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Abstract

Objectives—To describe the US national trends and factors associated with cytoreductive 

surgical radicality in women with advanced ovarian cancer (OC).

Methods—An analysis of the National Inpatient Sample database was performed. All admissions 

from 1993 to 2011 for advanced OC cytoreductive surgery (CRS) were identified and categorized 

as simple pelvic (SP), extensive pelvic (EP), and extensive upper abdominal (EUA) surgery. 

Annual trends in CRS were analyzed. Associations between patient- and hospital-specific factors, 

with CRS radicality as well as perioperative complications were explored between 2007 and 2011.

Results—In total, 28,677 un-weighted admissions were analyzed. The rate of EP and EUA 

resections increased over time (8% to 18.1% and 1.3% to 5.4%, P < 0.01, respectively). On 

multivariate analysis, patients were more likely to undergo EUA resections in the Northeast (OR 

1.44) or West Coast (OR 1.47) at urban (OR 2.3), or large hospitals (OR 1.4), or if they had private 

insurance (OR 1.45). EUA surgeries were performed more frequently at high-volume ovarian 

cancer centers (OR 2.65); additionally, fewer complications were observed after EUA at high 

compared with low and medium volume hospitals (10.2%, 21.2%, and 21.7%, respectively; P = 

0.01). Specifically, patients treated at high volume hospitals experienced lower rates of 

hemorrhage, vascular/nerve injury, prolonged hospitalization, and non-routine discharge than at 

lower (P < 0.05).

Conclusions—The US rate of radical cytoreductive surgery for advanced ovarian cancer is 

increasing. At high-volume hospitals, patients receive more radical surgery with fewer 

complications, supporting further study of a centralized ovarian cancer care model.
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1. Introduction

The mainstay of treatment for advanced epithelial ovarian cancer consists of a combination 

of cytoreductive surgery and platinum/taxane based chemotherapy [1]. It is well established 

that residual disease volume following cytoreductive surgery is a major determinant of 

survival for women with ovarian cancer [1,2]. As the majority of women will be diagnosed 

with advanced stage disease, surgical cytoreduction often requires radical multi-organ 

resections to achieve the goal of “optimal” or complete removal of disease [3]. In 2009, Chi 

et al. described the improvement in both progression-free and overall survival resulting from 

a change in surgical paradigm occurring around the year 2000 [4]. The incorporation of 

radical upper abdominal surgery led to increased rates of optimal and more importantly 

complete gross resection of disease. While these procedures carry an increased risk of peri-

operative morbidity [5], the National Comprehensive Cancer Network (NCCN) Guidelines 

for Ovarian Cancer and the Society for Gynecologic Oncology continue to recommend 

maximal surgical effort in the upfront setting when feasible due to the survival benefit 

associated with complete cytoreduction [1,4].

Unfortunately, access to cancer specialists such as gynecologic oncologists, and treatment 

with standard of care surgery and chemotherapeutic regimens vary significantly across the 

country. Disparities in ovarian cancer clearly still exist [6,7], with many studies 

demonstrating significant racial, socioeconomic and geographic disparities in the quality of 

ovarian cancer care in the United States [7–13]. Approximately 50% of women with ovarian 

cancer receive suboptimal surgical staging with factors such as hospital and surgeon ovarian 

cancer volume playing a significant role in the receipt of adequate care [14]. Furthermore, 

patients treated at hospitals with high ovarian cancer volumes are more likely to be offered 

NCCN adherent and experience better survival outcomes than those treated at lower volume 

facilities [11].

Determining the optimal allocation of maximal cytoreductive surgical efforts is complex and 

challenging. Patient and physician specific factors, such as a patient’s age, performance 

status, disease burden and personal preferences, as well as surgeon philosophy and expertise, 

all contribute to the decision making process. Other factors, such as race, socioeconomic 

status, insurance status, geographic location, and hospital type inevitably impact these 

decisions as well. Without a better understanding of these factors, the goal of achieving 

equal and optimal care to all patients with ovarian cancer becomes exceedingly difficult. 

Therefore, the objective of this study is to describe the trends in radical cytoreductive 

procedures in the United States over the past 20 years and to examine the association of 

patient and systems based factors on the rate and outcomes of radical cytoreductive surgery 

in a contemporary time period.
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2. Materials and methods

2.1. Database and population

This was an institutional review board exempt, retrospective cohort analysis of the National 

Inpatient Sample Database of the Agency for Healthcare Research and Quality’s Healthcare 

Cost and Utilization Project (NIS-HCUP) [15,16]. The Nationwide Inpatient Sample is the 

largest publicly available database in the U.S. and includes patient-level hospital discharge 

data from a representative stratified, weighted sample of 1051 U.S. hospitals in 45 states. 

Sampling weights were applied to provide national estimates.

All admissions from 1993 to 2011 for women undergoing cytoreductive surgery for 

advanced ovarian cancer were included in the analysis. Due to the lag in reporting of 

national databases, at the time of data analysis only 2011 data was available. Furthermore, 

data after 2011 was abstracted using a different sampling mechanism which includes self-

weighted systematic data. As such decision was made not to use data after 2011 to ensure 

homogeneity in data collection and applied weights and eliminate any bias in the trend 

analysis that could be introduced by comparing datasets with different sampling 

mechanisms.

Similar to prior studies [5,17] the definition for primary surgical treatment for ovarian cancer 

was defined as a laparotomy with oophorectomy (ICD9 65.3, 65.39, 65.5, 65.51, 65.52, 

65.4, 65.49, 65.61, 65, 62) in combination with excision or destruction of a peritoneal lesion 

(ICD9 54.4) in patients with ovarian cancer (ICD9 183.0). Subsequently, analysis was 

limited to patients with advanced metastatic ovarian carcinoma by using the “late/advanced” 

variable as defined by the NIS-HCUP. Age was analyzed as a categorical variable of greater 

or <65 years, race as White, Black, Hispanic, Asian, or Native American (as per the HCUP 

classification) and comorbidities were assessed utilizing the Elixhauser Comorbidity Index 

as 0, 1–2, or >3. The Elixhauser Comorbidity Index is based on the presence or absence of 

31 individual conditions. The index score is based on the cumulative number of conditions 

present [18]. The Elixhauser Comorbidity Software was developed as part of the Healthcare 

Cost and Utilization Project was used for calculation of this score. Patient income was 

stratified by quartile. Hospitals were then assessed for size, rural or urban setting, teaching 

status, and for geographic location (West, Midwest, Northeast, and South). Hospitals were 

further classified based upon annual ovarian cancer surgical volume into equal tertiles (low:

1–6 cases annually, medium: 6–28 cases annually, high: >28 cases annually) by dividing the 

total number of ovarian cancer procedures performed by the number of years in which the 

individual hospital had at least one ovarian cancer surgery recorded.

Surgical procedures were classified into three categories based on the complexity of the 

surgical procedure and the utilization of radical procedures: simple pelvic (SP), extensive 

pelvic (EP), or extensive upper abdominal (EUA). Patients were classified into the EUA 

category if they underwent a splenectomy, pancreatic resection, cholecystectomy, liver 

resection, or diaphragm resection. Patients were categorized into the EP category if they 

received procedures that include small bowel resection, recto-sigmoid resection, colectomy, 

or a bladder resection. All other patients were classified as SP. Postoperative complications 

that occurred during the primary hospitalization were grouped based on their nature into 
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medical complications (myocardial infarction, cardiopulmonary arrest, respiratory failure, 

renal failure, stroke, shock, and venous thromboembolism), infectious complications (wound 

infections, pneumonia, bacteremia, postoperative abscess), hemorrhage, nerve or vessel 

injury, prolonged hospitalization (index hospitalization >7 days) and non-routine discharge 

(discharge to skilled nursing facility, rehab, short term hospital, intermediate care facility, or 

hospice). Perioperative mortality was defined as death during the index hospitalization.

2.2. Statistics

Trends in cytoreductive effort were abstracted from 1993 to 2011 and stratified across the 

three surgical categories (SP, EP, EUA). The Joint-point Regression Program, (Version 

4.2.0.2. June 2015; Statistical Research and Applications Branch, National Cancer Institute) 

was used for trend analysis with significance set at 0.05% [19]. The average annual percent 

change (AAPC) was calculated for each surgical category between 1993 and 2011. Specific 

trends were identified and more detailed trend analysis was undertaken for a better 

understanding of the temporal changes using 2 joint points. The specific annual percent 

change (APC) was then calculated for the time periods between each joint point. The 

empirical quantile method and the parametric method were used to construct 95% CI for 

AAPC and APC.

To evaluate factors associated with surgical radicality in a contemporary time period, data 

from patients with advanced ovarian cancer between 2007 and 2011 was weighted and 

grouped and then compared utilizing the χ2 test. Multivariable logistic regression analysis 

was then performed to identify factors that were independently associated with the 

performance of EUA procedures. Finally, Fischer’s Exact test was used to identify the 

impact of hospital ovarian cancer volume on the rate complications, specifically in patients 

who received EUA procedures. STATA 13 and SAS 9.2 were used for statistical analysis 

with statistical significance set at 0.05.

3. Results

3.1. Trend analysis 1993–2011 (Figs. 1, 2)

Between 1993 and 2011, 28,677 primary un-weighted surgical admissions for advanced 

ovarian cancer were identified with in the NIS database. Simple pelvic resections were 

performed in 71.4%, extensive pelvic in 22.9%, and extensive upper abdominal in 5.7% of 

patients. The rate of SP resection decreased significantly over the time period with an 

average annual percentage change (AAPC) of −1.1%, 95% CI −1.7, −1.2). The rate of 

decline was sharpest between 1993 and 1996 (APC: −2.6%, 95% CI −5.0%, −0.2%), was 

stable between 1996 and 1999 (APC: 1.85, 95% CI −3.1%, 6.9%) and resumed its decline 

between 1999 and 2011 (APC −1.5%, 95% CI −1.7%, −1.2%). The rate of extensive pelvic 

procedures increased over the study period with an AAPC of 1.8%, 95% CI 0.0%–3.5%. 

The proportion of patients receiving EP remained stable between 1993 and 1996 and 

between 1996 and 1999 (APC 7.7% and −3.1% p value > 0.05) but significantly increased 

after 1999 with an APC of 1.8%, 95% CI 0.9%–2.7%. Similarly, the proportion of patients 

undergoing extensive upper abdominal procedures remained stable between 1993 and 1996 

and 1996–1999 (APC 10.6 and −9.7 p value > 0.05) but exhibited a sharp and continuous 
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increase after 1999 with an APC of 10.5%, 95% CI 5.6%–12.5%. The AAPC for EUA from 

1993 to 2011 was 6.9%, 95% CI 1.6%–12.4%.

3.2. Factors associated with extensive upper abdominal procedures (2007–2011)

To identify factors associated with extensive upper abdominal procedures during a 

contemporary time period, the second part of our analysis was limited to the last five years 

of available data (2007–2011). During this time period, and after applying the appropriate 

statistical weights, 34,387 primary weighted cytoreductive procedures were identified (Table 

1). Most patients were younger than 65 (58.3%), white (79.3%), had private insurance 

(45.9%) and had an Elixhauser score >3 (50.5%). Ovarian cancer surgery was performed 

mostly at large hospitals (73.8%), assigned as teaching institutions (76.4%). Most 

procedures were performed at medium and high ovarian cancer volume hospitals (43.7% and 

43.3% respectively).

On univariate analysis, patients were more likely to receive EUA procedures if they were 

younger than 65 years of age (p < 0.001), were treated at urban (p = 0.01) teaching (0.002) 

hospitals, or were operated on in the Northeast (p < 0.001). Furthermore, patients who 

underwent EUA procedures were more likely to have a higher Elixhauser comorbidity index 

on univariate analysis. While race and income quartile were not significantly associated with 

surgical radicality (p > 0.05), insurance status was, with the highest proportion of patients 

undergoing EUA procedures found in those who were privately insured (p < 0.001). Hospital 

ovarian cancer volume was significantly associated with performance of EUA procedures as 

well, with the highest proportion of patients receiving EUA procedures occurring at high 

ovarian cancer volume centers (>28 cases annually) (Table 2).

On multivariate analysis (Table 3) hospital ovarian cancer volume was most predicative of 

performance of EUA procedures OR 2.65, 95% CI (1.82–3.83). Other factors associated 

with EUA resections include urban location OR 2.3, 95% CI (1.07–4.97), large hospitals OR 

1.4, 95% CI (1.01–2.19), and private insurance OR 1.45, 95% CI (1.09–195). Patients 

treated in the South had the lowest rate of EUA procedures (referent), where patients treated 

in the Northeast (OR 1.44, 95% CI 1.16–1.78) and West Coast (OR 1.47, 95% CI 1.19–1.82) 

had the highest percentage of EUA resections. Age, race, and hospital teaching status were 

not found to be significant (P < 0.05).

3.3. Complications in patients undergoing extensive upper abdominal procedures (2007–
2011)

During the 2007–2011 time period, 3156 patients underwent extensive upper abdominal 

procedures. Within this subgroup of patients, complications were stratified by hospital 

ovarian cancer volume (Table 4). The rate of any complication occurring was significantly 

lower in high volume hospitals (18%) when compared with low and medium volume 

hospitals (23.8% and 21.7% respectively p = 0.01). The OR for any complication occurring 

when comparing high volume hospitals versus medium and low ovarian cancer volume 

hospitals was 0.77, 95% CI (0.65–0.92). Similarly, performance of EUA procedures at high 

ovarian cancer volume hospitals (>28 cases annually) resulted in less patients experiencing 

prolonged hospitalization OR 0.79, 95% CI (0.64–0.98) and less vascular and nerve injury at 
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the time of surgery OR 0.48 95% CI (0.27–0.85). Patients treated at low ovarian cancer 

volume hospitals (<6 cases annually) were more likely to experience an intraoperative 

hemorrhage OR 3.02 95% CI (1.05–8.64).

4. Discussion

Our data suggest that over the last two decades, there has been a nationwide trend in the U.S. 

towards more radical cytoreductive surgery for women with advanced ovarian cancer. 

Traditional “simple” cytoreduction (categorized as “simple pelvic” resections) occur less 

frequently and the incorporation of extensive upper abdominal procedures in cytoreductive 

surgical practice has increased. While these data demonstrate that surgical efforts have 

become increasingly radical over time, they also highlight significant disparities in access to 

optimal surgical care in this country. Whereas previous studies have shown racial, 

socioeconomic, and geographic disparities exist with regard to adherence to minimal NCCN 

guidelines in ovarian cancer care [14,17,20,21], our study results suggest that there may also 

be significant disparities with regard to access to optimal surgical care, and specifically, 

access to radical surgical procedures that lead to better survival outcomes for patients 

[4,18,19]. Patients who underwent the most radical procedures (EUA) at the time of ovarian 

cancer surgery were more likely to have private insurance and receive treatment at large, 

high volume and urban hospitals. These factors suggest that the socioeconomic and 

geographic inequalities in our society may translate to a disparity in the care that women 

with ovarian cancer receive, with insured women living in urban areas having potentially 

greater access to high quality subspecialty oncology care.

Notably, our findings suggest that race is not an independent predictor of access to radical 

surgery. Prior studies have demonstrated the negative association between black race and 

NCCN guideline adherent care [22], and a shorter overall survival in black women with 

ovarian cancer [23]. On the other hand, the Health Disparities Taskforce of the Society of 

Gynecologic Oncology reported in 2014 that once adjustments are made for disease 

characteristics and socioeconomic status, racial disparities are reduced and/or eliminated in 

many studies [24]. It is difficult to isolate race as an independent variable given the 

intertwined nature of race and socioeconomic status in the United States and it also is 

plausible that unevaluated confounders still exist that could impact access to radical surgical 

care.

As the radicality of ovarian cancer surgery increases, so does the risk of perioperative 

morbidity. Previous analysis of the same HCUP-NIS database reported a higher rate of 

complications with the use of radical cytoreductive procedures at the time of ovarian cancer 

surgery [5]. Other studies have shown that despite the increased morbidity of these surgical 

procedures, there is still a survival benefit to optimal cytoreduction, especially when the 

outcome is no gross residual disease. Therefore, the goal of these procedures should be to 

maximize oncologic outcomes while minimizing surgical morbidity. The current study 

examined the rates of complications amongst patients who undergo a similar cytoreductive 

effort, specifically, the extensive upper abdominal procedures group. When these procedures 

are performed at high volume centers (performing >28 cases annually), the overall 

complication rate was significantly lower than when these procedures are performed at low 
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and medium volume centers (centers that perform < 28 cases annually). A recent 

Nationwide Inpatient Sample study showed that despite having a slightly higher rate of 

postoperative complications, high volume ovarian cancer hospitals were able to “rescue” 

patients at a significantly higher rate after complications arise [25], whereas patients treated 

at low volume hospitals were 50% more likely to die after experiencing a complication. 

Currently, 65–80% of initial surgery for advanced ovarian cancer in the United States is 

performed at low to medium volume centers [26,27].

Our results contribute to the growing body of literature supporting a centralized care model 

for women with advanced ovarian cancer. Such model would result in a larger proportion of 

women receiving care at high volume ovarian cancer centers which is associated with higher 

rates of complete cytoreduction [28], longer overall survival [29,30], and as described above, 

a lower rate of perioperative complications. Bristow et al., further showed that while initial 

cost of referring patients to high volume centralized ovarian cancer centers may be higher, 

the improvement in quality of life adjusted years results in significant cost effectiveness 

[31].

A centralized cancer care model has been implemented in smaller countries with more 

homogeneously spread out population centers [32]. In the US, specialized centers have been 

award NCI designation as when a critical mass of cancer related expertise is available. To 

gain a comprehensive cancer center designation a center must meet criteria that include 

programs in clinical, basic science and translational science research. Furthermore it must 

contribute to the training and education of healthcare professionals, perform community 

outreach and education, include cancer prevention and control programs, and provide cancer 

information services. Most importantly, the center must be involved in innovative cancer 

treatments and clinical trials. For other cancer disease sites, surgical outcomes have been 

shown to be improved for patients treated at NCI-designated Cancer Centers [33]. Cancer 

specific mortality has additionally been shown to be decreased when patients are treated as 

NCI-designated sites [34]. Our data showed a similar effect of treatment at centers where 

disease specific expertise is available, and although race was not correlated to receipt of 

more radical surgery in our model, our results mirror other studies which have shown 

insurance and socio-economic status to be significant barriers receipt of high quality care at 

high volume centers.

While decreasing the number of centers that provide cancer care will undoubtedly be 

associated with the benefits described above, the distance to these centralized centers should 

not exceed a yet to be determined threshold distance to avoid creating another barrier to 

care. Furthermore, third party payers must be willing to accept the increase initial cost that 

may result from referral to centers of excellence and must be incentivized to do so. These 

high volume centers should be equipped with the ability to accept the increased patient 

volume associated with new referral practices to avoid treatment delays that can negatively 

impact patient outcomes. These, and other barriers to centralized cancer care should be 

addressed by our evolving health care system to improve quality of care and the quality of 

life of cancer patients.
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Given this growing body of evidence, it is difficult to justify performance of complex, high 

morbidity surgery for ovarian cancer by hospitals and surgeons without the minimal volume, 

and training to develop the expertise required to manage all aspects of perioperative care in 

ovarian cancer surgery. Fewer than 50% of patients with ovarian cancer in the United States 

are treated by gynecologic oncologists [35] and this has been shown to negatively impact 

survival [36] and increase postoperative complications and death [25]. As such, local health 

care leadership should identify situations where referral to higher levels of care is 

logistically feasible and encourage these referrals from lower volume surgeons and non-

gynecologic oncologists, and from lower ovarian cancer volume hospitals. Adherence to 

responsible referral patterns should be considered a quality measure to further encourage 

best practices.

Limitations of this study include those inherent to administrative claims databases especially 

with regard to incomplete coding and missing data. This study is also limited by the lack of 

data on residual disease, chemotherapeutic regimens, and survival outcomes, and therefore, 

the assumption of benefit from radical cytoreductive surgery must be extrapolated from prior 

work. Furthermore, due to the inevitable time lag associated with administrative claims data, 

there could theoretically be change in the trend of radical cytoreductive surgery after 2011. 

Furthermore, the etiology of the low rate of EUA resections (5.4%) is unclear but probably 

multifactorial. Surgeon philosophy, skill level, comfort with radical upper abdominal 

resections, and having the infrastructure to postoperatively manage patients who receive 

these radical procedures could potentially all play a role in this lower rate. As with any 

administrative claims database, failure to capture is another potential factor. This may be less 

likely given the extensive validation of the HCUP-NIS database.

In conclusion, this study describes an increase in radicality of ovarian cancer surgery in 

recent times. Surgical care is not uniform, however, differences in geographic location, 

hospital type, and insurance status are seen in the application of optimal surgical 

management. In order to provide the optimal surgical care to patients to maximize oncologic 

outcomes and minimize complications, systems-related disparities must be examined and 

addressed. Centralization of care, or development of more formal hybrid, systems-based care 

models, is one potential mechanism to optimize the care of all women with ovarian cancer.
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HIGHLIGHTS

• Ovarian cancer surgical radicality has increased in the United States.

• A disparity exists in the receipt of maximal cytoreductive effort in the US.

• Both patient and healthcare system factors contribute to this disparity.

• Ovarian cancer volume correlates with surgical radicality and complication 

rates.

• A centralized ovarian cancer care model may improve patient outcomes.
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Fig. 1. 
Trends in Surgical Radicality in Ovarian Cancer 1993–2011. Simple pelvic (left axis): 

procedures not classified as extensive pelvic or extensive upper abdominal. Extensive Pelvic 

(right axis): procedures that include small bowel resection, recto-sigmoid resection, 

colectomy, bladder resection. Extensive upper abdominal (right axis): procedures that 

include splenectomy, cholecystectomy, liver resection, diaphragm resection.
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Fig. 2. 
Trend Analysis for the Proportions of Simple Pelvic (2A), Extensive Pelvic (2B), and 

Extensive Upper Abdominal Procedures (2C). APC: annual percent change. ˆ: p value for 

APC <0.05.
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Table 1

Weighted demographic and clinical factors 2007–2011 n = 34,387.

Total number Percent

Age

<65 20,049 58.3

>65 14,336 41.7

Elixhauser score

0 15,539 45.2

1–2 1508 4.3

>3 17,337 50.5

Race/ethnicity

White 22,966 79.3

Black 1732 6.0

Hispanic 2229 7.7

Asian 822 2.8

Native American 1219 4.2

Income quartile

Q1 6672 19.8

Q2 7681 22.8

Q3 8854 26.3

Q4 10,462 31.1

Hospital size

Small 2460 7.3

Medium 6443 18.9

Large 25,139 73.8

Hospital type

Rural 901 2.6

Urban 22,141 97.4

Hospital teaching status

Teaching 26,007 76.4

Nonteaching 8035 23.6

Hospital location

Northeast 7428 21.6

Midwest 7368 21.5

South 11,515 33.5

West 8058 23.4

Insurance status

Medicare 14,201 41.4

Medicaid 2284 6.6

Commercial insurance 15,741 45.9

Other 2093 6.1

Ovarian cancer volume
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Total number Percent

Low 4468 13.0

Medium 15,030 43.7

High 14,888 43.3
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Table 2

Univariate analysis of factors associated with surgical radicality in advanced ovarian cancer n = 34,387.

Simple pelvic Extended pelvic Extensive upper abdominal P value

Age

<65 67.6% 22.0% 10.3%

>65 62.9% 29.5% 7.5% <0.001

Elixhauser score

0 71.5% 20.6% 7.9%

1–2 71.0% 21.9% 7.2%

>3 59.9% 29.6% 10.5% <0.001

Race

White 64.4% 26.4% 9.1%

Black 68.5% 23.1% 8.4%

Hispanic 69.2%% 21.3% 9.4%

Asian 67.2% 23.0% 10.1%

Native American 66.5% 21.7% 11.7% 0.098

Income quartile

Q1 65.7 25.1 9.2

Q2 67.8 24.7 7.5

Q3 66.1 25.1 8.8

Q4 64.2 25.3 10.5 0.095

Hospital size

Small 63.4 25.6 11.1

Middle 71.3 23.3 5.4

Large 64.3 25.7 10.0 <0.001

Hospital type

Rural 75.1 20.9 3.9

Urban 65.3 25.3 9.4 0.01

Teaching 65.5 24.6 9.9

Nonteaching 65.8 27.3 7.0 0.002

Hospital location

Northeast 66.6 22.1 11.3

Midwest 67.6 23.3 9.1

South 64.8 27.8 7.4

West 64.2 26.0 9.8 <0.0001

Insurance status

Medicare 63.7 29.3 7.0

Medicaid 70.3 19.2 10.5

Commercial insurance 66.2 23.0 10.8

Other 69.9 19.8 10.4 <0.0001

Ovarian cancer volume

Low 67.7 27.6 4.8
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Simple pelvic Extended pelvic Extensive upper abdominal P value

Medium 68.1 24.3 7.6

High 62.6 25.4 12.1 <0.0001
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Table 3

Multivariate analysis of factors associated with extensive upper abdominal procedures.

Odds Ratio P Value 95% CI LL 95% CI UL

Age > 65 1.10 0.51 0.83 1.47

Elixhauser score

 0 (Ref)

 1,2 0.93 0.75 0.61 1.42

 >3 2.01 0.00 1.70 2.37

Race

 White (Ref)

 Black 0.94 0.72 0.66 1.34

 Hispanic 1.08 0.63 0.80 1.46

 Asian 1.00 0.99 0.65 1.56

 Native American 1.23 0.29 0.84 1.80

Hospital Size

 Small (Ref)

 Middle 0.91 0.67 0.59 1.41

 Large 1.57 0.02 1.07 2.32

Hospital type

 Rural Ref

 Urban 2.53 0.02 1.18 5.43

Teaching status

 Non-teaching Ref

 Teaching 0.92 0.45 0.74 1.14

Hospital location

 South Ref

 Northeast 1.44 0.00 1.16 1.78

 Midwest 1.10 0.48 0.84 1.44

 West 1.47 0.00 1.19 1.82

Insurance status

 Medicare Ref

 Medicaid 1.34 0.16 0.89 2.02

 Commercial insurance 1.45 0.01 1.09 1.95

 Other 1.30 0.21 0.86 1.97

Ovarian cancer volume

 Low Ref

 Medium 1.78 0.00 1.27 2.48

 High 2.42 0.00 1.74 3.38
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Table 4

Complications in extensive upper abdominal group by hospital ovarian cancer volume.

Hospital ovarian cancer volume

Complications in patients undergoing EUA n = 3156 Low Medium High p value

Any complication 23.8 21.7 18.0 0.01

Medical complication 0.9 1.2 1.0 0.2

Infectious complication 3.3 3.1 2.8 0.5

Hemorrhage 1.9 1.4 0.8 0.09

Nerve or vessel injury 1.4 2.1 1.1 <0.01

Prolonged Hospitalization > 7 days 15.0 12.7 10.9 0.04

Non-routine discharge 0.9 0.8 1.3 0.2

Mortality 0.5 0.3 0.1 0.11
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