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Minimally invasive valvular surgery: 
CHU LIEGE EXPERIENCE



Prevent FMS complications
• Pulmonary dysfunction
• Sternal section
• Incisional pain
• Esthetic consideration
• Infection

Why minimally invasive surgery?

Full median sternotomy:

v Large access to the heart
vCentral CPB canulation
vCombined surgery



Complete Sternotomy
(CST)

Partial Sternotomy (PST)

Anterolateral 
Thoracotomy (ANT)

Robotic Assistance 
(ROB)

Types of minimally invasive Incisions ?



Peripheral femoral canulation

Central Canulation

CPB



ENDOBALLON

1 7

MINIMALLY INVASIVE
MODIFIED PORT ACCESS

SURGERY

TRANSTHORACIC AORTIC CROSS-CLAMP

A transthoracic aortic cross-clamp is introduced through the chest wall in

the 3rd intercostal space as posteriorly as possible; the clamp is positioned

in the transverse sinus for aortic occlusion. The clamp is oriented so that

its concave aspect is directed cephalad. Alternatively, a cross-clamp with

a flexible shaft may be introduced through the primary incision.

Aortic cross clamping:
TRANSTHORATIC  



Instrumentation





•AVR
•Mitral surgery
•Tricuspid surgery
•CABG
•Left ventricular epicardial lead
•ASD
•Benign intracardiac tumors (Myxoma, ...)
•Afib (MAZE)

Minimally invasive procedures?



•Prior right thoracotomy
•Peripheral vasculopathy
•Porcelain aorta

Contra-indications?

MICS  complications 
•Peripheral canulation complications:

- Vascular
- Neurological
- Groin infection

•Phrenic nerve



Preoperative investigations



Minimally invasive aortic valve 
surgery





1. Right Anterior Minithoracotomy  
 

2. Ministernotomy  

MIAVR Surgical Access 

• Femoral A+V canulation
• Supine position
• 2nd Or 3rd  ICS
• Video assisted but direct vision
• Antegrade cardioplegia
• Venting (RSPV)
• Aortic cross clamping (Chitwood)

Minimally invasive AVR



Mini AVR 

Mini Sternotomy Mini thoracotomy 

Minimally invasive AVR



MiniAVR: type of prosthesis?



RESULTS…
COMPARED TO FMS, MINIAVR OFFERS SEVERAL ADVANTAGES:

• Similar survival
• Less pain
• Better postoperative respiratory function
• Reduced mechanical ventilation
• Less bleeding, less blood transfusion
• Reduced ICU and Hospital LOS
• Faster recovery

But… Prolonged CPB and Aortic cross clamp times! 



ü Nombre de patients (03/17- 01/2/19): 35
→ Sténose  VA(33)
→ Fibroélastome (1)                                           
→ Endocardite (1)

28 patients:
→ Temps de clampage moy : 72 min (33-109)
→ Temps de CEC moy: 105 min (89-162)
→ Durée chirurgie moy: 260min (188-330)
→ Séjour USI moy: 1.7J (1-5)
→ Séjour H: 6.8J (6-10)
→ Transfusion: N=2 (11%)
→ FA résolutive: N=2 (11%)

MiniAVR through RAMT: CHU LIEGE initial experience

Conversion en sternotomie: 7
→ Ventilation (1)
→ Vision (2)
→ Plastie Manougian 

(2)
→ Canulation fémorale 

(2)





Mini-invasive AVR VS TAVI ??



Minimally invasive Mitral valve 
surgery



For the first time, minimally invasive mitral 
valve  surgery  …



Video  Assisted Mitral Valve Surgery

• Peripheral femoral canulation
• Supine positioning
• 3rd or 4th ICS
• Video assisted but direct vision
• Antegrade cardioplegia
• Aortic cross clamping (Chitwood) 

mini-thoracotomy approach and increase adoption
by most surgeons?

Recently 2 groups independently compared par-
tial sternotomy to mini-thoracotomy. Miceli et al
retrospectively examined aortic valve replacement in
406 patients by either right mini-thoracotomy or
mini-sternotomy and found that patients who
received mini-thoracotomy experienced a lower
incidence of new-onset postoperative AF (19.5% vs
34.2%, P ¼ 0.01), less required ventilation time
(median 7 hours, interquartile range [IQR] 5-9 hours
vs median 8 hours; IQR 6-12 hours, P¼ 0.003), and
shorter ICU stays (median 1 day, IQR 1-1 day vs
median 1 day, IQR 1-2 days, P ¼ 0.001), and
hospital stays (median 5 days, IQR 5-6 days vs
median 6 days, IQR 5-8 days, P¼ 0.0001) compared
with mini-sternotomy patients.46 Furthermore, sur-
vival at 1 and 5 years was higher for right mini-
thoracotomy patients relative to mini-sternotomy

patients (97% and 86% vs 94% and 80%, P ¼
0.1), although the difference was not statistically
significant.
Similarly, in a propensity score matched analysis,

Hiraoka et al35 found that mini-thoracotomy patients
experienced a shorter operative time (235 ! 35 min
vs 272 ! 73 min; P ¼ 0.009), fewer required blood
transfusions (42% vs 67%, P ¼ 0.025), and shorter
hospital stays (13.3 ! 6.5 days vs 21.5! 10.3 days,
P ¼ 0.001; respectively) and ICU stays (1.4 ! 0.8
days vs 2.2! 1.1 days, P ¼ 0.001) relative to partial
and full sternotomy patients.
Furthermore, patients who undergo mini-

thoracotomy have little to no postoperative physical
restrictions because the sternum is left intact and
stable during surgery. This is contrary to patients
undergoing a partial sternotomy who are required to
take sternal precautions after surgery. Larger,
randomized controlled studies are needed to

Figure 3. Minimally invasive, mini-thoracotomy, direct vision view of the mitral valve.

Figure 2. Minimally invasive, mini-right thoracotomy view of the aortic valve.

MINIMALLY INVASIVE VALVE SURGERY
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on using this approach (see below). However, other concom-
itant procedures such as coronary bypass surgery or aortic
valve or ascending aorta replacement require a median
sternotomy approach. Other contraindications have been
described (see Table 2) including:

1. Prior right chest surgery or radiation. Such patients are
at increased risk due to pleural adhesions, although a
preoperative computed tomographic scan may be used
for evaluation.

2. Severe peripheral atherosclerosis or chronic peripheral
arterial occlusive disease. Peripheral cannulation for
CPB can be particularly challenging for these patients.

3. Descending aorta aneurysm, aortic dissection, aortic
thrombus. Retrograde CPB perfusion via the femoral
arteries may be problematic in such patients.

4. Prominent ascending aorta calcifications or ascending
aorta aneurysm/dilation (>4.5 cm). Aortic clamping and
antegrade cardioplegia administration are challenging
in these patients.

5. Moderate to severe aortic regurgitation (AR) due to
difficulties with cardioplegia administration.

6. Significant chest wall deformity. Severe pectus
excavatum, in particular, can be very problematic.

7. Severe mitral annular calcification. Extensive decalcifi-
cation of the mitral annulus and reconstruction with a
pericardial patch is very challenging through a minimal
invasive approach.

Initially, less complex cases with a straightforward anat-
omy and pathology (e.g. isolated P2 prolapse) should be
considered for minimal invasive MV surgery. Once the
learning curve has been overcome, more challenging cases
may be performed. Holzhey et al15 described reduced compli-
cation rates with increasing experience of the surgeon and the
surgical team, with an optimal procedure rate of at least one
procedure per week. The efficacy and safety of minimal
invasive surgery have also been demonstrated in complex MV
disease in experienced hands, comparable to the results
achieved via conventionalmedian sternotomy approaches.15–18

Higher risk patients such as reoperative,18–21 elderly,22,23

and obese patients24,25 may also benefit from less invasive MV
surgery. However, surrounding pleural, right atrial and aortic
adhesions due to previous operations or radiation may
preclude safe dissection of the aorta for cross-clamping in
some higher risk patients. Such procedures may, therefore, be
performed during hypothermic ventricular fibrillation. How-
ever, more than trace AR is a contraindication to this
approach because of poor visualization of the operative
field.26,27 MV endocarditis may also be treated in a minimally
invasive technique,28 but patients with large peri-annular
abscesses should be avoided.

Surgical considerations

Peripheral femoro-femoral cannulation is the most commonly
used approach for CPB in minimal invasive MV surgery.
Some surgeons prefer direct aortic cannulation via the
mini-thoracotomy incision, arguing that antegrade flow to the
brain as well as avoidance of groin cannulation is beneficial.
However, a larger thoracotomy incision is required for this
approach. The choice between direct aortic clamping and
balloon endoclamping varies from center to center. Direct
aortic clamp proponents advocate the reduced rates of adverse
neurological events in comparison with endoclamping. Never-
theless, Casselman et al. observed similar mortality and stroke
rates using balloon endoclamping when compared to results
from other centers.29

A wide variety of modified small sternal, parasternal, and
mini-thoracotomy incisions have been described to access
the cardiac valves. Our standard approach is via a right
mini-thoracotomy, usually in the fourth intercostal space
(ICS). Recently, a new type of approachknownas theperiareolar
incision has been developed. It achieves very good aesthetic
results and without significantly compromising surgical
exposure.30,31 However, the periareolar technique requires
well selected patients (Table 3). Other groups use a lower partial
sternotomy approach to the MV. Briefly, a 6–8 cm skin incision
is performed in the midline starting 3 cm under the angle of
Louis and a partial sternotomy is performed from the xiphoid
process to the second ICS, keeping the manubrium intact.32

Further advances such as 3D video-assistance or even
totally endoscopic surgery via port-access are being used on a
more frequent basis. The term “totally endoscopic” usuallyTable 2 – Contraindications for minimally invasive and

robotic mitral valve repair.

Previous right thoracotomy
Significant aortic root/ascending aortic dilatation
Moderate or severe aortic valve regurgitation
Fixed pulmonary hypertension (>60 mm Hg)
Right ventricular dysfunction
Severe generalized peripheral arterial disease
Calcification of the aortic root/ascending aorta
Mitral annular calcification

Coronary artery disease requiring CABG
Severe pulmonary dysfunction
Symptomatic cerebrovascular disease or recent stroke
Severe liver dysfunction
Significant bleeding disorder

CABG – coronary artery bypass grafting.

Table 3 – General considerations for periareolar approach.

Gender Feasible for both genders
Areolar diameter At least 3 cm
Incision Should not extend over 180 degrees
Obese patients Not contraindicated. Breast flattens around the

areolar region after patient is positioned on the
surgical table.

Breast implants Not contraindicated. The breast prosthesis
should be kept within saline solution with
diluted antibiotics during the procedure.

Contraindications History of breast irradiation or surgery for
cancer with reconstructive breast surgery
(mastopexy)

Adapted from references 30,31.

3P R O G R E S S I N C A R D I O V A S C U L A R D I S E A S E S X X ( 2 0 1 7 ) X X X – X X X

Please cite this article as: Marin Cuartas M, et al. Mitral valve repair: Robotic and other minimally invasive approaches. Prog
Cardiovasc Dis (2017), https://doi.org/10.1016/j.pcad.2017.11.002

Contra-indication of Mini-mitral surgery

Mitral annular calcifications or combined surgery



ü Nombre de patients (01/18- 01/2/19): 7
→ CIA + IT 4/4 (1): anneau+patch
→ CIA (1): fermeture directe
→ IM 3-4/4 (4): 4 plastie avec anneau et cordages
→ endocardite Mitrale: RVM

ü Résultats
→ Temps de clampage moy : 100 min
→ Temps de CEC moy: 140 min
→ Durée chirurgie moy: 215 min
→ Séjour USI moy: 48h
→ Séjour H: 10 J

Décaillotage (1); FA (1)

Minimitral surgery through right lateral thoracotomy: 
CHU LIEGE INITIAL EXPERIENCE
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• Operative time

• Mid-term echocardiographic Follow-up

• Repair complexity

• Esthetic consideratios

Minimally Invasive Versus Sternotomy :

Longer 
§ crossclamp time, WMD [95% CI] = 21 [10 - 33] min (overall of 27 studies). In sub-

analysis, the increased XCL time was found mainly for repair, but not for replacement
§ cardiopulmonary bypass time, WMD [95% CI] = 33 [19 - 47] min (overall of 30 

studies).
§ procedure time, WMD [95% CI] = 0.8 [0.4- 1.2] hours (14 studies)

Shorter 
§ ventilation time, WMD [95% CI] = -2.1 [-3.4, -0.8] hours (20 studies)
§ ICU length of stay, WMD [95% CI] = -0.5 [-0.7, -0.3] days (20 studies)
§ Hospital length of stay, WMD [95% CI] = -1.6 [-2.1, -1.1] days (28 studies)

Video  Assisted Mitral Valve Surgery



“Minimally invasive mitral valve surgery:
The Leipzig experience

F. Mohr
Ann Cardiothorac Surg 2013;2(6):744-750”

Long Term Results of MIS

746 Davierwala et al. Minimally invasive mitral valve repair
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quality of repair or replacement by TEE and to complete 
the de-airing procedure. Thereafter, CPB is resumed, the 
cardioplegia needle vent is removed, haemostasis is checked 
and the pericardium is closed. The patient is then finally 
weaned off CPB and decannulated.

Follow-up

Follow-up was obtained by personal contact, mailed 

questionnaires, or by phone contact with patients and family 
members, with supplemental information being supplied 
by family physicians and referring cardiologists. The mean 
GPMMPX�VQ�JOUFSWBM�XBT���������ZFBST�BOE�XBT������DPNQMFUF��

Results

Of the 3,438 of patients undergoing minimally-invasive 
mitral valve surgery, 2,829 underwent MVRp and 609 
VOEFSXFOU�.73�SFTVMUJOH�JO�B�SFQBJS�SBUF�PG��������5IJT�
also included patients with valve pathology that was not 
amenable to repair. Our database, however, does account 
for patients who undergo a formal repair attempt with 
annuloplasty, are weaned off CPB and then have to undergo 
MVR due to an unsatisfactory repair on TEE. A total of 
���QBUJFOUT�	����
�SFRVJSFE�.73�EVF�UP�GBJMVSF�PG�SFQBJS�
either during the primary operation itself or at reoperation 
performed before discharge. This would result in a 
SFQBJS�SBUF�PG�������JO�QBUJFOUT�XIPTF�NJUSBM�WBMWFT�XFSF�
considered highly reparable before the operation.

Demographic characteristics and intraoperative 
parameters

Demographic characteristics and intraoperative parameters 
of patients undergoing minimally invasive MVRp are 
depicted in Table 1. Almost two-thirds of patients were 
males. Most patients had good left ventricular function, 
a low preoperative risk profile and underwent elective 
surgery. Very few patients had active infective endocarditis 
requiring urgent or emergent surgery. The minimally 
invasive approach was avoided in patients with suspicion of 
paravalvular abscesses.

It is the policy at our institution to use a ring annuloplasty 
for all repairs. The majority of patients received a complete 
ring. The right minithoracotomy approach also allows 
excellent access to the atrial septum, the tricuspid valve and 
UIF� MFGU�BOE�SJHIU�BUSJB� GPS�DSZPBCMBUJPO��-FTT� UIBO����PG�
patients required conversion to sternotomy.

Postoperative outcomes and follow-up

0WFSBMM����QBUJFOUT�	����
�EJFE�XJUIJO����EBZT�PG�TVSHFSZ��
The postoperative outcomes are presented in Table 2. All 
patients underwent transthoracic echocardiography before 
discharge. Of the 45 patients who required a MVR due to 
B�GBJMFE�SFQBJS�UXP�QBUJFOUT�	����
�EJFE�XJUIJO����EBZT�BOE�
BOPUIFS�òWF�EJFE�XJUIJO�POF�ZFBS�BGUFS�TVSHFSZ��

Table 1 Distribution of preoperative and intraoperative variables

Preoperative variables

Age in years 60.3±13

Male 1,733 (61.3)

Body-mass index (kg/m2) 25.6±3.9

Preoperative cerebrovascular accident 90 (3.2)

Left ventricular ejection fraction (%) 56.8±18.9

Prior cardiac surgery 152 (5.4)

Active endocarditis 36 (1.3)

Timing of surgery

Elective 2,632 (93)

Urgent/emergent 197 (7)

Log EuroSCORE (%) 4.9±6

Intraoperative parameters

Mitral valve repair† 2,829 (100)

Ring annuloplasty 2,829 (100)

Complete ring 2,440 (86.4)

Partial ring 389 (13.6)

Ring size 31.1±5.2

Combined procedures

Tricuspid valve repair 303 (10.7)

Tricuspid valve replacement 4 (0.1)

Atrial septal defect/patent foreamen ovale 
closure

272 (9.6)

Cryoablation 793 (28)

Excision of cardiac tumors 3 (0.1)

Aortic cross-clamp time (minutes) 76.4±35.1 

Cardiopulmonary bypass time (minutes) 133.6±68.6

Length of surgery (minutes) 180.1±133.6

Conversion to sternotomy 39 (1.4)

Mitral valve repair failure 45 (1.6)
†, includes patients with failed mitral valve repair. Continuous 
variables expressed as mean ± standard deviation. 
Percentages are shown in parentheses.
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The survival  of  al l  patients (MVR and MVRp) 

undergoing minimally invasive mitral valve surgery and 

those undergoing MVRp is depicted in Figures 1 and 2, 

respectively. The 5- and 10-year survival of all patients 

(MVR and MVRp) undergoing minimally invasive mitral 

WBMWF�TVSHFSZ�XBT�����������BOE�����������SFTQFDUJWFMZ��
A total of 447 patients undergoing MVRp died during 

GPMMPX�VQ� SFTVMUJOH� JO� B� TVSWJWBM� PG� ���������� BOE�
����������BU�òWF�BOE�UFO�ZFBST��0OF�IVOESFE�BOE�UIJSUFFO�
patients required a cardiac reoperation during follow-up, 

DVMNJOBUJOH� JO�B� GSFFEPN�GSPN�SFPQFSBUJPO�PG�����������

BOE�����������BU�òWF�BOE�UFO�ZFBST�	Figure 3).

Discussion

Ever since the description of the techniques of MVRp by 

Alain Carpentier in his famous publication “The French 

Correction” (11) MVRp has become the gold standard 

for patients with MR, especially due to degenerative and 

ischemic pathology. 

The long-term outcomes after MVRp through a 

sternotomy approach have been excellent and have been 

Table 2 Distribution of postoperative outcomes

Outcomes n (%)

30-day mortality 23 (0.8)

Low output syndrome 31 (1.1)

Failed mitral valve repair 45 (1.6)

Re-exploration for bleeding 198 (7)

Myocardial infarction 18 (0.6)

Sepsis 24 (0.8)

Stroke 57 (2)

Postoperative new dialysis 87 (3.1)

Postoperative symptomatic neuropsychotic 
syndrome

71 (2.5)

Hospital stay, days 12.2±9.4

Continuous variables expressed as standard ± mean deviation.
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Figure 1 Survival of patients undergoing mitral valve repair and 

replacement.

Figure 2 Survival of patients undergoing mitral valve repair.

Figure 3 Freedom from reoperation in patients undergoing mitral 

valve repair.
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Reoperation Rate 
After MV Repair

Long Term Results of MIS



Less Invasive è More Collaboration

- Good results
- Patient selection
- Heart team

The First Report of Transcatheter Aortic Valve
Implantation and Percutaneous Mitral Valve Repair
in the Same Patient

Ryan D. Madder, MD, Robert D. Safian, MD, Michael Gallagher, MD, Shaun R. Senter, MD,
George S. Hanzel, MD

Royal Oak, Michigan

Recent publication of the PARTNER (Placement of
AoRTic TraNscathetER Valve) and EVEREST
(Endovascular Valve Edge-to-Edge REpair Study)
trials support the safety and efficacy of transcathe-
ter aortic valve implantation and percutaneous
mitral valve repair (1–3). The present report is that
of an 82-year-old man with severe aortic stenosis
presenting in October 2005 with dyspnea. He was
deemed a poor candidate for surgical aortic valve
replacement, due to remote coronary bypass sur-
gery and open repair of an infarct-related ventric-
ular septal defect. In December 2005, he underwent
successful transcatheter aortic valve implantation with
an Edwards SAPIEN transcatheter heart valve (Ed-
wards Lifesciences, Irvine, California).

Five years later, he developed progressive heart
failure attributable to severe mitral regurgitation from
a restricted posterior leaflet. In September 2010, he
underwent percutaneous mitral valve repair with an
Evalve MitraClip (Evalve, San Francisco, California).
Fluoroscopy reveals both percutaneously deployed
aortic and mitral valve devices (Fig. 1). At follow-up
7 months later, the patient reports walking 1 mile for
exercise several times/week.

Reprint requests and correspondence: Dr. Ryan D.
Madder, Department of Cardiovascular Medicine, Wil-
liam Beaumont Hospital, 3601 West Thirteen Mile
Road, Royal Oak, Michigan 48073. E-mail: ryan.madder@
beaumont.edu.
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Figure 1. Patient With a Transcatheter Aortic Valve and
Percutaneous Mitral Repair

An 82-year-old man with severe aortic stenosis underwent per-
cutaneous aortic balloon valvuloplasty and subsequent trans-
catheter aortic valve implantation. Five years later, he
developed severe symptomatic mitral regurgitation from a
restricted posterior leaflet and underwent percutaneous mitral
valve repair. Fluoroscopy demonstrates both percutaneously
placed aortic and mitral valve devices.
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