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Updates on Minimally Invasive Surgery: 

Valvular Heart Disease, Repair or 

Replace?



Which would you prefer?
Sternotomy Minimally invasive



In minimally invasive heart surgery (MIS), aka keyhole surgery, the surgeon 

performs heart surgery through a smaller incisions without splitting the 

breastbone (sternotomy) or making a long incision. 

Rather, the surgeon operates through small incisions with specialized 

instruments, which will result in less pain and trauma and a  much quicker 

recovery for many patients. 

This approach will also allow the surgeon to have a better view of certain 

parts of the heart, and therefore provide a better and more comprehensive 

operation.

Minimally Invasive Heart Surgery (Key hole surgery)
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Minimally Invasive Heart Surgery 



Galloway AC, Schwartz CF, Ribakove GH, et al. A decade of
minimally invasive mitral repair: long-term outcomes. Ann
Thorac Surg 2009;88:1180–4.

MICS: 10-yr freedom from 

reoperation is 95%+1%

N = 1601

Survival Freedom from Reoperation

NYU



J Thorac Cardiovasc Surg 2011;142:1507-14

A higher proportion of MIS patients 

discharge home (p=0.018) instead of 

rehab

A lower readmission rate within 1 

year (p=0.023) 

Lower Transfusion Rate

Less post-op complications

Shorter hospital stay: Average length 

of stay 9.8 (ST) vs 7.7 (MIS) days 

(p=0.0043)



J Thorac Cardiovasc Surg 2012;143:S86-90

Pt > 75 y/o

N = 1005 patients

Less post-op complications (p=0.01) and long-term survival (p 

= 0.6)

3.1 day shorter hospital stay (p=0.033)

MIS approach has more pt discharge to home than rehab 

(p=0.021)

Columbia U



Minimally Invasive patients (including high risks patients) has better 

postoperative outcomes:

Lower unit of blood transfusion needed (p=0.0006)

Lower Stroke rate (p=0.02)

Lower Atrial fibrillation rate (p=0.0007)

Ann Thorac Surg 2016;101:981-9. 

Meta Analysis

N = 1254 patients



Ann Thorac Surg 2016;101:981-9. 

N = 571 (413 MIS vs 158 open)

Post-op A.fib (MIS vs open; 25% vs. 37%, 

p=0.002)

Shorter intubation time (>24 hrs) (12% vs. 

20%, p=0.008)

Hospital/ICU Stay Duration (5 vs 8 days, 

p=0.008)

Miami



Journal of Thoracic Disease 2017 [ePud]

Journal of Heart Valve Disease 2013;22:735-739

Mount Sinai

Columbia U

Miami

Mitral + Tricuspid

Mitral + Aortic

Mitral + Aortic + Tricuspid

Aortic + Tricuspid





MICS

Indications:

Mitral Valve Repair and Replacement

Tricuspid Valve Repair and Replacement

Aortic Valve Rapair and Replacement

Coronary Artery Bypass

Atrial Fibrillation / MAZE and Left Atrial Appendage Ligation

Congenital Heart Defect (Atrial Septal Defect and patent 

ductus ovale)

Atrial Myxoma

LVAD – Heart Failure 



Right mini-thoracotomy for 

Mitral, Tricuspid, Congeital Defect, A.fib, Myxoma 



Mitral valve repair and replacement



Case Presentations  
(Recent cases done in Tulsa at OHI/HHS)



1. Minimally Invasive 

Mitral Valve Replacement



77 y/o lady

Rheumatic 

Mitral 

Regurgitation



77 y/o lady w/ rheumatic Mitral Regurgitation

Minimally Invasive Mitral Valve  

Replacement



77 y/o lady w/ rheumatic Mitral Regurgitation

Minimally Invasive Mitral Valve  

Replacement



2. Minimally Invasive 

Mitral Valve Repair



74 y/o gentleman w/ severe mitral regurgitation / Bileaflet

prolapse/ Mutliple Regurgitation Jets

Mini Invasive Mitral Valve Repair



Great visualization of the subvalvular apparatus 

for mitral valve repair

Mitral Valve Repair



60 y/o gentleman w/ mitral regurgitation, posterior 

leaflet prolapse

Mini Invasive Mitral Valve Repair



48 y/o gentleman w/ 

Barlow’s mitral 

regurgitation

Barlow’s mitral regurgitation

Redundant 

Valve Tissue 

w/ bi-leaflet 

prolapse

Experienced, 

skilled Heart 

Surgeon

Mini Invasive Mitral Valve Repair





Repair: 

Posterior 

mitral leaflet

Repair: 

Anterior and 

Posterior 

mitral leaflet



Repair: 

Asymtomatic

Repair: 

Asymtomatic

1. A.fib

2. PTH 

(PAP>50)

Repair:

Posterior 

leaflet



Why MV repair is more superior than replacement (AHA guidelines): 

Repair vs 

Replacement: 

1. Lower Operative 

mortality (half)

2. Better LV function

3. Less risk of 

thromboembolism 

and bleeding



Components of Mitral Valve Apparatus
• Mitral annulus

• Anterior and posterior 

leaflets

• Chordae tendineae

• Lateral and medial papillary 

Muscles











Importance of Chordal Sparing in 

Mitral Surgery 



Mitral Valve Repair

Can be surgically 

demanding 

Experienced, Skilled 

Heart Surgeon 

Minimally Invasive

Mitral Repair 

Technique:

1. Sliding Annuloplasty

2. Artificial Cords

3. Anterior and Posterior 

partial leaflets resection 

and reconstruction 

4. Chordal Translocation

5. Leaflet Extension

6. Chordal division and 

relocation

Etc……



Mitral valve repair is surgical demanding, it is not for all cardiac surgeon, 

patients with MR should be referred to surgeon who specialize in mitral 

valve repair. 



Severe mitral regurgitation + severe congestive heart failure (EF < 

25%)

- Sometimes MV repair or replacement may not be enough, 

- advanced heart failure therapy may be needed.  

Severe MR

Normal CHF + MR 



LVAD (Left Ventricular 

Assist Device)

Heart support device for 

patients with severe

congestive heart failure

Provides ventricular unloading 

of the failing heart while 

supporting circulation

- Improves Quality of Life

- Improves Survival 

End-stage heart failure is a 

surgical disease



Minimally Invasive LVAD placement



Minimally Invasive LVAD placement



Tricuspid Repair, Congenital Heart Defect, Myxoma

Sinus Venosus ASD

Tricuspid Repair

Myxoma

Minimally Invasive Heart 

Surgery



Tricuspid 

Regurgitation

Symptomatic:

- Absites

- LE swelling

- SOB

- Fatigue

- Liver failure

Asymptomatic:

1. Progressive RV 

dysfunction

2. PHTN 

3. Annulus dilation 

(>40mm)

TV Repair 



Minimally Invasive Aortic Valve Replacement for Aortic 

stenosis



Small Incision for Aortic Valve Replacement



Other minimally invasive heart surgery:

CABG / MIDCAB

Atrial Fibrillation Ablation / Mini- Maze

Heart Failure / MIS LVAD placement



MICAB – Off-pump Minimally Invasive Coronary 

Bypass Surgery + Hybrid Procedure  



Atrial Fibrillation Ablation / mini MAZE

Thorascopic left atrial appendage ligation

Cryo + RF



CONVERGENT/ Hybrid Atrial Fibrillation Ablation

1. Permanent A.fib

2. Recurrent A.fib

Operating Room

EP lab 





Oklahoma Heart Institute is the only center in Tulsa and the State 

of Oklahoma where Minimally Invasive Heart Surgery is offered. 



Oklahoma Heart Institute / Hillcrest Medical Center is the only center in 

Tulsa and eastern Oklahoma where LVAD / Advanced Heart Failure 

Therapy is offered. 

OHI/ Hillcrest is one of the only two centers where LVAD therapy is 

provided in the whole State of Oklahoma.   



OR Team

Amy Ramsey (CV lead)

Kara Mata

Leisha Madalone (Scrub lead)

Terri Gilbert

Washeem Abdalmalk

et. al. 

Anesthesiologists

Brad Christiansen

Dale Dautenhahn

David Lee

Perfusionists

ICU Team and Intensivists

Office nurse

Dana Archibald

Dr. Wayne Leimbach

Minimally Invasive Team



Questions:

Allen Cheng, M.D.

Office: 918-749-6400
(Dana Archibald, R.N.) 

email: allen.cheng@oklahomaheart.com

More info: www.oklahomaheart.com

www.facebook.com/chengminimallyinvasive

Thank you 



Double valves

N = 441 pt with MVR + TVR

Overall 30 days mortality was 4.3%

Freedom from reoperation was 91%

Combine TV surgery can be done safely and 

routinely with good perioperative results. 



Uses of LVAD Support

• Provides ventricular unloading of 

the failing heart while supporting 

circulation

• Used as a bridge to heart 

transplant (BTT) until a donor 

heart is identified

• Permanent support as 

destination therapy (DT) 

• In some patients, supports the 

heart as a bridge to recovery 

(BTR)



Basics: Why do we need LVAD?

26 millions heart failure patients worldwide ( 6 millions in the 

US alone), 2 millions pts qualify for advance HF therapy 

(600,000 pts in the US alone) each year (American Heart Association 

estimate 2016)  

Along with the aging population, the AHA estimate growth rate of heart failure 

patients will exceed greater than 30% in the next 10 years* (800,000 pts per year). 
*Forecasting the future of cardiovascular disease in the US: A policy statement from the American Heart Association Circulation. 2011 

Mar 1;123[8]:933-44

With the limitation of available donor 

organ, the number of annual heart 

transplantation in the US and Europe, 

has remained unchanged in the last 

two decade with only about 2500
cases a year nation-wide in the US 

and Europe. 

2500 ≠ 800,000



Source: Joseph Woo, M.D. 

Benefits of Mechanical Circulatory Support



INTERMACS Annual Report 2016   

https://www.uab.edu/medicine/intermacs/reports/public-statistical-reports

>19000

implants

> 170

centers





Heartmate II

Heartware HVAD

Older pump (> 15 years old pump)

Require a large pump pocket for 

placement / below diaphragm

Not being use in Europe anymore

❖ One of the newest pump

❖ Third Generation 

Centrifugal –flow pump

❖ Smallest /Integrated 

Inflow Cannula

❖ 10 Liters of flow/min

❖ No pump pocket needed 

for implant /Fit in the 

pericardial space

❖ Less pump thrombosis 

❖ Approved for both BTT

(bridge-to-transplant) and 

DT (destination therapy)

❖ Can be place minimally 

invasively and off-bypass

❖ Available only at Hillcrest 

in the State of Oklahoma

Heartmate III

Currently approved only 

for BTT or short term 

support

Three FDA approved Devices 



Kirklin et al. Seventh INTERMACS annual report. JHLT. 2016;34:1495-1504

BTT+DT

Operative Mortality: 1%



J Thorac Cardiovasc Surg 

2013;144:584-603)

INTERMACS 

database



UNOS Database

Propensity Match Study

Impact of LVAD on wait list survival 



Survival in Propensity matched group (p<0.05)

Does Left Ventricular Assist Device Support Improve 

Survival on the Heart Transplant Waiting List? 

UNOS 

Database

• Potential additional benefits

• Improved survival with 

LVAD could allow 

improved allocation of 

donor organs

• Improved quality of life 

while on waiting list 

compared non-LVAD 

patients

UNOS database Analysis:

Patients supported with HM 

II LVAD for BTT 

demonstrated an improved 

survival in patients on 

waiting list

Trivedi J., Cheng A, Slaughter MS et al . Presented at STSA Annual 

Meeting 2013. Annal of Thoracic Surgery 2014;98:830-4. 

Survival overall 

(p<0.05)



Cheng et al. J Card Surg. 2016 Oct;31(10):648-653

Biventricular Heart failure - BiVAD

Total Artificial Heart 



LVAD Bridge to Recovery

• Effects of chronic mechanical unloading 
with LVAD
– Decrease myocardial cytokines

– Decreased neurohormonal activation

– Up-regulation B-receptor density

– Normalization Ca transport

– Decrease wall stress & LVEDP

– Decrease MR & PCWP

– Decrease LVEDD

– Reverse remodeling



JACC 2017;69:1924-33

Conclusion:

With specific bridge-to-

recovery protocol, 

recovered patients with 

LVAD explanted can 

achieve the same cardiac 

and physical function 

capacities when compared  

to the healthy subjects. 



The future of artificial device 

/ left ventricular assist device for 

heart failure



HeartMate X
Ultra-Compact, Highly Versatile VAD = New patient populations

• Potential to meet the needs of earlier stage patients

• Potential for minimally invasive implantation

• Potential for multiple configurations (LVAD, RVAD, 

BiVAD)

• Very small, full support pump, can be use in various 

configuration, including as a RVAD and BiVAD, and 

will allow minimally invasive approaches. 

Expected Benefits

Features

• Utilizes proven HeartMate II bearing technology

• Partial to Full support (8 L/min) in ultra-compact 

size

• Highly energy efficient

• Miniaturized patient peripherals

• Left and/or right side assistance

*In development.  Not approved for clinical use.



Heartware HVAD® and MVAD® Pump: 

Side-by-Side Comparison

Parameter HVAD MVAD

Pump Type Centrifugal Axial

Weight 160 g 58 g

Pericardial 

Volume
50 cc 15 cc

Priming Volume 15 cc 5 cc

Inflow OD Same Same

• Significantly smaller in size (Half the 

size of HVAD) 

• Able to provide Full support

• Trial started in Europe –Increase in 

thromboembolic events, but sources 

found per Medtronics

• Trial in US soon

CAUTION – Investigational Device.  Limited by United States law to investigational use.

Exclusively for Clinical Investigations.



• Design based on MVAD Pump platform

• Transapical placement, pump cannula sits 

across aortic valve

• Axial design, continuous flow

• In vitro studies demonstrate no 

intraventricular or aortic valve thrombus

• Aortic valve seals around cannula with 

minimal to no regurgitation

• A variation of MVAD. Implant 

through the LV apex, pump rest in 

the left ventricle. 

• No outflow anastomosis needed. 

• Small Thoracotomy and off-pump. 

Transapical Cardiac Assist (Longhorn)

CAUTION – Investigational Device.  Limited by United States law to 

investigational use.

Exclusively for Clinical Investigations.



CircuLite Surgical System
Partial support pump

Pump in subcutaneous pacemaker-

like pocket

Inflow cannula done via small right 

sided mini-thoracotomy into the PV

ideal for less sick pts. 

•Reduce Left Atrial and ventricular 

pressure - offloading

•Reverse end-organ dysfunction, 

BTT. 

•Off-pump procedure

•Extubation in OR possibleCAUTION – Investigational Device.  Limited by United States law to investigational use.

Exclusively for Clinical Investigations.



Energy Source

Current:

• Lithium ion batteries

• External driveline

• System controller

• “tethered” at all times

• Affect quality of life and not ideal



Fully Implantable System*

Forgiving Energy Transfer

•High-efficiency, user-friendly wireless energy 

transfer across a distance.

•Eliminates the driveline and “around the clock” 

worn equipment.

Mobile Tethered Free

Breakthrough technology to advance  mechanical circulatory support.

Pt happier without external battery, system 

controller, risk of driveline infection, 

fracture driveline, frequent visit to hospital. 

• Partnership with Dualis

MedTech GmbH, a spin-off of 

the German Aerospace 

Centre (DLR)

• Competency in coil designs, 

biocompatible materials, and 

RF telemetry systems 

complement internal 

development effort

• Configuring technology for 

HVAD/MVAD 

HeartMate HeartWare 



• WREL (Wireless Resonant Energy Link)

Other option. A home system. Energy transmit at home. At least untether at 

home. Do daily activity freely at home.  



Minimally Invasive Heart Surgery (Key 

Hole Heart Surgery) 

Artificial Heart / Left Ventricular Assist 

Device for Heart Failure



Heart Anatomy

Tricuspid Valve

Pulmonic Valve 

Mitral Valve 

Aortic Valve and Aorta



Coronary Artery Anatomy



Meta Analysis

N = 1254 patients

Minimally Invasive patients 

(including high risks patients) 

has better postoperative 

outcomes:

Lower unit of blood 

transfusion needed 

(p=0.0006)

Lower Stroke rate (p=0.02)

Lower Atrial fibrillation rate 

(p=0.0007)



Minimally Invasive Heart  

Surgery (Key Hole 

Surgery



Meta Analysis

N = 1254 patients

Minimally Invasive patients 

(including high risks patients) 

has better postoperative 

outcomes:

Lower unit of blood 

transfusion needed 

(p=0.0006)

Lower Stroke rate (p=0.02)

Lower Atrial fibrillation rate 

(p=0.0007)



Ann Thorac Surg 2016;101:981-9. 

N = 571 (413 MIS vs 158 open)

Post-op A.fib (MIS vs open; 25% vs. 37%, 

p=0.002)

Prolong intubation (>24 hrs) (12% vs. 20%, 

p=0.008)

Hospital Stay Duration (5 vs 8 days, p=0.008)





Aortic + Mitral 



Components of Mitral Valve
• Annulus

• Anterior and posterior leaflets

• Chordae

• Papillary Muscle

































Advanced Heart Failure: 

Artificial Heart / Left 

Ventricular Assist Device 

(LVAD) 








