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ABSTRACT

Background and Objectives: The goal of this study is to
obtain updated surveillance statistics for hysterectomy
procedures in the United States and identify factors asso-
ciated with undergoing a minimally invasive approach to
hysterectomy.

Methods: A cross-sectional analysis of the 2009 United
States Nationwide Inpatient Sample was performed. Sub-
jects included all women aged 18 years or older who
underwent hysterectomy of any type. Logistic regression
and multivariate analyses were performed to assess the
proportion of hysterectomies performed by various
routes, as well as factors associated with undergoing min-
imally invasive surgery (laparoscopic, vaginal, or robotic).

Results: A total of 479 814 hysterectomies were per-
formed in the United States in 2009, 86.6% of which were
performed for benign indications. Among the hysterecto-
mies performed for benign indications, 56% were com-
pleted abdominally, 20.4% were performed laparoscopi-
cally, 18.8% were performed vaginally, and 4.5% were
performed with robotic assistance. Factors associated with
decreased odds of a minimally invasive hysterectomy in-
cluded the following: minority race (P � .0001), fibroids
(P � .0001), concomitant adnexal surgery (P � .0001),
self-pay (P � .01) or Medicaid as insurer (P � .0001), and
increased severity of illness (P � .0001). Factors associ-
ated with increased odds of a minimally invasive hyster-
ectomy included the following: age �50 years (P �
.0001), prolapse or menstrual disorder (P � .0001), me-
dian household income of $48 000–$62 999 (P � .007) or
�$63 000 (P � .009), and location in the West (P � .02).
A length of stay �1 day was most common in abdominal

hysterectomy cases (96.1%), although total mean charges
were highest for robotic cases ($38 161).

Conclusion: The US hysterectomy incidence in 2009
decreased from prior years’ reports, with an increasing
frequency of laparoscopic and robotic approaches. Ra-
cial and socioeconomic factors influenced hysterec-
tomy mode.
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INTRODUCTION

Hysterectomy is the most common nonobstetric surgical
procedure among women. As such, it is imperative to
continue evaluating trends in the performance of this
procedure, including factors associated with undergoing
different modes of hysterectomy. Many guidelines have
been published regarding the optimal manner in which to
perform hysterectomy, with both the American Congress
of Obstetricians and Gynecologists and the American As-
sociation of Gynecologic Laparoscopists endorsing a min-
imally invasive approach whenever feasible.1,2 Although
the benefits of minimally invasive hysterectomy are well
documented,3 the available literature shows that the vast
majority of hysterectomies in the United States are not
performed in this manner.4,5 Using the 2005 Nationwide
Inpatient Sample (NIS), Jacoby et al4 reported that 518 828
hysterectomies were performed for benign indications
that year, 64% abdominally, 14% laparoscopically, and
22% vaginally. Prior work with the 2003 NIS also showed
that most hysterectomies were performed abdominally;
during that year, 538 722 hysterectomies were undertaken
for benign disease, 66.1% abdominally, 11.8% laparo-
scopically, and 21.8% vaginally.5

Following the introduction of the robotic surgical platform
for gynecologic procedures in 2005, the impact of robotic-
assisted surgery has also been examined regarding its
effect on the mode of access for hysterectomy. Wright et
al6 queried the Perspective database (an all-payer, fee-
supported database that represents approximately 15% of
all the hospital discharges in the United States) to identify
�200 000 benign hysterectomy cases between the years
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2007 and 2010; during this time frame, the proportion of
hysterectomies performed with robotic assistance in-
creased from 0.5% to 9.5%. In this cohort the breakdown
by mode of access for hysterectomy in 2010 was as fol-
lows: 40.1% abdominal, 30.5% laparoscopic, 9.5% robotic
assisted, and 19.9% vaginal.

Given the evolving trends in technology and training, it is
critical to maintain an understanding of factors affecting
the mode of hysterectomy. The aim of this study is to use
a national database to obtain updated surveillance statis-
tics for hysterectomy procedures as of 2009 in the United
States. Specific outcomes to be investigated include the
proportion of hysterectomies being performed by each
route (abdominal, vaginal, laparoscopic, robot assisted),
as well as clinical and demographic characteristics asso-
ciated with undergoing minimally invasive hysterectomy
on the national level.

MATERIALS AND METHODS

The 2009 NIS was used to perform a cross-sectional anal-
ysis of all hysterectomies performed in the United States
during that year.7 Managed by the Agency for Healthcare
Research and Quality, the NIS is a 20% stratified random
sample of discharges from all nonfederal, short-term hos-
pitals in the United States. As such, it represents 90% of all
hospitals and is the largest national all-payer database of
hospital discharges. The database includes medical and
demographic variables, as well as information about hos-
pital characteristics and total charges. The 2009 dataset
contains data on 7 810 762 discharges from 1050 hospitals
in 44 states. This study was deemed exempt by the local
institutional review board.

Patients who underwent a hysterectomy procedure of any
type during their hospitalization were identified by pro-
cedure coding corresponding to International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes between 68.3 and 68.99. The hysterec-
tomy ICD-9-CM codes were grouped as abdominal (68.39,
68.49, and 68.69), laparoscopic (68.31, 68.41, 68.51, 68.61,
and 68.71), vaginal (68.59 and 68.79), or other (68.8 and
68.9). Although robotically assisted hysterectomy cases do
not possess an individual procedure code, these cases
were identified using ICD-9-CM codes for robotic assis-
tance during a surgical procedure (codes 17.41–17.44 and
17.49). Of note, the vast majority of these cases (88%)
were colabeled as laparoscopic hysterectomies; however,
9% of the robotic-assisted cases were also coded as ab-
dominal procedures, with the remainder coded as vaginal
or other. Although it was unclear whether the cases coded

as both robotic and abdominal/vaginal procedures repre-
sented conversions or were misclassified, we chose to
treat all cases coded with modifiers for robotic assistance
as a separate category of hysterectomy. Key variables that
were abstracted from the dataset included the following:
concomitant adnexal or tubal surgery (ICD-9-CM codes
65.3, 65.31, 65.39, 65.4, 65.41, 65.49, 65.51–65.54, and
65.61–65.64); indication for surgery (fibroids [ICD-9-CM
codes 218.0–218.2 and 218.9], endometriosis [Clinical
Classification Software (CCS) code 169], prolapse [CCS
code 170], cancer [CCS codes 25–28], or menstrual disor-
ders [CCS code 171]); age; race; payer; median household
income; region of country; urban-rural location; hospital
teaching status; hospital bed size; percent of all hospital
operations performed on an outpatient basis; severity of
illness; comorbidity measure for obesity; length of hospi-
tal stay; and total hospital charges. Female patients were
excluded if they were aged �18 years or had undergone
a cesarean hysterectomy. Regions of the country were
defined using US census designations as coded by the NIS.

The NIS sampling design consists of a stratified, single-
stage cluster sample. Details on the sampling scheme can
be found elsewhere.7 In brief, a stratified random sample
of hospitals (clusters) was drawn, and all discharges were
included from each selected hospital. There are 60 strata
defined by region (North, South, East, West); location
(urban, rural); teaching status; bed size category (small,
medium, large); and ownership (public, private nonprofit,
private for profit). The sample weights are provided in the
NIS dataset and are calculated within each stratum as the
ratio of total discharges that were eligible for sampling to
discharges in the sample. Because of the sampling design,
weighted analyses were carried out using the survey anal-
ysis procedures in the SAS program, version 9.2 (SAS
Institute, Cary, North Carolina).

Among women who had hysterectomies for benign indi-
cations, odds ratios and 95% confidence intervals were
calculated using logistic regression analyses to estimate
the associations between patient and hospital characteris-
tics and risk of minimally invasive surgery (defined as
either laparoscopic, vaginal, or robotic) compared with
abdominal hysterectomy. One multivariate model was run
with all predictors included. Although most variables had
no or only small amounts of missing data (0.3%–2% for
median household income, urban-rural location, primary
payer, percent of all operations performed on an outpa-
tient basis, hospital teaching status, and bed size), the race
classification was missing for 14% of the sample. To pre-
vent variables with missing values from being dropped
from analyses, we assigned missing indicators and in-
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cluded these indicators in the regression models. Only the
odds ratio (95% confidence interval) for the race missing
indicator is shown in the results.

RESULTS

Based on analysis of the analysis of the 2009 NIS, 479 814
hysterectomies were performed in the United States that
year, 415 404 (86.6%) of which were performed for benign
indications. Table 1 shows the frequency of each proce-
dure type among all hysterectomies and stratified by those
performed for benign and malignant conditions. Among
the benign cases, 53 430 (12.9%) were subtotal procedures
in which the cervix was not removed. The relative pro-
portions of the main modes of hysterectomy are shown
for all cases and for benign cases in Figures 1 and 2.
Regarding hysterectomies for benign indications, 56%
were completed abdominally whereas 20.4% were per-
formed laparoscopically, 18.8% vaginally, and 4.5% with
robotic assistance. As described earlier, cases coded as
including robotic assistance were considered a separate
category of hysterectomy that was mutually exclusive
from any other procedure type. Among all hysterectomies
in 2009, 26 992 were performed with robot assistance,
representing 5.6% of all hysterectomy cases.

Table 2 shows patient and hospital characteristics by
mode of hysterectomy for all hysterectomies, as well as
the benign-only subgroup. Concomitant adnexal surgery
was performed in 52.9% of all benign hysterectomies and
57.2% of all hysterectomies, although within the vaginal
hysterectomy groups, only 23% of cases were associated
with adnexal procedures. Overall, fibroids and menstrual
disorders were the most frequent indications for hysterec-
tomy. Women who underwent vaginal hysterectomy were
older and more likely to have a surgical indication of
prolapse compared with those who underwent an alter-
nate mode of hysterectomy. Black women and women in
the lowest median income category more frequently un-
derwent abdominal hysterectomies. Higher comorbidity
and obesity classifications were seen in the women who
underwent abdominal hysterectomy.

Regional variations in the incidence and mode of access
for hysterectomy are highlighted in Table 3. Forty percent
of all US hysterectomies were performed in the South,
which also had the highest incidence of abdominal hys-
terectomy (63.0% of all cases). Abdominal hysterectomy
was performed least often in the West (50.1% of all cases).
The Northeast and West had the highest incidences of the
laparoscopic approach (20.7% and 22.2%, respectively),
whereas the vaginal approach was most common in the

Midwest (19.6%) and West (20.6%). The frequency of
robotic operations was lowest in the South but was similar
across other regions.

A logistic regression analysis was performed to assess
factors associated with undergoing minimally invasive
hysterectomy (laparoscopic, vaginal, or robotic) versus
abdominal hysterectomy for benign indications (Table 4).
Women aged �50 years had higher odds of undergoing
minimally invasive surgery (P � .0001), as did women
in ZIP codes with higher median household incomes
(P � .007 and P � .009 for median income of $48
000–$62 999 and �$63 000, respectively). Compared
with white women, all races except Native Americans
were less likely to undergo a minimally invasive hys-
terectomy; black, Hispanic, and Asian women had 30%
to 50% lower odds of undergoing minimally invasive
hysterectomies (P � .0001). Women with prolapse or
menstrual disorder were more likely to undergo minimally
invasive operations, whereas the indication of fibroids
was associated with a higher odds of abdominal surgery
(P � .0001). Concomitant adnexal surgery was associated
with a 60% decreased odds of undergoing minimally in-
vasive surgery (P � .0001). Compared to women with
private insurance, women who were covered by Medicaid
and who were covered by Medicaid or who were self-pay
had 22% and 31% decreased odds of undergoing mini-
mally invasive surgery, respectively (P � .0001 and P �
.01, respectively). In addition, compared with women in
the Northeast, women in the West had 50% greater odds
of undergoing minimally invasive surgery (P � .02). No
difference was seen regarding urban–rural location or
teaching status of the hospital. Increasing severity of ill-
ness was associated with decreased odds of undergoing
minimally invasive hysterectomy (P � .0001), although no
effect was seen regarding obesity.

Table 5 shows the data regarding cost and length of stay
for hysterectomies by varying mode of access. Cost was
defined as the total mean charges reported by the hospi-
tal; professional fees and noncovered charges are gener-
ally not included in this calculation, although slight report-
ing differences exist on a state-by-state basis.7 Looking at
the group of all hysterectomies, we found that vaginal
hysterectomy had the lowest mean charge per case ($20
144) whereas robotic hysterectomy had the highest ($38
161); abdominal and laparoscopic hysterectomy costs dif-
fered by just under $2500 per case. Similar findings were
seen in the benign-only hysterectomy group, although the
abdominal and laparoscopic hysterectomy groups had
more similar mean charges among this subset. A length of
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stay �1 day was markedly more common in the abdom-
inal hysterectomy categories, with most laparoscopic or
robotic hysterectomy patients being discharged on the
first postoperative day.

DISCUSSION

Because hysterectomy is one of the most common gyne-
cologic procedures, it is of the utmost importance to

Table 1.
Summary of All Hysterectomies in 2009

All Hysterectomies Benign
Hysterectomies

Malignant
Hysterectomies

n (%) n (%) n (%)

Abdominal

Total abdominal hysterectomy 240 488 (50.1) 201 152 (48.4) 39 336 (61.1)

Other subtotal abdominal hysterectomy, NOSa 32 278 (6.7) 30 692 (7.4) 1586 (2.5)

Radical abdominal hysterectomy NECa/NOS 5290 (1.1) 790 (0.2) 4500 (7.0)

Vaginal

Other vaginal hysterectomy 81 143 (16.9) 77 610 (18.7) 3532 (5.5)

Radical vaginal hysterectomy NEC/NOS 522 (0.1) 330 (0.1) 192 (0.3)

Laparoscopic

Laparoscopic supracervical hysterectomy 20 365 (4.2) 20 217 (4.9) 148 (0.2)

Laparoscopic total abdominal hysterectomy 15 414 (3.2) 13 226 (3.2) 2189 (3.4)

Laparoscopic-assisted vaginal hysterectomy 53 747 (11.2) 50 226 (12.1) 3520 (5.5)

Laparoscopic radical abdominal hysterectomy 1143 (0.2) 794 (0.2) 349 (0.5)

Laparoscopic radical vaginal hysterectomy 237 (0.03) 106 (0.03) 131 (0.2)

Other

Other unspecified hysterectomy 586 (0.1) 445 (0.1) 141 (0.2)

Pelvic evisceration 1612 (0.3) 980 (0.2) 632 (1.0)

Roboticb

Total abdominal hysterectomy 1976 (0.4) 1123 (0.3) 853 (1.3)

Other subtotal abdominal hysterectomy, NOS 273 (0.06) 267 (0.1) �10 (0.008)

Radical abdominal hysterectomy NEC/NOS 142 (0.03) 10 (0.002) 132 (0.2)

Other vaginal hysterectomy 588 (0.01) 429 (0.1) 159 (0.2)

Radical vaginal hysterectomy NEC/NOS 19 (0.004) �10 (0.001) 14 (0.02)

Laparoscopic supracervical hysterectomy 2291 (0.5) 2254 (0.5) 37 (0.1)

Laparoscopic total abdominal hysterectomy 11 767 (2.5) 8057 (1.9) 3710 (5.8)

Laparoscopic-assisted vaginal hysterectomy 7332 (1.5) 5602 (1.3) 1730 (2.7)

Laparoscopic radical abdominal hysterectomy 2048 (0.4) 881 (0.2) 1166 (1.8)

Laparoscopic radical vaginal hysterectomy 348 (0.07) 41 (0.01) 307 (0.5)

Other unspecified hysterectomy 124 (0.03) 89 (0.02) 36 (0.1)

Pelvic evisceration 84 (0.02) 79 (0.02) �10 (0.008)

Total No. of hysterectomies 479 814 415 404 64 410

aNEC � Not Elsewhere Classified; NOS � Not Otherwise Specified.
bCases colabeled as robotic and another mode were treated as robotic for the purposes of analysis.
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investigate trends in national hysterectomy rates. Of the
479 814 hysterectomies performed in 2009 for any indica-
tion, 41.8% were completed via minimally invasive mode.
In the benign-only subgroup, 44% of the 415 404 hyster-
ectomies were approached in a minimally invasive fash-
ion. Regarding the incidence of robotic assistance, this
occurred in 5.6% of all hysterectomies. When considering
robotic assistance as a variation on conventional laparos-
copy, we found that 16.6% of benign laparoscopic hyster-
ectomy cases and 20.7% of all laparoscopic cases included

use of the robot. Logistic regression analysis was per-
formed to control for patient and demographic variables;
the results of this analysis show that factors favoring a
minimally invasive approach to hysterectomy include pa-
tient age �50 years, diagnosis of prolapse or menstrual
disorder, higher income, and location in the western
United States. Factors associated with the abdominal ap-
proach to hysterectomy include minority race, diagnosis
of fibroids, concomitant adnexal surgery, self-pay or Med-
icaid payer, and increasing severity of illness. Although a

Figure 1. Relative mode of all hysterectomies in 2009.

Figure 2. Relative mode of benign hysterectomies in 2009.
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length of stay �1 day was most common among the
abdominal cases, the robotic approach to hysterectomy
was associated with a distinctly higher cost than any other
mode.

The strengths of this work include the large number of
patients and associated characteristics available for anal-
ysis. Along with this comes the limitation of inherent
misclassification of data in a large cohort, especially when
relying on ICD-9-CM codes to determine mode of surgery.
This may be a particular issue regarding misidentification
or underestimation of robotic-assisted laparoscopic hys-
terectomy cases because these were only able to be iden-
tified by use of modifier codes. Any misclassification due
to coding error would presumably have been nondiffer-
ential, however. In addition, there were substantial miss-
ing data for race in this cohort. Although we used indica-
tors for missing data to ensure that models were run on
the entire dataset, we may not have been able to fully
adjust for potential confounding by race because of the
missing data. Compared with existing literature on the
subject, unique aspects of this analysis are the inclusion of
oncologic cases and comparison of the abdominal ap-
proach with any minimally invasive technique. This may
provide more practical information regarding current
practices and limitations as gynecologists strive to adhere
to published guidelines recommending vaginal or laparo-
scopic hysterectomy as the primary approach.1,2

Our results represent both a marked decrease from prior
years’ analyses of annual hysterectomy volume and a
notable shift in mode of surgical access. Regarding the
decrease in hysterectomy volume, these findings have
been echoed in a comparative analysis of US hysterec-
tomy rates between 2008 and 2010.8 Using the NIS, Wright
et al8 showed a peak annual hysterectomy incidence of
681 234 in 2002, with a decline to 433 621 cases in 2010.
It is not clear whether these findings represent a genuine

decline in surgical cases perhaps because of the increas-
ing popularity of medical therapies or non-extirpative
procedures. It is also possible that the perceived decrease
in volume may reflect the continuing trend toward mini-
mally invasive modes of hysterectomy and the accompa-
nying opportunity for outpatient recovery. Although pa-
tients who are discharged home on the day of surgery are
accounted for in the NIS, the sample does not include
procedures that are performed in ambulatory surgical cen-
ters. With the shifts in care toward same-day discharge in
appropriate postoperative candidates, it is possible that a
larger proportion of laparoscopic or vaginal hysterecto-
mies are being performed in ambulatory centers.9,10 If this
is the case, then we may be underestimating not only the
national hysterectomy volume but also the relative pro-
portion of cases completed in a minimally invasive fash-
ion.

Review of comparable analyses of the NIS from past years
shows a steady increase in use of the laparoscopic ap-
proach to surgery; laparoscopic hysterectomy accounted
for 12% of benign cases in 2003, 14% of benign cases in
2005, and 20% of benign cases in our work.4,5 Although
use of the vaginal approach to hysterectomy has de-
creased (22% of benign cases in 2003 and 2005 and 18% in
2009), perhaps the most striking change represented in
our analysis is the incorporation of robotic-assisted lapa-
roscopy into the available modes of access. Wright et al8

corroborated this finding, reporting that the use of robotic
hysterectomy increased from 0.9% in 2008 to 8.2% in 2010.
This highlights an important consideration regarding
health care cost when one takes into account the in-
creased cost of the robotic approach to hysterectomy.
Although this study design is not equipped to provide
detailed cost analysis, the reported total mean hospital
charges for robotic hysterectomy were 35% to 44% higher
than the next most expensive mode of hysterectomy.

Table 3.
Rate and Mode of Hysterectomy by Region: All Indications

North Midwest South West

Abdominal �n (%)� 42 755 (57.2) 63 719 (56.7) 122 029 (63.0) 49 550 (50.1)

Laparoscopic �n (%)� 15 497 (20.7) 18 559 (16.5) 34 951 (18.0) 21 899 (22.2)

Vaginal �n (%)� 11 552 (15.4) 21 997 (19.6) 27 740 (14.3) 20 376 (20.6)

Robotic �n (%)� 4499 (6.0) 7476 (6.7) 8461 (4.4) 6554 (6.6)

Other �n (%)� 484 (0.6) 664 (0.6) 588 (0.3) 463 (0.5)

Total No. of hysterectomies 74 787 112 415 193 769 98 843

% of national hysterectomies 15.6 23.4 40.4 20.6
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Table 4.
Logistic Regression Analysis Comparing Minimally Invasive Hysterectomy (Laparoscopic, Vaginal, or Robotic) With Abdominal

Hysterectomy Among Women With Benign Conditions

Abdominal
(n � 232 633)

Minimally
Invasive
(n � 181 346)

Crude ORa

(95% CIa)
Adjustedb OR
(95% CI)

P Value

n (%) n (%)

Age

18–34 y 22 947 (9.9) 19 596 (10.8) 1.00 (reference) 1.00 (reference)

35–39 y 32 685 (14.0) 25 461 (14.0) 0.91 (0.85–0.98) 0.99 (0.92–1.06) .69

40–44 y 55 285 (23.8) 36 000 (19.9) 0.76 (0.71–0.82) 0.94 (0.87–1.01) .09

45–49 y 60 805 (26.1) 38 314 (21.1) 0.74 (0.68–0.80) 1.03 (0.95–1.11) .47

50–54 y 30 480 (13.1) 21 374 (11.8) 0.82 (0.75–0.90) 1.21 (1.10–1.32) �.0001

�55 y 30 432 (13.1) 40 601 (22.4) 1.56 (1.40–1.75) 1.34 (1.21–1.49) �.0001

Race/ethnicity

White 121 790 (52.4) 115 264 (63.6) 1.00 (reference) 1.00 (reference)

Black 43 829 (18.8) 13 823 (7.6) 0.33 (0.30–0.37) 0.51 (0.45–0.57) �.0001

Hispanic 23 478 (10.1) 15 937 (8.8) 0.72 (0.63–0.81) 0.67 (0.59–0.78) �.0001

Asian/Pacific Islander 5649 (2.4) 3117 (1.7) 0.58 (0.47–0.72) 0.58 (0.46–0.74) �.0001

Native American 1320 (0.6) 1807 (1.0) 1.45 (0.91–2.29) 1.68 (1.04–2.71) .03

Other 6779 (2.9) 4059 (2.2) 0.63 (0.53–0.76) 0.70 (0.58–0.84) .0002

Missing 29 788 (12.8) 27 339 (15.1) 0.97 (0.79–1.19) 1.09 (0.89–1.33) .43

Indicationb

Fibroids 142 501 (61.3) 71 976 (39.7) 0.42 (0.39–0.44) 0.51 (0.48–0.54) �.0001

Endometriosis 59 311 (25.5) 37 650 (20.8) 0.77 (0.71–0.83) 0.93 (0.86–1.01) .08

Prolapse 12 812 (5.5) 64 687 (35.7) 9.51 (8.18–11.1) 6.53 (5.60–7.62) �.0001

Menstrual disorder 120 861 (52.0) 91 579 (50.5) 0.94 (0.89–1.01) 1.33 (1.24–1.43) �.0001

Other 29 101 (12.5) 12 353 (6.8) 0.51 (0.47–0.56) 0.71 (0.64–0.79) �.0001

Adnexal surgery 147 086 (63.2) 72 200 (39.8) 0.38 (0.36–0.41) 0.39 (0.36–0.41) �.0001

Urban–rural location

“Central” �1 million 62 194 (27.0) 44 117 (24.7) 1.00 (reference) 1.00 (reference)

“Fringe” �1 million 59 549 (25.9) 44 765 (25.1) 1.06 (0.91–1.24) 0.93 (0.78–1.12) .45

Metropolitan areas of 250 000–999 999
population

39 174 (17.0) 33 708 (18.9) 1.21 (0.98–1.50) 1.03 (0.81–1.32) .80

Metropolitan areas of 50 000–249 999
population

21 567 (9.4) 21 358 (12.0) 1.40 (1.07–1.82) 1.30 (0.98–1.72) .07

Micropolitan counties 29 894 (13.0) 21 836 (12.2) 1.03 (0.84–1.26) 0.92 (0.73–1.16) .50

Not metropolitan or micropolitan
counties

17 655 (7.7) 12 842 (7.2) 1.03 (0.85–1.24) 0.93 (0.74–1.15) .49

Median household income national
quartile for patient ZIP code

$1-$38 999 63 225 (27.8) 38 749 (21.8) 1.00 (reference) 1.00 (reference)

$39 000-$47 999 60 414 (26.6) 45 718 (25.8) 1.23 (1.11–1.37) 1.02 (0.92–1.13) .65
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Table 4.
Continued

Abdominal
(n � 232 633)

Minimally
Invasive
(n � 181 346)

Crude ORa

(95% CIa)
Adjustedb OR
(95% CI)

P Value

n (%) n (%)

$48 000-$62 999 53 317 (23.5) 47 732 (26.9) 1.46 (1.28–1.66) 1.18 (1.04–1.32) .007

�$63 000 50 313 (22.1) 45 311 (25.5) 1.47 (1.26–1.71) 1.21 (1.05–1.39) .009

Primary payer

Medicare 18 386 (7.9) 22 372 (12.4) 1.54 (1.41–1.67) 1.05 (0.96–1.14) .30

Medicaid 28 066 (12.1) 16 368 (9.0) 0.74 (0.67–0.82) 0.78 (0.71–0.85) �.0001

Private including HMOa 165 233 (71.2) 130 817 (72.3) 1.00 (reference) 1.00 (reference)

Self-pay 10 127 (4.4) 4181 (2.3) 0.52 (0.40–0.69) 0.69 (0.51–0.93) .01

No charge 1020 (0.4) 616 (0.3) 0.76 (0.54–1.07) 1.16 (0.73–1.85) .52

Other 9203 (4.0) 6557 (3.6) 0.90 (0.76–1.07) 0.94 (0.78–1.14) .53

Region of hospital

Northeast 35 217 (15.1) 27 935 (15.4) 1.00 (reference) 1.00 (reference)

Midwest 50 965 (21.9) 43 587 (24.0) 1.08 (0.81–1.43) 1.06 (0.76–1.48) .74

South 106 308 (45.7) 65 647 (36.2) 0.78 (0.60–1.02) 0.94 (0.68–1.29) .70

West 40 144 (17.3) 44 177 (24.4) 1.39 (1.04–1.85) 1.51 (1.08–2.12) .02

% of all operations performed on
outpatient basis

�55 71 724 (31.7) 59 987 (34.5) 1.00 (reference) 1.00 (reference)

55–65.9 74 897 (33.1) 51 603 (29.7) 0.82 (0.67–1.02) 0.79 (0.63–0.98) .04

�66 79 887 (35.3) 62 125 (35.8) 0.93 (0.77–1.12) 0.85 (0.68–1.06) .15

Location and teaching status

Rural 30 754 (13.5) 22 535 (12.7) 1.00 (reference) 1.00 (reference)

Urban non-teaching 103 389 (45.5) 81 059 (45.6) 1.07 (0.85–1.35) 0.97 (0.73–1.29) .82

Urban teaching 93 221 (41.0) 74 167 (41.7) 1.09 (0.86–1.37) 1.13 (0.84–1.53) .42

Hospital bed size

Small 23 607 (10.4) 21 246 (12.0) 1.00 (reference) 1.00 (reference)

Medium 60 556 (26.6) 45 818 (25.8) 0.84 (0.66–1.08) 0.77 (0.59–1.00) .05

Large 143 202 (63.0) 110 698 (62.3) 0.86 (0.70–1.05) 0.82 (0.64–1.06) .13

Severity of illness subclass

Minor loss of function 159 007 (68.4) 136 795 (75.4) 1.00 (reference) 1.00 (reference)

Moderate loss of function 63 633 (27.4) 41 540 (22.9) 0.76 (0.72–0.80) 0.73 (0.69–0.77) �.0001

Major loss of function 8253 (3.5) 2677 (1.5) 0.38 (0.33–0.43) 0.43 (0.37–0.49) �.0001

Extreme loss of function 1741 (0.7) 334 (0.2) 0.22 (0.17–0.30) 0.26 (0.19–0.35) �.0001

AHRQa comorbidity measure for obesity 28 179 (12.1) 14 787 (8.2) 0.64 (0.59–0.70) 0.93 (0.85–1.01) .10

aAHRQ � Agency for Healthcare Research and Quality; CI, confidence interval; HMO � Health Maintenance Organization; OR, odds
ratio.
bAll variables in the table were added to one logistic regression model.
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Previous studies have also shown significantly increased
cost associated with robotic hysterectomy.6 It has been
suggested that this cost may be partially offset by de-
creased operative time with increasing surgeon experi-
ence, as well as shortened postoperative recovery time
with a minimally invasive approach; however, even when
one accounts for these elements of the cost equation,
robotic hysterectomy remains more expensive than lapa-
roscopic hysterectomy.11,12

The findings of racial disparities in this study are consis-
tent with the existing literature that suggests both a higher
rate of hysterectomy among black women and increased
odds of an abdominal approach to surgery among minor-
ity women.13 In the analysis of the 2005 NIS data by
Jacoby et al,4 minority women were found to have 40% to
50% lower odds of undergoing laparoscopic hysterectomy
when controlling for other baseline factors and surgical
indication. Our findings show that black, Hispanic, and
Asian women have a 30% to 50% decreased odds of
undergoing minimally invasive hysterectomy (including
not only laparoscopic but also vaginal or robotic ap-
proaches). Prior work also supports the associations
found between income, region, and payer and the mode
of hysterectomy.4,14

CONCLUSION

Although our findings show a promising shift toward
minimally invasive approaches to hysterectomy (particu-
larly laparoscopic and robotic), important racial, socioeco-
nomic, and regional disparities exist. Increased awareness
and training in minimally invasive techniques may help
offset some of these barriers to care. As robotic hysterec-
tomy becomes increasingly prevalent, consideration of
cost containment will become more important. Future
analyses of ambulatory surgical center data may lend
additional insight into these and other issues surrounding
hysterectomy surveillance.

The authors acknowledge the Healthcare Cost and Utilization
Project for its work maintaining the NIS.
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