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Abstract

Objective.—To examine changes in performance and outcomes of pelvic exenteration for 

gynecologic malignancies.

Methods.—This is a population-based retrospective study examining the Nationwide Inpatient 

Sample between 2001 and 2015. Women with cervical, uterine, vaginal, and vulvar malignancies 

who underwent pelvic exenteration were examined. Comorbidity, perioperative complications, 

total charges, length of stay, and mortality were assessed.

Results.—There were 2647 cases included. Cervical cancer was the most common malignancy 

(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 < 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 < 0.001). The 

perioperative complication rate was 68.1%, including 38.7% with multiple complications. The 

mortality 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 < 0.001). 

More recent year of surgery, obesity, higher comorbidity, higher household income, surgery at 

large bedsize hospital, urinary diversion, vaginal reconstruction, and vulvar cancer were associated 

with an increased risk of multiple complications on multivariable analysis (all, P < 0.05). Median 
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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 < 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 < 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.
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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 fashion [1,2]. In the area of gynecologic 

malignancies, pelvic exenteration is typically performed for recurrent cervical, uterine, 

vaginal, and vulvar cancers located in the central pelvis. Survival rates after pelvic 

exenteration 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 

perioperative morbidity due to the nature and extent of surgery, with complication 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 women with gynecologic malignancies who undergo 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 indications for and utilization of pelvic irradiation have expanded in the 

treatment of gynecologic malignancies [13,14]. Third, pelvic exenteration as a treatment 

option has expanded to include the non-central pelvic lesion or for palliative use as 

chemotherapy options for control of non-symptomatic distant metastases have improved [6]. 

Lastly, the evolution of surgical techniques such as reconstructive surgery, the availability of 

newer surgical instruments that hemostatically incise, and improving perioperative care in 

recent years may affect patient selection 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 

exenteration 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 vulvar cancers.
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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 the Healthcare Cost and Utilization Project by the 

Agency for Healthcare Research and Quality [15]. This database includes hospital discharge 

data for >36 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 average, over 90% of the United States population is represented in this database 

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 cervical, uterine, vaginal, and vulvar malignancies 

who underwent pelvic exenteration were eligible for the study. Exclusion criteria included 

pelvic exenteration performed for non-gynecologic malignancies 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 information was abstracted from the database: patient 

baseline demographics, hospital information, operative details, and outcome of the index 

admission. Patient demographics included age, race/ethnicity, medical comorbidities, 

obesity, primary expected payer, and median household income. Charlson Comorbidity 

Index was determined for each patient based on the codes for the specified medical 

conditions in each category and weighted appropriately to calculate a final score (Table S1) 

[16]. This index, proposed in 1987, is determined based on the type, number, and extent of 

medical comorbidities, and it has been widely utilized to predict outcomes of interest such as 

surgical morbidity and mortality as well as survival prognosis [16]. Hospital data included 

calendar year of hospitalization, hospital bedsize, teaching status, and hospital region. 

Hospital 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 reconstruction 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 improve national estimates and 

patient confidentiality and minimize sampling errors. We accounted for these changes by 

weighting and merging the corresponding variables properly before and after 2012. The 
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International Classification of Disease 9th revision codes remained the same during the 

study period between 2001 and 2015.

Study period was 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, including both intraoperative and postoperative complications 

before hospital discharge, were defined as the presence of any of the following: hemorrhage, 

shock, wound complications, thromboembolism, cerebrovascular disease or stroke, cardiac 

failure, myocardial infarction, pneumonia, respiratory failure, systemic inflammatory 

response syndrome or sepsis, ileus or small bowel obstruction, vascular injury, acute kidney 

injury, pyelonephritis, abscess, fistula, intestinal perforation, 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 gynecologic malignancies between 

2001 and 2015. Specifically, perioperative complications, length of stay, and total charge for 

the index admission for pelvic exenteration were examined. The secondary objective was to 

identify clinico-demographics associated with multiple complications or death during the 

index admission.

2.6. Statistical methods

All the analyses were based on weighted values. Normality of continuous variables was 

assessed with the Kolmogorov-Smirnov test. The Kruskal Wallis H test and chi-square test 

were used to assess the difference in multiple groups of more than two groups. The 

Spearman's coefficient was used for assessing the correlation between continuous variables.

A binary logistic regression model was used to identify contributing factors for perioperative 

multiple complications at pelvic exenteration on multivariable analysis. All the covariates 

with P < 0.05 on univariable analysis were entered in the initial model. Conditional 

backward method was used to retain covariates with P < 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 provided by the National 

Cancer Institute, was utilized to evaluate temporal trends. Time point data was examined 
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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 women with increased risk of death during the index 

admission, a recursive partitioning analysis was performed to construct a classification-tree 

model for mortality pattern [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 examined. This is based on the 

rationale that cervical cancer is the most common gynecologic malignancy for which pelvic 

exenteration is performed [3-9].

All statistical analyses were based on two-tailed hypotheses, and a P < 0.05 was considered 

statistical significant. Statistical Package for Social Sciences (IBM SPSS, version 24.0, 

Armonk, NY) was used for the analysis. 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. 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 < 0.001); similarly, the number of 

women with uterine cancer increased from 12.2% to 15.4% (26.2% relative increase; P < 

0.001). Median age at surgery was 56 (interquartile range [IQR] 47–66) years, which was 

similar over the study period (P = 0.45).

Obese women undergoing exenteration increased significantly from 4.5% in 2001–2005 to 

19.4% in 2011–2015 (3.3-fold relative increase; P < 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 < 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 < 0.001).

The vast majority of surgeries were performed at large bedsize hospitals (>70%) and at 

urban teaching hospitals (>80%). Charlson Comorbidity Index was similar across the three 

bedsize groups (proportion of women with Charlson Comorbidity Index of ≥2: 37.0% for 
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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 median household income of ≥$63,000 decreased 

from 28.1% to 19.2% during the same period (31.7% relative decrease) (both, P < 0.001).

Trends in treatment interventions were assessed. The number of women who underwent 

lymphadenectomy at the time of pelvic exenteration decreased from 53.8% in 2001–2005 to 

38.1% in 2011–2015 (29.2% relative decrease, P< 0.001; Table 2 and Fig. 1C). Both 

colostomy formation (59.5% to 69.6%; 17.0% relative increase) and urinary diversion 

(67.5% to 78.3%; 16.0% relative increase) have modestly increased during the study period 

(both, P < 0.001; Fig. 1C).

Outcomes related to pelvic exenteration were 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 who had multiple complications (Table 2). The most 

common complication was 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% relative increase; P < 0.001). Annual percent 

change was 5.8 (95%CI 3.2–8.5) between 2001 and 2015 (P < 0.001; Fig. 1A). Contributing 

factors for multiple complications were examined (Table 4). On multivariable analysis, 

Charlson Comorbidity Index (OR per unit 1.197), obesity (OR 1.519), higher household 

income, recent year (OR per year 1.100), surgery 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 < 0.05). Black women had 

lower risk of multiple complications (OR 0.559 compared to white women, P < 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 cancer) were associated with increased mortality (both, P < 0.05). 

Private insurance (OR 0.155 compared to Medicare) and surgery at a largesized hospital (OR 

0.231 compared to medium size) were associated with decreased mortality (both, P < 0.01). 

When perioperative complication types were assessed for death during the index admission 

(Fig. S1), those who developed shock, seen in 2.2% of the study population, 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 < 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 < 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 
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charges increased from $81,732 to $177,095 between 2001 and 2015 (net difference +

$95,363, 2.2-fold relative increase, P < 0.001; Fig. S2). After correcting for the 2015 

medical inflation rate, median 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 < 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 comorbidity 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 

women who had colostomy remained unchanged during the study period. The number of 

women with multiple complications also increased significantly (68.3% relative increase, P 
< 0.001).

4. Discussion

Key findings of this study are that women undergoing pelvic exenteration for gynecologic 

malignancies became more obese and had greater comorbidity during the study period and 

that pelvic 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, chemotherapy, and surgery, it may also be that high medical comorbidity is 

secondary to patient factors such as obesity. There was a significant increase in obese 

women in this study population during the study period. 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 postoperative 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 exenteration 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 of medical comorbidities when counseling patients for pelvic exenteration.

The number of women who underwent concurrent lymphadenectomy significantly decreased 

during the study period. The exact causality for this association is unknown, but it may be 

secondary to increasing utilization of radiotherapy for gynecologic cancer. That is, surgeons 

are not in favor of performing lymphadenectomy within the radiated field, as it is associated 

with increased risks of multiple complications. It is also speculated that in-field recurrence 
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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 complications, whereas vaginal 

cancer was associated with high mortality compared to cervical cancer. We observed that 

women with vulvar cancer were more likely to be older and have comorbidities compared to 

those with 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 exenteration [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 complications differ in 

such large hospitals.

Median total charges for pelvic exenteration more than doubled during 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 

United States, with >$60,000 being accounted for by the interval increase 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 complications and total charges 

may be the increasing number of procedures. 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 subspecialist (gynecologic oncologists versus other subspecialists), further study 

is warranted to examine if these factors possibly affect performance 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 reports) [9,24]. These recent perioperative 

mortality 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 perioperative mortality.

The vaginal reconstruction rate was relatively low in our study population (22.3%). This 

statistic is similar to what has reported previously (24.0%) [30]. The low rate of vaginal 

reconstruction in our study may 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 < 0.001). Our 

study also demonstrated that vaginal reconstruction is an independent factor for multiple 
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complications. This finding seems consistent with a recent study that showed high morbidity 

after vaginal reconstruction at the time of pelvic exenteration [31].

There are a number of limitations in this study. First, this is a retrospective 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 reconstruction, 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 reconstruction were not available in this database but most 

likely affect the outcome. Fourth, information for surgical instrumentation and costs were 

not available in this study, and it remains unknown if these factors contributed 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 improving surgical technique and 

patient selection [3]. Thus, whether or not increasing 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 that women undergoing pelvic exenteration for gynecologic 

malignancies became more obese and comorbid during the study period, resulting in more 

complications, longer length of stay, and higher treatment-related costs. This data helps to 

define 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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HIGHLIGHTS

• Pelvic exenteration for gynecologic malignancies was examined between 

2001 and 2015.

• Patients became more obese and comorbid during the study period.

• Multiple complications, prolonged hospitalization, and total charge have 

increased.

• Patient factors for multiple complications: obesity, comorbidity, and recent 

year surgery

• Tumor/surgeon factors: vulvar cancer, vaginal reconstruction, and urinary 

diversion
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Fig. 1. 
Trends of comorbidity and outcome of pelvic exenteration between 2001 and 2015. Year-

specific trends of A) obesity and multiple complications during the index admission, B) 

Charlson Comorbidity Index (P < 0.001), C) surgical performance, and D) median total 

charge of the index admission converted to 2015 value are shown (median total charge of 

$146,366 for horizontal line; P < 0.001). For panel A and C, dots represent actual observed 

value, bars represent confidence interval, and lines represent modeled value. For panel D, 

box plots are shown with log-transformed values. Abbreviation: CCI, Charlson Comorbidity 

Index.
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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 inflammatory response syndrome; MI, myocardial 
infarction.
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