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ABSTRACT

Background: Optimization of surgical scheduling repre-
sents an opportunity to improve resource utilization and
increase patient access. Increasing body mass index
(BMD has been associated with increased operating time
and may provide an opportunity to more accurately pre-
dict operating time.

Objective: To investigate the relationship between BMI
and operative time for benign hysterectomy and develop
a predictive model for hysterectomy operating time based
on patient BMI.

Methods: A secondary analysis of women undergoing
benign laparoscopic, abdominal, or vaginal hysterectomy
between 2014 and 2019 was performed using the
American College of Surgeons National Surgical Quality
Improvement Program database, N =117,691. Our pri-
mary outcome was logy, transformation of operative
time. Multivariable linear regression was used to analyze
the relationship between operative time and BMI. A
model to predict operating time was created using varia-
bles that could be reliably obtained preoperatively.
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Results: From our cohort, 22% of benign hysterectomies
were performed abdominally, 16% were vaginal, and
62% were laparoscopic, and mean operative times were
144, 133, and 158 minutes, respectively. For every 10-unit
increase in BMI, estimated mean operation time (OT)
increased by 12.8%, 8.1%, and 6.5% for abdominal, vagi-
nal, and laparoscopic hysterectomy, respectively. Neither
an expanded nor a concise model was able to account
for the variability in log;o(OT).

Conclusion: Increasing BMI differentially impacts the
operative time in abdominal greater than laparoscopic
and vaginal hysterectomy. However, operative time for
hysterectomy is highly variable, and its estimation is dif-
ficult to reliably predict using common preoperative
variables.

Key Words: Body mass index, Hysterectomy, Laparoscopy,
Operative time, Surgeons.

INTRODUCTION

The operating room (OR) represents one of the largest
and most expensive resources within a hospital system,
and appropriate utilization of the OR is critical for surgical
efficiency and patient access to care."* One key factor in
OR utilization is appropriate scheduling of surgeries,
which is dependent on accurate prediction of surgical
time.? Overestimation of surgery length may contribute to
patient access issues and underutilization of dedicated
resources, while underestimation may result in increased
resource utilization or strain on available staff. Although
this has been an increasing topic of interest and research,
to date no universal method has been established by
which to predict operating time based on patient varia-
bles.*™

Obesity has been shown to be associated with increased
operating time (OT) in several studies.”™® Specifically,
one study demonstrated a greater impact of OT and
resource utilization by body mass index (BMI) category
for hysterectomy when compared with many other
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procedures.” With the prevalence of obesity (BMI >
30kg/m?) increasing in the United States, from 30.5% to
42.4% from 1999-2000 to 2017-2018, with severe obesity
(BMI >40 kg/m?) increasing from 4.7% to 9.2%, this repre-
sents a characteristic that needs to be accounted for when
predicting OT for surgery scheduling."'

The relationship between obesity and OT represents an
opportunity to better predict OT when scheduling hyster-
ectomies. The purpose of our study was to investigate this
relationship, and to develop a clinically useful predictive
model for OT for benign hysterectomy, stratified by route
of surgery (vaginal, laparoscopic, and abdominal) and
based on BMI with or without other preoperative clinical
factors. Our hypothesis was that increasing BMI is associ-
ated with longer OT and that the degree of obesity with
other clinical factors could be used to create a predictive
model for OT that would determine clinically relevant
prolongation in OT. Our overarching goal is to better pre-
dict OR time for benign hysterectomy based on degree of
obesity, which could improve OR utilization and therefore
increase value by decreasing cost.

MATERIALS AND METHODS

Patient Identification

This was a secondary analysis of women undergoing
laparoscopic, abdominal, or vaginal hysterectomy for be-
nign indications using the American College of Surgeons
National Surgical Quality Improvement Program database
(ACS NSQIP). Targeted data files for hysterectomy proce-
dures, including additional perioperative information spe-
cific to hysterectomy, became available in a subset of NSQIP
participating hospitals in 2014. We therefore collected data
between January 1, 2014, and December 31, 2019. Women
undergoing abdominal, vaginal, or laparoscopic hysterec-
tomy for benign indications were identified by Current
Procedural Terminology (CPT). Women undergoing elective
abdominal (CPT 58150, 58152, and 58180), vaginal (CPT
58260, 58202, 58203, 58267, 58270, 58275, 58280, 582853,
and 58290-58294), and laparoscopic (CPT 58541-58544,
58550, 58552-58554, and 58570-58573) hysterectomy were
eligible for inclusion. Demographic information including
patient age at time of surgery, self-identified race/ethnicity,
BMI, parity, smoking status (defined as identification as cur-
rent smoker within the year prior to surgery), history of dia-
betes, and history of prior pelvic surgery were obtained.
Surgical factors including type of hysterectomy, evidence of
endometriosis during surgery, uterine weight (greater or less
than 250 g), and subspecialty performing the surgery were
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obtained. Only hysterectomies performed by general
Obstetrician-Gynecologists (OB-GYN) and Gynecologic
Oncologists were included as the numbers of hysterecto-
mies included in the database performed by other
obstetrical and gynecological specialties (eg, maternal-
fetal medicine) were too low to analyze separately.

This study was approved under expedited IRB approval
by Atrium Health Wake Forest Baptist (IRB #00060681).

Description of Demographic and Surgical Factors

Descriptive statistics were calculated for all variables.
Operating time, log,, operation time (OT), BMI, and
uterine weight were considered as continuous variables
and were reported with mean/standard deviation and
with median/interquartile range. Age in quintiles, route
of hysterectomy, year of surgery, parity, history of dia-
betes, smoking status, history of abdominal surgery, his-
tory of pelvic surgery, evidence of endometriosis at time
of surgery, uterine weight, and subspecialty performing
the surgery were considered categorical variables and
were reported as frequencies. To allow for differential
effects of age as a predictor across its spectrum, models
were fitted with that variable in both continuous form
and in quintiles.

Outcome Selection

The primary outcome of this analysis was OT. Initial eval-
uation of its distribution revealed significant heteroscedas-
ticity; therefore, the log;, transformation of OT (log;,OT)
was modeled as the dependent variable.

Development of a Prediction Model

The relationship between BMI and OT was analyzed
using a multivariable linear regression model that
included age (analyzed both as a continuous variable
as well as categorical by quintiles), race/ethnicity (cate-
gorical), year of operation (categorical), smoking status
(dichotomous), history of diabetes (dichotomous), par-
ity (categorical), route of hysterectomy (categorical),
final uterine weight (dichotomous; less than or greater
than/equal to 250 g), history of pelvic surgery (dichoto-
mous), history of abdominal surgery (dichotomous),
evidence of endometriosis at time of surgery (dichoto-
mous), and subspecialty performing the surgery (di-
chotomous, general OB-GYN vs gynecology oncology),
and all two-way interactions between covariates.
Backwards variable elimination was used to select a
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“best” predictive model for log;(OT. All models consid-
ered included both BMI and age as predictors. The
large number of observations resulted in very small
standard errors for regression parameters; therefore,
backward elimination was performed using a cut-off P
value of P< 1077 (P < .00000001) for inclusion in the
final model. To provide a model that might be more
easily utilized with factors obtained easily from the
medical record, a more restrictive selection was per-
formed by evaluating partial n?* statistics and includ-
ing only terms that accounted for 1% or more of the
total variability after rounding. The predictive ability
of the resulting model was expressed by the model’s
coefficient of determination (R?*). After model selec-
tion was performed, predicted OT and 95% confi-
dence limits (CLs) were found via back-transformat-
ion.

RESULTS

Study Sample Demographics

Within the NSQIP database, we identified 117,691 patients
who underwent hysterectomy for benign indications
(Tables 1 and 2). Of these, 29,325 (24.9%) underwent ab-
dominal hysterectomy (AH), 14,496 (12.3%) underwent
vaginal hysterectomy (VH), and 73,870 (62.8%) under-
went laparoscopic hysterectomy (LH) (Table 2). Most
subjects were Non-Hispanic White (55.2%), nonsmokers
(84.7%), and had a history of prior pelvic surgery (57.0%).
The mean age of subjects was 47.4years old and mean
BMI was 31.2 (Tables 1 and 2). Most hysterectomies in
our study sample were performed by general OB-GYN
(79.8%) (Table 2).

Table 1.
Continuous Demographic Variables Obtained from 117,691
Subjects Undergoing Benign Hysterectomy from January 1,
2014 to December 31, 2019

Characteristic

N=117,691 Mean (SD) Median (IQR)
Operation time (minutes) 135.2 (64.4) 122 (90, 165)
Log, (operation time) 2.09 (0.19) 2.09 (1.95, 2.22)
BMI (kg/m?) 31.2(7.8) 29.9(25.5, 35.5)
Uterine Weight* (grams) 283.5(425.8) 145 (90, 282)
Age (years) 47.4 (10.6) 46 (41, 52)

*Uterine weight only available for 112,667 subjects.
SD, standard deviation; IQR, interquartile range; BMI, body
mass index.
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Primary Outcome

The total mean OT for all subjects was 135.2 minutes, with
mean OTs of 144, 133, and 158 minutes for AH, VH, and
LH, respectively (data not shown). Given significant heter-
oscedasticity of OT, log, transformation of OT was per-
formed to reduce skewness, with a mean log;, OT of
2.09. When stratified by BMI, the only variable noted to
modify OT was route of surgery; for every 10-unit
increase in BMI, mean estimated OT increased by approx-
imately 12.8%, 8.1%, and 6.5% for AH, VH, and LH,
respectively (Figure 1). In regression analysis, uterine
weight >250 g, history of abdominal surgery, and pres-
ence of endometriosis noted at time of surgery were all
independently statistically associated with increasing op-
erative time (data not shown). However, interactions
between these variables and BMI were not significant,
and the relationship between BMI and operative time
was therefore not modified by these factors.

Predictive Modeling of Operating Time

A “best” predictive model for log,;OT, built using back-
wards elimination, included the following variables: BMI,
age, smoking status, parity, history of pelvic surgery, sub-
specialty performing the surgery, and presence of endo-
metriosis at time of surgery, and all two-way interactions
between covariates (Model 1, Figure 2). The second,
more restrictive model was built using ANOVA to deter-
mine 7* and included BMI, age, and route of hysterec-
tomy (Model 2, Figure 3). Neither model accounted for
the large percentage of the total variability in log,,(OT)
with an R* value of 6.2% for Model 1 and 3.9% for
Model 2.

DISCUSSION

We demonstrated a positive correlation between BMI and
OT across all types of hysterectomy, with OT for AH dis-
proportionately increased with increasing BMI when com-
pared with VH and LH. Additionally, increasing BMI,
uterine weight >250 g, a history of abdominal surgery,
and presence of endometriosis at time of surgery were all
independently associated with increased OT. However,
although we created two models to predict OT for benign
hysterectomy, neither model was able to account for the
large percentage of variability in OT. Therefore, a simple
model to predict OT for benign hysterectomy using the
NSQIP database is unlikely to be feasible.
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Table 2.

Categorical Demographic Variables Obtained from 117,691
Subjects Undergoing Benign Hysterectomy from January 1,

2014 to December 31, 2019

Characteristic
N=117,691

N (%)

Age in quintiles
Minimum to 20th percentile (18—40 years)
20th—40th percentiles (41-45 years)
40th—60th percentiles (4651 years)
60th-80th percentiles (5261 years)
80th percentile to maximum (62-90 years)
Year of hysterectomy
2014
2015
2016
2017
2018
2019
Hysterectomy type
Abdominal
Vaginal
Laparoscopic
Race/ethnicity
Hispanic
Non-Hispanic African American
Non-Hispanic Asian
Non-Hispanic White
Other (Non-Hispanic) or Unknown
History of diabetes
Current smoker within last year
Parity (number of births of viable gestational age)
0

1

2

3

4

5

6 or more
History of prior abdominal surgery
History of prior pelvic surgery

Endometriosis present

Uterine weight > 250 grams*
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28,878 (24.5)
25,306 (21.5)
29,840 (25.4)
18,874 (16.0)
13,053 (11.1)

12,157 (10.3)
14,570 (12.4)
18,523 (15.7)
20,373 (17.3)
24,910 (21.2)
27,158 (23.1)

29,325 (24.9)
14,496 (12.3)
73,870 (62.8)

10,749 (9.1
19,670 (16.7)
3,685 (3.1)
18,635 (15.8)
64,952 (55.2)
9,451 (8.0)
18,004 (15.3)

24,846 (21.1)
18,739 (15.9)
38,435 (32.7)
22,325 (19.0)
8,741 (7.4)

2,785 (2.4)

1,820 (1.6)

32,039 (27.2)
67,107 (57.0)
16,502 (14.0)
32,228 (27.8)

Table 2.
Continued
Characteristic
N=117,691 N (%)
Surgical subspecialty
General OB-GYN 93,917 (79.8)
Gynecologic oncology 23,774 (20.2)

*Uterine weight > 250 grams only available for 115,981 subjects.

Our findings are consistent with prior studies that dem-
onstrate that increasing BMI is positively associated
with OT in several procedures, including hysterec-
tomy, especially when BMI = 40.%%'%'213 One prior
study in which a “BMI impact factor” was created to
estimate the effect that increasing BMI has on degree
of resource utilization showed that BMI had a greater
impact on hysterectomy than many other procedures,
including, but not limited to, inguinal hernia, thyroid-
ectomy, cholecystectomy, colorectal resection, prosta-
tectomy, appendectomy, and mastectomy.” Many of

185

Operation Time (minutes)

1154 T T T T T T T T
20 25 30 35 40 45 50 55
Body Mass Index (kg/m?)

Figure 1. Mean operating times and 95% confidence intervals
versus body mass index (BMD), stratified by route of hysterec-
tomy. Predicted means from Model 1 (“best” predictive model
from backwards elimination variable selection) include the fol-
lowing predictor variables: BMI, age, smoking status, parity,
history of pelvic surgery, surgeon subspecialty, presence of en-
dometriosis at time of surgery, and all 2-way interactions.
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Figure 2. Predicted surgical operating time with 95% confidence bands using Model 1 (“best” predictive model from backwards elimi-
nation variable selection). Model includes the following predictor variables: body mass index (BMID), age, smoking status, parity, his-
tory of pelvic surgery, surgeon subspecialty, presence of endometriosis at time of surgery, and two-way interactions for BMI x (type
of hysterectomy), (age [quintiles]) x (type of hysterectomy), (age [quintiles]) x subspecialty, (type of hysterectomy) x parity, (type of
hysterectomy) x (prior pelvic surgery), (type of hysterectomy) x subspecialty, and (type of hysterectomy) x (presence of

endometriosis).

these studies incorporate BMI as a categorical variable
defined by the World Health Organization (WHO) obe-
sity classification. While analysis of OT by category of
BMI has been valuable, it does not provide the ability
to distinguish outcomes based on degrees of obesity,
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particularly above a BMI of 40, which is the cut-off
value for severe obesity. From 1999 to 2000 through
2017-2020, the prevalence of adult obesity in the
United States increased from 30.5% to 42.4% and the
prevalence of severe obesity (BMI =40) increased from
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Figure 3. Predicted surgical operating time (new observation) with 95% confidence bands using Model 2 (reduced model, variables
with partial 7% = 10% of total). Model includes following predictor variables: body mass index (BMD), age (in quintiles), and hysterec-

tomy type.

4.7% to 9.2%."" With a larger number of patients falling
into these categories, a need to stratify outcomes by
degree of obesity is growing increasingly critical for
appropriate counseling.

Previous work evaluating the clinical impact of obesity in
minimally invasive hysterectomy found that OT increased
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by class of obesity, with the longest OT noted in patients
with class IIT obesity.'” Similarly, a study evaluating OT of
postpartum tubal ligation demonstrated increased OT per
each 1-point increase in BMI® The results of both of these
studies are consistent with our results, however no prior
studies of which we are aware have examined the associ-
ation between BMI as a continuous variable and OT
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across all routes of benign hysterectomy. Our study was
able to demonstrate that increasing BMI has a differential
effect on OT regardless of route. The increase in OT per
unit increase in BMI for minimally invasive hysterectomy
(LH and VH) is similar (0.6% increase and 0.8% increase,
respectively), however the increase in OT for AH per unit
increase in BMI is 1.2%.

Using data provided by the NSQIP dataset, our analysis
shows that mean OT increases with increasing BMI. This
increase persists across all three types of hysterectomy but
is more notable among those undergoing AH. In addition
to BMI, uterine weight, presence of endometriosis and
prior abdominal surgery were also independently associ-
ated with longer OT, although these did not significantly
affect the relationship between BMI and OT. Although we
constructed both robust and simple predictive models
using variables that can be extracted from the electronic
health record, we were unable to identify a model that
could accurately predict OT due to wide variation in OT
not accounted for by the available variables. Our sample
includes a subset of surgeries categorized by CPT codes
that primarily indicate the type of hysterectomy per-
formed but include concomitant procedures (CPT codes
58152, 58267, 58275, 58280, 58285, and 58293). These
codes were included in our analysis as they include pro-
cedures often performed at time of uncomplicated hyster-
ectomy, and as hospital coding administration often
assign codes based on description within the operative
dictation, in an effort to ensure inclusion of all benign hys-
terectomies for consideration. We did not include targeted
data files for gyne(cology) reconstruction from the ACS-
NSQIP data set in order to avoid inclusion of procedures
with the primary purpose of reconstruction to avoid infla-
tion of surgical times during hysterectomy. To evaluate
whether inclusion of the above-listed CPT codes may
have contributed to bias in our analysis, the above codes
were excluded and the analysis was repeated (data not
shown). The above CPT codes comprised 0.4% of our
sample, and their exclusion minimally impacted the
results with no significant change in mean OTs or model
prediction, suggesting our analysis is not skewed by
incorporation of codes that may include these combined
procedures.

Obese patients are at higher risk of intraoperative and
postoperative complications compared to normal weight
or overweight peers.>!° While an abdominal approach to
hysterectomy in patients with increasing BMI may be pref-
erentially considered based on factors such as surgeon
preference, difficulty of procedure, increasing uterine
size, anticipated adhesive disease, or endometriosis, our
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study demonstrates that this would disproportionately
result in longer OT, which is associated with increased
costs and adverse surgical outcomes.*'® Therefore, espe-
cially in patients with increasing BMI, a minimally invasive
approach should be pursued whenever possible. We sug-
gest surgeons consider all the above factors when schedul-
ing hysterectomies to better utilize OR and staff resources.

A predictive model for hysterectomy OT based on patient
characteristics has yet to be created. Based on the large
variability of OT in our models not explained by variables
available in the NSQIP data set, we can conclude that other
confounding variables are present and influencing OT.
Such variables may be specific to surgical training, surgeon
technique or preference, or hospital culture, and therefore
may be unable to be captured in a large national dataset.
To account for some of these variables, similar analyses
could potentially be performed within high-volume hospi-
tals, with a smaller number of surgeons but an increased
level of granularity in the available perioperative data.
Additionally, future research should continue to focus on
minimizing costs and improving clinical outcomes, particu-
larly in surgical environments, in the setting of a popula-
tion being affected by increasing rates of obesity.

A strength of this study is the use of a national data set
including a large number of patients undergoing benign
hysterectomy (N = 117,691) as well as the number of pre-
operative variables (16) that were able to be analyzed
with regard to operative time. Additionally, given the re-
gional variability and number of sites contributing data to
the NSQIP database, the results of our analysis can be
considered generalizable to the general population. We
were able to stratify by route of surgery and use BMI as a
continuous variable, which allowed the predictive models
to better fit real-life clinical situations, rather than typically
used cutoffs for BMI with the WHO classification, that
does not account for the increasing number of patients
with class III obesity, which has no upper limit (i.e., BMI
40kg/m? and beyond). Our study should also be inter-
preted in the context of its limitations. Our analysis was
restricted to the variables within the NSQIP data set, intro-
ducing the possibility that there are other attainable non-
tracked variables contributing significantly to the variability
in OT. In addition, the ACS-NSQIP relies on voluntary par-
ticipation, and may not be representative of all hospital set-
tings (eg, rural or community hospitals). Tertiary care and/
or academic medical centers serve as a referral center for
patients of increasing medical complexity, such as increas-
ing BMI, which may be contributing to the variability and
subsequent inability to capture the additional factors at

play.
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Previous studies have demonstrated that surgeons can
accurately predict their OT within 14 minutes of their his-
toric time."” While we could not develop a simple model
for clinical implementation, knowledge of the variability
in OT based on route of surgery may aid the individual
surgeon in accounting for changes in OT based on
patient’s BMI, among other factors.

CONCLUSION

BMI and operative time for benign hysterectomy are posi-
tively correlated across all routes of surgery. Increasing
BMI differentially affects the operative time in abdominal
hysterectomy, greater than laparoscopic and vaginal hys-
terectomy. However, operative time for hysterectomy is
highly variable, and its estimation based on patient char-
acteristics and other preoperative variables is difficult to
reliably predict using this national dataset.
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