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Abstract

The use of a robotic system in surgical practice is not novice. The da Vinci robotic system
was first introduced in 1999. The end of the patent license of the existing company opens
the field for new robotic systems to enter the market ie. the Avatera Medical system that
was founded in 2011 with the aim to bring patients the highest surgical standards in
reduced and affordable costs.

Robotic system integration into the laparoscopic surgeries is an increasing trend in
current years. During the last 2 decades da Vinci robotic system was the only product
available in the market. In 2015 almost 3600 da Vinci surgical systems were installed in
the world. While the overwhelming majority are installed in several developed countries
(USA, Germany, Italy, Britain, France), there is still a limited number of robotic systems
accessible in other part of the world. The aforementioned creates a huge demand for
new systems to fill the gap.

The business model will be constructed using SWOT analyses or comparative analyses.
The advantages and possible improvement areas of the new robotic system in
comparison to da Vinci robotic system will be identified. The aforementioned will allow
to understand market niche, buyers profile and market position. As a result, pricing and
distribution policies of a new robotic system will be created. Risk identification will be
performed based on SWOT analyses and according risk mitigation mechanisms will be
designed.

As a final step, an economic model of the new robotic system with a 5-year forecast will

be created.

Keywords

Robot-assisted surgery; da Vinci robotic system; Avatera robotic system; business

modeling; cost effectiveness
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MepiAnyn

H xprion €vOg pOUMOTIKOU CUOCTHUOTOG OTN XELPOUPYLKA TIPAKTIKY) v amoteAel KATL VEO
otnv latpikn EmotApun. To poumotikd cuotnua daVinci kukAopopnoe yla mpwtn ¢opd to
1999. To téAog TNG Adelag EVpPETLTEXVIAC TNG UTApXOoUOAC eTalpeiag avoiyel To nmedio yla
NV £€(0060 VEWV POUTOTIKWY CUCTNUATWY OTNV 0oyopqd, OMwE yla Tapadelypa ylo to
LaTpLlkO cvotnua Avatera mou WpuBnke to 2011 pe okomod va PEPeL oTouG aoBeveig Ta
VPNAOTEPQ XELPOUPYLKA TPOTUTIOL UE LELWUEVO KOL TIPOCLTO KOOTOG.

H evowupATwon TOU POUMOTIKOU OCUCTAUATOG OTI( AQTOPOCKOTILKEG XELPOUPYLKEG
eneppaocslc mapouvotalel pla avéavopevn TAOn OTNV €moxf HoC. Tig TeAsutaieg 2
SeKaETlEC, TO poumoTikd cuotnua daVinci Atav To povo mpoiov mou Atav dtabgouo otnv
ayopd. To 2015, oxedov 3600 xelwpoupylkd ouotiuata daVinci eykataoctdbnkav
nmaykoopiwe. Evw n ouviputtik mAsogndio €ival eyKaTeoTnUEVN OFE  OPKETEG
QVETTUYHEVEG XwpeG (HNA, Mepuavia, ItaAia, Bpetavia, MaAAia), eEakoAouBel va umtdpxet
TIEPLOPLOUEVOC APLOUOC POUTIOTIKWY OCUCTNMATWY TPOOPRACIUWY O AAAQ UEpn TOU
KOoUou. OAa Ta avwTépw SnULoUpYyoUV Ula TEpAoTLA {ATNON YL VEQ CUCTHUATA YLO TNV
KaAuyn Tou Kevou.

Kata tn Satpfr) autr, apxkd TO ETUXELPNUATIKO UOVTEAO B KATOOKEUOOTEL PE TNV
XPNON OUYKPLTIKAG avaAuong SWOT. Oa mpoodloplotoUv Ta TTAEOVEKTHUATA Kol Ol
TOAVEG TEPLOXEG PBEATIWONG TOU VEOU POUTIOTIKOU OUCTHUATOC O OUYKPLON ME TO
pOUMoTIkO cuotnua daVinci. Ta npoavadepBévta Ba emtpéPouv TNV KATAVONCN TNG
B£ong TG ayopdc, tou TMPOodiA Twv ayopaoctwv Kol TG B€ong tng ayopac. Q¢
amotéAeopa, Ba SnuioupynBoUv TOALTIKEG TIHOAOYNnonG kat &lavoung evog VEou
POUTIOTIKOU cuoTnuatog. H avayvwplon tou Kwvduvou Ba mpaypatomnotndel pe acn tig
avaAvUoelg SWOT kat Ba oxedlaoctolV UnXavIoUOL EpLOPLOOU TOU KLvSUVOU.

Q¢ teAkd BApa, Ba dnuioupynBel €va OLKOVOULKO HOVIEAO TOU VEOU POUTTOTIKOU

OUOTAMATOG UE 5T mpoPAeYn.

NEé€eLg — KAeldLa

Poumnotikd@ umoBonBoupeva xelpoupyeia, Poumotikd ouotnua daVinci; POUmoOTIKO

ovotnua, Emixelpnuoatikd povtéAo Avatera, AmMOTEAECUATIKOTNTO KOOTOUG
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1. Introduction

During the last 2 decades, several robotic systems have emerged to improve the quality of care
of different medical disciplines. While many of the introduced systems disappeared due to the
absence of any clinical experiments, still some remained in the market leaving a huge footprint
in the development of surgical techniques (1). First introduced in 1999, the da Vinci robotic
system (Intuitive Medical, Sunnyvale, CA, USA) was then successfully implemented in many of
the surgical fields. Four generations of the Da Vinci systems have been released. With the
dramatic increase in installations of Da Vinci robots > 5800 units worldwide and with the annual
number of robotic surgeries > 8.5 million cases, urology, gynecology and visceral surgery

represent the main fields utilizing those systems (2).

Robotic surgery possessing the advantages of conventional laparoscopy is associated with
additional benefits. The latter includes avoidance of hand tremor and instrument tip movement
with 7 degrees of freedom (df) allowing to achieve fine dissection and meticulous suturing.
Three-dimensional vision with full control over the working instruments and camera is achieved
by operating surgeons limiting the importance of the assistant’s expertise. Moreover, it gives
more comfortable ergonomics to the surgeon, particularly notable during long surgeries (3).
Another important advantage favoring the robotic approach is a potential reduction of a

learning curve (4).

The main limitation of the current da Vinci system is the higher acquisition and maintenance
costs resulting in higher procedural costs compared to the open and laparoscopic counterparts.
Yu et al. evaluated the use, costs and outcomes of robotic-assisted laparoscopic prostatectomy,
nephrectomy, partial nephrectomy and pyeloplasty using a population-based approach. They
reported decreased rates of perioperative morbidity and mortality of robotic-assisted
procedures compared to open analogues. In contrast to open approach, most robotic-assisted
procedures were more costly (5). It can become cost-effective when utilized in high-volume

centers with high-volume surgeons (6). Despite its higher costs, and the absence or marginal
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benefits in comparison to laparoscopic alternatives, there is a continuous increase in the

number of Da Vinci systems worldwide.

Partly the rising number of implemented da Vinci systems can be explained by an increase in
interest of specialists and patients towards robot-assisted surgery (RAS). Obviously, patient’s
preferences come from their knowledge of existing options and it is believed that media
coverage together with marketing have played an essential role in the widespread of robotic
surgery (7). Currently, the main source of distribution of information is performed with many
various websites. It was reported that direct-to-consumer (DTC) marketing was more
pronounced for robotic procedures. Alkhateeb et al. evaluated the DTC advertising of robotic-
assisted radical prostatectomy (RARP) in Google and Yahoo searching engines. From retrieved
sites, DTC advertising for RARP was found in 64% and 80% in Google and Yahoo, respectively
(7). The authors reported also significantly more News over the years regarding RARP in

comparison to laparoscopic and open prostatectomy.

It is important to highlight that a vast majority of studies reporting RAS were performed using
the da Vinci robotic system. Over the last 20 years, Intuitive Surgical has confirmed many
patents on intellectual property, formed training centers and reached a large installation base
with thousands of cases performed worldwide. In 2019, with the expiry of key patents period
of Intuitive Surgical new RSs had the possibility to enter the market. Some of these devices
have been already tested clinically in Europe and Asia. The robotic alternatives to da Vinci
systems are the Senhance system (Transenterix, Morrisville, NC, USA), Revo-lI (Meere Company,
Hwasong, Korea), Hugo RAS (Medtronic, Dublin, Ireland), Versius (CMR Surgical, Cambridge,
GB), Flex Surgical System (Medrobotics, Raynham, USA) and Avatera (Avateramedical, Jena,

Germany) (8, 9).

The Avatera (Avateramedical, Jena, Germany) was founded in 2011 with the aim to bring
patients the highest surgical standards at reduced and affordable costs. The robotic system is
space-saving and consists of a robotic cart with 4 arms and a closed-console control unit for an
operating surgeon. The particular design of the eyepiece leaves the surgeon’s ear and mouth

uncovered facilitating unobscured cooperation of the surgeon with his operating team during
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procedures. The system incorporates a full HD resolution with high color fidelity. Higher, clear
picture resolution displaying the same size of the natural field of eye vision makes the robotic
system more appealing. It utilizes single-use instruments minimizing the risk of instrument
contamination, eliminating the need for re-sterilization and thereof associated costs. The
slender instruments with a diameter of 5 mm have a higher range of mobility due to 7df.
Furthermore, as a unique characteristic of the Avatera system, all instruments can
accommodate bipolar energy excluding the potential risk of injury due to use of the monopolar

energy.

Currently, the overwhelming majority of Da Vinci systems are installed in several developed
countries (USA, Germany, Italy, Britain, France), there is still a limited number of robotic
systems accessible in other parts of the world. On the other hand, even in high-volume centers
having robotic systems in their armamentarium most of the benign and some of the malignant
conditions are managed with laparoscopic or open alternative approaches. The introduction of
new devices will potentially decrease the cost of robotic surgery and open the field for new
competition. The developing competition will lead to an additional decrease in the prices of
robotic equipment while the quality of the product will be improved. Based on the
aforementioned the following two potential market gaps can be distinguished: 1. Installation of
robotic systems in centers without existing da Vinci system for treatment of benign and
malignant conditions, 2. Installation of new robotic systems in centers with already existing
robotic platforms to treat the cases which are considered as not cost-effective to be treated

with the current da Vinci systems.

1.1 Aims and research questions

The aim of the current study was to investigate the role and the trends of robotic surgery
among different medical specialties, identify the potential issues slowing down the pace of its
spread, perform market analysis and evaluate the potential opportunities and possible

competitiveness of new alternative high precision robotic devices.
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1.2 Business strategy

In our study business strategy analysis was performed using strengths, weaknesses,
opportunities and threats (SWOT) statistical analysis method. The latter statistical analysis
technique was preferred, as it allows to understand the current strengths and limitations of any
new strategy. Furthermore, the SWOT analysis could demonstrate future threats and facilitate
the development of specific strategies to overcome those issues. The accurate evaluation of
four components of SWOT analyzes can facilitate faster development and/or reduce the
chances of failure. The interpretation of the role of the Avatera system was performed on a
hypothetical level since no available clinical data exist so far. For calculation of purchase costs
of the Avatera system, the current available prices of the da Vinci Xi and the Senhance robots

were considered.

1.3 Study novelty

For the first time SWOT analysis of a new robotic platform was performed. Proper market
targeting and pricing strategies were proposed to reach fast and continuous invasion of the

Avatera robotic system.

1.4 Structure of the dissertation

The dissertation work is presented on 73 pages. The work consists of 6 chapters: introduction,
theoretical framework, commercial launch of alternative robotic system, research design and
data collection, feasibility study and conclusion. The study includes 122 English-language

references. The work is depicted with 2 tables and 7 diagrams.
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2. Theoretical framework

2.1 The impact of technology in medical science

2.1.1 The evolution and development of laparoscopic surgeries

Every year an estimated 234.2 million major surgical procedures are performed worldwide. In
2004 the number of major surgeries ranged between 187.2 and 281.2 million cases. The rates
of surgeries differ between countries and were reported as low as 148 per 100,000 in Ethiopia
and as high as 23,369 per 100,000 population in Hungary (10). According to the National Center
for Health Statistics, in 2009 48 million inpatient surgical procedures were performed only in
the United States. Most of the procedures were performed for the cardiovascular and digestive
systems, 7.3 million and 6.1 million, respectively. In the same year, the number of urinary

system surgeries constituted 1.1 million procedures (11).

Nowadays minimally invasive procedure is the preferred surgical approach for the management
of various conditions. The invention of laparoscopic procedure was done in the early 20%"
century. German surgeon George Kelling was the first to use a cystoscope to evaluate the effect
of pneumoperitoneum in dogs in 1901. Thereafter, the technique was applied to humans and
the results were published in 1910. The modern term “laparoscopy” was first used by Swedish
surgeon Hans Christian Jacobaeus. Similar to his German colleague, he started his animal
studies in 1901 by performing laparoscopy using a cystoscope without pneumoperitoneum
creation (4). His clinical outcomes of 17 laparoscopic procedures with pneumoperitoneum were

published in 1910. Both of the surgeons were highly criticized for their work at that time.

The therapeutic features of the laparoscopic technique were first appreciated by gynecologists.
In 1933, the first laparoscopic adhesiolysis using cautery was performed by Karl Fevers. The first
laparoscopic sterilization with the electrocoagulation of fallopian tubes was performed already
in 1936. Although operative laparoscopy was already practiced, the pace of development was

very slow. Enough to mention that till 1971 laparoscopy was limited mainly to diagnostic
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purposes and only 1% of female sterilizations in the United States were performed
laparoscopically. This slow development was partly related to the limitations of technology.
Skepticism and the inability to accept novelties by the established surgeons further impacted its
development. In general surgery, the first use of laparoscopy for surgical purposes
(laparoscopic cholecystectomy) was described only in 1986 and was performed by a German

surgeon Erich Muhe, who was again received major criticism.

A new era of laparoscopic surgery was started with the advancement of video technologies in
the late 1970s and early 1980s by CamranNezhat(12). Although video technology was available
already in the 1960s, the low resolution of videoscopic images did not allow to perform surgical
procedures, thus, the use of video technology was limited only to teaching and documentation
(13, 14). The application of video technology in the performance of endoscopic and
laparoscopic procedures occurred in the mid-1980s. Thanks to a urologist Dr. John Wicker a
new term “minimally-invasive surgery (MIS)” was introduced in the literature in 1983. He then
founded a department of minimally invasive surgery at the Institute of Urology in London (15).
The start of video-laparoscopic procedures was initiated in 1987 by French surgeon Phillip
Mouret. Thereafter, video-laparoscopic procedures were introduced in gynecology and urology

and soon gained wide popularity (12).

In urology, diagnostic laparoscopy for identification of undescended testes was already
described in 1985 (16). The first video-laparoscopic urologic procedures were documented in
the early 1990s. Schuessler et al. reported outcomes of a feasibility study of performing
laparoscopic pelvic lymphadenectomies in patients with prostate cancer in 1991 (17). At that
time active treatment for prostate cancer was reserved for patients with negative lymph nodes
invasion. In the aforementioned study, 12 pelvic lymphadenectomies were performed for
staging purposes prior to the prostatectomy or radiotherapy (17). In the same year, a successful
case of a laparoscopic nephrectomy was presented for the first time by Clayman et al. (18). In
1992 the first laparoscopic adrenalectomy for Cushing’s syndrome and pheochromocytoma was
successfully completed by Canadian urologists Gagner et al. (19). Already in 1997, the

outcomes of the first 9 patients undergoing laparoscopic radical prostatectomy were reported
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by Schuessler et al. (20). Although the average duration of the procedures was 9.4 hours and
the results did not show any advantage over the open radical prostatectomy (ORP) technique,
the authors were able to show the feasibility of the laparoscopic technique for performing such
complicated surgical procedures as radical prostatectomy (RP) (20). Subsequent technological
advancements in laparoscopy increased the interest of specialists and led to an exponential
increase of the laparoscopic interventions for all kinds of surgeries. Currently, laparoscopy is
the recommended gold standard surgical approach for patients requiring radical nephrectomy
and preferred modality for other intra-abdominal urological surgeries due to the decreased
blood loss, decreased postoperative pain and hospital stay, and better patients’ tolerability to

the procedure (21).

2.1.2 The evolution of robotic-assisted surgical procedures

The increasing interest in laparoscopic surgery and the popularization of techniques for
different procedures led to new technological advancements and the introduction of robotic
systems (RS). The first voice-controlled AESOP camera arm was proposed in 1994 by Computer
Motion (Computer Motion, Santa Barbara, CA) (2, 12). The latter together with the ZEUS robotic
system consisting of a control unit and 2 arms allowed long-distance manipulation. The system
incorporated two-dimensional (2D) and three-dimensional (3D) visualization and provided 4
degrees of freedom (df) for instrument movements. Few laparoscopic procedures including
pelvic lymph node dissection and pyeloplasty were performed using this system. In 2004 its
further production and development was stopped and the system was acquired by Intuitive

Surgical (2).

The ARTEMIS system introduced in 1996 was another attempt for the development of a
telesurgical laparoscopic system. It included an open console and three single arms. A 3D
visualization was achieved using polarizing glasses. The system was tested on porcine models
performing laparoscopic cholecystectomies. Although patents were received, it has been never

investigated in clinical studies (2).
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The first da Vinci 2000 system (Intuitive Surgical, Sunnyvale, CA, USA) was designed based on a
National Aeronautics and Space Administration (NASA) project to ensure telepresence
battlefield surgery. The particularities of the system included a closed surgical console with a 3D
visualization and 3 robotic arms mounted on a transportable cart. Its second generation, the da
Vinci S, featured characteristics such as longer robotic arms, implementation of bipolar energy,
with possible incorporation of a fourth arm or high-definition (HD) video system on demand.
The unique characteristic of the latter RS was the improved range of motion of robotic arms
through Endowrist technology providing 7df movements (22). In addition, a special loop-like
design of handles with an integrated clutch feature facilitated superior ergonomics and better
handling of the tissues. The system initially designed for coronary artery surgery received
approval in Europe and the USA in 1999 and 2001, respectively. Wider use of the system was
achieved in robot-assisted radical prostatectomy (RARP), the first case already performed in

2001 in Europe (22, 23).

The further advancement of the system, da Vinci Si, was introduced and received FDA approval
in 2009. In addition to the HD video technology and finger-based clutch mechanism, it included
Fire-FIyT"’I technology allowing intraoperative isocyanine-green fluorescence guidance (24). It
provided also a possibility of having a second console joined to the main working console,

representing an ideal teaching tool for gaining hands-on clinical experience (25).

The latest da Vinci robotic system, Xi was launched in 2014. The improved features of the
system were the “camera hopping” mechanism allowing to reposition an 8mm 3D camera to
any of the robotic arms. With the latter mechanism, different areas could be reached from
various angles using the same number of initially placed ports, thus facilitating the easy
performance of multi-quadrant surgery. The new robotic system incorporated newer
instruments with a finer design minimizing their clashing. Another benefit is the “Table motion”
technology allowing operative table movement while the robot is docked adds to its strengths.
These technological improvements have opened space for a new level of robot-assisted single-
site procedures, the feasibility of which has been recently shown even for complex urologic

procedures (26, 27).
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2.2 A mapping of the current situation

Market analysis is a must for every product before its mass production. To clearly evaluate the
importance and need of a new robotic device, different aspects of the existing robotic system
should be viewed in adjunct. It is essential to know the current situation and implementation of
robot-assisted surgeries (RAS) in the practice of different medical specialties, evaluate the cost-
effectiveness of different robotic procedures, understand the teaching opportunities for novice

specialists and finally, view patients’ preferences and needs from the current era of surgery.

Since its first introduction in the market, the number of installed da Vinci robotic systems has
been increased exponentially. According to Intuitive Surgical, the manufacturer of the da Vinci®
Surgical System (Intuitive Surgical Inc.), at the end of 2020 already 5989 robotic platforms were
installed globally in 67 countries, and in total > 8.5 million RAS were performed worldwide
accounting all disciplines Globally, estimated annual case volumes increased from form 877 000
in 2017 to >1.2 million in 2020 (28). Technology is invading new medical fields and the number
of cases treated with robotic systems is continuously increasing. Currently, the system is
actively involved in the clinical practice of almost all surgical specialties including urology,

general surgery, gynecology, thoracic and cardiac surgery and otolaryngology.

In general surgery, the da Vinci robotic system was used both for upper and lower
gastrointestinal tract surgery. General surgery represented the fastest-growing specialty
performing RAS in the US in 2018 (29). Its superiority in terms of postoperative local
complications and have been demonstrated after robot-assisted gastrectomy and
esophagectomy compared to the laparoscopic approach (30). Different robotic surgical
techniques for the treatment of hepatobiliary diseases were also developed starting from 2001.
A recently published systematic review and network meta-analysis included 62,529 patients
undergoing pancreaticoduodenectomy till 2019. While the proportion of robotic cases was 3%
(2131 patients), most of the studies were performed during recent years (31). Minimally-

invasive surgery (MIS) was found to possess similar oncological outcomes compared to the
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open technique. However, it was associated with lower rates of surgical-site infection and
pulmonary complications, and shorter hospital stay (31). A similar number of robotic cases
(2.728 patients) were reported for liver surgery in a recent meta-analysis (32). Compared to
laparoscopic liver surgery, the robotic alternative was associated with an improved hospital
stay, rate of complications and operative time. Unlike the laparoscopic approach, the ratio of
benign/malignant resections was lower for the robotic approach. The limitation of the robotic

approach was the increased cost of the procedure, calculated to be $ 5,000 (7).

For robotic-assisted colorectal surgery (RACS) the comparative studies did not demonstrate any
benefit over the laparoscopic technique. In contrast, the RACS was associated with increased
costs of the procedure and longer operative time (33). Despite a clear advantage of RACS over
the conventional approach, a recently published prevalence study found an increase in the
following parameters of RACS in the US: the number of procedures, the percentage of robotic
procedures, the number of centers performing RACS and the volume of procedures per center

(34).

Gynecologists were one of the first specialists along with urologists and general surgeons to use
the robotic-assistance in their practice. Hysterectomy, the most often performed gynecological
surgery, was one of the first procedures tested with the da Vinci system. Already in 2010, the
nationwide trends of robot-assisted laparoscopic hysterectomy showed a dramatic increase
from 0.8% to 8.2% in the US over a period of 2 years (35). The use of RS has been described for
the management and reconstruction of benign conditions including endometriosis, tubal
reanastomosis, uterine fibroids and sacrocolpoplexy for apical prolapse (36, 37). In the case of
malignant conditions such as endometrial cancer, the percentage of patients receiving
conventional laparoscopy was < 9% before 2006 in the US. After initiation of the RS the
percentage of minimally invasive approaches, mainly (robot-assisted), increased to 72% over
the following 5 years and exceeded 90% in 2015 (38). In contrast to endometrial cancer,
management of early-stage cervical cancer represents one of few conditions where the
performance of MIS is restricted. The decrease occurred after 2018, when the Laparoscopic

Approach for Cervical Cancer (LACC) trial reported inferior disease-free and overall survival for
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women undergoing MIS. Within the following 2 years, the percentage of MIS dropped down to
15% from the initial 50% (39).

The implementation of RSs in thoracic surgery (robot-assisted thoracic surgery (RATS)) has also
gained more popularity in recent years. In the United States a total of 7600 lobectomies were
performed up to 2017. Although the procedure of RATS in Europe was less, there was also an
incremental rise over years. For example, in Germany since its first introduction in 2013, the
number of annually performed RATS has grown and reached >300 cases in 2018 (40).
Advantages of RATS included excellent lymph node dissection with minimal morbidity and
mortality, and less postoperative pain (41). In addition, it was associated with a shorter learning
curve compared to video-assisted thoracic surgery (VATS). The higher cost of the RATS

procedure was the main limitation reported in the literature (41).

Transoral robotic surgery (TORS) using the da Vinci system received approval in 2009. Since
then there is a continuous rise in the number of performed surgeries and publications already

|II

reaching > 100 with searched keywords of “robotic surgery + transoral”. The main indications
for TORS includes oropharyngeal and supraglottic cancers. It can be also utilized on
hypopharynx, nasopharynx, skull base and parapharynx(42) anatomical regions. Although some

of the procedures are off-labeled, TORS is more and more expanding.

An interesting, novel robotic approach has been described for mastectomy and further
reconstruction. The robotic system appeared to be particularly important for harvesting the
latissimus dorsi muscle to perform immediate breast reconstruction after nipple-saving
mastectomy. Although the cosmetic effect is superior compared to laparoscopic technique and
open technique, the robotic approach has not gained an FDA approval yet and there is still little

data regarding its outcomes (43).

Initially, RSs were designed to assist the procedures of cardiac surgery. The performance of the
totally endoscopic coronary artery bypass grafting (TECABG) procedure was only possible with
the application of the da Vinci Si system. The key parameters enabling the successful

performance of the procedure were Endowrist technology and the availability of an endoscopic
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suction stabilizer installed in da Vinci S and Si systems (44). As a result of the slow adoption of
the robotic technique due to the difficulty of the procedure and longer learning curve, the
endoscopic suction stabilizer device was not integrated into the latest da Vinci Xi system
anymore, limiting further use of RSs for this type of surgery (44). In cardiology, the use of a
robotic platform has been additionally described for mitral valve surgery. The meta-analysis
performed by Cao et al. demonstrated the feasibility of the robotic technique for selected
patients. However, due to the low number of included studies in the meta-analysis the

interpretation of the findings should be done with caution (45).

2.3 The current guidelines of robotic surgery in the urology discipline

In urology, robot-assisted technology has been most utilized for the treatment of oncological
diseases. The RARP is probably one of the most widely established procedure among RAS
worldwide. Since its first description, the technique gained wide popularity and became the
standard of surgical care in many centers worldwide. The benefits related to this technique
include a reduced rate of intraoperative blood loss and transfusion, shorter catheterization and
length of hospital stay, a lower rate of overall complications, better control of potency and
continence, as well as lower readmission rates (46). Already in 2009 RARP comprised more than
60% of all radical prostatectomy (RP) cases in the US (47). Further decrease in open cases was
reported analyzing nationwide inpatient sample data. During 2009-2014 total number of 77,054
RP cases were reported. Interestingly, proportion of RARP increased from 63.8% 2009 to 81.5%
2014 (46). Similar trends were observed in other western countries. In Germany, the rate of
RARP improved from 0.6% in 2006 to 25.2% in 2013 (48). This increase in the practice of RARP
can be explained with more installations of RSs worldwide and with standardization and spread

of knowledge of the operative technique allowing its safe and effective replication.

The use of robotic assistance is also important for other urological malignancies, such as
Bladder and renal cancer. Currently, the standard of care for the management of muscle-

invasive bladder cancer is radical cystectomy with subsequent urinary diversion. The open
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approach is still the preferred procedure by most of the centers worldwide. Robot-assisted
radical cystectomy (RARC) either with extracorporeal and intracorporeal urinary diversion has
gained more popularity over time. The first case of RARC was already described in 2003 by
Menon et al. (49). Already in 2012 18.5% of radical cystectomies were performed robotically
which in comparison to 2003 demonstrated a 25-fold increase (50). Fujimura T. reported the
distribution of RARC cases worldwide in 2019 (51). Among 399 published studies 50% (198)
were originated from the USA followed by the United Kingdom (9% or 37 papers), Sweden
(5.8% or 23 papers) and Germany (5% or 20 papers). Overall 202, 130, 62 articles were
published in Northern America, Europe and Asia (including Turkey and Iran), respectively. Apart
from Egypt (4 papers) and Brazil (1 paper), no paper was originated from the African or South

American continent (51).

The clinical outcomes of RARC compared to open radical cystectomy (ORC) are well-
documented. A recent randomized non-inferiority trial comparing open and robot-assisted
radical cystectomy procedures with 302 included patients reported similar outcomes for
robotic approach (52). While the reported rates of progression-free survival, overall and major
complications were similar, the RARC was associated with the statistically significant decreased
rate of blood loss and blood transfusion and improved rate of hospital stay (52). A complete
intracorporeal urinary diversion is now preferred if a patient undergoes RARC. According to the
international robotic cystectomy consortium (IRCC) evaluating the data of 935 patients, a
dramatic increase of intracorporeal diversion in member centers from 5% in 2005 to 97% in
2016 was found (53). It was also demonstrated that the increasing practice of the latter
technique was associated with the improved learning curve and decreased rate of major

complications, encountered in 25% of patients in 2005 compared to 6% in 2015 (53).

The surgical management of renal tumors, particularly T1 and T2 tumors has been greatly
impacted by the advent of robotic technology. According to the National Cancer Data Base of
the US, robot-assisted partial nephrectomy (RAPN) surpassed the utilization of its open
counterpart already in 2012. The trends of practicing RAPN among US urologists increased from

41% in 2010 to 63% in 2013 (54). As such, in many centers, the RAPN is, currently, considered as
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a “gold standard” surgical approach in a case when partial nephrectomy (PN) should be
performed. A similar shift in trends towards RAPN has been described in other countries
including France (55), Australia (56) and Great Britain (57). Important to note, that the robotic
assistance allows excision of more complex renal tumors expanding the indication for partial
nephrectomies (PN) (56). The data shows that there has been a continuous increase in the
numbers of PNs, whereas a decline in the number of radical nephrectomies (RN) has been
observed (55, 56). The role of robotic technology in RAPN is further expanding with recent
advancements. The intraoperative real-time guidance with indocyanine green (ICG) and
augmented reality take the surgery to another level (58). The latest series of da Vinci system
allows the intraoperative overlay of a preoperatively constructed 3D image directly into the
console. Given this, the operating surgeon receives a real-time reconstruction of the renal
anatomy with detailed depiction and relationship of intrarenal structures (58). Apart from
partial nephrectomy, RS is increasingly used for adrenalectomies and complex procedures such

as RNs with caval thrombectomies (59).

The role of RAS in the management of non-malignant conditions in urology has been recently
demonstrated in a systematic review conducted by Pal et al. (60). The evaluated surgical
procedures were robot-assisted simple prostatectomy, salvage radical prostatectomy, distal
ureteric reconstruction, retroperitoneal lymph node dissection, augmentation ilecystoplasty,
artificial urinary sphincter insertion, and procedures directed to the management of
urolithiasis. Overall, the RAS was associated with decreased blood loss and length of stay while
having the same clinical outcomes compared to open alternatives. When compared to
laparoscopic equivalent procedures, RAS improved the learning curve and operative time (60).
The feasibility of performing robot-assisted kidney transplantation (RAKT) has been also
reported in the literature (61). The major benefits favoring RAKT were the low rate of
complications. However, careful patient selection and a high level of expertise are required
before commencing RAKT, which, in fact, limits the pace of integration of RS in kidney

transplantation surgery. Not considered a reference surgical approach, the robotic alternative is
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currently performed in several centers worldwide. Nevertheless, it attracts much interest

among urologists and remains an evolving surgical field for improvement (61).

In urology, the RS can be effectively utilized for extracorporeal reconstructive procedures
where delicate work with tissues is expected. Robot-assisted vasovasostomy (RAVV) is one of
the examples of successful implementation of robotic technology (62). The number of
published articles is still low. Nonetheless, the outcomes prove the feasibility of the approach
with similar patency outcomes compared to an established microsurgical approach. Upon
revision of the existing literature, several advantages of robotic alternative were demonstrated
including shorter learning curve, improved and easy controlled vision and, most important,
instrument movement precision with the elimination of physiological tremor of surgeon’s

hands (62). The main limitation of the technique was its higher procedural cost.

The pediatric population is another clinical area where the da Vinci robotic system was
implemented for the treatment of different conditions. First cases of robot-assisted pyleoplasty
have been described by Atug et al. in 2005 (63). Possessing the advantages of laparoscopic
procedures, better control of postoperative pain and decreased length of hospital stay, robot-
assisted pyeloplasty was associated with lower complications and higher success rate and
decreased average operative time (64). Later, the system was implemented for surgical
procedures such as ureteral reimplantation, uretero-ureterostomy, appendicovesicostomy,
bladder neck reconstruction, and augmentation ileocystoplasty(65). Despite its advantages, the
widespread of the robotic technique among the pediatric population has been limited mainly

due to its higher costs.

In conclusion, currently, RAS is most practiced to treat malignancies. It has already become a
standard technique of care for surgeries such as radical prostatectomy and partial nephrectomy
with more cases performed robotically than in open fashion in many centers. The literature
review shows an expanding use of robotic technology in recent years even for the management
of many benign conditions with improved outcomes. The main discussed limitation for all

procedures is the higher cost of the procedure compared to the open or laparoscopic approach.
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2.4 Training in robotic surgery

Robotic procedures are associated with a steep learning curve, and most of the surgical errors
are observed during the initial training period. Basic procedural skills can be improved with the
use of different robotic simulators. Although most of the validated training courses include
short-term programs, improvement of robotic skills could be achieved after a 3-day simulation
course (66). A simulation duration of as low as 10h was reported sufficient for acquiring
proficiency in basic skills among junior specialists (67). Simulation-based training was not found
to be inferior even compared to human proctorship. In a study by Beulens et al., 70 Dutch
medical students, PhD-students and surgical residents were randomly assigned to proctored
guidance, simulator-generated guidance and no guidance (while training on virtual reality
model) groups. No statistical differences were observed between the groups in terms of
improvement of surgical skills. Nevertheless, the satisfaction was higher among participants

receiving human proctorship (68).

Many residency programs currently integrate some level of robotic training. While a well-
structured curriculum is still an issue, in recent years more and more studies have emerged
proposing standardized robotic training curriculum for residents. A survey of 26 Integrated
Thoracic Surgery Residency Program Directors in the US demonstrated that introduction of
robotic training already in residency was believed to be an essential factor for subsequent
success. Subsequently, a 2-phase training curriculum including preclinical and clinical stages
was proposed for postgraduate years 2-6 (69). Moit et al. designed an educational program for
residents of general surgery (70). Similar to the thoracic surgery training program, the
curriculum included 2 phases which should be completed during the 5-year residency program.
The last task was to perform a minimum of 10 procedures with 2 separate attending surgeons.
The authors concluded that the standardized training curriculum had the ability to produce

surgeons operating robotically without completing a specialized robotic fellowship (70).

Recently the importance of a training curriculum of different separate procedures has been
reported (71, 72). Addressing the issue of developing competence in a complex surgery such as

a RARC, a 4-step program was suggested based on the survey outcomes of 28 experts. Its
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structure included theoretical training, preclinical simulation-based and nontechnical skills
training, clinical training of at least 6 months duration and final evaluation of video-recorded

RARC cases (71).

Robotic training among graduating urologic residents has been assessed by Merril et al. (73).
Overall, 89,199 RASs performed by 209 graduates were documented within a period of 6 years
in the field of reconstructive, oncologic and pediatric urology. In all subspecialties, a significant
increase in the number of robotic cases performed by residents was observed. While the open
approach was more practiced for reconstructive and pediatric procedures, more robotic onco-
urologic procedures were performed by residents in 2017 (73). The impact of specific robotic
training in colorectal surgery was also evaluated. A national Colon and Rectal Surgery Robotic
Training Program (CRSRTP) was already designed and implemented during the 2010-2011
academic years. Martin et al. evaluated the outcomes of the implemented training program
among residents from the academic year 2016-2017 with a novel case-log system. Out of 93
included residents 65% reported > 20 complex cases performed robotically as console surgeons

during their training (74).

Apparently, residents are the future surgeons who with adequate training will be using the
evolving technologies. The RAS is trendy and, not surprisingly, very attractive for junior
specialists. In a recent survey among urology residents in the Netherlands, more than 80% of
participants were interested in performing RAS after completing their residency training (75).
Another study conducted in the US revealed that 95% of general surgery residents preferred a
residency program including a da Vinci robotic system (29). On one hand, increasing utilization
and popularization of robotic systems worldwide necessitate the implementation of
standardized robotic training programs for residents. On the other hand, implementation of a
robotic training curriculum in the surgical residency programs of different specialties improves
the confidence and expertise of residents and surgeons resulting in a further growth of the

popularity of RAS (76).
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2.5 Acquisition of robotic system, patients’ preference and media marketing

Apparently, several factors may influence the decision of a hospital to invest in this technology.
It was demonstrated that patients were more likely to receive robotic procedures in highly
competitive regional markets (77). Hospitals’ profit margins were also found to influence the
decision of system acquisition. More favorable profit margins were reported for hospitals with

robotic surgical systems (78).

Spaulding et al. assessed hospital robotic use for colorectal cancers. They failed to find any
association between robotic surgery use and hospital competition or disease burden. In
contrast, they reported increased odds of robotic use in hospitals with a higher total average
margin and caseload (79). Another study found that hospital volume itself was responsible for
the acquisition of the system. The authors showed that the hospital which decided to purchase
the system had the mean quarterly prostatectomy volume of > 16 cases. Interestingly, the fact
of possessing the robotic system further increased the mean numbers of the procedures,

indicating that the device itself can act as a tool for gaining new patients.

Patient preference and demand is another factor shaping the supply. Obviously, patient’s
preferences come from their knowledge of existing options and it is believed that media
coverage together with marketing have played an essential role in the widespread of robotic
surgery (7). Currently, the main source of distribution of information is performed with many
various websites. It was reported that direct-to-consumer (DTC) marketing was more
pronounced for robotic procedures. Alkhateeb et al. evaluated the DTC advertising of robotic-
assisted radical prostatectomy (RARP) in Google and Yahoo searching engines. From retrieved
sites, DTC advertising for RARP was found in 64% and 80% in Google and Yahoo, respectively
(7). The authors reported also significantly more News over the years regarding RARP in

comparison to laparoscopic and open prostatectomy.

The advertisement is performed either directly from manufactures or hospitals/surgeons. In
general, hospital’s/surgeon’s publications are regarded to be more objective by the public with

better quality (80). Several studies have evaluated the content, quality and accuracy of the
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information for different robotic surgeries (7, 80, 81). The same aforementioned study of
Alkhateeb et al. revealed that only 14% and 10% of Google and Yahoo searched websites met

the quality criteria defined by World Health Organization as the Honesty on the Internet (7).

Biased information favoring only the benefits of robotic surgery was also described as an issue
by Mirkin et al. (80). When reviewing the webpages with DTC advertisement of RARP, 42% of
the sites failed to report the potential risks of the procedure. Moreover, most of the sites were
unsupported by any evidence (80). A general analysis of 432 hospital webpages with more than
200 beds contained marketing for robotic gynecologic surgery in 44.4% (81). Perioperative
benefits of robotic surgery were reported in most of the cases, whereas limitations such as
higher cost, complications and operative time were only presented in 3.7%, 1.6% and 3.7%,

respectively (81).

To understand the beliefs and attitudes of practicing gynecologists Wright et al. conducted a
survey and evaluated the responses stratified based on robotic use (82). From 310 responders,
the robotic system was actively practiced in 27.8%. There was a statistically significant
difference in responses regarding the benefits of robotic surgery. The majority of robot users
(82%) and only 21% of non-robot users believed that robotic surgeries were associated with
improved outcomes. Furthermore, non-robot users were more prone to think that marketing

was the factor driving the demand for robotic surgery (64% versus 22%) (82).

2.6 Financial analysis

As already shown a large piece of literature from many disciplines has reported technical
advantages of the RAS. The safety and efficacy of the procedures have been comparable to
their open and laparoscopic counterpart. In this context, cost-effectiveness remains a major
concern directing the utilization of the treatment approach. Cost-analysis studies are required
for hospital administrators, health ministries and governing bodies to design future strategies

and justify the investments. As such, cost analysis of the da Vinci robotic system has been
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performed for a variety of surgical interventions. The analysis can be very challenging and the
reporting can have great variability due to inclusion or exclusion of purchase and maintenance
costs, differences of applied costing methods, as well as consideration of re-hospitalizations

and complications (83, 84).

A systematic review assessing cost-effectiveness of robotic procedures in urology reported
significantly higher costs for RARP compared both to laparoscopic RP and open RP (85). There
were much discrepancies between the included studies, with costs ranging from 2000$ to
39,251S for RARP. Nevertheless, RARP was more expensive. Similar, higher costs for robotic
procedures were reported for RARC described in 6 out the 9 studies included in the recent
systematic review (86). The partial nephrectomy is probably one of few surgeries, for which
better cost-effectiveness of the robotic approach has been demonstrated (87, 88). Lower
procedural costs and complication rates were reported after RAPN compared to the open
technique (88). However, this implication can be true for high-volume centers. The cost for
RAPN can be increased, when the cases are performed by less-experienced centers due to a
higher risk of developing postoperative complications (88, 89). In contrast, for small renal

masses, the best profitability was achieved using the pure laparoscopic approach offered (90).

Armijo et al. evaluated the trends and costs of 5 surgical procedures including colectomy,
cholecystectomy, inguinal and ventral hernia repairs, and bariatric surgeries. Over a 7-year
period, he proportion of robotic cases for all surgeries increased significantly. Nevertheless, the
cost-analysis showed that all the robotic procedures carried higher costs while possessing the
same outcomes as that of laparoscopic alternative (91). The higher costs of RAS were also
reported for complex surgeries such as colectomy, hepatectomy and gastrectomy (92-94). In a
recently published randomized controlled trial assessing the safety and efficiency of robotic
rectal surgery compared to laparoscopic 26 sites for 10 countries were included (95). In total
471 patients were included and randomized into 2 surgical arms. Although the robotic
approach carried a lower rate for conversion to laparotomy, it appeared more expensive even

after the exclusion of maintenance and acquisition costs (95).
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Cost-effectiveness of the da Vinci system was also evaluated in gynecology (96), thoracic
surgery (97) and TORS (98). The findings were not that much different from other disciplines.
For almost all conditions involvement of the da Vinci robotic platform increased the expense.
Only for the lobectomy procedure the total costs were similar for the robotic and open
approaches. However, when compared to video-assisted thoracic surgery the costs were

significantly higher while the outcomes were documented to be similar (97).

Much can be discussed here regarding the similarities and discrepancies of existing literature.
Several separate studies might show similar or even improved costs for robotic procedures,
mainly in high volume centers and with a high number of robotic cases. However, systematic
reviews and meta-analysis do not support these data and a conclusion which can be made on
cost-analysis today is that RAS using da Vinci robotic platform still remains significantly more
expensive compared to open or laparoscopic approaches for most of the disciplines and most
surgical procedures. Adoption and practice in hospitals with a low number of robotic cases can
be difficult and result in the closure of robotic programs due to higher costs (99). The future
spread of the robotic approach is expected either with the emerging evidence showing its clear
superiority over the open and laparoscopic technique or with the decrease of the cost per
procedure. The introduction of new robotic systems will potentially reshape the market and

convince policymakers and healthcare specialists to defend the robotic platform.

2.7 Market gaps

Health is a fundamental right of each human and providing a similar quality of care should be
the primary goal of all healthcare providers. The treatment strategy for every patient should
carry minimal harm without jeopardizing the treatment outcomes. With this concept, MIS
surgery and, in particular, laparoscopic surgery was introduced, which revolutionized the
surgical procedures of many malignant and benign conditions. The RAS was another step
forward in this process. Possessing the same advantages of laparoscopic surgery, several

benefits were added including full 3D magnified visualization, improved range of motion of
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working instruments with 7df, elimination of hands’ tremor, improved ergonomics of the
operating surgeon and increased autonomy for controlling the 3 instruments and the camera
are encountered (100, 101). All of those features make the system very attractive for surgeons
as well as for patients. The growth of interest in RAS can be easily concluded for the annual
number of published articles. While up to 2014 there was a gradual increase of published
articles in the field of RAS a drastic growth was documented thereafter, probably due
introduction of the da Vinci Xi system (102). In 2020 the total number of articles referencing RS

exceeded 3000 (28).

As previously shown, the row number of robotic cases and installed robotic systems is
continuously increasing. However, the da Vinci system is mainly reserved for oncological
procedures where cost-effectiveness might be justified. Even in high-volume centers having
robotic systems in their armamentarium most of the benign and some of the malignant
conditions are managed with laparoscopic or open alternative approaches. In addition, most of
the installed systems appear in few developed countries. The higher purchase and maintenance
costs limited their spread in less developed countries with moderate healthcare resources. This

creates a huge gap for less expensive high precision systems.

Currently, each year more than 50 million surgeries can be potentially performed robotically.
Nevertheless the actual annual number of RAS is about 1.2 million procedure, which comprises
only 2% of all surgical procedures worldwide being worth $5 billion (8). Most of the remaining
surgeries, more than 60%, are still performed open and 30-35% of cases are treated with
conventional MIS. With the decreased procedural costs and increased cost-effectivity the RSs
can invade the MIS and open surgical marked more rapidly and exponentially increase the
annual number of performed RAS. Although not all surgeries will require robotic assistance
within the next 5 years, this can be expected to happen within the following 20-30 years. The
aforementioned offers new players a huge marked, which is 98% or about 50 million surgeries

per year.

To reach fast acceptance, two marketing direction for new RSs can be distinguished: 1.

Installation of robotic systems in centers without existing da Vinci system for treatment of
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benign and malignant conditions, 2. Installation of new robotic systems in centers with already
existing robotic platforms to treat the cases which are considered as not cost-effective to be
treated with the current da Vinci systems. Therefore, the new players are required to possess
similar operational features as that of the da Vinci system but carry lower purchase and
maintenance costs, and making them an affordable instrument for most of the procedures in
most of the countries. In addition, the developing competition will lead to an additional
decrease in the prices of robotic equipment while the quality of the product will be improved.
In theory, patients, surgeons, hospitals and robotic companies including Intuitive Surgical
(manufacturer of da Vinci robotic system) will win from this competition, since the invasion of
robotic procedures in all medical disciplines can be expected to a pace several times faster than

now.
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3. Commercial launch of an alternative high-tech precision instrument

In 2019, with the expiry of key patents period of Intuitive Surgical new RSs had the possibility to
enter the market. Some of these devices have been already tested clinically in Europe and Asia.
The robotic alternatives to Da Vinci systems are Senhance system (Transenterix, Morrisville, NC,
USA), Revo-l (Meere Company, Hwasong, Korea), Hugo RAS (Medtronic, Dublin, Ireland),
Versius (CMR Surgical, Cambridge, GB), Flex Surgical System (Medrobotics, Raynham, USA) and
Avatera (Avateramedical, Jena, Germany) (8, 9). Some of the systems have already gained CE
and FDA approval and have been tested in clinical studies, and others have been investigated in
preclinical, cadaveric and/or animal, trials (8, 9). Although the initial results are promising, more
clinical data are still required to evaluate the safety and efficacy profiles of these devices.
Further improvement of available features is expected from RS producers. The possible feature
can be multiple columns with one single-arm rather than one patient cart with multiple arms,
automatic collision detection of robotic arms, 3D vision for all team members. Finally, a
specialty-specific robotic system can be produced to maximize the benefits for each medical

discipline (44).

The Senhance system (Transenterix, Morrisville, NC, USA), formerly known as Alf-X is currently
available in several countries of Europe, North America, Asia and Africa and is used for
gynecologiocal, urological and general surgery procedures (8). The RS is more similar to
conventional laparoscopy than the da Vinci platform. Its main characteristics are a 3D vision
open console with an infrared eye-tracking feature to control camera movement, up to 4
separately installed robotic arms, possibility of haptic feedback, and use of 5 and 3mm mini-
laparoscopic instruments (8, 103). After receiving FDA and CE approval the number of
performed cases has continuously increased over the last 3 years. With only 35 published
studies, this RS appears to be the second widely used system so far. The most recent study
conducted in 5 European countries between February 2017 and July 2020 included 871 patients

of visceral surgical disciplines (104). The early outcomes prove the feasibility and safety of the
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system for performance of various surgical procedures including unilateral hernia repair, a
bilateral hernia repair, a cholecystectomy, a prostatectomy and other visceral surgeries (104). It
seems that this system can decrease the procedural costs significantly. In a series of 40
prostatectomies, additional costs comprised a total of 2x1700€ + 373€ per patient (3x48€ for
disposable draping of the robotic arms + 229€ for additional materials) (105). Although it has
been claimed to reduce procedure costs in comparison to da Vinci, a robust data of well-

conducted studies is currently missing.

The Revo-lI (Meere Company, Hwasong, Korea) is another robotic system that received FDA
approval in Korea in 2017 and has been practiced already in urology and in general surgery
(106, 107). The Revo-l system is similar to the da Vinci Si robotic platform consisting of a
separate closed console with 3D vision, a robotic operation cart with 4 mounted arms. It
incorporates 5mm multi-use instruments with the 7df movements and a 10mm optic. Although
feasibility of the system has been demonstrated, the total number of clinical studies in Pubmed
is still limited to 4, making it impossible to evaluate the effectiveness of the system on humans

so far.

The Versius (CMR Surgical, Cambridge, GB) is another recently introduced RS from GB designed
for abdominal, thoracic and ENT surgeries (9). It received CE approval in 2019 and FDA approval
is still pending. This robotic system is more similar to the Senhance system and includes an
open console control unit with 3D HD vision. Each robotic arm is mounted on a separate cart
providing independent arm positioning in the operating theatre. Similar to other RSs, the
instruments allow a 7df range of movements for the surgeon similar to other RS. The first cases
with a Versius platform has been recently reported in colorectal and gynecological surgeries

(108, 109).

The Hugo RAS (Medtronic, Dublin, Ireland), is another RS similar to Versius and Senhance
robotic systems. It again includes an open-console control unit. The 3D vision is achieved with
the use of polarizing glasses. The robotic arms come on independent carts. The system includes

5mm working instruments providing a 7df range of movements (8). The platform has been
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tested on cadavers so far and the CE and FDA approvals have not been granted yet. The CE

approval is projected in 2021 (9).

The MiroSurge (DLR, Institute of robotics and mechatronics, Wessling, Germany), is a modular
system for MIS robotic surgery. The system consists of an open-console surgeon’s unit and 3
robotic arms with a potential of 7df range of movements. Similar to other open-console RSs the
3D vision is accomplished with the aid of polarized glasses. The MiroSurge is equipped with
haptic input and collision detection functions. It also offers a table with 7df movements. The
given characteristics allow uninterrupted performance of the surgical task even when the table

is moving. Currently there is no data regarding its use or expected approval (110).

The Flex Surgical System (Medrobotics, Raynham, USA) is a robotic platform mainly reserved for
minimally invasive gastroenterological and ENT procedures. It enables better access and
visualization of difficult anatomical regions thanks to flexible design of camera. The surgeon
controls the camera movements from a separate open console that integrates a joystick. The RS

can be accompanied be fully flexible instruments for performing under direct vision (9).

The Avatera (Avateramedical, Jena, Germany) was founded in 2011 with the aim to bring
patients the highest surgical standards at reduced and affordable costs (111). The robotic
system is space-saving and consists of a robotic cart with 4 arms and a closed-console control
unit for an operating surgeon. The particular design of the eyepiece leaves the surgeon’s ear
and mouth uncovered facilitating unobscured cooperation of the surgeon with his operating
team during procedures. The system incorporates a full HD resolution with high color fidelity.
Higher, clear picture resolution displaying the same size of the natural field of eye vision makes
the robotic system more appealing. It utilizes single-use instruments minimizing the risk of
instrument contamination, eliminating the need for re-sterilization and thereof associated
costs. The slender instruments with a diameter of 5 mm have a higher range of mobility due to
7df. Furthermore, as a unique characteristic of the Avatera system, all instruments can
accommodate bipolar energy excluding the potential risk of injury due to use of the monopolar

energy (111).
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Name Features Use Approva Advantages Disadvantages
Openconsol eroboticsystems
Senhancesystem | - A 3D Abd. surgery, FDA and CE - Hapticfeedback - Cameracontrol v
(Transenterix, visionwithglasses Gynecology, approva in2017 | - 3mm mini-laparoscopicinstruments (limits the surgec
Morrisville, NC, | - Aninfrared eye- Urology - Independentcarts - 3D visionwithgle
USA) tracking feature to - Easerintraoperativecommunication | - Handlessimilarto
control camera - No need for system specifictrocars | - 4df range of mov
movement |aparoscopy
- Upto4robotic
armson
independent carts
- Feature of
hapti cfeedback
- 5and 3mm mini-
laparoscopic
instruments
Versius - A3D Abd. surgery, Only CE - Independentcarts - Cameracontrol v
(CMR Surgical, visionwithglasses gynecol ogy, approval in2019 | - Upto5ams (limits the surgec
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Cambridge, GB)

Up to 5 robotic
armson
independent carts
7df range of
movements

5 mini-

| aparoscopicinstrum

urology,
thoracicsurgery,
ENT

Easi erintraoperativecommunication

No need for system specific trocars

3D visionwithgle
Instruments hand
compared to “clu

ents
Hugo RAS A 3D Notapplicable | CE - Independentcarts Camera control v
(Medtronic, visionwithglasses approvalprojected | - Easierintraoperativecommunication (limits the surgec
Dublin, Ireland) Up to 4 robotic in 2021 3D visionwithgle
armson Instruments hanc
independent carts compared to “clu
7df range of
movements
5 mini-
laparoscopicinstrum
ents
MiroSurge Feature of Notapplicable | Notapplicable - Independentcarts Camera control v
(German hapti cfeedback - Easierintrapperativecommunication (limits the surgec
AeroSpace A 3D - Hapticfeedback 3D visionwithgle
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Center (DLR), visionwithglasses - Instrumentcollisiondetectionfeature | -  Instruments hand
Institute of - 3roboticarms on compared to “clu
robotics and independentcarts
mechatronics, - 7df range of
Wessling, movements
Germany) - 5mini-

| aparoscopicinstrum

ents
Flex Surgical - Flexible design of Colorectal, FDA and CE - Flexible camera - Designed for EN
System camera system ENT approva in2019 | - Flexible 3mm instruments surgeries
(Medrobotics, operated with a
Raynham, USA) simplified joystick.

- Accompanied by

3mm flexible

instruments with

articulating wrists
Closeconsol eroboticsystems
Revo-I - Closed- Abd. surgery, Korean FDA - Closed-consolecontrolunit - Obscuredintraopt
(Meere consolecontrolunit | gynecology, approva “Clutch” function - Instrumentclashit
Company, - 3D HDvision urology - Trainingmodule
Hwasong, - Roboticcartwith 4
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Korea)

roboticarms

7df range of
movements

5mm instruments
Clutchfunction

Trainingmodule

Avatera
(Avateramedical,
Jena, Germany)

Closed-

consol econtrolunit
3D HD vision
Slender eyepiece
design (surgeon’s
mouth and ears
remain uncovered)
Roboticcartwith 4
roboticarms

7df range of
movements

5mm single-
useinstruments
Use of

onlybipolarenergy

Abd. surgery,

gynecology,
urology

CE
approval projected
in 2021

Closed-consol econtrolunit

Slender eyepiece design (surgeon’s
mouth and ears remain uncovered)
Single-useinstruments

Use of onlybipolarenergy

Clutchfunction

Instrumentcl ashil
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- Clutchfunction
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4. Research design

The aim of the current study was to investigate the role and the trends of robotic surgery
among different medical specialties, identify the potential issues slowing down the pace of its
spread, perform market analysis and evaluate the potential opportunities and possible
competitiveness of new alternative high precision robotic devices. For those purposes, the
usage of both quantitative and qualitative research design methods was initially considered.
Using a qualitative design, the surgeons’, patients’ and policy makers’ perceptions as well as
potential pitfalls and gaps of the existing RSs could be evaluated. Analyzing non-numerical data
could provide additional information on the concepts, opinions, and general experiences and
would serve as a basis to generate new ideas for further research. The given research method

would have been suitable if no or limited number of studies were available in the literature.

Based on our personal practical experience and available literature it became clear, that there is
already a well-established and accepted robotic system in the market. The last two decades
were detrimental to the development of robotic systems in medicine and their successful
implementation in the surgical practice. Apparently, the question whether robotic systems can
have any impact on shaping medical care currently falls out. With a large piece of qualitative
and quantitative data, the da Vinci platform and, in general, robot-assisted surgeries are shown
to be very attractive for surgeons and patients. In the current scenario, the qualitative research
method would not be sufficient to accurately depict the existing gap and future perspectives for

new RSs.

Given the aforementioned, a descriptive and projective quantitative research design was
applied to establish the statistical relevance of the results to the described objective. This
research method allows deploying mathematical frameworks and objectively evaluate findings.
In comparison, to qualitative research analysis, quantitative method is based on numeric and
unchanged data using structured and replicable instruments. As a result, the data

interpretation and conclusions are less biased.
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An essential step of any research to derive statistical inferences and make a reasonable and
objective conclusion is data analysis. In this study after the collection of secondary data, its
interpretation was performed using the strengths, weaknesses, opportunities and threats

(SWQOT) statistical analysis method.

In our study, the strengths are the actual advantages of the Avatera company making it
distinguishable in the market at this current point of time. Understanding the difference
between necessity and advantage, and appreciation of the existing advantages is crucial.
Evaluation of weaknesses is an integral and important step of SWOT analyses. In our current
scenario, appropriate evaluation of alternative robotic systems is essential to correctly direct

the resources.

Apparently, developing a business strategy cannot be limited to a short time period. Future
predictions can ensure continuous and steady development. Although making a prediction can
be challenging, a clear understanding of previous trends might help to identify potential
insights for development. Recognizing the robot’s potential operational difficulties and

developing strategies to avoid those issues is also required.

The latter statistical analysis technique was preferred, as it allows to understand the current
strengths and limitations of any new strategy. Furthermore, the SWOT analysis could
demonstrate future threats and facilitate the development of specific strategies to overcome
those issues. The accurate evaluation of four components of SWOT analyzes can facilitate faster

development and/or reduce the chances of failure.

Due to the fact, that our institution does not possess any robotic system, data from secondary
sources were used. To complete our analysis, data on the da Vinci system from other
institutions were collected and considered. Based on these data the need for a new robotic
system, the existing and expected market gaps were identified. In addition, the issues of the da
Vinci robot were examined and analyzed to understand its potential capacity to feel the gap.

The interpretation of the role of the Avatera system was performed on a hypothetical level,
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since no available clinical data exist so far. For calculation of purchase costs of the Avatera

system, the current prices of the da Vinci Xi robot and Senhance robot were considered.
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5. Feasibility study

5.1 Business modeling

The term ‘business model’ has expanded its popularity over the economics and is increasingly
invading many different fields including medicine. With a proper application, business modeling
can be a strong functioning tool to accurately shape the competitiveness of the firm, to develop
strategic priorities for decision-making, and thus, increased the performance of a company
(112). Nevertheless, there is still a lack of consensus regarding the interpretation of its core

concepts, proper application and precise interpretation (113-115).

In recent years, the business model concept has gained popularity both among practitioners
and academics. Currently, the term is increasingly used in academic publications with a
dramatic increase of its usage since the mid-1990s (113, 115, 116). The research in the medical
field constitutes a significant portion of academic literature. With the increasing role of
technology in the medical field, the importance of business models becomes more pronounced.
Robotic surgery is a recently evolved medical field with very few players in the market, but with
great opportunities. The Avatera system is one of the few companies entering the market of
robotic surgery after the expiration of patents of the previous RS in 2019. A projective business
model development and its critical analysis are therefore needed to properly evaluate the

opportunities strategic directions of the company.

The Avatera (Avateramedical, Jena, Germany) robotic system is a novel teleoperated robotic
surgical system designed to assist surgeons in performing MAS, overcome the limitations
associated with laparoscopic surgery, as well as provide solutions to the challenges of currently
available surgical robots (111). Inspired by an initiative of a leading German surgeon and
designed by one of the highly experienced German industry companies, the device is developed
to improve surgeons’ performance and provide the highest quality of care of MAS procedures

to people all over the world. To guarantee the recognized benefits of RASs the robotic platform
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was crafted in close cooperation with renowned robotic surgeons and clinical staff. Maintaining
a consistent focus on all essential functions of current robotic techniques, the system was

developed with the optimization of cost, quality, comfort and reliability (111).

The Avatera robotic platform meets all the required standards of robotic surgery. Similar to the
da Vinci robot, it is a 2 component robotic system consisting of a closed-console control unit for
an operating surgeon and a robotic cart with 4 robotic arms mounted on it. Thanks to its fine
design the whole RS is space-saving and can be easily incorporated in most of the surgical
theatres. Its 4 arms are intended to hold the camera and 3 working instruments simultaneously,
all controlled by the operating surgeon. A possibility to have an additional 4™ arm is of great
importance for the surgeon. In cases with complicated anatomy and/or restricted working area,
it can facilitate precise, controlled and desired traction of the tissues, thus opening and
presenting the operating field to the surgeon. Full control over the working camera makes the
flow of the surgery uncomplicated and eliminates the need for a trained assistant.
Furthermore, a 3D HD magnified high color fidelity visualization of the operating field allows a
realistic and clear depiction of the anatomic structures similar to the same size of the natural

field of eye vision. The surgical team follows the procedure with a 2D HD visualization (111).

The Avatera robot is accompanied by 5mm working instruments. Due to their fine design, a
precise and meticulous dissection can be achieved. The robot allows a full range of movements
mimicking the human arm. As such, fully articulated instruments possess 7df, a characteristic
particularly important for working in narrow operative regions such as the pelvis. The
movement of the instrument branches is accomplished with an index and a big finger. The
incorporated clutch mechanism allows delicate and precise handling of different anatomic
structures. The company offers a wide variety of instruments suitable for most visceral surgical

procedures (111).

In addition to the main requirements, the Avatera robot possesses several unique
characteristics differentiating it from its competitors. The main such feature is the utilization of
fully disposable instruments. The single-use concept for all instruments is associated with

several advantages for surgeons and patients. Every single surgery is performed with
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completely new instruments and there is no potential risk of including damaged instruments in
the surgery. Since the instruments are disposable, no risk for cross-contamination exists. The
sterilization and cleaning of the instruments is time and cost demanding. Moreover,
sterilization and increasing manipulation with the instruments (which for da Vinci robot are
guite expensive) can cause their inadvertent damage. All the aforementioned are eliminated

with the single-use concept (111).

Another important feature is that all instruments without an exception use bipolar energy. It is
well known that transmission of monopolar energy through patient’s body can cause
undesirable complications including serious cardiovascular events. To avoid these rare but life-
threatening complications all instruments of the Avatera robotic platform accommodate only
bipolar energy. Last but not least is the communication between the surgical team members.
Although the da Vinci robot includes microphone, the transmission of the voice can be
sometimes distorted. The Avatera platform seems to overcome this issue. A specifically
designed eyepiece covering only eyes and leaving the surgeon’s mouth and ears open facilitates
easier and unobscured communication. Moreover, the absence of microphones eliminates the

transmission of external fans making the performance of the surgery more comfortable (111).

In comparison to other alternative robotic systems, the Avatera system is one of the few to
have a closed-console control unit. Most of the emerging RSs have open-consoles and 3D vision
is achieved with the help of the glasses. In those systems, the camera control is based on the
surgeon’s head movements. The camera control of the Avatera system is more intuitive adding
comfort to the surgeon. The Revo-l is the only emerging RS having a closed-console control
unit. However, it resembles more to the da Vinci Si system and does not possess the

aformentioned advantages of the Avatera robot (8, 9).

At a first glance, these technological refinements might seem to be minimal. However, they are
all directed to providing better quality to the receiver of the medical services, in this case,
patients. These core characteristics will reduce the price of procedures by eliminating additional
unnecessary logistic steps and improve their safety. As a result, we could expect to observe

fewer surgical site infectious complications following various procedures with the Avaterarobot.
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In the meantime, patient’s and surgeon’s satisfaction will not be impacted. Patients seeking
robotic surgery will be satisfied as they will receive high-quality service at reduced prices. The
latter will encourage the surgeons to expand the use of the Avatera robot for the treatment of

a wider population.

5.2 SWOT analysis

To better understand the current situation, future marketing opportunities, marketing direction
SWOT analysis was applied for the current study. In this subchapter, we will present
characteristic particularities of the Avatera system, its strengths and weaknesses and their
implications for entering the market of robotic medicine. In addition, future opportunities and

possible threats will be discussed.

5.2.1 Strengths

The first component of SWOT analysis is the appropriate identification of strengths which is
believed to be essential for facilitating the acceptance and spread of the Avatera robot. The
differentiating device characteristics such as single-use instruments, use of bipolar energy and
slender eyepiece design might affect the quality of the procedures, reducing perioperative
complications and improving the clinical outcomes. With all the proposed advantages the
Avetera system has similar features to that of the da Vinci platform, considered the standard
robotic system for visceral surgeries (9). Not being significantly different the Avatera robot

proposes easy-to-learn handling and a modern simplified training concept (111).

An important point is its timely introduction to the market along with the other recently
developed alternative robotic platforms. Although some of these RS have already received
approvals the number of studies is and the pace of their spread is very slow (9). With a clearly
defined marketing strategy, the Avatera has all the possibilities to become the main competitor
of the da Vinci system. The specific marketing strategies can be directed to target the existing

gaps. As such the primary targets should be the academic and private hospitals of middle and
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low-income countries where da Vinci robotic system is not implemented yet due to its higher

purchase and maintenance costs.

The aforementioned strengths are important but not sufficient for decision-making. The most
important factor making the Avatera system appealing for hospital policymakers will be its
significantly reduced purchase and maintenance costs. To achieve lower procedural costs, the
company has implemented several key concepts. Incorporation of basic features together with
the most used set of instruments limits undesirable increases in costs. The elimination of
instrument sterilization and damage costs due to their single-use design will further decrease

the pricing of procedures (111).

5.2.2 Weaknesses

It is not possible to focus on strengths without a proper evaluation of the weaknesses.
Probably the most important weakness of the Avatera system is that there are no performed
clinical studies and published articles in the literature. Although this is a natural limitation of
each new company entering the market, the importance of the latter factor is probably more
pronounced in the medical field. Having well-conducted studies supporting the strengths of the
system is particularly important during the initial steps of marketing. It can be expected that
over time with the increasing number of articles documenting operational characteristics of the
system and clinical outcomes of patients, the issue will become less relevant. Worth to
emphasizing that having the first Avatera robots in active academic centers and building
supportive evidence in different specialties and procedures should be the priority of the

company.

The main competitor of the Avatera remains the da Vinci, despite the fact that there are
already alternative RSs in the market. In contrast to the Avatera, there is a piece of huge
evidence from the last 20 years from almost all surgical disciplines. Da Vinci is accepted as the
standard robotic platform associated with high-quality clinical outcomes (28). In addition, there

has been substantial media marketing popularizing it among surgeons and patients. There is
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already a developed positive attitude towards the da Vinci system (82). Changing these beliefs

and attitudes can be somehow challenging and may require some time and effort.

5.2.3 Opportunities

Obviously, planning the future and trying to predict opportunities and threats, as well as
designing strategic solutions for different scenarios is detrimental for the continuous growth
and expansion of the company. In the case of Avatera robot, some set of technical
improvements can be expected. Although current RSs including the Avatera are technologically
very sophisticated there is still a place for further improvement. An example of such
advancement can be an articulated sealing instrument with an incorporated blade for cutting
the sealed tissues. The latter instrument will most probably decrease the surgical time since
currently this step is performed by bedside assistants who have a 2D vision, so worse dexterity
associated with it. The introduction of 3D vision for the bedside surgical team can be another
technical improvement of the Avatera, which might itself shorten the duration of the surgery

and improve the overall clinical outcomes (44).

One of the few criticisms of the technical parameters of RSs is that some operating theatres are
small and cannot accommodate both the console and robotic cart (44). Thus, the purchase of
medical robots can become costlier associated with a need to redesign operating theatre.
Although this issue was one of the main criteria of the Avatera and the robotic cart is very
slender, having each robotic arm on separate carts can even improve the space usage in the

operating theatre with limited space.

The role of RSs has been more emphasized during last year due to the Covid-19 pandemic.
Since the beginning of 2020, the situation in many of the countries continues to be very
challenging. Many of the planned surgical procedures are postponed due to the overload of
hospitals and the caution of nosocomial transmission (117). Even with optimistic predictions,
the Covid-19 situation will continue for at least several years. The given necessitates use of such
systems which involve minimal number of surgical personnel (118). Further development of

artificial intelligence and its integration in the medical systems can eliminate the need for
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bedside assistance. In addition, the teleoperating RS, which in fact is the Avetera will allow
performing surgeries from a separate room without the continuous need to stay with the

patient at the same operating theatre.

5.2.4 Threats

Based on the literature review and observation of potential issues of initial models of the da
Vinci system, as well as investigation of the current pandemic situation all over the world
several potential threats can be mentioned. Although the operational characteristics of the
Avatera system have been tested in cadaveric studies, no clinical studies have been performed
so far. With future implementation of the RS and increasing clinical use, some technical issues

might occur requiring revisions.

In the previous section of future opportunities, the Covid-19 pandemic was considered as a
potential stimulus for technological advancement. However, it can impose additional logistic
problems on companies. In particular, due to closed borders and impaired inter-country
communications, some difficulties in supply and service for the system might arise. Moreover,
on-site training might be complicated in some countries. Apparently, these are global issues not

dependent on a single company.
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Table 2: Strengths, weaknesses, opportunities and costs of the Avatera robotic system.

Strengths

Weaknesses

1. Unique device characteristics
- Single-use instruments
- Use of only bipolar energy
- Slender eye-piece design
Similar high quality as the standard robot
Focusing on essential system functions
Easy-to-learn handling and modern training concept
Timely introduction of the RS
Reduced costs for robotic service

ouhkwnN

1. No clinical studies on the Avatera platform

2. Well established operational and functional features of
da Vinci robot

3. Difficulties in changing surgeons’ attitudes and beliefs.

Opportunities

Threats

1. Further technological improvements

- Robotic sealing instruments (simultaneous cutting and
hemostasis)

- 3D vision for all bedside surgical team

- Separate carts for each arm

2. Covid-19

Surgeries requiring minimal surgical personal involvement
- Theincreasing need for one-day MAS surgeries

1. Technical defects of the robot

2. Covid-19 associated issues

Supply difficulties

Training difficulties
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5.3 Future opportunities of the Avatera system

In previous chapters, the role of and the expanding use of the da Vinci system has been
emphasized. The benefits of RAS are improved vision and a better range of instruments
movements. In addition, the robotic platform has significantly improved the comfort for
surgeons and raised the attractiveness for patients towards different surgical procedures.
Despite the monopoly and high purchase and maintenance costs, marginal improvements of
clinical outcomes or even the absence of any improvement that probably have slowed down
the pace of its spread, the company continued to prosper and increase the annual number of

performed procedures and installed systems worldwide.

To demonstrate the trends of the da Vinci robotic platform, a projective statistical estimation
based on secondary data, including the trends toward 2023, was performed. As shown in
Diagram 1 the annual number of RAS has significantly increased during the last decade. In 2010
was approximately 360.000 RAS performed worldwide. Within 10 years a continuous increase
was observed reaching annual number of 1.2 million surgeries (119, 120). Although during the
last 2 years the numbers tend to increase, this tendency was not as pronounced as that of in
2017-2019. Based on the existing data a projective =10% increase in the annual number of da

Vinci surgeries was assumed till 2023.

Diagram 1: The projective annual number of RAS performed by da Vinci systems worldwide
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To correctly interpret the real situation in the robotic market it is essential to analyze the trends
of the annual number of installed da Vinci systems in conjunction with the volume of the
surgeries worldwide. Diagram 2 shows a highly linear increase with a mean number of 500
additionally installed da Vinci RSs every year (119, 120). Overlaying the 2 latter diagrams allows
us to come to a logical conclusion. Despite a linear increase in the number of da Vinci robots,
the annual number of surgeries seemed to reach its plateau in 2019, probably due to the
saturation with the expensive da Vinci systems. Currently, it seems the da Vinci platform does
not possess the ability to further increase the productivity of the robots. The aforementioned in
addition to the current Covid-19 pandemic, which definitely has affected the economy of many
countries and the income of people, requires new devices for delivering medical care at better
prices. It can be assumed that both the medical care providers and patients, in general, will
search for cheaper alternatives possessing the same quality. Therefore, the introduction of a

cheaper robot is very timely and has the potential to significantly affect the existing market.

Diagram 2: The number of installed da Vinci RSs worldwide
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Currently, there are more than 24.000 papers published in Pubmed referencing da Vinci robots.
A pronounced increase was observed during the last 2 years (24.2%) (Diagram 3). In 2019 the

number comprised approximately 2.800 whereas in 2020 it already surpassed 3.000 paper (28,
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120). The given indicates, an increasing interest in the da Vinci system in the academic
community. It can be assumed that this high interest was due to performing RAS and not due to
the use of the specific RS. The emerging alternative RSs and the possible competition will

further result in an incremental increase in the number of published articles.

Diagram 3: The number of published articles during the last 3 years
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As expected, the described trends in numbers of procedures and RSs installment increased the
overall revenue of the company. While the annual revenue from da Vinci robots was
approximately 2 — 2.5 billion US dollars (120), a dramatic increase was observed within the last
2 years reaching a maximum of 4.5 billion US dollars (Diagram 4) (121). Even in 2020 with the
crisis caused by the Covid-19 pandemic, a 4% increase and a total of 1.33 billion US dollars were
reported for the last quarter compared to the same period in 2019 (total revenue of the last
quarter in 2019 comprised 1.28 billion US dollars) (122). Considering the profits of the da Vinci
system, we can assume that in the worst case scenario small revenues can still be expected
from the launching of the Avatera system. It can be also assumed that fewer years will be
required from the latter system to reach the annual numbers RAS of the da Vinci system

depicted in Diagram 1.
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Diagram 4: Overall revenue from da Vinci RSs
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All of the aforementioned parameters are important to understand the existing trends and
predict the future of RAS. Intuitive has revolutionized the medical field and currently, robotic
surgery is not anymore a novelty. In 2018 the surgical robot market was worth 6.8 billion US
dollars. It is expected that the market will reach the 17 billion US dollars threshold, a market of
almost 3 times bigger than that of in 2018, already in 2025 (121). In addition, the presence of
RSs has changed the competition between different hospitals. Recently it has been reported
that the absence of RS resulted in the closure of 25% of centers performing RARP in the English
National Health Service (121). It can be now definitely claimed that the da Vinci robot has a
huge role in the current development of surgical specialties, however, higher costs associated
with its use still remain a major limitation. What do new systems, and the Avatera in particular
offer, is the same quality comfort for surgeons, same reputation for the medical centers and
possibility of performing similar high-quality procedures at lower costs. To be able to
adequately evaluate the future development of the company and effectively organize the fast
pace of spread of the current alternative RS, it is crucial to develop appropriate pricing strategy

and outline primary, secondary and tertiary targets.

Apparently, calculation of procedural costs is difficult. Several technical components including

purchase and maintenance costs of the robotic device itself, instrument sterilization and
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potential damage can contribute to cost formation. In addition, to evaluate cost-effectiveness
of the RAS procedures, perioperative clinical outcomes such as surgery duration and length of
postoperative hospital stay, development of perioperative complications and readmission rates
should be additionally encountered. To make our calculations simple we would assume that the
Avatera robot will possess a similar clinical safety profile for patients as that of the da Vinci
robot. For our gross calculation, we will consider a hypothetical average cost of around €5.000
(= $6.000) for a RARP at a standard private hospital in Greece (considered a high-income
country). Extracting administrative costs, medication, hospitalization, and surgery including
charges for robotic instruments and maintenance (cost per use = $1.500), a 20% (€1.000 =
$1.200) grossly estimated profit can be expected. With a purchase price for the da Vinci Xi
robot of approximately $2 million, adding the annual maintenance costs, a mean annual
number of 500 RAS, almost 5 years will be required from the hospital to compensate for its
purchase costs. Calculating for a single procedure the utilization of the da Vinci Xi robot will
increase the price of the surgery by almost $2.500. Worth mentioning that the recent
modification of the da Vinci Xi robot, the da Vinci X has the potential to be assembled according
to the customer’s needs eliminating the incorporation of expensive services. The given allows

decreasing the purchase cost from 2 million to approximately 1.5 million.

From the alternative systems, the recently introduced Senhance surgical robot device is
available with a purchase price of $1-1.2 million. In comparison to da Vinci, approximate costs
per use constitute $1.500, the Senhance robotic system is associated with $200-500 additional
costs. As such the latter robot has demonstrated significant purchase and per-use cost
reduction (103). According to the provided costs, an almost $1.500 cost reduction ($1.000
(difference of per-use costs) + $500 (difference of purchase costs calculated for Syears)) can be
achieved for each procedure. Nevertheless, the Senhance system should be viewed more as an
alternative/competitor to the conventional laparoscopy. The system consists of separate a
surgeon-console and 3 robotic arms, can be claimed to improve the ergonomics for the
surgeons and has some features of other RSs, it still lacks one of the main and distinctive

functions (Endowrist function with 7df) responsible for the reported better clinical outcomes.
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The official pricing of another CE-approved Versius robotic system is not available yet. However,
the approximate possible purchase price can be around $1.5 million and with the costs of per-
procedure instruments of $1.500. Apparently, a question may arise. Why should hospitals

invest in a new, less tested and investigated robotic platform with minimal cost benefits?

To have a better understanding of the effect of the purchase cost on the final procedural cost,
two different scenarios will be discussed. In the first scenario setting the purchase cost of the
Avatera at around $1.3-1.5 million, in the same range as the Senhance and the Versius, a total
$400 (i.e. $600 required) reduction of the procedural can be calculated assuming a similar
hypothetical annual number of performed RAS. Further, cost reduction can be expected with
the utilization of cheaper single-use instruments (< $1.000) and elimination of their
sterilization. As such, the price of the RARP at a standard private hospital in Greece can be
expected to decrease by as much as €800-900 reaching a hypothetical 4.100€ from the
estimated 5.000¢€.

For the second scenario, the initial purchase cost of the Avatera robot will be set at $700.000.
Considering a 5-year period with an annual RAS volume of 500 procedures, only an additional
$300 will be attributed to the robot. Adding the instrument costs (= $1.000), procedural costs of
$1.300 can be expected, which will be significantly lower compared to the da Vinci ($2.500) and
a little higher compared to Senhance ($1.000). Assuming that the Avatera has similar
characteristics to that of the da Vinci system, the aforementioned cost reduction can change
the vector of decision making toward acquiring the Avatera robot. The comparisons of the per

procedure costs are demonstrated in Diagram 5.

The latter can make the procedure more affordable for a wider population and thus increase
the profitability of the Avatera RS. However, in our estimation, we assumed that the clinical
outcomes for both RS are similar. Since the da Vinci system is extensively studied while no
publications exist so far to support the Avatera platform, a further decrease of the purchase
cost for Avatera might be needed to make the system more appealing for hospitals. Thus, a
purchase cost between 700.000 — 800.000$ seems reasonable during the initial phases of

market entrance.
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Diagram 5: Additional per-procedure costs attributed to the utilization of the robotic system
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An essential component for a successful business strategy is to identify the potential targets.

According to our observation, the potential buyers can be included into 2 target groups.
1. Hospitals that do not have any RS but want to purchase one

2. Hospitals that have already da Vinci robot, but not all procedures are treated robotically

due to cost constraints

The first and the biggest target group for the Avatera are the hospitals that are not equipped
with any robot. This category can include public and private hospitals in countries with already
existing RS and most important countries, where RS is not affordable due to higher purchase
costs of da Vinci and the absence of technical assistance. Up to now, most of the da Vinci
systems are installed in Northern America and Europe, with limited numbers in Asia, Africa and
Southern America. This opens a huge field for a new system to easily enter the market and

become the only player.
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The second target group is hospitals that already possess da Vinci. For the second target
immediate and delayed possibilities for the Avatera can be visualized. Since the da Vinci system
is expensive, it is reserved for more complex surgeries mostly. Bringing the costs down can
allow the hospitals to acquire the Avatera and utilize it for procedures deemed to be not cost-
effective for da Vinci assistance. Over time with the increased experience and rising popularity
it may replace the da Vinci robot for already standardized procedures. Having the trends of the
da Vinci system as a reference, a projective development of the Avatera system can be
estimated. Entering the market in 2022, we expect an incremental rise in the annual number of
surgeries from 2025-2026 (Diagram 6). Similarly, it can be assumed that the number of installed
Avatera systems will demonstrate a significant increase starting from 2026 (Diagram 7). Thus,
the first 3 years will be allocated to deliver the systems to several hospitals, increase the
number of publications, build supportive evidence showing its clinical outcomes and improved
cost-effectiveness, and perform large-scale media marketing. Hypothetically, the following

goals can be achieved by Avatera in 10-years period:

Major RS player in countries without any RS till now (Avatera comprising about 70 — 80%

of the market in those countries)

Approximately 50% installation rate in hospitals without any RS in countries already

possessing the da Vinci system

10-20% installation rate by the hospitals already possessing the da Vinci system
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Diagram 6: Projective annual number of RAS using Avatera robotic system
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Diagram 7: Projective cumulative number of installed Avatera robotic systems worldwide
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6. Conclusions

The first robot-assisted surgery was performed in 2001 to treat prostate cancer. Since its first
introduction, there is a continuous and constant increase in the number of RAS in all disciplines.
Most of the RAS are performed in general surgery, urology and gynecology. Currently, the da
Vinci robotic system is the main player in the market with more than 8.5 million performed
cases and almost 6000 installed systems worldwide. Due to the various patents, the latter
system had a monopoly in the market till 2019. With the expiry of the existing patents, new
alternative RS had the possibility to enter the market. The new alternative systems include the
Senhance system (Transenterix, Morrisville, NC, USA), Revo-l (Meere Company, Hwasong,
Korea), Hugo RAS (Medtronic, Dublin, Ireland), Versius (CMR Surgical, Cambridge, GB), Flex
Surgical System (Medrobotics, Raynham, USA) and Avatera (Avateramedical, Jena, Germany).
Several systems have already received FDA and CE approval, while other systems are in the
preclinical stage and approval is expected in 2021. The Avatera represents one of the most
promising platforms emerged so far. Founded in 2011 it aims to bring patients the highest
surgical standards at reduced and affordable costs. The robotic system is space-saving and
consists of a robotic cart with 4 arms and a closed-console control unit for an operating
surgeon. The particular design of the eyepiece leaves the surgeon’s ear and mouth uncovered
facilitating unobscured cooperation of the surgeon with his operating team during procedures.
The system incorporates a full HD resolution with high color fidelity. Higher, clear picture
resolution displaying the same size of the natural field of eye vision makes the robotic system
more appealing. It utilizes single-use instruments minimizing the risk of instrument
contamination, eliminating the need for re-sterilization and thereof associated costs. The
slender instruments with a diameter of 5 mm have a higher range of mobility due to 7df.
Furthermore, as a unique characteristic of the Avatera system, all instruments can
accommodate bipolar energy excluding the potential risk of injury due to use of the monopolar

energy.
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With so many alternative systems emerging, there is currently a need for market analysis to
understand the real gaps of robotic medicine. Thus, the aim of the current study was to
investigate the role and the trends of robotic surgery among different medicalspecialties,
identify the potential issues slowing down the pace of its spread, perform market analysis and
evaluate the potential opportunities and possible competitiveness of new alternative high
precision robotic devices. Given the aforementioned, a descriptive quantitative research design
was applied to establish the statistical relevance of the results to the described objective. After
the collection of secondary data, its interpretation was performed using the strengths,
weaknesses, opportunities and threats (SWOT) statistical analysis method. Its main strengths
are unique device characteristics, timely introduction to the market and significantly reduced
purchase and service costs. The absence of clinical studies and positive surgeons’ attitudes and
beliefs towards the da Vinci robots can the initial obstacles of the Avatera robots. The Covid-19
pandemic can impose additional supply and training difficulties. On the other hand, a future
increase of demand for the RAS can be expected since these surgeries are minimally invasive,
provide telesurgery opportunities and shorten the hospital length of stay. The given opens a

great opportunity for Avatera to reach fast expansion worldwide.

To potentiate the chances of success the marketing should be directed according to primary
and secondary target groups. In our opinion, the biggest target group for the Avatera are the
hospitals that are not equipped with any robot. The second target group includes hospitals that
already possess da Vinci. For the second target immediate and delayed possibilities for the
Avatera can be visualized. Hypothetically, the following goals can be achieved by Avatera in 5-

years period:

Major RS player in countries without any RS till now (Avatera comprising about 70 — 80%

of the market in those countries)

Approximately 50% installation rate in hospitals without any RS in countries already

possessing the da Vinci system

10-20% installation rate by the hospitals already possessing the da Vinci system
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To reach the aforementioned goals a flexible pricing policy should be applied. In order to have
significant procedure cost reduction and make the Avatera system appealing for the hospital

decision-makers the purchase cost should be set to less than 800,0008.

6.1 Implications for public and private hospitals

It is expected that the production and utilization of the Avatera system will greatly affect and
reshape the market of robotic surgery. Those changes will additionally affect both the private

and public sectors. As such following implications can be expected in the public sector:

1. Making the robotic system more affordable, a higher number of patients will receive the
highest standard minimally invasive treatment modality in the public sector. As such,
patients will not be rejected to receive any RAS due to higher procedural costs. The
given is particularly important for medical conditions for which RAS has already been
proven to be superior. Providing the highest standards of care to patients will definitely

have a public health implication.

2. Another public health implication will be an installment of robotic systems in many
regions of different countries. The patients will not be forced to travel to other regions
to receive the best treatment. It will also decrease the waiting time, the time period
between the diagnosis and definitive treatment, and potentially improve postoperative

morbidity and mortality.

3. Due to reduced procedural costs, robots can be utilized for conditions initially
considered non-cost-effective. As a result, using the advantages of robotic systems,

improvement of clinical outcomes following different conditions can be expected.
Similar positive implications can be expected for private sector.

1. Inthe private sector, reduction of procedure costs will increase the attractiveness of the RAS for

patients, resulting in an increased number of RAS procedures. This will increase the profits of
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the hospitals and increase the profits of the robotic companies. Thus, cost reduction of the

Avatera systems may possess a win-win situation for all parties.

6.2 Research limitations

Our research was associated with several limitations. A major criticism can be the absence of
any clinical data for the Avatera system. Although its effectiveness has been proven in the
cadaver studies, no data on human studies are available so far. With the implementation of
Avatera in the clinical practice the real effectiveness, as well as potential disadvantages of the
RS, can be accurately identified and evaluated. The absence of clinical data is one of the major
threats and is discussed in SWOT analysis. Another drawback of the research is that the Avatera
robotic system has not been launched and the costs of the system are not known yet. Having
the exact purchase and maintenance costs, better market predictions could be possible. In
order to minimize the inaccuracies for calculations of procedural costs, two different scenarios
with different purchase costs were presented and thoroughly discussed. As such this research
demonstrates what can be expected if the purchase price of the Avatera system is in the range

of $1.2-1.5 million and $700,000-800,000.

None withstanding to the discussed limitations, the current study is the first to evaluate market

opportunities for the new Avatera robotic system using the SWOT analysis method.
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