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Lecture Outline
Selected latest advances in:

• Echocardiography
• Interventional Imaging
• Cardiac CT 
• Cardiac MR



3D “Surgeon View” of Mitral Orifice 
from LA Perspective



Multiplanar Reconstruction (MPR) for MVA 
Planimetry Measurement 



MVA = 0.83 cm2

Severe Mitral Stenosis by 3D Planimetry



Functional MR complicates 
20% of systolic heart failure

• MR secondary to left ventricular dysfunction

• Mitral valve structurally intact



Surgical Treatment of severe FMR
Conventional Belief

Mechanism of FMR = Mitral Annular Dilatation
Surgical correction = Ring Annuloplasty



Problem with The Ring...

MR persists in 30%!



Hypothesis:
Annular dilatation is not the only 

mechanism of FMR.
The Importance of Mitral Leaflet Tethering 



Anterior Leaflet Tethering Angle
(ALAtip)

Anterior Leaflet Tethering Angle
(ALAtip)

Posterior 
leaflet

Anterior 
leaflet





Young Investigator Award - European Society of Cardiology EuroEcho Meeting 2008
Best Young Investigator - Hong Kong College of Physicians Distinguished Paper Award 2009



Mitral Valve Prolapse

leaflet 
deformation and 

prolapse

left atrium

mitral 
valve 

left ventricle



3%

23
%

General populationGeneral population

Mitral valve prolapseMitral valve prolapse

Moderate or severe 
mitral regurgitation

90% will need surgery or
die within 10 years

Framingham heart study JACC 2002
N Engl J Med. 1996





Traditional 2D echo can only see 2 points of the 
annulus on one plane



Real-time 3-dimensional 
Echocardiography of the Mitral Valve



A well-known engineering concept :
Hyperbolic paraboloid surfaces withstand
mechanical stress much better than flat
surfaces



Lee, A. P., et al. (2013). "Quantitative analysis of mitral valve morphology in mitral valve prolapse with real-time 3-dimensional echocardiography: importance of annular saddle shape in the pathogenesis of mitral regurgitation." Circulation 127(7): 832



A saddle-shaped annuloplasty ring





Case 4: 
F/59 
symptomatic AF
recurrent syncope
underwent AF ablation
recurrent syncope after ablation







Outside Prince of Wales Hospital

• Echo report: severe concentric LVH

• AF ablation was offered and performed

• Recurrent syncope

• Holter: ventricular flutter, AF



What would you do?

1. Repeat AF ablation

2. Antiarrhythmic drugs

3. Bone marrow biopsy



Bone Marrow Biopsy at PWH

• Plasma cell dyscrasia

• Urine analysis: Bence-Jones protein

• Dx: AL amyloidosis

• Diuretics

• Standard chemotherapy

• Bortezomib injection

• Anticoagulation

• May be too late for bone marrow/heart 
transplant…..



Speckle strain analysis
aCMQ



Speckle strain analysis
Bull’s eye: relative apical sparing



Case 6-2
M/67
New onset AF
Hypertension
No history of stroke/DM/CHF



What is your anticoagulation option?

1. Nothing

2. Aspirin or warfarin

3. Warfarin

4. New oral anticoagulant



Initial Management

• Offered aspirin or warfarin

• Patient opt for aspirin

• Patient could not afford NOAC and did 
not want to take warfarin

• Betaloc for AF rate control



In the subsequent 6 months

• 2 strokes with fair recovery

• Ischemic bowel with resection







Interventional echocardiography
介入性治療心脏超声

• 经导管主动脉瓣置换术 (TAVI)

• 经导管左心耳封堵术 (LAAO)

• 经导管二尖瓣修复 (MitraClip)

• 经导管心房缺損ASD闭塞术
• 经导管心室缺損VSD闭塞术
• 经导管瓣周漏封堵



经导管主动脉瓣置换术 (TAVI)



威爾斯親王醫院病例

3D TEE 決定人工主动脉瓣的大小



評估TAVR的成功
位置適中沒有返流

威爾斯親王醫院病例



经导管左心耳闭塞 (LAAO)



LAA thrombus



90° 45°



LUPV

LAA



Catheter in anterior lobe

Catheter in 
posterior lobe





TEE axis



TEE axis



TEE axis



3DTEE for Device Sizing
Infinite numbers of imaging planes
Avoiding undersizing of LAA orifice

1.6cm
1.7cm

2.3cm
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• Text goes here

Category 2

• Text goes here

3D en face view as a 
final confirmation



忌廉旦糕？

血栓

威爾斯親王醫院病例

威爾斯親王醫院病例



UFO？
威爾斯親王醫院病例



Monitoring Complications - Pericardial Effusion



Monitoring Complications - Catheter Thrombus



Monitoring Complications - Device “hooking” LAA, Pericardial Effusion



经导管二尖瓣修复 (Mitraclip)



在XPlane导引下Clip转向进入左心室



不好

不好 好

RT3D TEE是引导Clip对齐二尖瓣的最佳工具



心房缺損(ASD)





ASD occluder device 
malposition and 
dislodgement



Good device positioning 
guided by 3D TEE



心室缺損(VSD)











經導管瓣周漏封堵
(Transcatheter periprosthetic leak 

occlusion)



Case 1
F/55
Double valve replacement
Severe periprosthetic MR 瓣周漏
Refractory heart failure
Hemolytic anemia



AV

IAS















Final result
2nd device adjusted

Minimal PVL
Normal leaflet motion



Copyright © 2016. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

What is micro-bubble ultrasound 
contrast?

• Microbubbles are bubbles >1  micrometer to <1 millimetre in diameter

• Filled with gas e.g. sulphur hexafluoride

• Liquid-gas interface reflects ultrasound waves

ASE contrast echo guidelines JASE 2008
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How to perform CE?

PWH dosing experience/guidelines:
- Slow bolus injections (~0.2-0.4 mL) of Sonovue followed by slow 5 mL saline flush 
over 5-10 seconds (low EF patients may need larger bolus ~0.5-0.6ml)
- Repeat boluses if necessary, usually <6ml per study
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Overview

• Conventional use: 

• Endocardial border definition

• LV opacification

• Thrombus detection

• Innovative use:

• Myocardial perfusion

• Stress echo

• Shunt detection

• Aortic endoleak detection

• Therapeutic contrast
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Impact of Contrast on LV EF 
Assessment

JACC 2009
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Total Impact of CE on Patient 
Management

JACC 2009

The patients’ medical 
regimen and/or 
procedure were 
altered by contrast 
echo interpretation in 
35.6% of patients
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Which patient(s) have LV thrombus?

Patient A Patient C

Patient B
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Patient A Patient C

Patient B
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42 year-old morbidly obese patient with 
right heart failure
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6/2005 8/2007
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Insp Exp

Contrast echo was finally 
performed
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Insp

Exp

Insp

Exp

E’=11cm/s

Tissue Doppler 
imaging

Mitral inflow Doppler

Hepatic vein Doppler

Plethoric IVC
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27/5/2010
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Histology report: chronic pericardial inflammation 
and fibrosis but etiology unknown

CT report: Moderately thickened 
pericardium (6mm)

OT: 13/12/2010
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1. Is the LV function normal?
2. Is there an regional wall motion abnormality?
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Case 1
M/67
New onset AF
Hypertension
No history of stroke/DM/CHF
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1.Nothing
2.Aspirin or warfarin
3.Warfarin
4.New oral anticoagulant

What is your anticoagulation option?
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• Offered aspirin or warfarin
• Patient opt for aspirin
• Patient could not afford NOAC and did not want to 

take warfarin
• Betaloc for AF rate control

Initial Management
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• 2 strokes with fair recovery
• Ischemic bowel with resection

In the subsequent 6 months
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A

B C
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Non-compaction cardiomyopathy

M/32
Shortness of breath
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Apical hypertrophic cardiomyopathy

M/65
AF
Transient right hemiplegia
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Hypereosinophilic cardiomyopathy

F/42
Shortness of breath
Asthmatic attack
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F/72
Chest discomfort
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0 s 5 s

10 s
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JACC 2004;43:1412-1419

Vascular tumour Thrombus
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Myocardial Contrast Echocardiography 
(MCE)
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Hypoperfusion of LCx territory on MCE

Rest Dob 20 mcg Dob 40 mcg
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F/64
3 days post STEMI
Hypotension
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M/81 AF CHADS2=4, HASBLED=4
LAA occlusion with Watchman
Day 40 TEE Persistent LAA opacification with contrast
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TEE 
Day 60
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History

• A 52-year-old woman underwent radiofrequency ablation for 
paroxysmal AF

• After transeptal puncture, heparin 5,000 IU was given followed by 
continued infusion

• Activated clotting time ~ 270s

• Became suddenly hypotensive during the procedure
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TTE 1 day before the procedure
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Focused TTE (performed by 
electrophysiologist) during AF ablation

• Described: “A large left atrial mass suspicious of a thrombus; 
pericardial effusion”

• AF ablation was abandoned

• Urgent cardiac CT performed
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CT
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Question 1: Where is the mass?

A. Inside the LA (intra-cardiac)

B. Outside the LA (extra-cardiac)
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CT report

• A large extracardiac mass compression on the LA

• Consistent with ruptured LA with hemopericardium
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Question 2: What to do next?

A. TTE (by an echo expert)

B. TEE

C. MRI

D. Not necessary, the CT findings are definitive, call the surgeon
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TTE 3 days after AF ablation



Copyright © 2016. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

TTE 3 days after AF ablation
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TTE 3 days after AF ablation

Apical 4Ch view

Parasternal basal SAX view
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Question 3: Where is the mass?

A. Inside the LA (intra-cardiac)

B. Outside the LA (extra-cardiac)
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Question 4: What would be your anti-
coagulation strategy?

A. Continue anticoagulation

B. Stop anticoagulation
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Progress

• Based on clinical consideration and the imaging findings, a certain 
diagnosis was made and anticoagulation was stopped
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Follow-up TTE 2 weeks later

3 days after AF ablation 2 weeks after AF ablation
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Follow-up TTE 2 weeks later
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Contrast (Sonovue) echo
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3 months later

2 weeks 3 months

The cystic structure has significant reduced in size
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Question 5: Where is the mass?

A. Inside the LA (intra-cardiac)

B. Outside the LA (extra-cardiac)

C. Neither inside nor outside
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Question 6: What is the mass?

A. LA thrombus

B. LA bleeding

C. LA myxoma

D. Artefact
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Looi JL. JACC 2013
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Well circumscribed by “bright” walls

Color Doppler demonstrated flow inside the mass
Hemopericardium 

Partial resolution of hematoma 
leaving a dissection flap and an 

intramural cavity

Contrast echocardiography 
excluded significant 

communication between the 
intramural cavity and the LA
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Left atrial intramural hematoma  
complicating AF ablation
• Uncommon 

– but may be increasingly common with complex LA procedure in 
patients on anticoagulation

• May occur spontaneously1 or iatrogenically2,3

• Potential mechanisms4: 
– LA wall injury during transeptal puncture
– Laceration of right lower pulmonary vein
– Continued anticoagulation

• Unless causing hemodynamic compromise, literature suggested that 
LAIMH can be managed conservatively5

1. Shaikh N. J Am Soc Echocardiogr. 1999
2. Kelly S. Am J Roentgenol. 2006
3. Sah R. Circulation. 2007
4. Echahidi N. J Cardiovasc Electrophysiol. 2008
5. Looi JL.  J Am Coll Cardiol. 2013
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Aortic post TEVAR endoleak 
detection
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What are endoleaks?

• Endoleaks are defined as blood flow outside the lumen of the stent 
graft but within the aneurysm sac

Journal of vascular surgery 
2006
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CEUS Imaging of the Thoracic Aorta and Branches 

Aortic root Arch

Descending 
Aorta

Branches
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Contrast-enhanced ultrasound confirms the 
retrograde flow direction in the false lumen

CT contrast TTEMicrobubble contrast
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Lee AP, et al. Contrast-Enhanced Transthoracic Aortic 
Ultrasound For Endoleak Detection After Thoracic 
Endovascular Aortic Repair. The Annals of Thoracic 
Surgery 2016 (In press).
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JACC 2009
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Relation of Extent of Nonvisualized LV 
Segments to Impact of Contrast on Management

JACC 2009
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Impact of Contrast on Patient Management: 
Avoidance of Additional Diagnostic Procedures

JACC 2009
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Impact of Contrast on Medication 
Changes

JACC 2009

The patients’ medical 
regimen was altered 
in 67 patients (10.6%) 
after interpretation of 
CE images (Ho: p=0, 
p<0.0001)





Tethering is The 
Problem



Viewing mitral valve in a biomechanical model

Annular flattening may predispose the mitral valve to increased wear and 
tear?
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Myocardial Contrast Echocardiography
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Hypoperfusion and hypokinesis of LCx 
territory on MCERest Dob 20 mcg Dob 40 mcg

Circulation 2002
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rest pre-peak

peak stress betaloc



Copyright © 2016. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

What is 3D printing?
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Explaining 3D printing by way of 2D 
printing

1 2Create content using text 
editing software

Content transmitted to 
device that creates physical 
copy
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Explaining 3D printing by way of 2D 
printing

1 2Create content using 3D 
modelling software

Content transmitted to 
device that creates physical 
copy
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What does a 3D printer look like?

Hobby grade printers

Commercial grade printer
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How does a 3D printer work?

1
Heat and extrude material, 
similar to hot glue gun

2
Build object up in 
subsequent layers

3 Use computer controlled gantry to extrude material in precise locations
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How does a 3D printer work?
✦ 3D pens

✦ Heat and extrude material

✦ Build object up in subsequent layers
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How does a 3D printer work?
✦ 3D printers
✦ computer controlled gantry to extrude material 

in precise locations
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What is cardiovascular 
3D printing?
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May 12th 2016 |Mia Tang |

Medical scanner (CT/MR/US)

Your own PC or laptop

From medical images to objects
Segmentation

Data courtesy of Helmholtz Institute Aachen, AME, Germany
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Process of reconstructing from CT data
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Process of reconstructing from 3D Echo Data 
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Personalised surgical 
planning
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• Advantages:

• True spatial relationship 
to allow tangible 
manipulation of the 
cardiac structures. 

• Medical students may be 
able to “feel” the anatomy 
and pathology

• Patients can be better 
explained regarding the 
surgical or interventional 
technique. 

Anatomic teaching tools for students 
and patients

Mishra et al. Indian Heart J. 2016.



Anterior lobe 
(smaller)

Posterior lobe

Case: A 78 yo lady, AF, stroke risk deemed high 
(CHADS2>2), contraindication to oral 
anticoagulation (history of ICH)

135 degree 45 degree



3D TEE image of 
the patient’s LAA



3D Printing for Personalised Cardiac Intervention
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From 3D echocardiographic data to 3D 
digital model



3D Printing for Personalised Cardiac Intervention
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Inf

sup
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Atrial fibrillation is a major cause of 
stroke

Left atrial 
appendage 
(LAA)

Thrombus

Rahman et al. Nat Rev Cardiol. 2014.
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• CHA2DS2-VASc 分數 = 8
(每年中風機會率)
• HAS-BLED 分數 = 4
(每年出血機會率)

=> 終身服用抗凝血藥將增加
出血性中風的機會

左心耳封堵術 LAA occlusion
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Transcatheter left atrial appendage occlusion procedure
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手術前心臟超聲波圖像

左心耳
左心房 左心耳

左心房



左心耳前葉
（較小）

後葉

手術前心臟超聲波圖像

食道超聲波
135度切面

食道超聲波
45度切面



Copyright © 2016. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

3D食道超聲波患者
左心耳成像
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模具快速成型

• 內模通過3D打印技術製作，如視頻所展示：

Inner Mold

Supporting 
Raft
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在3D打印技術輔助下進行個人化心臟介入治療
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在3D打印技術輔助下進行個人化心臟介入治療



在3D打印左心耳模型上進行個人化導管手術模擬



Copyright © 2016. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

後

前

隙

24mm封堵器放在左心耳前葉
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後

前

24mm封堵器放在左心耳後葉

完全
封堵
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手術中左心耳顯影影像



後

前

手術中心臟超聲波圖像

左心耳封堵器
左心耳封堵器
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手術後心臟超
聲波圖像
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24mm封堵器放在左心耳, 牢固地封堵整個心耳!
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手術前個人化
模擬

真實手術成
果＝
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Case 2
F/56
• Shortness of breath x 6 months

• Echo showed large ASD with hemodynamically significant left to right 
shunt

• Percutaneous ASD closure with 30mm Cocoon ASD device in Sep 
2015
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Persistent shortness of breath on 
exertion 6 months after ASD closure

Echo at 6 months confirmed significant 
residual leak around the upper and 

posterior edge of the device 
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5mm

17 mm

3D TEE shows a 
crescent-shaped 
gap 17 x 5mm
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Aorta

SVC

ASD device

Black rigid material

Semi-
transparent 
soft material

Residual gapResidual gap
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“Cribriform” septal occluder
Left disc = Right disc = 18mm

Testing result
Defect coverage - Ok
Device stability - Ok
Device endothelialization - Ok
Device impingement - Ok
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LA side

RA side

Superior 
vena 
cava

SVC
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Personalised planning for percutaneous 
structural heart intervention
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2020: US$11 Billions2020: US$11 Billions
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• Medical (CUHK/PWH): 

• Cardiology (Interventional 
Imaging): Alex Lee

• Cardiac surgery: Randolph Wong

• Radiology: Simon Yu

• Cardiology (Heart failure): Erik 
Wong

• Cardiology (interventionists): 
Gary Cheung, Eugene Wu, Anna 
Chan

• Post-doc/PhD students:

• Yiting Fan

• Fan Yang

• Engineering: 

• Mechanical engineering: 
Ka-wai Kwok, Paddy 
Chan (HKU)

• Computer sciences: 
Kenneth Wong (HKU), 
Pheng Ann Heng (CUHK), 
Liang Zhao (University of 
Technology, Sydney)

• RA: Zhiyang, Martin

The Heart Print Project Team
編心計劃



Research and Development on 
Techniques for Automatic 

Segmentation, Tracking and 
Reconstruction of Mitral Valve 

from 4D Echocardiogram 
(ITS/089/14)

Progress Review Meeting
28th September 2016

217



4D Visualisation Result
Patient #23 (functional mitral regurgitation)

218
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Development of 3D-Printed Cardiovascular 
Models for Personalised Structural Intervention

Project Coordinator: 

Prof. Alex Lee, Department of Medicine and Therapeutics, CUHK

Research Team Members:

Prof. Ka-Wai Kwok, Prof Paddy Kwok-Leung Chan, Department of 
Mechanical Engineering, HKU

Prof Simon Yu, Department of Diagnostic and Interventional 
Radiology, CUHK

Dr Randolph Wong, Department of Surgery, CUHK



Intra-LAA Model Fabrication for Occluder Placement
• Left atrium appendage (LAA) of heart in 3D can be 

obtained through 3D-TEE imaging data

• Features of the LAA model will be 
extracted/segmented using our computer interface

• Silicone elastomer cured at a slightly raised 
temperature (at ~45°C)

• Software will be developed to optimize the CAD 
design of inner and outer mold for casting the 
silicone

• Tsui GKW, Wong K-YK, Lee APW, “Automatic systole-diastole classification of mitral valve complex from RT-3D 
echocardiography based on multiresolution processing,” International Society for Optical Engineering, 2013

• A.P.W. Lee, Y. Fan, K.W. Kwok, et al, “3D Printing for Planning Occlusion Procedure for A Double-lobed Left Atrial 
Appendage,” Circulation: Cardiovascular Interventions

Inner Mold

Injection point Outer Mold



Integration with Force Sensor for Validation

• Advanced biomimetic materials (e.g. PVA cryogel) will be used to fabricate 
the LAA phantom

• Providing more similar mechanical property with the actual LAA tissue

• PDMS-based pressure sensor (high sensitivity: 851 k/Pa; board range up to 
20kPa, low-power consumption: 100nW) will be integrated with the LAA 
model to validate the fitness of occluder in LAA

• Pazos, V., Mongrain, R. and Tardif, J. “Polyvinyl alcohol cryogel: Optimizing the 
parameters of cryogenic treatment using hyperelastic models,” J Mech Behav Biomed 
Mater, 2009

• Wang Z, Chan PK, et al., “High Sensitivity, Wearable, Piezoresistive Pressure Sensors 
Based on Irregular Microhump Structures and Its Applications in Body Motion 
Sensing,” Small, 2016
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Echo has limited field of view
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Courtesy of Dr Liang Zhao, University of Technology, Sydney

3D image fusion so 
the whole heart can 
be printed in one go



Copyright © 2016. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

Potential benefits of 3D printing for 
personalised CV procedural planning

• Facilitate planning for complex cases
• Simulation training 
• Patient education
• Reduce procedural time (hence save 

money)
• Increase safety (hence save money)
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明報周刊
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Fractional flow reserve-computed 
tomography (FFR-CT)

• 60% of patients sent to cath lab for elective 
coronary angiography have non-obstructive 
CAD

• CT angiography: excellent sensitivity, 
modest specificity

• The Achilles heel of CT angiography has 
been intermediate lesions

• FFR-CT provides functional information of 
lesions and improves specificity

• Limitation: Turn-around time at remote 
sites (3-6h)
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Advances in Cardiac MRI
Simplification and Reducing Time for Scans

• Despite excellent soft tissue imaging 
with zero radiation:
• 1% of all MRI exam
• Time consuming (>1h per 3D scan)
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Simplification and Reducing Time for Scans

• Imaging time reduced from 70min to 8min
• A single, free breathing exam
• Cloud-computing and deep learning technology



Why MRI-Guided Intervention?
Pros

 High contrast soft tissue images
 No radiation
 Detect instant pathological and physiological 

change

Example: Cardiac EP Catheterization 
 Monitor post-ablation progress (Edema)
 Prevent tissue perforation
 Improved surgical outcome

Challenges
 Long and flexible catheter
 Safety – Strong Magnetic Field (1.5 - 3T) Isolation of Pulmonary vein

SJM Velocity® 
EAM interface (Roadmap)

VISIUS® Intra-operative MRI system 

Ablation Catheter 
(~1.5m long) Post-ablation Edema (MRI)

V.S.

Courtesy of Dr. KW Kwok, HKU Mechanical Engineering
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MR-conditional robotic control of 
cardiac catheter

Courtesy of Dr. KW Kwok, HKU Mechanical Engineering



Potential Clinical Impact

MRI-guided 
Intervention
• Excellent tissue 

contrast, free 
from radiation

Robotic catheter 
control
• Catheter stability and 

precision, reduce 
procedural time and 
complication, increase 
success rate

MR-based Robotic 
Intervention

Interventional Cardiovascular MRI is the future

Interventional 
CMR suite

Real-time CMR 
Electrophysiologic 

Mapping

Transcatheter aortic 
valve replacement

Real-time CMR-
guided myocardial 

biopsy

Courtesy of Dr. KW Kwok, HKU Mechanical Engineering
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Questions?
alexpwlee@cuhk.edu.hk


