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AB STR A CT

Background: The economic value of robotic-assisted laparoscopic
prostatectomy (RALP) in the United States is still not well understood
because of limited view analyses. Objectives: The objective of this
study was to examine the costs and beneﬁts of RALP versus retropubic
radical prostatectomy from an expanded view, including hospital,
payer, and societal perspectives. Methods: We performed a modelbased cost comparison using clinical outcomes obtained from a
systematic review of the published literature. Equipment costs were
obtained from the manufacturer of the robotic system; other economic
model parameters were obtained from government agencies, online
resources, commercially available databases, an advisory expert panel,
and the literature. Clinical point estimates and care pathways based on
National Comprehensive Cancer Network guidelines were used to
model costs out to 3 years. Hospital costs and costs incurred for the
patients’ postdischarge complications, adjuvant and salvage radiation
treatment, incontinence and potency treatment, and lost wages during

recovery were considered. Robotic system costs were modeled in two
ways: as hospital overhead (hospital overhead calculation: RALP-H) and
as a function of robotic case volume (robotic amortization calculation:
RALP-R). All costs were adjusted to year 2014 US dollars. Results:
Because of more favorable clinical outcomes over 3 years, RALP provided hospital ($1094 savings with RALP-H, $341 deﬁcit with RALP-R),
payer ($1451), and societal ($1202) economic beneﬁts relative to retropubic radical prostatectomy. Conclusions: Monte-Carlo probabilistic
sensitivity analysis demonstrated a 38% to 99% probability that RALP
provides cost savings (depending on the perspective). Higher surgical
consumable costs are offset by a decreased hospital stay, lower
complication rate, and faster return to work.
Keywords: cost-comparison analysis, economic, RALP, RRP.

Introduction

blood loss, fewer perioperative complications, a shorter hospital
stay, improved functional outcomes, and a faster return to work
versus retropubic radical prostatectomy (RRP) [4–6].
The question remains whether this investment in early
surgical treatment and the shift toward RALP has economic
value. In the United States, more than 80% of the prostatectomies
are done by RALP [7]. The National Institutes of Health estimated
cancer costs in the United States at $216.6 billion for 2009 ($86.6
billion direct, and $130.0 billion indirect mortality costs, i.e., lost
productivity due to premature death) [1]. Another analysis
reported direct costs of $125 billion for all cancers in 2010 ($12
billion for prostate cancer) and a projected increase of 27% by
2020 due to changes in the US population alone (i.e., growth and
aging) [8]. Therefore, assessing the ﬁnancial burden of RALP on
the US health care system is an important issue.
Most of the RALP economic studies have limited their analysis
to direct costs from the hospital perspective, often conﬁned to

Prostate carcinoma is the most commonly diagnosed cancer in
men in the United States, with an estimated 233,000 new cases
for 2014, accounting for 27% of all cancers. Although 5-year
relative survival rates have increased from 68% to 99% over the
last 25 years, it is still the second leading cause of cancer-related
mortality. Early treatment is critical, because 5-year relative
survival rates drop to 28% for distant cancer [1].
Radical prostatectomy improves cancer-speciﬁc mortality rates
when compared with nonsurgical treatments of prostate cancer,
such as radiation therapy and androgen-deprivation therapy [2]. It
has been suggested that the introduction of robotics has increased
the likelihood that men diagnosed with prostate cancer will
undergo surgical treatment, will choose a robotic approach, and
will do so because of the clinical beneﬁts of robotic-assisted
laparoscopic prostatectomy (RALP) [3], which include reduced
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Fig. 1 – Flowchart showing the process of inclusion and
exclusion of studies during the systematic literature search
for sources of clinical outcomes. Pubmed and Scopus were
queried for reports on radical prostatectomy as a primary
treatment for localized prostate cancer. Search terms
included the “free text” keywords: “robot* radical
prostatectomy” combined with “systematic or meta” and
“retropubic or open” limited to English publications, all dates
(last search: January 21, 2015). Inclusion criteria were
systematic review or meta-analysis that included summary
data on speciﬁed outcomes separated by surgical approach,
which compared RALP and RRP, and that was pertinent to
the objectives of the present review. The one review of RCTs
was excluded because it did not include any RALP vs. RRP
articles [15] and further examination of the literature did not
reveal any RALP vs. RRP RCTs. Outcomes of interest included
age, transfusions, LOS, individual perioperative complication
rates, operative time, PACU time, hernia rates out to 3 years
(incisional and inguinal), and continence/incontinence and
potency/impotency out to 3 years. Nine systematic reviews
were identiﬁed [5,16–23]. The lack of RALP vs. RRP RCTs has
resulted in criticisms of comparisons between RALP and RRP
due to differences in patient characteristics; patients
undergoing RALP tend to be younger and in the earlier stages
of the disease, predisposing them to better outcomes. The
meta-analysis by Tewari et al. [5] was the only article that
accounted for differences in patient characteristics (using
propensity score matching) and controlled for surgeon
experience, publication bias, selective reporting, bias due to
differences in hospital discharge criteria, differences in
complication reporting, and repeated publication of the same
patient group. This meta-analysis also included the greatest
number of studies (400 studies representing 62,389 patients
undergoing RALP and 167,184 patients undergoing RRP).
Therefore, it was used as the main source of clinical
outcomes (age, transfusions, US LOS, and individual
complication rates). For the other clinical outcomes of
interest, they were either reported in multiple reviews with
different values due to differences in the choice of primary

immediate (operative) and short-term costs (inpatient) [9]. However, these studies do not adequately address the total ﬁnancial
impact of surgery because they do not account for complications
occurring after hospital discharge (e.g., hernia), readmissions,
functional outcomes (erectile dysfunction, urinary incontinence),
oncologic outcomes, or patients’ lost wages. Economic studies
examining costs from the payer perspective include longer-term
outcomes, reporting time horizons of 6 months [10], 1 year [11,12],
and over a patient’s lifetime [13], but these do not include
hospital-related costs, suggesting the need for further research.
In this study, we used published clinical outcomes and care
pathways to model costs incurred out to 3 years, with the
objective of examining the economic impact of short-term and
longer-term outcomes for RALP versus RRP from hospital, payer,
and societal perspectives.

Methods
The radical prostatectomy literature is vast, with thousands of
publications varying in methodology and outcomes. To obtain
accurate estimates of clinical outcomes, a systematic search for
the highest quality publications was performed (meta-analyses of
randomized clinical trials [RCTs], single RCTs, systematic reviews
of cohort studies, and then nonrandomized cohort-controlled
studies [14]). Figure 1 shows the process of inclusion and
exclusion of studies during the systematic literature search.
Details on search terms, outcomes of interest, methods for
accounting for bias, and so forth are outlined in the ﬁgure legend
[5,15–23].
Care pathways were developed according to current National
Comprehensive Cancer Network Prostate Cancer Guidelines [24]
and based on consensus opinion from an expert panel consisting
of urologists, anesthesiologists, hospital administrators, and
payers at leading health insurance plans. The care pathway
was used to identify cost items for the management of complications. Costs were extracted from government agencies, online
resources, commercially available databases, the advisory expert
panel, and the published literature (Table 1) [6,25–47]. Figure 2
outlines the cost model with the cohorts, clinical outcomes of
interest, care pathways, and cost elements. All published costs
were adjusted to 2014 US dollars (USD) using the US Bureau of
Labor Statistics hospital services Producer Price Index (PPI), the
Pharmaceutical preparation manufacturing PPI, or the Medical
Supplies and Equipment PPI, as appropriate. Excel 2010 was used
for all calculations.

Hospital Economic Model
Parameters included hospital facility costs (operating room,
postanesthesia care unit, and general ﬂoor), robotic system
(purchase and maintenance), disposable equipment, medication

sources, with no one article including all primary sources
(for operative time, incontinence, and impotency), or not
reported in the summary data (hernia rates and PACU
times). Therefore, bibliographies of all nine studies were
reviewed for articles meeting the next highest level of
evidence (comparison articles). For primary source articles,
inclusion/exclusion criteria consistent with the Tewari et al.
meta-analysis were applied (English articles including both
RALP and RRP cohorts [n Z 25] from after the learning curve).
These articles were used as sources for the other clinical
outcomes of interest. LOS, length of hospital stay; PACU,
postanesthesia care unit; RALP, robotic-assisted
laparoscopic prostatectomy; RCT, randomized controlled
trial; RRP, retropubic radical prostatectomy.
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Table 1 – Sources for cost estimates.
Cost estimate
Hospital economic model
Hospital facility costs
Operating room per hour cost
PACU
General ﬂoor
Disposable equipment costs
Robotic instruments
RRP instruments
Medication, anesthesia, and lab costs
Medications, anesthesia, epidural
Laboratory tests
Nonreimbursed complication costs
Transfusions—Unit of Blood
Robotic system costs
Robotic system cost and yearly volume
Robotic hospital annual case volume
Payer economic model
Procedure reimbursement
Facility, physician, anesthesiologist payment, and professional fees from
Medicare
Percentage of patients on Medicare/Medicaid
Private payer additional reimbursement amount
Complication costs
Medications
Follow-up visits
Wages of hospital staff
Readmission/reoperation reimbursements
Length of readmission
Percentage of patients readmitted
Costs speciﬁc to individual complications
DVT—length/reimbursement of readmission
Bowel/rectal injury—readmission rate
Severe wound infection
Anastomotic leakage—cystography
Incisional/inguinal hernia
Hernia repair operative time/staff time/medical devices
Incontinence
Use and cost of urinary pads
Male sling procedure
Impotence
Treatment costs (vacuum pump, penile prosthesis, procedures)
Length/reimbursement of readmission
Adjuvant/salvage treatment
Radiation and/or hormone treatment costs
Societal economic model
Lost wage costs
Absenteeism
Employment rate
Weekly warnings

Source

[28]
[31] (for ICU costs)
[32]
IS July 2012 Catalog; Cost model from Calvin Darling, CEO
[26,28,41]
Redbook; MD consult; expert panel
2014 CMS Lab fee schedule

[42]
Intuitive Surgical
American Hospital Association 2012 Survey

HCUP; CMS 2014
HCUP
[37]

MD consult; Redbook; Bureau of Labor Statistics
CMS Fee Schedule; Expert Panel
Expert Panel; Bureau of Labor Statistics
CMS Fee Schedule; HCUP
HCUP; Expert Panel
Expert Panel
[43]; Cook Medical
[47]
[25,29,30,33,39,45]
[36]
[27,35,38,40,44]
Expert panel; Product Web sites
Delaware Urologic Associates
Expert panel; MD Consult; Redbook; Bureau of Labor Statistics; CMS Fee
Schedule
HCUP; CMS; American Medical Systems
[34,46]

[6]
Bureau of Labor Statistics (bls.gov/cps/cpsaat03.htm)
Bureau of Labor Statistics (bls.gov/news.release/wkyeng.t03.htm)

Notes. The expert panel included 31 urologists, anesthesiologists, hospital administrators, and health insurance providers. The urologists
included those who specialized in RRP, others who specialized in RALP, and a third group who performed both RRP and RALP. The American
Hospital Association 2012 survey was used in conjunction with the above sources for some of the cost calculations. Only signiﬁcantly different
nonreimbursed complications were included in the analysis. All cost estimates were adjusted for inﬂation to 2014 values. Operating room costs
were based on $772/h in 2007 USD adjusted to $908/h in 2014 USD [28], and general ﬂoor cost were based on $1153/d in 2005 USD adjusted to
$1466/d in 2014 USD [32]. PACU costs were calculated as an average of general ﬂoor and ICU costs. The ICU costs ($8,153 in 2005 USD adjusted to
$11,942 in 2014 USD) were calculated as a weighted average of the cost with and without mechanical ventilation based on the percentage of
patients requiring mechanical ventilation [31]. Blood transfusion costs were based on 1.5 units of blood per transfusion, with a unit of blood
costing $483.55 in 2008 USD, adjusted to $552.43 in 2014 USD, which included product acquisition costs, hospital blood bank supply management,
pretransfusion processes, patient blood testing processes, transfusion-speciﬁc consent, issuing and delivering components from the blood bank
to the transfusion site, managing acute transfusion reactions and hemoviligance, post-transfusion logistics, and direct overhead [42]. Robotic
system annual surgical volume was based on internal Intuitive Surgical data and is the average RALP yearly volume for hospitals that own a
robot. Absenteeism costs were based on workplace absenteeism from 14 d before, through 352 d after index surgery [6].
CMS, Centers for Medicare & Medicaid Services; HCUP, Healthcare Cost and Utilization Project; ICU, intensive care unit; PACU, postanasthesia
care unit; RALP, robotic-assisted laparoscopic prostatectomy; RRP, retropubic radical prostatectomy; USD, US dollar.
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Fig. 2 – Flowchart of cost model and care pathways. A simpliﬁed representation of the cost model (A) showing how each
cohort of patients was taken through the process. Multiple iterations within parts of the model were required. For example,
costs for any subsequent treatment would be in addition to costs for initial surgery, and readmission costs for each
complication were all included in the model, all adjusted by the frequency of these events. These iterations were not shown
for clarity purposes. Clinical outcomes were determined using the systematic literature search (see Fig. 1). Care pathways
were based on current National Comprehensive Cancer Network Prostate Cancer Guidelines and an expert panel. The care
pathway was used to identify cost items for the management of complications (cost elements shown in white boxes). The
sources for these cost estimates were extracted from government agencies, online resources, commercially available
databases, the advisory expert panel, and the published literature (Table 1). Net costs were calculated by subtracting the
reimbursement from the total cost for each stakeholder. Procedure time, PACU time, LOS, and adjuvant treatment net unit
costs were ultimately taken from the literature, but were initially included in the model. Net costs for each clinical outcome
are listed in Table 2, and Figure 3 shows all the parameters included in the model by perspective. Bolded parameters are
expanded in (B) to show a section of a care pathway with cost elements. Costs associated with possible treatments were
modeled and were adjusted by the percentage of patients receiving that treatment, which was set at zero when a speciﬁc drug
or test was not given. ICU, intensive care unit; Lab, laboratory; LOS, length of hospital stay; OR, operating room; PACU,
postanesthesia care unit; RALP, robotic-assisted laparoscopic prostatectomy; RRP, retropubic radical prostatectomy.
and laboratory tests, and nonreimbursed complications (treated
during inpatient stay without additional reimbursement as per
expert advisory panel). Preoperative procedures and costs were
considered equivalent and were not included. The da Vinci
Surgical System costs were calculated using a purchase price of
$1.49 million, an annual maintenance fee of $149,000 for years 2
to 7 (ﬁrst year included with purchase), and a 7-year depreciation
period. Because of the current debate on whether these costs
should be included in the general operating expenses of the
hospital [48] or whether robotic programs need to “pay for
themselves on a per-case basis” [49], two calculations were
performed: one using robotic case volume (robotic amortization
calculation—230 cases per year) and the other using overall
hospital case volume (hospital overhead calculation—10,560
cases per year) [50] (see Appendix Table 1 in Supplemental
Materials found at http://dx.doi.org/10.1016/j.jval.2015.12.019).
Calculations were based on the assumption that hospitals own

an average of 1.4 robotic systems. Because this is a robotic
system–related cost, it was added only to the RALP group costs.

Payer Economic Model
Payer costs included reimbursements for the original surgical
procedure, complications (perioperative, long-term), functional
outcomes (incontinence, impotence), and adjuvant treatment
within 3 years. Procedure reimbursement included facility and
physician and anesthesiologist’s fees. Reimbursement for complications included medications, laboratory and imaging tests,
surgical treatments, readmissions, professional fees, and followup visits. Reimbursement for adjuvant treatment included radiation or hormone therapy for any reason.
Medicare reimbursement amounts were collected from the
Centers for Medicare & Medicaid Services payments for inpatient
and outpatient health care, with an additional 25% added for
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private payers [37]. All reimbursed amounts were adjusted on the
basis of 41% Medicare/Medicaid (noninsured and other) and 59%
private payer (International Classiﬁcation of Diseases, Ninth Revision
procedure code 60.5 for 2012) rates [51].

Societal Economic Model
Societal costs included lost income based on the average age of
patients undergoing prostatectomy, rates of employment, average US wages for that age group, and convalescence times.

Statistical Analysis
Point estimates (averages) and SDs or standard errors were
weighted using the individual study sizes, and were based on
all studies included for that clinical outcome, or were calculated
using propensity-adjusted values and SD for parameters taken
from the Tewari et al. [5] meta-analysis (SAS v.9.2.1, SAS Institute,
Cary, NC). To account for the uncertainty and variability around
the point estimates, one-way, two-way, and Monte-Carlo probabilistic sensitivity analyses were performed using Excel 2010.
Within the hospital economic analysis, one-way and two-way
sensitivity analyses were performed on parameters whose values
vary considerably in the literature, including operative time,
length of hospital stay (LOS), and general ﬂoor costs. Maximum
and minimum values for the parameters of interest were taken
from the literature. For each analysis, a base cost was calculated
by removing the parameters to be varied from the total and then
adding them back in at incrementally increasing values. In the
case of the two-way sensitivity analysis of LOS and general ﬂoor
cost, both parameters were simultaneously varied and all values
that resulted in cost equivalence for RALP and RRP were graphically represented as a cost-equivalence line. For probabilistic
sensitivity analyses, 5000 iterations were performed for each
perspective. Continuous variables were tested for normality
using a Shapiro-Wilk test, and beta distributions were assumed
for discrete variables (see Appendix Table 2 in Supplemental
Materials found at http://dx.doi.org/10.1016/j.jval.2015.12.019).
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expensive than RRP, regardless of the calculation used to determine robotic system costs.
The results of the two-way LOS/general ﬂoor costs sensitivity
analysis are presented in Figure 4B and show the costequivalence lines for RALP and RRP using RALP-H or RALP-R.
This graph shows that at the values used in this analysis ($1466/d
general ﬂoor cost and 1.7-day LOS difference), RALP was less
expensive from the perspective of the hospital overhead calculation. From the perspective of the robotic amortization calculation, an LOS difference of 1.93 days or a general ﬂoor cost of
$1667/d would be needed to reach cost equivalence. If using the
minimum general ﬂoor cost from Lotan et al. [78] ($395 in 2004
USD adjusted to $521 in 2014 USD), an LOS difference of 2.7 days
(RALP-H) or 5.4 days (RALP-R) would be needed for RALP to be
cheaper. At a 1-day LOS difference, general ﬂoor costs would need
to be $1400/d (RALP-H) or $2834/d (RALP-R) for RALP to be
cheaper. Reducing RRP LOS or general ﬂoor costs would reduce
the economic advantage of RALP.
Monte-Carlo probabilistic sensitivity analysis (Fig. 4C) demonstrated mean cost savings of $1019 (95% conﬁdence interval [CI]
$983–$1055] for RALP-H and an increased cost of $416 (95% CI
$380–$452] for RALP-R from the hospital perspective. The cost
savings per RALP case from the payer perspective was $1458 (95%
CI $1445–$1472] and was $1200 (95% CI $1166–$1234) from the
societal perspective. A robotic approach provided cost savings in
38% to 99% of 5000 trials (79% for RALP-H and 38% for RALP-R
from the hospital perspective, 99% from the payer perspective,
and 83% from the societal perspective).

Discussion
The increased use of robotic surgery in urology has been connected to broader concerns about increasing US national health
care costs. In this study, we modeled the relative cost of RALP
compared with RRP. Based on our model assumptions and
perspectives, the ﬁnancial impact of improved clinical outcomes
with RALP offset the higher cost of disposables and the robotic
system.

Results
The Tewari et al. [5] meta-analysis and 25 primary source articles
[4,52–75] were used in the calculations of point estimates and SD
or standard error for clinical outcomes (Table 2; see Appendix
Table 2 in Supplemental Materials). There were sufﬁcient data
from the literature to support a 3-year care-pathway cost model.
The results of the hospital economic model are shown in
Figure 3A. RALP resulted in a cost saving of $1094 per patient in
the hospital overhead calculation (RALP-H) and an additional cost
of $341 in the robotic amortization calculation (RALP-R). The
results of the payer economic model are shown in Figure 3B.
RALP saved $1451, mainly because of lower complication ($627
RALP vs. $1126 RRP), incontinence ($303 RALP vs. $632 RRP), and
sexual dysfunction ($655 RALP vs. $1343 RRP) costs.
Adjuvant radiation and/or hormone therapy added $400.77
per patient undergoing RRP ($350.80 in 2008 USD; see Fig. 3B
legend for cost calculation details [34,46]).
For the societal economic analysis, the patient’s lost wages
calculation resulted in a beneﬁt of $1202 for RALP (Fig. 3C) due to
a faster recovery [6]. This takes into account a 66% employment
rate for men aged 55 to 64 years (2013) [76] and an average
earnings rate of $202.40 a day [77].
Figure 4A shows the result of the one-way sensitivity analysis
of operative time. With RALP-R, decreasing robotic operative time
by 22 minutes results in cost equivalence with RRP. With RALP-H,
RALP is cheaper than RRP at robotic operative times up to 267
minutes. At operative times of 172 minutes or less, RALP is less

Robotic System Costs
Many economic studies leave robotic costs out of their analyses
because of a lack of necessary information (e.g., databases do not
report case volume) or because of the argument that per-case
robotic costs are not directly dependent on clinical outcomes.
However, there continues to be discussion on whether and how
robotic system costs should be factored into economic analyses
[48,49]. Therefore, we provided two methods for calculating
robotic system costs, as well as providing sensitivity analyses.
We used the actual average robotic annual procedure volume of
230 cases per robot for hospitals that own a robotic system
(internal data from Intuitive Surgical, the manufacturer of the
da Vinci Robotic system) in the calculations for the RALP-R
model. This is well below the theoretical “optimal” usage volume
of 300 cases per year [79], suggesting that per-case robotic system
costs could be even lower. There is widespread agreement that
increasing procedure volume decreases costs [80–82] and
improves clinical outcomes [83,84]. Recent studies have reported
an increase in prostatectomy volumes speciﬁcally in hospitals
that have acquired a robot. One study reported a 114% increase in
prostatectomy volume within 3 months of acquiring a robot, and
another reported a gain of 29.1 cases per year due to the addition
of a robotic system [85–88].
Our operating room costs were based on procedure times
rather than total room times, because that is what was reported
in the literature from our systematic search; however, using
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Table 2 – Clinical outcomes and associated costs.
Point
estimate
RRP

Point estimate
RALP

RRP minus
RALP

Net unit
cost ($)

Net ($) savings per
RALP

195

12

150

18.4

[4,52–56,58–61,64,66,68–
70,72–75]
[56,61]

182

[5]

15.14/
min
4.66/
min
1,466/d

3.1

1.4

1.7

19.9

1.8

18.1

[5]

829

150

8.68

3.50

5.18

[5]

674

35

3.20
1.84
0
2.80
0.14

1.28
0.10
0.09
1.19
0.06

1.92
1.74
0.09
1.61
0.08

[5]
[5]
[5]
[5]
[5]

196
6,686
4,512
108
6,084

4
116
4
2
5

1.00

0.45

0.55

[5]

6,022

33

0.1
10.0

0.6
5.8

0.5
4.2

[57,66,67,72]
[71] (36-mo rate from Fig. 2)

10,186
8,562

51
360

34.1
19.5
10.9
8.2
14.3

24.2
11.2
6.5
4.9
1.4

9.9
8.3
4.4
3.3
12.9

[4,52,55,57,62,63,66,68,70]

93
93
93
5,082
1,083

9
8
4
168
140

83.0
78.2
51.5
51.4
40.0

65.1
65.1
36.3
19.0
11.0

17.9
13.2
15.2
32.4
29.0

203
203
203
1,352
540

36
27
31
438
157

60.6

–

202.4/d

1202

Hospital economic model
Operative time
183
(min)
PACU time (min)
169
LOS, United
States (d)
Blood
transfusions
(%)
Payer economic model
Perioperative
complication rates
(%)
Anastomotic
leakage
Lymphocele
Ureteral injury
Bowel injury
Wound infection
Severe wound
infection
Deep vein
thrombosis
Incisional hernia (%)
Inguinal hernia (%)
Incontinence (%)
3 mo
6 mo
12 mo
24 mo
36 mo
Impotency (%)
3 mo
6 mo
12 mo
24 mo
36 mo

Societal economic model
Average age (y)
61.8

Reference

[4,55,57,63,65,66,68] (36-mo
rate extrapolated from 3to 24- mo rates from
literature using
logarithmic regression
(RALP: y ¼ 0.241Ln(x) þ
0.2868; RRP: y ¼ 0.1763Ln
(x) þ 0.1561)
[5]

86
2492

Notes. Sources for cost estimates are listed in Table 1. For each clinical outcome, the net unit cost was multiplied by the difference in point
estimates (adjusting for the value or incidence frequency of the parameter) to calculate a net saving per RALP procedure. For operative time,
PACU time, and LOS costs, net unit costs were taken from the literature (see Table 1). For all complications (perioperative, hernia, functional
outcomes), net unit costs were calculated by subtracting the reimbursement from the total cost for each stakeholder using the care pathways
that were developed. For perioperative complications, only those that were statistically signiﬁcant after propensity score adjustments and that
resulted in a cost difference were included in the model; 5% of wound infections were considered severe. Lost wage analysis was based on the
difference in absenteeism rates of 9 days for RALP and RRP (95% CI 3.7–14.2 d) as reported in Epstein et al. [6] (see Table 1), a 66% employment
rate for men aged 55 to 64 y (in 2013), and an average earnings rate of $202.40/d (median weekly earnings for all races of men ages 55–64 y
divided by 5 working days).
CI, conﬁdence interval; LOS, length of hospital stay; PACU, postanesthesia care unit; RALP, robotic-assisted laparoscopic prostatectomy; RRP,
retropubic radical prostatectomy.

procedure time does not take into account opportunity costs.
Chatterjee et al. [89] have calculated opportunity costs for radical
prostatectomy at $22 for each minute one approach takes using the
operating room longer than another approach. This could add $330
for each RALP case based on a 15-minute robotic set-up time [90,91].

Our sensitivity analysis of operative time demonstrated that
decreasing the operative time by 22 minutes when using RALP-R
would result in cost equivalence with RRP. Rebuck et al. [92]
decreased robotic operative times by an average of 17.4 minutes per procedure by using a checkpoint system, a dedicated
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Fig. 3 – Economic model results. Sources for cost outcomes are listed in Table 1. Sources for clinical outcomes and their
associated costs are listed in Table 2. All costs were adjusted for inﬂation to 2014 USD. (A) Hospital economic model includes
costs incurred by the hospital during the original stay. RALP-H is the cost for RALP using the hospital overhead calculation
(10,560 cases/y/hospital, 1.4 robots per hospital). RALP-R is the cost for RALP using the robotic amortization calculation (230
cases/y/robot, 1.4 robots per hospital). Nonreimbursed complications included transfusions, wound infections, pneumonia,
and ileus. Only blood transfusion rates were different between groups and were included in the cost analysis. (B) Payer
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anesthesia team, and simultaneous processing by staff during
case turnover. Lasser et al. [93] decreased operative room times
using a dedicated surgical team for robotic set-up. Other successful cost-saving measures include optimizing the equipment
list [92,94], swapping out expensive equipment for cheaper
alternatives [95], and using a robotic simulator during training
to reduce time on the robotic console [96].
Our sensitivity analysis of general ﬂoor costs versus LOS
demonstrated that for RALP-H, robotics provides a cost advantage
at general ﬂoor costs of $823 or more per day and at LOS
differences of 0.95 or more days. For RALP-R, a general ﬂoor cost
of $1667/d or an LOS difference of 1.93 days would be needed to
reach cost equivalence. Our Monte-Carlo probabilistic sensitivity
analysis demonstrated that for most of the model simulations,
RALP provided cost savings.

Comparison to Literature
Economic assessments of health care costs are inﬂuenced by the
time horizon and perspective of the study, as well as by the
clinical outcomes and cost estimates used in the analyses. Most
of the previous US economic analyses have focused on the
hospital’s perspective, with many reporting higher inpatient
costs for RALP due to longer operative times or higher surgical
supply costs [28,41,50,78,80,82,97–103].
In our study, we found RALP to provide a cost beneﬁt even
when limited to the inpatient stay from the hospital perspective.
This was inﬂuenced by our estimates for operative time, LOS, and
general ﬂoor expenses. Operative times are highly variable and
depend on surgeon experience. It was our intention to use
operative times typical of an established surgeon, rather than
to examine the cost of learning RALP, which has already been
modeled [104]. Therefore, we limited our analysis to articles from
after the learning curve (as deﬁned by Tewari et al. [5]). Economic
analyses that included the RALP learning curve or resident
training report higher hospitalization costs [28,50,97,102].
In our study, reduced general ﬂoor expenses based on a
shorter hospital stay offset the higher cost of RALP disposables
and the robotic system. Mouraviev et al. [101] also reported
reduced inpatient costs for RALP ($10,047 vs. $10,704 RRP; P o
0.05) because higher surgical costs were offset by lower nonoperative hospital costs. Scales et al. [41] predicted a modest
difference of $195 more with RALP versus RRP in a community
setting ($8929 RALP vs. $8734 RRP) using clinical outcomes and
cost estimates similar to ours. Their study was also one of the
only other prostatectomy cost studies to perform multiple sensitivity analyses; RALP would have been cost equivalent if the RALP

LOS decreased from 1.3 days to 1.0 day, RALP volume increased
from 7 to 10 cases/wk, or general ﬂoor costs increased from $840/
d to $930/d 2005 USD.
Other cost studies have reported lower general ﬂoor costs
(range $521–$1912 a day 2014 USD [28,41,78,105,106]) or smaller
LOS differences between groups (range 0.2–1.9-day shorter for
RALP [28,41,50,78,80,82,100–103]); however, our estimates for
these variables fall within those reported in the literature and
were based on large-sample nationwide data [5,32].
Payer economic studies report on longer time horizons but are
less common. Of the four published to date [10–13], our study is
most similar to the recent comprehensive analysis by Cooperberg
et al. [13]. The authors modeled lifetime surgery versus radiation
costs using the literature for clinical and cost estimates. Surgery
was more effective and less expensive than each of the radiation
treatments (P ¼ 0.008). Furthermore, RALP trended toward being
less expensive than LRP (Laparoscopic Radical Prostatectomy)
and RRP at each risk level, with low-risk patients undergoing
RALP accumulating the least costs ($19,901). The authors postulated that the lack of signiﬁcance was because the literature on
longer-term outcomes of RALP is currently limited and that the
cost beneﬁts from improved midterm clinical outcomes were
diluted by extending the analysis over a lifetime. By limiting our
study to 3 years, we capitalize on the midterm clinical beneﬁts of
RALP not included in typical hospital economic models (including
functional outcomes out to the latest reported time point in the
comparison literature), while limiting the effects of the lack of
sufﬁcient long-term data. Although a few review articles have
suggested equivalent or improved long-term and quality-of-life
outcomes for RALP versus RRP [107,108], the authors of these
articles stated that the data were too limited for deﬁnitive longterm comparisons. Without better sources, extrapolating our
results to a longer time horizon would not add value to our
analysis or to what is already available in the literature. It may be
desirable to update this model and cost analysis once more highquality long-term data are available to ascertain whether these
beneﬁts extend over the lifetime of the patient.
The other three payer studies combined robotic and conventional laparoscopy cases, reported on select patient populations,
and used databases that lack detailed information on clinical
outcomes or costs. In addition, they analyzed costs during the
“early adopter phase” [98] in the United States (2002–2007), when
minimally invasive surgery (MIS) made up a small percentage of
prostatectomy cases (1.5% in 2002 to 50.3% in 2007), making
comparisons with our ﬁndings more difﬁcult. Nevertheless, they
demonstrated that surgical treatments are economical, that
robotics is a cost-effective option, and that other factors inﬂuence

economic model includes costs incurred by the payer up to 3 years postsurgery. Complications include statistically signiﬁcant
perioperative complications with cost differences and incisional and inguinal hernia rates. Functional outcomes include
incontinence and impotence. For adjuvant radiation and/or hormone therapy, a recent study by Hu et al. [34] was used that
reported statistically signiﬁcantly different propensity-adjusted rates of adjuvant treatment for RALP and RRP within 6
months of surgery (4.5% for RALP vs. 6.2% for RRP; odds ratio 0.75; P o 0.001), with odds ratios given for 12 (odds ratio 0.73; P o
0.001) and 24 (odds ratio 0.67; P o 0.001) months. Using linear regression (y ¼ 0.0045 þ 0.78; R2 ¼ 0.9918), a 36-month odds
ratio was calculated as 0.618. The inverse odds ratio was then calculated (1/0.618) to determine that patients undergoing RRP
had a 1.6 times greater risk of requiring additional treatment within 36 months. Assuming a stable rate for RALP, at 36 months
(4.5% RALP  1.6 ¼ 7.2% RRP – 4.5% RALP ¼ 2.7%), this would result in 2.7% more RRP patients receiving treatment (2.7 per 100
patients). At a cost of $1,361 for hormone, $12,040 for radiation, and $23,487 for combined radiation and hormone treatment
[46] and using the incidence rates from Williams et al. [46] that 21% of the patients undergoing RRP receive hormone treatment
alone (21%  $1,361 ¼ $287.58), 51% receive radiation treatment (51%  $12,040 ¼ $6,120.75), and 28% receive combined
treatment (28%  $23,487 ¼ $6,584.22), this translates into an increased cost of $350.80 per patient undergoing RRP in 2008
USD [(2.7  ($287.58 þ $6,120.75 þ $6,584.22))/100 ¼ $350.8], adjusted to $400.77 in 2014 USD. (C) Societal economic model
includes lost wages due to postprostatectomy recovery (60.4 days RALP vs. 69.4 days RRP), based on mean unadjusted days
absent for RALP plus fully adjusted mean difference of 9 days for RRP, a 66% employment rate for men aged 55 to 64 years, and
an average earnings rate of $202.40/d. Categories may not add to total because of rounding. LOS, length of hospital stay
(general ﬂoor); OR, operating room; PACU, postanesthesia care unit, RALP, robotic-assisted laparoscopic prostatectomy; RRP,
retropubic radical prostatectomy; USD, US dollar. (Color version of ﬁgure available online).
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Fig. 4 – Sensitivity analysis. (A) Total costs as a function of robotic operative time shows the calculation of the potential
economic advantage of robotic-assisted laparoscopic prostatectomy (RALP) over retropubic radical prostatectomy (RRP) from
the hospital’s perspective while varying operative time ($15.14/min). The solid black line represents the total hospital costs for
RRP based on a steady operative time of 183 minutes. The black squares represent the total hospital costs for RALP using the
hospital overhead calculation (RALP–H) at increasing RALP operative times. The black triangles represent the total hospital
costs for RALP using the robotic amortization calculation (RALP-R) at increasing RALP operative times. The locations where the
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reimbursement costs more than does the choice of surgical
approach. For example, Lowrance et al. [11] reported a 47% South
versus Northeast cost difference and Nguyen et al. [12] reported a
$4563 (23%) cost decrease from 2003 to 2005 (when MIS incidence
rose from 10% to 28.7%), which is more than a magnitude larger
than the $293 MIS versus RRP cost difference. In addition, all
nonsurgical approaches were more expensive than MIS or RRP.
The fourth payer study by Shih et al. [10] examined outcomes for
patients younger than 65 years and reported that reduced
complications over 6 months resulted in lower cumulative costs
by approximately $400 for RALP. If we restricted our analysis to
perioperative complications and hernias (a close approximation
to the Shih 6-month complication rate), our model predicts a cost
saving of $499 with RALP, which is conservative when compared
with the $400 saving in 2010 USD reported in the Shih study. This
suggests that a more valuable focus for the future might be on
how to decrease health costs in general, rather than focusing on
surgical approach.
For societal costs, it is our understanding that there is only
one US study to report on the economic impact of patients’
absenteeism (MIS vs. RRP) [6] and that our study is the only US
economic analysis of prostatectomy to incorporate those ﬁndings. This is important considering the recent shift to earlier
surgical treatment and the resultant increased likelihood that
patients will be of working age. Our analysis is conservative in
that we did not include the cost of the patient’s caregiver needs,
which can be signiﬁcant [109]. The lack of other available data on
societal costs has resulted in a limited analysis from the societal
perspective.

Study Limitations
Several limitations to our analysis should be considered. Our use
of a model and the published literature provides a more generalizable result, but is based on a set of assumptions and on choice
of literature. Although we performed a systematic literature
search and selected the highest quality studies currently available, there is wide variability in the literature for many of the
parameters used in our analysis. We attempted to address this by
providing sensitivity analyses based on the ranges of values
reported in the literature to allow for the interpretation of our
results within the context of this variability.
Our study did not examine the effects of varying patient
characteristics; however, adjusted clinical outcomes were used
whenever available. We did not include other indicators of
quality of life, such as pain, vitality, mental or emotional health,
or physical functioning, all of which add value to the patient and
would likely result in an even larger beneﬁt with RALP. We also

did not include costs due to cancer-speciﬁc deaths because our
timeline was relatively short, or costs to the patients for co-pays
or travel to their doctor. We have also not taken into account the
societal beneﬁts of patients undergoing deﬁnitive treatment earlier, while still low-risk. High-risk patients cost more to treat,
regardless of treatment approach [13], and earlier prostate cancer
detection and treatment is one of the factors in the overall
survival rate of prostate cancer increasing to almost 100% over
the last 25 years [1]. We did not perform discounting. The
hospital and societal models did not require it; only the payer
model would be affected by it (because some of the parameters
involved costs past 1 year). To check for the potential impact of
discounting, we conducted a post hoc sensitivity analysis on
costs incurred in years 2 and 3 and the change in results was
negligible.
Our analysis also has not taken into account indirect beneﬁts of
RALP on the health care system. It has been stated that the
introduction of RALP has caused some surgeons to reevaluate
their standard practices, improving outcomes for all patients [110].
Some of these changes driven by competition with RALP reduce
costs for RRP and therefore the overall cost of treatment. For
example, Kaufman et al. [111] reported a reduction in hospital stay
from 1.6 days to 1.3 days, an elimination of patient-controlled
analgesia, a rapid diet advancement, and drain removal at the
surgeon’s discretion for RRP cases. In another study by Nielsen
et al. [112], open surgeons adopted a high anterior release of the
levator fascia (“Veil of Aphrodite” RALP nerve-sparing technique
[113]) to improve continence and potency outcomes, which
improve quality of life and reduce long-term costs. In a third
study by Magera et al. [114], the authors added optical magniﬁcation to compete with the superior optics of RALP and decreased
RRP positive margin rates, which reduce adjuvant treatment costs.
These studies show that continued efforts to improve techniques,
decrease costs, and optimize care pathways are beneﬁcial to
patients regardless of approach.

Conclusions
Our comprehensive economic analysis demonstrates that RALP
provides beneﬁts across our health care system that exceed the
costs of its application. Overall, the adoption of RALP eases the
ﬁnancial burden of prostate cancer on the US health care system.
Technological advances may change the future economic landscape of urology and the time frame of our economic model may
need to be extended as more long-term studies on RALP become
available. However, the information in this article extends the
current knowledge base and provides valuable information for

RRP and RALP lines cross demonstrate the break-even points. The gray dotted line marks the RALP operative time used in the
analysis (195 minutes), and the gray box shows the 95% conﬁdence interval (174.3–216.2). The range of x-axis values was
based on the literature used to calculate the weighted average, with the minimum RALP operative time of 119 minutes taken
from Gainsburg et al. [61] and the maximum RALP operative time of 330 minutes taken from Di Pierro et al. [57]. (B) Hospital
stay vs. general ﬂoor costs. Shows the calculation of the potential economic advantage of RALP over RRP from the hospital’s
perspective while varying the LOS and general ﬂoor costs. Shading represents values where RALP is more cost-effective. The
lines show values where RALP and RRP are cost equivalent when using the RALP-H and the RALP-R. The (x) marks the values
used in the analysis (LOS difference of 1.7 days, general ﬂoor costs of $1466/d). The black dotted box marks the 95%
conﬁdence interval for the LOS. The range of x-axis values was based on the literature, with the minimum LOS value of 0.2
days taken from Hyams et al. [82] and Tomaszewski et al. [102] and the 3.3-day LOS difference is from the ranges of US LOS
from the Tewari et al. meta-analysis (maximum of 4.3 days for RRP minus minimum of 1.0 days for RALP—the authors were
contacted for this information because ranges were not included in the results of the ﬁnal publication). The range of y-axis values
was also based on the literature, with the minimum of $521 based on the value reported in Lotan et al. [78], which was $395 in
2004 USD, adjusted to 2014 USD. The maximum of $1912/d was based on the value reported in Bosch et al. [105], which was
$1191/d in 1999 USD, adjusted to 2014 USD. (C) Probabilistic sensitivity analysis. Shows scatterplots of all 5000 iterations of the
cost model from each perspective (hospital, payer, and societal), with red dots representing runs where RALP resulted in a higher
cost and blue dots representing runs where RALP resulted in cost savings relative to RRP. (Color version of ﬁgure available online).
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health care resource allocation by identifying the main sources of
cost following the acquisition of a robotic surgical system as well
as identifying downstream cost savings. This information can act
as a guide for evaluating alternative treatments by detailing a
range of factors that can inﬂuence the overall cost of a new
treatment to a hospital, to the payer, and to the society.
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