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Abstract: over the past years, cardiac surgery has evolved in numerous ways. From its inception to the current
form, it has been at the forefront to provide cutting-edge therapy for patients. First animal experimentation was
performed in 1996, using robotics (the Green Telepresence Surgery System, later commercialized as a da Vinci
surgical system). The da Vinci system was approved for general surgery applications in July 2000. Since that
robotic surgery has developed intensively in every field of surgery, including cardiac surgery. The utility of
robotics in cardiac surgery is evolving. Robotic assistance allows minimally invasive techniques to be applied to
ischemic and valvular heart diseases. These techniques allow complex cardiac procedures to be carried out
through small incisions leading to faster recovery while preserving critical aspects of the surgical procedure. In
this article current status of robotics in cardiac and presumptive future will be discussed.
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POBOTOTEXHUKA B KAPJIUOXUPYPI'UU: TEKYIIEE COCTOSSHUE U
BYAYIIEE
TypaeB Bb.b. (Coenunennoe KoposneBctBo Benukoopuranuu u CeBepHoii Upnanaun)

Typaes bobyp bamup yenu — mazucmp Xupypeuieckux u UHMepeeHyuoHHbIX HAYK,
Kagedpa xupypauueckoul u UHMePEEHYUOHHOU HAYKU,
Yuueepcumemckuii xonnedsrc, 2. Jlonoon, Coeounennoe Koponescmeo Benuxoopumanuu u Ceeeprou Hpnanouu

AnHomayua: 3a nocieonue 2006l Kapouoxupypaus passuiace no-paswomy. C mMomeHma c8oe2o co30auus 00
HblHewiHell (opmvl oHa OblIa HA nepeoHeMm Kpae O NpedoCmAsieHUss nepedosoli mepanuu NAYUeHmam.
Ilepevie sxcnepumenmvl HA HCUBOMHBIX NPOBOOUNUCh 8 1996 200y ¢ ucnoavsosanuem pobomomexnuku (the
Green Telepresence Surgery System, nozonee KOMMEPYUAIU3UPOBAHHAS KAK XUPYPISUUECKAS cucmema od
Bunuu). Cucmema da Vinci 6si1a odobpena ons npumenenus 6 obweti xupypeuu ¢ uione 2000 2o0a. Iockonvky
ama pobOMU3UPOSAHHAS XUPYpeusi UHMEHCUBHO pA36UBAnldcs 60 6cex O00NACMAX Xupypeuu, 6Kmouas U
Kapouoxupypauio. Ycuausaemcs nonesHocms pobomomexnHuxu 8 kapouoxupypeuu. Pobomusuposannas nomous
no3605em NpUMeHAMs MUHUMATILHO UHBA3UGHBIE MemOObl NPU UMEMUYECKUX U KIANAHHLIX 3a001e8aHUAX
cepoya. Omu mMemoobl HNO3BONAIOM  GbINOAHAMb CIONCHbIE KAPOUOTO2UYECKUe Npoyedypbl € HOMOWbIO
HeOObUUX PA3Pe308, Ymo Npusooum K 6onee Gblcmpomy 60CCIMAHOGIEHUIO, COXPAHSA NPU IMOM KPUMuyecKue
acnekmul  xupypeuueckou npoyedypvl. B smoil cmamve 6ydem o06cyxcoamucs meKyujee COCMOsHUe
POOOMOmMeXHUKYU 8 Kapouoxupypauu u 8 npeonoiazaemom 6yoyuem.

Kntoueswte cnosa: pobomomexnuxa, MUHUMATLHO UHBAUBHASL XUPYP2US, XUPYPEUs, KapOUoXupypeus, cucmema
oa Bunuu.

Over the past years, cardiac surgery has evolved in numerous ways. From its inception to the current form, it
has been at the forefront to provide cutting-edge therapy for patients. Currently, cardiac surgery is going through
renaissance again as minimally invasive procedures are being added to the repertoire of operations available.
With the development of more minimally invasive procedures in other principles of surgery, cardiac surgery has
provided the impetus and momentum for minimally invasive robotic assistant surgery.

In the early 1980s, surgical technique experienced a revolution called minimally invasive surgery (MIS). The
goal of MIS is to reduce patients’ pain and recovery time from surgical procedures by minimizing the trauma of
the large incisions required by conventional open surgery.

In the beginning, MIS procedures have brought some difficulties in Cardiac surgery, according to anesthesia
and cardiopulmonary bypass(CABP). Later establishing of total CABP via the femoral artery and femoral vein
and fast-track anesthesia [1] impacted to develop totally thoracoscopic operations in cardiac surgery and
surgeons demonstrated positive results of MIS procedures in this field [2, 3].

First animal experimentation was performed in 1996, using robotics (the Green Telepresence Surgery
System, later commercialized as a da Vinci surgical system). In March 1997, the first clinical robotic procedure,
cholecystectomy was performed by Cadiere and Himpens in Brussels, Belgium, using da Vinci robot [4]. The
first robot-assisted Cardiac surgery was performed with the da Vinci system in May 1998 and the first closed-
chest coronary artery bypass graft was performed in June 1998 [5]. The da Vinci system was approved for



general surgery applications in July 2000. Since that robotic surgery has developed intensively in every field of
surgery, including cardiac surgery.

In fact, it can be realized that widespread use of minimally invasive methods of surgery has brought
significant benefits for patients as a reduced pain and shorter recovery time after these procedures. However,
surgeons have found some technical complexities, which made MIS procedures more difficult than open surgery.
We can enumerate some of them:

e Loss of depth perception — Vision on MIS is in two dimensions, removing some depth cues of normal
binocular vision.

e Loss of neutral hand-eye coordination — MIS procedures force a surgeon to work with looking at the
monitor instead of his own hands.

e Loss of intuitive movement — during usual MIS procedures surgeon holds an instrument outside of a
patient, while tips of instruments are inside, and the surgeon should move his hand nonintuitive to move tips
correctly.

e Loss of dexterity — endoscopic instruments do not have wrist like the human hand. The instrument can
move only several directions and it can restrict a motion of surgeons.

Robotic surgery restored the feel of open surgery and reduced complexities of MIS procedures above. It has a
high-quality stereo visualization (3D) which can help to perceive the depth, the alignment of the surgeon's hand
motions to the motion of the surgical tool tips is both visual and spatial, which helps to a surgeon at hand-eye
coordination and intuitive movement, the surgeon's handpiece enables the manipulate of instruments with seven
degree of freedom, additionally the system controls the surgeon tremor, and helps to tooltips' movement to be
steadier than human hand.

The da Vinci system consists of two major sub-systems: first — surgeon’s console, housing the display
system, surgeon’s handles, surgeon’s user interface, and electronic control system; and second — patient-side
cart, consisting of fully sterilizable tools, the tool manipulators, camera manipulator, the surgical endoscope, and
the assistant user interface.

The utility of robotics in cardiac surgery is evolving. Robotic assistance allows minimally invasive
techniques to be applied to ischemic and valvular heart diseases. These techniques allow complex cardiac
procedures to be carried out through small incisions leading to faster recovery while preserving critical aspects
of the surgical procedure [6]. Experience from a number of centers across the world has shown that application
of telemanipulation is safe and has acceptable results [7]. Although the operating room times are longer and the
operation is not only demanding but also expensive because of the cost of the equipment, patient satisfaction in
robotic procedures is higher owing to its minimally invasive nature. Because of telemanipulation and robotic
surgical techniques, cardiac operations can now be done with alternative incisions with enhanced technological
assistance [8].

Nowadays several types of cardiac operation are undergoing in several places in the world. Mains of them are
followings:

- Robotic-assisted internal thoracic artery takedown — a traditional way of harvesting left internal thoracic
artery (LITA) is using sternotomy, but recently various surgeons reported their experience on totally endoscopic
coronary artery bypass. To perform that, robotic-assisted internal thoracic artery takedown is a significant stage.
Nowadays, surgeons are reporting about the decrease of ITA takedown time [9].

- Coronary artery bypass grafting (CABG) — With the help of the robotic surgical system, single vessel or
multivessel coronary revascularization can be performed via small anterior thoracotomy incisions. Loulmet and
Carpentier performed robotic-assisted minimally invasive CABG firstly in 1998 [10] and since that several
surgeons have reported their results on robotic-assisted CABG [11-13].

- Robotic mitral valve surgery — Mitral valve surgery was started to perform with da Vinci robotic
manipulation system in 1998 by Chitwood and colleagues, after that they reported about performing this
operation on 38 patients and all patients’ repair was successful [14, 15].

- Resection of pericardial cyst — developing of robotic-assisted surgical procedures have made it possible to
perform the resection of pericardial cysts via a minimally invasive approach. Bachetta with his colleagues
reported about performing this kind of operation on a 43-year-old patient in 2003 [16].

- Robotic therapy of arrhythmias — arrhythmology is a relatively new field of cardiology and sometimes
surgical procedures are used in this field also, we can see numerous of reports about robotic-assisted surgical
therapy of arrhythmias now, including, robotic cardiac resynchronization therapy or obligation of a source of
atrial fibrillation etc. [17, 18].

- Robotic correction of congenital heart defects — there are several types of congenital heart defects and a
multitude of them requires surgical treatment. Traditionally, correction of CHD is performed via full sternotomy.
Although surgeons reported robotic-assisted closure of ASD in the early XXI century [19], robotic procedures
are not very famous in this field. However, recent reports about the robotic closure of VSD [20] and robotic-
assisted correction of partial atrioventricular canal [21] are occurring occasionally. But unfortunately, nowadays
complex congenital cardiac defects are treatable only via full sternotomy still. Even so, we should emphasize



that extracardiac defects, such patent ductus arteriosus or vascular rings have been correcting with da Vinci
system widely [22, 23].

Before writing about this topic, | got acquainted several considers of specialists in the field of minimally
invasive and robotic surgery according to prospects for the future [24, 25]. There are lots of robotic centers for
cardiac surgery in developed countries of the world now, and a multitude of operations are performing there.
Despite of benefits of robotics, which were described above, we should emphasize that there are some
limitations still, which are waiting for their diminish. For instance, many surgeons usually complain about the
lack of haptic feedback. In the future, it is likely to improve robotic instruments with strain sensors which would
help surgeons to perceive and control of force of instruments to tissues. Size of instruments will be decrease and
mobility of them will increase. This allows to perform operations with smaller incisions, and it is more likely to
use a natural orifice or blood vessels to access to diminish negative influence of instruments to other organs or
tissues and reduce recovery time. Variety of instruments will increase — this allows to expand operation options
and improve dexterity. It is likely to predict that new instruments which can get interoperation image and send
to console will add, for instance, 3D dimensional echocardiography. This can help the surgeon to get more
information about heart and vessels during the operation. It is especially important in cardiac surgery.
Difficulties with suturing during robotic procedures is another limitation of robotic surgery, therefore it can be
predicted that using of reconstruction without suturing (for example, anastomotic connector, nitinol clips and
balloon-deployed valves etc.) will increase and new reconstructions without suturing or new instruments, which
make suturing easier, will be invented and developed. Of course, developing of the robotic system leads to the
development of operating rooms, specialize surgeons, nurses and other staff of operating room and imagine of
operating theatres will change.

To conclude, robotic systems in surgery emerged only two decades ago, but in this short period they
demonstrated a huge progress (if we compare with their ancestors — laparoscopes) and entered all fields of
surgery including cardiac surgery. Nowadays hundreds of cardiac surgery operations are performing with da
Vinci system and it is believed that they will definitely show intensive development in the future. Therefore,
despite of hesitations of surgeons about robotics [26], we can term robotic surgery as “the future of surgery”.
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