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Abstract— Robotic surgery has been strongly improved
since the beginning of the twenty-first century and chased
important level of technical and clinical performances. Within
the robotic area, the most worldwide used surgical robot is the
da Vinci® system made by Intuitive Surgical Inc.

The aim of this study was to evaluate at the hospital scale
the robotic surgery (Hospital —-Based Health Technology As-
sessment) in comparison to the open and laparoscopic proce-
dures yet combining a FMECA analysis to accurately assess all
those aspects involving patient and staff safety.

The total number of robotic procedures directly observed
by the surgical department and reported in the following study
was 44, including 28 urology interventions and 16 general
surgeries. The study confirmed clinical benefits carried out
with the robot but bigger complexity in managing the whole
surgical system in terms of structural needs, staff and technol-
ogy.

For the future, further steps regard the necessity to dispose
of a wider number of robotic procedures in order to strength
the analysis reliability and complete the socio-economic as-
sessment with medium and long terms observation. Finally a
new FMECA application will be essential to monitor the real
effects of the suggested actions on the evaluated risks accord-
ing to the already known and new failure modes.
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1. INTRODUCTION

Robotic surgery has been strongly improved since the
beginning of the twenty-first century and chased important
level of technical and clinical performances allowing a
worldwide spread of robotic systems and becoming a stand-
ard procedure for surgeries till the point to start replacing
some traditional laparoscopy interventions.

The aim of this study was to evaluate, at the hospital
scale, the robotic surgery (Hospital —-Based Health Technol-
ogy Assessment) in comparison to the open and laparoscop-
ic procedures yet combining a FMECA analysis to accurate-
ly assess all those aspects involving patient and staff safety
in a wider domain of surgical process and system by also
including external elements besides the robotic technology
such as structural aspects, environmental issues and organi-
zational procedures.

The paper is structured as follows: first, define robotic
surgery state of art through a literature research and in-
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hospital process analysis; secondly, select a specific set of
proper indicators for the technology evaluation and next, as
third step, collect hospital data for the calculation of the
above indicators. In the next section of the paper, the results
coming from the HTA are reported by focusing on the com-
parison amongst the different techniques (robotics, laparos-
copy and open surgeries) including the outcomes of the
FMECA application as well. Conclusions and possible fur-
ther developments close the paper.

1. METHODS

A. State of art and process analysis

Many HTA studies on robotic surgery compare the ro-
botic system with other surgical techniques such as open
and/or laparoscopy. Within the robotic area, the most used
surgical robot is the da Vinci® made by Intuitive Surgical
Inc. The latest version currently available is new model da
Vinci® Xi (see Figures 1 (b)), which updates the previous
model da Vinci® Si (see Figures 1 (a)). The most signifi-
cant differences amongst surgeries approaches (i.e. tradi-
tional laparoscopy, open and robotics) were seen within the
intra-operative phase. Due to the presence of more actions
for the technology management, the robot system resulted
to be more complex for the surgical process including addi-
tional phases for docking, setup and undocking.

The analyzed phases included setup, trocars positioning,
docking, undocking and console time [1-7]. The literature
analysis [2-7] was a result of a systematic review carried out
in Pubmed and Direct Science and showed, with respect to
the robot system, that both setup and docking times depend
on the type of procedure and on the team experience. Both
phases are strongly user-dependent and it has been proved
how experienced surgeons are significantly faster. It’s also
been shown a short learning curve. For the setup, the mean
values range between 17- 22 minutes, while the average
time of docking is 5-16 min. (ca. 8% of the whole mean
operative time). For the laparoscopy setup, the rates signifi-
cantly decrease till a mean value of 8 minutes [4].



Figure 1. Front view of the main body belonging to the: (a)
In-hospital surgical robot da Vinci® Si model; (b) Surgical robot da
Vinci® Xi model [http:/www.palexmedical.com].

(a)

B. HB-HTA and FMECA

For the assessment of the robotic systems, It was chosen
to consider the following four areas of evaluation and, from
a specific literature research, obtaining the main assessment
criteria and Key Performance Indicators (KPIs) to be ap-
plied [8-10], belonging to the following area of interest:
Process, Clinical, Economic and Safety. The FMECA appli-
cation was mainly focused on safety issues related to only
robotic system. The most relevant indices selected to com-
pare the different surgical processes are as follows:

Process - 'room occupation mean time', ‘anesthesia mean
time’ and 'mean time of intervention;' Clinical - 'mean hos-
pital staying', 're-intervention rate', 'transfusion rate', 'mean
number of blood sacs per patient', 'intra- and post-operative
mortality rates’, ‘patient mean age’, 'ICU mean staying’,
‘ICU utilization rate', 'conversion-to-open rate;' Economics
— ‘general cost of the operating room', 'mean cost of hospi-
talization' and 'ICU mean cost.’

The risk analysis is an important tool for identifying, as-
sessing and reducing work-related risks. The FMECA ap-
plication, one of the most used and established risk analysis
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techniques [11], can be done at the level of product design,
process implementation and technology assessment. It con-
Figure 2. Mean times concerning different surgical phases

carried out with the robotic system referred to (a) setup and docking
phase; (b) console time within the surgical phase.
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sists of identifying and assess the risk associated to all the
phases composing the process by defining the potential
failure modes (e.g. malfunctions, defects, errors), estimating
the expected risk (RPN) and listing the possible ac-
tions/interventions essential for risk reduction. Once de-
fined, it is necessary as last step, to check whether and how
those actions would impact the current failure modes or add
new ones.

For each type of action aiming to reduce the risk, a quali-
tative cost estimation (low, medium or high cost action) has
been associated in order to provide the decision makers a
general cost assessment for safety improvement within the
robotic surgical process. Most of the suggested ‘organiza-
tional changes’ were considered at zero cost while ‘techno-
logical and structural interventions’ are usually defined as
high cost actions [12].

1. RESuLTS

According to the current state of art, robotic surgery has
longer surgical times than the open technique, while it can
be comparable to laparoscopy. The robotic approach seems
performing better than the open technique with regard to the
bleeding, post-operative complications and hospitalization
length. They are comparable when considering oncological
results. More difficult is comparing robotic system to lapa-
roscopy since clinical benefits depend on the specific surgi-
cal procedure.



Figure 3.
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Finally, although the direct cost of robotic procedures are
much higher than the ones with the other surgical tech-
niques, especially in the intra-operative phase, strengths for
the robot can be found in better ergonomics and higher level
of precision permitted by surgical instruments. Moving to
the hospital data collection carried out, the total number of
robotic procedures directly observed by the surgical de-
partment and reported in the following study was 44, 28
urology interventions and 16 general surgeries. A shown in
figure 2(a), the mean setup time for urology is divided into
further three sub-phases regarding the robotic arms: placing,
wiring&draping and optic calibration. The docking phase is
included in the surgical time (mean time of 7 minutes for
urology) weighting a mean value of 4% of the whole surgi-
cal time. As reported in figure 2(b), the console time (effec-
tive use of the robot) within the surgical period results in a
mean weight of 77% for urology (low variance: 68% -86%)
and 61% for general surgery (high variance: 31% -91%).

The economic costs have been summarized into three
main voices: Intra-operative, ICU and post-operative. The
intra-operative cost includes: (1) a mean cost (common to
all procedures) deriving by direct and indirect costs for
disposables and general technology usage, personnel/staff
and supporting services such as sterilization and anesthesia;
(2) direct cost related to specific robotic accessories de-
pendent to each different surgical procedure. See figure 3
for an overview of the general surgery cost assessment. It
was obtained by weighting the specific costs for each pro-
cedure to the number of procedures. The follow-up cost
wasn’t taken into consideration because of the lack of data.

The robotic system had the highest values for both the in-
tra-operative (due to higher costs for accessories) and the
ICU costs, while for the post-operative, open surgery had
the highest one, with laparoscopy and robotic showing simi-
lar values. Laparoscopy showed the highest transfusion rate
(11.1%) while robotic surgery had the highest 'conversion-
to-open’ rate with 4.5% (laparoscopy at 3.1%). Finally, the
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mean standard deviation for all robotic procedures was
much lower compared to laparoscopy and/or open. Regard-
ing the safety aspects analyzed by FMECA, figure 4(a)
shows the risk distribution on the different activities in
relation to different stages of the surgical process: pre-,
intra- and post- operative. Intra-operative has been evaluat-
ed as the most critical phase by providing the highest RPN
values and covering the 61% of the total number of failure
modes. Moreover, as reported in figure 4(b), considering all
the failure modes with unacceptable risk, it is interesting to
notice how the most recurrent type of action was the organi-
zational one (e.g. Consecutively planning of surgically
homogeneous procedures, specific training to the team).
Figure 4. Failure modes categorization according to (a)
clinical path: (pre-, intra- and post-operative); (b) type of suggested

mitigating action (organizational, technology and structural).
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CONCLUSIONS

The study was carried out in a privileged hospital envi-
ronment with the benefit of centralizing different specialties
for robotic surgery (i.e. Urology, General) and so allowing a
direct comparison with the traditional techniques (i.e. Open
and Laparoscopy). The study confirmed clinical benefits
carried out with the robot but bigger complexity in manag-
ing the whole surgical system in terms of structural needs,
staff and technology. These management skills (setup,
docking and failure modes) are strongly dependent to the
experience of the team while the clinical duration of differ-
ent robotic surgeries showed less variability amongst expe-
rienced surgeons (all with robotic experience) than when
comparing laparoscopy or open surgeries.

For the future it is essential to collect more data (given
the current small number of robotic interventions observed
in this study) in order to carry out more reliable analysis and
complete the socio-economic assessment with data belong-
ing to medium and long terms observation.

Finally, regarding the FMECA a new application will be
essential to monitor the real effects of the suggested actions
on the evaluated risks for both the already known and the
new ones.
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