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Abstract: Robot-assisted surgery seems to play an increasingly important role in the treatment of certain
oncological diseases. Hospitals that want to keep up with technical evolution often choose to purchase them,
but in addition to the initial costs of acquiring the robot then they have to deal with all other costs that will
result. A verification of the main expense items related to surgery by comparing three methods (ROBOTS,

OPEN, VATS) to understand where these differences insist and how they are sized.
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Introduction

Robotic surgery records very important annual growth
rates, especially for certain surgical specialties. Many
surgeons indicate the intervention carried out with the
help of a ROBOT as preferable with respect to the same
intervention carried out with the OPEN methodology or
even VATS. The health structures who have to chase an
economic balance must clearly understand the differential
costs between alternative methods of intervention in order
to consciously and more appropriately and ethically choose
where to allocate the increasingly limited economic/
financial resources (1).

In this article, we analyze the differential costs between
three different methods of surgical treatment of lung cancer
(NSCLC), traditional open surgery, vats and robotics.

Materials and methods

In order to perform an effective comparative analysis, we
selected three groups of patients operated on in the period
between January 2017 and July 2018 who had the same
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clinical and pathological characteristics, so that the choice
for one method instead of another was not linked to them.
The clinical characteristics of the population are reported
in Table 1. We selected three groups of patients that were
homogeneous by age, sex, tumor stage (INM classification
8th edition), comorbidity (cardiovascular, pulmonary,
diabetes, previous tumor) as well as for the outcome
of spirometry (FEV1-DLCO). Furthermore, we have
considered only patients whose intervention cost has been
supported by the Italian National Health System. For these
patients we have found the costs incurred by the Institute
and which are partly linked to the recorded purchase prices,
partly linked to the operating times and partly to the Hospital
production costs. Given the limited time span and the
homogeneous distribution over almost two years, an analysis
of variance of the purchase or production cost will not be
carried out but the average costs for the period (purchase or
production) will be considered, on all patients evaluated.
The interventions are distributed, in the period
considered, as shown in 7able 2 and were all operated with
reimbursement charged to the National Health System;
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Table 1 Clinical characteristics of the study population

Characteristics OPEN ROBOT VATS P
All 52 52 26
Sex 1.00
Male 30 30 15
Female 22 22 11
Age, years 0.44
<60 11 11 7
60-64 6 12 4
65-69 15 12 5
70-74 9 12 3
75+ 11 5 7
Stage 0.98
I 39 40 20
I 6 7 3
M 6 4 3
1Y 1 1 0
Size 0.99
<20 mm 32 34 17
20-29 mm 15 13 7
30-39 mm 5 5 2
Pre-op treatment 0.14
No 44 49 25
Yes 8 3 1

Comorbidities

Cardiovascular 26 (50.0%) 20 (38.5%) 12 (46.2%) 0.49

Pulmonary 4(7.7%) 2(39%) 3(11.5%) 0.43

Diabetes 7(13.5%) 8(15.4%) 2(7.7%) 0.63

Previous cancer 15(28.9%) 17 (32.7%) 7 (26.9%) 0.85

Risk (FEV DLCO) 0.73
Low 19 20 13
Intermediate 25 21 7
High 6 9 5
Missing 2 2 1

of these, 40% OPEN was resident in the Lombardy Region
at the date of intervention that is the same region where the
Hospital is, 37% for ROBOT operations and 42% for VATS.
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Results

The costs of 52 patients operated with the help of ROBOT
were analyzed, 52 patients operated on OPEN and
26 patients on VATS.

The median duration (skin-skin) of the ROBOT
intervention was equal to 3 hours and 1/4 of an hour longer
than the OPEN intervention (2 h 1/4) and a quarter of
an hour longer than the VATS (3 h). The operating room
was occupied, in the median survey, for 4 hours and 3/4
for the ROBOT intervention, 3 hours and 3/4 for the
OPEN intervention and 4 hours and 1/4 for the VATS.
The average and median wards detected are, overall, very
comparable between the methods (7zble 3).

Regarding cost analysis, we have considered the costs
for laboratory tests, diagnostic imaging and pathological
anatomy as a hospital cost to provide each service (full
costing methodology); the cost for room materials and
drugs we considered the weighted average cost of purchase
and per unit dose of the drug. Weighted average purchase
cost also for medical devices used, the cost of personnel for
surgeons, anesthesiologists, nursing staff, technicians and
health workers was calculated as normal cost per minute
for each specialty (market cost for each professional figure,
considering a seniority of more than 3 years); Depreciation
and maintenance were considered in relation to the effective
duration of the operating room occupation, the daily
hospitalization costs are the specific hospital costs of the
ward and of intensive care, compared to the total days of
the period for the days of stay on the specific beds.

As can be seen in Tuable 4, we recorded overall costs
for the ROBOT intervention noticeably higher both in
comparison with the OPEN intervention (+3.5 thousand
Euros), and in resemblance to the VATS intervention
(+2.7 thousand Euros). The differential cost towards
the OPEN methodology is due for 79% to the cost
for the robotic kits used, while a further 15% is due
to amortization and maintenance of the robot itself.
Compared to the VATS technique, 83% of the higher
costs recorded are linked to robotic kits and the residual
difference to the maintenance and depreciation of robotic
equipment.

In both comparisons there were no differences in costs
for laboratory tests, pathological anatomy or diagnostic
imaging, for the methodology followed these would be
attributable solely to the number of services required before
and after the intervention, which instead resulted the same
in the three methodologies investigated.
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Table 2 Distribution of the intervention across the observed period
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2017 2018
Quarters Total
1st 2nd 3rd 4th Year 1st 2nd 3rd 4th Year
OPEN 7 10 6 5 28 5 10 9 - 24 52
ROBOT 5 3 10 5 23 13 9 7 - 29 52
VATS 2 4 5 2 13 5 6 2 - 13 26
Total 14 17 21 12 64 23 25 18 0 66 130

Table 3 Analysis of the duration of intervention, operating room occupancy, postoperative stay, ward hospitalization, and intensive care unit stay

Outcome OPEN ROBOT VATS Total
Number of interventions 52 52 26 130
Average duration of intervention (minutes) 144 202 177 174
Median duration of intervention (minutes) 133 200 183 170
Average operating room occupancy (minutes) 234 294 255 262
Median operating room occupation (minutes) 226 291 248 256
Average total hospitalization (days) 71 7.0 7.3 71
Median total hospitalization (days) 6.0 6.0 5.5 6
Average ward hospitalization (days) 6.9 6.8 7.0 7
Median ward hospitalization (days) 6.0 6.0 5.5 6
Average intensive care stay (days) 0.2 0.2 0.3 0.2
Table 4 Cost analysis of the surgical procedures Discussion

Delta cost Delta cost

Cost items ROBOT vs. ROBOT vs.
OPEN VATS

Laboratory and imaging diagnostic 0.0 €/000 0.0 €/000
tests before/after surgery
Exams of pathological anatomy 0.0 €/000 -0.0 €/000
Materials and Drugs —-0.1 €/000 —0.0 €/000
Disposable 2.7 €/000 2.3 €/000
Total hospitalization —-0.10 €/000 -0.19 €/000
(ward + intensive care)
Maintenance and amortization 0.5 €/000 0.5 €/000
(robot and laparoscopic columns)
Personnel costs 0.19 €/000 0.08 €/000
(on duration of intervention)
Indirect costs 0.14 €/000 0.09 €/000
(on operating room occupancy)
Total delta 3.5 €/000 2.7 €/000
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The results obtained on homogeneous patients thus
confirm the widespread idea that robotic surgery is more
expensive. If the higher cost towards OPEN surgery may
be justified mainly by less invasive, then less pain for the
patient and faster recovery times, to justify the difference in
cost towards VAT'S surgery we should probably refer to the
surgeon’s propensity and the greater ability that the robot
allows to control against possible faults.

In the case of lung cancer, the main differential cost,
we have seen, is linked to the robotic kit that, over time,
does not register downward variations linked to lack of
competitive pressures. So also the purchase, then the
depreciation and maintenance of the robot itself.

Data concerning room occupation time we obtained are
comparable with the results obtained from other studies (2-5).
On the other hand, as regards the hospital stay, the cited
study detects a hospitalization for patients operated OPEN (3)
one day longer, which we did not find on the patients
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we examined (the median value for OPEN and ROBOT
patients is the same, for VATS patients there is a median
value of half a day less).

The cost of the robotic intervention can therefore be
reduced, verifying the real need for hospitalization of the
patients and transferring to subsequent moments the additional
control needs, with a patient who is no longer hospitalized.
Even the interval of intervention and room occupancy could
be slightly diminished with the increasing experience but, as
was evident from the analysis of differential costs (Ziable 4), the
elements of expenditure related to the robot (kit, depreciation
and maintenance) fully explain the differences of cost both to
OPEN and VATS, so other reductions may only impact slightly.
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