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Abstract

Objectives: To describe population rate of hysterectomy for benign disease in the United States, 

including geographic variation across states and Hospital Service Areas (HSAs; areas defined by 

common patient flows to healthcare facilities).

Design: Cross-sectional study

Setting: Four US states including 322 HSAs

Population: 316,052 cases of hysterectomy from 2012-2016

Methods: We compiled annual hysterectomy cases, merged female populations, and adjusted 

for reported rates of prior hysterectomy. We assessed small-area variation and created multilevel 

Poisson regression models.
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Main Outcome Measures: Prior-hysterectomy-adjusted population rates of hysterectomy for 

benign disease

Results: The annual population rate of hysterectomy for benign disease was 49 per 10,000 

hysterectomy-eligible residents, declining slightly over time, mostly among reproductive-age 

populations. Rates peaked among residents ages 40-49, and declined with increasing age, 

apart from an increase with universal coverage at age 65. We found large differences in age-

standardized population rates of hysterectomy across states (range 42.2-69.0), and HSAs (range: 

overall 12.9-106.3; 25th-75th percentile 44.0-64.9). Among the non-elderly population, those 

with government-sponsored insurance had greater variation than those with private insurance 

(coefficient of variation 0.61 vs 0.32). Proportions of minimally invasive procedures were similar 

across states (71.0%-74.8%) but varied greatly across HSAs (27%-96%). In regression models, 

HSA population characteristics explained 31.8% of observed variation in annual rates. Higher 

local proportions of government-sponsored insurance and non-White race were associated with 

lower population rates.

Conclusions: We found substantial variation in rate and route of hysterectomy for benign 

disease in the US. Local population characteristics explained less than 1/3 of observed variation.

Keywords
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Research; Minimal Access Surgery; Statistics: Epidemiological Surveys

Introduction

Hysterectomy is one of the most frequently performed major surgical procedures.1 Most 

hysterectomies are performed for benign indications (e.g. endometriosis, fibroids, pain, or 

prolapse), for which effective, less invasive management alternatives are often available.2,3 

International data have shown recent declines in the annual population rate of hysterectomy 

in Australia,4 Denmark,5 Israel,6 the Netherlands,7 Switzerland,8 and the UK.9 These studies 

found significant small-area geographic variation, with rates varying 2-3 fold, and sizable 

discrepancies in utilization of minimally invasive techniques.4–9 Small-area variation in 

surgical utilization is thought to be primarily driven by differences in provider practice.10

The United States (US) has a larger, more dispersed population, as well as less centralized or 

nationalized health insurance and care delivery systems. In the US, inpatient hysterectomy 

utilization declined 36% between 2002 and 2010, from 681,000 to 433,000 cases annually,11 

though in part due to growing outpatient utilization, with 100,000-200,000 cases in 2011.2,12 

The population rate of hysterectomy, and geographic variation therein, have not been well 

described in the US, likely due to the limited availability of population-based data sources in 

the more fragmented healthcare system.13

For our study, we combined population-based data on inpatient and outpatient surgery for 

a subset of four US states, with published descriptive data on local populations, and survey 

data to adjust of population totals for prior hysterectomy. Our primary objective was to 

estimate the population rate of hysterectomy for benign disease in the US, assessing for 

geographic variation in rate and route of surgery. Secondly, we sought to use regression 

Albright et al. Page 2

BJOG. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



models to estimate the role of local population characteristics in explaining observed 

variation in hysterectomy rates, and the residual unexplained variation that is likely 

primarily related to differences in patient preferences for surgery, provider practice, and 

disparities in access to care.

Methods

Study Data

This was a cross-sectional study of hysterectomy for benign disease. See Appendix S1 for 

additional details throughout. We utilized US Agency for Healthcare Research and Quality 

Healthcare Cost and Utilization Project (HCUP) State Inpatient Database (SID) and State 

Ambulatory Surgery and Services Database (SASD) files.14,15 Together, the SID and SASD 

capture nearly 100% of surgeries performed annually in a given state, and both report 

ZIP code of patient residence. We compiled data from Kentucky, Maryland, Florida, and 

North Carolina for the years 2012-2016. These four states were selected as being regionally 

related, while representing some diversity in population demographic characteristics.

We merged data from four sources for geographic analysis. (1) Publicly available crosswalk 

files from the Dartmouth Atlas were used to compile data from ZIP codes to Hospital 

Service Areas (HSAs).16 HSAs are non-overlapping compilations of geographically linked 

ZIP codes defined by common flows of patients residing in those ZIP codes to common 

healthcare providers. HSAs describe regional hubs of care, and they are commonly used 

for analyses of small-area variation in healthcare.17 (2) State-level estimates of adult (age 

>18) female population totals by single-year age, and race (White, Black, other/multiple; 

self-reported) were accessed from the US Census for years 2012-2016.18 (3) Small-area 

and state population totals and demographics were drawn from Social Determinants 

of Health Database (SDOHD) for 2012-2016.19,20 (4) We utilized the Behavioral Risk 

Factor Surveillance System (BRFSS), a large, nationally representative survey of the US 

population,21 to estimate population proportions with prior hysterectomy (by state, age, 

race, and year) and adjust the denominator population totals to those still eligible for 

hysterectomy, using a similar technique to previously published works.22,23

Sample Selection

For our patient sample, we selected for hysterectomy by International Classification of 
Diseases, 9th (2012 to 3rd quarter 2015) and 10th Revisions (4th quarter 2015-2016) code 

from SID files, or Common Procedural Terminology code from SASD files (Table S1). We 

first limited this sample to patients ages ≥18, and excluded hysterectomies indicated for 

cancer, or with pregnancy/obstetrics diagnoses (13.3% of initial sample; Table S2). We next 

limited the sample based on patient ZIP code of patient residence. For state-level analyses 

of population rates of surgery, we excluded patients residing outside of the state of surgery. 

For HSA-level analyses, we limited to patients residing in one of 322 HSAs with healthcare 

utilization based primarily in one of the four included states, as these patients would be 

expected to predominantly seek care from facilities represented in included files. Of note, 

some HSA boundaries cross state lines, leading to small differences in the included cases for 

HSA vs. state analyses.
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Study Variables

Characteristics of hysterectomy cases were derived from SID and SASD data files, 

and included age (18-44, 45-64, 65-79, 80+), race/ethnicity (White, Black, or other/

multiple race, and Hispanic or non-Hispanic ethnicity, as reported by facility to HCUP), 

insurance coverage (any private, Medicare only, any Medicaid, other, uninsured), Charlson 

comorbidity score (count of 17 comorbidities predicting mortality risk, by diagnosis 

codes),24 quartile of residential ZIP code median income (1 to 4 in increasing income, as 

reported to HCUP), facility type (inpatient vs. ambulatory surgery center), surgical approach 

(open, laparoscopic, or vaginal), surgery type (supracervical vs. total), visit charges, and 

primary indication for surgery (Table S3).

HSA population characteristics were derived from SDOHD data files, and included 

proportion of HSA population by age (18-44, 45-64, 65-79, 80+), race (White, Black, other/

multiple), Hispanic ethnicity, insurance coverage (any private, Medicare only, any Medicaid, 

other, uninsured), income in relation to Federal Poverty Level (<100% FPL, 100-124%, 

125-199%, ≥200%), unemployment, and lack of high school degree or equivalent education, 

as well as characteristics of population density (per square mile), and metro/rural rating 

(ranging to 1 to 10 for core metropolitan to rural; Economic Research Service Rural-Urban 

Community Area rating).

Study Outcomes

Our primary outcome was the population rate of hysterectomy per 10,000 hysterectomy-

eligible adult residents. The numerator was calculated as the sum of hysterectomies 

performed for adult (age ≥18) patients residing in the given area (HSA, state) annually, 

while the denominator was calculated as the total population of adult (age ≥18) female 

residents without prior hysterectomy living in the respective area in that year. The ratios 

were then multiplied by 10,000 to report annual rates per 10,000 hysterectomy-eligible 

residents, overall and in subgroups. We performed direct age-standardization for overall 

and state-specific rates. We also considered the outcome of proportion of hysterectomies 

performed by route (open, laparoscopic, or vaginal).

Statistical Analysis

For analysis of small-area variation by HSA, we averaged overall and subgroup rates over 

the 5 included years to minimize the impact of random year-to-year variations. We described 

small-area variation with three commonly used measures: coefficient of variation (CoV; 

mean/standard deviation), interquartile ratio (IQR; 75th percentile/25th percentile), and 

truncated extremal quotient (EQ5-95; 95th percentile/5th percentile).10 We assessed visually 

for variation with Violin plots of HSA hysterectomy rates, overall and by subgroup, and 

of HSA hysterectomy route proportions. As expected small-area variation differs with the 

overall rate and underlying population distribution, there is no accepted null hypothesis or 

method of statistical significance testing.25

We explored the role of observable HSA population characteristics in explaining the 

observed small-area variation in population rate of hysterectomy using a similar technique 

to that of a recent study of hysterectomy in Switzerland.8 We created multilevel Poisson 
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regression models of annual prior-hysterectomy-adjusted population rate of hysterectomy 

by HSA, with HSA set as a random intercept. The initial model controlled only for 

year, to account for changes over time. We then added controls for an a priori selected 

set of observable HSA population characteristics (age, race, ethnicity, insurance, income, 

education, and density) that may impact variation in hysterectomy rates. We assessed for 

the extent to which included variables explained variation across HSAs by comparing the 

variance in the random intercept in the initial and adjusted models.8

We considered statistical significance by p<0.05. STROBE guidelines for observational 

research were followed.26 All analyses were conducted with STATA v15.1 (Statacorp, 

College Station, TX, USA). The Duke University IRB considered this study exempt from 

review. Figures were created with STATA or Microsoft PowerPoint/Excel v14.7.7 (Microsoft 

Corporation, Redmond, WA, USA).

Results

We identified 317,644 cases of hysterectomy for non-obstetric, benign indications performed 

in adults between 2012 and 2016 in Kentucky, Maryland, Florida, and North Carolina 

(Figure S1). After adjusting population totals to the adult female population without prior 

hysterectomy using a multivariable linear model including age, race, state, and year (Table 

S4), the annual hysterectomy-eligible population across the four states was approximately 

12.5 million residents.

The four included states represented a spectrum of diversity in HSA populations (Table S5), 

and hysterectomy cases (Tables S6). Florida HSAs were highly concentrated with those ages 

65+ (25.8% vs. 18.0%-21.9% by population; 12.1% vs. 5.6-8.2% of hysterectomies), and 

of Hispanic ethnicity (16.4% vs. 2.2%-8.8% by HSA population; 13.5% vs. 2.9-7.8% of 

hysterectomies). Kentucky HSAs had the highest concentration of White residents (93.2% 

vs. 55.8-80.4% of population; 94.5% of hysterectomies vs. 60.2-76.9%) and the lowest 

hysterectomy-eligible population (15,346 vs. 30,008-60,294 per HSA). Maryland HSAs 

averaged only 10.1% of the population having income below the Federal Poverty Level 

(FPL; vs. 16.2-22.1%), and higher rates of private coverage (66.2% by population, 73.9% 

of hysterectomies) and lower rates of uninsurance (9.6%) compared with other states 

(50.5-51.8%, 13.9-17.7% respectively).

Clinical characteristics of hysterectomy cases by HSA are presented in Table S7. North 

Carolina and Kentucky HSAs tended to contain smaller populations and lower absolute 

hysterectomy case numbers, and they were more likely to be performed outpatient. While 

there was notable variation across HSAs in the distribution of route of hysterectomy, open 

surgery rates by state ranged only from 25.1% to 29.8%. There was greater use of vaginal 

hysterectomy in North Carolina (21.7% vs. 11.2-14.1% in other states). Indications for 

surgery were generally similar across states, with abnormal uterine bleeding, polyp, and 

fibroids collectively comprising the primary indication in over 50% of cases. Kentucky 

HSAs had a higher proportion of cases for pelvic pain or endometriosis compared with other 

states (21.2% vs. 7.2-12.1%), and a lower proportion of surgery for fibroids (20.9% vs. 

32.0-40.5%).
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The mean annual population rate of hysterectomy for benign disease across the 322 included 

HSAs was 49.3 per 10,000 hysterectomy eligible residents, declining slightly from 51.0 

in 2012 to 47.9 in 2016. Prior-hysterectomy-adjusted population rates of in-state residents 

using state population totals were similar (49.1 per 10,000 overall; declining from 50.6 in 

2012 to 47.7 in 2016; Figure S2).

Annual state population rates varied starkly by age (Figure 1), with rates near 0 for ages 

18-24, peaking with annual rates >100 per 10,000 hysterectomy-eligible residents ages 

40-49. We observed the greatest variation in age-specific rates by state and race among these 

middle-ages, with hysterectomy-eligible Kentucky residents ages 40-44 undergoing surgery 

at a rate of 159.5 per 10,000, versus 99.7, 120.6, and 124.8 in Maryland, Florida, and North 

Carolina, respectively. Hysterectomy-eligible residents of non-White race in these middle 

age groups also had higher rates (169 per 10,000 hysterectomy-eligible Black residents vs. 

106 for White race). Although population rates of hysterectomy for benign disease showed 

sharp decline after age 50, we observed an increased rate among hysterectomy-eligible 

residents ages 65-69 (40.8 per 10,000) after Medicare eligibility, versus those ages 60-64 

(33.8 per 10,000).

Prior-hysterectomy-adjusted female population rates of hysterectomy for benign disease 

showed notable variation across HSAs, even when averaged over the five included years 

(Table S8, Figure 2), with an overall range of 12.9 to 106.3 per 10,000 hysterectomy-eligible 

residents (range 44.0-64.9 for 25th-75th percentile). Age-standardized population rates varied 

across the four states (ranging from 42.2 per 10,000 hysterectomy-eligible residents in 

Maryland to 69.0 in Kentucky). This variation across states is notable considering inability 

to estimate HSA-specific rates of prior hysterectomy. However, variation across HSAs was 

similar within each state (CoV 0.23-0.27; IQR 1.34-1.41; EQ5-95 1.96-2.60). Variation 

was notably lower in the 45-64 age range compared to older and younger ages (CoV 

0.25 vs 0.42, 0.39, and 0.81 for ages 18-44, 65-79, and 80+). While there was some 

visual regional grouping of similar rates for adjacent HSAs on maps, there were not clear 

patterns, with some sharp discrepancies for adjacent HSAs (see Figure 3). The population 

with Medicare coverage alone (excluding most Medicare recipients owning supplemental 

coverage) exhibited high annual rates (100.3 per 10,000 hysterectomy-eligible residents), 

while the uninsured had low rates of surgery (9.6 per 10,000). The Medicaid population 

had higher variation (CoV 0.61, IQR 2.41; EQ5-95 6.50) than those with private coverage 

(CoV 0.32; IQR 1.57, EQ5-95 3.09). In a sensitivity analysis without the adjustment for prior 

hysterectomy, estimates of variation were consistent with the primary analysis (Table S9).

We also identified significant variation in route of hysterectomy (Figure 4). The share 

of hysterectomy for benign disease performed with minimally invasive techniques ranged 

from 26.5% to 95.6% across HSAs (67%-82% 25th-75th percentile). Vaginal hysterectomy 

represented <5% of cases in 15 HSAs, but this approach was utilized in less than one third of 

cases in 14 HSAs (12 in North Carolina). Although the mean proportion of hysterectomies 

performed open was 26%, there were 37 HSAs (11%) with over 40% open cases.

In Poisson regression assessing the role of HSA population characteristics in explaining 

small-area variation (Table S10), we found that adding controls for HSA demographics 
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explained 15.8% of the observed variation. Layering controls for other observable factors 

explained another 16.0% of the variation, meaning that 68.2% of the small-area variation 

in prior-hysterectomy-adjusted population rate of hysterectomy for benign disease remained 

unexplained by observable local population characteristics. These characteristics played the 

greatest role in explaining variation in the reproductive-aged population (53%). Despite 

higher race-specific hysterectomy population rates for non-White residents (Table S10, 

Figure 1), in the adjusted regression model, HSAs with higher proportion of the population 

with Black race showed lower overall local population rates. Higher population proportions 

with Hispanic ethnicity and private insurance, and more rural HSAs were also associated 

with lower population rates.

Discussion

Main Findings

We present a novel analysis of population rates of hysterectomy for benign disease in 

the US, using a sample of four regionally located but diverse states, and including 

correction of population denominators for prior hysterectomy. We found the population 

rate of hysterectomy for benign disease to be approximately 50 in 10,000 hysterectomy-

eligible residents annually, declining slightly between 2012 and 2016, primarily among 

reproductive-aged residents. We identified significant variation in the annual population 

rate of hysterectomy for benign disease, across states (range 41-65 per 10,000 hysterectomy-

eligible residents) and HSAs (range 13-106). Similarly, we observed notable variation in 

share of minimally invasive procedures across HSAs (ranging from 26-96%) with greatest 

variation in use of vaginal approach.

Strengths and Limitations

The strength of this study is in its unique combination of multiple data sources, including 

population-based inpatient and outpatient surgical data, geographic contextual data, and 

population data for correction for prior hysterectomy. More comprehensive data sources for 

this kind of analysis in the US are unavailable. National Inpatient Sample is comprehensive 

and nationally inclusive, but lacks geographic identifiers for small area analysis, with cases 

only specified to regional groupings of states. Claims data sources sometimes contain more 

specific geographic identifiers but are not comprehensive or representative of the overall 

population in a geographic area. Our study was limited to four states, but these states were 

selected to contain diverse populations in terms of race/ethnicity, insurance, and income. 

Our analysis approach of adjusting for prior hysterectomy is underutilized in studies of 

population rate of surgery, particularly for such a common procedure.

However, results from these states are not necessarily generalizable to other US states. 

We were also limited in the accuracy of hysterectomy-eligible population estimates. While 

we used population-based survey data and multivariable models to generate age, race, and 

state-specific estimates of rates of prior hysterectomy, these estimates are not perfectly 

representative of all subpopulations, and the geographic specificity of these estimates was 

limited to the state, rather than HSA level. Therefore, some of the variation in hysterectomy-

eligible population rates could be due to small area variation in prior hysterectomy. We 
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did perform a sensitivity analysis without adjustment for prior hysterectomy, and found 

similar measures of variation, though this measure has the same limitation of being impacted 

by unmeasured variation in prior hysterectomy. However, the four states demonstrated 

significant variation in rates despite state-specific estimates of prior-hysterectomy rates. 

Our data is missing cases of hysterectomy for residents performed at out-of-state facilities, 

and therefore may slightly underestimate population rates. However, out-of-state residents 

represented <4% of hysterectomies from included states, and HSA borders were designed by 

patient flows to healthcare facilities, thereby minimizing issues of border crossing. Lastly, 

changes in procedure coding could affect our data, though no concerning trends were 

observed.

Interpretation

Our estimate of overall population rate of hysterectomy for benign disease appears higher 

than estimates for other geographic states/countries (49 per 10,000 vs. 34 in California27, 35 

in Austrailia,4 18 in Denmark,5 23 in Israel,6 17 in the Netherlands,7 30 in Switzerland8). 

Although none of these prior studies corrected for prior hysterectomy, our estimate without 

this correction of 42 per 10,000 adult female residents remains higher, indicating overall 

greater utilization of benign hysterectomy in the US versus comparable countries. The 

only corrected studies we identified, estimated a similar population rates of 48 per 10,000 

hysterectomy-eligible residents in Western Australia,28 and 47 in North Carolina,23 using 

similar data to our study. It is unclear if higher utilization in the US is related to 

demographic factors, practice differences, or some combination thereof. Observed small-

area variation in hysterectomy rates across HSAs was similar to prior estimates from other 

countries.5–8 as well as US studies of small areas of Massachusetts,29 and reproductive-age 

residents of North Carolina counties.30 Since the first descriptions of small-area variation 50 

years ago by Wennberg and colleagues,31 we have made little progress in reducing it.

In addition to adding adjustment for prior hysterectomy, our study sought to assess the 

contribution of local demographic factors to the variation, which few studies, particularly of 

hysterectomy, have attempted previously. We found that local observable HSA population 

demographics explained only 32% of variation overall. A similar study of Swiss HSAs 

found that 36% of the variation could be explained by observable factors,8 including a 

control for local concentration of gynecologists, which we lacked for our study. Importantly, 

we cannot determine whether the observed unexplained variation represents overutilization, 

underutilization, or a combination. Some unexplained variation may be warranted due to 

unobservable differences in distributions of gynecologic disease, or patient preference for 

this elective surgery. However, it is likely that, to some extent, this variation is unwarranted, 

either due to differences in local practice in the threshold for surgery, or due to geographic, 

racial, or socioeconomic disparities in access.

Graduates of trainee programs tend to most often practice regionally around the areas in 

which they trained,32 which may explain some variation across states. For example, the 

higher rate of surgery in Kentucky may indicate a lower local threshold for surgery, and 

the higher share of vaginal approach in North Carolina may indicate greater training in this 

technique. We also noted an increase in population rates with universal coverage eligibility 
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at age 65 via Medicare, despite a general decline in rates after age 50. The transition to 

Medicare eligibility has been associated with greater healthcare utilization in general,33 

and improvements in cancer screening rates in particular.34 This could represent pent-up 

demand from symptomatic but underinsured residents under the age of 65, and indicates 

the possibility of an undesired role of access, patient cost, or provider reimbursement in 

influencing the utilization of surgical management.

The decision to pursue hysterectomy for benign indications is a complicated choice 

influenced by both patient and provider factors. While our study indicates that a significant 

portion of variation cannot be explained by observable patient demographic factors, further 

research is needed to elucidate the unobserved drivers. Novel data sources are needed to 

assess the role of prevalence and severity of gynecologic disease for indication-specific 

study, as well as data on provider factors such as OB/GYN concentration, local practice 

patterns, and access to surgical care. We also observed interesting findings by race, with 

race-specific higher population rates of hysterectomy for benign disease among Black 

residents, but trends towards lower overall population rates in HSAs with higher proportion 

of Black residents in the population. This may be in part due to differing age distributions 

by race. Further work is needed to understand and minimize the role of race in healthcare 

utilization.

Conclusion

Hysterectomy for benign disease is a largely elective procedure with significant geographic 

variation in utilization, both in rate and route of surgery. A substantial proportion of this 

variation cannot be explained by differences in local population characteristics. While some 

of the unexplained variation may be attributable to differences in patient preferences for 

surgery, it is likely that differences in provider practice and disparate access to care are 

also unobserved drivers of variation in this study, which are unwarranted medically, and 

understudied in general. While our study is limited to the decentralized health system of 

the United States, similar trends have been observed in other countries and health systems. 

Across global health systems, we should design pathways that lead to valuing patient 

preferences, create equitable access, and minimize perverse incentives related to cost and 

reimbursement.35,36 Further work is needed to better understand the drivers of variation, 

particularly from the provider side, and to optimize the utilization of hysterectomy in benign 

gynecologic disease.
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Figure 1. 
Annual population rate of hysterectomy for benign disease per 10,000 hysterectomy-eligible 

residents by age, race, and state, Kentucky, Maryland, Florida, and North Carolina, 

2012-2016. Estimates averaged over included years, with error bars representing standard 

deviation. Excludes obstetric cases and ages <18.
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Figure 2. 
Violin plots depicting small-area variation in annual population rate of hysterectomy for 

benign disease per 10,000 hysterectomy-eligible residents across Hospital Service Areas, 

(A) by age, (B) race, (C) state, and (D) insurance, Kentucky, Maryland, Florida, and 

North Carolina, 2012-2016. Plotted areas represent kernel density frequency distribution 

of population rate estimates for individual Hospital Service Area mean rates over included 

years, with central dot marking median and box marking interquartile range (25th percentile 

to 75th percentile) for the distribution; excludes obstetric case and ages <18.
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Figure 3. 
Maps depicting geographic small-area variation in annual population rate of hysterectomy 

for benign disease per 10,000 hysterectomy-eligible residents across Hospital Service Areas 

in Kentucky (top left), Maryland (bottom left), North Carolina (top right), and Florida 

(bottom right) with darker colors for higher rates (bottom 10%ile, 10-25%ile, 25-50%ile, 

50-75%ile, 75-90%ile, and top 10%ile); excludes obstetric cases and ages <18.
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Figure 4. 
Small-area variation across Hospital Service Areas in the percent of cases of hysterectomy 

for benign disease performed by route: open, laparoscopic, vaginal, and minimally invasive 

surgery (MIS; laparoscopic or vaginal), Kentucky, Maryland, Florida, and North Carolina, 

2012-2016. Plotted areas represent kernel density frequency distribution of population rate 

estimates for individual Hospital Service Area mean rates over included years, with central 

dot marking median and box marking interquartile range (25th percentile to 75th percentile) 

for the distribution; excludes obstetric case and ages <18.
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