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HYSTERECTOMY FOR BENIGN
gynecologic disease is one of
the most commonly per-
formed procedures for

women. Overall, 1 in 9 women in the
United States will undergo the proce-
dure during her lifetime.1-3 While hys-
terectomy has traditionally been per-
formed abdominally via laparotomy,
vaginally, or by laparoscopy, roboti-
cally assisted hysterectomy has been
introduced as an alternative mini-
mally invasive approach to hysterec-
tomy.1,2 The robotic surgical platform
received approval from the US Food and
Drug Administration in 2005 for the
performance of gynecologic proce-
dures and allows a surgeon to perform
the procedure at a remote console.3

Potential benefits of robotic surgery
include increased range of motion with
the instrumentation, 3-dimensional ste-
reoscopic visualization, and improved
ergonomics for the operating sur-
geon.3,4 Unlike other procedures such
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Importance Although robotically assisted hysterectomy for benign gynecologic con-
ditionshasbeenreported, little isknownabout the incorporationof theprocedure intoprac-
tice, its complication profile, or its costs compared with other routes of hysterectomy.

Objectives To analyze the uptake of robotically assisted hysterectomy, to deter-
mine the association between use of robotic surgery and rates of abdominal and lapa-
roscopic hysterectomy, and to compare the in-house complications of robotically as-
sisted hysterectomy vs abdominal and laparoscopic procedures.

Design, Setting, and Patients Cohort study of 264 758 women who underwent
hysterectomy for benign gynecologic disorders at 441 hospitals across the United States
from 2007 to 2010.

Main Outcome Measures Uptake of and factors associated with utilization of ro-
botically assisted hysterectomy. Complications, transfusion, reoperation, length of stay,
death, and cost for women who underwent robotic hysterectomy compared with both
abdominal and laparoscopic procedures were analyzed.

Results Use of robotically assisted hysterectomy increased from 0.5% in 2007 to 9.5%
ofallhysterectomies in2010.During thesametimeperiod, laparoscopichysterectomyrates
increased from 24.3% to 30.5%. Three years after the first robotic procedure at hospitals
where robotically assisted hysterectomy was performed, robotically assisted hysterectomy
accountedfor22.4%ofallhysterectomies.Theratesofabdominalhysterectomydecreased
both in hospitals where robotic-assisted hysterectomy was performed as well as in those
where it was not performed. In a propensity score–matched analysis, the overall compli-
cationratesweresimilar for robotic-assistedand laparoscopichysterectomy(5.5%vs5.3%;
relative risk [RR], 1.03; 95% CI, 0.86-1.24). Although patients who underwent a robotic-
assisted hysterectomy were less likely to have a length of stay longer than 2 days (19.6%
vs 24.9%; RR, 0.78, 95% CI, 0.67-0.92), transfusion requirements (1.4% vs 1.8%; RR,
0.80; 95% CI, 0.55-1.16) and the rate of discharge to a nursing facility (0.2% vs 0.3%;
RR, 0.79; 95% CI, 0.35-1.76) were similar. Total costs associated with robotically assisted
hysterectomy were $2189 (95% CI, $2030-$2349) more per case than for laparoscopic
hysterectomy.

Conclusions and Relevance Between 2007 and 2010, the use of robotically as-
sisted hysterectomy for benign gynecologic disorders increased substantially. Roboti-
cally assisted and laparoscopic hysterectomy had similar morbidity profiles, but the use
of robotic technology resulted in substantially more costs.
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as prostatectomy for which robotic
assistance is used more frequently than
conventional laparoscopic approaches,
both laparoscopic and vaginal hyster-
ectomy are already widely available and
used for hysterectomy.

Despite enthusiasm for robotic gy-
necologic surgery, the majority of in-
formation regarding robotically as-
sisted hysterectomy comes from small
observational studies.3,5-17 Most of these
reports are from single institutions and
from highly experienced surgeons and
centers, the results of which may not
be applicable to the broader practice of
gynecology.3,5-18 A 2012 Cochrane re-
view of randomized controlled trials of
robotic surgery for benign gyneco-
logic disease identified only 2 trials with
158 patients that met inclusion crite-
ria. Based on the available data, the au-
thors concluded that robotic surgery
was not associated with improved ef-
fectiveness or safety.3 A major con-
cern regarding robotic surgery is the
substantial cost of the procedure.6,7,19,20

To date, robotically assisted hyster-
ectomy has not been shown to be more
effective than laparoscopy. Neverthe-
less, robotic gynecologic surgery may
confer benefits that are difficult to mea-
sure. Proponents of robotic surgery have
argued that robotic technology allows
women who otherwise would undergo
laparotomy to have a minimally inva-
sive procedure. However, there is little
to support these claims, and because
both laparoscopic and robotic-assisted
hysterectomy are associated with low
complication rates, it is unclear what
benefits robotically assisted hysterec-
tomy offers. We performed a population-
based analysis to examine the diffusion
of robotic-assisted hysterectomy and to
determine the association between ro-
botic surgery and the rates of abdomi-
nal and laparoscopic hysterectomy. We
also assessed in-hospital outcomes and
costs for robotically assisted hysterec-
tomy compared with laparoscopic and
abdominal procedures.

METHODS
We analyzed data from the Perspec-
tive database (Premier), an all-payer,

fee-supported database created to mea-
sure resource utilization and quality.
The database contains comprehensive
data for all inpatient admissions from
more than 600 acute care hospitals
located across the United States. Per-
spective captures information on demo-
graphic and clinical characteristics. In
2006, Perspective included approxi-
mately 5.5 million discharges, repre-
senting approximately 15% of all hos-
pitalizations in the United States.21

Perspective has been validated and used
in previously published outcomes stud-
ies.21,22 A portion of the Perspective data-
base, including data on all hysterecto-
mies, was purchased using institutional
resources. This investigation was
deemed exempt from informed con-
sent requirements by the Columbia Uni-
versity institutional review board.

Patients and Procedures
Women 18 years and older who un-
derwent hysterectomy from 2007
through the first quarter of 2010 were
included in the analysis. Patients were
classified based on the type of hyster-
ectomy performed: abdominal (Inter-
national Classification of Diseases, Ninth
Revision [ICD-9] codes 68.4, 68.49,
68.9), vaginal (ICD-9 68.5 or 68.59),
and laparoscopic (ICD-9 68.31, 68.41,
68.51). Patients who had a code for a
robotic-assisted procedure (ICD-9 17.42
or 17.44, introduced October 2008) or
a recorded charge code for robotic in-
strumentation in combination with any
of the hysterectomy codes were classi-
fied as having undergone a robotic pro-
cedure. Patients who underwent sur-
gery for gynecologic malignancy (ICD-9
180-184.9) were excluded from the
analysis.

Clinical and Demographic
Characteristics
Clinical characteristics analyzed in-
cluded age (!40, 40-44, 45-49, 50-
54, 55-60, and "60 years), year of sur-
gery (2007-2010), race (white, black,
and other), marital status (married,
single, and unknown), and insurance
status (commercial, Medicare, Medic-
aid, uninsured, and unknown). Race

was determined based on self-report
and classified as white, black, and other/
unknown. Overall, 15 patients (0.03%)
had unknown information on race. Gy-
necologic indications for hysterec-
tomy, including leiomyomata, endo-
metriosis, abnormal bleeding, benign
ovarian neoplasms, and pelvic organ
prolapse, were recorded for each pa-
tient. The performance of concomi-
tant gynecologic procedures, includ-
ing anterior colporrhaphy, posterior
colporrhaphy, salpingo-oophorec-
tomy, and incontinence surgery, were
also noted.

The hospitals where patients were
treated were classified based on loca-
tion (metropolitan, nonmetropoli-
tan), region of the country (North-
east, Midwest, West, South), size (!400
beds, 400-600 beds, and "600 beds),
and teaching status (teaching, non-
teaching). Risk adjustment for medi-
cal comorbidities was performed using
an index derived from the Elixhauser
comorbidity variables. Patients were
categorized based on the number of
medical comorbidities present (0, 1,
#2).23

Surgical volume for hospitals and
surgeons was determined for each pro-
cedure. Both hospital and surgeon vol-
ume were calculated individually for
each patient and estimated as the num-
ber of procedures performed at a given
patient’s hospital or by a given pa-
tient’s surgeon in the 12-month pe-
riod prior to the date of surgery.24 For
both surgeon and hospital volume,
separate volume-based calculations
were performed for each procedure.
Volume was included as a continuous
variable in all analyses. Because physi-
cian information was missing for 1.8%
of the cohort, these data were im-
puted based on the multiple imputa-
tion procedure (with 5 sets of imputa-
tions).

Outcomes
Perioperative morbidity, mortality, and
resource utilization were analyzed. Peri-
operative complications were classi-
fied as intraoperative complications
(bladder injury, ureteral injury, intes-
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tinal injury, vascular injury, and other
operative injury), surgical site compli-
cations (wound complications, ab-
scess, hemorrhage, bowel obstruc-
tion), or medical complications (venous
thromboembolism, myocardial infarc-
tion, cardiopulmonary arrest, acute re-
nal failure, respiratory failure, cerebro-
vascular accident, bacteremia/sepsis,
shock, and pneumonia).25 A compos-
ite score of any of these complications
was also examined. Metrics of re-
source utilization analyzed included
transfusion, reoperation, and length of
stay. Length of stay was categorized as
2 days or less vs more than 2 days.

Cost data were captured through the
recorded actual cost variables in Per-
spective. The data include an itemized
log of all items that are billed to a pa-
tient during the hospitalization. Within
the Perspectives database, approxi-
mately three-quarters of hospitals re-
port direct cost while the remainder
provide estimates based on Medicare
cost-to-charge ratios.21,26 Costs were ad-
justed for inflation using the con-
sumer price index and reported in 2010
US dollars.27 After conversion, cost data
were visually inspected, and those pa-
tients with spurious costs (!$500) were
removed from the analyses. Two esti-
mates of cost were analyzed. First, total
hospital cost was examined, which in-
cludes fixed costs (ie, costs that do not
change with patient volume, such as the
cost of purchasing the robotic plat-
form) and variable costs (ie, dispos-
able instrumentation and supplies). A
second analysis was performed to in-
clude only variable and fixed costs re-
ported separately.28

Nonroutine discharge was defined as
discharge to a skilled nursing facility or
acute or subacute rehabilitation center.
In-hospital mortality rates, defined as
death during the index hospitalization,
were recorded for each procedure.

Statistical Analysis
Frequency distributions between cat-
egorical variables were compared using
$2 tests while continuous variables were
compared with the Kruskal-Wallis test.
Utilization rates for each type of hys-

terectomy are reported based on the
year and quarter in which the proce-
dure was performed. To examine the
association between the introduction of
robotically assisted hysterectomy at in-
dividual hospitals and use of robotic-
assisted hysterectomy at those hospi-
tals, we performed a stratified analysis
based on whether physicians had ac-
cess to the robot. For each hospital, we
noted the quarter in which the first
robotically assisted hysterectomy was
performed. Hysterectomy rates by
quarter after the introduction of robotic-
assisted hysterectomy are reported at
these hospitals. The remainder of the
hospitals, those that did not perform ro-
botically assisted hysterectomy as well
as hospitals prior to the first roboti-
cally assisted hysterectomy, were ana-
lyzed separately.

The association between patient, sur-
geon, and hospital characteristics and
performance of robotic-assisted hys-
terectomy was examined using multi-
variate mixed-effects log-binomial re-
gression models. To account for
hospital-level clustering, these mod-
els included a random-intercept for the
hospital in which the procedure was
performed. In addition to a model in-
cluding all patients, a series of sensi-
tivity analyses were performed and
models developed that included the fol-
lowing: only patients who underwent
a minimally invasive (laparoscopic or
robotic-assisted) hysterectomy; only
women treated at a hospital that per-
formed robotic surgery; and only pa-
tients who underwent surgery in 2009-
2010, when specific ICD-9 procedure
codes were available for robotic-
assisted hysterectomy.

To analyze the primary and second-
ary outcomes and minimize selection
bias, we performed a propensity score–
matched analysis. The propensity score
is the probability that a patient will re-
ceive a given treatment based on the dis-
tribution of factors associated with the
treatment. For the current study, the
propensity to undergo a robotic-
assisted hysterectomy was estimated.
For each patient, a propensity score was
generated from logistic regression mod-

els that included all of the clinical char-
acteristics (hospital location, teaching
status, bed size, region, hospital vol-
ume, physician volume, indication for
surgery, concomitant procedures, and
type of hysterectomy) and demo-
graphic characteristics (age, year of di-
agnosis, race, marital status, insur-
ance status, comorbidity) of interest.
The probabilities from these models
were used to generate a propensity score
ranging from 0 to 1 for each patient.
Based on the resulting propensity score,
matched groups (1 case to 1 control)
were generated using a matching algo-
rithm with a caliper of 0.005.29 The cali-
per is the maximum distance allowed
in propensity scores between cases and
controls in order to identify a match be-
tween them. Sensitivity analyses were
performed by matching different num-
bers of controls to cases, as well as using
different caliper settings. Two sepa-
rate propensity matches were per-
formed, one for patients who under-
went laparoscopic, or robotically
assisted hysterectomy and one for
women who underwent either abdomi-
nal or robotic-assisted hysterectomy.
Complications and parameters of re-
source utilization were compared be-
tween the propensity-matched groups
using univariable regression.

Procedural costs were estimated
based on the type of hysterectomy per-
formed (abdominal, laparoscopic, or ro-
botic-assisted). Because cost data were
heavily right-skewed, we report costs
as medians with interquartile ranges
(IQRs). Even after transformation, in-
cluding logarithmic transformation, the
cost data remained skewed. Given the
skewed nature of the data, multivari-
able adjustment of costs based on the
type of hysterectomy performed were
compared based on quantile (median)
regression methods.32 This method di-
rectly estimates the adjusted median
costs, and 95% confidence intervals
were derived based on bootstrap re-
sampling methods. The quantile re-
gression methodology was necessary for
analysis of cost data since the distribu-
tion of costs was not normally distrib-
uted (conditional on the set of ob-
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served covariates), an important
assumption for a linear regression
analysis. All analyses were performed
with SAS version 9.2 (SAS Institute). All
statistical tests were 2-sided. A P value
less than .05 was considered statisti-
cally significant.

RESULTS
A total of 264 758 women were iden-
tified who underwent hysterectomy at
441 hospitals across the United States
from 2007 to 2010. The cohort in-
cluded 123 288 (46.6%) who under-
went an abdominal hysterectomy,

54 912 (20.7%) who had a vaginal hys-
terectomy, 75 761 (28.6%) who had a
laparoscopic procedure, and 10 797
(4.1%) who had a robotically assisted
hysterectomy (TABLE 1 and eTable 1
and eTable 2, available at http://www
.jama.com). The rate of vaginal hyster-

Table 1. Unadjusted and Propensity Score–Matched Comparison of Laparoscopic and Robotic-Assisted Hysterectomya

Unmatched, No. (%)

P
Value

Propensity Score–Matched, No. (%)

P
Value

Laparoscopic
(n = 75 761)

Robotic
(n = 10 797)

Laparoscopic
(n = 4971)

Robotic
(n = 4971)

Age, y
!40 23 908 (31.6) 2826 (26.2) 1327 (26.7) 1323 (26.6)
40-44 18 242 (24.1) 2416 (22.4) 1169 (23.5) 1183 (23.8)
45-49 17 588 (23.2) 2581 (23.9)

!.001
1181 (23.8) 1190 (23.9)

.88
50-54 8404 (11.1) 1357 (12.6) 609 (12.3) 570 (11.5)
55-60 3283 (4.3) 629 (5.8) 270 (5.4) 274 (5.5)
"60 4336 (5.7) 988 (9.2) 415 (8.4) 431 (8.7)

Race
White 53 842 (71.1) 7670 (71) 3487 (70.2) 3517 (70.8)
Black 8174 (10.8) 1308 (12.1) !.001 587 (11.8) 590 (11.9) .69
Other/unknown 13 745 (18.1) 1819 (16.9) 897 (18.0) 864 (17.4)

Insurance status
Commercial 60 767 (80.2) 8556 (79.2) 3932 (79.1) 3947 (79.4)
Medicare 4263 (5.6) 884 (8.2) 368 (7.4) 374 (7.5)
Medicaid 6013 (7.9) 829 (7.7) !.001 382 (7.7) 375 (7.5) .96
Uninsured 1965 (2.6) 187 (1.7) 115 (2.3) 114 (2.3)
Unknown 2753 (3.6) 341 (3.2) 174 (3.5) 161 (3.2)

Comorbidity scoreb

0 36 757 (48.5) 4621 (42.8) 2132 (42.9) 2151 (43.3)
1 21 743 (28.7) 3200 (29.6) !.001 1461 (29.4) 1464 (29.5) .88
#2 17 261 (22.8) 2976 (27.6) 1378 (27.7) 1356 (27.3)

Bed size
!400 41 515 (54.8) 4177 (38.7) 1850 (37.2) 1898 (38.2)
400-600 20 200 (26.7) 4257 (39.4) !.001 1879 (37.8) 1874 (37.7) .50
"600 14 046 (18.5) 2363 (21.9) 1242 (25.0) 1199 (24.1)

Hospital volumec 92.0 (33.0-183.0) 43.0 (15.0-97.0) !.001 34.0 (14.0-87.0) 31.0 (8.0-90.0) .01
Physician volumec 8.0 (2.0-20.0) 9.0 (2.0-23.0) !.001 4.0 (1.0-14.0) 5.0 (1.0-12.0) !.001
Indication for surgery

Leiomyoma 37 730 (49.8) 5641 (52.3) !.001 2599 (52.3) 2558 (51.5) .41
Endometriosis 25 174 (33.2) 3183 (29.5) !.001 1461 (29.4) 1443 (29.0) .69
Abnormal bleeding 46 532 (61.4) 6133 (56.8) !.001 2806 (56.5) 2786 (56.1) .69
Benign neoplasm 19 183 (25.3) 2924 (27.1) !.001 1301 (26.2) 1307 (26.3) .89
Pelvic organ prolapse 11 160 (14.7) 1067 (9.9) !.001 585 (11.8) 569 (11.5) .62

Concomitant procedures
Salpingo-oophorectomy 38 582 (50.9) 6054 (56.1) !.001 2702 (54.4) 2688 (54.1) .78
Anterior colporrhaphy 3891 (5.1) 254 (2.4) !.001 153 (3.1) 145 (2.9) .64
Posterior colporrhaphy 3642 (4.8) 272 (2.5) !.001 165 (3.3) 159 (3.2) .73
Anti-incontinence

procedure
7396 (9.8) 756 (7.0) !.001 402 (8.1) 400 (8.1) .94

Type of hysterectomy
Total 55 116 (72.8) 9275 (85.9)

!.001
4049 (81.5) 4073 (81.9)

.53
Subtotal 20 645 (27.3) 1522 (14.1) 922 (18.6) 898 (18.1)

aRefer to eTable 2 for more information in this table.
bUsing index derived from the Elixhauser comorbidity variables, we categorized patients based on the number of medical comorbidities present.
cMedian (interquartile range) for 12-mo period prior to the index cases. Separate volume calculations were performed for each type of hysterectomy and only included the same type of

hysterectomy.
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ectomy declined during the study and
accounted for 21.7% of procedures in
the first quarter of 2007 compared with
19.8% in the first quarter of 2010
(FIGURE 1). Performance of abdomi-
nal hysterectomy decreased from 53.6%
to 40.1% during the same time period.
The number of laparoscopic hysterec-
tomies performed increased; laparo-
scopic hysterectomy accounted for
24.3% of the procedures in the first
quarter of 2007 compared with 30.5%
in 2010. Robotically assisted hysterec-
tomy increased during the study pe-
riod and accounted for 0.5% of the pro-
cedures in 2007 compared with 9.5%
in 2010.

The analysis was then stratified
based on whether patients were
treated at a hospital that performed
robotic-assisted hysterectomy. After
the introduction of robotically assisted
hysterectomy at a given hospital, use
increased rapidly (FIGURE 2). For
example, at 3 years (12 quarters)
after the first robotic procedure in
each hospital where robotics were
used, robotic-assisted hysterectomy
accounted for 22.4% of all hysterec-
tomies. At these hospitals, use of
vaginal (19.8% to 18.1%), laparo-
scopic (28 .9% to 24 .5%) , and
abdominal (44.4% to 35.1%) hyster-
ectomy all declined. In contrast, at
hospitals where robotically assisted
hysterectomy was not performed,
abdominal (53.7% to 44.3%) and
vaginal (22.0% to 21.0%) hysterec-
tomy declined, while use of laparo-
scopic (24.2% to 34.7%) hysterec-
tomy increased (FIGURE 3).

Year of surgery had the strongest
a s s o c i a t i o n w i t h u n d e r g o i n g
robotically assisted hysterectomy
(TABLE 2 and eTable 3). Black women
(relative risk [RR], 0.86; 95% CI, 0.80-
0.93) were less likely than white
women to undergo a robotic proce-
dure. Compared with patients with
commercial insurance, Medicare re-
cipients (RR, 0.88; 95% CI, 0.80-
0.96), Medicaid recipients (RR, 0.84;
95% CI, 0.73-0.97), and uninsured pa-
tients (RR, 0.53; 95% CI, 0.42-0.66) less
often underwent robotic-assisted hys-

terectomy. Patients treated at larger hos-
pitals as well as metropolitan centers
were more likely to undergo a roboti-

cally assisted procedure. Women un-
dergoing surgery for abnormal bleed-
ing more frequently had a robotic

Figure 1. Hysterectomy Rates by Route of Surgery Stratified by Year and Quarter
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Figure 2. Hysterectomy Rates by Route of Surgery at Hospitals Where Robotic Hysterectomy
Was Performed
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Figure 3. Hysterectomy Rates by Route of Surgery at Hospitals Where Robotic Hysterectomy
Was Not Performed, by Quarter
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procedure (P=.002) while those with
pelvic organ prolapse less frequently
had a robotically assisted hysterec-
tomy (P! .001).

In a series of sensitivity analyses,
these findings remained largely
unchanged (Table 2). When evaluat-

ing only women who underwent a
minimally invasive (laparoscopic or
robotic-assisted) hysterectomy, year
of diagnosis, insurance status, metro-
politan location, hospital teaching
status, area of residence, and hospital
size were associated with use of

robotically assisted hysterectomy.
When the analysis was limited to
only hospitals where robotic-assisted
hysterectomy was performed, white
women were more likely than black
women to undergo a robotic proce-
dure, and those with commercial

Table 2. Multivariable Models of Factors Associated With Undergoing Robotic Hysterectomya

RR (95% CI)

All Patients
P

Value

Patients Who
Underwent
Minimally

Invasive Surgery
P

Value

Patients Treated
at Hospitals
Performing

Robotic
Hysterectomy

P
Value

Patients Who
Underwent

Hysterectomy
in 2009-2010

P
Value

Age
!40 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
40-44 0.99 (0.95-1.05) .82 1.02 (0.97-1.08) .39 0.98 (0.92-1.04) .45 0.95 (0.89-1.02) .14
45-49 0.96 (0.91-1.02) .23 1.04 (0.98-1.11) .15 0.94 (0.89-1.01) .06 0.90 (0.84-0.97) .003
50-54 0.97 (0.91-1.03) .28 1.08 (1.00-1.16) .04 0.95 (0.88-1.02) .14 0.91 (0.83-0.98) .02
55-60 1.00 (0.91-1.09) .94 1.15 (1.05-1.27) .003 0.97 (0.88-1.06) .49 0.89 (0.80-0.99) .04
"60 0.95 (0.85-1.07) .39 1.19 (1.08-1.31) !.001 0.93 (0.85-1.03) .16 0.83 (0.74-0.93) .001

Race
White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Black 0.86 (0.80-0.93) !.001 1.00 (0.94-1.07) .91 0.86 (0.80-0.92) !.001 0.85 (0.78-0.92) !.001
Other/unknown 1.10 (0.88-1.38) .41 1.21 (1.13-1.29) !.001 1.09 (1.02-1.16) .01 0.93 (0.86-1.01) .11

Insurance status
Commercial 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Medicare 0.88 (0.80-0.96) .005 0.99 (0.91-1.08) .81 0.88 (0.80-0.96) .003 0.89 (0.81-0.98) .02
Medicaid 0.84 (0.73-0.97) .02 0.92 (0.86-1.00) .04 0.83 (0.77-0.90) !.001 0.83 (0.76-0.90) !.001
Uninsured 0.53 (0.42-0.66) !.001 0.74 (0.63-0.87) !.001 0.54 (0.46-0.62) !.001 0.49 (0.41-0.59) !.001
Unknown 1.01 (0.89-1.15) .84 1.08 (0.96-1.22) .18 1.05 (0.94-1.18) .38 0.95 (0.82-1.08) .42

Comorbidity scoreb

0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
1 1.01 (0.97-1.05) .74 1.03 (0.98-1.07) .28 1.00 (0.96-1.05) .97 1.04 (0.98-1.10) .22
#2 0.97 (0.92-1.04) .42 1.02 (0.97-1.07) .38 0.97 (0.92-1.02) .24 0.98 (0.93-1.05) .63

Bed size
!400 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
400-600 7.70 (2.17-27.28) .002 8.04 (2.62-24.70) !.001 1.21 (0.77-1.89) .41 4.67 (1.70-12.87) .003
"600 72.15

(15.24-341.61)
!.001 53.25

(11.89-238.58)
!.001 1.11 (0.66-1.88) .69 18.33 (4.82-69.73) !.001

Indication for surgery
Leiomyoma 1.02 (0.97-1.07) .46 1.03 (0.99-1.07) .19 1.02 (0.98-1.07) .32 1.02 (0.98-1.08) .34
Endometriosis 1.06 (0.99-1.13) .09 1.00 (0.95-1.04) .85 1.06 (1.01-1.11) .01 1.04 (0.99-1.10) .10
Abnormal bleeding 1.08 (1.03-1.13) .002 0.98 (0.94-1.02) .40 1.08 (1.03-1.12) !.001 1.07 (1.01-1.12) .01
Benign neoplasm 1.02 (0.96-1.09) .44 1.01 (0.97-1.06) .56 1.03 (0.98-1.08) .20 1.00 (0.95-1.06) .99
Pelvic organ prolapse 0.38 (0.28-0.50) !.001 0.90 (0.83-0.98) .02 0.39 (0.35-0.42) !.001 0.40 (0.37-0.45) !.001

Concomitant procedures
Salpingo-oophorectomy 1.20 (1.12-1.28) !.001 0.98 (0.94-1.03) .38 1.20 (1.15-1.26) !.001 1.20 (1.14-1.27) !.001
Anterior colporrhaphy 1.00 (0.78-1.28) .99 0.68 (0.58-0.79) !.001 0.98 (0.85-1.14) .82 1.02 (0.87-1.21) .77
Posterior colporrhaphy 1.57 (1.13-2.19) .009 0.81 (0.70-0.95) .008 1.44 (1.24-1.66) !.001 1.57 (1.34-1.84) !.001
Anti-incontinence

procedure
1.02 (0.89-1.16) .81 1.09 (1.01-1.19) .03 1.03 (0.95-1.13) .45 1.03 (0.94-1.14) .51

Type of hysterectomy
Total 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Subtotal 0.99 (0.93-1.05) .65 1.47 (1.38-1.57) !.001 0.95 (0.89-1.01) .95 1.02 (0.94-1.10) .61

Abbreviation: RR, relative risk.
aAll models were adjusted for both physician and hospital volumes that were continuous variables. Refer to eTable 3 for more information in this table.
bUsing index derived from the Elixhauser comorbidity variables, we categorized patients based on the number of medical comorbidities present.
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insurance were more l ike ly to
undergo robotically assisted hyster-
ectomy. When specifically analyzing
patients treated in 2009 or 2010,
race, insurance status, and hospital
characteristics remained associated
with use of robotic assistance.

Laparoscopic and robotically as-
sisted hysterectomy were compared af-
ter propensi ty score matching
(TABLE 3). The unadjusted rate of com-
plications was 5.5% for women who un-
derwent robotic-assisted hysterec-
tomy vs 5.3% for those who had a
laparoscopic procedure (P=.47). In ad-
dition to the overall complication rate,
the rates of intraoperative complica-
tions (2.5% vs 2.4%; RR, 1.05; 95% CI,
0.75-1.47), surgical site complica-
tions (1.7% vs 2.0%; RR, 0.85; 95% CI,
0.64-1.13), and medical complica-
tions (1.6% vs 1.2%; RR, 1.35; 95% CI,
0.97-1.88) were similar between the ro-
botically assisted and laparoscopic hys-
terectomy groups. Hospitalization for
longer than 2 days was more common
in the laparoscopic hysterectomy co-
hort (24.9% vs 19.6%, P! .001), while
rates of transfusion (1.4% vs 1.8%; RR,
0.80; 95% CI, 0.55-1.16), reoperation
(0.1% vs 0.1%; RR, 1.00; 95% CI, 0.26-
3.84), nonroutine discharge (0.2% vs
0.3%; RR, 0.79; 95% CI, 0.35-1.76), and

in-hospital mortality were similar
(P" .05 for all). A comparison of the
morbidity of robotic-assisted and ab-
dominal hysterectomy is shown in
eTable 4 and eTable 5.

The median total cost for laparo-
scopic hysterectomy was $6679 (IQR,
$5197-$8673) compared with $8868
(IQR, $6787-$11 830) for robotic-
assisted hysterectomy. The median
fixed cost for laparoscopic hysterec-
tomy was $3040 (IQR, $2281-$4148)
compared with $4002 (IQR, $2868-
$5780) for robotic-assisted hysterec-
tomy (P ! .001). Similarly, variable
costs were lower for laparoscopic
($3493; IQR, $2597-$4691) than ro-
botic-assisted ($4700; IQR, $3420-
$6237) hysterectomy. This translated
into $2189 (95% CI, $2073-$2377) in-
creased total costs, $962 (95% CI, $878-
$1047) increased fixed costs, and $1207
(95% CI, $1110-$1304) increased vari-
able costs for robotic compared with
laparoscopic surgery.

A series of sensitivity analyses were
performed to examine the relation-
ship between the cost of robotic-
assisted hysterectomy and physician
and hospital volume. In a fully ad-
justed model with physician and hos-
pital volume as continuous variables,
total cost increased by $9 (95% CI, $7

to $12) with each additional robotic
case per physician and decreased by
$0.28 (95% CI, %$1 to $0.80) for each
additional robotic case per hospital.
When stratified by cumulative sur-
geon robotic procedure volume, the
total cost per case for a physician’s first
10 cases was $8875 (IQR, $6806-
$11 602). These costs decreased to
$8174 (IQR, $6319-$11 278) for cases
21-30 and then increased to $8307
(IQR, $6616-$11 058) for cases 31-40
and to $8220 (IQR, $6029-$10 864) for
cases after the 40th robotic-assisted hys-
terectomy. Similarly, variable cost for
a physician’s first 10 robotic cases was
$4718 (IQR, $3394-$6570), de-
creased to $4328 (IQR, $3229-$6284)
for cases 21-30, and then increased to
$4404 (IQR, $3313-$6411) for cases
31-40 and to $4754 (IQR, $3157-
$6368) after the 40th robotic-assisted
hysterectomy.

We performed a number of sensitiv-
ity analyses to examine the accuracy of
the coding schema. In 2009, when
ICD-9 coding for robotic procedures
was available, we noted that more than
95% of robotic hysterectomies were
captured with ICD-9 coding. Further-
more, when cost was examined, we
found a strong correlation between total
cost for robotic procedures captured by

Table 3. Propensity Score–Matched Comparison of Complications and Resource Utilization for Patients Who Underwent Laparoscopic vs
Robotic Hysterectomy

No. (%)

P
Value

Robotic vs
Laparoscopic
Hysterectomy,
Univariate RR

(95% CI)
P

Value

Laparoscopic
Hysterectomy

(n = 4971)

Robotic
Hysterectomy

(n = 4971)
Complications

Any 264 (5.3) 271 (5.5) .76 1.03 (0.86-1.24) .73
Intraoperative 120 (2.4) 126 (2.5) .70 1.05 (0.75-1.47) .76
Surgical site 100 (2.0) 85 (1.7) .27 0.85 (0.64-1.13) .27
Medical 59 (1.2) 79 (1.6) .09 1.35 (0.97-1.88) .08

Utilization
Transfusion 87 (1.8) 68 (1.4) .12 0.80 (0.55-1.16) .24
Reoperation 5 (0.1) 5 (0.1) ".99 1.00 (0.26-3.84) ".99
Length of stay "2 d 1237 (24.9) 974 (19.6) !.001 0.78 (0.67-0.92) .002
Total cost, $ 6679 (5197-8673) 8868 (6787-11 830) !.001 2189 (2030-2349) !.001
Fixed cost, $a 3040 (2281-4148) 4002 (2868-5780) !.001 962 (878-1047) !.001
Variable cost, $a 3493 (2597-4691) 4700 (3420-6237) !.001 1207 (1110-1304) !.001
Nonroutine discharge 14 (0.3) 11 (0.2) .56 0.79 (0.35-1.76) .79

Death 0 0
Abbreviation: RR, relative risk.
aMedian (interquartile range).
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ICD-9 codes ($8623; 95% CI, $6423-
$11 602) and billing codes ($8923; 95%
CI, $6821-$11 450) that was clearly dis-
tinct from laparoscopic procedures
($6246; 95% CI, $4906-$7897).

COMMENT
Our population-based analysis sug-
gests that despite limited data, the use
of robotically assisted hysterectomy for
benign gynecologic disease increased
substantially over a 3-year period. The
introduction of robotic-assisted hys-
terectomy was paralleled by a decrease
in the rate of abdominal hysterectomy
both in hospitals where robotic-
assisted hysterectomy was performed
and in those where robotic proce-
dures were not performed. The peri-
operative morbidity profile was simi-
lar for robotic-assisted and laparoscopic
hysterectomy. Robotically assisted hys-
terectomy is substantially more expen-
sive than any other modality of hyster-
ectomy.

Recent studies have raised con-
cerns regarding the comparative effec-
tiveness of robotic-assisted surgery for
a variety of procedures.25,33 A compara-
tive analysis of robotic-assisted vs lapa-
roscopic hysterectomy for endome-
trial cancer noted that the 2 procedures
were associated with similar morbid-
ity, but robotically assisted hysterec-
tomy was accompanied by substan-
tially greater cost.25 To date, most
studies of robotically assisted hyster-
ectomy for benign gynecologic dis-
ease have been of limited size and ret-
rospective in nature.3,5-18 A review of
published observational data compar-
ing robotic-assisted and laparoscopic
hysterectomy noted that clinical out-
comes were similar while operative
times and costs were higher for ro-
botic procedures.6 A meta-analysis of
prospective trials comparing robotic
and laparoscopic surgery for benign gy-
necologic disease found that both pro-
cedures were associated with similar
outcomes, complications, length of stay,
and quality of life.3 We noted that peri-
operative outcomes were similar for ro-
botic-assisted and laparoscopic hyster-
ectomy.

Despite the fact that laparoscopic
hysterectomy has been performed
since the 1990s, uptake of the proce-
dure has been slow.34-36 Population-
level data from the United States
suggest that in 2003 only 12% of hys-
terectomies were performed laparo-
scopically, and this had increased to
only 14% by 2005.34,35 Our findings
are notable in that the uptake of
robotically assisted hysterectomy was
rapid; only 3 years after the introduc-
tion of robotic hysterectomy, the pro-
cedure accounted for nearly 10% of all
operations. Furthermore, at hospitals
where robotically assisted hysterec-
tomy was performed, robotic proce-
dures accounted for more than 20% of
hysterectomies within 3 years of adop-
tion of the technology.

One of the purported benefits of ro-
botic surgery is that it allows more pa-
tients to undergo a minimally invasive
procedure, but this assumption has
been poorly documented for gyneco-
logic surgery.36 Our findings suggest
that this is in fact the case and that the
introduction of robotic gynecologic sur-
gery was associated with a decrease in
the rate of abdominal hysterectomy and
an increase the use of minimally inva-
sive surgery as a whole, including both
laparoscopic and robotic hysterec-
tomy. The rapid uptake of robotic gy-
necologic surgery likely stems from a
multitude of factors. First, robotic sur-
gery may be easier to learn than lapa-
roscopy because it is more analogous
to traditional open surgery.37 Second,
robotic assistance may allow for the
completion of more technically de-
manding cases that would otherwise
have required laparotomy. Third, ro-
botic surgery has been the subject of ex-
tensive marketing not only to sur-
geons and hospitals, but also to medical
consumers.38,39 The potential effect of
this marketing has been the subject of
a number of reports.38,39 The in-
creased use of laparoscopic hysterec-
tomy that we noted was almost solely
at hospitals where robotic surgery was
not performed and may have been due
to competitive pressures or an in-
creased awareness and appreciation of

minimally invasive surgical options for
hysterectomy.

Our findings also raise concern re-
garding the economic viability of the
procedure. In a decision model exam-
ining the cost of hysterectomy, Bar-
nett and colleagues20 noted that from
a hospital perspective, laparoscopic
($6581) and open ($7009) hysterec-
tomy were significantly less expensive
than robotically assisted hysterec-
tomy ($8770). We found relatively
similar results; the hospital costs of
open ($6712) and laparoscopic hyster-
ectomy ($6671) were similar while ro-
botic-assisted hysterectomy was clearly
more costly ($8854). The cost of ro-
botically assisted hysterectomy is largely
driven by equipment costs while length
of stay is the predominant cost center
for open procedures.20 Even when we
excluded the fixed cost of the robotic
platform and examined only variable
costs, we noted that robotic hysterec-
tomy remained the most costly modal-
ity for hysterectomy. When cost is ex-
amined from a societal perspective,
including postoperative recovery, ro-
botic-assisted hysterectomy is less costly
than open hysterectomy but remains
more costly than a laparoscopic proce-
dure.20 Additionally, some studies have
suggested that adoption of robotically
assisted hysterectomy actually re-
duces hospital costs as the rate of lapa-
rotomy declines.40 Although the cost of
robotic surgery will likely decrease as
the cost of instrumentation is re-
duced, Barbash and Glied19 estimated
that if robotic surgery replaced con-
ventional surgery, health care costs
would increase by more than $2.5 bil-
lion.

Although our analysis benefits from
the inclusion of a large cohort of
women, we recognize a number of im-
portant limitations. To capture initial
uptake of robotically assisted hyster-
ectomy, we used both billing codes and
ICD-9 procedural codes. This method-
ology has been validated in prior stud-
ies, and we performed a number of sen-
sitivity analyses to examine the accuracy
of this coding schema. However, de-
spite these analyses, we cannot ex-
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clude the possibility that a small num-
ber of procedures were misclassified.14

We recognize that the primary pur-
pose of claims data is billing and that
not all perioperative complications may
have been captured. To limit this bias,
we analyzed only major perioperative
complications that were likely to gen-
erate a claim. Further, any underre-
porting of complications was likely bal-
anced between the cohorts. Our analysis
of cost included only direct hospital
costs incurred for the procedure and did
not capture societal costs. Our data set
lacked a number of important factors,
such as body mass index, uterine
weight, and prior surgical history, that
likely influenced the surgical ap-
proach chosen. A priori we chose not
to compare the outcomes of vaginal and
robotic-assisted hysterectomy given that
vaginal hysterectomy is predomi-
nately performed for pelvic organ pro-
lapse often in conjunction with addi-
tional pelvic reconstructive procedures.
Because race was self-reported, we can-
not exclude the possibility that race was
misclassified for a small number of pa-
tients. We were unable to capture in-
dividual patient and physician percep-
tions and attitudes that undoubtedly
influenced operative planning.

Our findings highlight the impor-
tance of developing rational strategies
to implement new surgical technolo-
gies. Robotic surgery first gained promi-
nence for prostatectomy as it essen-
tially offered the only minimally
invasive surgical approach for the pro-
cedure.33 Hysterectomy is unlike pros-
tatectomy in that a number of alterna-
tives to open surgery are available;
laparoscopic hysterectomy is a well-
accepted procedure and vaginal hys-
terectomy allows removal of the uterus
without any abdominal incisions.2 Our
study indicates that while robotic as-
sistance was associated with increased
use of minimally invasive surgery for
hysterectomy, when compared with
laparoscopic hysterectomy, the ro-
botic procedure offers little short-
term benefit and is accompanied by sig-
nificantly greater costs. From a public
health standpoint, defining subsets of

patients with benign gynecologic dis-
orders who derive benefit from ro-
botic hysterectomy, reducing the cost
of robotic instrumentation, and devel-
oping initiatives to promote laparo-
scopic hysterectomy are warranted.
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Happiness is the test of all rules of conduct and the
end of life. But . . . this end was only to be attained
by not making it the direct end. Those only are happy,
I thought, who have their minds fixed on some ob-
ject other than their own happiness; on the happi-
ness of others, on the improvement of mankind, even
on some art of pursuit, followed not as a means, but
as itself an ideal end. Aiming thus at something else,
they find happiness by the way.

—John Stuart Mill (1806-1873)
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