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Objective. To examine changes in performance and outcomes of pelvic exenteration for gynecologic malig-
nancies.

Methods. This is a population-based retrospective study examining the Nationwide Inpatient Sample be-
tween 2001 and 2015.Womenwith cervical, uterine, vaginal, and vulvarmalignancieswhounderwent pelvic ex-
enteration were examined. Comorbidity, perioperative complications, total charges, length of stay, andmortality
were assessed.

Results. Therewere 2647 cases included. Cervical cancerwas themost commonmalignancy (45.1%), followed
by vaginal cancer (27.6%). 26.9% of women had a Charlson Comorbidity Index ≥3, which significantly increased
from 23.3% in 2001–2005 to 33.3% in 2011–2015 (42.9% relative increase, P b 0.001). Obese women undergoing
exenteration increased significantly from 4.5% in 2001–2005 to 19.4% in 2011–2015 (3.3-fold relative increase, P
b 0.001). The perioperative complication rate was 68.1%, including 38.7% with multiple complications. The mor-
tality rate was 1.9%. The number of women with multiple perioperative complications increased from 29.4% in
2001–2005 to 52.8% in 2011–2015 (78.6% relative increase, P b 0.001). More recent year of surgery, obesity,
higher comorbidity, higher household income, surgery at large bedsize hospital, urinary diversion, vaginal recon-
struction, and vulvar cancer were associated with an increased risk of multiple complications on multivariable
analysis (all, P b 0.05). Median length of stay was 14 (IQR 9–21) days, and the number of women hospitalized
≥28 days significantly increased from 12.6% in 2001–2005 to 19.1% in 2011–2015 (51.6% relative increase, P b

0.001). The median corrected total charges increased from $121,854 to $185,100 between 2001 and 2015 (net
difference +$63,246, 51.9% relative increase, P b 0.001).

Conclusion. Women undergoing pelvic exenteration for gynecologic malignancies became more obese and
comorbid during the study period. Pelvic exenteration for women with gynecologic malignancies is associated
with high morbidity and mortality as well as substantial treatment-related costs.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Pelvic exenteration is a rare radical surgical procedure to remove the
visceral pelvic organs with or without the perineum in an en-bloc fash-
ion [1,2]. In the area of gynecologic malignancies, pelvic exenteration is
typically performed for recurrent cervical, uterine, vaginal, and vulvar
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cancers located in the central pelvis. Survival rates after pelvic exenter-
ation have been reported as 32–47% for overall survival and 40–52% for
recurrence-free survival, highlighting the importance of this surgical
procedure as an option for salvage therapy with a therapeutic intent
[3–9]. Pelvic exenteration, however, is associated with high periopera-
tive morbidity due to the nature and extent of surgery, with complica-
tion rates previously quoted as 51–88% [5,6,10]. Therefore, careful
patient selection balancing risks and benefits is a crucial step when
discussing this high-risk, high-return surgery.

The clinical characteristics of womenwith gynecologic malignancies
whoundergo pelvic exenteration have been changing over past decades
in the United States. First, demographics of US adults have significantly
shifted to a more obese and older population [11,12]. Second, the indi-
cations for and utilization of pelvic irradiation have expanded in the
treatment of gynecologic malignancies [13,14]. Third, pelvic exentera-
tion as a treatment option has expanded to include the non-central pel-
vic lesion or for palliative use as chemotherapy options for control of
non-symptomatic distantmetastases have improved [6]. Lastly, the evo-
lution of surgical techniques such as reconstructive surgery, the avail-
ability of newer surgical instruments that hemostatically incise, and
improving perioperative care in recent years may affect patient selec-
tion by surgeons [1,5].

All these factors may directly or indirectly impact the performance
and outcome of pelvic exenteration. Thus, we hypothesized that there
may be changes in patient characteristics and perioperative outcomes
of women with gynecologic malignancies who undergo pelvic exenter-
ation over time. To date, population-based statistics have been lacking
to examine trends and outcomes of pelvic exenteration in gynecologic
malignancies: here, we examined recent trends and performance of
this surgical procedure performed for cervical, uterine, vaginal, and vul-
var cancers.

2. Materials and methods

2.1. Data source

The Nationwide Inpatient Sample is a publically available and
deidentified population-based database that is distributed as part of
theHealthcare Cost and Utilization Project by the Agency for Healthcare
Research and Quality [15]. This database includes hospital discharge
data for N36 million hospitalizations per year when weighted, and it
provides patient demographic, clinical, and resource-use information,
such as patient length of stay and hospital charges, as well as hospital-
specific data, including location, bed-size, and teaching status. On aver-
age, over 90% of the United States population is represented in this da-
tabase between 2001 and 2015. The University of Southern California
Institutional Review Board deemed the study exempt due to the use
of publicly available deidentified data.

2.2. Design and eligibility

This is a retrospective study examining the Nationwide Inpatient
Sample between January 2001 and September 2015. Women with cer-
vical, uterine, vaginal, and vulvar malignancies who underwent pelvic
exenterationwere eligible for the study. Exclusion criteria included pel-
vic exenteration performed for non-gynecologicmalignancies including
bladder, anal, and rectal cancers, and pelvic exenteration for unknown
cancer type. Cases of ovarian and fallopian tubal malignancies were
also excluded because distinguishing pelvic exenteration from radical
cytoreductive surgery is not feasible in this database and this procedure
is rarely performed for these diseases in general.

2.3. Clinical information

Among eligible cases, the following informationwas abstracted from
the database: patient baseline demographics, hospital information,
operative details, and outcome of the index admission. Patient demo-
graphics included age, race/ethnicity, medical comorbidities, obesity,
primary expected payer, and median household income. Charlson Co-
morbidity Index was determined for each patient based on the codes
for the specified medical conditions in each category and weighted ap-
propriately to calculate a final score (Table S1) [16]. This index, pro-
posed in 1987, is determined based on the type, number, and extent
of medical comorbidities, and it has been widely utilized to predict out-
comes of interest such as surgical morbidity and mortality as well as
survival prognosis [16]. Hospital data included calendar year of hospi-
talization, hospital bedsize, teaching status, and hospital region. Hospi-
tal bedsize is defined by hospital geographic region, urban-rural
designation, and teaching status [17]. Operative details included use of
lymphadenectomy, colostomy, urinary diversion, flap, and vaginal re-
construction at pelvic exenteration. The outcomes for analysis were
perioperative complications, length of hospital stay, and total charges
at time of discharge.

2.4. Study definition

In 2012, the Nationwide Inpatient Sample was redesigned to im-
prove national estimates and patient confidentiality andminimize sam-
pling errors.We accounted for these changes byweighting andmerging
the corresponding variables properly before and after 2012. The Inter-
national Classification of Disease 9th revision codes remained the
same during the study period between 2001 and 2015.

Study periodwas grouped every five years (2001–2005, 2006–2010,
and 2011–2015). The International Classification of Disease 9th revision
(ICD-9) code for pelvic evisceration (68.8)was used as the surrogate for
pelvic exenteration in the study as described previously [2,18]. There is
no specific ICD-9 code for total, anterior, and posterior exenteration.
Obesity was defined by ICD-9 coding as body mass index of
≥30 kg/m2. The crude total charge in each case was corrected for the
2015 value based on the medical inflation rate from the year of pelvic
exenteration, ranging from 2.63% for 2014–2015 to 63.79% for
2001–2015 (Table S2) [19].

Perioperative complications, includingboth intraoperative andpostop-
erative complications before hospital discharge, were defined as the pres-
ence of any of the following: hemorrhage, shock, wound complications,
thromboembolism, cerebrovascular disease or stroke, cardiac failure,myo-
cardial infarction, pneumonia, respiratory failure, systemic inflammatory
response syndromeor sepsis, ileus or small bowel obstruction, vascular in-
jury, acute kidney injury, pyelonephritis, abscess,fistula, intestinal perfora-
tion, and death during the index admission (Table S1). Designation of
multiple complications in this study refers to any two or more of these
complications during the index admission. The database does not caption
the information for complication after the initial discharge.

2.5. Study objective

The primary objective of the analysis was to estimate the trends and
outcomes during hospital admission for pelvic exenteration performed
for gynecologicmalignancies between 2001 and 2015. Specifically, peri-
operative complications, length of stay, and total charge for the index
admission for pelvic exenterationwere examined. The secondary objec-
tivewas to identify clinico-demographics associatedwithmultiple com-
plications or death during the index admission.

2.6. Statistical methods

All the analyses were based on weighted values. Normality of contin-
uous variables was assessed with the Kolmogorov-Smirnov test. The
Kruskal Wallis H test and chi-square test were used to assess the differ-
ence in multiple groups of more than two groups. The Spearman's coeffi-
cient was used for assessing the correlation between continuous
variables.
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A binary logistic regression model was used to identify contributing
factors for perioperative multiple complications at pelvic exenteration
onmultivariable analysis. All the covariateswith P b 0.05 on univariable
analysis were entered in the initial model. Conditional backward
method was used to retain covariates with P b 0.05 in the final model.
This methodology was used based on relatively small sample size in
our study. The magnitude of statistical significance was expressed
with adjusted odds ratio (OR) and 95% confidence interval (CI).

The Joinpoint Regression Program (version 4.4.0.0), which is pro-
vided by theNational Cancer Institute,was utilized to evaluate temporal
trends. Time point data was examined annually to identify temporal
changes as previously described [20]. Temporal trend was examined
with a linear segmented regression test, and log-transformation was
performed to determine the annual percent change and 95%CI.

In an attempt to predict a subgroup of womenwith increased risk of
death during the index admission, a recursive partitioning analysis was
performed to construct a classification-tree model for mortality pattern
Table 1
Patient demographics.

Characteristic All 2001–2005

Number N = 2647 n = 716

Cancer type
Cervical 1194 (45.1%) 347 (48.5%)
Uterine 394 (14.9%) 87 (12.2%)
Vaginal 729 (27.6%) 211 (29.5%)
Vulvar 328 (12.4%) 70 (9.8%)

Age (yr) 56 (IQR 47–66) 56 (IQR 46–6
b50 792 (29.9%) 226 (31.6%)
50–69 1411 (53.3%) 354 (49.4%)
≥70 444 (16.8%) 136 (19.0%)

Race/ethnicity
White 1661 (62.8%) 433 (60.5%)
Black 233 (8.8%) 38 (5.3%)
Hispanic 214 (8.1%) 22 (3.1%)
Others 142 (5.4%) 45 (6.3%)
Missing 396 (15.0%) 178 (24.9%)

Obesity
No 2343 (88.5%) 684 (95.5%)
Yes 304 (11.5%) 32 (4.5%)

Charlson Index
0 1076 (40.7%) 315 (44.0%)
1 562 (21.2%) 181 (25.3%)
2 296 (11.2%) 53 (7.4%)
3–5 262 (9.9%) 38 (5.3%)
≥6 450 (17.0%) 129 (18.0%)

Median household income
≤$38,999 565 (21.4%) 112 (15.6%)
$39,000–$47,999 677 (25.6%) 184 (25.7%)
$48,000–$62,999 711 (26.9%) 192 (26.8%)
≥$63,000 573 (21.7%) 201 (28.1%)
Missing 120 (4.5%) 27 (3.8%)

Primary expected payer
Medicare 777 (29.4%) 205 (28.6%)
Medicaid 578 (21.8%) 130 (18.2%)
Private including HMO 1096 (41.4%) 359 (50.1%)
Others/missing 195 (7.4%) 22 (3.1%)

Hospital bedsize
Small 207 (7.8%) 62 (8.7%)
Medium 447 (16.9%) 138 (19.3%)
Large 1977 (74.7%) 516 (72.1%)
Missing 16 (0.6%) *

Hospital teaching status
Rural 14 (0.5%) *
Urban non-teaching 331 (12.5%) 116 (16.2%)
Urban teaching 2286 (86.4%) 590 (82.4%)
Missing 16 (0.6%) *

Hospital region
Northeast 385 (14.6%) 81 (11.3%)
Midwest 535 (20.2%) 183 (25.6%)
South 969 (36.6%) 283 (39.6%)
West 757 (28.6%) 168 (23.5%)

Median (IQR) or number (percent per column) is shown. Kruskal-Wallis H test or chi-square te
suppress per the Healthcare Cost and Utilization Project. **not assessed due to suppressed num
[21]. All perioperative complications were entered in the analysis, and
the chi-square automatic interaction detector method was used for
the model. In a sensitivity analysis, only cervical cancer cases were ex-
amined. This is based on the rationale that cervical cancer is the most
common gynecologic malignancy for which pelvic exenteration is per-
formed [3–9].

All statistical analyses were based on two-tailed hypotheses, and a P
b 0.05was considered statistical significant. Statistical Package for Social
Sciences (IBM SPSS, version 24.0, Armonk, NY) was used for the analy-
sis. The STROBE guidelines were consulted for the performance of the
observational cohort study [22].

3. Results

There were 23,740 cases of pelvic exenteration initially identified in
the database during the study period. Of those, 20,229 cases with non-
gynecologic malignancy and unknown disease types were excluded.
2006–2010 2011–2015 P-value

n = 994 n = 937

0.001
437 (44.0%) 410 (43.8%)
163 (16.4%) 144 (15.4%)
282 (28.4%) 236 (25.2%)
112 (11.3%) 146 (15.6%)

5) 56 (48–65) 56 (47–66) 0.45
284 (28.6%) 282 (30.1%)
543 (54.6%) 514 (54.9%)
167 (16.8%) 141 (15.0%)

b0.001
614 (61.8%) 614 (65.6%)
67 (6.7%) 128 (13.7%)

107 (10.8%) 85 (9.1%)
47 (4.7%) 50 (5.3%)

159 (16.0%) 59 (6.3%)
b0.001

904 (90.9%) 755 (80.6%)
90 (9.1%) 182 (19.4%)

b0.001
426 (42.9%) 336 (35.8%)
184 (18.5%) 197 (21.0%)
151 (15.2%) 93 (9.9%)
60 (6.0%) 164 (17.5%)

173 (17.4%) 148 (15.8%)
b0.001

269 (27.1%) 184 (19.7%)
232 (23.3%) 261 (27.9%)
258 (26.0%) 261 (27.9%)
192 (19.3%) 180 (19.2%)
43 (4.3%) 50 (5.3%)

b0.001
262 (26.4%) 310 (33.1%)
236 (23.8%) 212 (22.6%)
381 (38.4%) 356 (38.0%)
114 (11.5%) 59 (6.3%)

**
70 (7.0%) 75 (8.0%)

136 (13.7%) 173 (18.5%)
783 (78.8%) 678 (72.4%)

* 11 (1.2%)
**

* *
112 (11.3%) 103 (11.0%)
873 (87.8%) 823 (87.8%)

* 11 (1.2%)
b0.001

152 (15.3%) 152 (16.2%)
170 (17.1%) 182 (19.4%)
381 (38.3%) 305 (32.6%)
291 (29.3%) 298 (31.8%)

st for P-values. Significant P-values are emboldened. *indicated number of ≤10, required to
ber.
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Among 3511 cases of pelvic exenteration for gynecologic malignancies,
864 cases of ovarian and fallopian tubal cancers were excluded, and
2647 women who underwent pelvic exenteration for cervical, uterine,
vaginal, and vulvar cancers represented the study population.

The patient demographics are shown in Table 1. Cervical cancer was
the most common malignancy (n = 1194, 45.1%) followed by vaginal
cancer (n = 729, 27.6%). During the study period, the number of
women with vulvar cancer who underwent exenteration increased
from 9.8% to 15.6% (59.2% relative increase; P b 0.001); similarly, the
number of women with uterine cancer increased from 12.2% to 15.4%
(26.2% relative increase; P b 0.001). Median age at surgery was 56 (in-
terquartile range [IQR] 47–66) years, which was similar over the study
period (P = 0.45).

Obesewomen undergoing exenteration increased significantly from
4.5% in 2001–2005 to 19.4% in 2011–2015 (3.3-fold relative increase; P b
0.001). Annual percent change was 14.5 (95%CI 4.7–25.2) between
2006 and 2015 (P = 0.008; Fig. 1A). There were 1571 (59.4%) women
who had a Charlson Comorbidity Index of ≥1, with a median of 2 (IQR
2–6; Fig. 1B). The number of women who had a Charlson Comorbidity
Index ≥3 was 712 (26.9%), which significantly increased from 23.3% in
2001–2005 to 33.3% in 2011–2015 (42.9% relative increase; P b 0.001).
Higher Charlson Comorbidity Index was significantly correlated with
older age (r = 0.18), high number of perioperative complications (r =
0.31), longer length of stay (r = 0.12), and high total charges (r =
0.16) (all, P b 0.001).

The vast majority of surgeries were performed at large bedsize hos-
pitals (N70%) and at urban teaching hospitals (N80%). Charlson Comor-
bidity Index was similar across the three bedsize groups (proportion
Fig. 1. Trends of comorbidity and outcome of pelvic exenteration between 2001 and 2015. Ye
B) Charlson Comorbidity Index (P b 0.001), C) surgical performance, and D) median total ch
$146,366 for horizontal line; P b 0.001). For panel A and C, dots represent actual observed va
box plots are shown with log-transformed values. Abbreviation: CCI, Charlson Comorbidity Ind
of women with Charlson Comorbidity Index of ≥2: 37.0% for small,
35.6% for medium, and 38.9% for large, P = 0.406). The number of
women with private insurance decreased from 50.1% in 2001–2005 to
38.0% in 2011–2015 (24.2% relative decrease), and those who had me-
dian household income of ≥$63,000 decreased from 28.1% to 19.2% dur-
ing the same period (31.7% relative decrease) (both, P b 0.001).

Trends in treatment interventions were assessed. The number of
women who underwent lymphadenectomy at the time of pelvic exen-
teration decreased from 53.8% in 2001–2005 to 38.1% in 2011–2015
(29.2% relative decrease, P b 0.001; Table 2 and Fig. 1C). Both colostomy
formation (59.5% to 69.6%; 17.0% relative increase) and urinary diver-
sion (67.5% to 78.3%; 16.0% relative increase) have modestly increased
during the study period (both, P b 0.001; Fig. 1C).

Outcomes related to pelvic exenterationwere assessed (Tables 2–3).
Perioperative complications were seen in 1802 (68.1%, 95%CI
66.3–69.9) women. There were 1023 (38.6%, 95%CI 36.8–40.5) women
whohadmultiple complications (Table 2). Themost common complica-
tionwas hemorrhage (31.8%) followed by ileus/small bowel obstruction
(25.8%), wound complication (21.3%), respiratory failure (16.1%) and
acute kidney injury (13.8%). Sepsis, thromboembolism, and pneumonia
were seen in 8.4%, 7.1%, and 6.0% of the study population, respectively
(Table 3). Death during the index admission was seen in 49 (1.9%, 95%
CI 1.3–2.4) women.

The number of women with multiple perioperative complications
increased from 25.7% in 2001–2005 to 52.7% in 2011–2015 (78.6% rela-
tive increase; P b 0.001). Annual percent changewas 5.8 (95%CI 3.2–8.5)
between 2001 and 2015 (P b 0.001; Fig. 1A). Contributing factors for
multiple complications were examined (Table 4). On multivariable
ar-specific trends of A) obesity and multiple complications during the index admission,
arge of the index admission converted to 2015 value are shown (median total charge of
lue, bars represent confidence interval, and lines represent modeled value. For panel D,
ex.

Image of Fig. 1


Table 2
Surgical performance and perioperative outcome of pelvic exenteration.

Characteristic All 2001–2005 2006–2010 2011–2015 P-value

Number N = 2647 n = 716 n = 994 n = 937

Lymphadenectomy b0.001
No 1463 (55.3%) 331 (46.2%) 552 (55.5%) 579 (61.9%)
Yes 1184 (44.7%) 385 (53.8%) 442 (44.5%) 357 (38.1%)

Colostomy b0.001
No 987 (37.3%) 290 (40.5%) 413 (41.5%) 285 (30.4%)
Yes 1659 (62.7%) 426 (59.5%) 581 (58.5%) 652 (69.6%)

Urinary diversion b0.001
No 707 (26.7%) 233 (32.5%) 271 (27.3%) 203 (21.7%)
Yes 1940 (73.3%) 483 (67.5%) 723 (72.7%) 734 (78.3%)

Vaginal reconstruction 0.350
No 2055 (77.7%) 561 (78.4%) 781 (78.7%) 713 (76.1%)
Yes 591 (22.3%) 155 (21.6%) 212 (21.3%) 224 (23.9%)

Complication (any) b0.001
0 845 (31.9%) 299 (41.8%) 351 (35.3%) 195 (20.8%)
1 779 (29.4%) 206 (28.8%) 325 (32.7%) 248 (26.5%)
2 426 (16.1%) 127 (17.7%) 111 (11.2%) 188 (20.1%)
≥3 597 (22.6%) 84 (11.7%) 207 (20.7%) 306 (32.7%)

Death **
No 2598 (98.1%) 709 (99.0%) 967 (97.3%) 922 (98.4%)
Yes 49 (1.9%) * 27 (2.7%) 15 (1.6%)

Length of stay (day)
b28 2205 (83.3%) 626 (87.4%) 821 (82.6%) 758 (80.9%)
≥28 442 (16.7%) 90 (12.6%) 173 (17.4%) 179 (19.1%) 0.001

Total charge (crude)
$119,274 $81,732 $120,581 $177,095

b0.001
(IQR 75,484-203,744) (IQR 51,368-190,189) (IQR 78,118-290,591) (IQR 101,341-264,317)

Total charge (corrected)†
$146,366 $121,854 $146,332 $185,100

b0.001
(IQR 94,655-236,040) (IQR 78,632-172,350) (IQR 98,539-232,101) (IQR 106,665-282,394)

Median (IQR) or number (percent per column) is shown. Kruskal-Wallis H test or chi-square test for P-values. Significant P-values are emboldened. *indicated number of ≤10, required to
suppress per the Healthcare Cost and Utilization Project. **not assessed due to suppressed number. †converted to 2015 value based on medical inflation rate (Table S2).
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analysis, Charlson Comorbidity Index (OR per unit 1.197), obesity (OR
1.519), higher household income, recent year (OR per year 1.100), sur-
gery at large or small bedsize hospital (OR 1.588 and 1.484 compared to
medium size hospital), vulvar cancer (OR 1.697 compared to cervical
cancer), urinary diversion (OR 2.251), and vaginal reconstruction (OR
1.390) were associated with increased risk of multiple complications
(all, P b 0.05). Black women had lower risk of multiple complications
(OR 0.559 compared to white women, P b 0.001).

Contributing clinico-demographics for death were assessed
(Table 4). On multivariable analysis, Charlson Comorbidity Index (OR
per unit 1.617) and vaginal cancer (OR 2.642 compared to cervical can-
cer) were associated with increased mortality (both, P b 0.05). Private
Table 3
Frequency of complications.

Characteristic No. (%)

Hemorrhage 841 31.8%
Ileus/SBO 684 25.8%
Wound complications 564 21.3%
Respiratory failure 427 16.1%
AKI 366 13.8%
Sepsis/SIRS 223 8.4%
Thromboembolism 188 7.1%
Pneumonia 158 6.0%
Cardiac failure 96 3.6%
Shock 58 2.2%
Fistula 58 2.2%
Abscess 53 2.0%
Death 49 1.8%
Pyelonephritis 34 1.3%
MI 29 1.1%
Intestinal perforation 19 0.7%

Abbreviations: SBO, small bowel obstruction; AKI, acute kidney injury; SIRS, systemic in-
flammatory response syndrome; MI, myocardial infarction.
insurance (OR 0.155 compared to Medicare) and surgery at a large-
sized hospital (OR 0.231 compared to medium size) were associated
with decreased mortality (both, P b 0.01). When perioperative compli-
cation types were assessed for death during the index admission
(Fig. S1), those who developed shock, seen in 2.2% of the study popula-
tion, had the highest mortality rate of 23.3%, followed by respiratory
failure with sepsis/SIRS seen in 3.0% of study population but had 18.8%
of mortality rate (all, P b 0.001).

Median length of stay was 14 (IQR 9–21) days, and the number of
women hospitalized ≥28 days significantly increased from 12.6% in
2001–2005 to 19.1% in 2011–2015 (51.6% relative increase, P b 0.001;
Table 2). The median uncorrected total charges were $119,274 (IQR
75,535-203,744), which consistently exceeded $100,000 as of 2007.
Median total charges increased from $81,732 to $177,095 between
2001 and 2015 (net difference +$95,363, 2.2-fold relative increase, P
b 0.001; Fig. S2). After correcting for the 2015medical inflation rate,me-
dian total charges were $146,366, and charges significantly increased
from $121,854 to $185,100 between 2001 and 2015 (net difference
+$63,246, 51.9% relative increase, P b 0.001; Fig. 1D and Table 2).

A subgroup of only cervical cancer cases was examined (n=1194).
Similar to the whole cohort, a trend of increased obesity and comorbid-
ity was observed during the study period, and in more recent years
women were less likely to undergo lymphadenectomy but more likely
to undergo urinary diversion (Tables S3–4). Unlike the whole cohort,
the number of womenwho had colostomy remained unchanged during
the study period. The number of women with multiple complications
also increased significantly (68.3% relative increase, P b 0.001).

4. Discussion

Key findings of this study are that women undergoing pelvic exen-
teration for gynecologic malignancies became more obese and had
greater comorbidity during the study period and that pelvic



Table 4
Multivariable analysis for multiple complications/death at pelvic exenteration.

Number Multiple complications§ Perioperative death

OR (95%CI) P-value OR (95%CI) P-value

Year† 1.100 (1.075–1.126) b0.001
Race/ethnicity b0.001*

White 1
Black 0.559 (0.402–0.778) 0.001
Hispanic 1.011 (0.722–1.415) 0.949
Others 1.343 (0.910–1.984) 0.138
Missing 1.347 (1.052–1.724) 0.018

Obesity
No 1
Yes 1.519 (1.162–1.987) 0.002

Charlson Comorbidity Index† 1.197 (1.156–1.240) b0.001 1.617 (1.434–1.823) b0.001
Median household income b0.001*

≤$38,999 1.171 (0.901–1.522) 0.238
$39,000–$47,999 1
$48,000–$62,999 1.572 (1.241–1.992) b0.001
≥$63,000 1.418 (1.097–1.833) 0.008
Missing 0.598 (0.375–0.955) 0.031

Primary expected payer b0.001* b0.001*
Medicare 1 1
Medicaid 0.639 (0.488–0.838) 0.001 na 0.990
Private including HMO 0.769 (0.614–0.962) 0.022 0.155 (0.069–0.351) b0.001
Others/missing 1.253 (0.885–1.774) 0.204 0.603 (0.215–1.691) 0.336

Hospital bedsize 0.001* b0.001*
Small 1.484 (1.016–2.169) 0.041 1.071 (0.412–2.785) 0.887
Medium 1 1
Large 1.588 (1.245–2.025) b0.001 0.231 (0.111–0.481) b0.001

Urinary diversion
No 1
Yes 2.251 (1.799–2.816) b0.001

Vaginal reconstruction
No 1
Yes 1.390 (1.127–1.713) 0.002

Cancer type 0.005* 0.034*
Cervical 1 1
Uterine 1.123 (0.844–1.496) 0.426 0.949 (0.378–2.284) 0.911
Vaginal 1.092 (0.877–1.359) 0.432 2.642 (1.094–6.379) 0.031
Vulvar 1.697 (1.267–2.273) b0.001 0.824 (0.246–2.758) 0.753

Binary logistic regression model for analysis. All the covariates with P b 0.05 on univariable analysis were entered in the initial model. Conditional backward method was used to retain
covariateswith P b 0.05 in thefinalmodel. All the covariates in the list were entered in thefinalmodel. § any two ormore complications listed in Table 3. †continuous variable. *P-value for
interaction. Abbreviations: OR, odds ratio; and CI, confidence interval.
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exenteration for women with gynecologic malignancies is associated
with high morbidity and mortality as well as substantial treatment-
related costs.

Our study showed that women who undergo pelvic exenteration
were characterized by high medical comorbidity. While this may be
partly due to treatment-related factors such as prior radiotherapy, che-
motherapy, and surgery, it may also be that highmedical comorbidity is
secondary to patient factors such as obesity. There was a significant in-
crease in obesewomen in this study population during the studyperiod.
This trend parallels to what is observed in the general U.S. population
[12]. Increasing obesity is most likely a contributing factor to increasing
medical comorbidity, resulting in more complications, as has also been
demonstrated in other studies [23,24]. For instance, a prior study
showed that obese patients had a significantly higher rate of early post-
operative complications within 2 months of surgery compared to those
of normal weight (82.8% versus 59.3%) [23].

In addition to obesity, the extent of medical comorbidity was also a
factor associated with multiple complications related to pelvic exenter-
ation in this study cohort. Similar to our findings, a recent study found
that presence of ≥3 comorbidities was independently associated with
severe postoperative complications after pelvic exenteration [24]. Our
study even found that the extent of medical comorbidity is one of a
few factors associated with surgical mortality. This information is new
in the literature, and it is paramount to emphasize the impact ofmedical
comorbidities when counseling patients for pelvic exenteration.

The number of women who underwent concurrent lymphadenec-
tomy significantly decreased during the study period. The exact
causality for this association is unknown, but it may be secondary to in-
creasing utilization of radiotherapy for gynecologic cancer. That is, sur-
geons are not in favor of performing lymphadenectomy within the
radiated field, as it is associatedwith increased risks of multiple compli-
cations. It is also speculated that in-field recurrence after radiation
within the lymphatic chains is less common and that lymphadenectomy
within an irradiated field is not indicated at the time of pelvic
exenteration.

Vulvar cancer was associated with higher risk of multiple complica-
tions, whereas vaginal cancer was associated with high mortality com-
pared to cervical cancer. We observed that women with vulvar cancer
were more likely to be older and have comorbidities compared to
thosewith cervical cancer (Table S5). This is likely the reason for higher
rates of multiple complications in vulvar cancer. Causality of increased
mortality in vaginal cancer is unexplained, but vaginal cancer seems to
have poorer outcomes compared to cervical cancer after pelvic exenter-
ation [5].

We not only observed that the vast majority of pelvic exenterations
are performed in large hospitals but also that surgery in large hospitals
was associated with a higher rate of multiple complications but a lower
rate of perioperative mortality. It is likely that unmeasured factors such
as resources, trained surgical specialists, and management of complica-
tions differ in such large hospitals.

Median total charges for pelvic exenterationmore than doubleddur-
ing the study period. This increase was also observed even after
correcting for medical inflation rates. Thus, the increase observed in
this study is beyond what is seen for historical medical inflation in the
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United States, with N$60,000 being accounted for by the interval in-
crease between 2001 and 2015. It is most likely that increasing numbers
of women with medical comorbidities, multiple complications, and
prolonged hospital stays are contributing to this increase in
treatment-related cost.

Another factor to explain the association between increasing com-
plications and total charges may be the increasing number of proce-
dures. For example, although interval increases of ostomy use were
modest, this may lead to extra procedure-related complications/charge,
particularly urinary diversion, which had a clinically meaningful impact
on multiple complications (OR 2.257). Vaginal reconstruction was also
independently associated with increased multiple complications. As
the database has no information for surgeon's surgical volume or sub-
specialist (gynecologic oncologists versus other subspecialists), further
study is warranted to examine if these factors possibly affect perfor-
mance and outcome [25,26].

With regards to perioperative mortality, our result of 1.9% is similar
to recent studies reporting 2.2–2.3% mortality rates (2011–2018 re-
ports) [9,24]. These recent perioperativemortality rates seem improved
in comparison to older studies, ranging from 4.0–4.2% (2005 reports) to
6.3–7.2% (1989 reports) [8,27–29]. It is speculated that while patients
have more comorbidities in recent years, improving perioperative care
and surgical techniques may have resulted in this decrease in perioper-
ative mortality.

The vaginal reconstruction rate was relatively low in our study pop-
ulation (22.3%). This statistic is similar to what has reported previously
(24.0%) [30]. The low rate of vaginal reconstruction in our studymay be
related to the fact that our patient population was older (median age
56). In a post-hoc analysis, women who had vaginal reconstruction
were younger compared to those who did not in our cohort (median,
53 versus 65, P b 0.001). Our study also demonstrated that vaginal re-
construction is an independent factor for multiple complications. This
finding seems consistent with a recent study that showed highmorbid-
ity after vaginal reconstruction at the time of pelvic exenteration [31].

There are a number of limitations in this study. First, this is a retro-
spective study and there may be missing confounders for analysis. For
example, we do not know the indication for pelvic exenteration, and it
is unknown if recurrent sites were single or multiple or central pelvic
or sidewall. We also do not know if the surgical intent was therapeutic
or palliative due to the lack of codes to specify and distinguish these.
Second, type of pelvic exenteration (anterior, posterior, or total), use
of rectal reanastomosis after exenteration, details of pelvic floor recon-
struction, history of pelvic radiotherapy, and use of prosthetic grafts
were also not available in this study due to lack of specific codes for
these factors, but these are all salient factors impacting exenteration
outcomes.

Third, patient performance status, frailty, albumin level, surgeon's
surgical volume, hospital's care quality, and subspecialty for reconstruc-
tion were not available in this database but most likely affect the out-
come. Fourth, information for surgical instrumentation and costs were
not available in this study, and it remains unknown if these factors con-
tributed to treatment cost inflation. Last, this database does not have a
long-term endpoint of oncologic outcome, and a composite outcome
analysis combining survival outcome and perioperative complications
was not assessable in this study. A recent retrospective study suggested
that survival after pelvic exenteration has not changed despite improv-
ing surgical technique and patient selection [3]. Thus,whether or not in-
creasing complication rates are offset by improving overall survival after
pelvic exenteration, or whether patients with worse prognostic factors
undergoing this operation without a decrease in survival rates, are not
answered in this study.

In summary, our study showed thatwomenundergoing pelvic exen-
teration for gynecologic malignancies became more obese and comor-
bid during the study period, resulting in more complications, longer
length of stay, and higher treatment-related costs. This data helps to de-
fine changes and trends in the use and outcomes of pelvic exenteration
for gynecologic cancer. Integrating Charlson Comorbidity Index into
preoperative assessment routinely may be useful because every single
point increase in the index is associated with a 20% increase in multiple
complications and a 60% increase in mortality. Similarly, awareness
of obesity as the risk factor for multiple complications is necessary
(50% increased risk). Standardizing and centralizing surgical care
would also be beneficial for patients given the rarity and complexity
of the procedure [2].
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