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The result of technological evolution is al-
ways a more compact, costumer friendly,
safer, aesthetic or more effective product. In
surgery this evolution is reflected in the trend
of minimally invasive techniques. The evolu-
tion towards minimally invasive heart surgery
is basically described by the introduction of
off-pump and minimal access surgery [1,2].
With this progress it is paramount to survey
outcome, safety and long term durability.
Changing the team constitution and interac-
tion is answering this need.

Evolution in heart procedures
lead to different team skills or
responsibilities

By changing the operation from an arrested
heart to an off-pump procedure, surgical ma-
nipulation of the beating heart to expose the
operation field can instantaneously influence
the haemodynamic condition of the patient.
Intense communication and interaction be-
tween the cardiothoracic surgeon and the
cardiothoracic anaesthesiologist becomes in-
dispensable.

In the evolution towards minimal access sur-
gery, the direct view on the heart is hindered.
Team members have to rely on indirect visu-
alization modalities to obtain an accurate sur-
gical view and monitoring, to provide a safe
procedure. Surgeons are trained to work with
long shafted instruments, looking at a 2D re-
stricted operation field on the screen. The
surgical overview of the heart, providing a

one eye shot-feedback of the haemodynamic
monitoring is substituted by invasive monitor-
ing and transoesophageal echocardiography
(TOE). The advantage of the screen projec-
tion of the operation field is that all team
members can share in the operation tech-
nique, which is stimulating for team interac-
tion. Robot-assisted procedures, e.g. mid-
CAB, introduced 3D visualization. Conse-
quently to the evolution of minimal access
surgery, teams are trained to switch the ac-
cess of cardiopulmonary bypass (CPB) from
central to peripheral cannulation.

Evolution in heart procedures
lead to a new team constitution

With the introduction of hybrid procedures
cardiac electrophysiologists and intervention-
al cardiologists are joining the operating
team during hybrid treatment of atrial fibrilla-
tion and hybrid revascularization procedures.
The combination of the surgical (epicardial)
and endovascular (endocardial) access pro-
vides complementary interventions to com-
plete the treatment and to control the opera-
tive result by left atrial mapping or coronary
angiography [3,4]. To provide high quality flu-
oroscopic imaging the team is moved from
the operating room to the hybrid room,
which offers operating room facilities (large
space, laminar airflow and wall connections
for CPB and anaesthesia), combined with
cath lab equipment (high quality C-arm and
data storage systems).
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Minimally invasive off-pump treatment of
heart valves is the next challenge in the evo-
lution of heart procedures. These heart valve
interventions (balloons, transcatheter valves
and clips) are catheter-based, guided and
monitored by fluoroscopy and high quality
echocardiographic imaging (2D or 3D TOE
or intra-cardiac echocardiography). The com-
bination of the expertise of the cardiotho-
racic surgeon, the interventional cardiologist,
the cardiothoracic anaesthesiologist and the
imaging specialist (echocardiographist) are
mandatory to provide the best environment
for an effective and safe procedure. Since
transcatheter aortic valve implantation is
used to treat patients with aortic stenosis
who are considered too high a risk for surgi-
cal aortic valve replacement, most of these
patients have severe comorbidities, for which
new specialists (e.g. pulmonologists and geri-
atricians) are joining the heart team. Radiolo-
gists become part of the team in the pre-op-
erative assessment of the aortic annulus and
the screening of vascular access by multi-
slice computed tomography (MSCT), advis-
ing the surgical team in their choice of proce-
dural access and transcatheter valve size [5].
Radiation specialists are involved to establish
the radiation exposure of the team members
in this new operative setting and to advise in
radiation protection [6].

Evolution in heart procedures
is challenging the evolution in
imaging modalities

To reduce radiation dose, engineers are in-
volved in developing new imaging modalities
to provide a real-time three dimensional view
of intracardiac structures in the beating heart.
Transapical cardioscopy and real-time mag-
netic resonance imaging (MRI) are studied
[7,8]. When imaging is based on a combina-
tion of different modalities (multimodal imag-
ing), we are entering the world of virtual real-
ity. By assessing real-time tissue deformation
secondary to the procedure and physiologic
motion, by monitoring the interventional

tools in 3D and by providing real time update
information about the pathophysiology of
the targeted tissue, one can expect that the
range of minimally invasive cardiac interven-
tions is expanding [9].

By using MRI-based catheter tracking [10]
and MRI-guided robotic technology [11] one
can imagine that procedures can be carried
out from a distance (telesurgery) [12].
Telesurgery will eliminate geographical con-
straints and make surgical expertise available
throughout the world, improving patient
treatment and surgical training. Specialists in
Information and Communication Technology
and counsels, specialized in medicolegal da-
ta transport will be involved.

Conclusion

The evolution of cardiac procedures is guid-
ed by the technological evolution, the further
improvement of imaging and the develop-
ment of image-based steerable guidewire
navigation, combined with robotic technolo-
gy. To guarantee the safety, durability and ef-
ficacy of new procedures the operating
teams have to change. The communication,
the responsibilities and skills of the team
members are adopting to new operating set-
tings; new specialties are joining the team
when new imaging modalities and tech-
niques are explored; and different teams all
over the world will interact to improve treat-
ment and training, when technology is pro-
viding tools for safe treatment from a dis-
tance.

References

1. Innes Y, Wan P, Arifi AA, Wan S, Johnson H,
Yip Y, Alan D, Sihoe L, Thung KH, Eric M,
Wong C, Anthony P, Yim C. Beating heart
revascularization with or without cardiopul-
monary bypass: evaluation of inflammatory re-
sponse in a prospective randomized study. J
Thoracic CardiovascSurg 2004; 127 (6): 1624-
1631



152

EACTA 2012 | Abstracts | Invited speakers

. Ryan WH, Brinkman WT, Dewey TM, Mack
M]J, Prince SL, Herbert MA. Mitral valve sur-
gery: comparison of outcomes in matched
sternotomy and portaccess groups. ] Heart
Valve Dis 2010; 19 (1): 51-8; discussion 59

. De Groot JR, Driessen AH, Van Boven W],
Krul SP, Linnenbank AC, Jackman WM, De
Bakker JM. Epicardial confirmation of conduc-
tion block during thoracoscopic surgery for
atrial fibrillation - a hybrid surgical-electrophys-
iological approach.Minim Invasive Ther Allied
Technol 2011 [Epub ahead of print]

. Davidavicius G, Van Praet F, Mansour S, Cas-
selman F, Bartunek J, Degrieck | et al. Hybrid
revascularization strategy: a pilot study on the
association of robotically enhanced minimally
invasive direct coronary artery bypass surgery
and fractional-flow-reserve-guided percuta-
neous coronary intervention. Circulation
2005; 112 (9 Suppl): 1317-22

. Schoenhagen P, Kapadia SR, Halliburton SS,
Svensson LG, Tuzcu EM. Computed tomogra-
phy evaluation for transcatheteraortic valve im-
plantation (TAVI): imaging of the aortic root
and iliac arteries. ] Cardiovasc Comput Tomo-
gr 2011; 5 (5): 293-300. Epub 2011 Jun 13

. Sauren L, Van Garsse L, van Ommen V, Ke-
merink G. Occupational radiation dose during

10.

11.

12.

transcatheter aortic valve
Catheter  Cardiovascinterv
10.1002/ccd.23116

implantation.
2011. doi:

. Padala M, Jimenez JH, Yoganathan AP, Chin A,

Thourani VH. Transapical beating heart car-
dioscopy technique for off-pump visualization
of heart valves. ) Thorac Cardiovasc Surg 2012
[Epub ahead of print]

. Pedra CA, Fleishman C, Pedra SF, Cheatham

JP. New imaging modalities in the catheteriza-
tion laboratory. Curr Opin Cardiol 2011; 26
(2): 86:93

. Tsekos NV. MRI-guidedrobotics at the U of

Houston: evolving methodologies for interven-
tions and surgeries. Conf Proc IEEE Eng Med
Biol Soc 2009; 2009: 5637-40

Vonthron M, Lalande V, Martel S. A MRI-based
platform for catheter navigation. Conf Proc
IEEE Eng Med Biol Soc 2011; 2011: 5392-5

Ji C, Hou ZG, Xie XL. An image-based
guidewire navigation method for robot-assist-
ed intravascular interventions. Conf Proc IEEE
Eng Med Biol Soc 2011; 2011: 6680-5
Marescaux J, Leroy J, Gagner M, Rubino F,
Mutter D, Vix M, Butner SE, Smith MK. Transat-
lantic robot-assisted telesurgery. Nature 2001;
413:379-380. doi:10.1038/35096636



