could be performed feasibly in 
expert centers. Randomized clinical trials comparing the percutaneous and surgical 
methods are needed to evaluate the long-term outcomes [1–3].

Fig. 43.3 Device closure 
of ROSV with a PDA 
occluder under TEE 
guidance

Fig. 43.4 Predischarge 
echocardiogram in 
short-axis view showing 
the device in the proper 
position (arrow)
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Chapter 44
Cor Triatriatum Sinistrum

Sedigheh Saedi

Abstract Cor triatriatum sinisterum (triatrial heart) is a congenital heart defect 
where the left atrium is divided to two chambers by a membrane due to failure of 
normal absorption of common pulmonary vein to left atrium (LA). Embryologically 
pulmonary intra-parenchymal veins connect to left atrium via a common pulmonary 
vein. If the orifice of the common pulmonary vein to left atrium is stenotic a mem-
brane like structure forms in LA and divides it in to two compartments: One receiv-
ing the pulmonary veins and the other with LA appendage and mitral valve. Stenosis 
severity is variable and could result in increased pulmonary venous and pulmonary 
capillary wedge pressures with ensuing pulmonary arterial hypertension and right 
sided heart failure. Here we present a young adult presenting with this rare congeni-
tal anomaly.

 History and Clinical Presentation

A 16 years old female presented with palpitation since a year ago. She had been 
diagnosed with congenital heart disease and proposed surgery at childhood but had 
refused and had no follow-up since. Physical examination revealed III/VI systolic 
murmur in left sternal border, loud P2, and fine bibasilar rales in lung auscultation. 
There was no peripheral edema, ascites, or cyanosis.

 Para-Clinic Assessment

ECG showed normal sinus rhythm and left atrial abnormality. Chest X-ray showed 
evidence of pulmonary congestion with prominent pulmonary arteries and LA 
enlargement (Fig. 44.1). Lab data were unremarkable.
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Echocardiography showed normal left ventricle but moderate left atrial(LA) 
enlargement, there was a thick membrane in LA resulting in division of LA into two 
chambers with a small orifice connecting the chambers, posterosuperior chamber 
received all pulmonary veins and anteroinferior chamber emptied into mitral valve. 
LA appendage was connected to the latter chamber, compatible with cor triatriatum 
with severe obstruction (mean gradient: 26 mmHg). There was characteristic con-
tinuous systolic and diastolic flow through mitral inflow in Doppler study (Fig. 44.2). 
The estimated systolic pulmonary arterial pressure was about 50 mmHg (Fig. 44.3a, 
b). Cardiac CT was performed to better evaluate the drainage of pulmonary veins 
and possible associated anomalies and confirmed the presence of a dividing mem-
brane in LA (Fig. 44.4).

Fig. 44.1 Chest X-ray 
depicting pulmonary 
congestion and LA 
enlargement

a b

Fig. 44.2 Color (a) and Doppler flow (b) study of the cor triatriatum
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a b

Fig. 44.3 (a) Echocardiographic four-chamber and (b) parasternal long-axis views of the obstruc-
tive membrane in the left atrium (arrow) dividing the LA to posterosuperior (asterisk) and antero-
inferior chambers(arrowhead). LA left atrium, LV left ventricle, MV mitral valve

Fig. 44.4 Axial CT image 
of intra-left atrium 
membrane (arrow). LA left 
atrium, LAA left atrial 
appendage

 Management

Due to significant obstruction and pulmonary hypertension surgery was planned to 
respect the obstructive membrane and mitral valve repair.

 Conclusion

Congenital obstruction in the path of pulmonary vein emptying results in increased 
pulmonary venous pressure, pulmonary hypertension, and heart failure if left 
untreated. Symptoms vary based on the degree of obstruction. Diagnosis is usually 
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established by echocardiography. The obstructing membrane is detected superior to 
LA appendage which distinguishes this anomaly from supramitral ring. Cardiac 
catheterization is occasionally necessary for hemodynamic evaluation and determi-
nation of the degree of pulmonary hypertension. Treatment involves surgical resec-
tion of the stenotic membrane and repair of associated anomalies [1–3].
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Chapter 45
Coarctoplasty in Gothic Type Aortic Arch

Sedigheh Saedi and Tahereh Saedi

Abstract Aortic coarctation is a congenital narrowing and stenosis in the aorta that 
is most frequently located near the ligamentum arteriosum and the left subclavian 
artery. Coarctation in adults is now usually treated with catheter intervention with 
good follow-up results. However there are coarctation types that are anatomically 
challenging for catheter intervention. Here we present a patient with an angulated 
aortic arch who underwent successful coarctoplasty and stenting.

 History and Clinical Presentation

A 18-year-old female was referred to our clinic with dyspnea on exertion and resis-
tant hypertension that was not controlled despite the use of multiple antihyperten-
sive medications including calcium-channel blockers, beta-blockers, diuretics, and 
angiotensin converting enzyme inhibitors (ACE inh). Physical examination showed 
diminished and delayed bi-femoral pulses compared to radial artery pulse. Systolic 
blood pressure was 160 mmHg in the upper extremity and 100 mmHg in the lower 
extremity.

 Para-Clinic Assessment

Twelve lead ECG showed normal sinus rhythm, left axis deviation, and left ven-
tricular hypertrophy (LVH). Chest X-ray had evidence of rib notching in the inferior 
aspect of posterior ribs (Fig. 45.1). In transthoracic echocardiography, she had nor-
mal left ventricle size and function with severe LVH. Aortic valve was bicuspid with 
fusion of left and non-coronary cusps but no stenosis and mild regurgitation. Pulsed 
Doppler in abdominal aorta from sub-xyphoid window showed abnormal and 
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delayed upstroke. In the suprasternal notch, an angulated aorta was evident with 
turbulency and increased gradients at proximal of descending aorta after subclavian 
artery(Fig. 45.2). With the diagnosis of coarctation of aorta and aortic arch anomaly 
a computed tomographic (CT) angiogram was performed and showed a high arch 
aorta with angulated geometry and discrete post-ductal coarctation (Fig. 45.3).

 Management

Interventional coarctoplasty and stenting was planned. Catheterization showed 
70 mmHg gradient across the coarctation site. Despite the use of several guidewires 
and different maneuvers in various projections, the guidewire could not be passed to 
the ascending aorta. Eventually, a hydrophilic wire was used and after multiple 

Fig. 45.1 Chest X-ray 
showing rib notching in the 
inferior borders of the 
posterior ribs (arrowhead)

a b

Fig. 45.2 (a) Abdominal aorta pulsed Doppler flow pattern showing slow and delayed upstroke. 
(b) Continuous-wave Doppler from suprasternal notch showing increased gradients across coarc-
tation site (S)
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attempts, the wire and a multipurpose catheter were passed to the ascending aorta 
and the wire was exchanged for a super stiff guidewire. Coarctoplasty was done 
with a BeGraft (Bently Aortic Stent Graft) 16 × 48 mm with zero residual gradients 
at coarctation site (Fig.  45.4). In 6 months follow-up visit the patient’s blood 

Fig. 45.3 Computed 
tomographic angiogram 
showing high position and 
angulated aortic arch (star) 
and discrete coarctation 
after subclavian 
artery (arrow)

Fig. 45.4 Post-procedure 
angiogram with fully 
dilated stent in the proper 
position
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pressure was normalized in ambulatory blood pressure monitoring with no need for 
drug therapy.

 Conclusion

Angular, Gothic, or high aortic arch is a rare type of aortic arch geometry in which 
there is a sharp angle between the ascending and the proximal part of descending 
thoracic aorta. This abnormal form may also develop following surgical repair of 
complex congenital heart disease and has been described after surgery for coarcta-
tion repair and arterial switch procedure in the transposition of great arteries. 
Gothic arch has been reported to cause exercise-induced hypertension in patients 
after reparative surgery. Interventional procedures although the first choice for 
coarctation repair could be more challenging in patients with this type of anom-
aly [1–5].
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Chapter 46
Severe Subpulmonary Right Ventricular 
Outflow Obstruction in an Adult Patient

Sedigheh Saedi

Abstract Double chambered right ventricle (RV) is a form of sub pulmonary right 
ventricular outflow obstruction resulting from presence of abnormal, hypertrophied 
and aberrant muscle bundles in the RV cavity dividing it to proximal high pressure 
and distal low pressure chambers. This congenital anomaly is frequently associated 
with a small perimembranous ventricular septal defect. Here we present a young 
female with a severe RV intracavitary obstruction successfully treated by surgery.

 History and Clinical Presentation

A 28-year-female presented with dizziness, progressive dyspnea, and a decline in 
functional capacity. She had not been evaluated for cardiac problems before but 
mentioned an abnormal heart murmur detected recently by his family physician 
during a visit for the common cold. In physical examination, there was a harsh pan-
systolic murmur best heard at the left sternal border. There was a prominent jugular 
venous pulse, no ascites, and no pedal edema.

 Para-Clinic Assessment

Twelve lead ECG showed normal sinus rhythm, right axis deviation, and RV hyper-
trophy. In echocardiography, there was moderate RV enlargement and systolic dys-
function. An aberrant hypertrophied muscle band was seen in the RV outflow tract 
resulting in severe stenosis and turbulent flow in favor of double-chambered RV 
(DCRV). There was a small perimembranous VSD. Precise RV pressure could not 
be estimated due to the VSD jet flow overlap (Fig. 46.1).
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Cardiac catheterization was performed for hemodynamic evaluation and there 
was 120 mmHg gradient between proximal and distal parts of the RV.RV pressure 
in the proximal chamber was supersystemic and pulmonary artery pressure was 
normal . Proximal chamber was highly trabeculated and separated from the distal, 
smooth, low-pressure chamber with a hypertrophied muscle bundle. There was a 
small perimembranous VSD with nonsignificant left to right shunt (Fig. 46.2).

Fig. 46.1 Transthoracic 
echocardiography in 
parasternal short-axis view 
showing aberrant muscle 
band in RVOT (arrow). RV 
right ventricle, LV left 
ventricle

Fig. 46.2 Angiogram 
image in lateral projection 
depicting double- 
chambered RV, Star: 
proximal high-pressure 
chamber, circle: distal 
subpulmonic low-pressure 
chamber, arrow: aberrant 
muscle band, arrowhead: 
pulmonary valve
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 Management

The patient underwent reparative surgery during which the abnormal muscle bundle 
was resected and VSD closed. She had symptomatic relief early after surgery and 
RV showed degrees of functional improvement in 6 months follow-up 
echocardiography.

 Conclusion

Abnormal muscle bands can cause varying severities of obstruction in RV. If RV 
pressure is more than 60% of the left ventricle pressure surgery is warranted. DCRV 
is usually corrected in childhood and rarely seen in adults. Unrepaired DCRV tends 
to worsen overtime and patients might present with dyspnea, angina pectoris, exer-
tional syncope, and eventually RV failure at older ages [1–3].
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Chapter 47
Very Severe Pulmonary Valve Stenosis 
in a Middle-Aged Male Treated 
Percutaneously

Sedigheh Saedi

Abstract Pulmonary valve stenosis is a most often a congenital anomaly and 
acquired forms are very rare. Patients with mild or moderate stenosis could be 
asymptomatic. In severe stenosis patients might present with exertional dyspnea, 
fatigue or even syncope due to low right sided cardiac output and eventually right 
sided heart failure. Most patients with severe degrees of stenosis will have had a 
form of intervention in childhood or early adolescence. We present a middle aged 
man with very severe stenosis and no prior intervention managed successfully with 
balloon valvuloplasty.

 History and Clinical Presentation

A 43 year-old male was referred to our clinic with progressive shortness of breath 
that exacerbated following a recent upper respiratory tract infection. He had been 
diagnosed with chronic obstructive pulmonary disease (COPD) previously but 
never had a cardiac evaluation. Physical examination revealed cyanosis and finger 
clubbing. There was a IV/VI harsh systolic murmur best heard in the left second 
intercostal space and a trill, right ventricular lift, and elevated jugular venous pulse 
(JVP). Systemic oxygen saturation at room air was 60% with no significant change 
after administration of 100% supplementary oxygen.
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 Para-Clinic Assessment

ECG showed normal sinus rhythm, evidence of right atrial (RA) enlargement, right 
axis deviation and right ventricular hypertrophy (RVH). Chest X-ray depicted 
reduced pulmonary vascularity with post-stenotic dilation of the main pulmonary 
artery trunk and RA and right ventricle (RV) enlargement (Fig. 47.1).

Echocardiography reported normal left ventricular (LV) size and mild systolic 
dysfunction. There was severe RV enlargement with severe RVH and severe systolic 
dysfunction. Pulmonary valve (PV) leaflets were thickened with severe stenosis 
(PG = 160 mmHg, MG = 100 mmHg) and mild pulmonary regurgitation. Cardiac 
catheterization showed thick and dome (PV) with post-stenotic dilation (Fig. 47.2). 
There was about 190 mmHg gradient across the valve and normal pulmonary artery 
pressure while LV pressure was about 140 mmHg and RV pressure much higher 
than the systemic pressure.

 Management

Successful percutaneous balloon pulmonary valvuloplasty was performed with a 24 
× 40 mm balloon-in-balloon catheter (BIB) with good final results (Fig. 47.3). RV 
pressure post-intervention was about 90mHg.The patient was started on selective 
beta-blockers. In 12 months clinical follow-up valvular gradient was significantly 
decreased and the patient was asymptomatic. O2 saturation at room air was 
about 93%.

a b

Fig. 47.1 (a) Posteroanterior (PA) and (b) lateral projection Chest X-rays showing RV and PA 
enlargement and reduced pulmonary flow
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 Conclusion

Pulmonic valve stenosis has three forms: Dome and thick pulmonary valve with 
post-stenotic dilation, dysplastic pulmonary valve, and bicuspid or unicuspid pul-
monary valve which is more common in tetralogy of Fallot. The doming type is 
usually amenable to catheter intervention and percutaneous valvuloplasty can 

Fig. 47.2 Lateral view of 
thickened PV in 
catheterization. X1: 
measured RV outflow 
diameter just beneath the 
pulmonic valve

Fig. 47.3 Balloon 
valvuloplasty of PV
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successfully be performed at any age with low complication rates. In the other 
forms, often pulmonary valve replacement with a biologic or mechanical valve is 
required. If left untreated right ventricular failure would ensue [1–5].
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Chapter 48
Percutaneous Pulmonary Valve in Valve 
Implantation

Sedigheh Saedi

Abstract Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart 
disease and consists of right ventricular outflow tract (RVOT) obstruction, right 
ventricular(RV) hypertrophy, outlet ventricular septal defect(VSD) and overriding 
of aorta. After reparative surgery and during follow-up to adulthood some of these 
patients have residual defects including pulmonary regurgitation often due to shav-
ing of RVOT to relieve the stenosis or augmenting patches used at the time of initial 
surgery. These patients have to undergo pulmonary valve replacement with a 
mechanical or bioprosthetic valve. Limitations of the mechanical valves include the 
need for lifelong anticoagulation and the adherent risk of malfunction. Bioprosthetic 
valves on the other hand have limited durability especially in younger patients. With 
the advent of percutaneous pulmonary valve in valve procedures patients with 
degenerated previous biologic pulmonary valves and suitable anatomies could 
undergo transcatheter valve implantation and avert the high risk of redo surgeries.

 History and Clinical Presentation

A 17-year-old female with history of the palliative shunt at infancy, TOF total repair 
at age four and redo surgery with biologic pulmonary valve(PV) replacement 
(Carpentier-Edwards 23 mm) due to severe pulmonary regurgitation(PI) at age nine 
presented to the clinic for routine follow-up. She mentioned mild dyspnea during 
exercise in the past months. In a physical examination a III/VI diastolic murmur was 
audible in the left second intercostal space. There was no cyanosis, ascites, or 
pedal edema.
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 Para-Clinic Assessment

Twelve lead ECG showed normal sinus rhythm and right bundle branch block. 
Chest X-ray depicted right ventricular (RV) enlargement and bulging of RVOT 
(Fig. 48.1). In echocardiography, there was normal left ventricular (LV) size with 
mild systolic dysfunction, severe RV enlargement with moderate systolic dysfunc-
tion. Bioprosthetic PV had degenerative change and increased gradients (Peak pres-
sure gradient: 50 mmHg) and severe regurgitation (Fig. 48.2).

 Management

Redo surgery and transcatheter options were discussed with the patient and her fam-
ily. They chose the percutaneous method as the patient did not wish to undergo 
another surgery . Cardiac catheterization was performed and a Edwards SAPIEN 
XT 23  mm valve was successfully implanted inside the previous bioprosthesis 
(Figs. 48.3 and 48.4).

In post-procedure echocardiography the new stented bioprosthetic PV had good 
leaflets motion, good alignment, and hemodynamic study (Peak pressure gradient: 
19 mmHg) and no paravalvular or transvalvular leakage. The patient was discharged 
home one day after the procedure with aspirin and clopidogrel.

Fig. 48.1 Chest X-ray 
showing post sternotomy 
status and the biologic 
pulmonary valve (arrow)
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Fig. 48.2 Continuous wave Doppler of biologic pulmonary valve with severe regurgitation and 
pressure half time below 100 ms and significant increased gradients

Fig. 48.3 Fluoroscopic 
image of first biologic PV 
and injection in pulmonary 
artery with a pigtail 
catheter. There are 
significant regurgitation 
and RV enlargement
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 Conclusion

Percutaneous valve in valve implantation (PVVI) is an evolving technique for 
patients with degenerated bioprosthesis and has shown promising results. PVVI 
unlike percutaneous valve implantation (PVI) in the native valves can apply to a 
greater subset of patients as there is already a frame with known size in the valve 
were as PVI cannot be performed in many patients due to variations in the anatomy, 
coronary anomalies or aneurysmal RVOTs. In appropriately selected patients, trans-
catheter valve implantation helps to improve patient symptoms and exercise toler-
ance as well as cardiac hemodynamics [1–3].
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Fig. 48.4 Successful 
implantation of the second 
biologic prosthesis inside 
the degenerated valve
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Chapter 49
Quadricuspid Aortic Valve

Sedigheh Saedi

Abstract Normal aortic valve has three leaflets. Quadricuspid aortic valve(QAV) is 
a rare congenital anomaly of aortic valve in which there are four cusps. These 
patients should be diagnosed and clinically monitored as they are prone to develop-
ing aortic regurgitation in their life. Other structural anomalies and aortic dilation 
are also common in these patients. Advances in cardiac imaging have resulted in 
more and earlier detection of QAV.

 History and Clinical Presentation

A 58-year-old asymptomatic female was referred to our clinic with incidental find-
ing of severe aortic regurgitation in transthoracic echocardiography. She had a his-
tory of hypertension and was on antihypertensive medications. In physical exam 
loud III/IV diastolic murmur in the left sternal border was audible. Other clinical 
findings were within normal limits.

 Para-Clinic Assessment

Twelve lead ECG showed normal sinus rhythm and normal axis. In chest X-ray, the 
left ventricle seemed enlarged. Transthoracic and transesophageal echocardiogra-
phy was performed and showed moderate left ventricular (LV) enlargement and 
systolic dysfunction (estimated EF: 40%), AV was thickened and had four almost 
equal cusps with a central regurgitant orifice, severe regurgitation and holodiastolic 
flow reversal in proximal of descending aorta. There was no valvular stenosis or 
aortic root dilation (Figs. 49.1 and 49.2).
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In cardiac catheterization, the coronary arteries were patent and had a normal 
course. There was QAV with severe regurgitation and no stenosis (Fig. 49.3).

 Management

Due to LV enlargement and dysfunction, the patient was scheduled for surgical 
aortic valve replacement.

Fig. 49.1 Transesophageal 
echocardiography 
short-axis view of the 
aortic valve showing four 
almost equal aortic cusps 
and a small central orifice 
of aortic regurgitation

Fig. 49.2 Transesophageal 
echocardiography 
long-axis view of the aortic 
valve with severe 
regurgitation
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 Conclusion

Aortic regurgitation is the predominant sequel of QAV but stenosis could also occur. 
Most of these patients need aortic valve repair or replacement in the fifth to the sixth 
decade of life. The classification by Hurwitz and Roberts is widely used and catego-
rizes the QAV to A to G subtypes based on the symmetry and size of the cusps. 
Infective endocarditis is more frequent in these patients particularly in those with 
asymmetric cusps due to flow turbulency. Coronary artery anomalies are also 
reported to be more prevalent in QAV. Surgical indications follow the guidelines for 
aortic regurgitation, stenosis, or associated anomalies. Successful transcatheter aor-
tic valve implantation (TAVI) has been reported in these patients [1–4].
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Fig. 49.3 Angiogram in 
LAO (left anterior oblique) 
caudal projection of aortic 
root injection with four 
separate cusps
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Chapter 50
Stenting of Stenotic Modified Blalock- 
Taussing Shunt in Adult with Pulmonary 
Atresia

Sedigheh Saedi

Abstract In patients with complex and cyanotic congenital heart disease it is not 
always possible to perform complete reparative surgery. These patients are candi-
dates for palliative systemic to pulmonary shunts to increase pulmonary blood flow 
and oxygen saturation and to alleviate cyanosis, secondary erythrocytosis, hypervis-
cosity syndrome and hemostatic abnormalities . These shunts could be arterial with 
a surgically created connection (shunt) between aorta or its branches and the pulmo-
nary artery (PA )or venous connecting superior vena cava(SVC) to PA(Glenn shunt) 
or both SVC and inferior vena cava to PA (Fontan procedure).However palliative 
shunts have their own pitfalls and could become thrombosed and obstructed leading 
to worsening patient condition. On the other hand repeat surgery for another shunt 
is extremely high risk in most of these patients. Here we present a young male with 
occluded palliative shunt successfully treated with catheter intervention.

 History and Clinical Presentation

A 27-year-old male with a history of pulmonary atresia and cardiac dysfunction 
who had undergone right modified Blalock-Taussing (BT) shunt palliation (shunt 
between the right subclavian artery and right pulmonary artery branch) in childhood 
presented with increasing cyanosis, dyspnea and severely limited functional capac-
ity. In the physical exam, there was severe cyanosis and finger clubbing. Oxygen 
saturation at room air was about 65%.
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 Para-Clinic Assessment

In lab tests, the patient had significant erythrocytosis with a hemoglobin concentra-
tion of 23 mg/dl. In echocardiography, the morphologic right ventricle was moder-
ately enlarged with moderate dysfunction and the left ventricle was relatively small 
and had moderate dysfunction. Aorta originated from the RV and the pulmonary 
valve and main pulmonary artery were atretic. There was a large subaortic ventricu-
lar septal defect (VSD).Previous right BT shunt was small and had diminished flow.

Computed tomography (CT) angiography showed narrowing and partial occlu-
sion in the BT shunt. There were multiple aorto-pulmonary collaterals.

 Management

The patient was scheduled for shunt angioplasty. Phlebotomy was performed before 
the procedure to lower the bleeding tendency. After wiring of the shunt, balloon 
predilation and then stenting with a 5 × 57  mm stent was done with good final 
results. Oxygen saturation increased from 65% to 85% post-procedure (Figs. 50.1, 
50.2, and 50.3). The patient had acceptable function capacity in 6 months follow-
 up visit.

Fig. 50.1 Angiogram 
image of the modified BT 
shunt, Course of catheter is 
from the aorta to left 
subclavian artery and BT 
shunt with selective 
injection showing a 
narrowed and 
stenotic shunt
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 Conclusion

In adult patients with complex congenital heart disease, particularly pulmonary 
atresia surgery is challenging due to extensive aorto-pulmonary collateral formation 
and high bleeding risk. Catheter intervention and shunt angioplasty offers a chance 
for improvement in symptoms, functional capacity, and cardiovascular hemody-
namics [1, 2].

a b

Fig. 50.2 Fluoroscopic image of balloon angioplasty (a) and stenting (b) of the right BT shunt

Fig. 50.3 Chest X-ray in 
follow-up showing the 
stented palliative shunt
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Chapter 51
ASD Device Closure in Isolated Right 
Ventricular Hypoplasia

Zahra Khajali

Abstract The patient is a 23 years old lady whom came to us with cyanosis and 
history of abortion. In first echocardiography we found moderate size atrial septal 
defect with right to left shunt and small ventricular septal defect with normal size of 
right ventricle, that this size of RV was not in proportion of ASD size. After other 
workup and imaging modality we concluded this case had hypoplastic RV with 
ASD. After some months medical treatment for lowering of RA pressure, we closed 
ASD by occlutech device, and cyanosis eliminated completely. Patient had not any 
symptoms after closure and during one-year follow-up.

 History and Clinical Presentation

A 23-year-old lady presented for evaluation of cyanosis and an elevated hemoglobin 
level which were noted as part of a complete blood count obtained after two miscar-
riages that had occurred at 6 and 8 weeks’ gestational age. She denied dyspnea at 
rest or orthopnea, hemoptysis, and chest pain. She was admitted to our hospital in 
October 2018. The patient had not been diagnosed with a cardiac abnormality or 
heart murmur in childhood and had not undergone prior cardiac evaluation. 
However, her only symptom was mild dyspnea on exertion. The family history was 
remarkable for the death of her paternal uncle and her brother due to unidentified 
congenital heart diseases that there were not any medical documentaries about them.

 Physical Examination

Blood Pressure: 110/70  mmHg, Heart Rate: 76 beats per minute, Oxygen 
Saturation: 83% in the air room.
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General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were cyanotic, and digital clubbing was 
noted, there was not any respiratory distress at rest.

Lung/chest: No deformity of the chest wall, the lungs were clear.
Heart: Cardiac auscultation revealed a normal first heart sound, decreased pul-

monary component of second heart sound, and a grade III/VI systolic murmur at the 
left sternal border, with no diastolic murmur or gallop. The rhythm was regular.

Abdomen: The abdomen was soft with normal sounds, and also the abdominal 
examination showed that the liver was on the right side with a normal span.

Extremities: There was no peripheral edema, but there was a digital clubbing. 
The pulses were regular and symmetric.

 Laboratory Data

Hemoglobin 18 gr/dl
Hematocrit 50.5%
White Blood Count 5800 cells/mm3
Platelet 207,000 cells/mm3
Creatinine 0.7 mg/dl
Blood urea nitrogen 13 mg/dl
Cholesterol 115 mg/dl
Triglyceride 86 mg/dl
ALT (Alanine transaminase) 19 IU/L
AST (Aspartate transaminase) 15 IU/L
TSH (Thyroid stimulating hormone) 1.7 micro IU/ml

 Electrocardiogram
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Twelve lead standard electrocardiogram
Normal sinus rhythm
Heart rate: 62 beats per minute, regular
Normal axis deviation
Normal PR interval
Peaked P in leads V1–V4 suggesting Right Atrium overload
Normal QRS duration
Mild ST-T changes in inferior leads and leads V1–V3 in favor of LV strain pattern

 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (The gastric bubble is seen 

in the left)
Left aortic arch
Normal cardiothoracic ratio
Normal pulmonary parenchyma and vascularity
Small aortic knob
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 Echocardiography

• Normal left ventricle size with mild systolic dysfunction (left ventricle ejection 
fraction = 45%)

• Small apical ventricular septal defect (2 mm)
• Small right ventricle size based on intracardiac shunt with mild to moderate sys-

tolic dysfunction, a significantly calcified bundle in right ventricle apex
• Normal mitral valve leaflets, no mitral stenosis, mild mitral regurgitation
• Normal tricuspid aortic Valve, no aortic stenosis, no aortic insufficiency
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, mild tricuspid valve 

regurgitation (TRG = 22 mmHg)
• Normal pulmonary valve, no pulmonary stenosis, mild to moderate pulmonary 

insufficiency
• Moderate size secundum type atrial septal defect with the bidirectional shunt 

(size:16 mm), predominant flow from right to left (Figs. 51.1, 51.2, and 51.3)

Fig. 51.1 Four-chamber 
view showed small right 
ventricle size

Fig. 51.2 Parasternal 
short-axis view showed 
moderate size secundum 
type ASD
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 Congenital and Coronary CT Angiography

Normal epicardial coronary arteries. Cardiomegaly and small ventricular septal 
defect and a secundum type atrial septal defect with mild RA enlargement are noted. 
Curvilinear calcification is visible in right ventricle (Figs. 51.4 and 51.5).

 Cardiac MRI (Magnetic Resonance Imaging)

• Normal left ventricle size with preserved systolic function, left ventricle apical 
and lateral hyper trabeculation, left ventricular ejection fraction = 50%.

Fig. 51.3 Small VSD, 
significantly calcified 
bundle in right ventricle 
apex was seen

Fig. 51.4 Calcified 
moderator band and 
hypoplastic apical portion 
of RV was noted
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• Small right ventricle size with right ventricle end diastolic volume index: 40 ml/
m2 and right ventricle Ejection Fraction: 40%.

• The left atrium is normal in size, and the right atrium is enlarged.
• A secundum atrial septal defect measured 17 mm with the right to left shunt.
• Redundant interatrial septum is seen.
• The interventricular septum shows the small near closed apicoseptal muscular 

Ventricular Septal Defect with nonsignificant left to right shunt (Fig. 51.6).

Fig. 51.5 Secundum 
type ASD

Fig. 51.6 Small right 
ventricle, calcified bundle 
in right ventricle apex, 
secundum type atrial septal 
defect, left ventricle apical 
hyper trabeculation was 
seen in axial view
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 Catheterization

• Hemodynamic and pressure study showed evidence of bidirectional shunt, ele-
vated Right Atrium Pressure and Right Ventricular End Diastolic Pressure 
(RVEDP) that they were about 10  mmHg. Pulmonary arterial pressure 
was normal.

• Left ventricle injection showed normal left ventricular size and mild systolic 
dysfunction, hyper trabeculated left ventricle, and small apical ventricular sep-
tal defect.

• Right ventricle injection showed the normal size of inlet and outlet parts of the 
right ventricle with severe hypoplastic of apical part and moderate right ventricle 
systolic dysfunction.

• Right ventricle was hypoplastic so atrial septal defect was closed temporarily 
with sizing balloon for evaluation of the hemodynamic response of right ventri-
cle to the closing of the atrial septal defect. Sizing balloon test performed and 
there was a significant increase in right atrium pressure and right ventricular end 
diastolic pressure, so the patient underwent diuretic therapy and after 6 months, 
again catheterization performed. After sizing balloon inflation there was no sig-
nificant increase in right atrium pressure and right ventricular end diastolic pres-
sure, and there was up to 25% rising in O2 saturation (O2 saturation increased 
from 83% to 94%). Atrial septal defect closure was done by occlutech device 
21 mm successfully (Figs. 51.7, 51.8, 51.9, and 51.10).

Fig. 51.7 RV angiogram 
showed hypoplastic apical 
part of RV with well- 
developed inlet and 
outlet part
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Fig. 51.8 Left ventricle 
injection showed apical 
hyper trabeculation, 
small VSD

Fig. 51.9 Sizing 
balloon test

 Echocardiography a Day After Device Closure

Echocardiography a day after device closure showed the proper position of the 
device and acceptable systolic and diastolic function of both ventricles (Fig. 51.11).

Discussion Isolated right ventricle hypoplasia is an anomaly that inlet and outlet 
parts of the right ventricle are normal but the apical portion of right ventricle is 
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Fig. 51.10 Deployment of 
ASD device

Fig. 51.11 Echocar-
diography after ASD 
device closure showed 
proper position of the 
device and no 
bulging to LA

absent or underdeveloped [1]. In more usual circumstances a small cavity of the 
right ventricle is associated with a malformed inlet or outlet portion of the chamber. 
This anomaly always is associated with patent foramen oval or atrial septal defect 
as an escape valve. For diagnosis and management of this anomaly multi modalities 
are practical [2]. In this particular patient, there was hypoplastic right ventricle with 
an atrial septal defect that the outlet and the inlet portions were normal size and the 
right ventricle was smaller than normal because of the absence of apical trabecular 
component. The poor compliant ventricle resulted in elevation of the diastolic pres-
sure, raising in RA pressure and inducing right to left shunt. Because of small and 
low volume, underfilled right ventricle, output into pulmonary artery was reduced. 
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Clinical management in this anomaly depends on right ventricle size and hemody-
namics. In some groups atrial septal defect surgical or device closure is reasonable 
and some of these patients cannot tolerate atrial septal defect closure alone and need 
to one and half repair [3] or even Fontan operation. An obvious benefit of closure 
would be the elimination of the right to left shunting, which in this patient was con-
siderable, and improved oxygen saturation. Furthermore, the risk of paradoxical 
embolism will be aborted.
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Chapter 52
Complicated Case of Device Closure 
of Large Patent Ductus Arteriosus 
Associated with Significant Mitral Valve 
Regurgitation

Zahra Khajali

Abstract A 29-year-old lady referred to us for work-up of valvular heart disease. 
She had mild dyspnea, and did not aware of her problem. In physical examination 
we noticed continuous machinery murmur. In ECG had evidence of bi-ventricular 
hypertrophy especially LV volume overload. In echocardiography the patient had 
large PDA, moderate to severe MR due to MVP and severe PAH. In cardiac cathe-
terization we resulted evidence of significant left to right shunt via PDA, and pul-
monary artery vasoreactivity, so we decided to close PDA by device to improving 
PAP and also MR severity. We performed closure of defect by the largest available 
device (muscular VSD18mm). It seems that the procedure was successful but the 
day after procedure we found embolized device on RPA, patient transferred to oper-
ating room, the device was removed from RPA, the PDA and mitral valve was 
repaired and the patient transferred uneventfully from operating room to ICU.

 History and Clinical Presentation

A 29 years old female referred to our clinic with valvular disease diagnosis. She 
came to our clinic with mild dyspnea. The patient did not receive any drug or man-
agement before.
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 Physical Examination

Blood Pressure: 120/80  mmHg, Heart Rate: 75 beats per minute, Oxygen 
Saturation: 94% in room air.

General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were normal.

Lung/chest: No deformity of the chest wall, the lungs sound was normal.
Heart: Cardiac auscultation revealed a normal first heart sound, increased pul-

monary component of second heart sound, and a continuous murmur at the left 
sternal border and at the back in interscapular region. The rhythm was regular.

Abdomen: The abdominal examination had no remarkable abnormality.
Extremities: There was no peripheral edema. The pulses were regular and 

symmetric.

 Electrocardiogram
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Twelve lead standard electrocardiogram
Low atrial rhythm, PAC
Heart Rate: 85 beats per minute
Normal axis deviation
Tall R in V5, V6, and inverted T in favor of LV volume overload and diphasic V3 

and V4 in favor of BVH

 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (The gastric bubble is seen 

in the left)
Left aortic arch
Increased cardiothoracic ratio(downward displacement of apex in favor of LV 

enlargement)
Increased pulmonary vascularity
Dilated PA border
Dilate aorta
All data in favor of shunt vascularity and PDA

 Echocardiography

• Moderate left ventricle enlargement with mild systolic dysfunction (left ventricle 
ejection fraction = 45%)
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• No ventricular septal defect
• Moderate enlargement of right ventricle with mild systolic dysfunction
• Prolaptic both mitral valve leaflets with no mitral stenosis, moderate to severe 

mitral regurgitation
• Normal tricuspid aortic valve, no aortic stenosis, no aortic insufficiency
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, moderate tricuspid 

valve regurgitation (tricuspid regurgitation gradient = 75 mmHg, severe PAH)
• Normal pulmonary valve, no pulmonary stenosis, moderate pulmonary insufficiency
• Large size PDA with left to right shunt (size: 14 mm)
• No coarctation of aorta (Fig. 52.1)

 Cardiac Catheterization and Procedure

• Hemodynamic and pressure study showed evidence of left to right shunt via 
PDA, elevated pulmonary pressure, and Right Ventricular Systolic 
Pressure (RVSP).

Pressure Saturation

Left ventricle 120/0–10 95
Right ventricle 95/0–7 70
PAP 95/40 85
Ascending aorta 120/80 95
Descending aorta 120/80 95

LV injection showed severe LV enlargement and mild systolic dysfunction, mod-
erate MR.  Large PDA seen in aortic isthmus injection, normal coronary artery 

Fig. 52.1 Suprasternal view showed large PDA
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system, and no AI in aortic root injection revealed. After 20-min vasoreactivity test 
by oxygen 100%, we noticed a significant decline in the mean of PAP.

Management Regarding evidence of significant left to right shunt via PDA, vaso-
reactivity, and moderate regurgitation of MV, we think that closure of PDA could 
postponed surgical procedure of MV repair and also declined pulmonary artery 
pressure to lowering surgical risk in future.

Cefazolin IV 1000 mg was administered and guidewire was advanced through 
catheter from the femoral vein to IVC, RA, and RV to LPA and then across the PDA 
to descending aorta. The stiff wire then passed through the catheter. The venous 
sheath and catheter were then removed and an introducer sheath was advanced over 
the stiff guidewire to the descending aorta, the guidewire was removed. Next, a 
muscular VSD occluder 18 (occlutech) was mounted on a delivery cable, advanced 
through the introducer sheath across the PDA to the aorta, and first aortic disc 
opened and waist of the device deployed on the duct gently and finally the pulmonic 
disc opened. Then the deployment place checked by a gentle push and pulling 
maneuver and device released. Then descending aorta angiography demonstrated 
the proper position of device.

 The Day After Device Closure

One day later, echocardiography performed but the device was not on the duct and 
turbulent flow of PDA was seen, after interrogation, we found the device in right 
pulmonary artery that confirmed by fluoroscopy. So, the patient transferred to the 
operating room, the device was removed from RPA, the PDA and mitral valve were 
repaired and the patient transferred uneventfully from operating room to ICU. During 
follow-up echocardiography 1 month later there is a significant decline in 
PAP(SPAP = 50 mmHg) and trace residual MR (Fig. 52.2).

Fig. 52.2 Fluoroscopy 
showed the device in RPA
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Discussion Patent ductus arteriosus is a structure that resulted of persistence of the 
distal portion of the left sixth aortic arch [1]. This duct has a necessary role in 
embryonic blood circulation and after birth closed during the first 48–72 h. Patency 
of the duct after birth could have harmful effects on cardiovascular and pulmonary 
artery systems and it depends on the size and the flow through the duct. The volume 
load causes left cardiac enlargement and failure, and also inducing pulmonary artery 
hypertension [2]. It also had the chance of endarteritis that it could be seen in small 
size PDA. This defect should be closed in all cases except silent PDA and large 
cases that caused Eisenmenger syndrome. In most cases, percutaneous catheter 
intervention can be done unless complex shape or active endarteritis [3]. Especially 
in adults, percutaneous intervention is preferred to surgery due to the calcification 
of the duct, fragile aorta, and higher pulmonary artery pressure. The devices that 
approved for PDA closure are ADO I, ADO II, and some type of coils [4]. But the 
variety in shape and size of the duct in some cases makes it less possible to be closed 
by current devices, so another devices like vascular plug, muscular VSD, and ASD 
device can be used off-label [5]. Muscular VSD occluder devices had a higher 
waist-to-disk ratio and also larger maximum waist diameter, so it can be used in 
larger PDA with a diameter of more than 14 mm. The position of the waist on the 
duct, relation of retention disk to duct and aorta and appropriate size of the device 
are important factors in not embolizing the device. The larger size of the duct rela-
tion to the chosen device size in our case and position of the retention disk in the 
aorta were the factors of the device displacement.
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Chapter 53
Total Anomalous Pulmonary Veins Return 
in a Young Lady

Zahra Khajali

Abstract A 27-year-old lady referred to us with cyanosis and history of one mis-
carriage at 9 weeks of pregnancy. She did not have any workup before, and this the 
first time that workup performed for her. In physical examination, electrocardio-
gram and echocardiography we suspect to TAPVR that this diagnosis confirmed by 
CT angiography. For exact hemodynamic evaluation catheterization performed and 
by evaluation of all data, finally surgical repair was done uneventfully. Systemic 
saturation returned to normal level and the patient feels well after one-year 
follow-up.

 History and Clinical Presentation

A 27-year-old lady presented for evaluation of cyanosis and also, she had one mis-
carriage that had occurred at 9 weeks’ gestational age. She had mild dyspnea during 
exercise.

The patient had not been diagnosed with a cardiac abnormality or heart murmur 
in childhood and had not undergone prior cardiac evaluation.

 Physical Examination

Blood Pressure: 100/70  mmHg, Heart Rate: 70 beats per minute, Oxygen 
Saturation: 78% in the air room.
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General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were cyanotic and digital clubbing was 
noted, there was not any respiratory distress at rest.

Lung/chest: No deformity of the chest wall, the lungs were clear.
Heart: Cardiac auscultation revealed a normal first heart sound but wide split-

ting and loud second heart sound and a grade II/VI systolic murmur at the upper left 
sternal border, with no diastolic murmur or gallop. The rhythm was regular.

Abdomen: The abdomen was soft with normal sounds, and also the abdominal 
examination showed that the liver was on the right side with a normal span.

Extremities: There was no peripheral edema, but there was a digital clubbing. 
The pulses were regular and symmetric.

 Electrocardiogram

 

Twelve lead standard electrocardiogram
Normal sinus rhythm
Heart Rate: 64 beats per minute, regular
Right axis deviation
Normal PR interval
Peaked P in leads II, III, aVF suggesting Right Atrium overload
qR in V1 and deep S in V5, V6 in favor of RV volume and pressure overload
Normal QRS duration
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 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (The gastric bubble is seen 

in the left)
Left aortic arch
Increased cardiothoracic ratio (RV and RA enlargement)
Increased pulmonary vascularity
Small aortic knob
Dilated SVC at right and vertical vein at the left border all of the features resem-

ble the figure of eight or snowman consistent with diagnosis of TAPVR.

 Echocardiography

• Normal left ventricle size with normal systolic function (left ventricle ejection 
fraction = 55%).

• Dilated right ventricle and right atrium with mild systolic dysfunction.
• Large interatrial septal defect with right to left shunt.
• Normal mitral valve leaflets, no mitral stenosis, no mitral regurgitation.
• Normal tricuspid aortic valve, no aortic stenosis, no aortic insufficiency.
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, mild tricuspid valve 

regurgitation (tricuspid regurgitation gradient  =  45  mmHg, moderate 
PAH,PAP = 50 mmHg).

• Normal pulmonary valve, no pulmonary stenosis, mild pulmonary 
insufficiency.

• No pulmonary veins drained to LA.
• In suprasternal view a large vein was seen that drained to innominate vein and 

SVC with pulmonary veins doppler (Fig. 53.1).

53 Total Anomalous Pulmonary Veins Return in a Young Lady



322

 Congenital CT Angiography

Normal epicardial coronary arteries. Cardiomegaly and large atrial septal defect 
with severe RA and RV enlargement are noted. No pulmonary veins drained to LA 
and all of them connected to a large chamber that drains to vertical vein and innomi-
nate vein and superior vena cava. Dilated SVC and vertical vein noted (Fig. 53.2).

 Catheterization

• Hemodynamic and pressure study showed evidence of the right to left shunt, 
normal Right Atrium Pressure, and Right Ventricular End Diastolic Pressure 
(RVEDP) that they were about 6 mmHg. Pulmonary arterial pressure was moder-
ate to severely elevated (55/20/33 mmHg).

Fig. 53.1 In 4 chamber 
view dilated RV and RA 
was seen and there was no 
pulmonary veins at LA 
border, large ASD

Fig. 53.2 All pulmonary 
veins drained to 
vertical vein
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• Pulmonary artery injection in levophase showed all pulmonary veins drain to 
vertical vein, then innominate vein and superior vena cava.

• After all these diagnostic modalities the patient became a candidate for surgical 
procedure.

 Management

Common pulmonary vein opened to LA and vertical vein closed from the site of 
innominate vein insertion. Then atrial septal defect repaired by pericardial patch.

The patient had a normal course in ICU with oxygen saturation about 96–98%.
Post-op echocardiography showed no residual atrial septal defect with no steno-

sis at the opening site of common pulmonary veins to the left atrium, and there was 
no flow in the vertical vein.

Discussion Total anomalous pulmonary veins drainage or return is a rare cyanotic 
congenital heart disease that in this anomaly all pulmonary veins drained to another 
chamber or veins except left atrium [1].

This anomaly classified into four types:
(1) Supra cardiac (2) cardiac (3) Infra cardiac and (4) mixed type [2].
This anomaly presented in infancy with cyanosis and rarely it is detected in 

adulthood. The severity of symptoms depends on the size of interatrial septal defect, 
obstruction of pulmonary veins, and also pulmonary artery pressure [3].

If the interatrial septal defect is restricted the infant would have severe cyanosis 
and could not tolerate the symptoms, but with large interatrial defect, the patients 
may be reached to adulthood [4].

The definite treatment is surgery and these patients will have acceptable survival 
if operation was done in the early months of the birth date.

The patient whom reached adolescence and adulthood usually has pulmonary 
arterial hypertension, but if the pulmonary vascular bed is reactive for this age group 
also surgery is a definite procedure.
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Chapter 54
Coarctation of Aorta Associated 
with Large Patent Ductus Arteriosus 
and Severe Pulmonary Artery 
Hypertension

Zahra Khajali

Abstract A 19-year-old lady referred to us with ascites and dyspnea functional 
class III. She had history of known congenital heart disease but no procedure or 
management performed her. In physical examination we noticed differential cyano-
sis, ascites, peripheral edema. In ECG had evidence of bi-ventricular hypertrophy. 
In echocardiography and CT angiography the patient had large PDA, large VSD, 
severe coarctation of aorta, severe PAH and severe LV dysfunction. In cardiac cath-
eterization we resulted evidence of left to right shunt via VSD, and pulmonary 
artery vasoreactivity, so we decided to perform staged intervention, first for coarcta-
tion of aorta and PDA. So, we closed PDA and opened the coarctation by a CP 
covered stent. PDA only had mild residual flow and coarctation gradient completely 
eliminated. In follow-up LVEF improved significantly and patient symptoms 
alleviated.

 History and Clinical Presentation

A 19 years old female, known case of congenital heart disease but on irregular fol-
low- up came to our clinic with ascites and severe dyspnea. She was admitted to our 
Hospital. The patient did not receive any drug or management before.
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 Physical Examination

Blood Pressure: 150/80  mmHg, Heart Rate: 110 beats per minute, Oxygen 
Saturation: 91% in finger and 83% in toes in the air room.

General Appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were mildly cyanotic, and mild digital club-
bing was noted especially in toes, there was respiratory distress at rest.

Lung/Chest: No deformity of the chest wall, the lungs had fine rales at the base 
of both lungs.

Heart: Cardiac auscultation revealed a normal first heart sound, increased pul-
monary component of second heart sound, and a grade III/VI systolic murmur at the 
left sternal border. The rhythm was irregular.

Abdomen: The abdomen was generalized distended, and also the abdominal 
examination showed fluctuant sensation in pulsation and also dullness in flanks.

Extremities: There was lower limb peripheral edema. The pulses were irregular 
and very weak in femoral and non-palpable in dorsalis pedis.

 Laboratory Data

Hemoglobin 14.5 gr/dl
Hematocrit 43.5%
White Blood Count 5000 cells/mm3
Platelet 245,000 cells/mm3
Creatinine 0.7 mg/dl
Blood urea nitrogen 13 mg/dl
Cholesterol 115 mg/dl
Triglyceride 86 mg/dl
ALT (Alanine transaminase) 49 IU/L
AST (Aspartate transaminase) 53 IU/L
TSH (Thyroid stimulating hormone) 1.7 micro IU/ml
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 Electrocardiogram

 

Twelve lead standard electrocardiogram
sinus tachycardia
Heart Rate: 115 beats per minute, regular
Right axis deviation
Tall R in VI, deep S in V5, V6 in favor of RVH and deep S in V3, V4 in favor of 

LVH, Diphasic V3 and V4 in favor of BVH

 Chest X-Ray
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Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (the gastric bubble is seen 

in the left)
Left aortic arch
Increased cardiothoracic ratio and severe cardiomegaly
Increased pulmonary vascularity
Dilated PA border

 Echocardiography

• Moderate left ventricle enlargement with severe systolic dysfunction (left ven-
tricle ejection fraction = 30%), LVH

• Bi-atrial enlargement
• Moderate enlargement of right ventricle with moderate systolic dysfunction
• No mitral stenosis, mild to moderate mitral regurgitation
• Normal tricuspid aortic valve, no aortic stenosis, no aortic insufficiency
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, moderate tricuspid 

valve regurgitation (tricuspid regurgitation gradient = 85 mmHg, severe PAH)
• Normal pulmonary valve, no pulmonary stenosis, moderate pulmonary 

insufficiency
• Large size PDA with bidirectional shunt (size: 14 mm)
• Large VSD restricted to some extent by TV septal leaflet with left to right shunt
• Severe narrowing after left subclavian artery consistent with coarctation of 

the aorta
• Mild pericardial effusion (Figs. 54.1, 54.2, and 54.3)

Fig. 54.1 Suprasternal 
view showed large PDA 
with right to left shunt and 
narrowing of aorta 
after PDA
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Fig. 54.2 4 chamber view 
showed LVH and enlarged 
LA and RA

Fig. 54.3 5 chamber view 
showed large VSD 
restricted by TV 
septal leaflet

 Congenital CT Angiography

Cardiomegaly and large Ventricular Septal Defect and a large patent ductus arterio-
sus with LV and RV enlargement are noted. Severe narrowing after left subclavian 
artery and before PDA was seen and it seems to flow from pulmonary artery via 
PDA filled descending aorta (Fig. 54.4).

 Cardiac Catheterization

• Hemodynamic and pressure study showed evidence of bidirectional shunt via 
PDA and left to right shunt via VSD, elevated pulmonary Pressure, and Right 
Ventricular systolic Pressure (RVSP) that they were about 10 mmHg.

54 Coarctation of Aorta Associated with Large Patent Ductus Arteriosus and Severe…



330

Pressure Saturation

Left ventricle 140/0–14 93
Right ventricle 95/0–10 62
PAP 95/65 73
Ascending aorta 140/70 93
Descending aorta 95/60 88

• Left Ventricle injection showed severely enlarged and severe systolic dysfunc-
tion, large perimembranous ventricular septal defect.

• Ascending aorta injection showed severe coarctation of the aorta and large PDA.
• Pulmonary vasodilator test performed by 100% O2, and after 20 min the mean of 

PAP decreased from 75 to 60 mmHg.

 Management

• Regarding evidence of sub-systemic PAP, vasoreactivity of pulmonary artery, 
left to right shunt via VSD and eligible anatomy for stenting a covered stent CP 
45 mm 8 zig mounted on BIB 22 × 45 mm deployed on coarctation site that 
opened the stenosis site and covered most part of ductus arteriosus. Gradient 
though coarctation improved completely and pulmonary artery pressure declined 
to 75/35 mmHg.

Post-Procedure Echocardiography The day after procedure echocardiography 
showed significant improvement in LVEF, and small residual flow through PDA, the 
position of the stent was appropriate with no significant gradient (Fig. 54.5).

Fig. 54.4 CT angiography 
showed a large PDA and 
significant pre-ductal 
coarctation of the aorta
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Discussion PDA is a common congenital heart disease that is seen in 8–10% of 
CHD anomalies. This abnormality is more common in premature neonate. 
Coarctation of the aorta is the fifth common CHD and associated with bicuspid 
aortic valve in 40–50% of cases [1]. Association of coarctation of aorta and PDA 
especially in the adult is rare. There are two types of co-acreation of aorta in relation 
to the position of the duct: pre-ductal and post-ductal. The pre-ductal or infantile 
type has seen in neonate and infant, in this type coarctation site is before the duct 
and flow of descending aorta is from pulmonary artery via a duct, so the closure of 
the duct could worsen the patient condition. In this anomaly differential cyanosis is 
evident and rarely the patient reached adulthood, but in post-ductal or adult-type 
coarctation is after duct position and the patient is not dependent on ductal flow, this 
type dominantly in an adult could be seen. Management of pre-ductal type is more 
complicated especially in adulthood because of the size of the duct and associated 
pulmonary artery hypertension. Surgical repair could be done but because of the 
high-risk condition of these patients catheter intervention [2] is more logical and it 
could be performed in one stage or sequentially.
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Fig. 54.5 Post- 
intervention echo showed 
the position of stent and 
mild PDA residual flow
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Chapter 55
Paravalvular Leakage of Bioprosthetic 
Pulmonary Valve

Zahra Khajali

Abstract The patient is 27 year-old-male whom had history of two times surgery. 
First at 1-year-old undergone total correction of tetralogy of Fallot. The second 
surgery was at 17 years-old, that pulmonary valve replaced with a bioprosthetic 
valve. During follow-up echocardiography the patient had progressive paravalvular 
regurgitation of pulmonary valve. Because of the patient refused redo PVR, we 
performed paravalvular leakage closure by ADO device 14*18mm. The procedure 
was successful and no complication was seen early and at 6 months follow-up.

 History and Clinical Presentation

Our patient is a 27-year-old man and known case of Tetralogy of Fallot with a his-
tory of total correction operation (TFTC) 26 years ago and bioprosthetic PVR with 
a 27-mm PORCINE EPIC bioprosthetic valve 10 years ago. He had also history of 
Permanent Pacemaker implantation 26 years ago after the first operation. He com-
plained of dyspnea on exertion function class II that begin from 6 months ago. He 
had paravalvular regurgitation with moderate severity in the previous echocardiog-
raphy report.
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 Physical Examination

Blood Pressure: 110/60 mmHg, Heart Rate: 72 beats per minute, Oxygen Saturation: 
95% in the air room.

General appearance: On examination, the patient was well developed.
Lung/chest: No deformity of the chest wall, the lungs were clear.
Heart: Cardiac auscultation revealed a normal first and second heart sound, ejec-

tion systolic murmur grade III/VI at the left sternal border, with short diastolic mur-
mur on that area. The rhythm was regular.

Abdomen: The abdomen was soft with normal sounds, and also the abdominal 
examination showed that the liver was on the right side with a normal span.

Extremities: There was no peripheral edema. The pulses were regular and 
symmetric.

 Electrocardiogram

Electrocardiogram showed pace rhythm with acceptable rate.
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 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (the gastric bubble is seen 

in the left)
Left aortic arch
Increased cardiothoracic ratio
Sternal wire
Swing ring of the prosthetic valve was seen in the pulmonary position
Decreased pulmonary vascularity
Aneurysmal RVOT
PPM (single chamber) and its lead in RV apex was seen
Another epicardial lead was seen on the right ventricle

 Echocardiography

• Mild left ventricular enlargement with moderate systolic dysfunction, 
(LVEF:35–40%).

• Severe right ventricular enlargement with moderate to severe systolic dysfunc-
tion, and aneurysmal dilation right ventricle outflow tract (RVOT).

• Interrupted IVC.
• Mild to moderate TR.
• No residual VSD.
• Tricuspid Aortic Valve, no aortic stenosis, no aortic insufficiency.
• No bioprosthetic pulmonary valve stenosis but a hole in medial side of the pros-

thetic valve and severe paravalvular leakage (Fig. 55.1).
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 Management and Procedure

The family was reluctant for a third operation, so the patient was scheduled for 
catheterization and possible closure of the paravalvular leak. The precise etiology of 
the PVL was unknown, but there was no evidence to suggest endocarditis as a cause.

A hematological evaluation did not reveal any evidence of hemolysis. The patient 
was referred to the cardiac catheterization laboratory for percutaneous closure of 
the bioprosthetic paravalvular leak.

A dilator was placed in the right femoral artery for standard hemodynamic moni-
toring and a sheath was placed in the right femoral vein. Hemodynamic and angio-
graphic data obtained prior to the planned intervention demonstrated mild LV 
enlargement and mild systolic dysfunction, severe RV enlargement, and moderate 
systolic dysfunction, bioprosthetic PV in RVOT with severe paravalvular leakage, 
normal coronary artery system and no residual VSD, interrupted IVC with azygos 
continuity to SVC, the aneurysmal dilation of the main pulmonary artery and the 
branch pulmonary arteries. Pulmonary artery angiography demonstrated severe pul-
monary bioprosthetic paravalvular leak, also transesophageal echocardiography 
(TEE) in Cath lab was done and it showed severe pulmonary paravalvular leakage 
from the posteromedial side of sewing ring with diameter 20 × 14 mm. Cefazolin IV 
1000 mg was administered and guidewire was advanced through catheter from azy-
gos pathway to SVC and then across the paravalvular leak. The venous sheath and 
catheter were then removed and an introducer sheath was advanced over the guide-
wire to the level of the leak and the guidewire was removed. Next, a PDA occluder 
14/18 (occlutech) was mounted on a delivery cable, advanced through the 

Fig. 55.1 PW doppler showed severe PI jet with short PHT and long NFT
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introducer sheath across the paravalvular leak, and deployed without difficulty. 
Then Pulmonary artery angiography demonstrating mild residual pulmonary para-
valvular leak.

• The patient recovered from the procedure without complication. A hematologi-
cal evaluation did not reveal any evidence of post-procedure hemolysis. 
Outpatient follow-up revealed his dyspnea resolved. Echocardiography per-
formed one day following the interventional procedure revealed the paravalvular 
occlude device in proper position with no clot on it and no compressive effects 
on adjacent sites and two mild to moderate jets of paravalvular leaks were seen 
from posteromedial side of sewing ring.

Follow-Up Echocardiography The echocardiography a day after closure showed 
a significant decline in paravalvular leakage severity.

 Discussion

Paravalvular leak following prosthetic valve surgery has a reported incidence of 
2–3% and typically results from suture dehiscence between the sewing ring and 
native tissue [1]. These leaks are usually small and follow a benign course; however, 
they have the potential to cause serious complications such as anemia secondary to 
hemolysis and congestive heart failure if the resultant regurgitation is significant 
enough. When symptomatic, these defects are increasingly being closed using the 
percutaneous catheter technique. Bioprosthetic valves (BPV) are increasingly used 
for surgical pulmonary valve replacement (PVR) in patients with repaired congeni-
tal heart defects, and with mounting evidence about the long-term consequences of 
chronic pulmonary regurgitation (PR), it seems that an increasing number of patients 
are undergoing PVR for postoperative PR [2]. Clinically significant paravalvular 
leaks (PVL) are uncommon after PVR and may be more complex anatomically than 
left-sided PVL due to the variability in implant location and technique in the tra-
beculated and often dilated right ventricular outflow tract (RVOT).

Given the anatomic complexity of the RVOT and the variability of the PVR 
implant site and orientation, transcatheter treatment of pulmonary PVLs is likely to 
differ from the closure of other PVLs in respect. Also, the relationship of the defect 
to the coronary arteries, which may be aberrant in the forms of congenital heart 
disease (CHD) most likely to be treated with PVR (e.g., tetralogy of Fallot), can also 
be an important consideration and should be evaluated angiographically before 
device delivery. Also, the procedure was very difficult due to the presence of PPM 
leads in the right atrium and right ventricle.

The transcatheter devices typically used for PVL closure are not specifically 
designed for occlusion of these defects, and certainly not for pulmonary leaks [3]. 
With the complexity and variability of pulmonary PVL, it may be difficult to deter-
mine the best device.
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The patient tolerated the procedure well and there was no evidence of valve leaf-
let obstruction, device migration, or hemolysis, only Mild to moderate pulmonary 
valve insufficiency by echocardiography.

Although percutaneous closure of paravalvular leaks has the potential of avoid-
ing reoperation following valve replacement surgery, it is not without risks. These 
risks include impingement and impairment of the prosthetic valve leaflet motion, 
device dislodgement and embolization, and hemolysis [4]. Our limited experience 
to close a prosthetic pulmonary need more cases and more experience, but it appears 
as though this technique may represent a useful alternative to reoperation in this 
population.
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Chapter 56
Complicated Aortic Paravalvular Leakage  
with Aneurysmal Tunnel Formation 
in a Young Man

Zahra Khajali

Abstract The patient is 23 year-old-male whom had history of coarctation of aorta 
angioplasty and subaortic web resection at childhood. In follow-up echocardiogra-
phy he had severe aortic stenosis and bicuspid aortic valve, so surgical AVR per-
formed uneventfully. During follow-up echocardiography one month later, the 
patient had large round formation mass on surgical patch in LA roof and mild para-
valvular regurgitation. With suspicious to IE antibiotic therapy started and because 
of no decline in the size of mass and progressive paravalvular regurgitation of AV 
surgery performed and patient had massive stroke at post-operative period. Finally, 
after one month he discharged but with mild paravalvular regurgitation of AV. 2 
months later in follow-up echocardiography he had severe paravalvular regurgita-
tion. Regarding to the patient condition we decided to catheter intervention. We 
performed paravalvular leakage closure by muscular VSD device 10 mm. The pro-
cedure was successful and no complication was seen early and at 6 months 
follow-up.

 History and Clinical Presentation

A 23-year-old man with a history of coarctation of aorta balloon angioplasty and 
sub-Arctic web resection at childhood presented to the adult congenital heart dis-
ease clinic for follow-up. He complained of dyspnea on exertion (NYHA FC II–III) 
and atypical chest pain. On physical examination, there was an III/VI systolic mur-
mur on the left sternal border.
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Echocardiography evaluation revealed Bicuspid aortic valves with severe valvu-
lar AS (AVPG:124 mmHg, AVMG:83 mmHg, AVA by 3D:0.4 cm), mild to mod-
erate AI.

According to patient symptom and echocardiographic data surgical consult was 
done and because of small annulus of aorta, aortoplasty, and then insertion of 
mechanical AVR (Top hat:25) was accomplished.

After about 1 month and during follow-up the patient presented with low-grade 
fever and no other symptom. For better evaluation of prosthetic valve echocardiog-
raphy TTE then TEE was done and a large round formation mass on surgical patch 
in LA roof suggestive for endocarditis or hematoma formation and mild to moderate 
paravalvular leakage was detected. Infectious disease specialist consult was per-
formed and antibiotic treatment was started and because of progressive paravalvular 
regurgitation the patient was referred to a surgeon and further surgery for mass 
removal and paravalvular leakage repair was done. We should express that all blood 
culture was negative and ESR, CRP was not so high (ESR = 40, CRP = 6).

Surgeon replaced the valve with a new prosthetic valve (top hat 25) and drained 
the hematoma but affirmed there was not any vegetation and the only hematoma 
was seen.

After surgery and during the hospital course the patient suffered from an embolic 
stroke. The patient finished the antibiotic course and discharged with the acceptable 
condition but, during echocardiographic follow-up, progressive paravalvular leak-
age with aneurismal tunnel formation was detected. At this time there was no evi-
dence of vegetation.

 Physical Examination at Lost Admission

Blood Pressure: 110/60  mmHg, Heart Rate: regular and 95 beats per minute, 
Oxygen Saturation: 96% in the air room.

General appearance: On examination, the patient was well developed. The nail-
beds, lips, and mucous membranes were normal.

Heart: the good metallic sound was heard.
Abdomen: The abdomen was soft with normal sounds, and also the abdominal 

examination showed that the liver was on the right side with a normal span.

 Laboratory Data

Hemoglobin 12.5 gr/dl
White Blood Count 4500 cells/mm3

Platelet 215,000 cells/mm3

Creatinine 0.8 mg/dl
Blood urea nitrogen 18 mg/dl
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Cholesterol 105 mg/dl
Triglyceride 125 mg/dl
ESR 30 mm
CRP Negative

 Electrocardiogram

Electrocardiography showed a sinus rhythm with a heart rate of 100 beats per min-
ute, a normal axis deviation, and a strain pattern in the lateral leads.

 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (the gastric bubble is seen 

in the left)
Left aortic arch
Increased cardiothoracic ratio
Normal pulmonary vascularity
Sternal wire
Mechanical aortic valve
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 Echocardiography at Lost Admission

• Mild left ventricular enlargement with preserved systolic function (LVEF: 
50–55%).

• Normal RV size and systolic function.
• Mild TR.
• No ASD, VSD.
• Mechanical aortic valve with normal both leaflet motion and mild increased 

transvalvular gradient, but there is a hole around swing ring of aortic valve with 
severe paravalvular regurgitation, also there is aneurysm formation around LVOT 
that extended to the left ventricle.

• No pulmonary valve stenosis and regurgitation.

The patient had advanced symptom of dyspnea and orthopnea, admitted again 
and surgical consult for paravalvular leakage closure was done but the surgeon 
refused surgery because of very high-risk patient.

 Procedure

After heart team consults and patient preference, the paravalvular leak was closed 
with a VSD occluder device 10 mm with an acceptable result. After 1 month follow-
 up the patient feels good and paravalvular leak decreased significantly (Figs. 56.1 
and 56.2).

Fig. 56.1 Aortic root 
injection showed aneurysm 
at LVOT around swing ring 
and severe paravalvular 
regurgitation
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 Discussion

One of the important complications after surgical valve replacement is a paravalvu-
lar leak which is a challenging problem. The prevalence of PVL for mitral valve 
replacement is 7% to 17% and for Aortic valve replacement is 5% to 10%. because 
the tissues around PVL are eager and brittle, repeat surgery is very high risk and 
leaks may recur [1]. Conservative management of significant leaks also has adverse 
outcomes because the leaks deteriorate over time and lead to congestive heart fail-
ure, hemolytic anemia, and endocarditis [2].

Mild PVLs are nonsignificant hemodynamic effect but large leakage can cause 
heart failure and increased risk of endocarditis. Hemolytic anemia is more common 
in mild PVL. Predisposing factors for PVLs are technical parameters, severe annu-
lus calcification, and endocarditis. The indication for closure is congestive heart 
failure with dyspnea on exertion NYHA functional class II–III or greater despite 
optimal medical therapy and hemolytic anemia which needs blood transfusion to 
maintain hemoglobin level above 10 mg/dl [3]. Diagnosis of paravalvular leakage is 
challenging. Transthoracic echocardiography (TTE) often cannot diagnosis PVL 
truly, using transesophageal echocardiography (TEE) which is able to also detect 
small, nonsignificant jets, is crucial in this situation. The shape of PVLs is often 
crescent and has a serpiginous track from the downstream to the upstream chamber.

Surgical repair is a treatment of choice for PVLs, but it has significant mortality 
and morbidity, nowadays there is interest in minimally invasive percutaneous tech-
niques, which has not sternotomy and is a successful treatment. Percutaneous device 
closure of PVL is a complex procedure with varying success rates. There is not a 
specific device for closure of PVLs [4].

In this case with two times aortic valve replacement and severe paravalvular 
leakage with aneurismal tunnel and very high-risk surgery, device paravalvular 
leakage closure with VSD occluder device 10 mm, was done safely with improve-
ment in clinical and echocardiographic parameters.

Fig. 56.2 Post- 
intervention aortogram 
showed the position of 
VSD device to 
mechanical AV
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Abstract A 45-year-old gentleman referred to us with cyanosis. He had history of 
tetralogy of Fallot but the parents and also the patient refused surgery because of 
fearing of the risk of surgery. In physical examination, electrocardiogram and echo-
cardiography he had dextrocardia and tetralogy of Fallot with well-developed pul-
monary artery branches. For exact evaluation of the breadth and size of collaterals 
and pulmonary artery anatomy and pressure catheterization performed and by eval-
uation of all data, finally surgical repair was done uneventfully. Systemic saturation 
returned to normal level and the patient is very well after 5-years follow-up.

 History and Clinical Presentation

A 45 years old man referred to our ACHD clinic by severe cyanosis. He had a his-
tory of known CHD and catheterization in 8 years old but his parents refused surgi-
cal repair. He admitted with aggravation of dyspnea functional class III, and also 
one-episode hemoptysis.

 Physical Examination

Blood Pressure: 100/70  mmHg, Heart Rate: 70 beats per minute, Oxygen 
Saturation: 82% in the air room.
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General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were cyanotic and digital clubbing was 
noted, there was not respiratory distress at rest.

Lung/chest: No deformity of the chest wall, the lungs were clear.
Heart: Cardiac auscultation at the right side of the chest revealed a normal first 

sound and single S2 and a grade IV/VI systolic murmur associated by thrill at the 
upper part of the sternum, with no diastolic murmur or gallop. The rhythm was 
regular.

Abdomen: The abdomen was soft with normal sounds, and also the abdominal 
examination showed that the liver was on the right side with a normal span.

Extremities: There was no peripheral edema, but there was a digital clubbing. 
The pulses were regular and symmetric.

 Laboratory Data

Hemoglobin 18.5 gr/dl
Hematocrit 54.5%
White Blood Count 5300 cells/mm3

Platelet 216,000 cells/mm3

Creatinine 0.7 mg/dl
Blood urea nitrogen 13 mg/dl
ABG: PH:7.43 PO2:45 PCO2:40

 Electrocardiogram
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Twelve lead standard electrocardiogram
Normal sinus rhythm
Heart Rate: 65 beats per minute, regular
Extreme axis deviation
Normal PR interval
Negative P in aVR and positive in I and aVL in favor of atrial situs solitus
Poor R progression in favor of dextrocardia
Normal QRS duration

 Chest X-Ray

 

Posteroanterior projection, full inspiration
Dextrocardia (apex orientation to the right), situs solitus (the gastric bubble is 

seen in the left)
Right aortic arch
Normal cardiothoracic ratio
Decreased pulmonary vascularity
Concave shape of right border and boot-shaped appearance in favor of tetralogy 

of Fallot
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 Echocardiography

• Normal left ventricle size with normal systolic function (left ventricle ejection 
fraction = 55%)

• Mild enlarged right ventricle with mild systolic dysfunction, severe RVH
• Large subaortic ventricular septal defect with bidirectional shunt
• Overriding of aorta
• Normal mitral valve leaflets, no mitral stenosis, no mitral regurgitation
• Normal tricuspid aortic valve, no aortic stenosis, no aortic insufficiency, dilated 

aortic root, and ascending aorta
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, mild tricuspid valve 

regurgitation (tricuspid regurgitation gradient = 95 mmHg)
• Thickened pulmonary leaflets and hypoplastic PV annulus, good size of main of 

pulmonary artery, and branches (Fig. 57.1)

 Congenital CT Angiography

Normal epicardial coronary arteries. Dextrocardia and large ventricular septal 
defect with severe RV hypertrophy are noted. Confluent and well-developed pulmo-
nary arteries branches were seen.

Fig. 57.1 In parasternal 
long-axis view large 
subaortic VSD and 
overriding of the aorta 
was seen
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 Catheterization

• Hemodynamic and pressure study showed evidence of mildly elevated Right 
Atrium Pressure and Right Ventricular End Diastolic Pressure (RVEDP) and nor-
mal LVEDP. PA pressure was 20/12/15 mmHg. RVSP and LVSP are the same 
and about 110 mmHg. There is 90 mmHg gradient at pulmonary and RVOT level.

• RV injection showed large subaortic VSD, severe RVOT obstruction, thickened 
pulmonary leaflets but the acceptable size of MPA and PA branches. Selective 
coronary angiography showed a normal course of coronary arteries.

 Management

Regarding acceptable size and confluency of PA branches and the good function of 
both ventricles we decided to perform the surgical repair for the patient. Patient 
undergone total correction by the closure of VSD and resection of RVOT muscles 
and valvotomy of the pulmonary valve. The procedure was successful and the 
patient became off from cardiopulmonary pump easily, the course of ICU was 
uneventful, cyanosis eliminated and the patient felt good at follow-ups.

Discussion Tetralogy of Fallot is a tetrad of abnormality that consisted of large 
subaortic VSD, RVOT obstruction, RVH, and overriding of aorta [1]. All these 
abnormalities are due to anterocephalad deviation of outlet septum and malalign-
ment with a trabecular septum that created subaortic VSD and overriding aorta. This 
congenital abnormality presented after birth by cyanosis, and the degree of cyanosis 
depends on RVOT obstruction severity. Most of the cases are amenable to total cor-
rection at the neonatal period [2]. The cases that were not appropriate for total cor-
rection had very small or nonconfluent pulmonary artery branches. The age was not 
a limitation for surgical repair and at the presence of appropriate biventricular func-
tion and well-developed pulmonary artery branches the repair would be possible at 
any age [3]. The prognosis after total correction is good and 20 years survival is 
about 90% [4]. In surgery, RVOT obstruction is alleviated by muscle resection and 
VSD repaired by the patch [5]. Pulmonary valve stenosis repaired by valvotomy but 
in the adults, this is preferable to pulmonary valve replacement instead of repair [6]. 
Sometimes the strategy of palliative shunt before total correction for improving 
cyanosis degree and decreasing the risk of the surgery recommended.
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Chapter 58
Waterston Shunt and Unilateral 
Pulmonary Artery Hypertension in a Case 
of Tetralogy of Fallot

Zahra Khajali

Abstract A 25-year-old gentleman referred to us with cyanosis and dyspnea He 
had a history of Waterstone shunt in 1991 and catheterization in 1996 and 2002, 
when he was candidate for total correction. But the surgeon deemed the patient 
inoperable after sternotomy. In physical examination, electrocardiogram and echo-
cardiography he had tetralogy of Fallot with well-developed pulmonary artery 
branches and patent Waterston shunt. In cardiac MRI there was significant stenosis 
at proximal of LPA and dilated branch after stenosis. For hemodynamic evaluation 
catheterization performed and we found LPA normal pressure, moderately elevated 
MPA pressure but severe pulmonary hypertension in RPA. Regarding to unilateral 
pulmonary hypertension and the anatomy of PABs, we found the patient inoperable, 
so medical treatment continued for him.

 History and Clinical Presentation

A 25-year-old man presented as a case of TOF. He had a history of Waterston shunt 
in 1991 and catheterization in 1996 and 2002, when he was a candidate for total 
correction. After sternotomy, the surgeon deemed the patient inoperable due to the 
size and anatomy of PABs.

He had dyspnea functional class III that aggravated during the last months.
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 Physical Examination

Blood Pressure: 100/70  mmHg, Heart Rate: 70 beats per minute, Oxygen 
Saturation: 86% in the air room.

General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were cyanotic and digital clubbing was 
noted, there was no respiratory distress at rest.

Heart: Cardiac auscultation revealed a normal S1 and loud S2 and a grade III/VI 
systolic murmur at the upper left sternal border, with no diastolic murmur or gallop. 
The rhythm was regular.

Extremities: There was no peripheral edema, but there was a digital clubbing. 
The pulses were regular and symmetric.

 Laboratory Data

Hemoglobin 19 gr/dl
Hematocrit 57.5%
White Blood Count 5300 cells/mm3

Platelet 152,000 cells/mm3

Creatinine 1.1 mg/dl

 Electrocardiogram
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Twelve lead standard electrocardiogram
Normal sinus rhythm
Heart Rate: 54 beats per minute, regular
Right axis deviation
Normal PR interval
R in V1 and deep S in V5, V6 in favor of RVH
Transition of tall in V1 to deep S in V2 is highly suggestive of TOF
Normal QRS duration

 Chest X-Ray

Increased cardiothoracic ratio and increased vascularity at the right lung was seen.

 Echocardiography

• Normal left ventricle size with normal systolic function (left ventricle ejection 
fraction = 55%)

• Moderate enlarged right ventricle with mild systolic dysfunction, severe RVH
• Large subaortic ventricular septal defect with bidirectional shunt
• Overriding of aorta
• Normal mitral valve leaflets, no mitral stenosis, no mitral regurgitation
• Normal tricuspid aortic valve, no aortic stenosis, mild aortic insufficiency, dilated 

aortic root and ascending aorta
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, mild tricuspid valve 

regurgitation (tricuspid regurgitation gradient = 105 mmHg)
• Thickened pulmonary leaflets and hypoplastic PV annulus, good size of main of 

pulmonary artery and branches
• Waterston shunt was seen between ascending aorta and right pulmonary artery 

with continuous but the decreased velocity of flow (Fig. 58.1).

 Congenital Cardiac MRI

Normal LV volume and EF, with a moderate increased in RV volume, were noted. 
Large subaortic VSD and overriding of aorta was seen. There was patent side by 
side shunt between ascending aorta and RPA. Proximal of LPA had severe stenosis 
and after stenosis, there was dilated pulmonary artery (Figs. 58.2 and 58.3).
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Fig. 58.1 Continuous doppler flow from Waterston shunt flow in suprasternal view

Fig. 58.2 cardiac MR 
showed Waterston shunt

Z. Khajali



355

 Catheterization

• Hemodynamic and pressure study showed evidence of mildly elevated right 
atrium pressure and Right Ventricular End Diastolic Pressure (RVEDP) and nor-
mal LVEDP. MPA pressure was 65/45 mmHg, LPA pressure was 20/5 mmHg 
and RPA pressure was 95/45 mmHg. RVSP and LVSP are the same and about 
105  mmHg. There is 40  mmHg gradient at pulmonary and RVOT level and 
45  mmHg gradient between MPA and LPA, RPA that filled dominantly via 
Waterston shunt had a high pressure a bit fewer than systemic aorta pressure.

RV injection showed large subaortic VSD, severe RVOT obstruction, thick-
ened pulmonary leaflets, near-normal MPA size, severe LPA stenosis, and dilated 
LPA after stenosis. RPA was not seen in RV injection. Aortic injection showed a 
normal course of coronary arteries. RPA filled via palliative shunt and ascending 
aorta with normal size and good arborization. There is no response to the oxygen 
vasodilator test.

 Management

Regarding unilateral pulmonary artery hypertension, long stenosis at proximal of 
LPA, and one history of sternotomy that surgical note underlined the patient inoper-
able, we started sildenafil and bosentan for unilateral pulmonary hypertension, and 
decided to follow the patient periodically, If the PAH responded to pulmonary vaso-
dilator therapy, maybe he become a candidate for surgical repair in the future.

Discussion Tetralogy of Fallot is a tetrad of abnormality that consisted of large 
subaortic VSD, RVOT obstruction, RVH, and overriding of aorta [1]. This  congenital 
abnormality presented after birth by cyanosis, and the degree of cyanosis depends 
on RVOT obstruction severity. Most of the cases are amenable to total correction at 
the neonatal period. The cases that were not appropriate for total correction had very 
small or nonconfluent pulmonary artery branches [2]. If the size of the PA branches 
was not appropriate for total correction, in the neonatal period palliative arterial 
shunts were applied to improving the cyanosis and also to helping the growth of 

Fig. 58.3 CMR showed 
stenosis at proximal of 
LPA, dilated LPA after 
stenosis, patent shunt 
between ascending 
aorta and RPA
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pulmonary artery branches [3]. The first palliative shunts that performed was side to 
side anastomosis of ascending aorta to RPA(Waterston), descending aorta to LPA 
(Pott’s shunt), and end to side anastomose of the subclavian artery to ipsilateral PA 
branch (classic BT shunt) [4]. Because of the chance of dilating these shunts and 
inducing severe PAH, these palliative shunts extinct. After that, the modified BT 
shunt was done that a Gortex tube with specified diameter anastomosed between 
subclavian artery and ipsilateral PA branch [5]. These modified shunts do not 
increase the PAP but after a while, these break the pulmonary artery branches anat-
omy and integrity. So, these palliative shunts are temporary solutions and total cor-
rection must be done at the right time.
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Chapter 59
Intervention in Multiple Pulmonary 
Arteriovenous Malformation in an Adult

Zahra Khajali

Abstract The patient is a 29-year-old woman that came to ACHD clinic by severe 
cyanosis. After complete work-up we diagnosed her as a case of multiple pulmo-
nary arteriovenous fistula. We decided to manage her by catheter intervention. Three 
occlude devices that include two ADOs and one muscular VSD device applied, 
cyanosis improved significantly and no complication occurred during procedure.

 History and Clinical Presentation

A 29-year-old lady referred to our clinic by deep cyanosis. She had dyspnea func-
tional class II.  The patient had not undergone prior cardiac evaluation but she 
declared an increase in cyanosis during last years. The family history was 
nonremarkable.

 Physical Examination

Blood Pressure: 110/70  mmHg, Heart Rate: 76 beats per minute, Oxygen 
Saturation: 75% in the air room.

General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were cyanotic and digital clubbing was 
noted, there was not any respiratory distress at rest.

Lung/chest: No deformity of the chest wall, the lungs were clear.
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Heart: Cardiac auscultation revealed a normal first heart sound and second heart 
sound and no systolic and diastolic murmur was heard. The rhythm was regular.

Abdomen: The abdomen was soft with normal sounds, and also the abdominal 
examination showed that the liver was on the right side with a normal span.

Extremities: There was no peripheral edema, but there was a digital clubbing. 
The pulses were regular and symmetric.

 Laboratory Data

Hemoglobin 20 gr/dl
Hematocrit 63%
White Blood Count 5500 cells/mm3

Platelet 297,000 cells/mm3

Creatinine 0.7 mg/dl
Blood urea nitrogen 13 mg/dl
ALT 25 U/L
AST 35 U/L
Bilirubin 3 mg/dl

 Electrocardiogram

 

Twelve lead standard electrocardiogram
Normal sinus rhythm
Heart Rate: 76 beats per minute, regular
Normal axis deviation
Normal PR interval
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Normal QRS duration
No ST-T changes

 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (the gastric bubble is seen 

in the left)
Left aortic arch
Normal cardiothoracic ratio
Normal pulmonary parenchyma and vascularity at the left lung
Multiple vascular type round density at right lung especially at middle and 

lower lobes

 Echocardiography

• Normal left ventricle size with normal systolic function (left ventricle ejection 
fraction = 55%)

• No atrial and ventricular septal defect
• Normal right ventricle size and normal systolic function
• Normal mitral valve leaflets, no mitral stenosis, mild mitral regurgitation
• Normal tricuspid aortic valve, no aortic stenosis, no aortic insufficiency
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, mild tricuspid valve 

regurgitation (tricuspid regurgitation gradient = 22 mmHg)
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• Normal pulmonary valve, no pulmonary stenosis, mild to moderate pulmonary 
insufficiency

• Contrast injection showed filling of left heart chambers after three cycles of 
injection (Fig. 59.1)

 Congenital CT Angiography

Normal epicardial coronary arteries. heart size is normal. diffuse segmental smooth 
dilatation of branch pulmonary arteries and veins, with tortuosity. Aneurysmal dila-
tion on the venous side of the right lower pulmonary vein. Multiple feeding arteries 
and veins were seen (Fig. 59.2).

Fig. 59.1 All chambers 
filled during contrast 
injection

Fig. 59.2 Multiple round 
homogenous mass and 
dilated right pulmonary 
vein was seen
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 Catheterization

• Hemodynamic and pressure study showed normal RA and RV and pulmonary 
artery pressure. Desaturation of arterial sample was revealed.

• RPA injection showed multiple pulmonary AV fistula or aneurysm between the 
lower branch of the right pulmonary artery and right lower pulmonary vein with 
multiple feeding arteries.

• Cefazolin IV 1000 mg was administered and guidewire was advanced through 
catheter from femoral vein to IVC, RA, and RV to RPA.  The stiff wire then 
passed through the catheter. The venous sheath and catheter were then removed 
and an introducer sheath was advanced over the stiff guidewire to the RPA, the 
guidewire was removed. Next, a muscular VSD occluder 8 mm (occlutech) was 
mounted on a delivery cable, advanced through the introducer sheath, and 
released in one of aneurysmal formation site. This procedure was repeated with 
two other devices (2 Amplatzer ADO type I 6 × 8 mm).

• Finally, RPA injection showed a significant decline in aneurysmal formation, 
feeding arteries and systemic saturation of the patient increased from 75% to 88%.

• So, the procedure was terminated and closure of the rest of the lesions postponed 
to another session (Fig. 59.3).

Discussion Pulmonary arteriovenous malformation or fistula is a low resistance 
high flow abnormal vascular structure that bypasses the pulmonary capillary system 
and, in this abnormality, the arterial system directly connected to the venous system 
[1], so it caused an intrapulmonary right to left shunt [2]. In most cases this abnor-
mality is congenital, and acquired cases are very rare. Some cases are sporadic but 
in about 80% of the cases, hereditary hemangioma telangiectasia (HHT) was seen 
[3]. The clinical manifestation depends on the degree of right to left shunt, and it 
maybe asymptomatic in the mild form to deep cyanosis, fatigue, and hypoxemia in 
severe cases [4]. In this abnormality the patients are susceptible to paradoxical 
emboli, CVA, and brain abscess, these consequences especially seen in larger aneu-

Fig. 59.3 RPA injection 
showed multiple fistula ad 
feeding arteries that 
connected to the right 
lower pulmonary vein

59 Intervention in Multiple Pulmonary Arteriovenous Malformation in an Adult



362

rysm with feeding artery diameter more than 3 mm and multiple lesions and feeding 
arteries [5]. Pulmonary artery hypertension was seen in patients with HHT.

In cases with cyanosis, intervention is mandatory for the elimination of cyanosis 
and the risk of paradoxical emboli. This abnormality could be managed by percuta-
neous interventional occlusion of aneurysmal lesions by coil, vascular plugs, or 
ADO devices.

Sometimes in multiple and complex surgical removals of involved lobe of the 
lung is the only option [6].
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Chapter 60
Abnormal Origin of Right Coronary 
Artery from Pulmonary Artery 
in a Healthy Woman

Zahra Khajali

Abstract The patient is a 31-year-old lady whom complained of atypical chest 
pain, she had no family history of coronary artery disease. Her physical examination 
was nonremarkable. In electrocardiogram only nonspecific ST-T change was seen 
in inferior leads. In echocardiography abnormal turbulent coronary flow was seen, 
so coronary CT angiography and then coronary angiography performed. After these 
imaging we reached to ARCAPA diagnosis. We scheduled patient for surgical pro-
cedure, but she refused.

 History and Clinical Presentation

A 31-year-old lady presented for evaluation of atypical chest pain in the past 
2 months ago. She had mild dyspnea during exercise. The patient had not any risk 
factors for coronary artery disease.

 Physical Examination

Blood Pressure: 100/70  mmHg, Heart Rate: 78 beats per minute, Oxygen 
Saturation: 97% in the air room.

General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were normal.

Lung/chest: No deformity of the chest wall, the lungs were clear.
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Heart: Cardiac auscultation was unremarkable. The rhythm was regular.
Abdomen: The abdomen was soft with normal sounds, and also the abdominal 

examination showed that the liver was on the right side with a normal span.
Extremities: There was no peripheral edema. The pulses were regular and 

symmetric.

 Electrocardiogram

 

Twelve lead standard electrocardiogram
Normal sinus rhythm
Heart Rate: 78 beats per minute, regular
Normal axis deviation
Normal PR interval
Normal QRS duration
Mild ST-T changes in inferior leads (Invert T in III and aVF)
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 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (the gastric bubble is seen 

in the left)
Left aortic arch
Normal cardiothoracic ratio
Normal pulmonary vascularity

 Echocardiography

• Normal left ventricle size with normal systolic function (left ventricle ejection 
fraction = 55%)

• Normal right ventricle and right atrium size with normal systolic function
• No septal defect
• Normal mitral valve leaflets, no mitral stenosis, no mitral regurgitation
• Normal tricuspid aortic valve, no aortic stenosis, no aortic insufficiency
• Normal tricuspid valve leaflets, no tricuspid valve stenosis, mild tricuspid valve 

regurgitation (tricuspid regurgitation gradient = 25 mmHg)
• Normal pulmonary valve, no pulmonary stenosis, mild pulmonary insufficiency
• Dilated and tortoise vessel was seen adjacent to the right ventricle and also sep-

tum that terminated to pulmonary artery suggestive to coronary fistula to PA
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 Coronary CT Angiography

In coronary CT angiography, the left main artery had normal origin but it is dilated 
especially LAD, and the right coronary artery originated from the pulmonary artery 
and also dilated (Fig. 60.1).

 Coronary Angiography

• Left main originated from left Valsalva sinus and dilated and via collaterals filled 
right coronary artery and after that pulmonary artery appeared in the late phase.

• No origin for the right coronary artery from aorta was detected.
• Aortic root injection showed the normal origin of left coronary arteries, dilated, 

and tortoise LAD that filled RCA and pulmonary artery (Fig. 60.2).

Fig. 60.1 Origin of RCA from PA in CT angiography
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 Management

After this modality imaging, we performed an MPI scan for evaluation of the sever-
ity of ischemia. The patient had moderate ischemia at the territory of RCA. Regarding 
this degree of ischemia and also the nature of the disease, we decided to perform 
surgery for the patient but she refused.

Discussion ARCAPA is a rare anomaly on that right coronary artery originated 
from the pulmonary trunk, the prevalence estimated about 2 in 100,000 population 
[1]. In most situation, this anomaly is detected incidentally but sometimes may 
cause myocardial ischemia and even sudden cardiac arrest [2].

The age of the patients was variable and it occurred from neonate to elderly 
patients [3].

The severity of ischemia depends on the shunt size, collateral circulation, and 
myocardial oxygen demands [4]. Because the right ventricle needs less oxygen than 
the left ventricle, ARCAPA has a mild form of ischemia than ALCAPA. Also, in 
patients with left dominant system ARCAPA has mild ischemia than the patients 
with right dominancy.

Regarding multiple studies all cases of ARCAPA should be undergone surgery 
because of the progression of ischemia and prevention of the risk of sudden cardiac 
death [5].

Fig. 60.2 Dilated LAD 
and RCA, filling of pa 
from RCA
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Chapter 61
Thrombolytic Therapy in Fontan  
Circuit Thrombosis

Zahra Khajali

Abstract A 21-year-old gentleman with history of Fontan surgery at 15 years ago 
referred to us with frequent episodes of palpitation. His basal rhythm was atrial 
fibrillation but he had some episodes of non-sustained VT, so he admitted for VT 
ablation. He was on anticoagulation therapy by warfarin in the last 4 years. In echo-
cardiography, a mobile linear clot was seen on fenestration that closed the fenestra-
tion completely and protruded to atrium. Because of patient condition and high-risk 
surgery, we started thrombolytic treatment. After 25 hours very slow infusion 
regime the clot resolved completely and fenestration flow was seen in follow-up 
echocardiography.

 History and Clinical Presentation

A 21-year-old gentleman with a history of Fontan operation and frequent episodes 
of non-sustained VT which did not respond to medical therapy was admitted to our 
hospital for VT ablation. The patient had history of frequent palpitations and hospi-
talization due to intolerable arrythmia. The patient was on warfarin for many years 
and his INR was 1.8 on admission (under expected range).

 Physical Examination

Blood Pressure: 90/60 mmHg, Heart Rate: irregular and 110 beats per minute, 
Oxygen Saturation: 88% in the air room.
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General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were mildly cyanotic.

Heart: Normal S1, and single S2 was heard, harsh diastolic murmurs of grade 
3/6 on the right sternal border were heard.

Abdomen: The abdomen was soft with normal sounds, and also the abdominal 
examination showed that the liver was on the right side with increased span.

 Laboratory Data

Hemoglobin 17.5 gr/dl
White Blood Count 4500 cells/mm3

Platelet 215,000 cells/mm3

Creatinine 0.8 mg/dl
Blood urea nitrogen 18 mg/dl
Cholesterol 105 mg/dl
Triglyceride 125 mg/dl
ALT 55 U/L
AST 65 U/L
Bilirubin 6 mg/dl

 Electrocardiogram
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Electrocardiography showed an AF rhythm with a heart rate of 115 beats per min-
ute, a right axis deviation, and tall R in V1 and deep S in V5, V6 with loss of LV 
force was in favor of single ventricle with RV morphology or TGA.

 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (the gastric bubble is seen 

in the left)
Left aortic arch
Increased cardiothoracic ratio
Decreased pulmonary vascularity
Sternal wires
Dilated ascending aorta

 Echocardiography

• Moderate systemic ventricle with RV morphology enlargement and severe sys-
tolic dysfunction (RVEF = 35%).

• Hypoplastic left ventricle.
• Both AV valves committed to RV(DIRV).
• No left-sided AV valve Stenosis with mild regurgitation.
• Moderate right-sided AV valve regurgitation.
• Tricuspid aortic valve, no aortic stenosis, moderate to severe aortic 

insufficiency.
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• Pulmonary artery closed surgically.
• Both great arteries arose RV(DORV).
• The fresh clot was seen on Fontan fenestration with no flow through fenestration 

(Fig. 61.1).

Management Then the low dose alteplase (1 mg/h) was infused for the patient, 
after 25 h the clot was resolved completely without any complication. Then electro-
physiology consult was done and because of the patient’s condition ICD was 
implanted (Fig. 61.2).

Fig. 61.1 The linear clot 
on conduit fenestration 
was seen

Fig. 61.2 Post- 
thrombolytic therapy 
showed a complete 
resolved clot
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 Discussion

The Fontan procedure is an operation that bypasses a right ventricle and diverts a 
systemic venous blood to the pulmonary arteries [1]. It is a palliative treatment for 
many complex congenital heart diseases with single ventricle morphology of func-
tionally single ventricle. There are different types of Fontan circulation. (A) 
Atriopulmonary connection; (B) intracardiac total Cavo pulmonary connection (lat-
eral tunnel or intracardiac conduit); (C) extracardiac total Cavo pulmonary connec-
tion. Patients who have undergone the Fontan operation are at a high risk for 
thromboembolism and the majority of these events are “silent,” without any symp-
toms [2]. The incidence of thromboembolism is highest in the first year after Fontan 
surgery but remains a persistent risk several years later [3]. Fibrinolytic therapy, 
also known as thrombolytic therapy, is used in the treatment of a ST segment eleva-
tion myocardial infarction (STEMI), acute stroke, and other less common indica-
tions such as pulmonary embolism, acute deep venous thrombosis and some 
mechanical valve thrombosis [4, 5]. Low dose very slow infusion fibrinolytic 
(alteplase 1 mg/h) is a safe regime and in high-risk patients like those whom had 
history of Fontan surgery should be considered. For the patients with history of 
Fontan surgery who had the rhythm except for sinus, anticoagulation with close 
monitoring recommended.

References

 1. Maleki M, Alizadehasl A, Haghjoo M.  Practical cardiology, Chapter 28. Fontan operation, 
pp. 496–498.

 2. Literature Review (PDF Available) in Heart (British Cardiac Society) 96(12):911-6 June 2010 
with 1,643 Reads. doi: https://doi.org/10.1136/hrt.2010.193912

 3. Rosenthal DN, Friedman AH, Kleinman CS, Kopf GS, Rosenfeld LE, Hellenbrand 
WE. Thromboembolic complications after Fontan operations. Circulation. 1995;92:287–93.

 4. Khajali Z, Mohammadzadeh S, Maleki M, Peighambari MM, Sadeghpoor A, Ghavidel A, Elahi 
B, Mirzaaghayan M. Fibrinolytic therapy for mechanical pulmonary valve thrombosis. Pediatr 
Cardiol. 2015;36(1):171–6.

 5. Sadeghpour A, Kyavar M, Javani B, Bakhshandeh H, Maleki M, Khajali Z, et al. Mid-term 
outcome of mechanical pulmonary valve prostheses: The importance of anticoagulation. J 
Cardiovasc Thorac Res. 2014;6(3):163.

61 Thrombolytic Therapy in Fontan Circuit Thrombosis

https://doi.org/10.1136/hrt.2010.193912


375© Springer-Verlag London Ltd., part of Springer Nature 2021
M. Maleki, A. Alizadehasl (eds.), Case-Based Clinical Cardiology, 
https://doi.org/10.1007/978-1-4471-7496-7_62

Chapter 62
Stenting of Fontan Pathway at Anastomose 
of Conduit to Pulmonary Artery

Zahra Khajali

Abstract A 23-year-old lady with history of Fontan surgery at 12 years ago referred 
to us with ascites and lower limb edema. She also declared loss of appetite and 
fatigue in the last 2 months ago. In physical examination and echocardiography, we 
suspect to stenosis at fontan pathways that this diagnosis confirmed by CT angiog-
raphy, for hemodynamic evaluation and also intervention catheterization performed 
and stenosis at conduit to pulmonary artery confirmed. stenting of the stenotic area 
performed without complication. The symptoms of the patient alleviated at 2 days 
after procedure.

 History and Clinical Presentation

A 23-year-old lady with history of Fontan surgery 12 years ago came to the ACHD 
clinic by fatigue, loss of appetite, abdominal swelling, and limb edema for the last 
2 months. She did not return for follow-up examination from 2 years ago.

She declared that she did not any symptoms after surgery until 2 months ago.
In surgical report, she had undergone TCPC operation by an extracardiac conduit 

and Glenn shunt.

 Physical Examination

Blood Pressure: 90/60  mmHg, Heart Rate: 75 beats per minute, Oxygen 
Saturation: 89% in the air room.
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General appearance: On examination, the patient was well developed. The 
nailbeds, lips, and mucous membranes were mildly cyanotic and digital clubbing 
was noted, there was not any respiratory distress at rest. The eyes and skin are 
icteric.

Lung/chest: No deformity of the chest wall, the lungs were clear.
Heart: Cardiac auscultation revealed a normal first and second heart sounds. No 

systolic and diastolic murmur or gallop was heard. The rhythm was regular.
Abdomen: The abdomen was generalized distended, and also the abdominal 

examination showed fluctuant sensation in pulsation and also dullness in flanks.
Extremities: There was lower limb peripheral edema. The pulses were regular 

and symmetric but weak.

 Laboratory Data

Hemoglobin 16.5 gr/dl
Hematocrit 48.5%
White Blood Count 5300 cells/mm3

Platelet 216,000 cells/mm3

Creatinine 0.7 mg/dl
Blood urea nitrogen 13 mg/dl
Cholesterol 115 mg/dl
Triglyceride 86 mg/dl
ALT (Alanine transaminase) 62 IU/L
AST (Aspartate transaminase) 71 IU/L
TSH (Thyroid stimulating hormone) 3.2 micro IU/ml
HIV-Ab Negative
HBS-Ag Negative
HCV-Ab Negative
Bilirubin 7 mg/dl

 Electrocardiogram
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Twelve lead standard electrocardiogram
Normal sinus rhythm
Heart Rate: 90 beats per minute, regular
Normal QRS duration
Left axis deviation
Normal PR interval
Loss of RV forces suggested tricuspid atresia or DILV in a cyanotic patient

 Chest X-Ray

 

Posteroanterior projection, full inspiration
Levocardia (apex orientation to the left), situs solitus (the gastric bubble is seen 

in the left)
Left aortic arch
Straight border of the right silhouette in favor of tricuspid atresia
Decreased pulmonary vascularity
Narrow mediastinum in favor of TGA

 Echocardiography

• Enlarged systemic left ventricle with preserved systolic function (left ventricle 
ejection fraction = 50%)

• Hypoplastic RV (Video 62.1)
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• Large interatrial septal defect
• Normal mitral valve leaflets, no mitral stenosis, mild mitral regurgitation
• Normal tricuspid aortic valve, no aortic stenosis, no aortic insufficiency
• Atretic tricuspid valve
• Pulmonary artery closed surgically
• Extracardiac conduit was seen with an increased gradient of fenestra-

tion(10 mmHg) and turbulent flow with 8 mmHg gradient was seen between the 
conduit and right pulmonary artery (Video 62.2)

• -Normal laminar flow through Glenn shunt

 Congenital CT Angiography

Normal epicardial coronary arteries. Tricuspid atresia and hypoplastic RV was seen. 
Severe stenosis at conduit insertion to the pulmonary artery was noted (Fig. 62.1).

 Catheterization

• Hemodynamic and pressure study showed evidence of elevated pressure in IVC 
and conduit (20 mmHg), and normal pressure in PA and SVC (12 mmHg).

• Conduit injection showed severe stenosis at conduit anastomose to right pulmo-
nary artery (Fig. 62.2).

 Management

• After conduit injection, we decided to stent the stenosis area. Cefazolin IV 
1000 mg was administered and guidewire was advanced through catheter from 
the femoral vein to IVC, conduit, and RPA. The stiff wire then passed through 

Fig. 62.1 Ct Angio 
showed Severe stenosis at 
conduit insertion to the 
right pulmonary artery
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the catheter. The venous sheath and catheter were then removed and an intro-
ducer sheath was advanced over the stiff guidewire to the RPA, the guidewire 
was removed. Next, a Palmaz Genesis stent 28 mm mounted on Balloon 30 × 
10 mm, advanced through the introducer sheath and inflated at the anastomosis 
site. Then post-dilation performed by balloon 16 × 30 mm and gradient elimi-
nated completely.

• During some days after the procedure the ascites and icterus alleviated and after 
1 month patient feels completely healthy condition. She had under treatment 
with warfarin and clopidogrel. After 3 months clopidogrel discontinued and war-
farin continued.

Discussion The Fontan procedure is an operation that bypasses a right ventricle 
and diverts a systemic venous blood to the pulmonary arteries [1]. It is a palliative 
treatment for many complex congenital heart diseases that biventricular repair is 
impossible or more challenging. There are different types of Fontan circulation. (1) 
Atriopulmonary connection that is historical and not performed nowadays; (2) 
intracardiac total Cavo pulmonary connection (lateral tunnel or intracardiac con-
duit); (3) extracardiac total Cavo pulmonary connection [2].

The patients who undergone Fontan procedure may have many complications 
during follow-up. One of the complications is obstruction at Fontan circuit and it 
may be focal or diffuse and can happen at IVC anastomosis to conduit or conduit 
anastomosis to the pulmonary artery or at through the conduit length [3]. This 
obstruction may be due to technical surgical problems with less probability, multi-
ple thrombosis formation at the circuit, or more likely stretching of the conduit 
during child growth. Most of this stenosis amenable for catheter intervention [4] and 
symptoms of the patient and NYHA functional class improved after the intervention.

Fig. 62.2 Severe stenosis 
at conduit insertion to RPA
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Chapter 63
Transcatheter Secundum ASD Device 
Closure

Ata Firouzi and Zahra Hosseini

Abstract ASD secundum is the most congenital heart disease in adults which usually 
being symptomatic in third or fourth decade of life. The common symptoms are exer-
tional dyspnea, palpitation and rarely systemic thromboembolism. If left to right shunt 
in right heart catheterization (RHC) be ≥ 1.5 or any evidence of RV volume overload 
would occur, the patient is candidate for ASD closure. Nowadays, the choice of clo-
sure is trans- catheter approach if in trans-esophageal echocardiography (TEE) the 
defect being suitable with adequate rims. The success rate is more than 95%. The long 
term outcome of these patients is comparable to surgical closure with lesser complica-
tions. Regular follow-up by echocardiography, post closure is mandatory to evaluate 
the residual shunt and rarely catastrophic complications.

 History

The patient was a 32 years old lady who was referred with complaints of exertional 
dyspnea and occasional episodes of palpitation since one year ago. In diagnostic 
work-up she had a large secundum ASD which was suitable for percutaneous closure.

 ASD in Adulthoswod

The most common congenital heart disease (CHD) in adults is ASD (Atrial Septal 
Defect) after Bicuspid Aortic Valve. In adults, it accounts for 7–10% of all CHD and 
between 20 and 40% of all newly diagnosed CHD [1]. Secundum ASD is the com-
monest form of ASDs (75%) which frequently diagnosed in adulthood. With con-
tinuous left-to-right shunt depending on the defect size and RV volume overload 
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and consequently with reduced the compliance of left side chambers with aging, 
patients with secundum ASD usually remain asymptomatic till the third or fourth 
decade [2]. Common initial symptoms are exertional dyspnea, fatigue, paradoxical 
systemic thromboembolism, and palpitation (PSVT) especially in those over 40 
years. Without correction of the defect and long-standing left to right shunting, RV 
pressure eventually increased and this may result in decrease of left to right shunt, 
mild-to-moderate Pulmonary Artery Hypertension (PAH) and finally RV failure. 
Severe PAH rarely happens in this type of ASD and concomitant diseases should be 
considered.

 Diagnostic Work-Up

The key findings in physical examination are RV heave and fixed S2 splitting. The 
ECG usually shows right axis deviation, rsR’ in right precordial leads suggestive of 
RV volume over load, and sometimes crochetage sign in Inferior leads. TTE (Trans 
Thoracic Echocardiography) is the first imaging modality for detecting the defect and 
its hemodynamic effects and any other anomalies. Finally, TEE and recently 3D-TEE 
is the most sensitive imaging tool for detection of the defect and any other concomi-
tant fenestrations, PFO, or anomalies like PAPVCs, evaluation of the defect size, 
surrounding rims and structures, total interatrial length or any septal aneurysm (ISA), 
the direction of the shunt and eventuality the suitability of the ASD for device closure.

 Indications and Contraindications of ASD Closure

Any patients with hemodynamically significant shunt (Qp/Qs ratio > 1.5 Wood 
Units), RV volume overload, or paradoxical thromboembolism irrespective of 
symptoms or age should be considered for closure unless, in RHC, PVR (Pulmonary 
Vascular Resistance) be more than 5 Wood Units. Even in such circumstances, if the 
net shunt direction be left to right and PAP or PVR be less than 2/3 of systemic level 
or be reactive to vasoreactive test, closure can be valuable [3].

 RHC (Right Heart Catheterization)

• Qp/Qs: 3
• PVR: 1.5 WU
• SVR: 120 WU
• PAP: 35/15 mm Hg
• So2: 98%
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 Procedural Technique

Only secundum type ASDs are suitable for transcatheter device closure. It has similar 
efficacy with less complications compared with surgical closure. In defects >38 mm or 
those with no suitable rims especially posteroinferior rims deficient (the least important 
is anterosuperior rims deficiency), surgical closure is recommended [4].

In our case, who was loaded with ASA 325 mg and Clopidogrel 600 mg (which 
must continue ASA 80 mg for at least 6 months and Clopidogrel 75 mg for one month 
until fully device endothelialization), after arterial and venous short sheaths (6F) inser-
tion and RHC, under general anesthesia and supervision by a skilled technician, fully 
assessments of the defect with TEE probe by dedicated profession was performed, 
which showed, non-stretch 26 mm round secundum type ASD defect (Anterosuperior 
floppy rim: 2 mm, Posterior rim: 6 mm, Inferior rim: 5 mm and Anteroinferior rim: 
4 mm) with no any fenestrations, PFO, or PAPVCs. The net shunt was left to right.

After completing IV Heparin with the goal of ACT > 200  s and crossing the 
defect with Multipurpose catheter which its tip was positioned in the LUPV, a 
floppy tip Amplatzer Superstiff guide-wire was placed in the LUPV. After prepping 
and de-airing of Sizing Balloon (SB) 35 (it has been recommended as an essential 
step of the procedure) under TEE, the balloon was inflated with diluted contrast 
until the Stop Flow Diameter (SFD) was reported by the Echo-man and also accord-
ing to the shape of the balloon in the fluoroscopy. Sometimes it is difficult for stabi-
lizing the sizing balloon due to melon-seeding in large defects with deficient rims.

Stop-flow technique: The sizing balloon is placed across the ASD and inflated 
until there is no flow across the defect on Color-Flow imaging. The maximum width 
of the balloon is then measured by TEE/ICE as well as fluoroscopy [5].

Waist measurement technique: The sizing balloon is placed across the ASD and 
inflated until there is a waist formation noted along both the margins of the balloon 
on fluoroscopy. This waist is then measured on fluoroscopy (Fig. 63.1) [5].

Fig. 63.1 Waist 
measurement technique: 
The sizing balloon is 
placed across the ASD and 
inflated until there is a 
waist formation noted 
along both the margins of 
the balloon on fluoroscopy. 
This waist is then 
measured on fluoroscopy
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a

b

Fig. 63.2 (a, b) Left atrial 
disk of the device was 
being extruded in the left 
atrium and after fully 
extruded the left disk, all 
the system was pulled back 
all together under TEE 
guidance (for evaluation of 
alignment). After being 
sure about the optimal 
position of the device, the 
waist and RA disk was 
fully extruded too

The SFD was 30  mm. Because of anterosuperior rim deficiency, Occlutech 
Figulla FlexII 33 mm was chosen.

After flushed and de-airing of all the segments of the delivery sheath (COOK 
12F) and positioning the sheath in the IVC-RA junction, dilator was removed to 
allow back bleed and prevent air embolism. Thereafter the delivery sheath was 
advanced in the left atrium just outside of the LUPV.

After loading the delivery cable and connecting the cable to the hub of RA disk 
and retraction of the whole device to the loader (slenderized the device) and fully 
flushed with heparinized saline, the loader was connected to the delivery sheath and 
the device was being passed through the delivery sheath. Left atrial disk of the 
device was being extruded in the left atrium and after fully extruded the left disk 
(Fig. 63.2a), all the system was pulled back all together under TEE guidance (for 
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evaluation of alignment) and finally after being sure about the optimal position of 
the device, the waist, and RA disk was fully extruded too (Fig. 63.2b).

After complete evaluation of all the surrounding rims with no encroachment of 
the device on the nearby cardiac structures and stable position of the device by 
Echocardiographist and Minnesota maneuvers (which is controversy about this 
maneuver), the device was released (Fig. 63.3).

 Conclusion

Currently, transcatheter secundum ASD closure is the default strategy for most ones 
with a success rate more than 95% in the hands of expert interventionist with less 
than 1% complications such as: device embolization, device erosion, arrhythmia, 
and … [6], but by selecting the most appropriate cases and new devices design, 
these events rarely happened even less than the past.
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Fig. 63.3 After complete 
evaluation of all the 
surrounding rims with no 
encroachment of the device 
on the nearby cardiac 
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position of the device, the 
device was released
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Chapter 64
Transcatheter PFO Device Closure

Ata Firouzi and Zahra Hosseini

Abstract Persistent PFO prevalence is estimated to be 20-25% in general popula-
tion. Frequently, detected incidentally in adults. In patients with cryptogenic stroke 
(40% of all ischemic strokes), there is conflict between neurologist and cardiologist 
about the role of PFO as the underlying cause. Recent trials are in favor of PFO 
closure in those with high risk feature PFO in TEE. Trans-catheter closure is the 
choice strategy with high success rate and no major complications.

 History

The patient was a 30 years old man, who was referred with two episodes of TIA 
within recent 6 months. Despite of several neurogical work-up and ASA therapy, no 
underlying cause was detected. In TEE for rulling out the source of emboli, a PFO 
was detected.

PFO closure is one of the most challenging topics in the field of cardiology. The 
controversy about PFO pathology has consequently prompted a paradigm shift of 
research interest from medical therapy with antiplatelets or anticoagulants to percu-
taneous transcatheter closure for secondary prevention (Close, RESPECT, GORE- 
REDUCE, and DEFENSE trials) [1]. PFO is a tunnel-like passage in the interatrial 
septum formed by the failure of postnatal fusion of the septum primum and secun-
dum. Persistent PFO is estimated to occur in approximately 20–25% of the adult 
population. Over the years, PFO has been implicated in multiple clinical conditions 
for which closure has been proposed, including cryptogenic stroke, migraine, 
decompression sickness, platypnea-orthodeoxia syndrome, and paradoxical cardio- 
systemic embolization. In a PFO, the overlapping anatomy of the primum and 
secundum atrial septa forms a flap valve that usually only opens when the right 
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atrial pressure exceeds the left atrial pressure. However, since the right atrial pres-
sure is usually less than the left atrial pressure, PFOs are functionally closed most 
of the time. However, this pressure gradient can be reversed by maneuvers that 
change the intra-thoracic pressure (e.g. coughing, sneezing, or straining to defe-
cate), thereby allowing the PFO to open and for blood, thrombus, or any other sub-
stances to pass from the right to the left atrium.

 Diagnostic Work-Up in Cryptogenic Stroke (CS) (Table 64.1)

There are no gold standard tools for diagnosing of PFO. A combination of transtho-
racic echocardiography (TTE), (TEE), and Trans-Cranial Doppler (TCD) may be 
required. If TTE is positive, pursue TEE for corroboration, An atrial septal aneu-
rysm, moderate-to-severe shunt, and atrial septal hypermobility have been strongly 
associated with a causal role of PFO in cryptogenic stroke. If TCD is positive, pur-
sue TEE for corroboration. If TTE is negative or equivocal, pursue TCD, and if TCD 
is negative, stop investigation. To rule out causes other than PFO, patients with left 
circulation embolism and PFO should undergo 12-leads ECG and either inpatient 
telemetry or 24-h Holter monitoring to detect any atrial fibrillation (AF). Patients 
≥65 years or patients between 55 and 64 years with AF risk factors should undergo 
6 months of AF monitoring with an implantable cardiac monitor [2]. The risk of 

Table 64.1 Cryptogenic stroke evaluation

Condition Recommended testing

Hypercoagulable disorder CBC (hemoglobin and platelet count); factor V Leiden protein C, 
protein S, antithrombin III, and homocysteine levels; prothrombin 
G20210A mutation, antiphospholipid antibodies

Paroxysmal atrial fibrillation A 30-day continuous cardiac monitoring
Cardiac thrombus, 
vegetation, or tumor; mitral 
stenosis

TTE followed by TEE (if TTE is normal); cardiac CT or MRI can 
be considered if high suspicion

Carotid atherosclerotic 
disease

Carotid duplex ultrasound, CTA or MRA of the neck and head

Cerebral vascular 
atherosclerotic disease

CTA or MRA of the head

Aortic arch atheroma TEE of CTA of the chest
Arterial dissection CTA of the chest and neck (TEE can see proximal dissection)
Cerebral venous sinus 
thrombosis

Brain MRV

May-Thurner syndrome Pelvic MRV
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paradoxical embolism (RoPE) score (Table 64.2) attempts to predict how likely a 
PFO is causal in the setting of a cryptogenic stroke. The RoPE score can be used to 
guide management decisions. High RoPE scores identify younger patients without 
conventional vascular risk factors and with infarcts located superficially in the brain 
(more likely embolic); low RoPE scores identify older patients with deep infarcts 
and multiple conventional risk factors. The RoPE score successfully disaggregates 
CS patients into a stratum with a PFO prevalence that matches the background 
population (23%, RoPE score 0–3), which then increases in a linear fashion to the 
highest RoPE score with a very high prevalence of PFO (73%, RoPE score 9–10), 
but should be used in conjunction with other parameters, such as the presence of 
atrial septal aneurysm or deep venous thrombosis/pulmonary embolism [3].

 Indications for PFO Closure in 2019 Guideline

Interdisciplinary collaboration with an interventional cardiologist and a relevant 
specialist (e.g., neurologist) and active collaboration with the patient are key in 
decision-making regarding PFO management. Patients ages 18–65 years with a 
confirmed cryptogenic stroke, transient ischemic attack, or systemic embolism with 
a high probability of a causal role of their PFO should undergo percutaneous PFO 
closure (Figs. 64.1 and 64.2) [2].

Table 64.2 RoPE score calculator

Characteristic Points Score

No history of hypertension 1
No history of diabetes 1
No history of stroke or TIA 1
Nonsmoker 1
Cortical infarct on imaging 1
Age (years)
18–29 5
30–39 4
40–49 3
50–59 2
60–139 1
≥70 0
Total score (sum of individual points)
Maximum score (a patient <30 years without vascular risk factors, no history of 
stroke or TIA, and. cortical infarct)

10

Minimum score (a patient ≥70 years with vascular risk factors, prior stroke, and 
no cortical infarct)

0

64 Transcatheter PFO Device Closure
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 Procedural Technique

After loading ASA 325 mg and Clopidogrel 600 mg, under local anesthesia, right 
femoral artery and vein sheaths (6F) was inserted. IV Heparin injected to achieve 
ACT >200 s. Crossing the PFO with 0.035  inch j tip wire and the Multipurpose 
catheter was performed which its tip was in LUPV (in our center, during the 

Individual evaluation of probability
of casual link and risk of

recurrence

Low or uncertain High

Evaluate bleeding/recurrence risk Age 18-65 years old

Shared decision making

Antiplatelet OAC
PFO

closure

LIKELIHOOD OF CAUSAL LINK

High

–Atrial septal aneurysm
–Atrial septal hypermobility
–Moderate/severe shunt
–Simultaneous PE or DVT

OTHER FEATURES TO BE CONSIDERED

–Imaging features of embolism (cortical vs. deep)
–PFO size and tunnel length
–Chiari network
–Prominent Eustachian valve
–Clinical clues (long travel, immobilisation, straining
   activity, recent major surgery, previous DVT or PE, OSAS)
–Age <55 years old
–Risk factors for stroke
–RoPE score

RISK OF RECURRENCE

High
–Atrial septal aneurysm
–Coagulation disorders

OTHER FEATURES TO BE CONSIDERED
TO ASSESS RISK

–Older age
–PFO size
–Need for antiplatelets vs. OAC
–Stroke vs. TIA as index event
–Stroke on Rx with antiplatelets or OAC

Shared decision making

NO
YES

Fig. 64.1 Treatment algorithm for secondary prevention of left circulation cryptogenic 
thromboembolism

Cryptogentic stroke
PFO present

Age < 60 y.
Large shunt or with

atrial septal aneurysm

Age < 60 y.
Small-moderate shunt

RoPE Score > 5

Age < 60 y.
Small-moderate shunt

RoPE Score    5

Age    60 y.

PFO closure

PFO closure

Consider PFO closure
vs. medical therapy

Medical therapy

Suggested algorithm for CS and PFO

Fig. 64.2 Approach to the PFO closure in patients with cryptogenic stroke
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procedure, TEE is not obligatory except in especial ones, like those with suspicious 
concomitant fenestrations or large aneurysmal IAS; also sizing balloon is not use). 
After exchanging the wire with Amplatzer Superstiff wire, the delivery sheath 
(Occlutech 10F) was passed over the wire into the mid LA, after that, the dilator was 
removed to allow back bleed. According to the previous TEE data (large PFO-5 mm 
with ASA and tunnel length of 10 m), Occlutech Figulla II 31/35 was chosen. After 
loading the device and connecting to the delivery cable and fully de-aired, the device 
was passed through the delivery sheath to reach the tip of the sheath, then by retract-
ing the sheath, the Left Disk (LD) was deployed, after that, the whole system was 
pulled back against the septum and finally, the Right Disk (RD) was deployed 
(Fig. 64.3). In fluoroscopy, Pacman sign (septum secundum must be between LD 
and RD- the cranial halves of the left and right atrial disks should appear like open 
jaws biting into the thick septum secundum) is confirming for the correct position 
of the device before release (Figs. 64.4 and 64.5).

Fig. 64.3 Pacman sign

Fig. 64.4 After wiring the 
PFO, the device was 
deployed just like 
ASD closure
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 Conclusion

The pathophysiological link between PFO and neurological events is confused 
and contradictory and should be searched with great attention. It is certainly pos-
sible that some patients might benefit from PFO closure, but there is scant evi-
dence to justify extensive PFO closure. A careful examination of clinical and 
anatomical risk factors for neurological recurrence is mandatory. In the absence 
of a clear scientific mandate, young patients with large PFO and recurrent CS 
and who are extensively worked up by a neurologist are the groups that is most 
likely to benefit from PFO closure [4]. Primary technical closure success 
approaches 100% and complete closure is seen in 93–96% at 1 year. The use of 
larger devices has a higher risk of residual shunts, the AMPLATZER™ PFO 
Occluder may have lower residual shunt rates than other devices. In on meta-
analysis of RCTs with an average 3.8 years of follow-up, the incidence of recur-
rent stroke was 2% in the closure arms, and the number needed to treat (NNT) 
with PFO closure to prevent one stroke overall was 37 and 21 in patients with 
high-risk and low-risk PFO features [2]. Procedural complications had a 2.6% 
incidence in RCTs. The most frequent late complication is device thrombosis, 
which is seen in 1.0–2.0%. Device embolism is a serious event and occurs at a 
rate of 0.9–1.3%. Atrial wall erosions are serious events that have been reported 
anecdotally [2] (Table 64.3).

Fig. 64.5 The Occlutech 
(Figulla flex II). After 
releasing the device, 
Pacman sign is visualized
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Table 64.3 PFO closure devices with CE MARK

Company name Device name
Size (right/left 
disk) Material

Abbott vascular Amplatzer PFO 
occluder

18 mm 
(18/18 mm)/8 F
25 mm 
(25/18 mm}/8 F
30 mm 
(30/30 mm)/9 F
35 mm 
(35/25 mm)/9 F

Nitinol and polyester construction, 
recapturable and repositionable, 
self-centering

Amplatzer 
multifenestrated 
septal 
occluder-Cribriform

18 mm 
(18/18 mm)/8 F
25 mm 
(25/25 mm)/8 F
30 mm 
(30/30 mm)/8 F
35 mm 
(35/25 mm)/9 F
40 mm 
(40/40 mm)/10 F

Nitinol and polyester construction; 
thin waist offers optimal fit and 
occlusion of the multifenestrated 
atrial septal defect

Cardia, Inc. Ultrasept PFO 
occlude

20 mm/10 F
25 mm/10 F
30 mm/11 F
35 mm/11 F

Two ivalon (polyvinyl alcohol) discs 
supported by nitinol struts

Corned BV Hyperion PFO 
occlude

18–18 mm/10 F
24–18 mm/10 F
28–22 mm/12 F
34–25 mm/12 F

Self-expandable PFO double 
occluder device made of 72 
precocidized nitinol wires. Available 
with and without hub using an 
asymmetric and symmetric design

Gore & 
Associates

Cardioform septal 
occluder

20 mm 
(20/20 mm)/10 F
25 mm 
(25/25 mm)/10 F
30 mm 
(30/30 mm)/10 F

Minimal wire nitinol frame; 
thromboresistant ePTFE membrane 
allows tissue ingrowth; soft 
conformable design to reduce wall 
injury; folly retrievable even after 
tension-free assessment

Kiewei Rising Amender PFO 
occluder

18–18, 25–18, 
30–30 mm/5 F
35–25 mm/9 F

Nitinol wire polyester fabrics

Lepu Medial MemoPart PFO 
ocduder

18–18, 
18–24 mm/10 F
22–22, 
25–34 mm/12 F

Self-expanding nitinol mesh double 
disc device

Lifetech 
Scientific

CeraFlex PFO 
occluder

18–18 mm/9 F
25–18 mm/10 F
25–25 mm/10 F
30–25 mm/12 F
30–30 mm/12 F
35–25 mm/14 F

Self-expandable PFO occluder 
device; all metallic structures are 
plated with titanium nitride

(continued)
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Table 64.3 (continued)

Company name Device name
Size (right/left 
disk) Material

Nobles Medical 
Technologies  
II, Inc.

Noblestitch EL P, 
EL S, KwiKnot

1 size/12 F Three devices provided in a single 
sterile kit for the release and 
attachment of suture in 
polypropylene 4-0 nonabsorbable

Occlutech 
International 
AB

Figulla Flex II 18/18 mm/7 F
23/25 mm/9 F
27/30 mm/9 F
31/55 mm/11 F

Double disc made of self-expandable 
nitinol wire covered by a ceramic 
titanium oxidate surface
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Chapter 65
Transcatheter Patent Ductus Arteriosus 
(PDA) Device Closure

Ata Firouzi and Zahra Hosseini

A. Firouzi (*) · Z. Hosseini 
Interventional Cardiology, Cardiovascular Intervention Research Center, Rajaie 
Cardiovascular Medical and Research Center, Iran University of Medical Sciences,  
Tehran, Iran

Abstract PDA is accounts for 5-10% of all congenital heart disease. If detected in 
adulthood usually present with LV volume overload or Eisenmenger syndrome. If, 
there is no contraindication for closure and anatomically be suitable, trans-catheter 
device closure is the preferred option. The success rate is high and actually residual 
shunt would disappear within weeks to months.

 History

The patient was a 21 years old lady (the known case of CHD with no follow-up) 
who was referred with complaint of exertional dyspnea and palpitation since 2 years 
ago. In TTE a large PDA was detected, so she was scheduled for RHC and device 
closure if it was suitable.

In children who were born at term, the incidence of PDA has been reported to be 
≈1 in 2000 births. This accounts for ≈5–10% of all congenital heart disease. However, 
if we include children with “silent” PDA, the incidence has been estimated to be as high 
as 1 in 500. The female to male ratio is ≈2:1 in most reports. The ductus arteriosus con-
nects the left pulmonary artery near its origin to the descending aorta just after the left 
subclavian artery origin. The PDA may persist in a wide variety of sizes and configura-
tions (Fig. 65.1). Usually, the aortic end of the PDA is larger than the pulmonary artery 
end, which results in a somewhat conical configuration. The size, configuration, and 
relationship to the adjacent structures are important with respect to determine the resis-
tance to blood flow (an important determinant in the degree of shunt) and also have 
important implications with regard to interventional closure [1].

Left-to-right shunt through the PDA results in pulmonary over-circulation and 
left heart volume overload. Increased pulmonary flow from the ductal shunting 
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leads to increase pulmonary fluid volume, and in patients with moderate or large 
shunts, this causes decreased lung compliance. With long-standing left-to-right 
shunt, exposure of the pulmonary artery system to high-pressure and increased flow 
leads to progressive morphological changes in the pulmonary vasculature and result 
in a progressive increase in pulmonary vascular resistance. When pulmonary vascu-
lar resistance approaches and exceeds systemic vascular resistance, ductal shunting 
reverses and becomes right to left. Most patients are asymptomatic and incidentally 
detected by TTE or typical murmur but some have congestive symptoms, endarteri-
tis, arrhythmia, or Eisenmenger signs when presenting in adulthood.

 Diagnostic Work-Up

The halmark finding in physical examination of these patients is continues machinery 
murmur at the upper LSB usually with trill and wide pulse pressure. Those with 
Eisenmenger syndrome are cyanotic with differential cyanosis, minimal murmur, loud 
P2 sound, RV heave, and sometimes TR or PI murmur. ECG in moderate size PDA 
shows LVH and strain pattern and in those with Eisenmenger syndrome, right axis devi-
ation and biventricular hypertrophy are seen. TTE is the first diagnostic modality that 
can detect silent, small, moderate, and large ones, hemodynamic effects, the direction of 
the shunt, LV and RV sizes and functions and PAP. In those with elevated PVR, the 
detection of PDA with color Doppler even in large types could be difficult. Fully assess-
ment for the detection of other concomitant anomalies should be performed.

a

b

c

d

e

f

Fig. 65.1 Classification of PDAs based on their morphologies
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 Indications and Contraindications for PDA Closure [2]

 ACC-AHA Guideline 2018

COR LOE Recommendations

Diagnostic

Therapeutic

I

I

IIb

III: Harm

C-EO

C-EO

C-LD

C-LD

B-NR

IIa

1. Measurement of oxygen saturation should
    be performed in feet and both hands in
    adults with a PDA to assess for the presence
    of right-to-left shunting.

2. In addition to the standard diagnostic tools,
    cardiac catheterization can be useful in
    patients with PDA and suspected pulmonary
    hypertension (Section 3.5).

3. PDA closure in adults is recommended if
    left atrial or LV enlargement is present and
    attributable to PDA with net left-to-right
    shunt, PA systolic pressure less than 50%
    systemic and pulmonary vascular resistance
    less than one third systemic.54.1.5-1-54.1.5.3

4. PDA closure in adults may be considered in
    the presence of a net left-to-right shunt if PA
    systolic pressure is 50% or greater systemic,
    and/or pulmonary vascular resistance is
    greater than one third systemic.54.1.5-3-54.1.5.4

5. PDA closure should not be performed in
    adults with a net right-to-left shunt and
    PA systolic pressure greater than two thirds
    systemic or pulmonary vascular resistance
    greater than two thirds systemic.54.1.5-5

 

 RHC

• Qp/Qs: 2.7
• PVR: 3 WU
• SVR: 110 WU
• BP: 110/50 mm Hg
• PAP: 60/30 mm Hg
• PCWP: 20 mm Hg
• mRAP: 12 mm Hg
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 Procedural Technique

After right femoral artery and vein sheaths (6F) insertion and IV Heparin injection 
to achieve ACT > 200 s, angiography of LV (Fig. 65.2), Ascending and descending 
aorta in RAO and Lateral projections was done to estimate the size and shape of the 
PDA (in this case, it was window type with pulmonary end size about 18  mm, 
Figs. 65.2, 65.3 and 65.4). After crossing the PDA from the pulmonary end with 
straight 0.035 inch guide-wire and Multipurpose catheter (Figs. 65.5 and 65.6), the 
wire exchanged with long Amplatzer Superstiff wire. Under fluoroscopy the long 
delivery sheath (Cook 12) was advanced to the descending aorta, the dilator was 
removed and allowed back bleed. According to the shape and the size of the PDA, 

Fig. 65.2 LV injection 
showed: moderate LV 
enlargement, no VSD

Fig. 65.3 During 
descending aorta injection 
in lateral projection, a large 
window type PDA with PA 
contrast opacification is 
noticeable
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Fig. 65.4 Descending 
aorta injection in RAO, 
confirmed the shape and 
size of the PDA

Fig. 65.5 Catheterization 
coarse: Right FV → IVC 
→ RA → RV → PA → 
PDA → Descending aorta

Muscular VSD 20 mm (Occlutech device Fig. 65.7) was chosen, (although in most 
cases, ductal occluder devices such as Occlutech or Amplatzer designs are chosen- 
Fig. 65.8a, b). After loading the delivery cable and connecting the cable to the hub 
and retraction of the whole device to the loader (slenderized the device) and fully 
flushed with heparinized saline, the loader was connected to the delivery sheath and 
the device was being passed through the delivery sheath. In the descending aorta, 
the delivery sheath was retraced slowly to expose the Left Disk (LD) then whole the 
system as a unit was pulled back slowly to reach the defect (under fluoroscopy with 
aortic injection in LAO, Fig. 65.9), when the correct position of LD was confirmed, 
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Fig. 65.6 After the 
passage of the long sheath 
through the PDA and aortic 
injection, the shape and the 
size of the PDA were 
estimated and the Muscular 
VSD device 20 mm 
Occlutech occluder 
was chosen

Fig. 65.7 Muscular VSD 
occluder device for 
window types PDA

Fig. 65.8 Ductal occluder device for conical types PDA (a: Occlutech design, b: Amplatzer design)

ba
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Fig. 65.9 In the 
descending aorta, the 
delivery sheath is retracted 
slowly to expose the Left 
Disk (LD) then whole the 
system as a unit was pulled 
back slowly to reach the 
defect (under fluoroscopy 
with aortic injection)

Fig. 65.10 When the 
correct position of LD was 
confirmed, delivery sheath 
was retracted to deploy the 
waist and finally the Right 
Disk (RD)

the delivery sheath was retracted to deploy the waist and finally the Right Disk (RD) 
(Fig. 65.10). After multiple injections in LAO and RAO views and being sure about 
the stable position of the device, the device was released (Fig. 65.11). Final injec-
tion showed mild residual shunt (Fig. 65.12).
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Fig. 65.11 Aortic 
injection, before releasing 
the device, showed the 
proper position of the 
device with mild 
residual shunt

Fig. 65.12 Final 
angiography after releasing 
the device showed a 
moderate residual shunt

 Conclusion

Results of transcatheter occlusion of PDA have been excellent. Complete closure 
rates at follow-up generally exceed 90–95% in most studies. As a result of device 
modifications, the evolution of new techniques, and increased operator skill, suc-
cess rates for complete closure have improved significantly over time. Serious com-
plications of transcatheter closure of the PDA are rare. The most common 
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complications are device embolization, flow disturbance in the proximal left pulmo-
nary artery or descending aorta from a protruding device, hemolysis from high-
velocity residual shunting, femoral artery or vein thrombosis related to vascular 
access, and infection [3].
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Chapter 66
Transcatheter Perimembranous VSD 
Device Closure

Ata Firouzi and Zahra Hosseini

Abstract The prevalence of VSD in adults is lower than the other defects with left 
to right shunts. When is detected in adulthood, it may cause LV volume overload or 
can be lead to Eisenmenger syndrome. It is off-label to close the perimembranous 
type (the most common type) percutaneously. But by recent advances in device 
types, it seems that trans-catheter closure of this type of VSD can be done safely 
with low complications.

 History

The patient was a 32 years old man who was referred with complaints of exertional 
dyspnea and orthopnea since 2 years ago and recently with nocturnal palpitation. In 
TTE a large perimembranous VSD with mild AI was detected.

Isolated VSD accounts for 37% of all congenital heart disease in children. 
Because as many as 90% eventually closed spontaneously; the incidence is signifi-
cantly lower in adults. Multiple synonyms have been classified and categorized 
VSDs into four major groups:

• Type 1: (Infundibular, outlet) This VSD is located below the semilunar valves 
(aortic and pulmonary) in the outlet septum of the right ventricle above the crista 
supraventricularis that is why sometimes also referred to as supra-cristal. It is the 
most uncommon type representing only 6% of all VSDs with the exception being 
in the Asian population where it accounts for approximately 30%. Aortic valve 
prolapse and regurgitation are common because of loss of support of the right 
and/or the noncoronary cusps of the aortic valve. It is unusual for these defects 
to close spontaneously.

• Type 2: (membranous) This VSD is, by far the most common type, accounting 
for 80% of all defects. It is located in the membranous septum inferior to the 
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crista supraventricularis. It often involves the muscular septum when it is com-
monly known as perimembranous. The septal leaflet of the tricuspid valve 
 sometimes forms a “pouch” that reduces the shunt and can result in spontaneous 
closure.

• Type 3: (Inlet or atrio-ventricular canal) This VSD is located just inferior to the 
inlet valves (tricuspid and mitral) within the inlet part of the right ventricular 
septum. It only represents 8% of all defects.

• Type 4: (muscular, trabecular) This VSD is located in the muscular septum, bor-
dered by muscle usually in the apical, central, and outlet parts of the interven-
tricular septum. They can be multiple, assuming a “Swiss cheese” appearance. 
They represent up to 20% of VSDs in infants. However, the incidence is lower in 
adults due to the tendency of spontaneous closure [1].

The presentation of unrepaired VSDs is dependent on the presence of hemody-
namically significant shunt; that it is directly related to the size of the defect. Small 
VSDs only lead to minimal left-to-right shunt without hemodynamic effects; they 
are usually asymptomatic. Medium size VSDs result in a moderate LV volume over-
load and mild PAH; they present late in childhood with some congestive symptoms. 
Those with large defects develop CHF early in childhood due to severe LV overload 
and severe PAH and finally Eisenmenger syndrome which occurs in approximately 
10–15% of patients. These patients present with dyspnea, cyanosis, syncope, palpi-
tation, and sudden cardiac death.

 Diagnostic Work-Up

In small size VSDs, a loud and harsh pansystolic murmur is heard in LSB, but it gets 
softer with increasing the size of the defects, and eventually, the typical murmur will 
be absent in the large ones with accentuated P2 sound. ECG shows LVH in moder-
ate size defects. In those with Eisenmenger syndrome, right axis deviation and RVH 
is seen. TTE is the essential tool for the detection of VSDs (defect size, numbers, 
location, the relationship of the VSD with other structures, hemodynamic effects, 
LV and RV size and function, associated anomalies, and PAP).

 Indications and Contraindications of VSD Closure (Table 66.1)

 RHC

• Qp/Qs: 2.5
• PVR: 2 WU
• SVR: 120 WU
• PAP: 55/20 mm Hg
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• RVSP: 55/12 mm Hg
• mRAP: 12 mm Hg
• So2: 95%

 Transcatheter PM-VSD Device Closure

Right femoral artery and vein sheaths (6F) were inserted then IV Heparin was 
completed to achieve ACT > 200 s. After LV injection in LAO 60-Cranial20 in 
order to profile the defect (Fig. 66.1a), Under general anesthesia, in retrograde 
approach, the VSD was crossed from LV via JR and 0.035 inch hydrophilic 
guide-wire (in some cases based on the location of the defects, another tip angled 
catheters like IMA or cutoff pigtail are used). After crossing the defect with the 
wire and the catheter that was being passed through it and inserted in the LPA, 
the wire was exchanged with long 260 cm Terumo wire. Through venous access, 

COR LOE Recommendations

Therapeutic

I

IIb

IIb

III: Harm

B-NR

C-LD

C-LD

C-LD

C-LD

IIa

1. Adults with a VSD and evidence of
    left ventricular volume overload and
    hemodynamically significant shunts (Qp:Qs
    ≥ 1.5:1) should undergo VSD closure, if PA
    systolic pressure is less than 50% systemic
    and pulmonary vascular resistance is less
    than one third systemic.54.1.3-1

2. Surgical closure of perimembranous or
    supracristal VSD is reasonable in adults when
    there is worsening aortic regurgitation (AR)
    caused by VSD.54.1.3-1.54.1.3-2

3. Surgical closure of VSD may be reasonable
    in adults with a history of IE caused by VSD
    if not otherwise contraindicated.54.1.3-3

5. VSD closure should not be performed in
    adults with severe PAH with PA systolic
    pressure greater than two third systemic,
    pulmonary vascular resistance greater than
    two thirds systemic and/or a net right-to-left
    shunt.54.1.3-7-54.1.3.9

4. Closure of a VSD may be considered in the
    presence of a net left-to-right shunt (Qp:Qs
    ≥ 1.5:1) when PA systolic pressure is 50%
    or more than systemic and/or pulmonary
    vascular resistance is greater than one third
    systemic.54.1.3-4-54.1.3.6

Table 66.1 AHA/ACC 2018 guideline
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a pigtail catheter without guide- wire was inserted in the same pulmonary artery 
that the Terumo wire was passed (to reduce the interference with the Tricuspid 
valve chordae), then the pigtail was exchanged with JR guiding catheter. To make 
an arterio-venous loop, the guide- wire was then snared and exteriorized via 
venous access. A Delivery sheath (10F) was advanced carefully to RV, LV, and 
aortic arch with Kissing catheter technique (Fig.  66.1b). Then dilator was 
removed from the vein access and guide-wire and the end hole catheter were 
removed from the arterial line. Under TEE guiding and expert echo-man, accord-
ing to the defect size (8 mm - largest diastolic phase on LV side) and acceptable 
distance between the defect and the aortic cusps, Membranous VSD Occluder 
(Cera Lifetech symmetric) device 10  mm was chosen. After the device was 
screwed to the delivery cable and de-aired, it passed through the long sheath and 
under TEE and fluoroscopy guidance, first Left disk was partially opened in 
ascending aorta and gently pulled back through the AV to the LV (Fig. 66.2a) and 
slowly, by retracting the delivery sheath and fully deploying distal disk at the LV 
side of VSD, the entire system was then pulled back into the defect (Fig. 66.2b) 
and the sheath was retracted to deploy the waist and finally after confirming the 
right position of the device by TEE and LV injection, the proximal (Right disk) 
was deployed (Fig. 66.2c). The operator must fully check the position and stabil-
ity of the device without any compromising of the surrounding structures. If there 
is any doubt about the impingent of the valves or other structures, the device 
should be recaptured. If the device position is correctly confirmed by the TEE 
and angiography, it can be released by unscrewing it using pin vice (Fig. 66.3a, 
b). In this case, the AI severity or TR was not increased without any conduction 
abnormality.

a b

Fig. 66.1 (a, b) LV and aortic root angiography showed, a large perimembranous VSD with RV 
opacification
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a

c

b

Fig. 66.2 (a, b, c) According to the defect size (8 mm - largest diastolic phase on LV side) and 
acceptable distance between the defect and the aortic cusps, Membranous VSD Occluder (Cera 
Lifetech symmetric) device 10 mm was chosen. first Left Disk was partially opened in the ascend-
ing aorta and gently pulled back through the AV to the LV and slowly, by retracting the delivery 
sheath and fully deploying distal disk at the LV side of VSD, the entire system was then pulled 
back into the defect and the sheath was retracted to deploy the waist and finally after confirming 
the right position of the device by TEE and LV injection, the proximal (Right Disk) was deployed

a b

Fig. 66.3 (a, b) After confirming the right position of the device with no interaction with sur-
rounding structures, the device was released and final LV angiography showed tiny residual shunt
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 Conclusion

Percutaneous closure of PM-VSD is a challenging procedure, owing to variable 
anatomical morphology, proximity to valves and conduction systems as well as 
complex manipulation process. The major key to improve the results of this treat-
ment, while minimizing complications (such as: CHB, device embolization, valvu-
lar malfunction, and hemolysis) consists in the careful case and device selections as 
well as accurate defect sizing strategy [2].
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Chapter 67
Percutaneous Pulmonary Valve 
Commissurotomy (PTPC)

Ata Firouzi and Zahra Hosseini

Abstract Isolated valvular PS, is a commissural fusion with domed shape leaflets. 
Adults are usually asymptomatic and it progress gradually in these patients. In those 
with severe stenosis and RV pressure overload, if missed, it leads eventually to RV 
failure, although this event is rarely happened. The choice procedure is trans- 
catheter commissurotomy with appropriate balloons. The procedure is safe with 
minimal complications.

 History

The patient was a 40 years old lady who was referred with complaints of exertional 
dyspnea for 6 months and one episode of syncope during an exercise last week. 
According to ECG and TTE, Isolated severe PS was diagnosed.

Isolated valvular Pulmonary Stenosis (PS) comprises approximately 10% of all 
congenital heart disease. Typically, the valve commissures are partially or com-
pletely fused and the three leaflets are thin and pliant, resulting in a dome-shaped 
structure and rarely dysplastic leaflets with a narrowed central orifice. Post-stenotic 
pulmonary artery dilatation may occur owing to “jet-effect” hemodynamics which 
is a good predictor of successful interventional treatment [1]. Most children and 
adults with mild-to-moderate RVOT obstruction are asymptomatic. Moderate val-
vular PS can progress in 20% of unoperated patients especially in adults. Those with 
severe PS may experience exertional dyspnea, chest pain (RV ischemia), fatigue, 
palpitation, syncope, cyanosis, or sudden cardiac death. Peripheral edema and other 
signs of RV failure may occur in advanced cases particularly in later life due to RV 
pressure overload, elevated RV End Diastolic Pressure (RVEDP), diminished RV 
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compliance, elevated RA pressure and Tricuspid regurgitation. Cyanosis is present 
in those with significant right-to-left shunt via a patent foramen oval, atrial septal 
defect, or ventricular septal defect.

 Diagnostic Work-Up

The diagnostic findings in physical exam are systolic ejection murmur in the second 
left intercostal space that its severity is correlated with duration, late systolic peak-
ing murmur and diminished P2. ECG in severe cases demonstrates evidence of 
RVH and RA enlargement. TTE is the essential tool for diagnosis: in severe cases, 
RV and RA enlargement with D-shaped septum, moderate-to-severe TR which can 
estimate the RV systolic pressure (RVSP), fused and domed shape PV with narrow-
ing orifice and post-stenotic PA dilatation is seen. Another anomalies like ASD, 
PFO, VSD, PDA, subvalvular or peripheral PS, Aortic Stenosis, and evaluation of 
all other valves should be considered. The key finding for selecting the appropriate 
size balloon is the hinge to hinge annulus diameter.

 Indications for Valvular PS Intervention in Adults (Tables 67.1 
and 67.2)

 RHC (Right Heart Catheterization)

• RVSP: 130/15 mm Hg
• PAP: 25/10 mm Hg
• Trans-valvular gradient: 105 mm Hg
• mRAP: 18 mm Hg
• CI: 2.3 L/min
• So2: 95%

Mild

Moderate

Severe

Peak gradient <36 mm Hg (peak velocity <3 m/s)

Peak gradient 36–64 mm Hg (peak velocity 3–4 m/s)

Peak gradient 64 mm Hg (peak velocity >4 m/s); mean
gradient >35 mm Hg

Table 67.1 Pulmonary valve stenosis severity
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 Procedural Technique

After insertion of two femoral arterial and venous sheaths (6F) and RHC during 
local anesthesia, RV injections in AP and lateral projections showed severe RVH 
and enlargement combined with thick, dome-shaped PV and post-stenotic PA dila-
tation (Fig. 67.1a). In fluoroscopy, the hinge to hinge annulus diameter was 20 mm 
(in TTE: 21 mm), so as we can choose the balloon size, 110–140% of annulus size, 
Numed II 24*40 balloon was chosen. After crossing the PV with 0.035 inch 260 cm 
long guide-wire with over which pigtail catheter was tracked, the wire was replaced 

COR LOE Recommendations
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1. In adults with moderate or severe valvular
    pulmonary stenosis and otherwise unexplained
    symptoms of HF, cyanosis from interatrial right-to-
    left communication, and/or exercise intolerance,
    balloon valvuloplasty is recommended.54.3.1.1-54.3.1-4

2. In adults with moderate or severe valvular
    pulmonary stenosis and otherwise
    unexplained symptoms of HF, cyanosis and/
    or exercise intolerance who are ineligible for
    or who failed balloon valvuloplasty, surgical
    repair is recommended.54.3.1-1,54.3.1-5-54.3.1-8

3. In asymptomatic adults with severe valvular
    pulmonary stenosis, intervention is reasonable.

Table 67.2 Management of patients with pulmonary valve stenosis- ACC-AHA 2018 guideline

a b

Fig. 67.1 (a, b) RV angiography in lateral projection showed thick and dome-shaped PV with 
post-stenotic PA dilatation. Commissurotomy was performed in lateral projection with Numed II 
24*40 (Annulus diameter: 20 mm) successfully with complete disappearance of the waist
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with 0.035 inch Amplatzer Superstiff 260 long guide-wire in LPA, then after adjust-
ing the site of the valve and the balloon in the lateral view, the balloon was inflated 
with diluted contrast by PTMC syringe until the waste disappeared (Fig. 67.1b), the 
most important issue in this step is stabilizing the balloon in its position (no slip-
page). Each inflation–deflation time should not take more than 10 s (with closed 
hemodynamic monitoring). After the procedure, via Multipurpose catheter the final 
transvalvular gradient was measured, the gradient was more than 30 mm Hg, again 
the procedure was repeated with higher pressure inflation (It can repeat up to eight 
times) or with larger balloons. Residual transvalvular gradient between 20 and 
30 mm Hg is acceptable.

PTPC is currently the preferred therapeutic modality for valvular PS in children 
and adults. Current approaches of PTPC utilize various fixed size balloon catheters 
using a single or a double-balloon technique. Regardless of the type of balloons, 
long-term outcomes were good over the first 20 years and those with surgical 
approach seemed to have more reintervention 20–40 years after procedure, com-
pared with those undergoing PTPC [2].

Anyway, PTPC is not without complications: annulus, RVOT or PA perforation, 
PI (mild-to-moderate in 10–40% of cases which rarely progress over time) or TR 
and transient subvalvular stenosis, although rare can happen.

 Conclusion

Experience to date indicates that percutaneous balloon valvuloplasty is safe, effec-
tive, and can be performed at any age with good short- and long-term outcomes. 
Freedom of re-intervention (more often for restenosis as for insufficiency) is 95, 88, 
and 84% after 5, 10, and 20 years [3]. The limiting factor is the judgment of the bal-
loon size to be used. We believe that our recent, more aggressive approach is achiev-
ing better results. Although hard and fast indications have not yet been established, 
it is currently our treatment of choice for congenital pulmonary valve stenosis [4].

References

 1. Xiushui R, Lange R (ed.). Pulmonic stenosis, n.d.. Retrieved from http://emedicine.medscape.
com/article/157737overview#showall

 2. Voet A, Rega F, De Bruaene AV, et al. Long term outcome after treatment of isolated pulmonary 
valve stenosis. Int J Cardiol. 2012;156(1):11–5.

 3. McCrindle BW. Independent predictors of long term results after balloon pulmonary valvulo-
plasty. Valvuloplasty and angioplasty of congenital anomalies (VACA) Registry investigators. 
Circulation. 1994;89:1759.

 4. Rao PS. percutaneous ballon pulmonary valvuloplasty state of the art. Cath Cardiovasc Interv. 
2007;69:747–63.

A. Firouzi and Z. Hosseini

http://emedicine.medscape.com/article/157737overview#showall
http://emedicine.medscape.com/article/157737overview#showall


415© Springer-Verlag London Ltd., part of Springer Nature 2021
M. Maleki, A. Alizadehasl (eds.), Case-Based Clinical Cardiology, 
https://doi.org/10.1007/978-1-4471-7496-7_68

Chapter 68
Percutaneous Trans Mitral Valve 
Commissurotomy (PTMC)

Ata Firouzi and Zahra Hosseini

Abstract Rheumatic fever is the most common cause of Mitral Stenosis (MS). The 
pathologic finding in rheumatismal MS is commissural fusion with thickening and 
calcification of the leaflets and sub-valvular apparatus. The disaster sequelae of MS 
is systemic thromboembolism especially in cerebral vessels. TEE is the best tool 
which determine the treatment options. In the absence of absolute contraindications, 
PTMC is the first choice in symptomatic patients. In the long term outcome trials, is 
comparable to open commissurotomy.

 History

The patient was a 40 years old lady, who was referred with complaints of exertional 
dyspnea and palpitation since one year ago. In TTE severe rheumatic MS was 
diagnosed.

The predominant cause of mitral stenosis is rheumatic fever, with rheumatic 
changes present in 99% of stenotic mitral valves excised at the time of mitral valve 
replacement. Approximately 25% of all patients with rheumatic heart disease have 
isolated MS, and approximately 40% have combined MS and mitral regurgitation 
(MR). Multivalve involvement is seen in 38% of patients with MS, with the aortic 
valve affected by approximately 35% and the tricuspid valve in approximately 6%. 
The pulmonic valve is rarely affected. Two-thirds of all patients with rheumatic MS 
are female. The interval between the initial episode of rheumatic fever and clinical 
evidence of mitral valve obstruction is variable, ranging from a few years to more 
than 20 years. Rheumatic fever results in characteristic changes of the mitral valve; 
diagnostic features are thickening at the leaflet edges, fusion of the commissures, 
and chordal shortening and fusion. The symmetric fusion of the commissures results 
in a small, central oval orifice in diastole that on pathologic specimens is shaped like 
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a fish mouth or buttonhole because the anterior leaflet is not in the physiologic open 
position. The most useful descriptor of the severity of mitral valve obstruction is the 
degree of valve opening in diastole or the mitral valve orifice area. In normal adults, 
the cross-sectional area of the mitral valve orifice (MVA) is 4–6  cm2. When the 
orifice is reduced to approximately 2 cm2, which is considered to represent mild 
MS, blood can flow from the left atrium to the left ventricle only if propelled by a 
small, although abnormal, pressure gradient. When the mitral valve opening is 
reduced to 1 cm2, which is considered to represent severe MS, a left atrio- ventricular 
(AV) pressure gradient of approximately 20 mm Hg (and therefore, with normal LV 
diastolic pressure, a mean LA pressure >25 mm Hg) is required to maintain normal 
cardiac output at rest [1] (Table 68.1).

In the early stage of the disease, the most common symptoms of these patients 
are exertional dyspnea, orthopnea, pulmonary edema, hemoptysis, palpitation (AF), 

Table 68.1 MS severity

Stage Definition Valve anatomy
Valve 
hemodynamics

Hemodynamic 
consequences Symptom

A At rifle for MS Mild valve doming 
during diastole

Normal transmittal 
flow velocity

None None

B Progressive 
MS

Rheumatic valve 
changes with 
commissural fusion 
and diastolic 
doming of mitral 
valve leaflets
Planimetered MVA 
> 1.5 cm2

Increased 
transmitral flow 
velocities MVA 
>1.5 cm2

Diastolic pressure 
half-time <150 ms

Mild to 
moderate LA 
enlargement
Normal 
pulmonary 
pressure at rest

None

C Asymptomatic 
severe MS

Rheumatic valve 
changes with 
commissural fusion 
and diastolic 
doming of mitral 
valve leaflets 
Planimetered MVA 
≤1.5 cm2

(MVA ≤1 cm1 with 
very severe MS)

MVA ≤1.5 cm2

(MVA ≤1 cm2 
with very severe 
MS) Diastolic 
pressure half-time 
≥150 ms
(Diastolic pressure 
half-time ≥220 ms 
with very severe 
MS)

Severe LA 
enlargement
Elevated RASP 
>30 mm Hg

None

D Symptomatic 
severe MS

Rheumatic valve 
changes with 
commissural fusion 
and diastolic 
doming of mitral 
valve leaflets
Planimetered MVA 
≤1.5 cm2

MVA ≤1.5 cm2

(MVA ≤1 cm2 
with very severe 
MS)
Diastolic pressure 
half-time ≥150 ms
(Diastolic pressure 
half-time ≥225 ms 
with very severe 
MS)

Severe LA 
enlargement
Elevated PASP 
>30 mm Hg

Decreased 
exercise 
tolerance
Exertional 
dyspnea
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and even systemic embolic events especially cerebral vessel emboli (may be as a 
first presenting symptom). With long-standing severe MS and elevated LA pressure, 
pulmonary hypertension (reactive or obliterative changes) will happen which con-
sequently leads to RV failure and severe TR, in this stage, patients usually present 
with fatigue, peripheral edema, and low cardiac output states.

 Diagnostic Work-Up

In physical exam, in the early stage of disease (pliable valve), S1 is audible but in 
severe and advanced cases with sinus rhythm when the leaflets are rigid and highly 
calcified, S1 sound and opening snap disappeared and the diastolic, rumbling mur-
mur is audible in apex and persists until end diastole with presystolic accentuation. 
Systolic murmur of TR, diastolic murmur of PI and P2 accentuation may also be 
audible with RV heave in advanced cases. In ECG, AF rhythm, LA enlargement 
(90%) in sinus ones, and finally RA enlargement and RVH in PH patients are seen. 
TTE is the first diagnostic modality for evaluation of LV and RV size and functions, 
MS severity, Wilkins score (Table 68.2), other valvular disease, and PAP estimation. 
TEE is obligatory before PTMC for rule out LA-LAA clot, evaluation of MR sever-
ity, symmetric or asymmetric commissural fusion and the degree of leaflets and 
subvalvular apparatus calcification.

Table 68.2 Wilkins score

Grade Mobility Thickening Calcification Subvalvular thickening

1 Highly mobile 
valve with only 
one leaflet tips 
restricted

Leaflets near normal 
In thickness 
(4–5 mm)

A single area of 
increased echo 
brightness

Minimal thickening just 
below the mitral leaflets

2 Leaflet mid and 
base portions have 
normal mobility

Midleaflets normal 
considerable 
thickening of 
margins (5–8 mm)

Scattered areas of 
brightness 
confined to leaflet 
margins

Thickening of chordal 
structures extending to 
one-third of the chordal 
length

3 Valve continues to 
move forward in 
diastole, mainly 
from the base

Thickening 
extending through 
the entire leaflet 
(5–8 mm)

Brightness 
extending into the 
mid-portions of the 
leaflets

Thickening extended to 
distal third of the chords

4 No or minimal 
forward 
movement of the 
leaflets in diastole

Considerable 
thickening of all 
leaflet tissue 
(>8–10 mm)

Extensive 
brightness 
throughout much 
of the leaflet tissue

Extensive thickening 
and shortening of all 
chordal structures 
extending down to the 
papillary muscles

The total score is the sum of the four Items and ranges between 4 and 16
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 Management (Fig. 68.1)

 Treatments

Diuretics, B-blockers, Calcium channel blockers (CCBs), and anticoagulants are 
the basic medical treatments of MS patients. According to the functional class, MS 
severity, PAP, and other echocardiographic findings, the final decision for the 
PTMC, surgical MV repair, or MVR (according to the above figure) is taken.

 PTMC Procedure

The TEE should be done at least 48 h before the procedure to rule out any contrain-
dications of PTMC (LA clot, moderate to severe MR, severe bi-commissural calci-
fications, absence commissural fusion, or any mass on IAS) and confirmed the 
suitability of the patient for PTMC. The INR should be less than 1.5 during the 
procedure.

Under local anesthesia, after the right femoral artery and vein sheaths (6F) inser-
tion, LV injection in RAO was done to evaluate the mitral valve, subvalvular appa-
ratus, and MR severity (Fig. 68.2a). The essential part of the procedure is septostomy. 
In the Angiographic method, in AP projection, one pigtail catheter is inserted in 
ascending aorta on the right coronary cusp and with another pigtail catheter, RA 
angiography with delayed phase is done to mark the lateral and inferior borders of 

Rheumatic MS

Very severe MS
MVA ≤1 cm2

T ½ ≥220 msec

Severe MS
MVA ≤1.5 cm2

T ½ ≥150 msec

Progressive MS
MVA >1.5 cm2

T ½ <150 msec

Class I

Class IIa

Class IIb

Asymptomatic
(stage C)

Symptomatic
(stage D)

Asymptomatic
(stage C)

Symptomatic with
no other cause

PCWP >25 mm Hg
with exercise

Yes No

Yes
Yes

Yes

YesYes

No

NoNo

No

No

Favorable valve
morphology
No LA clot

No or mild MR

Favorable valve
morphology
No LA clot

No or mild MR

New-onset AF

NYHA class III-IV
symptoms with

high surgical risk

Favorable valve
morphology
No LA clot

No or mild MR

Periodic
monitoring

PBMC
(IIa)

PBMC
(I)

MVR
(I)

PBMC
(IIb)

Periodic
monitoring

Periodic
monitoring

PBMC
(IIb)

Fig. 68.1 Management of patients with mitral stenosis-AHA/ACC 2014
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LA (Fig. 68.2b). The upper end of the tricuspid valve at systole (point T, marked as 
asterisk) is determined on a stop-frame frontal right atrial angiographic image (a) 
and translated to a stop-frame left atrial image (b). On the latter image, an imaginary 
horizontal line is drawn from point T to point L, where the line intersects the lateral 
border of the atrium encountered first (usually the left atrium). Point L is assumed 
to be the posterior limit of the septum. The dotted vertical line crossing at the mid-
point between T and L is the “midline.” In Fluoroscopic method (c), a horizontal 
line is drawn from the tip of the pigtail catheter (point A) to L, the left atrial silhou-
ette (black arrows), to define the “midline.” The dotted line indicates the right atrial 
silhouette [2] (Fig. 68.3).

The puncture site depends on the LA size, usually two-third above the lower 
border of LA (The best site is fossa ovalis) on the vertical line is chosen. The 
Mullins catheter is inserted via the right femoral vein over a 0.032 inch j tip guide-
wire into the SVC. The catheter is aspirated and flushed after the removal of the 
wire. Then, the Brockenbrough needle, which attached to the pressure connector, 
is inserted into the catheter and carefully advanced under fluoroscopic guidance 
until its tip reaches the predetermined position. The needle is allowed to rotate 
freely during its passage. The right hand stopper finger is now firmly kept between 
the catheter hub and the direction indicator of the needle to prevent the needle 
from moving forward. In AP view, the needle-fitted catheter with its direction 
indicator pointing at about 4 o’clock is slowly withdrawn downward (caudally) 
from the SVC. A clockwise rotation is applied to the direction indicator to align 
the catheter/needle on the “midline.” The catheter/needle tip is further withdrawn 
until its tip reaches the target point (septal bounce is sense). Subsequently, the 
catheter-needle position is viewed in 30° RAO projection, to confirm optimal sep-
tal puncture site as well as to avoid puncture of the other structures. The catheter-
needle tip is now seen usually just anterior to the vertebra, and inferior to ascending 
aorta. When the operator is satisfied with the intended puncture site, the catheter/

a b

Fig. 68.2 (a, b) LV injection in RAO projection showed severe dome shape of the anterior mitral 
leaflet with no MR. In the Angiographic method, the LA border in levophase and the pigtail cath-
eter in right coronary cusp as a marker of the lowest part of aorta and septal leaflet of the tricuspid 
valve. As previously described the catch point is localized
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needle is pressed firmly against the septum. While keeping the catheter firmly 
against the septum to prevent it from slipping away from the puncture site, the 
operator releases the stopper finger and advances the needle forward. The needle 
is aspirated and the pressure curve is observed and contrast injected to confirm its 
entry into the LA (Fig. 68.4). After that, the Mullins catheter is advanced to mid 
LA and the needle removed. Spiral wire (0.025 inch-coiled tip) is advanced 
through the catheter to LA and after septal dilatation with a dedicated tapered 
dilator (14F), IV Heparin is completed.

The Inoue Balloon Catheter is manufactured of polyvinyl chloride with a bal-
loon attached to the distal end. The balloon is two latex layers between which is 
polyester micromesh. The catheter is supplied in a 12F diameter with a length of 
70 cm; the length of each balloon is 2.5 cm (unstretched). The balloon has three 

a b

c

Fig. 68.3 The upper end of the tricuspid valve at systole (point T, marked as asterisk) is deter-
mined on a stop-frame frontal right atrial angiographic image (a) and translated to a stop-frame left 
atrial image (b). On the latter image, an imaginary horizontal line is drawn from point T to point 
L, where the line intersects the lateral border of the atrium encountered first (usually the left 
atrium). Point L is assumed to be the posterior limit of the septum. The dotted vertical line crossing 
at the midpoint between T and L is the “midline.” In Fluoroscopic method (c), a horizontal line is 
drawn from the tip of the pigtail catheter (point A) to L, the left atrial silhouette (black arrows), to 
define the “midline.” The dotted line indicates the right atrial silhouette
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distinct parts, enabling them to be inflated sequentially with stable positioning 
across the valve. There are four sizes of these balloons (24, 26, 28, and 30). Its 
diameter can be varied by up to 4 mm as required by circumstances (Table 68.3). 
Two proximally positioned stopcocks accomplish balloon inflation and catheter 
venting.

After pretesting for balloon-syringe matching and carefully de-airing the cath-
eter, the stretching tube is advanced to the inner tube and fixed to the golden tube 
and both together advanced forward and tighten to slenderized the balloon (for this 
patient Inoue balloon 28 was chosen). The balloon gently was advanced through 
the subcutaneous tissue and crossed the septum with some clockwise rotation and 
forward pushing in AP view. At 12’o clock, simultaneously pulled back the stretch-
ing tube and pushed forward the balloon and at 3’o clock, pulled back the golden 
tube and the wire, while pushing the balloon forward, then the distal part of the 
balloon inflated. In RAO, with the stylet inserted to the catheter tip, the partially 
inflated distal balloon was directed toward the anteriorly located mitral orifice by 
applying a counterclockwise twist (usually 180°) to the stylet with the right hand. 
The catheter was then withdrawn slowly, using the left hand, until a horizontal 
bobbing motion of the balloon was noted, indicating close proximity of the 

Fig. 68.4 Diluted contrast 
injection, confirmed the 
correct position of 
Brockenbrough needle

Table 68.3 Selection of Inoue Balloon Catheter

Reference size (RS) (mm)

Height (cm) (rounded to nearest 0) × 1/10 + 10, e.g. height = 147 cm
RS = 150 × 1/10 + 10 = 25 mm
Catheter selection

Valvular status Balloon catheter
Pliable RS matched (e.g. PTMC-26 for RS = 25 mm)
Calcified/SL One-size < RS matched (e.g. PTMC-24 for 

RS = 25 mm)
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balloon to the mitral valve. Mitral valve crossing was then attempted by a combi-
nation of gently pulling the stylet with counterclockwise rotation while gently 
pushing the balloon catheter. After crossing the MV and good alignment of the 
balloon with MV-apex axis, the distal part of balloon was inflated (the syringe was 
filled with diluted contrast- 26 mm) then by retracting the balloon catheter to the 
mitral orifice, the proximal and finally the central part inflated respectively with 
the disappearance of the central waist symmetrically at full inflation (total inflation 
and deflation time should be less than 6–8 s—Fig. 68.5a). If the residual waist is 
not satisfaction, stepwise dilation technique (according to the baseline Wilkins 
score, commissural and valvular calcification, subvalvular involvement and final 
MVA and MR by TTE-Fig. 68.6), the balloon size is increased up to the maximum 
size in 1  mm increments and inflated as the same way. Finally, the stylet was 
removed and after LVEDP measurement, the catheter was withdrawn into the LA 
and inflated the distal part to keep it in LA. After LV injection in RAO and evalu-
ation of the final MR and any new wall motion abnormality (Fig. 68.5b), the bal-
loon deflated and removed it just in a reverse manner (reintroduced the spiral wire 
and stretching tube to the inner catheter and fixed it to the golden tube in order to 
fully slenderized the balloon before withdrawal, then pulled back the catheter and 
the wire while only the soft part of the wire is left external in order to avoid a cut-
ting effect which may occur if the stiff part of the wire is out of the tip of the 
balloon).

After 24–48 h, TTE is done for evaluation of MVA (by planimetry), commissural 
opening, MR severity, and mechanisms (commissural MR, leaflets tearing, or 
chordal rupture), residual ASD and any pericardial effusion.

a b

Fig. 68.5 (a, b) After septostomy and septal dilatation, the next step is crossing the Inoue balloon 
through the septum and with the guidance of stylet, pass the MV and enter the LV apex (good 
alignment of MV-Apex axis). Based on the size of the balloon and PTMC score and the degree of 
MR after each inflation, the procedure is completed. Finally, LV angiography is done for assess-
ment the MR severity and any new wall motion abnormality
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 Successful Procedure

 1. Final valve area larger than 1.5 cm2 and an increase in valve area of at least 25%.
 2. Final valve area larger than 1.5 cm2 without MR greater than 2/4.

 Failure Rate and Complications

The procedure is completely operator dependent, it ranges between 1 and 17% [3]. 
The most common causes are a failure in transseptal puncture and balloon crossing. 
The most complications are Tamponade (0.5–12%), severe MR (2–19%), embolism 
(coronary or cerebral), left-to-right shunt, and vascular site complications.

Commissure split

Bilateral
split

Uni-lateral
split

Non-split

Increase in mitral regurgitatior

non / minimal mild moderate /
severe

2 mm
larger

*1 mm
larger

*1 mm
larger

Stop

Stop
2 mm
larger

*1 mm
larger

*1 mm
larger

Stop

Use catheter
one size smaller

and inflate to
maximal diameter

Stop

+ +

+

+

++

++

Fig. 68.6 Stepwise dilation technique
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 Conclusion

After more than 20 years, PTMC is now a mature technique as attested to by its use 
worldwide, based on a large number of series evaluating long-term results in a vari-
ety of patient subsets, PTMC has virtually replaced surgical commissurotomy. 
PTMC and surgery now appear as complementary techniques, which should be 
used appropriately in the different states and presentations of MS [4].
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Chapter 69
Transcatheter Coarctoplasty

Ata Firouzi and Zahra Hosseini

Abstract Isolated aortic coarctation is a kind of localized aortic stenosis (usually 
post-ductal), which usually being missed in adulthood and actually is detecting inci-
dentally. In every new hypertensive cases, at least in first visit, both upper limbs 
pressure and Radial-Femoral pulses should be checked. If not treated, these patients 
usually don’t survive more than 50 years. In the past, the gold standard of treatment 
was surgical repair but in the last 2 decades, balloon angioplasty and finally stenting 
have perceived their roles and long term outcome trials showed, the safety and 
effectiveness of trans-catheter coarctoplasty in adulthood.

 History

The patient was a 30 years old man, a case of hypertension, who was referred with 
exertional dyspnea since one year ago. In TTE, he was diagnosed to have Bicuspid 
Aortic Valve (BAV), severe AI, and localized coarctation. He scheduled for percuta-
neous coarctoplasty and Bentall surgery.

Coarctation of Aorta (CoA) is a congenital abnormality of the heart producing 
obstruction to blood flow through the aorta; it consists of a constricted aortic seg-
ment comprising localized medial thickening with some infolding of the media 
and superimposed neo-intimal tissue. It may be a shelf-like structure in the pos-
terolateral aortic wall or a membranous curtain-like structure with an eccentric or 
a central opening. Most commonly it is located at the junction of the ductus arte-
riosus with the aortic arch, just distal to the left subclavian artery. CoA accounts 
for 5–8% of children born with congenital heart disease, which is often associated 
with other congenital cardiac anomalies like: VSD, PDA, hypoplastic aortic arch, 
Shone complex, and BAV. BAV is commonly associated with CoA and is present 
in more than half of CoA patients which can lead to AI, AS, or aortic dilatation 
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and dissection. Intracranial aneurysms may also occur (2–10%). Adequate and 
timely diagnosis of CoA is crucial for a good prognosis, as early treatment is 
associated with lower risks of long-term morbidity and mortality. The natural his-
tory of the condition is dismal, with death ensuring on average in the fourth decade 
of life and three-quarters of patients dying before their fiftieth birthday. The most 
common cause of death is CHF, dissection, and rupture of the aorta, endocarditis, 
premature coronary artery disease, and ICH. In adults, the most common presen-
tation is systemic hypertension, accounts for 0.2% of all hypertension cases in 
adults [1].

 Diagnostic Work-Up

In all new cases of hypertension, coarctation should be rule out by checking the 
upper and lower limb pulses and pressures. Radial-Femoral pulse delay is evi-
dent unless significant AI coexists, as well as a differential systolic blood pres-
sure of at least 10 mm Hg between brachial and popliteal artery pressure is also 
suggestive. An inter-scapular systolic murmur may also reveal in auscultation. 
In ECG, various degree of LVH is seen. In CXR, 3 configuration and rib notch-
ing are diagnostic. TTE is an ideal modality for the detection of the stenotic 
segment, gradients, high-velocity jet with diastolic tail, and slow upstroke 
velocity flow in the abdominal aorta. CMR is the gold standard tool for detect-
ing the type of the arch, coarctation types, collateral vessels, and the size of the 
aorta in arch and at the level of the diaphragm and any other vascular or cardiac 
anomalies.

 Indications for Coarctoplasty

Significant native or recurrent aortic coarctation has been defined as follows: upper 
extremity/lower extremity resting peak-to-peak gradient >20  mm Hg or mean 
Doppler systolic gradient >20 mm Hg; upper extremity/lower extremity gradient 
>10 mm Hg or mean Doppler gradient >10 mm Hg plus either decreased LV sys-
tolic function or AR; upper extremity/lower extremity gradient >10  mm Hg or 
mean Doppler gradient >10 mm Hg with the collateral flow. This should be coupled 
with anatomic evidence for CoA, typically defined by advanced imaging (CMR, 
CTA) [2].
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Recommendations for Coarctation of the Aorta

Coarctation of the Aorta

COR LOE Recommendations

Diagnostic

I

I

I

I

IIa

IIb

IIb

IIb

Therapeutic

B-NR

B-NR

B-NR

B-NR

C-EO

C-EO

C-LD

C-LD

Initial and follow-up aortic imaging using CMR or CTA is recommended in
adults with coarctation of the aorta, including those who have had surgical or
catheter intervention.

Resting blood pressure should be measured in upper and lower extremities in
all adults with coarctation of the aorta.

Ambulatory blood pressure monitoring in adults with coarctation of the aorta
can be useful for diagnosis and management of hypertension.

Screening for intracranial aneurysms by magnetic resonance angiography or
CTA may be reasonable in adults with coarctation of the aorta.

Exercise testing to evaluate for exercise-induced hypertension may be
reasonable in adults with coarctation of the aorta who exercise.

Surgical repair or catheter-based stenting is recommended for adults with
hypertension and significant native or recurrent coarctation of the aorta.

GDMT is recommended for treatment of hypertension in patients with
coarctation of the aorta.

Balloon angioplasty for adults with native and recurrent coarctation of the
aorta may be considered if stent placement is not feasible and surgical
intervention is not an option.  

 Treatment

 Surgery

The standard treatment in infants and children is surgical repair. Surgical repair 
progressed steadily with the development of several techniques (End to End anasto-
mosis, patch aortoplasty (which has the highest risk of aneurysm formation), sub-
clavian flap angioplasty and tubular bypass graft). The risk of recoarctation is about 
10%, also there is rare reports of pseudoaneurysm at the site of surgical repair [3].

 Balloon Angioplasty

The selected balloon angioplasty catheter is positioned across the aortic coarctation 
and the balloon is inflated with diluted contrast material to approximately three to 
five atmospheres of pressure or higher, depending upon the manufacture’s recom-
mendations. The balloon is inflated for a duration of about 5 s. A total of two to four 
balloon inflations are performed 5 min apart. Then repeat aortography and measure-
ment of pressure gradients across the CoA are performed. Recording of heart rate, 
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systemic pressure, and cardiac index prior to and fifteen minutes after balloon dila-
tation is made to assure that change in pressure gradient is not related to changes in 
patient status, but is, indeed related to balloon dilation. The size of the balloon 
chosen for angioplasty is two or more times the size of the coarcted segment, but no 
larger than the size of the descending aorta at the level of the diaphragm, as mea-
sured from a frozen frame of cineangiogram. Usually, a balloon that is midway 
between the size of the aortic isthmus (or transverse aortic arch) and the size of the 
descending aorta at the level of the diaphragm is chosen [4]. Aortic dissection, reste-
nosis (15–25%) and aneurysm formation (10–15%) at the site of coarctation all 
have been documented.

 Stenting

Primary stenting is the treatment of choice in native coarctation in older children 
and adults. It is superior to balloon angioplasty due to no elastic recoil and less 
aneurysm formation (By providing a scaffold for the weakened aortic wall, many 
believe that stent placement would decrease the likelihood of aneurysm formation). 
Nowadays, many balloon-expandable and self-expandable stents are available, 
which in multiple recent trials, there were no differences in midterm and long-term 
Major Adverse Cardiovascular Events (MACE) of patients based on the type of 
stent [5].

 Procedural Technique

Under local anesthesia, after insertion of right femoral artery and vein sheaths (6F) 
(with fluoroscopic landmarks or ultrasonography guidance) and completed IV 
Heparin, (BP of the lower limb: 100/60). Femoral artery angiogram was done to 
evaluate the size of the Femoral and Iliac arteries and their capacity to pass large 
sheaths (Fig. 69.1). First, in AP and lateral projections descending aorta at the site 
of coarctation was injected with Pigtail catheter to characterize the residual seg-
ment, length, the distance to the left subclavian artery and the size of the aorta 
before and after the coarctation (Fig. 69.2). After crossing the stenotic segment with 
0.035 inch wire and passing the Multipurpose catheter (BP of upper limb: 160/90, 
60 mm Hg gradient), the wire exchanged with Amplatzer extra-stiff wire and posi-
tioned its tip in the ascending aorta. According to the size of the aortic arch (20 mm) 
and distal aortic size (24 mm), self-expandable stent 22*40 was chosen. After pass-
ing the delivery sheath (Cook 12) over the wire to the aortic arch, the delivery stent 
was passed through that to reach the tip of the sheath. In LAO view and angiography 
through the sheath, the correct position of the coarctation was confirmed. For opti-
mal stent positioning, we covered the proximal stent with the delivery sheath and 
slowly expanded the distal stent to its full size, then by pulling the sheath off of the 
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stent catheter, the remainder of the stent deployed across the coarctation segment 
(Fig. 69.3a, b). Following stent deployment, Pigtail catheter was passed to obtain 
simultaneous pressure measurements across the stent. Multiple angiograms was 
performed after stent deployment to rule out any complications (Fig.  69.4). 
Coarctoplasty is considered successful if the final gradient is less than 10 mm Hg 
and improvement in vessel caliber >80% of the normal adjacent aortic arch is 
achieved.

Fig. 69.1 Right CFA and 
CIA have an 
acceptable size

Fig. 69.2 Aortic arch 
injection showed 
significant narrowing after 
LSCA (50 mm Hg 
gradient) with post-stenotic 
dilatation
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 Complications

During the procedure, major complications occur in approximately 15% of cases: 
Intimal tearing, dissection, perforation, stent migration, CVA, and the most impor-
tant one, vascular complications. Late complications like: aneurysm and pseudoan-
eurysm formation, recoarct, and stent fracture are rare.

Fig. 69.4 Final aortic 
angiography showed, nice 
expansion of the device 
with residual gradient of 
5 mm Hg without 
complications

a b

Fig. 69.3 (a, b) According to the size of the aortic arch (20 mm) and distal aortic size (24 mm), 
self- expandable stent 22*40 was chosen. The delivery stent was passed through the sheath to reach 
the tip of the sheath. In LAO projection and angiography through the sheath, the correct position of 
the coarctation was confirmed. For optimal stent positioning, we covered the proximal stent with the 
delivery sheath and slowly expanded the distal stent to its full size (a), then by pulling the sheath of 
the stent catheter back, the remainder of the stent deployed across, the coarctation segment (b)
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 Conclusion

It is well established that stenting results in a marked improvement in aortic caliber. 
A successful procedure outcome is achieved in 98% of cases irrespective of whether 
it is native, recurrent, or its location. In one-third of patients, hypertension is ongo-
ing, so lifetime follow-up of patients with coarctoplasty is mandatory for the evalu-
ation of late complications and monitoring of blood pressure.
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Chapter 70
Transcatheter Isolated Interrupted Aortic 
Arch Intervention

Ata Firouzi and Zahra Hosseini

Abstract Interrupted Aortic Arch (IAA), is a complex congenital heart disease 
which usually is associated with other anomalies. Actually it is luminal disruption 
between ascending and descending aorta. According to their types, the approach is 
different. Nowadays, with advances in interventional equipments and techniques, 
trans-catheter reconstruction of IAA with either antegrade or retrograde approach is 
growing up. Although, Surgical repair was the first option for those with associated 
other anomalies, but it seems that percutaneous reconstruction of IAA before surgi-
cal repair of other defects, help to the surgeon approach.

 History

The patient was a 32 years old man, who was referred for more evaluation of refrac-
tory hypertension. In TTE and CMR Interrupted aortic arch was detected.

A rare type of congenital heart disease is an interrupted aortic arch (IAA), which 
affects approximately 1.5% of congenital heart disease patients. Interrupted aortic 
arch is an anomaly that can be considered the most severe form of aortic coarcta-
tion. In an IAA, there is an anatomical and luminal disruption between the ascend-
ing and descending aorta. IAA is a ductus dependent lesion since this is the only 
way the blood flow can travel to places distal to the disruption. There is posterior 
malalignment of the conal septum additional to the interrupted aortic arch, produc-
ing a ventricular septal defect as an associated lesion (80–90%). Due to this 
malalignment, there could be left ventricular outflow tract obstruction. Besides a 
ventricular septal defect, IAA can be associated with other more complicated car-
diac anomalies; for example, transposition of the great arteries, truncus arteriosus, 
aortopulmonary window, single ventricle, aortic valve atresia, right-sided ductus, 
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and double-outlet right ventricle. In the few cases reported in adults, the presenta-
tion varies from asymptomatic status to differential blood pressure recordings in the 
extremities and systemic arterial hypertension with its attendant complications. 
Survival into adulthood is dependent upon the development of substantial collateral 
circulation. These collateral vessels are subject to atrophy, atherosclerosis, and even 
spontaneous rupture, resulting in secondary complications [1].

According to the Celoria and Patton classification, interrupted aortic arch can be 
grouped into three types, depending on the site of the disruption [2]:

• Type A: The disruption is located distal to the left subclavian artery; this is the 
second most common disruption represents approximately 13% of the cases.

• Type B: The disruption is located between the left carotid artery and the left 
subclavian artery; this is the most common anomaly, representing approximately 
84% of the cases.

• Type C: The disruption is located between the innominate artery and the left 
carotid artery; this is a rare type that represents approximately 3% of all cases.

 Diagnostic Work-Up

In physical exam of isolated IAA patients, according to the type of interruption, dif-
ferent in pulses and pressures between left and right upper limbs or upper and lower 
limbs or even absent pulses is notable. Systemic HTN is usually present and some-
times systolic ejection murmur between inter-scapular areas is audible. Claudication 
and headache may also be the complaint of these patients. In ECG, evidence of LVH 
is frequently seen. TTE is the first modality for evaluation of LV and RV functions, 
Aortic valve evaluation (BAV, AS, AI), LVOTO, VSD, PDA, and any other con-
comitant anomalies also for detection of the stenotic segment of aorta (IAA type), 
gradients and collateral vessels (present of multiple collaterals in the absence of 
gradient in stenotic segment is infavor of the interrupted aorta). CMR is the gold 
standard tool for detecting the type of the arch, IAA types, collaterals, and the size 
of the aorta in arch and at the level of the diaphragm and any vascular (origin of 
subclavian arteries and their distance to IAA) and other cardiac anomalies. Cardiac 
CT Angiography is also another modality with good resolution in detecting the IAA 
and collateral vessels.

 Management

The standard treatment of IAA is surgical repair especially in those with other 
anomalies. The objective of the surgery is to form unobstructed continuity between 
the ascending and descending aorta and to repair associated defects with the most 
common atrial and/or ventricular septum defect. The repair is done using either 
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native arterial tissue, a homograph, or an autograph vascular patch. Advances in 
percutaneous interventions for congenital heart disease have included the percuta-
neous repair of coarctation of the aorta—from straightforward luminal narrowing 
through to full aortic interruption [3].

 Transcatheter IAA (Type A) Reconstruction Technique [4]

Under local anesthesia, after insertion of right femoral artery and vein sheaths (6F) 
(with fluoroscopy guidance or ultrasonography) and completed IV Heparin, (BP of 
the lower limb: 90/60). Femoral artery angiogram was done to evaluate the size of 
the Femoral and Iliac arteries and their capacity to pass large sheaths (Fig. 70.1). 
According to the previous imaging data and the distance of the left subclavian artery 
to the interrupted segment (if less than 15 mm, left radial artery access is chosen and 
if it is more than 15 mm, right radial artery sheath is inserted). In this case left radial 
artery was chosen. (BP of the upper limb: 180/60). First, in AP and lateral projec-
tions, simultaneous descending aorta and aortic arch angiography was performed by 
Pigtail catheters to characterized the orientation and angulation of the ends and any 
visible nipple, residual luminal diameter, any micro-channels, length, collateral ves-
sels and the size of the aorta before and after the interruption (Fig. 70.2a, b). The 
first operator was trying to pass the defect with 0.014 inch Conquest pro coronary 
guide-wire with end hole catheter from the femoral artery and the second operator 
was also tried to pass the Gaia second coronary guide-wire from the radial access 
(Fig. 70.3a). Under closed monitoring of patient’s vital sign and sedation, after mul-
tiple trial and error, finally, in RAO-Caudal projection, the conquest guide-wire was 
passed retrogradely through the interruption with it tips in the left carotid artery 
(after confirming of being the wire in the true lumen by upper angiography 
Fig.  70.3a, b), the interrupted segment was dilated by coronary Tazuna balloon 
(2.5*15) and Multipurpose catheter was crossed through the defect. The wire was 
exchanged with Amplatzer Superstiff guide-wire with its tip in ascending aorta. 

Fig. 70.1 Right CFA and 
CIA size
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According to the size of the aortic arch and descending aortic size, balloon- 
expandable stent (Covered CP8Z45 stent—premounted sheathed Covered Cheatham 
Platinum stent) and BiB 20*50 was chosen. After the passage of delivery sheath 
(Cook 14F) to the aortic arch, the delivery stent was passed gently through the 
sheath to reach the tip. Under fluoroscopy guidance and angiography from radial 
access in LAO and defining the correct position of the stent, the sheath was pulled 
back and the stent was deployed by inflating the inner and outer balloons (Fig. 70.4a). 
Finally, the delivery sheath was crossed again through the stent slowly to pull back 
the balloon to the sheath while keeping the wire in place. Following stent deploy-
ment, a Pigtail catheter was passed to obtain simultaneous pressure measurements 
across the stent. Multiple angiograms were performed after stent deployment to 
confirm the correct position and no dissection or perforation (Fig. 70.4b).

a b

Fig. 70.2 (a, b) Descending aortic angiography showed a totally interrupted aorta with well- 
developed collateral vessels. Simultaneous injection of upper (left radial artery) and lower 
(descending aorta), showed the orientation of the ends

a b

Fig. 70.3 (a, b) The first operator was trying to pass the defect with 0.014 inch Conquest pro coro-
nary guide-wire with end hole catheter from the femoral artery and the second operator was trying 
to pass the Gaia second coronary guide-wire from the Radial access. After multiple trial and error, 
finally, in RAO-Caudal view, the conquest guide-wire was passed retrogradely through the inter-
ruption with its tips in the left carotid artery
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 Conclusion

Although the gold standard treatment of IAA is surgical repair with acceptable 
long-term outcome, anyway, nowadays by improving in interventional technique 
and equipment, in isolated IAA, percutaneous intervention seems to be an alterna-
tive option with less complications by expert interventionist in the structural heart 
disease, although the long-term outcomes of these patients need more future studies.
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Fig. 70.4 (a, b) According to the size of the aortic arch and descending aortic size, balloon- 
expandable stent (Covered CP8Z45 stent- premounted sheathed Covered Cheatham Platinum 
stent) and BiB 20*50 was chosen. Under fluoroscopy guidance and angiography from radial access 
in LAO and defining the correct position of the stent, the sheath was pulled back and the stent was 
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Chapter 71
Transcatheter Device Closure of Ruptured 
Sinus of Valsalva

Ata Firouzi and Zahra Hosseini

Abstract Aneurysmal sinus Valsalva (congenital or iatrogenic) is usually asymp-
tomatic but when it ruptured, this catastrophic event lead to sudden onset chest 
chain, dyspnea, syncope or even sudden death. In this situation, right coronary cusp 
is the most one which frequently ruptured to the RVOT or RA with significant left 
to right shunt and eventually biventricular failure. It is obligatory to repair the rup-
tured cusp. Recently, trans-catheter device closure seems to be safe and effective 
strategy to close this shunt with minimal side effects.

 History

A 35 years old man was referred to ER with complaints of sudden onset chest pain 
and dyspnea since 6 h ago who admitted with the impression of ACS. In TTE rup-
tured aneurysmal sinus Valsalva (NCC) was diagnosed.

Sinus of Valsalva aneurysm (SOVA) is an abnormal dilatation of the aortic root 
between the aortic annulus and ST junction. The estimated rate is about 0.09% of 
the general population. SOVA can be either congenital (connective tissue disease 
like Marfan syndrome) or acquired (bacterial endocarditis, Takayasu’s arteritis, or 
trauma), the consequence of elastic lamina weakening and medial cystic necrosis. It 
can be an isolated anomaly or be associated with other CHD like: Bicuspid AV, 
Aortic regurgitation, VSD, PDA, and Coarctation of aorta. The most affected valve 
is RCC, followed by NCC (5–15%) and finally LCC. Non-ruptured ones are usually 
asymptomatic but can lead to sinus thrombosis or coronary artery compression and 
acute coronary syndrome. Ruptured sinus Valsalva aneurysm is a fatal event. In 
majority of cases, RCC or NCC ruptured results in communication between the 
aorta and RA or RVOT (significant left-to-right shunt with RV and LV overload and 
failure) who present with sudden onset chest pain, dyspnea, orthopnea, syncope, 
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infective endocarditis, tamponade, hemodynamic instability or sudden cardiac 
death but ruptured LCC with communication to LVOT, is less clinically signifi-
cant [1].

 Diagnostic Work-Up

SOVA rupture diagnosis requires a low index of suspicion. In physical exam, a typi-
cal continues murmur with trill is sound in right and left LSB with bounding pulses 
and sometimes the murmur of AI is audible. In long-standing cases, the ECG shows 
LVH and RVH criteria. TTE is the first modality which shows LV and RV size and 
functions, aortic valve morphology and any aneurysmal or ruptured cusp with con-
tinues flow in systole and diastole into the communicated chambers, any vegetation 
and other anomalies and finally for more information, TEE is confirming tool for 
SOVA rupture and would differentiate it from a combination of VSD and AI. Cardiac 
CT is the test of choice for quantifying the size and morphology of SOVA.

 Management

The ACC-AHA 2010 guideline-recommended surgical repair for those with non- 
ruptured sinus of Valsalva greater than 5.5 cm, greater than 5 cm in those with BAV 
and greater than 4.5 cm in those with connective tissue disease. But in SOVA rupture, 
the surgical or tans-catheter repair is urgent and mandatory as patients may quickly 
deteriorate. Medical treatment is just for stabilizing the patients before invasive pro-
cedures. Surgical intervention is recommended for a ruptured SOVA and/or a SOVA 
with associated intracardiac abnormalities such as VSD or significant AI. If ruptured 
SOVAs remain untreated, the prognosis is poor with a 1-year life expectancy [2].

 Procedural Technique

The technique is similar to the TCC of perimembranous VSD, although the defect 
is located just above the aortic valve instead of below. Periprocedural TEE and color 
Doppler interrogation help us in sizing the defect, device selection (2–4 mm larger 
than the aortic end), delineating the SOVA anatomy in regards to its neighboring 
structures namely the aortic valve, tricuspid valve, and RVOT, ensuring proper seat-
ing of the aortic disk on the aortic side without slipping into the body of the aneu-
rysm, and most importantly, monitoring AR and TR occurrence and residual 
shunting on color Doppler.

After loading ASA 325 mg and Plavix 600 mg and insertion of right femoral 
artery and vein sheaths (6F) and completed IV Heparin to achieved ACT > 200 s, 
Under general anesthesia, TEE guidance and re-evaluation of the defect 
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(assessment of the maximum diameter of the aortic end of the RSOV, the minimum 
diameter and the length of the windsock, and the distance of the aortic end of the 
RSOV from the coronary ostium), aortic root and LV angiography was done for 
more evaluation (Fig. 71.1a, b). Then via retrograde approach, from the aortic side, 
after crossing the defect (Noncoronary cusp rupture to RA) via 0.035 inch, 260 cm 
long straight tipped Terumo wire and passing the JR catheter to the RA and manipu-
lated to reach the IVC, the wire was snared from Femoral vein to create an arterio-
venous loop (Fig. 71.2). After that, the delivery sheath (Occlutech 12F) was passed 
from the venous side over the wire across the RSOV. According to the defect size 

a b

Fig. 71.1 (a, b) In both images the perforation of the aneurysmal noncoronary cusp to RA is 
noticeable

Fig. 71.2 Coarse of the 
catheter: CFA → 
Abdominal aorta → Aortic 
root → perforation defect 
→ RA → IVC (arterio- 
venous loop)
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and length, Muscular VSD 8 mm (Occlutech) was chosen. After loading the device 
and connecting to the delivery cable and fully de-aired, the device was passed 
through the delivery sheath, under TEE guidance and fluoroscopy. Aortic disk was 
opened in the ascending aorta and the whole system was pulled back till it anchored 
at the aortic end of the RSOV and it was ensured that aortic valve leaflets were free 
as seen on TEE, then proximal disk was deployed by retracting the sheath 
(Fig. 71.3a). After confirming the correct position of the device by aortic root injec-
tion (Fig. 71.3b) and TEE (no interference with AV or occlusion of coronary ostia 
and the residual shunt), the device was released. Final angiography showed mild 
residual shunt, stable device position, and no AI (Fig. 71.4a, b).

a b

Fig. 71.3 (a, b) According to the defect size and length, Muscular VSD 8 mm (Occlutech) was 
chosen. Aortic disk was opened in the ascending aorta and the whole system was pulled back till it 
anchored at the aortic end of the RSOV and it was ensured that aortic valve leaflets were free as 
seen on TEE, then the proximal disk was deployed by retracting the sheath. After confirming the 
correct position of the device by aortic root injection and TEE (no interference with AV or occlu-
sion of coronary ostia and the residual shunt), the device was released

a b

Fig. 71.4 (a, b) Selective aortic angiography in LAO and RAO projections showed, appropriate 
position of the device with minimal residual shunt
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 Conclusion

Since the first report of device closure of RSOVA in 1994, it is increasingly being 
reported as either case reports or case series and is gradually replacing surgical cor-
rection with cardiopulmonary bypass, conventionally the mainstay of treatment. 
Transcatheter closure (TCC) had been performed using Amplatzer duct occluder 
(ADO), ventricular septal defect (VSD) occluder, atrial septal defect (ASD) 
occluder, Gianturco coils, and Rashkind umbrella. To conclude, transcatheter clo-
sure of RSOV is an effective and safe treatment modality for isolated RSOV.  In 
patients where on-pump surgery is a high risk, due to poor general condition and 
comorbidities, transcatheter device closure can be lifesaving. An extended follow-
 up is required to assess the long-term outcome of these patients [3].
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Chapter 72
Pulmonary Hypertension (PH) 
and the Role of Transcatheter Atrial Flow 
Regulator (AFR) Device Implantation

Ata Firouzi and Zahra Hosseini

Abstract Pulmonary hypertension diagnosis is confirmed with RHC.  Advanced 
cases of PH (mostly, group 1 and 4) who despite of optimized therapy (combination 
therapy), are being symptomatic (dyspnea functional class III/IV, recurrent syncope 
and clinical sign of RV failure), and eventually are candidate for lung transplant. In 
selected cases as bridge therapy, any strategy which can decrease the RV pressure 
and increase cardiac output, might improve RV function and patients symptoms. 
Atrial septostomy (which create a right to left shunt for increasing the cardiac out-
put despite of desaturated the patients) has demonstrated to be effective in rare 
cases. But this procedure is very high risk and has the chance of reocclusion in short 
time. Recently in some pilot studies, the Occlutech AFR device which is a modified 
Figulla Flex II ASD Occluder that has been designed for using clinical conditions 
where creating the permanent inter-atrial communication which would lead to 
decompression of the right heart side. Further, it would increase cardiac output, 
blood pressure and organ perfusion and finally reduced the likelihood of syncope 
and acute right heart decompensation and death.

 History

The patient was a 33 years old lady, a case of advanced Idiopathic PH who was 
referred with recurrent syncope attacks despite optimal medical therapy.

Pulmonary hypertension (PH) is defined as an increase in mean pulmonary arte-
rial pressure (mPAP) of 20 mmHg or greater at rest, as assessed by right heart cath-
eterization (RHC). Pre-capillary PH is defined as mPAP of 20 mmHg or more; a 
pulmonary capillary wedge pressure (PCWP) of 15 mm Hg or less; and a pulmo-
nary vascular resistance (PVR) of more than 3 Wood units. Pre-capillary PH may 
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being in group 1 pulmonary arterial hypertension (PAH), group 3 (PH due to lung 
disease), group 4 (CTEPH), or group 5 (PH due to unclear or multifactorial mecha-
nisms) in origin. Post-capillary PH is present when the mPAP is 20 mmHg or more 
and the PCWP is 15 mm Hg or more [1]. Post-capillary PH is most common in 
group 2 patients or those with PH due to left heart disease. PH has multifactorial 
pathobiology in which an imbalance in vasoconstriction and vasodilation, thrombo-
sis, and cell proliferation and remodeling of the walls of the pulmonary arteries 
contribute to increase PVR. Pulmonary vascular remodeling involves the intima, 
media, and adventitia of small pulmonary arteries (diameter <500 μm); all cell types 
(endothelial, smooth muscle, and fibroblastic), as well as inflammatory cells and 
platelets, may play a significant role in the condition. Pulmonary vasoconstriction 
has been regarded as an early component of the PH process, and excessive vasocon-
striction has been related to abnormal function or expression of potassium channels 
and endothelial dysfunction. Endothelial dysfunction is characterized by impaired 
production of vasodilators such as a nitric oxide (NO) and prostacyclin, along with 
overexpression of vasoconstrictors such as endothelin-1. The most common initial 
symptoms of PH include exertional dyspnea or reduced exercise tolerance, chest 
pain, fatigue, and light-headedness. Manifestations of more advanced diseases 
include syncope, abdominal distention, lower extremity edema, and low cardiac 
output state attributable to right ventricular failure [2].

 Diagnostic Work-Up

In physical exam, loud P2, RV heave, systolic murmur of TR, or diastolic murmur 
of PI and elevated JVP may be found. Central cyanosis, ascites, hepatomegaly, and 
peripheral edema is seen in advanced cases. In ECG, right axis deviation, RVH, and 
strain pattern are usually notable. TTE is the first noninvasive tool for evaluation the 
degree of LV, RV, RA, and LA size and dysfunctions, D-shaped septum, evaluation 
the causes of PH (left side valvular disease, HFPEF, congenital heart disease), TR 
and PI severity, estimation of PAP, stretched PFO and finally any pericardial effu-
sion. Perfusion-ventilation lung scintigraphy is an essential tool for rule out of 
CTEPH. 6 MWT and CPET for evaluation of the functional capacity and finally, 
RHC is the gold standard modality for confirming the PH, hemodynamic assess-
ment, treatment decision and predicting the prognosis of these patients (Fig. 72.1).

 RHC

• So2: 92%
• Mixed venous saturation: 55%
• RVP: 100/20 mm Hg
• mRAP: 18 mm Hg
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• mPAP: 70 mm Hg
• PVR: 22 WU
• SVR: 24 WU
• PCWP: 12 mm Hg
• CI: 1.8 L/min/m2

 Interventional Treatment

Balloon Atrial Septostomy (BAS) Atrial septostomy creates a right-to-left inter-
atrial shunt, decreases the right-sided heart filling pressure, improves right ventricu-
lar function, and improves left-sided heart filling. Several case series have reported 
hemodynamic and clinical improvement following this procedure. Although the 
shunt created decreases systemic arterial oxygen saturation, the goal is an improve-
ment in systemic oxygen delivery based on the improved CO. However, the proce-
dural mortality rate is high, in the range of 9–22%, and it is driven by the severity of 
PAH and right-sided heart failure in patients undergoing this procedure. The recom-
mended technique is graded balloon dilation of the fossa ovalis, which can be 
achieved in stages over a period of several weeks in unstable patients. It should not 
be performed in patients with impending death and severe right ventricular failure. 
Predictors of procedure-related failure or death include a mean right atrial pressure 
higher than 20 mm Hg, a PVR index higher than 55 units/m2, or a predicted 1-year 
survival rate of less than 40%. Currently, atrial septostomy is recommended for 
patients with severe PAH and intractable right-sided heart failure despite maximal 
medical therapy. The goals of this procedure are palliation and restoration and main-
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Fig. 72.1 Treatment approach
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tenance of clinical stability until transplantation can be performed. Atrial septos-
tomy should be performed only by experienced operators in centers with the 
resources to care for such critically ill patients. Expert-based consensus guidelines 
define the following as contraindications to atrial septostomy: mean right atrial 
pressure higher than 20 mm Hg, resting arterial oxygen saturation lower than 90% 
on room air, or LVEDP higher than 18 mm Hg [3]. The disadvantage of BAS is that 
the artificial shunt may be too large by inadvertent tear of the BAS, thus causing 
dangerous desaturation and potential death. Also, it may occlude within the short 
term due to the overgrowth of intimal cells.

Atrial Flow Regulator (AFR) Device Implantation An AFR device creates com-
munication and allow blood to flow across the interatrial septum when the blood 
volume under right atrial side is high and the pressure increased. This would decom-
press the right heart side and reduce the clinically important right heart congestion. 
Further, it would give the left heart side additional blood volume, thus increasing the 
left-sided stroke volume, cardiac output, blood pressure, and organ perfusion and 
finally reduced the likelihood of syncope and acute right heart decompensation 
and death.

The Occlutech AFR device is a modified Figulla Flex II ASD Occluder that has 
been designed for using clinical conditions where creating permanent interatrial 
communication [4] (Fig. 72.2).

a b

Fig. 72.2 AFR design
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 Procedural Technique

Under general anesthesia, and closed hemodynamic monitoring by heart failure 
team (Milrinone and Norepinephrine infusion), after insertion of femoral artery and 
vein sheaths (6F), under TEE guidance, septostomy was done by Brockenbrough 
needle with contrast injected to confirm of being in LA (Fig. 72.3) and spiral wire 
inserted in LA then IV Heparin completed to achieve ACT > 250 s. After septal dila-
tation by peripheral balloon 10*30 (OTW) (Fig.  72.4), the wire exchanged with 
Amplatzer Superstiff wire with its tip in LUPV, then the delivery sheath (Occlutech 
10F) was crossed through the wire to mid LA and the dilator was removed to allow 
back bleed. After loading the device (AFR 8 mm) and connecting to the delivery 
cable, the device was passed over the sheath to reach the tip of the sheath. By retract-
ing the sheath, the distal disk (DD) was deployed in LA then the whole system was 
pulled backed to the septum, after checking the orientation of the device by TEE, 
the proximal disk deployed (Fig. 72.5). Finally, after complete assessment of the 
device position and stability and the degree of right to left shunt, the device was 
released (Fig. 72.6). Final RHC showed the RAP decreased to 12 mm Hg and SO2 
was 90%. The patient referred to ICU for closed observation and hemodynamic 
monitoring.

Fig. 72.3 After 
septostomy, diluted 
contrast showed the correct 
procedure
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Fig. 72.4 Through the 
spiral wire, septal 
dilatation was performed 
with Powerflex 
(OTW) 10*30

Fig. 72.5 By retracting 
the sheath, the distal disk 
(DD) was deployed in LA 
then the whole system was 
pulled back toward the 
septum, after checking the 
orientation of the device by 
TEE, the proximal disk 
deployed
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a

b

c

Fig. 72.6 (a–c) After 
complete assessment of the 
device position and 
stability and the degree of 
right-to-left shunt, the 
device was released
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 Conclusion

Although patients with advanced PH have a very poor prognosis, but any palliative 
interventions (bridge therapy) to buy the time for them to prepare these patients for 
lung transplant, is valuable. AFR implantation seems to be a safe procedure that 
needs more studies for determining the optimal time of intervention and long-term 
outcomes of these patients [5].

References

 1. Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS guidelines for the diagnosis and treat-
ment pulmonary hypertension: The joint task force for the diagnosis and treatment of pulmo-
nary hypertension of the European Society of Cardiology (ESC) and the European Respiratory 
Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology 
(AEPC), International Society for Heart and Lung Transplantation (ISHLT). Eur Heart 
J. 2016;37:67–119.

 2. Guignabert C, Tu L, Girerd B, et  al. New molecular targets of pulmonary vascular remod-
eling in pulmonary arterial hypertension: importance of endothelial communication. Chest. 
2015;147:529–37.

 3. Braunwald Heart Disease, 11th edn.
 4. Haas N, Schulze-Neick I, et al. Prospective, non-randomized, pilot study to assess safety and 

efficacy of a novel Atrial Flow Regulator in patients with Pulmonary Hypertension. The AFR- 
PROPHET Trial. 2016.

 5. Vettukattil J, Rajeshkumar R, Dahdah N, Firouzi A, et al. Clinical impact of creating a preder-
mined atrial communication in the management of severe pulmonary hypertention using the atrial 
flow regulator device. JACC. 2018;71(11). https://doi.org/10.1016/S0735-1097(18)32489-6.

A. Firouzi and Z. Hosseini

https://doi.org/10.1016/S0735-1097(18)32489-6


453© Springer-Verlag London Ltd., part of Springer Nature 2021
M. Maleki, A. Alizadehasl (eds.), Case-Based Clinical Cardiology, 
https://doi.org/10.1007/978-1-4471-7496-7_73

Chapter 73
Transcatheter Post-MI VSR Device 
Closure

Ata Firouzi and Zahra Hosseini

Abstract Post MI VSR, is a catastrophic event with high mortality with and with-
out treatment. Based on the patient’s characteristic, LV and RV function, the loca-
tion of the defect, it’s size and the amount of shunt, the prognosis is individually 
different. Surgical repair is the first choice for treatment which there is some contro-
versy about the time of surgery. Alternative approach in those with high surgical 
risk, is trans-catheter device closure, especially in apical VSR.  The success rate 
again depends on patient’s conditions.

 History

The patient was a 50 years old lady who had presented with anterior STEMI one week ago 
and primary PCI on LAD was done for her. After 1 week, she referred with pulmonary 
edema and low cardiac output state which in TTE, post-MI apical VSR was diagnosed.

Post-MI VSR is the most catastrophic mechanical complication with high mor-
bidity and mortality. The incidence of VSR has decreased from 1 to 3% following 
ST-segment elevation MI in the pre-reperfusion era to 0.17–0.31% following pri-
mary PCI. Depending on Becker classification (I–III), its presentation can occur 
within hours or within 3–5 days or even later of the index MI.  Female gender, 
hypertension, no pervious MI, and delayed reperfusion are related risk factors. VSR 
is equally happened in both anterior and inferior MI. In anterior MI, the VSR is an 
apical segment, simple and slit like at the same level on both sides of septum with 
thinner rims while in inferior MI, the VSR is more complex, taking serpiginous 
routes through a hemorrhagic and necrotic basal inferoposterior septum [1].

Depending on the degree of left to right shunt, LV and RV volume overload and 
dysfunction and PAP, the patients may present with relatively hemodynamic stabil-
ity to pulmonary edema and frank cardiogenic shock.
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 Diagnostic Work-Up

In physical exam, a harsh, holo-systolic murmur with thrill is audible in LSB usu-
ally with S3 gallop. TTE should always be considered in patients with any murmur 
or hemodynamic instability after MI to rule out any mechanical complications 
including VSR. In RHC, a step-up of SO2 in RV and large V wave in PCWP are 
confirming.

 Management

Surgical closure is the definite treatment of these patients. After initial diuretic and 
vasodilators therapy and in selected cases, MCS (Mechanical Circulatory Support 
like IABP, Impella or pulsecath) implantation, the timing of surgery in the setting of 
VSR remains controversial and should be individualized. In hemodynamically stable 
patients with preserved end-organ function and favorable anatomy, early corrective 
surgery should be considered because sudden and unpredictable hemodynamic com-
promise is often noted. Delayed surgery in hemodynamically stable patients may be 
considered when surgical anatomy is complex and there is concern regarding tissue 
fragility and the ability to perform the definitive repair. Delay might facilitate suc-
cessful repair by allowing friable tissue to organize, strengthen, and become well-
differentiated from surrounding healthy tissue. In this scenario, close follow- up in the 
intensive care unit may be considered to enable tissue healing and promote chances 
of definitive repair. In recognition of the possible benefits of delayed repair, the 2017 
European Society of Cardiology guidelines promotes delayed elective repair in 
patients initially responding to aggressive conservative management [2] (Fig. 73.1).

VSR

Stable
Hemodynamics

Cardiogenic
Shock

Surgical
Candidate

Non Surgical
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Palliative
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Palliative CareTAH/OHTTSC
Surgical
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Management
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Repair

Early Surgical
Repair

α

β

Fig. 73.1 (α) If deemed suitable for percutaneous repair, trans-catheter septal closure (TSC) may 
be used as primary repair, bridge to surgery, in conjunction with surgery, or as salvage of residual 
defect following surgical repair. (β) Candidacy for total artificial heart and/or cardiac transplanta-
tion should be considered for any unstable patient whether as an alternative to, in addition to, or 
following failure of repair. MCS mechanical circulatory support; OHT orthotopic heart transplant; 
TAH total artificial heart
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 Transcatheter Septal Closure (TSC)

Right femoral artery and jugular vein sheaths (6F) were inserted then IV Heparin 
was completed to achieve ACT > 200 s. Under general anesthesia, after complete 
assessment of VSR by TEE and LV angiography (Fig. 73.2), the apical VSR was 
crossed from LV via JR catheter and 0.035  inch hydrophilic guide-wire. After 
crossing the defect with the wire and the catheter and position the wire in the LPA, 
to make an arterio-venous circuit, the guide-wire was snared and exteriorized via 
venous access. A kink resistant delivery sheath (Lifetech12F) was advanced care-
fully to RV, LV, and aortic arch with the Kissing catheter technique. The dilator was 
removed from the vein access and guide-wire and the end hole catheter were 
removed from the arterial line. By TEE guidance and expert echo-man, according to 
the defect size (20 mm-largest diastolic phase on LV side), Atrial septal occluder 
(ASO-Figulla II Occlutech) device 33 mm was chosen. After the device was screwed 
to the delivery cable and de-aired, it passed through the long sheath and under TEE 
and fluoroscopy guidance, the whole system as a unit was pulled back gently 
through the AV to LV, and slowly by retracting the delivery sheath, distal disk (Left 
disk) at the LV side of VSR was deployed, then the entire system was pulled back 
into the defect and the sheath was retracted to deploy the waist and finally, after 
confirming the right position of the device by TEE and LV injection, the proximal 
disk (Right disk) was deployed (Figs. 73.3a, b and 73.4a). The operator must fully 
check the position and stability of the device without any compromising the sur-
rounding structures. If the device position is correctly confirmed by the TEE and 
fluoroscopy, it can be released (Fig. 73.5). In this case, mild residual shunt at the end 
of the procedure was remained (Figs. 73.4b and 73.5).

Fig. 73.2 LV injection 
showed a large post-MI 
VSR with significant shunt
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Defects <15 mm are considered optimal for TSC, but successful closure has been 
reported with larger defects. Oversizing the disc may improve procedure success by 
accounting for defect enlargement due to tissue necrosis [3]. Challenges to TSC 
include inferior defects due to a lack of a circumferential septal rim, basal defects 
due to the proximity to the tricuspid valvular apparatus, serpiginous defects due to 
complicated morphology, and mitral soon following infarction due to tissue insta-
bility. Diligent defect characterization, device selection, and patient selection are 
perquisites to successful TSC.

a

b

Fig. 73.3 (a, b) After 
wiring the defect and 
exteriorized via venous 
access, according to the 
size of the defect, Figulla 
II Occlutech device 33 mm 
was chosen, and by 
retracting the delivery 
sheath, the DD and PD 
were deployed. Initially, 
after deployment of the 
device, the Cobra 
configuration of RV disk 
is notable
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a b

Fig. 73.4 (a, b) Under TEE guidance, after releasing the device, 5 min later the final configuration 
of the device is seen. Final LV angiography showed, well position of the device with mild resid-
ual shunt

Fig. 73.5 Final assessment by TEE of the device position, which demonstrated nice position with-
out impingement on the surrounding structures
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 Conclusion

Although surgical repair is the definite treatment for post-MI VSR patients, in stable 
but inoperable patients, percutaneous TSC may be considered. Successful device 
implantation rate is about 89% and overall in-hospital/30-day mortality is 32% in 
one systematic review [4]. Reported procedure complications include arrhythmias, 
device embolization, ventricular rupture, device-related hemolysis, and death. The 
post VSR closure course in the CCU is often stormy and requires careful monitoring 
to detect complications early and manage them appropriately. Coronary lesions 
should be addressed on a later date for better results and the primary focus should 
be on correction of mechanical complication.
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Chapter 74
Transcatheter Coronary Arterio-Venous 
Fistulae (CAVF) Closure

Ata Firouzi and Zahra Hosseini

Abstract Coronary AVF, is account of 48.7% of all congenital coronary anomalies. 
It can be coronary- cameral or coronary to great vessels fistulae. The most common 
involved artery and entry sites are RCA and RV, RA, coronary sinus, pulmonary 
artery and left circulation. According to the feeding vessel and entry site, the left to 
right shunt is dissimilar. Steal phenomena, aneurysmal dilatation of feeding vessel 
and subsequently, thrombosis, rupture and endarteritis are reported complications. 
For all symptomatic patients or LV overload and rarely pulmonary hypertension, 
closure is recommended. Either surgical ligation or trans-catheter closure are effec-
tive. With advances in interventional equipments and devices, either retrogradely or 
antegradely can close the fistulae tract with minimal complication and high suc-
cess rate.

 History

The patient was a 40 years old lady, without any traditional cardiovascular risk fac-
tors, was referred with exertional chest pain and dyspnea functional class II–III 
since 6 months ago. In Gated Thallium myocardial perfusion scan, moderate isch-
emia in inferior and inferoseptal segments was reported. In selective coronary angi-
ography, left and right coronary arteries were normal, but a large fistulous connection 
was seen between RCA and pulmonary artery.

An AVF is an abnormal connection between an artery and a vein bypassing inter-
posed arterioles, capillaries, and venules. It usually causes venous dilatation due to 
exposure to arterial pressure. CAVF can be congenital (0.4% of all cardiac malfor-
mations, comprise 48.7% of all congenital coronary anomalies), associated con-
genital cardiovascular anomalies have been seen in 5–30% of these cases such as 
ASD, Tetralogy Of Fallot, VSD, and PDA or acquired (followed by trauma, cardiac 
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transplant, CABG, myocardial infarction, PCI, and endomyocardial biopsy) [1, 2]. 
The fistulous tract may occur between any coronary arteries or their branches and 
any cardiac chambers (coronary cameral fistulae) or great vessels, either with the 
right side of the circulation (right atrium and its tributaries, coronary sinus, right 
ventricle, pulmonary artery) causing a left-to-right shunt, RV volume overload, and 
pulmonary hypertension or with the left atrium or left ventricle causing LV volume 
overload and LVH. The former is more frequent. According to Sakakibara et  al, 
there are two types of angiographic classification: Type A: proximal type, where the 
proximal coronary segment is dilated to the origin of the fistula and the distal end is 
normal; and Type B: distal type, where the coronary artery is dilated over its entire 
length terminating as a fistula mainly into the right side of the heart (end-artery 
type) and the proximal coronary segment can or might have regular branches [3].

In congenital types, the most common feeding vessel is RCA (52%), followed by 
LAD (30%) and rarely LCX (18%). The most common entry sites are RV, RA, coro-
nary sinus, LV, and pulmonary artery respectively [4] (Table 74.1).

The tract tends to be more tortuous if it originates from proximal RCA especially 
when enters the coronary sinus, or distal LAD to the LV chamber. Rarely some of 
CAVFs close spontaneously (1–2%), many are asymptomatic and incidentally 
detected by a continuous murmur in physical exam which frequently is mistaken for 
a PDA. Coronary “steal phenomenon” is believed to be the primary pathophysiolog-
ical problem seen in CAVF without outflow obstruction. The mechanism is related 
to the runoff from the high-pressure coronary vasculature to a low-resistance receiv-
ing cavity (e.g., pulmonary vasculature) due to a diastolic pressure gradient. 
Eventually, there is a high risk of ischemia in the myocardium beyond the site of the 
origin of the fistula, which is most frequently evident in association with increased 
myocardial oxygen demand during exercise or activity [5]. Complications of CAVF 
are coronary artery dilatation, aneurysm formation, intimal ulceration, atheroscle-
rotic change, calcification, side-branch obstruction, mural thrombosis, rupture, and 
even tamponade. A left-to-right shunt exists in over 90% of cases, the symptoms 
develop depending on the amount of the left-to-right shunt or the presence of coro-
nary steal phenomenon of the fistulae, which usually present in young adults with 
angina (3–7%), exertional dyspnea (60%), CHF, endocarditis in the fistula (20%), 
syncope, arrhythmia, myocardial ischemia and infarction, and manifest in older 
adults with congestive heart failure (19%—Congestive heart failure is seen more 

Table 74.1 Origin and drainage of fistulae

Origin Prevalence (%) Drainage Prevalence (%)

LAD 25–42 RA 19–26
RCA 50–60 RV 14–40
Both 5 LA 5–6
Diagonal 1.9 LV 2–19
Marginal 0.7 PA 15–20.2
Circumflex 18.3 CS 7
Single coronary 3 SCV 1
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frequently in cases of a coronary artery-to-coronary sinus fistula than with other 
CAVF), atherosclerosis, cardiac arrhythmias and even sudden cardiac death [6] 
(Fig. 74.1).

 Diagnostic Work-Up

In physical exam, usually a loud, soft continuous murmur is audible on the chest 
wall depending on the entry site, often lower than the PDA murmur site and peak at 
mid to late diastole. Depending on the amount of left-to-right shunt, any sign of LV 
volume overload or PH can be detected. In ECG, again depending on the severity 
and the entry site of the shunt, LVH or RVH pattern or any ischemic changes are 
seen. TTE can evaluate LV, LA and RV size and functions, any regional wall motion 
abnormality, coronary sinus dilatation, or concomitant anomalies. TEE can demon-
strate the origin and the draining points of the fistulae. The gold standard tool is 
coronary angiography, which provides the hemodynamic effect and most detailed 
anatomy of the fistula giving information about the size, the course, the origin, the 
presence of any stenosis, and the drainage site. However, it yields two-dimensional 
projection images, which are often limited in the delineation of the complex anat-
omy of abnormal communications, with reported correct diagnosis rates of 
35%–50% [7].

Another modality is coronary CT Angiography, which is useful for the evalua-
tion of CAFs because it involves a shorter acquisition time and yields higher 

a b c

e f g

d

Fig. 74.1 Classification of CAFs based on drainage site. The following fistula types are illus-
trated: (a) Coronary cameral fistula involving the right ventricle chamber. (b) coronary cameral 
fistula involving the right atrium chamber. (c) coronary artery to pulmonary artery fistula involving 
a single large fistulous tract. (d) coronary artery to pulmonary artery fistula involving multiple 
small fistulous tracts. (e) coronary artery to coronary sinus fistula. (f) coronary artery to cardiac 
vein fistula, and (g) coronary artery to bronchial artery fistula
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temporal and spatial resolution. Multi-planar reconstruction with 3D volume-ren-
dered imaging yields excellent anatomic information, including the origin, course, 
and drainage site of CAFs, even in cases of complex anomalies and thus has the 
potential to serve as a basic guide for treatment planning. At cardiac CT angiogra-
phy, a coronary-to-pulmonary artery fistula appears as an abnormal contrast blush, 
which is also referred to as the contrast shunt sign, in a relatively less opacified 
pulmonary trunk or as a well-visualized fistulous tract between the coronary artery 
and pulmonary trunk. In this type of CAVF, it has been shown that the LCA to be 
the most common origin site (84%), followed by the RCA (38%). The majority 
(89%) of CAFs drain into the pulmonary trunk rather than into other segmental 
pulmonary arteries. According to recent findings, two types of coronary-to-pulmo-
nary artery fistulas occur: The first type is a single prominent fistulous connection 
between the LAD or RCA and the main pulmonary trunk and the other type involves 
multiple small-caliber fistulous connections from the LAD or RCA, which drains 
into the main pulmonary trunk [8]. CMR is another modality for anatomic assess-
ment of the fistulae and finally, MPI is the functional test for evaluating the severity 
of myocardial ischemia related to the CAVF.

 Management

There is general agreement that symptomatic patients should be treated. According 
to the ACC/AHA guidelines, a percutaneous or surgical closure is a Class I recom-
mendation for large fistulae regardless of symptoms and for small- to moderate size 
fistulae with evidence of myocardial ischemia, arrhythmia, ventricular dysfunction, 
ventricular enlargement, or endarteritis [9]. In addition, closure of fistulae that arise 
in the proximal segment of the coronary vessel is highly recommended as this type 
of fistulae is more likely to become aneurysmal with a high possibility of rupture. 
Traditionally, asymptomatic patients with small shunts are managed conservatively 
owing to the benign course and the possibility of spontaneous closure.

Surgical Treatment Surgical ligation is generally recommended for treatment of 
large symptomatic fistulas with multiple communications, tortuous and aneurysmal 
arteries and for patients who require surgical management of other clinically impor-
tant cardiac anomalies (Table 74.2).

Transcatheter CAVF Closure Percutaneous transcatheter closure is a noninvasive 
alternative for the treatment of CAFs. It is indicated in patients whose anatomy is 
favorable for the procedure, including those with a single narrow drainage site, a 
proximal fistula origin, an absence of multiple fistulas or large branch vessels, and/
or an absence of concomitant cardiac disorders. It is preferred for older patients who 
are at risk for perioperative complications. Various devices are being used to per-
form percutaneous transcatheter procedures. These devices include coils, umbrella 
devices, vascular plugs, covered stents, and ductal occluders (Table 74.3). Addressing 
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the distal vessel entry site before performing the transcatheter embolization is clini-
cally important. When the distal vessel is wide, the chance of distal coil migration 
increases. On the other hand, if the coil is placed proximal to a branching vessel, it 
may be difficult to completely occlude the shunt. Therefore, the focus of the pre- 
procedural radiologic report should be delineation of the distal entry site.

 Procedural Technique

Under local anesthesia, after the right femoral artery and vein sheaths (6F) insertion, 
IV Heparin completed to achieve ACT > 200 s. After RHC and selective coronary 
angiography, precisely localized the entry and the distal end of the fistulae (the entry 
was at the proximal part of RCA after the Conus branch with a very tortuous tract 
which ended to the pulmonary trunk) (Fig. 74.2a, b). Retrogradely, through JR guid-
ing catheter (6F), in LAO projection, gently, wiring of the tract was done under 

Table 74.2 Indications for surgical ligation and percutaneous trans-catheter closure

Surgical ligation

Large symptomatic fistula with high fistula blood flow
Multiple communications and drainage sites
Tortuous and aneurysmal fistulous arteries
Need for simultaneous distal bypass
Large vascular branches that can be accidentally embolized
Percutaneous transcatheter closure

Proximal fistula origin
Single drain site
Nontortuous vessel with distal portion of fistula accessible with the closure device
Extra-anatomic termination of fistula away from normal coronary arteries
Older patients with high risk of perioperative complications
Absence of concomitant cardiac disorders

Table 74.3 Comparison of devices used in percutaneous coronary artery fistula closure

Amplatzer® 
Vascular 
Plug

AMPLATZER 
Duct Occluder

Detachable 
balloon Coils

Covered 
stent Chemicals

Selected 
fistula size

Medium–
large

Medium–large Medium–
large

Small–
medium

Small–
medium

Small–
medium

Retraction 
before 
deployment

Yes Yes Yes Yes/no No No

Clinical 
experience

High High Low High Moderate Low

Delivery 
approach

Antegrade 
or 
retrograde

Antegrade Retrograde Antegrade 
or 
retrograde

Retrograde Retrograde
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support of micro-catheter (Caravel-135) with 0.014 inch coronary guide-wire (Sion 
black) to reach as distal as possible, then the Caravel was pushed forward over the 
wire with clock and counterclockwise rotation and positioned at distal end. 
According to the size of the fistulae, the detachable coil 6*30 (ev3) was chosen. 
After withdrawing the guide-wire, the coil was passed to reach the distal tip of the 
micro-catheter then after being sure about the size of the coil by angiography, the 
micro-catheter was retracted gently and the coil was deployed completely and 
detached (Fig.  74.3a). Final angiography showed no residual shunt or any RCA 
injury (Fig. 74.3b).

 Complications

The success rate in multiple literatures have been reported between 87 and 97% 
[10]. Early complications related to occlusion procedures are transient myocardial 
ischemia or dysrhythmias, myocardial infarction, distal coronary spasm, fistula 

a

b

Fig. 74.2 (a, b) Selective 
RCA injection showed that 
an entry was at the 
proximal part of RCA after 
the Conus branch with a 
very tortuous tract which 
ended to the 
pulmonary trunk
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dissection, and device embolization [11]. Residual shunt (25%) and recurrence 
(9–19%) is reported [12]. Coronary artery dilatation may persist after the interven-
tion, either with percutaneous closure or surgical ligation, in intermediate to long-
term follow-up. Rupture of CAFs may occur in patients, independent of preceding 
dilation. Therefore, close follow-up is warranted, especially for thin-walled ectatic 
arteries. Although there is not a consensus regarding the antithrombotic or antico-
agulant therapy for dilated coronary arteries after closure, some authors advocate 
antiplatelet therapy for dilated coronary arteries and anticoagulation with warfarin 
in severe coronary artery dilatation (>10 mm), especially in patients with the slug-
gish coronary flow [13]. The prognosis depends on the severity of the shunt and on 
certain complications that sometimes occur, such as heart failure, pulmonary hyper-
tension, and bacterial endocarditis.

 Conclusion

Currently, percutaneous management of CAFs provides a high degree of procedural 
success with a very low risk of serious complications. Device selection and delivery 
technique should be based on the anatomic and morphologic characteristics of the 
fistula. Although surgical ligation has previously been the standard treatment for 
CAF, specialized techniques, equipment, and newer devices have made the percuta-
neous approach a safe and effective first-line treatment modality in most patients 
with suitable anatomy, with good follow-up results. Long-term follow-up is essen-
tial owing to the possibility of post-procedural recanalization or residual flow, per-
sistent dilation of the coronary artery, late thrombosis, and myocardial ischemia. 

a b

Fig. 74.3 (a, b) According to the size of the fistulae, the detachable coil 6*30 (ev3) was chosen. 
the coil was deployed completely and detached. Final angiography showed no residual shunt or 
any RCA injury
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Therefore, even though most patients become asymptomatic after the intervention, 
they should not be dismissed from follow-up [14].
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Chapter 75
Transcatheter Pulmonary Vein Stenosis 
(PVS) Venoplasty

Ata Firouzi and Zahra Hosseini

Abstract In adults, the most common cause of pulmonary vein stenosis (PVS), is 
iatrogenic (the most cause is radiofrequency AF ablation). Left side veins are more 
involved. Frequently patients with one vein stenosis are asymptomatic, but some-
times even in these patients symptoms have been shown 3-6 months after the abla-
tion. Treatment indications are controversy, in those who are symptomatic with 
severe stenosis or those ones with lung perfusion defect>20-25% are candidate for 
repair. Some believe that even asymptomatic patients with more than 75% stenosis 
are better to undergo intervention. Both surgical and trans-catheter interventions are 
available. In adult patient the preferred strategy is trans-catheter balloon venoplasty, 
although the rate of restenosis is high and stenting seems to be more durable.

 History

The patient was a 45 years old lady, a case of post AF (lone AF) ablation 6 months 
ago who was referred with exertional dyspnea and occasional palpitation which in 
TTE, turbulent flow in LUPV-LA junction with high gradient was detected.

Pulmonary vein stenosis (PVS) can be congenital (o.4% of all CHD), the syn-
drome of primary endo-luminal pulmonary vein stenosis with no preceding surgery 
or catheter intervention has been postulated to result from abnormal incorporation 
of the common pulmonary vein into the left atrium in the later stages of cardiac 
development. Affected patients most often become symptomatic in the first few 
months to years of life, frequently have one or more additional cardiac anomalies, 
and have no active inflammation in or around the involved segments of vein. 
Estimates of the incidence of associated cardiac defects have ranged from 30 to 
80% [1]. The most commonly associated congenital heart defects are septal defects, 
but pulmonary vein stenosis has been seen in conjunction with all major types of 
congenital cardiac malformations, the timing and severity of symptoms in pediatric 
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patients with pulmonary vein stenosis appear to depend largely on the number of 
pulmonary veins involved and the obstruction severity of individual pulmonary 
veins. Most patients present with a history of significant respiratory symptoms. 
Patients are often tachypneic and have recurrent pneumonias. As the disease pro-
gresses, signs of PH become increasingly prominent. In acquired ones, after surgi-
cal repair of a total or partial anomalous pulmonary venous connection (10%), 
myxoma resection, Lung transplant, AF radiofrequency ablation (the most common 
cause (60%) of PVS which usually missed), sarcoidosis, neoplasm, and mediastinal 
fibrosis (Fig. 75.1) [2], patients most often present with dyspnea, orthopnea and 
sometimes have a radiographic appearance of a localized infiltrate or localized 
edema. Hemoptysis is not uncommon. In both the congenital and acquired forms of 
PVS, histological findings show a variable manifestation of neo-intimal prolifera-
tion leading to occlusion of the lumen of one or more of the pulmonary veins. It is 
estimated that approximately 60% of patients have unilateral disease, of which most 
stenosis involves the left pulmonary veins. Approximately 40% of patients have 
bilateral pulmonary vein disease [3]. Three patterns of PVS have been described: 
bilateral tubular hypoplasia extending from the veno-atrial junction for a variable 
length, discrete hourglass constriction at the veno-atrial junctions, and bilateral 
multiple short pulmonary veins that are hypoplastic for their entire extra-pulmonary 
course [4]. The prognosis is often poor. The disease tends to be progressive and is 
associated with high mortality (30–50%) in the first 2 years after diagnosis (the 
development of progressive pulmonary venous congestion followed by pulmonary 
arterial hypertension (PH) and eventual death). At the present time PV ablation for 
AF has become the principal cause of PVS. Incidence derived from recent studies 
reaches a mean and median of 2% and 3.1%, respectively [5]. These figures repre-
sent a significant reduction in comparison with those reported in pioneer series. The 
main factors contributing to this finding are operator experience and improvements 
in the procedure (changing of ablation site from the PVs antra to ostia, reduction of 
temperature applied to tissue, cryoablation, and ICE guidance). However real occur-
rence of PVS is probably underestimated as screening is only performed within the 

Causes of pulmonary vein stenosis

Congenital
Cardiac defects associated:
Total anomalous pulmonary venous return
Septal defects
Transposition of the great vessels
Acquired
Pulmonary vein ablation
Sarcoidosis
Neoplasm
Fibrosing mediastinitis
Post cardiovascular surgery

Fig. 75.1 The most 
common Causes of 
pulmonary vein stenosis 
(Congenital or Acquired 
etiologies)
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first 3 months in some centers (it has been demonstrated that PVS can occur over 
this time period) and asymptomatic patients are not always imaged. Therefore 
screening with available imaging modalities in patients with PV ablation who 
develop respiratory symptoms is warranted.

Clinically, almost all patients with mild (<50%) or moderate stenosis (50–70%) 
of the PV do not have symptoms. The occurrence of respiratory symptoms (cough-
ing, hemoptysis, and dyspnea) which usually appear 3–6 months after the procedure 
is associated with severe stenosis of a single PV (>70%), lung perfusion reduction 
by >20–25% or the involvement of multiple PV [6]. However, it is also known that 
patients with severe stenosis or occlusion of a single PV can remain asymptomatic. 
In this context, although still controversial, the strategy of systematically screening 
for PV stenosis with CT scan or CMR for all patients undergoing PV isolation, 
regardless of symptom manifestation, can be considered [7]. In asymptomatic 
patients, the failure or delay in recognizing PV stenosis, with the consequent inter-
ruption of the anticoagulation after the procedure can result in thrombotic occlusion 
of the PV, with adverse effects on pulmonary perfusion and the risk of the develop-
ment of pulmonary infarction, respiratory infections, and even long-term pulmo-
nary hypertension.

 Diagnostic Work-Up

CXR may demonstrate signs of congestion either diffuse or localized, depending on 
the PVs involve. TTE and TEE are useful tools for PV investigation. Studies have 
shown high diagnosis accuracy for the detection of PVS after PV ablation (sensitiv-
ity: 82–100%, specificity: 95–100%) compared to other techniques. There is no 
standard definition of PVS, nevertheless, it seems that an increased maximum PV 
Doppler flow velocity (>1.1 m/s) combined with color Doppler turbulence may be 
a reliable index [8]. Cardiac CT Angiography, allows assessment of the extension of 
mediastinal neoplastic and non-tumoral diseases infiltrating or compressing the PVs 
and enables the diagnosis of PVS after PV ablation by directly depicting vessel ostia 
and distal part diameter (significant stenosis >50%). The main benefits of CT are 
short examination time, multi-planar views, and high spatial resolution (Fig. 75.2). 
PVs (typically the left inferior) can be compressed between the LA and the descend-
ing aorta appearing stenotic (pseudostenosis).

CMR is also an accurate modality for the evaluation of PVs and flow dynamic. 
This allows for anatomic measurements in any desired plane, including determina-
tion of the perimeter and cross-sectional area that may be more meaningful mea-
sures of pulmonary vein size. The maximal diameter, perimeter, and cross-sectional 
area are measured at the location in the sagittal plane at which the pulmonary veins 
separate from the LA and each other (Fig. 75.3).
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 Management

 PVS in Pediatric Population

Surgery is the preferred approach in most congenital or acquired significant symp-
tomatic PVS. The conventional interventions include: (1) endarterectomy (excision 
of the stenotic ring and direct anastomosis of the PV to the LA endocardium), and 
(2) pericardial patch venoplasty (resection of the stenotic tissue and patch anasto-
mosis to enlarge the tightened segment). The newer sutureless marsupialization 
technique can help to prevent deformation of the suture line and reduce tissue 

a b

c d

Fig. 75.2 CT of a patient who had AF radiofrequency ablation two months before and recent onset 
of dyspnea on exertion. (a) Absent of contrast (arrow) in the left lower pulmonary vein (complete 
occlusion); (b) Extensive infiltrate within the left lung (arrow) caused by localized edema; (c and 
d) After stent implantation (arrows) flow was successfully restored
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Fig. 75.3 Advantages of 
imaging modalities (TEE, 
CT, MRI, and VQ) used 
for pulmonary vein 
stenosis evaluation
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growth stimulus decreasing therefore restenosis risk. Overall, published surgical 
outcomes are modest, only half of the cases are free from re-intervention or death at 
5 years [9].

 PVS in Adult Population

Transcatheter therapy is the most commonly chosen approach. The degree of PVS 
after PV ablation is classified as severe with luminal narrowing more than 70%, 
moderate for 50–70% narrowing, and mild for <50% narrowing. There is a general 
agreement that patients with symptomatic severe stenosis of one or multiple PVs 
should be treated with PV angioplasty with or without stenting. For asymptomatic 
patients with severe stenosis of a single PV, there is no consensus on whether inter-
vention is warranted, although the available evidence suggests that early interven-
tion in such patients leads to clinical benefit [6]. Despite most authors recommend 
clinical and imaging monitoring every 3–6 months in asymptomatic patients with 
50–85% stenosis, some promote angioplasty if a single stenosis >75% and others in 
cases of a cumulative stenosis index (average stenosis of the PVs of one site) >75% 
[10]. The main arguments for early intervention are: Inadequate recovery of lung 
perfusion at advanced stages caused by fixed venoconstriction leading to permanent 
PH and fast progression to PV occlusion in some cases which may be difficult to 
amend. Regarding the technique itself, stenting appears better than isolated balloon 
venoplasty in terms of vessel restenosis (60 vs. 36% for PV over 8 mm). Mid- to 
long-term patency is directly related to vessel size with higher rates of restenosis 
observed in PV < 1 cm.

 Procedural Technique

Under general anesthesia, after the insertion of right femoral artery and vein sheaths 
(6F), RHC was done (mPAP: 30  mm Hg, PCWP: 18  mm Hg). Through venous 
access, after septostomy with Brockenbrough needle and contrast injection to con-
firm of being in LA and insertion of Spiral wire (coiled tip, 0.025 inch) in LA for 
more support and LA border illustration (Fig.  75.4a), IV Heparin completed to 
achieve ACT > 250 s. Through a 125-cm 6F multipurpose diagnostic catheter tele-
scoped through a steerable transseptal sheath (Agilis sheath), a 0.035 inch straight 
hydrophilic wire was manipulated to cross the origin of LUPV under TEE and fluo-
roscopic guidance, after some minutes, the wire was crossed and advanced as distal 
as possible, then gently the Multipurpose catheter passed over the wire with its tip 
at the most distal part. After exchanging the wire with Amplatzer Superstiff guide- 
wire, the catheter slowly pulled back to measure the mean gradient between LA and 
LUPV (MPG: 10  mm Hg) (Fig.  75.5b). Contrast-enhanced venography was 
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a b

Fig. 75.4 (a, b) After successful septostomy, via Multipurpose catheter, the gradient between LA 
and LUPV was measured (10 mm Hg)

a

b

Fig. 75.5 (a, b) Selective 
LUPV-L angiography 
showed significant 
narrowing at the origin of 
LUPV-LA junction. 
Through long sheath, 
sequential dilatation of 
LUPV ostia at site of 
maximal stenosis was 
performed with peripheral 
balloons (OTW) 10*30 and 
12*30 under TEE guidance
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performed for confirmation and characterization of the stenosis (Fig. 75.5a). After 
withdrawing the Agilis sheath, a long delivery sheath (Cook 12F) was advanced 
through the septum and the end tip was passed over the guide-wire to cross the 
ostium of LUPV. According to the CT data (distal LUPV diameter was 12 mm), 
sequential dilatation of LUPV ostia at the site of maximal stenosis was performed 
with peripheral balloons (OTW) 10*30 and 12*30 under TEE guidance with closed 
hemodynamic monitoring (Figs. 75.5b and 75.6). Despite of full inflation of the 
balloons for long duration (30–60 s) and disappearance of the waist, in TEE, the 
recoil of the ostium occurred with no decrease in mean gradient. So, in this situa-
tion, a BiB balloon 14*30 was maximally inflated for a long duration (Fig. 75.7a). 

Fig. 75.6 Balloon 
dilatation with peripheral 
balloon 12*30

a b

Fig. 75.7 (a, b) Despite full inflation of the balloons for a long duration (30–60 s) and disappear-
ance of the waist, in TEE, the recoil of the ostium occurred with no decrease in mean gradient. So, 
in this situation, a BiB balloon 14*30 (a) was maximally inflated for a long duration. At the end, 
final LUPV angiography showed the disappearance of the ostial narrowing with the final gradient 
of 3 mm Hg and no complications
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Finally, TEE showed no any residual recoil and decreasing the mean gradient to 
2 mm Hg. The LA angiography also showed acceptable ostial opening (residual 
narrowing less than 20%) and well LUPV branches contrast opacification with no 
oozing (Fig. 75.7b), residual gradient was 3 mm Hg.

 Complications

Complication rates in transcatheter PVS venoplasty or stenting is about 10–13%. 
The most are, wire induced PV perforation or injury, balloon induced PV perfora-
tion and tamponade, stent migration to LA, acute stent thrombosis and CVA or 
restenosis, and recoil after balloon venoplasty. The pathophysiological effect of 
restenosis after balloon venoplasty is an elastic recoil and happens typically at an 
early stage after the procedure. In comparison, restenosis after stent implantation 
occurs at a later stage because of neo-intimal hyperplasia [11].

 Conclusion

In general, pulmonary vein stenosis has a high rate of restenosis (defined as narrow-
ing more than 70%) and a high rate of mortality regardless of surgical or transcath-
eter therapy (angioplasty, stenting). In one study, it reported that angioplasty success 
and restenosis rates of 42% and 72%, respectively. In contrast, stenting resulted in 
success and restenosis rates of 95% and 33%, respectively [12]. After angioplasty, 
90% of patients reported that their symptoms have improved, despite restenosis. 
This may be due to collateralization or other beneficial physiological adaptations 
[13]. The long-term risk of developing pulmonary hypertension in patients with 
pulmonary venous stenosis remains unknown, and it remains unclear whether inter-
vention is needed in asymptomatic patients with severe stenosis. In spite of reason-
able immediate results, restenosis is not uncommon, and repeat dilations following 
stenting may be needed. A few reports indicate that the stented diameter of 7–10 mm 
or greater may play a role in minimizing the risk of restenosis. It is not uncommon 
to re-intervene as a bridge to lung transplant. Despite the lack of randomized stud-
ies, currently available published research seem to indicate that stent implantation 
should be the first-line therapy in patients with RFA-induced severe PVS. To mini-
mize the restenosis rate, stents with diameters ≥8 mm should be preferred [14]. In 
our experience, surgical repair can be considered in selected patients with three or 
more severe PVS or complex cases with prior failed PTA. There is a strong need for 
a prospectively randomized comparison of these two interventional treatment 
options for PVS following AF ablation procedures and for adequate products meet-
ing the needs for PV stenting with short-length, large-diameter stents [15].
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Chapter 76
Percutaneous Closure of Aortic 
Paravalvular Leakage

Ata Firouzi and Zahra Hosseini

Abstract Aortic para-valvular leakage, is a regurgitation jet between swing ring 
and native valve tissue. The etiology of this side effect depends on the time of sur-
gery (technical issues, endocarditis, severe calcification of the surrounding tissue). 
Depends on the size of the defects, patient’s symptoms range between asymptom-
atic to pulmonary edema. The standard treatment in severe leakage is surgical repair, 
but in those with high surgical mortality, trans-catheter device closure (if anatomi-
cally being suitable) is an alternative approach by expert interventionist. Dedicated 
device is not available, but according the shape and location of the defect in 3-D 
TEE, various device can be used.

 History

The patient was a 65 years old man, a case of coronary bypass surgery, Aortic Valve 
Replacement (AVR) and Mitral Valve Replacement (MVR) 15 years ago who was 
admitted with refractory CHF (Five times admissions within recent 6 months). In 
TEE, he had severe paravalvular leakage of aortic mechanical valve.

Paravalvular leak (PVL) is a regurgitant jet that originates between the outer 
margin of the prosthetic ring and the native tissue around the valve. It is a common 
complication of aortic valve replacement that has been found to occur in about 10% 
of cases. The majority of patients remain asymptomatic, however, 1–5% 0f them 
present with congestive symptoms [1], hemolytic complications, or both. The con-
gestive heart failure symptoms are related to the defect size, numbers, and LV vol-
ume overload degree, whereas hemolytic complications have no correlation with 
defect size and even occur in small defects. Surgery is the gold standard treatment 
for operable patients with intractable symptoms and severe PVL (Class I), while in 
those with high-risk surgery, intractable symptoms and anatomically suitable for 
catheter-based closure in hands of expert operators is reasonable.
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For the aortic valve, the LCC is located between 11 and 3 o’clock, the RCC 
between 3 and 7 o’clock and the NCC between 7 and 11 o’clock. The aortic PLVs 
are most often between 7 and 11 o’clock (46%) and also between 11 and 3 o’clock 
(36%) [2] (Figs. 76.1 and 76.2).

 Diagnostic Work-Up

TTE is the first modality for evaluation of LV, RV size and functions, mechanical 
valve evaluation, the severity of trans-valvular or paravalvular leaks, any clots, pan-
nus formation, or vegetation. The 3-D TEE can precisely demonstrate the location, 

Fig. 76.1 Paravalvular 
leaks locations diagram
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shape, size, depth, and number of the defects, dehiscence, surrounding structures, 
and differentiated PVL from trans-valvular regurgitations. Another modalities like 
CT Angiography and CMR can also give more information for better evaluation of 
the defects.

 Procedural Technique

Under general anesthesia, after insertion of right femoral arterial sheath (6F), aortic 
root injections was done in LAO and RAO projections to localized the site, size, and 
severity of the paravalvular leakage (Fig.  76.3a). Then under TEE guidance and 
fluoroscopy, by retrograde approach, in LAO view, the defect (at 10 o’clock) crossed 
with straight hydrophilic wire and the JR catheter was passed over it (Fig. 76.3b). 
After that, the wire was exchanged with Extra-support wire (Lunderquist) over that, 
a hydrophilic delivery sheath (Epsylar 7F) was advanced to the LV. Based on the 
TEE defect size (6 mm) and shape, the Muscular VSD 8 mm (Occlutech) device 
was chosen. After loading the device and connecting to the delivery cable, the 
device was passed over the delivery sheath. First distal disk (DD) was partially 
extruded in the LV then by retracting the whole system toward the defect, the DD 
was totally deployed in the ventricular side and anchored within the defect 
(Fig. 76.4a), then after rechecking by TEE and angiography, the waist and the proxi-
mal disk (PD) was deployed (Fig. 76.4b). Prior to the release the device, the most 
attention (by TEE and fluoroscopy) must be paid to the prosthetic valve to be sure 
that there is no interference with valve function (free moving leaflets) and no cover-
age of coronary ostia (Fig. 76.5). Final injection showed mild residual leakage, no 
interference with leaflets, and stable position of the device. In case of device implan-
tation in the area of NCC, anterior mitral valve leaflet should be check.

a b

Fig. 76.3 (a, b) Aortic root injection showed severe paravalvular leakage from the medial side of 
the swing ring. Under TEE guidance, the wiring of the defect was done
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 Conclusion

Experience with percutaneous PVL closure is still limited. The procedural success 
rate varies from 63–95% based on the location of PVL and available devices. After 
successful closure, the congestive symptoms improve within the weeks, on the other 
hand, the hemolysis may continue or even worsen for the first few months until 
device endothelialization [3].

a b

Fig. 76.4 (a, b) Based on the TEE defect size (6 mm) and defect shape, Muscular VSD 8 mm 
(Occlutech) device was chosen. First distal disk (DD) was partially extruded in the LV then by 
retracting the whole system toward the defect, the DD was totally deployed in the ventricular side 
and anchored within the defect, then after rechecking by TEE and angiography, the waist and the 
proximal disk (PD) was deployed

Fig. 76.5 Prior to release 
of the device, the most 
attention (by TEE and 
fluoroscopy) must be paid 
to the prosthetic valve to 
be sure that there is no 
interference with valve 
function (free moving 
leaflets) and no coverage 
of coronary ostia

A. Firouzi and Z. Hosseini



481

References

 1. Ionescu A, Fraser AG, Butchart EG. Prevalence and clinical significance of incidental para-
prosthetic valvular regurgitation: a prospective study using transoesophageal echocardiogra-
phy. Heart. 2003;89:1316–21.

 2. Hammermeister K, Sethi GK, Henderson WG, et al. Outcomes 15 years after valve replace-
ment with a mechanical versus a bioprosthetic valve: final report of the Veterans Affairs ran-
domized trial. J Am Coll Cardiol. 2000;36:1152–8.

 3. Pate GE, Al Zubaidi A, Chandavimol M, et al. Percutaneous closure of prosthetic paravalvular 
leaks: case series and review. Catheter Cardiovasc Interv. 2006;68:528–33.

76 Percutaneous Closure of Aortic Paravalvular Leakage



483© Springer-Verlag London Ltd., part of Springer Nature 2021
M. Maleki, A. Alizadehasl (eds.), Case-Based Clinical Cardiology, 
https://doi.org/10.1007/978-1-4471-7496-7_77

Chapter 77
Transcatheter Closure of Mitral 
Paravalvular Leakage (PVL)

Ata Firouzi and Zahra Hosseini

Abstract Mitral paravalvular leakage is more frequent than aortic valve. Patient’s 
symptoms are dependent of the size of the defect and the severity of regurgitation. 
In severe type, they usually are symptomatic and finally leads to biventricular fail-
ure. The recommended treatment is surgical repair but in those with prohibited sur-
gical risk, trans-catheter closure is an option. This intervention is very complex and 
should be evaluated completely by experience team for defining the anatomical fea-
ture of the defect. Various devices are available for closure (off-label), depending on 
the defect shape and size.

 History

The patient was a 70 years old man, the known case of Mechanical Mitral Valve 
Replacement (MVR) 16 years ago, who was referred with refractory dyspnea F/C 
III–IV since 3 months ago despite high dose diuretic therapy. In TEE severe para-
valvular leakage in the medial side of the swing ring was detected.

Percutaneous paravalvular closure is a complex procedure that requires multiple 
imaging modalities to visualize the 3D relationship of intracardiac structures and 
the operator’ ability. Three approaches can be employed to cross the defect and the 
delivery device: transseptal, retrograde trans-aortic, and direct trans-apical. There is 
no dedicated device for this procedure. Paravalvular leakage in the Mitral prosthetic 
valve has occurred more than Aortic valve (17 vs. 10%) [1]. PVL can affect any 
valve in any position but is more common with mitral mechanical prostheses, supra- 
annular aortic prostheses and use of sutures without pledgets or continuous sutures 
in the mitral position [2]. Although surgical repair is the gold standard treatment for 
severe paravalvular regurgitation in those with intractable symptoms (right and left 
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side congestive symptoms, hemolytic anemia), but in high-risk patients (STS risk 
score >8% or at a >15% risk of mortality at 30 days) with refractory symptoms and 
anatomically suitable for percutaneous closure at a center with expertise in this 
field, this is a better option (Class IIa) which has been appeared to have superior 
outcomes and less complications in compared with open surgery.

For the description of paravalvular leaks an adaptation of the accepted surgical 
nomenclature can be used. Each valve can be compared to a clock, so there are two 
clocks horizontally inverted one to another: one is in the aortic valve position and 
the other in the mitral valve position as seen from a cephalad position. The 12 
o’clock in both clocks corresponds to the mitral-aortic fibrous continuity, and from 
there each location is named in a clockwise fashion (Fig. 77.1).

For the mitral valve, the 3 o’clock corresponds to the area of the interatrial sep-
tum, the 6 o’clock corresponds to the posterolateral free wall and the 9 o’clock cor-
responds to the LAA.  Mitral PVL is most located between 10 and 2 o’clock 
(mitro-aortic fibrous continuity) and between 6 and 10 o’clock (posterior wall) [3] 
(Fig. 77.1 and 77.2).

Fig. 77.1 Paravalvular 
leaks locations diagram
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 Diagnostic Work-Up

TTE is the first modality for evaluation of LV, RV size and functions, mechanical 
valve evaluation, the severity of the valvular or paravalvular leak, any thrombus, or 
vegetation. The 3D TEE can accurately demonstrate the location, shape, size, num-
ber of the defects, dehiscence, any rocking motion and surrounding structures and 
differentiated PVL from valvular regurgitations. Another modalities like CT 
Angiography and CMR can also give more information for better evaluations of the 
defects.

 Closure Strategy

It is clear that PVLs of the MVR are more challenging to treat. This procedure 
should only be undertaken by a team of structural and imaging cardiologists with 
experience in advanced structural interventions.

After insertion of right femoral artery and vein sheaths (6F) and IV Heparin 
injection to achieve ACT > 250 s, LV injections were done in LAO and RAO projec-
tions to localize the defect site and paravalvular leakage severity. Under general 
anesthesia and 3D TEE guidance, after complete assessment of the mechanical 
valve, the degree of trans-valvular and paravalvular regurgitation, defect numbers, 
shape, location, and rule outing any thrombus, vegetation or dehiscence, according 
to the defect location (clock number), transseptal or trans-apical approach is uti-
lized. In this patient, the largest defect was crescent-shaped, 6 mm and at 2 o’clock 
corresponds to mitro-aortic fibrous continuity. Because of the absent hybrid room in 
our center, the transseptal approach was chosen.

a b

Fig. 77.2 Mitral valve (MV) as viewed from the left ventricle. The angles shown refer to the cuts 
made by a transesophageal echocardiography imaging crystal. The numbers correspond to the 
clock face perspective of the MV (numbering is as viewed from the left atrium). Ao Aorta;  
LAA left atrial appendage
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Transseptal Approach: This approach is usually used for mitral PVL between 6 
and 11 o’clock. For defects away from the septum, the location of the puncture is 
less critical. However, for medial defects near the IAS, a posterior and slightly supe-
rior puncture provides the appropriate working height within the LA. After septos-
tomy by Brockenbrough needle and contrast injection to be sure of being in LA 
(Fig. 77.3a), Spiral wire was inserted in LA for more support and LA borders local-
ization and septal dilatation was performed. Through a 125-cm 6F multipurpose 
diagnostic catheter telescoped through a steerable transseptal sheath (Agilis sheath), 
after several attempts, a 0.035 inch straight hydrophilic wire was manipulated by 
TEE and fluoroscopy guidance to cross the defect and advanced to the ascending 
aorta, then the catheter was passed over the wire (Fig. 77.3b). After that, the wire 
was exchanged with Amplatzer Superstiff guidewire and hydrophilic kink resis-
tance delivery sheath (Epsylar 7F) was advanced gently over the wire in to the 
LV. (In case of significant difficulty in crossing the delivery sheath, more support 
can be obtained by building an arterio-venous rail). In this case, based on the defect 
characteristics, Muscular VSD 8  mm (Occlutech) was chosen. After loading the 

a

b

Fig. 77.3 (a, b) After 
septostomy, through Agilis 
sheath, wiring of the defect 
at 6 o’clock was performed
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device and connected to the delivery cable, the device passed over the delivery 
sheath and under TEE and fluoroscopy guidance, after partially exposed the Distal 
Disk (DD), the whole system was pulled back, then the DD fully deployed in the LV, 
after reassurance about the correct position of the DD by TEE and LV injection, the 
waist, and proximal disk was deployed in LA (Fig.  77.4a). Before releasing the 
device, TEE should show mobile mitral leaflets, open pulmonary veins, the residual 
leakage, and the stability of the device. After final angiography and TEE evaluation, 
the stability of the device was confirmed and the device was released (Fig. 77.4b). 
The residual leakage was minimal.

Trans-Apical Approach: This approach can be a good alternative for mitral PLV 
between 11 and 6 o’clock (posterior or septal defects) to avoid complications asso-
ciated with excessive forces on the septal wall from the delivery catheter. The 
advantage is less difficult wiring of the PVL.

a

b

Fig. 77.4 (a, b) In this 
case, based on the defect 
characteristics, Muscular 
VSD 8 mm (Occlutech) 
was chosen. Under TEE 
and fluoroscopy guidance, 
after partially exposed the 
Distal Disk (DD), the 
whole system was pulled 
back, then the DD fully 
deployed in the LV, after 
reassurance about the 
correct position of the DD 
by TEE and LV injection, 
the waist and proximal 
disk was deployed in 
LA. Before releasing the 
device, TEE should show 
mobile mitral leaflets, open 
pulmonary veins, the 
residual leakage, and the 
stability of the device
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 Device Selection

Most of the devices are used off-label for this procedure. PVLs are variable in size, 
shape (crescentic, oval, serpiginous, or cylindrical), so, one device is not fit in 
all PVLs.

Usually, for a small cylindrical PVL, AVP II or PDA Occluders are used, for oval 
types AVP III and for small and angulated ones AVP IV Occluders can be consid-
ered [4] (Fig. 77.5).

 Conclusion

TPVL closure in symptomatic patients is a less invasive option than surgery (most 
complications are: device embolization, cardiac perforation, vascular complica-
tions, prosthetic valve impingement, and stroke), with lower morbidity and mortal-
ity. To continue to improve procedural success and outcome, new advancements in 
device design are necessary.

a b c d

e f g h

Fig. 77.5 Most of the devices are used off-label for this procedure. PVLs are variable in size, 
shape (crescentic, oval, serpiginous, or cylindrical), so, one device is not fit in all PVLs. Usually, 
for a small cylindrical PVL, AVP II or PDA Occluders are used, for oval types AVP III and for 
small and angulated ones AVP IV Occluders can be considered
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Ablation, 121, 193

of AF, 189
in aortomitral continuity, 141
attempt for, 170
catheter, 115, 135
EPS and, 159
radiofrequency, 137
transeptal mapping and, 145

Accessory pathway, 121–123, 141, 142, 
169, 170

Acute coronary syndrome (ACS), 229
Agillis long sheet (Agillis NxT™), 170
Air bubbles, 170
Air embolism

coronary, 171
systemic, 171

Amiodarone, 189
Amplatzer device, 183
Aneurysmal sinus Valsalva, 439
Anomalous left coronary artery from the 

pulmonary artery (ALCAPA)
clinical presentation, 239
management, 240
para-clinic assessment, 240

Anorexia, 43
Anteroseptal (superoparaseptal) accessory 

pathways, 129
Anticoagulation, using heparin, 191
Aorta, 295
Aortic arch anomaly, 280
Aortic coarctation of abdominal  

aorta, 105
Aortic regurgitation, 76, 295, 297
Aortic root injection, 297
Aortic sinus, rupture of, 271
Aortic stenosis (AS), 163

Aortic valve replacement (AVR), 113, 
163, 477

Aortomitral continuity, 141
Arrhythmia, 121, 153, 174

with ablation, 181
recurrence, 154
termination during RFA, 175

Arrhythmia circus, 153
Arrhythmogenic right ventricular 

cardiomyopathy/dysplasia 
(ARVC/D)

differential diagnosis, 83
at molecular level, 82
prominent RV moderator band, 83
RV dilation, 83
RV enlargement, 82
transmural fatty replacement, 84
TTE study, 81

Atherosclerosis, 209, 210
Atrial activation sequence, 129
Atrial extra stimulation (AES), 133
Atrial flow regulator (AFR) device 

implantation, 448
Atrial flutter (AFL), 173
Atrial septostomy, 448
Atriofascicular accessory pathway, 133, 134
Atrioventricular septal defect repair, 42
Atypical atrial flutter, 180
Atypical chest pain, 6, 33
Autism spectrum disorder (ASD)

in adulthood, 381–382
closure, 183
contraindications, 382
diagnostic work-up, 382
indications, 382
occluder device, 266
procedural technique, 383–385
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B
Balloon atrial septostomy (BAS), 447
Biatrial enlargement, 88
Bicuspid aortic valve (BAV), 163
Bidirectional block, 175
Biopsy, endocardial, 195
Breast cancer, 51

C
Carcinoid heart disease, 94
Carcinoid syndrome, 94
Carcinoid tumor

incidence, 93
treatment, 96–98

Cardiac auscultation, 251
Cardiac catheterization, 252
Cardiomegaly, 307
CARTO mapping system, 190
Catheter-induced coronary artery 

dissection, 237
Catheter intervention, 281, 289, 301
Chevron pattern, 181
Circuit entrainment, 181
Clubbing fingers since birth, 8
Coarctation of aorta (CoA), 105, 280

balloon angioplasty, 427
in children, 425
complications, 430
diagnosis of, 426
diagnostic work-up, 426
indications, 426–427
procedural technique, 428–430
stenting, 428
surgery, 427
treatment, 427–430

Coarctoplasty, 281
interventional, 280

Collateral branch, 225
Congenital heart disease, 267, 282, 301
Congenital obstruction, 277
Congestive heart failure, 17
Contrast injections, 238
Conus artery, 224
Cor triatriatum sinisterum, 275
Coronary arteries angiography, 244
Coronary arterio-venous fistulae (CAVF)

classification, 461
complications, 464–465
congenital, 459
diagnostic work-up, 461–462
management, 462–463
procedural technique, 463–464

surgical ligation, 463
surgical treatment, 462
trans-catheter CAVF closure, 462

Coronary artery aneurysm
clinical presentation, 217
managements, 218–219
para-clinic assessment, 217

Coronary artery anomalies, 241
Coronary artery bypass grafting 

(CABGs), 12, 265
Coronary artery calcification (CAC), 202
Coronary sinus (CS), 145, 160
Coronary sinusmuscular connections, 149
Coronary sinusvenography, 146
Cryoablation, 127
Cryoballon, 185
Cryomapping, 130
Cryptogenic stroke, 387–389
Curvilinear calcification, 307
Cyanosis, 299, 303
Cyoablation, 118

D
Delta wave, 145, 146, 148
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