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Abstract

Background: One of the perceived major drawbacks of minimally invasive techniques has always been its cost.
This is especially true for the robotic approach and is one of the main reasons that has prevented its wider
acceptance among hospitals and surgeons. The aim of our study was to evaluate the clinical outcomes and
economic impact of robotic and open liver surgery in a single institution.
Methods: Sixty-eight robotic and 55 open hepatectomies were performed at our institution between January 1,
2009 and December 31, 2013. Demographics, perioperative data, and postoperative outcomes were collected
and compared between the two groups. An independent company performed the financial analysis. The eco-
nomic parameters comprised direct variable costs, direct fixed costs, and indirect costs.
Results: Mean estimated blood loss was significantly less in the robotic group (438 versus 727.8 mL; P = .038).
Overall morbidity was significantly lower in the robotic group (22% versus 40%; P = .047). Clavien III/IV
complications were also lower, with 4.4% in the robotic versus 16.3% in the open group (P = .043). The length
of stay in the intensive care unit (ICU) was shorter for patients who underwent a robotic procedure (2.1 versus
3.3 days; P = .004). The average total cost, including readmissions, was $37,518 for robotic surgery and $41,948
for open technique.
Conclusions: Robotic liver resections had less overall morbidity, ICU, and hospital stay. This translates into
decreased average costs for robotic surgery. These procedures are financially comparable to open resections and
do not represent a financial burden to the hospital.
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Introduction

M inimally invasive surgery (MIS) for liver resec-
tions has been slowly adopted over the last two de-

cades, but currently represents a possible alternative to the
open technique, for some indications.1–8 The advantages
provided by MIS are well established in the current litera-
ture.1,7–9 Clinical and oncologic outcomes have proven to be
equivalent to traditional open surgery, when performed by

expert hands.1–6,9–16 Moreover, robotic technique could
overcome some of the limitations of laparoscopy, allowing
for completion in a minimally invasive manner for a greater
percentage of complex cases.7,17–23

One of the perceived major drawbacks of the minimally
invasive techniques has always been its cost.24–27 This is
especially true for the robotic approach and is one of the main
reasons that have prevented its wider acceptance among
hospitals and surgeons.28–30 Several published articles have
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assessed the financial impact of laparoscopic liver resections,
comparing them to open surgery.8–10,31–33 The results that
emerged to prove that laparoscopic surgery has an equal or
even superior cost efficiency to open surgery. Even though
the intraoperative costs are higher, due to the expensive
laparoscopic instruments and longer operative times, the
lower morbidity and shorter hospital stay reduce the overall
hospital costs.8–10,31–33

Several studies have evaluated the cost effectiveness of
robotic surgery in several fields.24,34–40 The financial analy-
ses were mainly performed by the centers conducting the
study, which could lead to a potential bias. In urological
surgery, when radical prostatectomy is concerned, the robotic
approach seems to have higher costs that are not compensated
by the reduced hospital stay.38 On the contrary, other pro-
cedures, such as cystectomy and partial nephrectomy, seem
to be more cost-effective.25,38 In general surgery, some au-
thors have been shown to lower overall cost by reducing
complications, improving operative times, and cutting down
on supplies.34–37 In more complex cases, such as hepatecto-
mies, the reduction of complications, hospital stay, and
readmissions could translate into a real cost benefit, even if
the initial acquisition and intraoperative costs are higher.

The aim of our study is to evaluate the clinical outcomes
and economic impact of robotic and open liver surgery in a
single institution. An independent company performed the
financial analysis, eliminating the risk of an observer bias.

Methods

This is a retrospective, comparative study of data collected
as part of standard care. All data regarding patients who
underwent robotic and open liver resections at the University
of Illinois Hospital & Health Sciences System between Janu-
ary 1, 2009 and December 31, 2013 were collected and entered
into a database. The data include patients’ demographics, in-
traoperative findings, postoperative outcomes, and all associ-
ated costs. An independent company (AlixPartners [AP]) was
contracted to perform the economic evaluation of the data. An
institutional review board approved the study protocol (IRB
Protocol No. 2014-0780).

Inclusion criteria consisted of all adult patients who un-
derwent robotic and open liver resection for any indication.
Bulky lesions infiltrating the diaphragm and vascular encase-
ment were the only absolute contraindications for the robotic
approach. The total number of procedures performed was 123,
of which 55 were open and 68 robotic resections. They were all
consecutive cases. Both groups were comparable in terms of
age, body mass index, American Society of Anesthesiologists
score, and previous abdominal surgery rate (Table 1).

Major hepatectomy was defined as the resection of three or
more hepatic segments. In the robotic group, there were 29
major (42.7%) and 39 minor (57.3%) resections performed,
and in the open group there were 24 major (43.6%) and 31
minor resections (56.4%), respectively.

All robotic cases were performed by one experienced ro-
botic, hepatobiliary surgeon. The robotic system used for all
procedures was the da Vinci Si Surgical System (Intuitive
Surgical, Sunnyvale, CA). The technical details of the ro-
botic hepatectomy have been previously described.4,19 The
open cases were performed by five experienced hepatobiliary/
transplant surgeons. All consecutive patients seen by the

robotic, HPB surgeon were done robotically, and all patients
seen by the transplant division were done open. None of the
surgeons was at the beginning of their learning curve.

Financial analysis

AP was engaged by the University of Illinois, Department
of Surgery (UIDS) to provide planning, analysis, and assis-
tance related to a study comparing financial costs between
robotic and open liver resection surgeries performed by UIDS
personnel. UIDS assigned each patient subject an anonymous
patient code and provided the data to AP. They analyzed
these data from a financial perspective, summarizing perti-
nent information on both an annual and average basis. In the
course of the analysis, they also arrayed and summarized
patient clinical statistics. Specific surgery-related metrics
included operating room time, estimated blood loss, trans-
fusion rate, intraoperative complications, days in the inten-
sive care unit (ICU), and hospital readmission.

UIDS breaks out its departmental expenses into three
primary categories: direct variable costs, direct fixed costs,
and indirect costs. Costs from each of the three categories
were incorporated in the surgical cost comparison analysis
(direct variable costs include direct variable labor, direct
variable supplies, and other direct variable costs; direct fixed

Table 1. Patient Demographics

and Preoperative Data

Approach Robotic Open P

Total number
of patients

67 54

Total number
of procedures

68a 55

Gender: male/
female, n

31/37 25/30 >.05

Mean age,
years (range)

52.5 (20–78) 54.3 (22–52) >.05

Mean BMI,
kg/m2 (range)

29 (16.5–45.6) 28.9 (18.6–40) >.05

ASA score, n (%)
I/II 34 (50) 28 (51) >.05
III/IV 34 (50) 27 (49)

Previous abdominal
surgery, %

50 58 >.05

Type of liver
resection, n (%)

>.05

Major 29 (42.7) 24 (43.6)
Minor 39 (57.3) 31 (56.4)

Associated procedure
performed, n (%)

12 (17.6) 9 (16.3) >.05

Right hepatectomy,
n (%)

21 (72.4) 11 (45.8)

Left hepatectomy,
n (%)

2 (7) 4 (16.7)

Three or more
segments, n (%)

1 (3.4) 4 (16.7)

Extended right
hepatectomy, n (%)

4 (13.8) 4 (16.7)

Extended left
hepatectomy, n (%)

1 (3.4) 1 (4.1)

aOne of which was a hybrid robotic-open procedure.
ASA, American Society of Anesthesiologists; BMI, body mass

index.
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costs include direct fixed labor, direct fixed supplies, direct
fixed capital charges, and other direct fixed costs; indirect
costs include on behalf of expenses and other indirect costs).
All costs (including cost of the robotic system, maintenance,
depreciation expenses, personnel wages, medical education
costs, and general service contracts for a department) were
included in the analysis (Supplementary Table S1; Supple-
mentary Data are available online at www.liebertpub.com/
lap). To observe any variance in the comparison between
the surgical procedure and the total medical care provided
related to the surgery, the cost comparison analysis was
performed from two perspectives: including costs associated
with readmissions and excluding costs associated with read-
missions. Cost data based on the population indicated that, on
a financial comparative basis, the average cost of an open
surgery was greater than the average cost of a robotic surgery.
This was true of costs analyzed, when both including and
excluding readmission costs.

Certain patients in the population incurred costs that were
significantly higher than the average cost of the population,
which had the potential to impact the cost comparison. As
such, we conducted analyses isolating these higher cost pa-
tients to observe the impact, if any, on the overall study
findings. A total cost of $100,000 per patient was utilized as a
threshold in isolating potential high-cost patients for analytic
purposes. Three robotic surgery patients in the population
were considered high-cost patients and 4 open surgery pa-
tients in the population were considered high-cost patients.

In addition, we reviewed and analyzed the individual cost
categories that contributed to the total cost of open and ro-
botic surgery. We looked for cost categories that represented
a meaningful percentage of the total cost of the surgery. Six
categories of costs constituted greater than 3% of the total
direct and indirect surgery costs. We further analyzed these
six cost categories on a nonstatistical basis to compare any
cost difference between open and robotic surgeries relative to
the six cost drivers.

The six categories of cost were anesthesiology, operating
room/recovery room, ICU, inpatient nursing, inpatient
pharmacy, and readmission costs. Each cost category was
analyzed on an average basis relative to the number of ap-
plicable surgeries. On average, there was no real difference in
anesthesiology costs between the two surgery types. The
difference in operating room/recovery room costs, on aver-
age favored open surgery, but the differential in ICU costs
heavily favored the robotic surgery technique.

Statistical analysis

Categorical variables were compared using a chi-square
test or Fisher’s exact test, where appropriate. Continuous
variables were compared using the independent t-test.
P-value <.05 was considered statistically significant.

Statistical and regression analyses were used to determine
whether the overall cost relationships between open and
robotic surgery were statistically significant. Three types of
regression models were performed for hypothesis testing.

The first regression, ordinary least squares (OLS), assessed
the relationship between costs and the two types of procedures
while controlling other discrete and continuous factors. A
second model, a probit regression, was performed to assess the
likelihood that certain factors which influence cost also influ-

enced treatment type (the variable of interest in the OLS re-
gression), thereby potentially biasing the OLS estimates.
Finally, an endogenous treatment-effects regression model was
performed to take into account the specific correlation structure
between the factors that affect the procedure type and the
factors that affect the costs.

The null hypothesis of no difference in costs between the
two procedure types was not rejected in the OLS regression
or the endogenous treatment regression model. A signifi-
cance level of .05 was used for all hypothesis testing. Re-
sulting P-values from each regression model were evaluated
in comparison to this significance level. Data analyses were
conducted using SPSS 22.0 (IBM, SPSS Statistics) and
STATA/SE 12.1 (StataCorp LP, College Station, TX).

Results

Clinical outcomes

Demographics, preoperative data, intraoperative results,
and postoperative outcomes were analyzed and compared
between the robotic and open group (Table 1). The mean

Table 2. Intraoperative Results

Approach Robotic Open P

Overall
Mean operative

time, minutesa
293.4 256 >.05

Mean estimated
blood loss, mLa

438 727.8 .038

Overall transfusion
rate

20.5% (14/68) 21.8% (12/55) >.05

Mean units of
PRBCs
transfused

4.2 3.2 >.05

Transfusion ratea 13.2% (9/68) 21.8% >.05
Conversion to

open, n (%)
6 (8.8) —

Intraoperative
complications,
n (%)

2 (2.9) 2 (3.6) >.05

Major
Mean operative

time, minutesa
404 309 .004

Mean estimated
blood loss, mLa

570 1018.7 .051

Overall transfusion
rate

34.4% (10/29) 33% (8/24) >.05

Transfusion ratea 20.6% (6/29) 33% >.05
Conversion to

open, n (%)
5 (17.2) — —

Minor
Mean operative

time, minutesa
223.2 215 >.05

Mean estimated
blood loss, mLa

354.7 510 >.05

Overall transfusion
rate

10.2% (4/39) 12.9% (4/31) >.05

Transfusion ratea 7.6% (3/39) 12.9% >.05
Conversion to

open, n (%)
1 (2.5) — —

aExcluding conversions-to-open.
LOS, length of stay, PRBCs, packed red blood cells.
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operative time was 293.4 minutes (range: 90–660) in the
robotic group and 256 minutes (range: 50–485) in the open
group, without a significant statistical difference (P > .05).
The mean estimated blood loss was 438 mL (range: 30–5000)
and 727.8 mL (range: 10–3500) in the robotic and open
group, respectively, with a difference that reached statistical
significance (P = .038). The overall intraoperative transfusion
rate was 20.5% in the robotic group, 13.2% in the robotic
group, excluding the conversions to open, and 21.8% in the
open group (P > .05). Six patients required a conversion to
open surgery (8.8%). Two patients in each group had an in-
traoperative complication (2.9% and 3.6% in the robotic and
open group, respectively).

Intraoperative complications included two cases of
bleeding that required extensive hemostasis (robotic group),
a case of pneumothorax with 12th rib fracture and a severe
hypotensive episode requiring phenylephrine to support
blood pressure (open group). No statistical significance was
found when the intraoperative results for major and minor
hepatectomies were analyzed separately, with the exception
of mean operative time in major hepatectomies (404 minutes

in the robotic group versus 309 in the open group, P = .004).
The mean blood loss in major hepatectomies was 570 mL
(range: 80–1900) and 1018.7 mL (range: 150–3500) with the
robotic and open approach, respectively (P = .051). All in-
traoperative results are summarized in Table 2.

The overall morbidity was 22% and 40% in the robotic and
open group, which was statistically significant (P = .047).
When patients who underwent a conversion to open were
excluded, the morbidity was 14.7% (P = .011). Three patients
presented with a Clavien IIIa complication in the robotic
group (4.4%), no Clavien IV complications, and the 30-day
mortality was nil.41 In the open group, 7 patients presented
with a Clavien IIIa complication (12.7%) and 2 a Clavien IV
(1 IVa and 1 IVb). The difference between Clavien III/IV
complications in the two groups was statistically significant
(4.4% versus 16.4%; P = .043) (Table 3).

The most common postoperative complication in the robotic
group was pulmonary (7.3%). Biliary leak occurred in 3 pa-
tients (4.4%), of which 2 had a conversion to open. Other
complications included arrhythmias, postoperative bleed,
postoperative ileus, and liver failure. Pulmonary complications

Table 3. Postoperative Outcomes

Approach Robotic Open P

Overall
Overall morbidity, n (%) 15 (22) 22 (40.0) .047
Clavien I/II, n (%) 12 (17.6) 13 (23.6) >.05
Clavien III/IV, n (%) 3 (4.4) 9 (16.3) .043
Morbidity, n (%)a 10 (14.7) 22 (40.0) .006
Mean LOS in complicated patients (range) 11.7 (5–27) 13.8 (4–51) >.05
Mean LOS in complicated patients (range)a 9.3 (5–21) — >.05
Overall mean LOS (range) 6.8 (2–27) 9.2 (3–51) >.05
Mean LOSa 6 9.2 .011
Postoperative stay in ICU, n (%) 57 (83.8) 40 (72.7) >.05
Mean overall length of stay in ICU, days (range) 2.5 (1–26) 3.3 (1–9) >.05
Mean length of stay in ICU, days (range)a 2.1 (1–5) 3.3 .004
Overall readmission rate, n (%) 4 (5.8) 5 (9) >.05
Readmission rate, n (%)a 2 (2.9) 5 (9) >.05
30-Day mortality, n (%) 0 1 (1.8) >.05
Reoperation rate 0 0 >.05
Final pathology: malignant/benign 38/30 45/10 .003

Major
Overall morbidity, n (%) 9 (31) 9 (37.5) >.05
Clavien I/II, n (%) 7 (24) 5 (20.8) >.05
Clavien III/IV, n (%) 2b (6.8) 4 (16.6) >.05
Morbiditya 4 (13.7) 9 (37.5) >.05
Mean LOS (range) 8.8 (3–27) 9.3 (4–51) >.05
Mean LOS (range)a 7.2 (3–21) 9.3 >.05
Postoperative stay in ICU, n (%) 27 (93.1) 19 (79.1) >.05
Mean overall length of stay in ICU, days (range) 3.3 (1–26) 3.5 (2–8) >.05
Mean length of stay in ICU, days (range)b 2.4 (1–5) 3.5 >.05
Final pathology: malignant/benign 18/11 19/5 >.05

Minor
Overall morbidity, n (%) 6 (15.3) 13 (41.9) .017
Clavien I/II, n (%) 5 (12.8) 8 (25.8) >.05
Clavien III/IV, n (%) 1 (2.5) 5 (16.1) >.05
Mean LOS (range) 5.2 (2–11) 9 (3–38) .013
Postoperative stay in ICU, n (%) 30 (76.9) 21 (67.7) >.05
Mean overall length of stay in ICU, days (range) 1.9 (1–4) 3.1 (1–8) .021
Final pathology: malignant/benign 20/19 26/5 .005

aExcluding converted patients.
bBoth patients were converted-to-open.
ICU, intensive care unit; LOS, length of stay.
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were also the most frequent in the open group (16.3%), fol-
lowed by biliary leaks (9%) and postoperative bleed (5.4%)
(Table 4). The 30-day mortality rate in the open group was
1.8% (1 patient with hepatocellular carcinoma who underwent
a right hepatectomy and was discharged without complica-
tions). None of the patients required a reoperation in either
group. The overall mean hospital stay was 6.8 days (range: 2–
27) in the robotic and 9.2 days (range: 3–51) in the open group
(P > .05).

The mean overall hospital stay of the patients with a post-
operative complication was 11.7 days (range: 5–27) and
13.8 days (range: 4–51) in the robotic and open group, re-
spectively (P > .05). Eighty-three percent of patients who un-
derwent a robotic resection were admitted in the ICU
postoperatively and 72.7% after open resection (P > .05). Pa-
tients in the ICU were managed by an autonomous team of
intensivists. The mean length of stay in ICU was 2.5 days
(range: 1–26) versus 3.3 days (range: 1–9) in the robotic and
open group (P > .05). This value assumes statistical signifi-
cance when patients who were converted to open are excluded,
with a mean length of ICU stay of 2.1 days (range 1–5) versus
3.3 days (P = .004). The overall readmission rates were 5.8%
and 9% for the robotic and open group, respectively (P > .05).
Final pathology confirmed a malignant disease in 55.8% of the
robotic cases and 81.8% in the open ones (P = .003).

No statistically significant differences between the two
groups were found when the postoperative outcomes of major
hepatectomies were analyzed independently. The morbidity
rate after minor hepatectomy was higher in the open group
(41.9% versus 15.3%; P = .017). The length of hospital stay
was significantly lower in the robotic group, with a mean of
5.2 days (range: 2–11) versus 9 days (range: 1–8) in the open
group (P = .013). The length of postoperative stay in ICU was
also lower in the robotic group, with a mean of 1.9 days
(range: 1–4) versus 3.1 days (range: 1–8; P = .021). The
postoperative outcomes of major and minor hepatectomies
are summarized in Table 3.

Financial results

This analysis demonstrated that over the course of the
study, anesthesiology, operating room/recovery room, and
readmission costs were, on average, higher for robotic sur-

geries than for open surgeries and that ICU, inpatient nursing,
and inpatient pharmacy costs were, on average, higher for
open surgeries than for robotic surgeries. The costs for each
category are found in Table 5.

The average total cost, including readmissions, was $37,518
for robotic surgery and $41,948 for open. Excluding read-
mission costs, the total robotic surgery cost was $36,040 and
the total open surgery cost was $39,924. There was no sta-
tistically significant difference between the two types of
procedures (Table 6). All total average costs were also ana-
lyzed separately for each year, from 2009 to 2013, but no
significant difference was found. Three patients of the robotic
group and 4 of the open were identified as high-cost patients.
The first 3 were patients converted to open, complicated by
biliary leak. The remaining 4 were patients with a complicated

Table 5. Specific Costs Divided by Category

Average cost/
surgery (USD)

Anesthesiology
Open 1432
Robotic 1444
Difference 12

Operating room/recovery room
Open 11,958
Robotic 14,665
Difference 2707

ICU
Open 12,417
Robotic 6159
Difference 6258

Inpatient nursing
Open 4217
Robotic 3566
Difference 651

Inpatient pharmacy
Open 2721
Robotic 1854
Difference 867

Readmission costs
Open 22,263
Robotic 25,125
Difference 2862

Total other costs
Open 13,527
Robotic 11,378
Difference 2149

ICU, intensive care unit; USD, US dollars.

Table 6. Total Cost of Open

and Robotic Liver Resections

Total cost (USD)
Including

readmission
Excluding

readmission

Average cost of
open surgery

41,948 39,924

Average cost of
robotic surgery

37,518 36,040

Difference 4430 3884
T-Stat -0.76 -0.79

Table 4. Postoperative Complications

in the Robotic and Open Groups

Variable
Robotic
group

Open
group

Biliary leak, n (%) 3a (4.4) 5 (9)
Pulmonary

complications, n (%)
5 (7.3) 9 (16.3)

Cardiologic
complications, n (%)

2 (2.9) 2 (3.6)

Postoperative
bleeding, n (%)

2 (2.9) 3 (5.4)

Postoperative ileus, n (%) 2 (2.9) —
Liver failure, n (%) 1 (1.4) —
Sepsis, n (%) — 1 (1.8)
Ascites, n (%) — 1 (1.8)
Hepatic abscess, n (%) — 1 (1.8)

aTwo of these patients were converted-to-open.
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postoperative course and a mean hospital stay of 34 days
(range: 22–51).

When the high-cost patients (>$100,000 total cost) were
separated from the remainder of the population, the average
cost of open surgery was similar to that of robotic surgery,
when accounting for the costs associated with readmission
($32,704 for the robotic group versus $32,752 for the open
group). The average cost of open surgery for the remaining
patient population dropped below that of robotic surgery when
excluding the costs associated with readmission ($32,424 for
the robotic group versus $31,690 for the open group) (Table 7).

Discussion

Minimally invasive hepatic resections have undergone a
steady increase in the past two decades.1,3,8 Postoperative
and oncologic outcomes have proven to be as effective as
with traditional open surgery, when performed by experi-
enced surgeons, for both laparoscopic and robotic hepa-
tectomies.1–3,5,11,12,14,19,42 Laparoscopy seems to be more
widely performed for wedge resections and other minor hep-
atectomies, since major resections can be very challenging and
left only in the hands of a few experts.1,7,14 Robot-assisted
surgery can overcome some of the limits of laparoscopy,
preserving the advantages of the minimally invasive approach.
In a recent article comparing robotic and laparoscopic hepa-
tectomies, the authors stated that the robotic technique allowed
them to complete a larger number of liver resections, both
major and minor, in a totally minimally invasive manner.7

Our study included patients who underwent both major and
minor resections in similar percentages in both groups. There
were no significant differences in terms of operative time,
transfusion rates, and intraoperative complications when the
overall results were considered. Interestingly, when major and
minor hepatectomies were analyzed separately, there was no
statistically significant difference regarding the mean esti-
mated blood loss. While in the minor hepatectomies the results
were indeed similar (354.7 mL for the robotic and 510 mL for
the open group; P > .05), in the major hepatectomies there was
an important difference (570 mL in the robotic versus 1018.7
in the open group; P = .051). We believe that it did not reach
statistical significance because of the sample size.

The postoperative outcomes showed a significant overall
lower rate of complications in the robotic cohort, even when
the patients who were converted to open were included (22%
versus 40%; P = .047). When complications were divided
into minor (Clavien I–II) and major (Clavien III–IV), we
noticed that the results were similar in the first group, but
significantly different in the latter. Major complications were

significantly lower in the robotic cohort (4.4% versus 16.4%;
P = .043). Interestingly, there were only three biliary leaks in
the robotic group (4.4%), two of which were in patients who
underwent a conversion-to-open, making the ‘‘pure robotic’’
rate of biliary leak 1.4%. Pulmonary complications were
more than twofold more frequent in the open group (16.3%
versus 7.3%).

Postoperative mortality was nil in the robotic group and
1.8% in the open, in accordance with results found in the
literature.2,9 At our institution, most of the patients under-
going hepatobiliary procedures are sent to the ICU after
surgery, as part of standard care. At the time of the study,
83.8% of patients who underwent a robotic hepatectomy and
72.7% of those who underwent an open surgery were trans-
ferred to the ICU in the immediate postoperative course. The
mean length of stay in the ICU was significantly longer after
an open procedure (3.3 versus 2.1 days; P = .004).

The postoperative results of major hepatectomies con-
firmed the trend toward a lower major complication rate and
shorter hospital and ICU stay in the robotic group, but did not
reach statistical significance. On the contrary, when minor
hepatectomies were considered, the same parameters were in
favor of the robotic group.

It is safe to say that one of the biggest perceived disad-
vantages of any new technology is the high cost. Substantial
criticism has emerged due to the rapid expansion of robotics,
especially in the urology field.24–26 While robotic prostatec-
tomy currently represents the gold standard, it has not proven
to be cost-effective, even when the reduced operative time
and shorter hospital stay are considered.38 In contrast, in
2012, Hagen et al. evaluated the cost of robotic, laparoscopic,
and open Roux-en-Y gastric bypass, including both direct
and indirect costs. The authors reported a lower anastomotic
leak rate in the robotic group, as well as a reduction of ma-
terials used (hand-sewn anastomosis versus laparoscopic
stapler), leading to lower overall costs ($19,363 robotic versus
$21,697 laparoscopic versus $23,000 open).37

Regarding liver surgery, several authors have evaluated the
costs related to laparoscopy and open.8,10,31,33,43 In a recent
meta-analysis, Jackson et al. analyzed the results of all the
studies that took into consideration these costs. What emerged
is a trend toward higher total operative costs in the case of
laparoscopic surgery ($334.10), but with a trend of higher
total hospital costs in the case of open approach ($3223).
Packiam et al. published the only study comparing robotic and
laparoscopic liver resections.6 This article included only left
lateral sectionectomies (11 robotic and 18 laparoscopic). The
authors reported a higher rate of minor complications and a
longer ICU stay for the patients undergoing robotic resections,

Table 7. Total Cost of Open and Robotic Liver Resections in High- and Non-High-Cost Patients

Non-high-cost patients (<$100,000 total cost) High-cost patients (>$100,000 total cost)

Cases (n) Total cost Average cost Cases (n) Total cost Average cost

Including readmission
Robotic 65 2,125,737 32,704 Robotic 3 425,475 141,825
Open 51 1,670,363 32,752 Open 4 636,775 159,194

Excluding readmission
Robotic 65 2,107,567 32,424 Robotic 3 343,144 114,381
Open 51 1,616,172 31,690 Open 4 579,651 144,913
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due to the fact that the authors were at the beginning of their
robotic experience, leading them to have a very cautious
postoperative regimen.

When only the direct costs were considered, no significant
difference was found between the two groups ($5130 for
robotic versus $4408 for laparoscopic). When the indirect
costs of purchasing and maintenance were considered ($1423
per case), the robotic cases yielded a significantly higher cost
($6553 versus $4408; P = .021). An interesting fact that
emerged is that the additional cost of using both laparoscopic
and robotic instruments in the robotic cases added an extra
cost of only $302. A limitation of this study is that it did not
take into consideration the overall cost of the inpatient stay.

To the best of our knowledge, this is the first study eval-
uating the financial impact of robotic and open hepatic re-
sections using an external company, eliminating any observer
bias.44 Both direct (variable and fixed) and indirect costs
were taken into account for the economic analysis. The total
costs of open and robotic surgery, including the costs of any
readmissions, were $41,948 and $37,518, respectively. Ex-
cluding costs of readmissions, open surgery still had a higher
cost ($39,924 versus $36,040). The average cost in the ‘‘non-
high-cost’’ patients (<$100,000) was virtually the same with
both techniques (around $32,700). The average value in the
case of high-cost patients was slightly elevated with the open
technique ($159,194 versus $141,825).

When costs were broken down by category, the average
cost per robotic surgery was more expensive in terms of op-
erating room and readmission costs. The total costs resulted in
being lower though, because of the cost-effectiveness in terms
of ICU, inpatient nursing, and pharmacy costs. Even though a
statistical significance in favor of the robotic approach was not
reached, it is clear that the high costs associated with pur-
chasing, maintaining, and using the robotic system in the
operating room are balanced by a shorter hospital and ICU
stay, and less need for postoperative medication.

There are some limitations in our study. This is a retro-
spective, nonrandomized study. The surgical approach cho-
sen largely depended on the surgeon who evaluated the
patient. Nonetheless, there is no selection bias regarding the
patients, because the two groups were comparable and all
cases were consecutive. We did find a significant difference
(P = .003) in malignant versus benign disease. This was
mainly seen in the minor hepatectomy group (20 versus 26
cases in the robotic and open group, respectively). None-
theless, one might argue that malignant disease could in-
crease the postoperative morbidity.

Robotic resections were all performed by a single experi-
enced robotic hepatobiliary surgeon, assisted by an attending
surgeon or a robotic surgery fellow. The open resections on
the contrary were performed by multiple surgeons. Still they
were all experienced hepatobiliary surgeons, assisted by
other attendings or senior fellows. Consequently, there were
no issues related to the learning curve of any of the surgeons.
Moreover, all the patients seen by the robotic surgeon were
offered the minimally invasive approach, unless an absolute
contraindication was present. Thus, there was no bias such as
choosing the simpler cases for the robotic resection.

The results of this study might not be applicable in other
centers with less experience in hepatobiliary and/or robotic
surgery, or at the beginning of their learning curve. Fur-
thermore, in our institution, laparoscopy was abandoned

early on in favor of robotics, so we were not able to compare
robotic and laparoscopic liver resections. Even though we
proved that robotic liver resections are comparable to open,
both regarding clinical outcomes and cost-effectiveness, we
do not have enough data to reach conclusions regarding any
potential clinical or economic advantages of the robotic over
the laparoscopic approach.

Robotic surgery has always been considered a very expen-
sive new technology. Even though, for some procedures,
the postoperative advantages do not translate into cost-
effectiveness, in other more complex cases, the robotic ap-
proach could actually prove to be financially beneficial. In
conclusion, robotic liver resections in our study had less
overall morbidity, ICU and hospital stay. This translated into
decreased average costs for robotic surgery. Although this
difference was not statistically significant, we have shown that
robotic hepatectomies are financially comparable to open re-
sections and do not represent a financial burden to the hospital.
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