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Abstract
While cardiac surgery has well evolved in the recent decades, endoscopic access to the heart is yet involving pleura opening and transcatheter procedures are still 
implying X-rays use. Here I introduce a novel minimally-invasive approach based on a sternal trepanation with extrapleural intercostal port(s). This allows a totally 
endoscopic access to the cardiac cavity without pleura opening. Besides, using this approach with live computer simulation, transcatheter procedures will be exclusively 
monitored by transesophageal echocardiography without X-rays need. Thus, current indications and practices in both cardiac surgery and interventional cardiology 
may be affected. Until effectiveness confirmation by experiments which are still in progress, a theoretical description of this innovative technique and its potential 
applications is detailed in this paper. 

Abbreviations: 3D-TEE: Three-Dimensional Transesophageal 
Echocardiography; TAVI: Transcatheter Aortic Valve Implantation; 
URPV: Upper Right Pulmonary Vein

Introduction
From the end of 19th century until now, access to the heart is allowed 

by either sternotomy or thoracotomy, with variations of incisions 
site and length [1]. Technology evolution has permitted to introduce 
endoscopic and robotically-assisted techniques in the cardiac surgery 
[2]. However, the used approach -intrapleural intercostal incisions- has 
not changed compared to the first report of Hans Christian Jacobaeus 
in 1909 [3]. Here I introduce a novel endoscopic approach for cardiac 
surgery using sternal trepanation with extrapleural intercostal small 
incision(s). While experiments are still in progress, I describe in this paper 
the theoretical approach with comments referring to recent literature. 

Surgical technique
Basis of my approach is a direct access to the heart trough 

extrapleural intercostal port(s), key to this is to make first a sternal hole 
that will serve also as an additional working port and/or a lighting port 
using a special shape-adjusted camera. Several potential applications 
are allowed by this approach.

Surgical pericardial drainage

We make an infra-centimetric skin incision in the lower extremity 
of sternum body. Subcutaneous tissue is then incised with an electric 
scalpel down to the sternum. Then we proceed to 10-mellimeters sternal 
trepanation using an auto-stop electric cranial drill. Pericardium is then 
easily opened with scissors or electric scalpel and pericardial liquid is 
aspirated. From the sternal hole, we introduce a curved tool to make 
a small extrapleural intercostal incision between the right edge of 
sternum and the internal thoracic vessels. This will be used to introduce 
optics if we want to take a look at the rest of cardiac cavity, to introduce 
another tool if we want to perform pericardial biopsies, and finally to 
introduce drainage tube (Figure 1).

Epicardial pacemaker implantation

We use the same approach as described above; sternal trepanation 
is however performed a bit higher. This allows us to implant pacemaker 
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leads at the right ventricle and/or right atrium. Left chambers leads may 
be implanted by adding a left extrapleural intercostal small incision as 
described for the right one. Cables are then tunnelled to the pacemaker 
case through the intercostal incision(s).

Central left ventricular unloading on extracorporeal life 
support

 The sternal hole in this case is made in the middle of sternum body. 
Then we add a right extrapleural intercostal port as described above and 
open pericardium. Through the sternal hole we spread the right atrium. 
The upper right pulmonary vein (URPV) is exposed and punctured 
with the discharge cannula introduced through the intercostal port. 
Cannula is then fixed to the skin. A second extrapleural intercostal 
working port is added if necessary. For decannulation, the URPV 
site puncture may be closed using the previous incisions or through 
sternotomy at moment of heart transplant or long-term cardiac support 
intervention. 

Transaortic Transcatheter Aortic Valve Implantation (TAVI) 

The sternal hole is made in the upper extremity of sternal body. 
One or two right extrapleural intercostal port(s) is (are) made as 
described above. We can add a suprasternal mini-incision to introduce 
optics, suction cannulas and the valve delivery system. After opening 
pericardium, we make two concentric pledgeted aortic purse-strings 
sutures, 2 cm proximal to the innominate artery. Depending on aorta 
conformation, aortic puncture and wires introduction will be allowed 
either through the sternal or the intercostal port(s). The valve delivery 
system may be introduced through the suprasternal incision. By this 
approach, the whole procedure may be performed without X-rays use: 
heart pacing is allowed by direct temporary epicardial right ventricle 
electrodes implantation, wires and valve introduction are exclusively 
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monitored by three-dimensional transesophageal echocardiography 
(3D-TEE) aided by live computer simulation from preoperative data 
(CT measurements of ascending aorta, aortic valve, and coronary ostia; 
real measurements of wires and valve delivery system) (Figure 2). 

Heart valves repair
I describe succinctly access to each valve; cardiopulmonary bypass 

and aorta endoclamping are allowed by peripheral cannulation.

Aortic valve (and pulmonary valve): Through a sternal hole made in 
the upper third of sternum body, we make four concentric extrapleural 
intercostal incisions as shown in Figure 3. Then we open and spread 
pericardium using tracting wires passed through the intercostal holes. 
Ascending aorta and pulmonary artery are then perfectly exposed. A 
suprasternal mini-incision may be useful for suturless valve introduction 
along aorta axis. By this approach we can treat aortic valve disease, 
ascending aorta aneurysm, and proximal pulmonary embolism. 

Tricuspid valve (Figure 4): Access to tricuspid valve is allowed by 
one sternal hole in the lower third of sternum body and four concentric 
extrapleural intercostal holes. After opening pericardium, right atrium 
is incised and spread using tracting wires passed through the intercostal 
holes. Tricuspid valve is then perfectly exposed. By this approach, we 
can treat tricuspid valve disease and atrial septal defects. 

Transcatheter tricuspid valve repair and transcatheter closure 
of atrial septal defect may be allowed by direct puncture of the right 
atrium, after preparing an atrial purse-strings suture that we close 
at the end. We use for that a sternal hole and only one or two right 
intercostal port(s) as described above. The whole procedure may be 
totally managed without X-rays use thanks to 3D-TEE aided by live 
computer simulation. 

Mitral valve: Using the same approach for the tricuspid valve, we 
add an interatrial septal incision that we spread alike by tracting wires. 
Mitral valve is then well exposed. By this approach, we can treat mitral 
valve disease and close left atrium. 

Transcatheter mitral valve repair/replacement may also be managed 
by direct puncture of the right atrium and the interatrial septum. The 
resulting atrial septal defect is closed by a septal closure device that we 
introduce through the right atrium. The site puncture of the right atrium 
is closed using a purse-strings suture as described for the tricuspid valve 
approach. In fine, the whole procedure can be exclusively monitored by 
3D-TEE and live computer simulation, without X-rays use.

Comments
Endoscopic approaches have invaded practically all surgical 

specialities offering the advantage of being less invasive with better 
postoperative recovery and aesthetic benefit. Despite some success in 
cardiac surgery [4], the evolution of these approaches remains poor in 
this speciality. Two reasons may explain this fact: first the complexity of 
the surgery itself demanding a long learning curve that cannot tolerate 
any mistake, secondly the need -in the video-assisted surgery- to 
open pleura and exclude lungs with potentially additional respiratory 
morbidity. 

The technique I am introducing today allows an easy endoscopic 
access to the cardiac cavity without pleura or sternum opening, offering 
a good exposure for each indication with the minimum of incision 
morbidity.

Pericardial drainage is actually managed by either interventional 
cardiology demanding echo-guidance and/or fluoroscopy or cardiac 

Figure 1. Neifer’s approach for pericardial drainage. 1A: Incision site in the lower extremity of the sternum body. 1B: Sternal trepanation. 1C: Extrapleural intercostal incision using a 
curved tool passed through the sternal hole. 1D: Tube drainage passed through the extrapleural intercostal incision.
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surgery through subxiphoid approach or thoracoscopy [5]. Using my 
approach, pericardial drainage will be even done, in critical situations, 
by the cardiologist or the emergency doctor indoors. An auto-stop 
electric cranial drill and a scalpel are all they need to save patient in 
less of one minute. We can imagine in the future these tools grouped 
as an “emergency kit for pericardial drainage” in all emergencies and 
intensive care units as well as defibrillators. 

Percutaneous implantation of cardiac electronic devices 
(permanent pacemakers and implantable cardioverters defibrillators) 
is associated with a non-negligible rate of tricuspid valve dysfunction 
with subsequent increasing rate of mortality and heart failure 
hospitalisations [6]. Actual surgical approaches for epicardial leads 
implantation are generally used as second choice although development 
of video-assisted thoracoscopy. Using my procedure, we will 
be able to stimulate all cardiac chambers we need and will avoid 

Figure 2. Neifer’s approach for transaortic TAVI. 2A: Pledgeted aortic purse-strings sutures made proximal to the innominate artery using two working ports. 2B: Transcatheter valve 
delivery system introduced through the supra-sternal mini-incision.

Figure 3. Neifer’s approach for aortic valve surgery. 3A: Sternal hole (in the upper third of sternum body) with four concentric extrapleural intercostal ports. A suprasternal mini-incision 
may be useful to introduce aortic valve, optics and suction cannulas. Dedicated optics through the sternal hole may also be helpful. 3B: One port may be used for left ventricular venting. 
Through the other working ports, we can open aorta and resect aortic valve which will be replaced by a sutureless prosthesis introduced through the suprasternal incision. 

Figure 4. Neifer’s approach for tricuspid valve surgery. 4A: Sternal hole (in the lower third of sternum body) with four concentric extrapleural intercostal ports. 4B: Right atrium is opened 
and spread by tracting wires passed through the intercostal incisions.
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disadvantages of both actual interventional and surgical techniques: 
no tricuspid valve damage, no x-rays exposure, no limit to cardiac 
chambers stimulation, no chest pain due to thoracotomy, no chest 
drain due to pleura opening.

In a recent review of modalities of left ventricular unloading 
on extracorporeal life support [7], only 16 % of cases are conducted 
surgically. Certainly, that can be explained by the aggressive character 
of actual surgical approaches which seem generally not suitable for 
patients in cardiogenic choc, pulmonary oedema, and anticoagulation 
therapy. Percutaneous approaches, however, are not usually effective 
and may be very expensive for some techniques (Impella® for example). 
My approach proposes a comprehensive technique easy to do and cost 
effective. 

First introduced in 2002 [8], Transcatheter Aortic Valve 
Implantation (TAVI) has since revolutionized treatment of aortic valve 
stenosis in risky patients. All procedures are actually undertaken under 
scopy and are mostly conducted by transfemoral approach. Transaortic 
access offers the advantage of a comfortable calibre to introduce 
the valve delivery system, but this approach, actually performed 
by ministernotomy or minithoracotomy, seems to be aggressive in 
elderly population. Radiation doses from TAVI are the highest used in 
interventional cardiac procedures, with potential harmful consequences 
[9]. Using my approach, there will be no radiation neither peripheral 
vascular complications in TAVI procedures.

Recently in 2016, a totally endoscopic suturless aortic valve 
implantation was successfully performed, using four right intrapleural 
intercostal incisions [10]. For this approach, a suitable anatomical 
presentation of aorta is needed. With my approach, access to the aortic 
valve will be allowed regardless of aorta conformation. Besides, access 
will be easier, offering better exposure and avoiding pleural opening 
and pulmonary exclusion.

Massive pulmonary embolism is a life-threatening condition 
with a high mortality rate exceeding 50 % [11]. The best therapeutic 
management between thrombolysis, catheter directed fibrinolysis, 
and surgical embolectomy is still unclear [12]. Using my approach, 
pulmonary embolism will be easily treated avoiding the risk of major 
bleeding following thrombolysis and the morbidity of the conventional 
surgery. 

In the last years, treatment of mitral valve disease has evolved using 
right three-port video-assisted thoracic surgery [13] and robotics [14]. 
For high-risk patients, multiples techniques for transcatheter repair 
or replacement have emerged [15]. Treatment of tricuspid valve is 
experiencing similar trend [16]. With my approach, surgical repair of 
both mitral and tricuspid valves will be endoscopically easy and feasible 
at the same procedure through the same incision of right atrium. 
Transcatheter technologies will be also allowed by direct puncture of 
right atrium without radiation exposure.

In a recent systematic review and meta-analysis, surgical treatment 
of atrial septal defects is associated with higher mortality and 
complications compared to percutaneous closure [17]. An endoscopic 
approach using a right mini-thoracotomy is recently reported to be 
effective with low morbidity and fast postoperative recovery [18]. 
This will be more evident with my approach which not necessitate 
thoracotomy. 

As demonstrated, this innovative approach offers many 
advantages. However, its success needs to adapt working tools (surgical 
instruments with articulation ability under sternum, shape-adapted 
camera to the sternal hole allowing panoramic view, dedicated tools 
to implant adjusted bone substitute for sternal hole closure) and 

enhance procedures assessments from integrative preoperative exams 
to intraoperative augmented reality and live computer simulation. 
Ultimately, totally robotic cardiac surgery through this approach will 
become, I think, a close reality. 

Conclusion
While this novel approach is still in progress, its contribution 

would be great allowing endoscopic and eventually robotic access to the 
cardiac cavity without chest, pleura, or sternum opening. This approach, 
allowing also transcatheter interventional procedures without X-rays 
use, would modify current practices and indications in both cardiac 
surgery and interventional cardiology.
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