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ABSTRACT

Background: Obese patients may have unique surgical needs. The goal of this study is to determine if
there is an association between obesity and transfer in patients undergoing EGS.

Methods: EGS patients were identified in the NSQIP 2011-2016 database. Outcome variables included
interhospital transfer, days to surgery, SSI, postoperative LOS, discharge destination, and 30-day read-
mission. Descriptive statistics and multivariable regression were utilized.

Results: 419,373 EGS patients were identified, and transfer status varied by obesity class. After control-
ling for other factors, obese patients had increased odds of interhospital transfer (OR = 1.07—1.53), SSI
(OR = 1.22—1.69), and decreased odds of discharge to home (OR = 0.42—0.71, all p < 0.01) but not of 30-
day readmission or delay from admission to surgical intervention.

Conclusions: Obese patients undergoing EGS procedures have an increased likelihood of transfer from an
acute care hospital. As obese EGS patients are increasingly prevalent, determining best triage practices
for this unique patient population warrants additional investigation.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Obesity is a worldwide health epidemic. The World Health Or-
ganization (WHO) estimates that the prevalence of obesity doubled
between 1980 and 2008 with approximately 12% of the world’s
population classified as obese.! Obesity is a complex, multisystem,
prothrombotic and proinflammatory disorder that puts patients at
risk for developing hypertension, heart disease, diabetes and
certain cancers.!! Obesity and its associated comorbidities influ-
ence post-operative morbidity and mortality as well as increase
healthcare cost.!"!! Patient with obesity require higher hospital
resource utilization including: specialty equipment and structural
changes, post-operative intensive care unit admissions, prolonged
length of stay, and reoperation”’ For the largest volume surgical
procedures obese patients have significantly higher annual national
hospital expenditures.* Preoperative weight loss is an opportunity
to decrease postoperative complications for patients planning an
elective surgical procedure. However, for non-elective procedures,

* Corresponding author.

patient optimization in the outpatient setting is not an option and
obesity may impact patient management. The relationship be-
tween obesity and interhospital transfer in non-elective procedures
has not been previously studied.

Therefore, to better study the effect of obesity on non-elective
surgical patients, our study aimed to investigate the relationship
between obesity and interhospital transfer, as well as time to sur-
gery and postoperative outcomes in a broad range of general sur-
gery patients. We hypothesized that obese patients would be more
likely to undergo interhospital transfer independent of their
comorbidities - possibly due to resource and equipment limitations
- and would have an increased time to operative interventions.
Additionally, we hypothesized that in the emergency general sur-
gery population, obese patients would have increased rates of
wound infection, increased post-operative length of stay, be less
likely to discharge to home and more likely to have a 30-day
readmission.
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Methods
Study population

We identified patients undergoing non-elective general surgery
procedures using the American College of Surgeons (ACS) National
Surgical Quality Improvement Program (NSQIP). The NSQIP is a
nationally validated, risk-adjusted, outcomes-based program uti-
lized to measure and improve the quality of surgical care nation-
wide.>!12 NSQIP provides participating hospitals with various
tools, reports, analyses and other resources to assist healthcare
providers in making informed decisions about quality care. This is
in an effort to improve quality of surgical care and simultaneously
reduce complications and cost.'> We analyzed data from the NSQIP
Participant Use Data File (PUF) from 2011 to 2016, identifying pa-
tients with a surgical specialty of “general surgery” undergoing
non-elective procedures. These patients are referred to as “emer-
gency general surgery patients” throughout this manuscript. Sub-
sequently, patients were classified by body mass index (BMI), as
non-obese (18—29 kg/m?), obese (30—39 kg/m?), morbidly obese
(40—49 kg/m?) and super obese (>50 kg/m?).!>

Definition of variables

The primary outcome of interest was interhospital transfer.
Patients were classified as transferred if their origin was “trans-
ferred from an acute care hospital inpatient” compared to those
admitted from home. Secondary outcome variables included: days
to operation, surgical site infection (SSI [organ space, deep, and
superficial]), wound disruption, composite wound outcome (any
SSI and/or wound disruption), postoperative length of stay,
discharge definition (home vs other) and rate of 30-day
readmissions.

Independent variables included patient characteristics: BMI,
age, sex, race, NSQIP-specific comorbidities, wound classification,
and procedure classification. CPT codes were identified and classi-
fied using the Agency for Healthcare Research and Quality (AHRQ)
“Clinical Classifications Software for Services and Procedures”.' All
variables obtained as part of this study are listed in the Data Vari-
ables and Definitions section of the NSQIP PUF.

Statistical analysis

Descriptive statistics were used to characterize the study pop-
ulation. Student’s t-test and Anova were used for normally
distributed continuous variables and the Chi square tests for cate-
gorical variables to compare obese and non-obese populations.
Multivariable logistic regression was used to examine the rela-
tionship between obesity and preoperative care (interhospital
transfer) and postoperative outcomes (SSI, discharge destination
and readmission) after controlling for patient characteristics and
AHRQ procedure type. Linear regression models were used to
examine the relationships between obesity and time to operation
as well as time from operation to discharge after controlling for
patient characteristics and procedure type.

Results

We identified a total of 419,373 patients who underwent non-
elective general surgery. The non-obese patients made up 63% of
the population, with 7% of patients being morbidly obese, and 2%
being super obese. Patient characteristics by obesity class are re-
ported in Table 1. Obese patients (in all three subclasses), had
higher rates of diabetes, hypertension, and dyspnea (p < 0.01 for
all). Normal weight patients had increased rates of smoking,

steroids, disseminated cancer and weight loss (p < 0.01 for all).

Highest frequency AHRQ categories'” included: Appendectomy
(95,062); Colorectal resection (78,422); Cholecystectomy and
common duct exploration (75,090); Other hernia repair (26,161);
Small bowel resection (21,282); Other OR lower GI therapeutic
procedures (19,105); and Debridement of Wound, Infection or Burn
(13,243). Highest frequency CPT codes'® included: 44970 laparo-
scopic procedures on the appendix (19.8%); 47562 and 47563
laparoscopic procedures on the biliary tract (15.7%); 44120, 44140,
44143 excision procedures on the intestines (except rectum, 11.4%).

Patient outcomes by obesity status are reported in Table 2. A
total of 19,290 (5%) patients were transferred from another hospi-
tal, and the highest rate of transfer was in the super obese patients
(p < 0.01). Rates of superficial and deep SSI, wound dehiscence and
overall wound complications varied by obesity class (p < 0.01 for
all). Additionally, super obese patients had the highest average
length of stay and were the least likely to be discharged home from
the hospital.

In multivariate analysis super-obese patients had greater than
50% increased odds of transfer versus normal weight patients
(Table 3). Obese patients did not have a significant delay from day of
admission to surgical intervention. In fact, the obese and morbidly
obese had decreased time to operation, although not clinically
meaningful (Table 3). These results were not substantially altered
after controlling for transfer status.

Results of the multivariate analysis for types of SSI by obesity
status are reported in Table 4. Obese, morbidly obese, and super
obese had higher odds of superficial, deep, incisional surgical site
infection, and the odds of SSI increased progressively in each
obesity category. After controlling for other factors organ space SSI
became non-significant in the super obese patients. Super obese
patients had 70% higher odds than normal weight patients of
having the composite SSI outcome (Table 4).

Morbidly obese and super obese patients had higher post-
operative length of stay versus non-obese patients, with the su-
per obese staying more than 1 day longer (Table 5). Morbidly obese
patients and super obese patients have decreased odds of being
discharged to home, 31% and 60% respectively (Table 5). Obese
patients had a slightly decreased odds of 30-day readmission, while
this was not statistically significant for the morbidly obese and
super obese (Table 5).

Discussion

Our study found that obese patients had increased odds of
interhospital transfer, increased rates of postoperative wound oc-
currences, and increased odds of being discharged to somewhere
other than home care across a wide variety of emergency general
surgery procedures. Obese patients, for the largest volume surgical
procedures, had significantly higher annual national hospital ex-
penditures compared to non-obese patients - totaling nearly $160
million.* Emergency general surgery admissions account for
approximately three million hospitalizations in the United States
annually, and continues to rise.'”'® In general, patients undergoing
emergency general surgery constitute a different population than
those undergoing elective surgery, as the need for intervention
negates the opportunity for preoperative selection and optimiza-
tion.® Emergency operations in the general population (orthopedic,
gastrointestinal, hernia) are associated with a higher risk of
morbidity, mortality, length of stay and resource utilization."”
Obesity is associated with increased risk of several comorbidities
such as diabetes mellitus, ischemic stroke, hypertension, heart
disease, cancers and cardiovascular diseases; These comorbidities
also predispose patients to post-operative morbidity and mortal-
ity.! 19 With the concurrent rise of obesity and emergency surgeries
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Table 1

EGS population characteristics.

Normal Weight/Overweight N = 262,243 Obese N = 118,117  Morbidly Obese N = 29,053  Super Obese N = 9,960  p-value

Female 51% 55% 67% 69% <0.01
White 71% 72% 71% 69% <0.01
Black 11% 14% 17% 20%
Other 18% 14% 12% 11%
Age, mean (SD) 56 (20) 55(17) 51 (16) 50 (14) <0.01
Diabetes 12% 22% 30% 35% <0.01
Hypertension 38% 48% 53% 59% <0.01
COPD 6% 6% 7% 9% <0.01
Dyspnea 6% 7% 9% 14% <0.01
Dependent functional status 7% 5% 6% 9% <0.01
CHF 2% 2% 3% 4% <0.01
Renal failure 1% 2% 2% 3% <0.01
Dialysis 2% 3% 3% 3% <0.01
Ascites 2% 2% 1% 0.9% <0.01
Smoking 22% 19% 19% 19% <0.01
Steroids 6% 5% 4% 4% <0.01
Disseminated cancer 5% 3% 2% 1% <0.01
Weight loss 5% 2% 0.9% 0.8% <0.01
Bleeding disorder 8% 9% 9% 10% <0.01

COPD = Chronic obstructive pulmonary disease; CHF = congestive heart failure.

understanding the patterns of care in this patient population will
be valuable to develop interventions to improve patient outcomes.

In the neurosurgical, orthopedic, and elective general surgery
patient population, obesity is an independent risk factor for 30-day
readmission.’’ %% The cause of readmission differed by procedure
specialty grouping; however, reasons for re-admission did not
differ between the obese and non-obese patient population within
the various surgical subpopulations.?® In general, obese patients are
more likely to be discharged to a facility versus home at time of
discharge, which is consistent with findings from our study.”* In
our study, morbid and super obesity was associated with increased
rates of 30-day readmission and discharge to a facility after inpa-
tient hospital admission.

We hypothesized that obese patients would be more likely to be
transferred between acute care hospitals independent of their

comorbidities due to perceived higher risk for this population. Our
findings supported that obesity is independently associated with
increased odds of transfer, especially in the morbidly and super
obese. Based on the current body of literature little is known about
outcomes and resource utilization of interhospital transfers for
obese patients with EGS diagnoses.?’ Surgical patients have a
higher rate of comorbidities, utilize additional resources at trans-
ferring and receiving hospitals, have higher acuity and have worse
outcomes involving post-operative complications and mortality.
Therefore, there is an anticipated benefit when transferring pa-
tients between hospitals.”’ 2 Potential reasons for emergency
general surgery patients undergoing interhospital transfer include
rural surgeon shortage and increasing specialization in surgical
fields which may incentivize patient transfers to prevent
malpractice concerns.”’ 2° Additionally, as health care providers

Table 2
EGS outcomes by obesity class.
Normal Weight/Overweight N = 261,949 Obese N = 117,999 Morbidly Obese N = 29,016  Super Obese N = 9,952  p-value

Transferred® 5.5% 5.6% 6.2% 8.0% <0.01
Days to operation (median) 1 1 1 1 <0.01
Days to operation (mean) 2.29 2.08 2.08 223 <0.01
Wound complications
Superficial SSI 3.0% 3.4% 3.8% 5.3% <0.01
Deep SSI 1.1% 1.4% 2.0% 2.4% <0.01
Organ space SSI 4.1% 3.8% 3.5% 3.3% <0.01
Fascial dehiscence 0.9% 1.0% 1.1% 1.2% <0.01
Any of the above 8.3% 8.8% 9.7% 11.2% <0.01
Days to discharge (median [IQR]) 4 (7) 3(6) 3(6) 4(6) <0.01
Days to discharge (mean [SD]) 6.3 (8) 5.7 (8) 6.0 (8) 7.2 (10) <0.01
Discharge destination” <0.01
Home 82% 85% 83% 77%
Skilled Care 10% 8% 9% 12%
Rehab 3% 3% 3% 4%
Death 4% 3% 3% 4%
30-day Readmission 8% 8% 8% 9% <0.01

*medians compared using KWallis test, median by ANOVA.
2 Transferred from other acute care hospital.
> Home = home or “facility which was home”.
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Table 3
Multivariate analysis.

Interhospital Transfer?

OR Cl P-value
Non-obese Ref Ref Ref
Obese 1.07 0.04—1.11 <0.01
Morbid obesity 1.20 1.14-1.27 <0.01
Super obesity 1.53 1.41-1.66 <0.01
Admission to day of operation (per day)”

Coefficient CI P-value
Non-obese Ref Ref Ref
Obese —-0.10 (-0.14) - (-0.07) <0.01
Morbid obesity -0.15 (-0.21) - (-0.09) <0.01
Super obesity -0.07 (-0.18) — (0.03) 0.19

¢ Controlling for age, sex, race, comorbidities, wound class, AHRQ procedure category.
b Controlling for age, sex, race, comorbidities, wound class, AHRQ procedure category,

are increasingly able to prolong life in patients with a myriad of
significant comorbidities, emergency general surgery patients may
represent a more complex patient subpopulation which smaller
hospitals may be less comfortable treating.”’ Health care provider
implicit bias towards obese patients may also contribute to higher
rate of interhospital transfer, as there is a general perception of
increased work effort to care for these patients.>® Weight bias refers
to physician perception that obesity is associated with laziness,
noncompliance and a general lack of personal responsibility which
may influence surgeon reluctance to perform surgery on these
patients and prompt interhospital transfer.>® Obese patients
require unique resources which may not be readily available in
most smaller or rural hospitals prompting transfer. This includes
but not limited to: increased weight limit/larger diameter CT/MRI
machines, bariatric specialty equipment, and structural changes to
patient care facilities to accommodate increasingly larger pa-
tients.>? Increasing resources for this unique subclass of patient at
hospitals currently without these resources may provide the

Table 4
Multivariate analysis, EGS Wound Complications by Obesity Class.

and transfer status.

opportunity to improve patient outcomes — by deterring transfers -
and improve total cost and health care utilization. Additional
research is warranted to understand specific hospital factors asso-
ciated with transfer, investigating both structural and clinical re-
sources. However, the current body of literature - including the
findings of this study - demonstrate a correlation between obesity
and post-operative morbidity that is important to understand.
Although obesity has been demonstrated to be protective
against mortality, obesity is a significant risk factor for surgical site
infection, longer operation time, prolonged length of stay (LOS),
and unplanned hospital readmissions.' 771 We observed an
increased rate of all types of surgical site infection and prolonged
LOS. Yet when controlling for patient characteristics and procedure
type, there was a decreased rate of 30-day readmission. Non-
surgical costs associated with obesity are well documented, how-
ever, surgical, and in particular emergency surgical costs are not.*
Severely obese patients have been shown to require greater re-
sources, including repeat surgery and prolonged ICU stay.®

Superficial Incision Surgical Site Infection

OR
Non-obese Ref
Obese 132
Morbid obesity 1.58
Super obesity 222
Deep Incisional (Fascial) Surgical Site Infection

OR
Non-obese Ref
Obese 1.38
Morbid obesity 1.79
Super obesity 1.82
Organ Space Surgical Site Infection

OR
Non-obese Ref
Obese 1.04
Morbid obesity 1.08
Super obesity 1.08
Wound Dehiscence

OR
Non-obese Ref
Obese 1.36
Morbid obesity 1.81
Super obesity 2.01
Total Synthesized Surgical Site Infection

OR
Non-obese Ref
Obese 1.22
Morbid obesity 1.45
Super obesity 1.69

Cl P-value
Ref Ref
1.27-1.38 <0.01
1.48-1.70 <0.01
2.01-2.44 <0.01

Cl P-value
Ref Ref
1.29-1.47 <0.01
1.63-1.98 <0.01
1.57-2.10 <0.01
Cl P-value
Ref Ref
1.00—1.08 0.03
1.01-1.16 0.03
0.96—1.21 0.22

Cl P-value
Ref Ref
1.26—1.46 <0.01
1.60—2.05 <0.01
1.66—2.45 <0.01
CI P-value
Ref Ref
1.19-1.25 <0.01
1.38—-1.51 <0.01
1.57-1.81 <0.01

*All models controlled for age, sex, race, comorbidities, wound class and CPT category.
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Table 5
Multivariate analysis: EGS length of stay, discharge home, and readmission.

Postoperative Length of Stay
Coefficient (Days)

Non-obese Ref
Obese 0.00
Morbid obesity 037
Super obesity 1.15
Discharge to Home (vs. Other)

OR
Non-obese Ref
Obese 0.97
Morbid obesity 0.71
Super obesity 0.42
30-day Readmission

OR
Non-obese Ref
Obese 0.96
Morbid obesity 0.99
Super obesity 1.05

Cl P-value
Ref Ref
—0.05 - 0.05 0.87
0.29-0.46 <0.01
1.00-1.29 <0.01
ca P-value
Ref Ref
0.95—-0.99 0.02
0.68—0.74 <0.01
0.39-0.44 <0.01
ca P-value
Ref Ref
0.93-0.98 <0.01
0.94-1.04 0.60
0.97-1.13 0.23

*Controlling for age, sex, race, comorbidities, wound class, and procedure category.

Additionally, it has been theorized that obesity has a significant
impact on workload for general surgeons. A study performed by
Hawn and colleagues noted a statistical correlation between BMI
and increased operative time.” This directly translates to increased
workload not only for surgeons but also anesthesia and nursing. In
2002 due to Medicare reimbursement stipulations, reimbursement
for colectomy and mastectomy decreased by 50% when compared
to 1989 reimbursement rates.* During this same timeframe the
prevalence of obesity doubled. This suggests that as the obesity
epidemic persists, surgeons are getting paid less to do more.*
Several investigators have supported the development of a CPT
modifier and appropriate considerations for RVU assigned to sur-
gical cases for obese patients due to increased workload for sur-
geons and increased health services use associated with this unique
patient population.*%7

As health care transitions from volume-based to a value-based
bundled system, defining quality care for obese patients undergo-
ing emergency general surgery will be necessary. Bundled payment
models were implemented in 2016 by Medicare for hip or knee
replacement surgery and are being developed for other surgical
specialties. There is considerable concern that bundled-payment
programs create an incentive to treat healthier patients rather
than those that are “sicker” and have more “costly” care.>° Meller
and colleages®! analyzed patients undergoing total knee arthro-
plasty (TKA) to capture data on subpopulations (in particular
morbid and super-morbidly obese) on which to define bundled
payments for episodes of care. The investigators noted excess costs
for patients defined as morbid or super-morbid obese versus non-
obese patients which have implications in negotiating CMS
bundled payments for this subclass of patients.>! It can be inferred
that in the setting of transitioning to value-based bundled care
payments, without appropriate adjustment for obesity, hospitals
caring for obese emergency general surgery patients may be un-
fairly penalized. Additional investigation is warranted to determine
excess costs of caring for obese emergency general surgery patients
to assist in the definition of value-based bundled payments for this
unique group of patients.

With over a third of the patients undergoing non-elective general
surgery procedures being obese, we believe our findings highlight
the need for enhanced recovery protocols in emergency general
surgery patients with special attention given to the obese subset.
NSQIP is one of the few national datasets which collects BMI in
addition to over 200 other variables.'> This makes NSQIP data
uniquely qualified to assess post-operative outcomes for obese pa-
tients in an attempt to enhance surgical quality on a national

level >10:12:3233 1 elective surgery cases, weight loss programs have
been utilized for obese patients to enhance pre-operative patient
optimization and prevent post-operative morbidity and mortality.>*
However compliance with these programs is poor, and the chances
of returning to a normal weight for someone who is already obese is
extremely low.>>>% Therefore, enhanced recovery protocols in the
emergency general surgery obese patient population that emphasize
operative and postoperative management of obese patients may also
be valuable in the elective surgery population.

Enhanced recovery protocols (ERPs) are a set of standardized
perioperative orders and procedures that are applied to all patients
undergoing a given surgery in an attempt to improve patient out-
comes, and has traditionally focused on elective procedures.?>>3
ERPs aim to improve outcomes such as pain at rest, return of
bowel function, wound/surgical site healing, nausea, and early
hospital discharge.>> ERPs are often designed for the elective
surgical patients, but components of the protocols could be
generalized to the emergency general surgery patient.>>>> Boodaie
and colleages'® developed a “perioperative care map” using pre-
cautions and best practices commonly employed for bariatric pa-
tients to all general surgery patients. Findings from this enhanced
recovery protocol-type intervention noted an adjusted decrease in
rates of unplanned returns to the operating room, total length of
stay, postoperative length of stay, and unplanned readmission.' It
can be inferred that with additional research regarding the impact
of obesity on preoperative care and post-operative outcomes, a
similar ERP can be developed to improve outcomes in the emer-
gency general surgery patient population.

Limitations

Despite the many benefits of the NSQIP database, there are
limitations to our study. The NSQIP PUF does not include cost or
charge data. However, it can be inferred that the observed
increased incidence of surgical site infection, increased inter-
hospital transfer, increased length of stay, and discharge to a loca-
tion other than home, contribute to overall increased cost in the
obese patient population. The sample analyzed is a cohort obtained
from hospitals that participate in NSQIP, thereby may not be
representative of all obese patients whom undergo emergency
general surgery nationally. There is a known relationship between
poverty and obesity in the United States, however patient-level
data on socioeconomic status and insurance status are not
included in the NSQIP PUF database and thus were unable to be
included in the analysis.>®
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Information regarding the attributes of the hospital that pa-
tients initially presented to and were transferred from is not
available in the NSQIP database. Utilizing the National Inpatient
Sample (NIS) hospital level factors including characteristics such as
total number of discharges, bed size (small, medium, large), hos-
pital region, hospital control/ownership and teaching status were
noted to be more contributory to transfer status for emergency
general surgery patients (operative and non-operative) and were
noted to outweigh patient-level factors.>” However, the NIS does
not include patient BMI which prohibits itsd ability to evaluate the
association between BMI and transfer.

An additional limitation of this study is that patients with
emergency general surgery conditions managed non-operatively
were not captured. Previous studies have identified that as many
as half of these patients with emergency general surgery diagnoses
do not undergo operative intervention, which has been shown to be
true for transferred patients as well.?®

Conclusions

This study found that after controlling for patient characteris-
tics, obese patients had increased odds of transfer, wound infection,
and discharged to location other than home. However, obese pa-
tients had slightly decreased odds of 30-day readmission. As
obesity and emergency general surgery continue as significant
public health burdens, it is necessary to better understand their
impact on outcomes, resources, and hospital quality metrics so we
can identify areas for targeted improvement.
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