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Comparison of robotic and other minimally invasive
routes of hysterectomy for benign indications

Carolyn W. Swenson, MD; Neil S. Kamdar, MA; John A. Harris, MD; Shitanshu Uppal, MD;
Darrell A. Campbell Jr, MD; Daniel M. Morgan, MD

BACKGROUND: Despite a lack of evidence showing improved clinical vs 160.5 � 190 g, P ¼ .007), and shorter length of stay (14.1% [189]
outcomes with robotic-assisted hysterectomy over other minimally inva-

sive routes for benign indications, this route has increased in popularity

over the last decade.

OBJECTIVE: We sought to compare clinical outcomes and estimated
cost of robotic-assisted vs other routes of minimally invasive hysterectomy

for benign indications.

STUDY DESIGN: A statewide database was used to analyze utilization
and outcomes of minimally invasive hysterectomy performed for benign

indications from Jan. 1, 2013, through July 1, 2014. A 1-to-1 propensity

score-match analysis was performed between women who had a hys-

terectomy with robotic assistance vs other minimally invasive routes

(laparoscopic and vaginal, with or without laparoscopy). Perioperative

outcomes, intraoperative bowel and bladder injury, 30-day postoperative

complications, readmissions, and reoperations were compared. Cost

estimates of hysterectomy routes, surgical site infection, and post-

operative blood transfusion were derived from published data.

RESULTS: In all, 8313 hysterectomy cases were identified: 4527

performed using robotic assistance and 3786 performed using other

minimally invasive routes. A total of 1338 women from each group were

successfully matched using propensity score matching. Robotic-assisted

hysterectomies had lower estimated blood loss (94.2 � 124.3 vs

175.3 � 198.9 mL, P < .001), longer surgical time (2.3 � 1.0 vs

2.0 � 1.0 hours, P < .001), larger specimen weights (178.9 � 186.3
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vs 21.9% [293] �2 days, P < .001). Overall, the rate of any post-

operative complication was lower with the robotic-assisted route (3.5%

[47] vs 5.6% [75], P ¼ .01) and driven by lower rates of superficial

surgical site infection (0.07% [1] vs 0.7% [9], P ¼ .01) and blood

transfusion (0.8% [11] vs 1.9% [25], P ¼ .02). Major postoperative

complications, intraoperative bowel and bladder injury, readmissions,

and reoperations were similar between groups. Using hospital cost

estimates of hysterectomy routes and considering the incremental costs

associated with surgical site infections and blood transfusions, non-

robotic minimally invasive routes had an average net savings of $3269

per case, or 24% lower cost, compared to robotic-assisted hysterectomy

($10,160 vs $13,429).

CONCLUSION: Robotic-assisted laparoscopy does not decrease major
morbidity following hysterectomy for benign indications when compared to

other minimally invasive routes. While superficial surgical site infection

and blood transfusion rates were statistically lower in the robotic-assisted

group, in the absence of substantial reductions in clinically and financially

burdensome complications, it will be challenging to find a scenario in

which robotic-assisted hysterectomy is clinically superior and cost-

effective.
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Introduction
Over the last decade, the popularization
of robotic-assisted laparoscopic hyster-
ectomy has provided an alternative
approach to performing minimally inva-
sive hysterectomy. While the decrease
in abdominal hysterectomy rates seen
over this same time period is indeed a
positive trend,1,2 the superiority of the
robotic-assisted route over other mini-
mally invasive surgical (MIS) routes for
benign hysterectomy has yet to be
proven.3-7 Although cited benefits of the
robotic-assisted route over conventional
laparoscopy include lower estimated
blood loss and shorter length of stay,
complication rates appear to be similar
and costs significantly higher with robotic
technology.4,8-12 Vaginal hysterectomy
remains the preferred route when
possible and is recommended as such by
the American Congress of Obstetricians
and Gynecologists.13 However, few
comparative studies of robotic hysterec-
tomy actually include vaginal approaches.
A retrospective study by Orady et al14

reported shorter operative time and
greater blood loss with vaginal vs robotic
hysterectomy. While major complication
rates were comparable, this study was
likely underpowered to detect some dif-
ferences due to its small sample size.
Because complication rates following

hysterectomy are relatively low,
analyzing large clinical or administrative
data sets is the only realistic way to
evaluate differences in outcomes
between MIS approaches. Therefore,
using data from a statewide quality
improvement collaborative, our aim was
to compare perioperative outcomes and
complications of hysterectomies per-
formed for benign indications with
robotic assistance vs all other MIS
routes, including conventional laparos-
copy, vaginal, and laparoscopic-assisted
vaginal routes. As a secondary aim, we
sought to compare estimated costs
of robotic-assisted laparoscopy to all
other MIS routes using published cost
data.

Materials and Methods
We performed a retrospective study us-
ing data from the Michigan Surgical
Quality Collaborative (MSQC), a Blue
Cross Blue Shield of Michigan/Blue Care
Networkefunded database voluntarily
populated by both academic and com-
munity hospitals throughout the state.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajog.2016.06.027&domain=pdf
http://dx.doi.org/10.1016/j.ajog.2016.06.027
http://www.AJOG.org


FIGURE
Hysterectomy for benign indications: comparison of routes by quarter (Q)
in Michigan Surgical Quality Collaborative (MSQC)

LAVH, laparoscopic-assisted vaginal hysterectomy.

Swenson et al. Robotic vs other minimally invasive hysterectomy for benign indications. Am J Obstet Gynecol 2016.

ajog.org SGS Papers
Data are abstracted from charts by
specially trained, dedicated nurse ab-
stractors. Patient characteristics, intra-
operative processes of care, and 30-day
postoperative outcomes from hysterec-
tomy cases at member hospitals are
routinely collected. To reduce sampling
error, a standardized data collection
methodology is employed that uses only
the first 25 cases of an 8-day cycle
(alternating on different days of the week
for each cycle). Routine validation of the
data is maintained by scheduled site
visits, conference calls, and internal au-
dits.15 The University of Michigan
Institutional Review Board granted “not
regulated” status to this study
(HUM00073978).

Hysterectomies available from the
MSQC database and performed for
benign indications using a MIS route
from Jan. 1, 2013, through July 1, 2014,
were analyzed as part of the study.
Minimally invasive hysterectomy cases
were dichotomized into those performed
using robotic-assisted laparoscopy and all
others (vaginal, laparoscopic-assisted
vaginal, and conventional laparoscopy).
Bivariate analyses were used to compare
the following clinical and demographic
characteristics between robotic-assisted
and other MIS routes: age (years), body
mass index (kg/m2), race, smoker,
hypertension, American Society of
Anesthesiologists (ASA) class,16 age-
adjusted Charlson Comorbidity Index
(CCI), prior pelvic surgery, insurance
type, teaching hospital, and hospital
bed size. The CCI is a validated scoring
system used to stratify patients based
on specific comorbidities and age at
admission for surgery.17 A higher CCI
score indicates increased severity of
condition and is correlated with
increased 10-year mortality. Insurance
type was categorized as follows: private,
Medicare, Medicaid, both Medicare
and Medicaid, uninsured, missing, and
other. The “other” category included
self-pay, government-sponsored plans
excluding Medicare or Medicaid
(eg, Department of Veterans Affairs,
TRICARE), workers’ compensation, and
auto insurance.
Propensity score matching was per-

formed to minimize selection bias and
control for clinically relevant variables.
Using the demographic, clinical, and
hospital factors described above in a
multivariable logistic regression model, a
propensity score ranging from 0-1 was
generated for each case. A 1-to-1 pro-
pensity score-match analysis using a
caliper of 0.001 was performed between
women who had a hysterectomy using
robotic assistance vs other MIS routes.
The matches between groups were
assessed with a standardized difference
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score�0.1 for every covariate considered
to indicate a good match.18 Perioperative
variables including estimated blood loss
(milliliters), surgical time (hours), spec-
imen weight (grams), and length of stay
(days), as well as surgical complications,
were compared between the propensity
score-matched cohorts. Intraoperative
complications included those involving
the bowel and bladder. Postoperative
complications within 30 days of the hys-
terectomy included: superficial surgical
site infection (SSI), deep/organ space SSI,
deep venous thromboembolism, pulmo-
nary embolism, myocardial infarction/
stroke, pneumonia, sepsis, urinary tract
infection, and blood transfusion. “Any
complication” included occurrence of
any of the previously listed intraoperative
or postoperative complications. “Major
postoperative complications” included
the following: deep/organ space SSI,
deep venous or pulmonary embolism,
myocardial infarction/stroke, pneu-
monia, sepsis, and death. “Any SSI”
included both superficial and deep/organ
space SSI. Hospital readmission and
reoperation were also compared between
the 2 groups. The paired t test was used
for continuous variables and c2 for cate-
gorical variables.

For variables significant in pairwise
comparisons between the robotic and
other MIS groups, we subdivided the
other MIS group into vaginal,
laparoscopic-assisted vaginal, and lapa-
roscopic routes. Overall comparisons
with the robotic group were calculated
and then pairwise comparisons between
each specific route and the robotic group
were performed. Overall P values for
continuous variables were calculated
using analysis of variance. P values for
continuous variables with robotic hys-
terectomies as referent surgical approach
were calculated using generalized linear
models with Dunnett-Hsu post-hoc P
value adjustment for multiple pairwise
comparisons. Significance was assessed
for categorical variables using c2 test or,
in the case of small cell sizes, Fisher exact
test. For categorical variables, multiple
pairwise comparisons were initially
calculated using c2 tests or, in the case of
small cell sizes, Fisher exact test with a
post-hoc Sidak P value adjustment.
can Journal of Obstetrics & Gynecology 650.e2
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Cost estimates were derived from
published data on hospital costs by hys-
terectomy route, SSI, and postoperative
blood transfusion. The equation used to
estimate cost differences between robotic-
assisted and otherMIS routes is presented
in the Appendix. All statistical analyses
were performed using software (SAS,
Version 9.3; SAS Institute Inc, Cary, NC).

Results
We identified 8313 cases of benign hys-
terectomy during the study period: 4527
performed using robotic assistance and
3786 performed using other MIS routes.
TABLE 1
Clinical and demographic characterist
benign indications, comparing robotic-

Characteristic

Unadjusted

Robotic,
n ¼ 4527

Age, y 46.4 � 10.1

Body mass index, kg/m2 30.9 � 7.9

Caucasian 82.8 (3559/4

Smoker 24.3 (1102)

Hypertension 25.5 (1156)

Arrhythmia 2.0 (89)

ASA class 1 10.9 (493)

ASA class 2 72.3 (3272)

ASA class 3 16.8 (762)

Charlson Comorbidity Index 5.2 � 1.2

Prior pelvic surgery 61.1 (2765)

Insurance type

Private 75.9 (3438)

Medicare 8.7 (395)

Medicaid 9.5 (431)

Medicare and Medicaid 1.7 (78)

Other 3.5 (160)

Uninsured 0.5 (24)

Missing 0.02 (1)

Teaching hospital 62.8 (2844)

Hospital size �500 beds 14.9 (676)

Data presented as mean � SD or % (n).

P values determined using c2 or paired t test.

ASA, American Society of Anesthesiologists; MIS, minimally inva
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The proportion of hysterectomies per-
formed by route ranged from 43-45%
for robotic assisted, 10-13% for lapa-
roscopy, and 19-24% for vaginal, with or
without laparoscopy (Figure). Prior to
propensity score matching, groups
differed significantly by nearly all de-
mographic, clinical, and hospital factors
(Table 1). Compared to other MIS
routes, women undergoing robotic-
assisted hysterectomy were younger and
more frequently non-Caucasian. They
also had a higher mean body mass index
and more frequently reported smoking.
Comorbidities including hypertension
ics of women who underwent minimally i
assisted vs other minimally invasive surg

P value

Prop

Other MIS routes,
n ¼ 3786

Rob
n ¼

48.9 � 12.0 <.001 46.7

29.6 � 7.0 <.001 29.8

296) 85.0 (3039/3557) .01 83.5

22.2 (840) .02 23.8

28.2 (1066) .01 25.3

2.0 (77) .83 1.9

11.2 (425) .38 11.4

69.3 (2625) .01 71.7

19.4 (736) .01 17.0

5.5 � 1.5 <.001 5.2

58.7 (2223) .03 61.4

69.3 (2624) <.0001 75.4

12.8 (484) <.0001 8.0

8.7 (328) .18 11.1

1.9 (71) .60 2.3

6.1 (232) <.0001 3.0

1.2 (45) .001 0.2

0.05 (2) .46 0

59.9 (2268) .01 60.1

22.5 (850) <.0001 13.5

sive surgical.

omy for benign indications. Am J Obstet Gynecol 2016.
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and ASA class 3 were less frequent in
women undergoing robotic-assisted
hysterectomy, and these women also
more frequently had prior pelvic sur-
gery. Furthermore, a greater proportion
of women having robotic-assisted hys-
terectomy had private insurance and
significantly fewer had Medicare, no in-
surance, or other insurance. Finally,
hospital characteristics differed between
groups. Compared to other MIS routes,
a greater proportion of robotic-assisted
hysterectomies were performed at
teaching hospitals and at those with
<500 beds.
nvasive hysterectomy for
ical routes

ensity score matched

P value
otic,
1338

Other MIS routes,
n ¼ 1338

� 9.7 46.5 � 10.0 .52

� 7.1 29.8 � 6.5 .95

(1117) 83.5 (1117) 1.00

(319) 24.5 (328) .68

(339) 24.7 (330) .69

(25) 1.6 (22) .66

(152) 11.3 (151) .95

(959) 72.4 (969) .67

(227) 16.3 (218) .64

� 1.2 5.2 � 1.2 .36

(822) 60.5 (809) .61

(1009) 76.6 (1025) .47

(107) 8.1 (108) .94

(149) 10.2 (136) .42

(31) 1.6 (22) .22

(40) 3.1 (42) .82

(2) 0.3 (4) .41

0.07 (1) .32

(811) 60.0 (803) .75

(180) 14.5 (194) .44
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TABLE 2
Perioperative outcomes and complications within 30 days of hysterectomy,
comparing robotic-assisted vs other minimally invasive surgical routes

Perioperative outcome
Robotic,
n ¼ 1338

Other MIS routes,
n ¼ 1338 P value

Estimated blood loss, mL 94.2 � 124.3 175.3 � 198.9 <.001

Surgical time, h 2.3 � 1.0 2.0 � 1.0 <.001

Specimen weight, g 178.9 � 186.3 160.5 � 190 <.007

Length of stay �2 d 14.1 (189) 21.9 (293) <.001

Complications

Any complication 3.5 (47) 5.6 (75) .01

Major postoperative complications 1.4 (19) 1.6 (22) .64

Postoperative complications

Any SSI 0.8 (11) 1.4 (18) .19

Superficial SSI 0.07 (1) 0.7 (9) .01

Deep/organ space SSI 0.6 (8) 0.8 (10) .64

Deep venous thromboembolism 0.07 (1) 0.07 (1) 1.00

Pulmonary embolism 0.07 (1) 0.3 (4) .18

Myocardial infarction/stroke 0 0 e

Pneumonia 0.07 (1) 0.07 (1) 1.00

Sepsis 0.7 (9) 0.8 (10) .82

Urinary tract infection 1.4 (19) 1.6 (21) .75

Blood transfusion 0.8 (11) 1.9 (25) .02

Intraoperative complications

Bowel 0.6 (8) 0.2 (2) .06

Bladder 0.8 (10) 0.8 (10) 1.00

Readmission 3.0 (39/1293) 2.9 (37/1292) .81

Reoperation 2.0 (26/1290) 2.2 (28/1291) .79

Death 0 0 e

Data presented as mean � SD or % (n).

P values determined using c2 or paired t test.

MIS, minimally invasive surgical; SSI, surgical site infection.
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After performing propensity score
matching, 1338 women from each group
were successfully matched so that the
previously mentioned differences noted
using unadjusted comparisons were no
longer present (Table 1). Table 2 shows
the results of the comparisons between
the propensity score-matched cohorts
of women having robotic vs other
MIS routes of hysterectomy regarding
perioperative outcomes, complica-
tions, readmissions, and reoperations.
Robotic-assisted hysterectomies had
lower estimated blood loss (by an
average of 81 mL), longer mean surgical
time (by 18 minutes), and larger
specimen weights (by 18 g). A lower
proportion of women undergoing
robotic-assisted hysterectomy stayed �2
days in the hospital compared to those
undergoing other MIS routes.
Overall, the rate of any complication

was lower with robotic-assisted vs other
MIS hysterectomy routes (3.5% vs 5.6%,
P ¼ .01). However, major postoperative
complications and intraoperative bowel
NOVEMBER 2016 Ameri
and bladder injury were no different
between groups. Readmission and
reoperation rates were also similar, and
there were no deaths within 30 days of
surgery in either group. The 2 compli-
cations that occurred less frequently in
the robotic-assisted hysterectomy cohort
included superficial SSI and blood
transfusion. While superficial SSI was
statistically lower in the robotic-assisted
hysterectomy group, the prevalence was
low and <1% in both groups. Post-
operative blood transfusions occurred
half as frequently following robotic-
assisted hysterectomy, although again,
prevalence was low and <2% in the
nonrobotic group.

To determine whether a specific
minimally invasive route in the “other
MIS” group was driving any of these
differences, outcomes significant in
Table 2 were compared between the
robotic group and vaginal, laparoscopic-
assisted vaginal, and laparoscopic
hysterectomy routes (Table 3). Signifi-
cance for the overall comparisons was
unchanged with the exception of post-
operative blood transfusion, which
became nonsignificant. In pairwise
comparisons, the blood transfusion rate
remained significantly lower in the ro-
botic group only in comparison to the
laparoscopic route, but not compared to
vaginal and laparoscopic-assisted vaginal
routes. The laparoscopic group was also
found to have significantly greater mean
specimen weight. While the rate of su-
perficial SSI remained significantly
higher in the laparoscopic vs robotic
group, similar rates of any complication
were found. Differences in the occur-
rence of any complication and superficial
SSI were also nonsignificant when
comparing the vaginal vs robotic group.
Vaginal hysterectomy remained the only
route with significantly shorter oper-
ating time.

Our cost estimate was based on data
from several published studies. Day-
aratna et al11 performed an analysis of
total hospital costs for minimally inva-
sive hysterectomy routes from 2007
through 2010 at a single academic
institution and found robotic-assisted
hysterectomy to be the most expensive
route at $13,429, followed by
can Journal of Obstetrics & Gynecology 650.e4
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TABLE 3
Comparison of perioperative outcomes and complications by specific minimally invasive surgical route

Perioperative outcome Robotic, n ¼ 1338

Other MIS routes

Overall P valueTVH, n ¼ 361 LAVH n ¼ 438 Laparoscopic, n ¼ 539

Estimated blood loss, mL 94.2 � 124.3 157.2 � 140.4 190.1 � 173.1 175.4 � 245.7

P value vs robotic e <.001 <.001 <.001 <.001

Surgical time, h 2.3 � 1.0 1.7 � 0.9 2.1 � 0.9 2.2 � 1.1

P value vs robotic e <.001 .17 .16 <.001

Specimen weight, g 178.9 � 186.3 111 � 74.4 147.2 � 97.1 205.2 � 274.5

P value vs robotic e <.001 .01 .02 <.001

Length of stay �2 d 14.1 (189) 23.3 (84) 14.8 (65) 26.7 (144)

P value vs robotic e <.001 .98 <.001 <.001

Complications

Any complication 3.51 (47) 5.54 (20) 6.62 (29) 4.82 (26) .04

P value vs robotic e .22 .02 .46

Superficial SSI 0.07 (1) 0 0.91 (4) 0.93 (5) .01

P value vs robotic e 1.00 .01 .01

Blood transfusion 0.82 (11) 1.66 (6) 1.83 (8) 2.04 (11) .12

P value vs robotic e .23 .10 .03

Data presented as mean � SD or % (n).

Overall P values for continuous variables determined using analysis of variance. Pairwise comparisons with robotic hysterectomy as referent group calculated using generalized linear models with
Dunnett-Hsu post-hoc P value adjustment. Fisher exact or c2 tests used for categorical variables.

LAVH, laparoscopic-assisted vaginal hysterectomy; MIS, minimally invasive surgical; SSI, surgical site infection; TVH, total vaginal hysterectomy.
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conventional laparoscopy ($11,558),
vaginal with laparoscopy ($10,069), and
vaginal ($7903). Purchase cost of the
robot (approximately $2.5 million) was
not included in this estimate.10 Mean
weighted average cost of the nonrobotic
MIS hysterectomy routes was $10,084
per case. Roy et al19 performed an anal-
ysis on the prevalence and impact of
SSI after hysterectomy and found that
SSI doubles the cost of hysterectomy.
Finally, Shander et al20 performed an
analysis of the cost of blood transfusion
in postsurgical patients that incorpo-
rated both direct and indirect costs
and determined the mean per-red blood
cell-unit cost to be $761. Using these
cost estimates and considering the in-
cremental costs associated with SSI
and blood transfusion complications
(assuming transfusion of 2 U of red
blood cells), nonrobotic MIS routes
had an average net savings of $3269 per
case, or 24% lower cost, compared to
650.e5 American Journal of Obstetrics & Gynecol
robotic-assisted hysterectomy ($10,160
vs $13,429; see Appendix for equation).
This calculation does not take into
consideration purchase or maintenance
cost of the robot.

Comment
In this propensity score-matched cohort
of women who underwent minimally
invasive hysterectomy for benign in-
dications, robotic-assisted hysterectomy
was associated with similar major post-
operative complications, intraoperative
injuries, readmissions, and reoperations.
Robotic-assisted hysterectomy was
associated with significantly lower rates
of superficial SSI and blood transfusion
compared to all other MIS routes.
Results from this analysis support

existing data that have consistently failed
to provide evidence that widespread
adoption of robotic-assisted hysterec-
tomy for benign indications would
significantly decrease major morbidity
ogy NOVEMBER 2016
compared to other MIS approaches. Us-
ing a national database, a propensity
match analysis by Wright et al5 found
similar rates of intraoperative and post-
operative complications in robotic-
assisted vs conventional laparoscopic
hysterectomy. Albright et al7 recently
performed a systematic review and meta-
analysis of randomized trials comparing
the same groups and also found similar
rates of mild, moderate, and severe
complications. Although our analysis
does show a statistically significant
reduction in blood transfusion and su-
perficial SSI rates with the robotic-
assisted route compared to other MIS
routes, these complications were rare and
the difference may not be clinically sig-
nificant. Furthermore, when a sub-
analysis was performed between the
specific MIS routes, increased rates of
blood transfusion in the laparoscopic
group appeared to be driving the overall
difference compared to robotic

http://www.AJOG.org
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hysterectomies. The laparoscopic group
was also found to have significantly
greater mean specimen weight, which
may help explain the difference in blood
transfusions.

Our study extends the existing litera-
ture in several ways. First, our study
expands the comparison of robotic-
assisted hysterectomy to all MIS routes,
not just conventional laparoscopy. This
is important because, as demonstrated
by the national trend, the increase in
robotic-assisted hysterectomy is not only
associated with decreased rates of
abdominal hysterectomy, but also
decreased utilization of other MIS
routes.2,5 We believe that the inclusion of
all alternative minimally invasive
methods to robotic laparoscopy is crit-
ical in this analysis, as some cases are
more appropriate for a vaginal approach,
with or without laparoscopy. Further-
more, vaginal hysterectomy is the
preferred approach when possible, and
should therefore not be excluded when
comparing MIS routes.13 Second, prior
studies have reported a relatively low rate
of robotic-assisted hysterectomy with a
significant increase in utilization of this
route over the study period. These are
periods of time when the operative out-
comes are more likely to reflect a
learning curve.21 In contrast, in the
current study, the use of robotic-assisted
laparoscopy was consistently several-fold
higher than the national average over the
study time periodea pattern of practice
that should reduce the effect of the
learning curve on surgical outcomes.
The high utilization of robotic-assisted
hysterectomy in our population may
help explain the lower rate of blood
transfusion not previously observed.
However, this benefit should be inter-
preted in the context of increased costs
associated with robotic-assisted
hysterectomy.

While considering the incremental
costs associated with SSI and blood
transfusion complications, nonrobotic
MIS routes still had 24% lower cost
compared to the robotic-assisted route.
It is relevant to mention that we likely
overestimated the cost of superficial SSI
cases based on results from Roy et al19

that showed a 2-fold increased cost for
the occurrence of any SSI. The cost of
antimicrobials would not likely double
the hysterectomy cost; however, in the
absence of more accurate published cost
estimates specific to superficial SSI, we
decided to err on the side of over-
estimating vs underestimating cost. Our
results regarding cost are consistent with
published data showing significantly
increased costs with robotic-assisted
hysterectomy.4,8-12 As surgeons, we
have an obligation to consider the cost-
benefit ratio of our interventions and
balance our goals of optimizing clinical
outcomes and practicing good steward-
ship of our health care resources.
Limitations to our study include the

retrospective design and potential for
loss of follow-up if patients were seen for
postoperative complications at non-
MSQC member hospitals. We also
could not accurately assess surgeon vol-
ume or experience, as the MSQC data
collection methodology is based on a
sampling of cases from participating
hospitals. Finally, our cost estimates were
based on published data and not specific
to hysterectomies in theMSQCdatabase.
The estimates of cost by hysterectomy
route came from a study done at a single
academic institution, which may limit
the generalizability of these results.
Strengths include a large database

with validated data collection by
specially trained, dedicated nurse data
abstractors. Furthermore, the utilization
of the robotic-assisted approach
remained stable throughout the study
period, which would limit the impact of
the learning curve on our results.
In conclusion, robotic-assisted lapa-

roscopy does not decrease major
morbidity following hysterectomy for
benign indications when compared to
other MIS routes. In the absence of
substantial reductions in clinically and
financially burdensome complications, it
will be challenging to find a scenario in
which robotic-assisted hysterectomy is
clinically superior and cost-effective. n
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Appendix
Hospital cost of robotic hysterectomy ¼
$13,42911

Weighted average hospital cost of
nonrobotic minimally invasive surgical
hysterectomy route ¼ $10,084
Ca
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lculated as follows for propensity-
matched cohort of 1338 cases:
t of other minimally invasive surgical hy
itional blood transfusion and superficial

t of robotic
erectomies

1338 � $13,429

t of other minimally
sive surgical
erectomy routes

1338 � $10,084

itional cases of
erficial surgical
infection

8 � $10,084

itional blood transfusions 14 � $761/U � 2 U

rence in cost between
tic hysterectomy and
r minimally invasive
ical hysterectomy routes
increased complications
erved in this analysis

case savings
1 Total vaginal hysterectomy
cases� $7903/case11¼ $2,852,983

8 Laparoscopic-assisted vaginal
hysterectomy cases � $10,069/
case11 ¼ $4,410,222

9 Total laparoscopic hysterectomy
cases � $11,558/case11 ¼
$6,229,762
sterectomy routes including
surgical site infection cases

¼ $17,968,002

¼ $13,492,392 þ

¼ $80,672 þ

¼ $21,308

¼ $13,594,372

¼ $17,968,002 e $13,594,372
¼ $4,373,630

¼ $4,373,630 O 1338 cases
¼ $3269 per case
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,852,983 þ $4,410,222 þ
$6,229,762) O 1338 cases ¼
$10,084 per case
Mean cost of blood transfusion per
unit ¼ $76120

Cost of any surgical site infection ¼
2 � cost of hysterectomy19
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