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LAY ABSTRACT
Preoperative weight loss strategies for patients with obesity undergoing major non-

bariatric surgery are becoming a necessity given the ubiquitous nature of obesity in our current
surgical patient population. The first chapter is a systematic review and meta-analysis evaluating
the use of preoperative very low energy diets (VLEDs) prior to non-bariatric surgery for patients
with obesity. After screening nearly 800 citations and including 13 studies, this review identified
that while currently available evidence is heterogenous, preoperative VLEDs are safe, well
tolerated, and effectively induce preoperative weight loss in patients with obesity undergoing
non-bariatric surgery for both benign and malignant disease. The second chapter is a population-
level retrospective study investigating the impact of a history of bariatric surgery for weight loss
on patients undergoing surgery for colorectal cancer. The findings from this study suggested that
bariatric surgery prior to surgery for colorectal cancer may be associated with decreased

postoperative morbidity and healthcare resource utilization.
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ABSTRACT
Background: Improved preoperative weight loss strategies for patients with obesity undergoing

major non-bariatric surgery are necessary. As such, this research program focusing on evaluating
different preoperative weight loss interventions, namely very low energy diets (VLEDs) and
bariatric surgery, for patients with obesity undergoing major non-bariatric surgery was
developed.

Methods: The first chapter is a systematic review evaluating the use of preoperative VLEDs
reported according to PRISMA. Medline, EMBASE, CENTRAL, and PubMed were
systematically searched from inception through to July 2021. Articles were included if they
evaluated VLED utilization prior to non-bariatric surgery. Pairwise meta-analyses using inverse
variance random effects were performed. The second chapter is a retrospective study
investigating the impact of a history of bariatric surgery on patients undergoing surgery for
colorectal cancer. Adult patients undergoing resection for colorectal cancer from 2015-2019 were
identified from the National Inpatient Sample (NIS). Patients were stratified according to their
history of bariatric surgery. Propensity score matching with 4:1 nearest-neighbor matching was
performed.

Results: In Chapter 1, 13 studies with 395 patients with obesity receiving VLEDs preoperatively
in preparation for non-bariatric surgery were included. Adherence with VLEDs ranged from 94-
100%. Mean preoperative weight loss ranged from 3.2-19.2kg. Patients using VLEDs had
decreased intraoperative blood loss (MD 305.20mL, 95%CI 208.18-402.23, p<0.00001). In
Chapter 2, 1,197 patients without prior bariatric surgery and 376 patients with prior bariatric
surgery were included. Patients with prior bariatric surgery had an absolute reduction of 6.5% in
overall in-hospital postoperative morbidity (19.1% vs. 25.6%, p<0.0001) and a $5,256 decrease

in hospitalization cost ($70,344 vs. $75,600, p=0.034).
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Conclusion: These studies support the use of preoperative weight loss techniques for patients
with obesity prior to non-bariatric surgery. VLEDs and bariatric surgery have the potential to
become cornerstones of pre-habilitation protocols for patients with obesity undergoing elective

operations. Further adequately powered prospective study is warranted.
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CHAPTER 1: INTRODUCTION

1.1 The Obesity Epidemic
Obesity is increasingly prevalent in Western society and across the globe. ! The economic

burden in Canada alone is estimated to have surpassed $100 billion United States Dollars
(USD).? The healthcare system bears most of this economic burden. More importantly, obesity
can adversely impact almost all human physiologic homeostasis. In North America, obesity is
defined as a body mass index (BMI) of equal to or greater than 30 kilograms (kg) per meters (m)
squared, and these patients with BMIs greater than 30 kg/m? are at significantly higher risk of
insulin resistance, cardiovascular disease, several types of cancers, and more.>= The prevalence
of these conditions, and the downstream consequences, are set to increase along with the rising
prevalence of obesity. It is estimated that over half of the North American population will be
living with obesity by 2030.¢ With over 10% of Canadian children and adolescents also living
with obesity, a number significantly higher than historic values, the obesity epidemic is set to

continue for years to come.’

1.2 The Impact of Obesity on Surgical Outcomes
It naturally follows that the surgical patient with obesity is unavoidable. Obesity has

several deleterious effects on perioperative outcomes. Intraoperatively, patients with obesity are
at increased risk of requiring longer operative times, exposing them to the harmful side effects of
anesthetic medication, increased intraoperative blood loss, greater perceived technical difficulty
by operating surgeons, and increased risk of conversion from a minimally invasive operation to a
more invasive operation (i.e., open procedure).®'? Postoperatively, the incidence of
cardiovascular (1-2% vs. 2-4%), genitourinary (3-10% vs. 6-20%), and wound (3-9% vs. 6-18%)

complications are at least doubled compared with patients living without obesity.!''> These



increased risks of postoperative complications can in turn contribute to significantly longer
postoperative length of stays (LOS) and increased healthcare spending. Long-term oncologic

outcomes may also be worsened in patients with obesity undergoing surgery for cancer. !

1.3 Preoperative Weight Loss for Patients with Obesity
To pre-emptively mitigate some of these concerns, prescribed preoperative weight loss,

often via VLEDs, has become a standard of care for patients with obesity undergoing bariatric
surgery (i.e., weight loss surgery).!” Specifically, patients with obesity often have to complete a
six-to-twelve-month medical weight loss program prior to becoming eligible to undergo bariatric
surgery for weight loss.'® These programs can effectively induce significant amounts of
preoperative weight loss, which in turn may contribute to decreased postoperative length of stay
(LOS) by at least 0.5-1 days, decreased fat content around major intra-abdominal organs by as
much as 29% resulting in better visualization and improved ease of the surgery, and reduced
overall postoperative morbidity by 33%.'°2> While these programs are well established and
efficacious for patients with obesity undergoing bariatric surgery, equivalent programs for
patients with obesity undergoing non-bariatric surgery are scarce and have minimal peer-
reviewed evidence supporting their use. Preoperative weight loss strategies for patients with
obesity undergoing major non-bariatric surgery are becoming a necessity given the ubiquitous
nature of obesity in our current patient population. Interventions such as physical activity,
referral to registered dieticians for dietary interventions, VLEDs, glucagon-like peptide 1 (GLP-
1) agonists (e.g., Ozempic®), and bariatric surgery must be explored in an effort to optimize
patients with obesity prior to elective and semi-elective surgery for benign and malignant
diseases alike. As such, this research program focused on evaluating and understanding different

preoperative weight loss interventions, namely VLEDs and bariatric surgery, for patients with



obesity undergoing major non-bariatric surgery. The first chapter is a systematic review and
meta-analysis evaluating the use of preoperative VLEDs prior to non-bariatric surgery for
patients with obesity. The second chapter is a population-level retrospective study investigating
the impact of a history of bariatric surgery for weight loss on patients undergoing surgery for
colorectal cancer. The efficacy and safety of these interventions for this patient population will
be explored with the aim of understanding where they may be useful in clinical practice, as well
as understanding whether future randomized prospective work is feasible and warranted in this
field. Ultimately, these research projects in addition to future prospective work, will hopefully
form the cornerstone for preoperative optimization programs for patients with obesity

undergoing non-bariatric surgery.



CHAPTER 2: VERY LOW ENERGY DIETS

2.1 Background
VLED:s or very low-calorie diets (VLCDs) serve as an intensive approach to achieve

significant weight loss in a relatively short period of time.?3* Individual formulations of each
diet vary slightly, however all follow a similar composition. These diets are fortified with protein
(i.e., containing 0.8 to 1.5 grams [g] protein/kg of ideal body weight), include all recommended
daily micronutrients, yet are limited in their carbohydrate and fat content (i.e., up to 80 g
carbohydrate/day and 15 g fat/day) allowing them to induce weight loss while maintaining lean
body mass.?>2” Most VLEDs or ‘VLCD-based models’, comply with a maximum daily
allowance of 1200 calories (most < 800 calories/day) and are normally prescribed for 4-12 weeks
in duration, with notable exceptions depending on amount of weight loss desired.?#23-28-30
Despite heterogeneity in VLED administration, caloric content, and diet duration,
numerous high-quality reviews and meta-analyses provide strong evidence for their safety and
efficacy when addressing patients with obesity.?+263%3! As such, VLEDs are now recommended
in some clinical practice guidelines for medical weight loss which is refractory to conventional
dieting methods.??=* Specifically, VLEDs are to be prescribed and supervised by trained
personnel for a maximum of 12 weeks, in those who failed conventional weight loss strategies or
in whom weight loss needs to be achieved in a short period of time (e.g., for an upcoming
bariatric surgery).*33¢ In these groups, VLEDs are associated with significant weight loss in both
the short- and long-term, and have been shown to reduce the severity of obesity related
comorbidities such as hypertension, type-2 diabetes, and dyslipidemia.?®*!37 From a surgical
perspective, VLEDs are most commonly used for optimizing patients with obesity prior to
bariatric surgery for weight loss.?>-%3 Currently the Canadian Adult Obesity Clinical Practice

Guidelines, recommend that bariatric surgery patients “consume very low-calorie meal



supplements in the form of commercially available protein shakes totalling 650-900 kcal/day for
two to three weeks prior to surgery”.?3 The utilization of VLEDs before bariatric surgery is
associated with numerous advantages including significant weight loss prior to surgery, reduction
in liver volume, visceral fat reduction, decreased surgeon perceived operating difficulty,
decreased LOS, and reduced postoperative complications.'®-2%-2339

While the preoperative use of VLEDs in bariatric surgery is well established, the
evidence and potential benefits of VLEDs prior to other types of surgery remains unclear. A
systematic review from 2016 evaluating VLEDs for preoperative weight loss in patients with
obesity could only identify two studies which looked at their use in non-bariatric surgery.?> The
review suggested that VLED use in non-bariatric surgery was similar to VLED in bariatric
surgery with regards to adherence, weight loss, complications, and blood loss.?> However, the
authors were cautious in suggesting that these results could be generalized to all other types of
surgery. Moreover, there was apprehension with regards to the application of VLED in patients
with obesity undergoing oncologic resections due to the fear of compounding cancer-induced
catabolism.*’ Yet, recent data suggest it can be safely applied to these patients as well as those

undergoing elective non-oncologic surgery.%4!

2.2 Study Objectives
The primary aim of this systematic review was to evaluate the currently available

evidence for the use of VLEDs preoperatively for adult (i.e., over the age of 18 years) patients
with obesity undergoing major non-bariatric surgery in terms of efficacy (i.e., weight loss,
perioperative outcomes), safety (i.e., adverse events), and adherence to serve as a foundation for
further prospective study. The secondary aim of this systematic review was to compare adult

patients with obesity undergoing major non-bariatric surgery receiving VLEDs to those not



receiving VLEDs in terms of perioperative outcomes (i.e., operative time, estimated
intraoperative blood loss, postoperative morbidity, LOS). The tertiary aim of this systematic
review was to appraise previously published data pertaining to the use of preoperative VLEDs in
adult patients with obesity undergoing major non-bariatric surgery for oncologic disease in terms
of safety (i.e., adverse events). The PICO format for this review was as follows:
Population: Adult patients (i.e., over 18 years of age) with obesity (i.e., BMI greater than
30 kg/m?) undergoing major non-bariatric surgery.
Intervention: Preoperative VLED with liquid formulation.
Comparison: No preoperative VLED with liquid formulation or no comparison.
Outcomes: VLED efficacy (i.e., weight loss, operative time, estimated intraoperative
blood loss, postoperative morbidity, LOS); VLED safety (i.e., adverse events); VLED

adherence.

2.3 Study Hypothesis
The a priori study hypothesis is that VLEDs used by patients with obesity prior to major

non-bariatric oncologic and non-oncologic surgery will be well tolerated (i.e., high percentage of
adherence to VLED regimens) and safe (i.e., incidence of VLED-associated adverse events that
are low and similar to those reported in studies evaluating VLED use prior to bariatric surgery).
To date, there are no high-quality data suggesting that VLEDs impact patients with obesity
undergoing non-bariatric surgery differently than patients with obesity undergoing bariatric
surgery.?’ Additionally, it is hypothesized that there will be significant between-study

heterogeneity identified in the present review.



2.4 Study Design
This systematic review and meta-analysis is reported in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Appendix 1). The study
protocol was registered on the PROSPERO International Prospective Register of Systematic
Reviews a priori (CRD42021284333). Local institutional ethics review board approval was not
required for this study.
Eligibility Criteria

Articles were eligible for inclusion if they assessed VLED utilization by adult patients
with obesity prior to any type of non-bariatric surgery and reported at least one of the following
outcomes: preoperative weight change, VLED adherence, VLED safety, operative outcomes,
postoperative complications, and/or postoperative LOS following index . These outcomes are
defined below in Outcome Measures. The VLED must have also included a liquid formulation
(e.g., Optifast©, Medimeal©). Studies which evaluated VLEDs prior to bariatric surgery or in
the context of medical weight loss programs were excluded. Studies were not discriminated
based on type of non-bariatric surgery included. Articles written in all languages were considered
for inclusion. Conference abstracts were eligible for inclusion. Randomized control trials (RCTs)
and observational studies (i.e., prospective cohorts, retrospective cohorts, and case series) were
included. Single-armed, non-comparative studies were eligible for inclusion. Reviews, meta-
analyses, abstracts, editorials, letters, opinion pieces, non-peer reviewed research, and other

types of studies not reporting primary data were excluded.

Search Strategy
The following databases covering the period from database inception through July 2021

were searched: Medline, EMBASE, Cochrane Register of Controlled Trials (CENTRAL), and

PubMed. The search was designed and conducted by a medical research librarian with input from



study investigators. Search terms included “Very-Low Energy Diet”, “Very-Low Calorie Diet”,
“Non-Bariatric Surgery”, “Preoperative Weight Loss”, and more (complete search strategy
available in Appendices 2-3). The references of studies meeting inclusion criteria as well as
previous pertinent systematic reviews were searched manually to ensure that all relevant articles
were included. The International Clinical Trials Registry Platform and clinicaltrials.gov were
also searched to identify ongoing or unpublished studies (“very low-calorie diets” and “very low

energy diets”).

Study Selection
Two reviewers (TM, CP) independently evaluated the systematically searched titles and

abstracts using a standardized, pilot-tested form on Covidence©. Discrepancies that occurred at
the title and abstract screening phases were resolved by inclusion of the study. Full-text
screening ensued with two reviewers (TM, CP). At the full-text screening stage, discrepancies
were resolved by consensus between the reviewers. If disagreement persisted, a third reviewer

was consulted (CE).

Data Collection
Two reviewers (TM, CP) independently conducted data extraction onto a data collection

form designed a priori on Microsoft Excel©. Any discrepancies were resolved by consensus
between the reviewers. Extracted data included study characteristics (e.g., author, year of
publication, study design, inclusion/exclusion criteria), patient demographics (e.g., age, sex,
initial weight/BMI), VLED details (e.g., diet formulation, calories consumed per day, length of
dieting period), VLED safety (e.g., tolerability, compliance, adverse events, tissue biopsy,
biochemical parameters), operative details (e.g., type of surgery, operative time, blood loss), and

postoperative outcomes (e.g., LOS, morbidity, mortality).



Outcome Measures
There are no validated core outcome sets (COS) for preoperative weight loss

interventions.*? Similarly, minimal clinically important difference (MCID) data have not been
published for any of the outcomes below. Therefore, the following outcomes were selected a
priori based on clinical significance and prevalence in the existing literature:

e Preoperative Weight Loss (Efficacy): Recorded as the post-VLED intervention
weight subtracted from the pre-VLED intervention weight in kg. This was also
recorded as post-VLED intervention BMI subtracted from the pre-VLED
intervention BMI in kg/m?. If change in weight or pre- and post-VLED weights
were not reported then this outcome was reported as missing.

e Postoperative Morbidity (Efficacy): Any deviation from the expected
postoperative course as reported by each included study. If this was not reported
as a pooled outcome in the included study, then the outcome was recorded as
missing.

e Operative Time (Efficacy): This will be defined as the time in minutes from the
start of the surgical case to the end of the surgical case as recorded in each
individual study.

e Estimated Intraoperative Blood Loss (Efficacy): This will be defined as the
amount of estimated blood loss in milliliters (mL) during the surgical case as
recorded in each individual study.

e Postoperative LOS (Efficacy): This will be defined as the number of days from
the index procedure to the time the patient leaves an acute care bed as recorded in

each individual study.



e VLED-association Adverse Events (Safety): Any reported morbidity felt to be
secondary to the use of the VLED as per each individual study.

e VLED Adherence: The number of doses of VLED taken divided by the number of
doses of VLED prescribed.

Details regarding diet protocol such as diet formulation, calories per day, patient
monitoring, and length of diet period were recorded to allow for better comparison of these
interventions. In addition, if the study included a comparative or control group their
demographics, baseline differences, and outcomes were documented to assess efficacy of the

intervention as compared to the control.

Risk of Bias Assessment
Risk of bias for observational studies was assessed using the Risk of Bias in Non-

randomized Studies of Interventions (ROBINS-I) assessment tool.** Risk of bias for RCTs was
assessed using the Cochrane Risk of Bias Tool for Randomized Controlled Trials 2.0.** For non-
comparative observational studies, the Methodological Index for Non-Randomized Studies
(MINORS) tool was used.*> Two reviewers independently assessed the risk of bias.
Discrepancies were discussed amongst the reviewers until consensus was reached. Risk of bias

figures were created with RoBvis.*

Assessment of Certainty of Evidence
Certainty of evidence for estimates derived from meta-analyses was assessed by Grading

of Recommendations, Assessment, Development and Evaluation (GRADE).*” The GRADE
results were collated in a summary of findings table, as recommended by the Cochrane
Collaborative. The calculations and organization of results into a summary of findings table was

done using the GRADEPro software.*
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Assessment of Heterogeneity
Baseline study characteristics were assessed to ensure adequate homogeneity between

studies in terms of demographics, interventions, and outcomes prior to performing a meta-
analysis. Following completion of each meta-analysis, assessment of heterogeneity was
completed by visual inspection of the forest plot as well as the inconsistency (I?) statistic. An 12
greater than 40% was considered to represent considerable heterogeneity.** Heterogeneity was
explored through the following a priori subgroup analyses: 1) study design (i.e., RCT vs. non-

RCT); 2) risk of bias (i.e., high risk of bias vs. low/some risk of bias).

Statistical Analysis
All statistical analyses and meta-analyses were performed on STATA version 15

(StataCorp, College, TX) and Cochrane Review Manager 5.3 (London, United Kingdom). Mean
and standard deviation (SD) was estimated for studies that reported median and interquartile
range using the method described by Wan et al.>° Missing SD data were calculated according to
the prognostic method.’! A pairwise meta-analysis was performed using an inverse variance
random effects model for all meta-analyzed outcomes. A random effects model was selected due
to anticipated between study heterogeneity. Pooled effect estimates were obtained by calculating
the risk ratio (RR) along with their respective 95% confidence intervals (CI) and mean
differences (MD) along with their respective 95% Cls to confirm the effect size estimation for
dichotomous and continuous outcomes, respectively. A leave-one-out sensitivity analysis was
performed by iteratively removing one study at a time from the inverse variance random effects
models to ensure that pooled effect estimates were not driven by a single study. Publication and

reporting bias in meta-analyzed outcomes were assessed with funnel plots when data from more
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than 10 studies were included in the analysis.>? A systematic narrative summary was provided for

each outcome.

2.5 Study Results

Results of the Search
From 792 citations, 13 studies (four RCTs, three prospective cohorts, four retrospective

cohorts, one mixed methods study, and one case series) were included.?8-30:40:33-61 A PRISMA
flow diagram of the study selection is illustrated in Figure 1. The reasons for exclusion of the 28

studies excluded at the full-text review stage are recorded in Table 1.

Study Characteristics
Within the 13 included studies, 395 patients (mean age: 56.5 years, 55.8% female)

received VLED preoperatively in preparation for non-bariatric surgery. Seven of the included
studies compared VLED with a placebo or control diet. Three of the included studies evaluated
patients undergoing hepatectomies, two evaluated patients undergoing gastrectomy, two did not
specify the operation under investigation, and the following operations were examined in a single
study each: hernia repair, laparoscopic cholecystectomy, carotid endarterectomy, total knee
replacement, robotic assisted radical prostatectomy, and gynecology resections. One study
included patients with BMIs greater than 40 kg/m?, one study only included patients with BMIs
greater than 35 kg/m?, six studies included patients with BMIs greater than 30 kg/m?, and one
study did not have a BMI cut-off but rather included patients with a waist circumference (WC) of
greater than 94 centimeters (cm). Four studies did not report weight-based inclusion criteria.

Detailed study characteristics are reported in Table 2.

Intervention Details
The mean duration of preoperative VLED amongst the included studies was 6.6 weeks

(range: 0.42-17 weeks). Seven of the included studies included preoperative VLED protocols
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less than one month in duration. The most commonly used liquid VLED formulation was
Optifast© (five studies), followed by Slim-Fast© (two studies) and Obecure© (two studies).
Target daily caloric intake ranged from 450 to 1370. The most restrictive (450 calories per day)
was a 1997 study by Pekkarinen et al. which evaluated the use of VLED for 7-24 weeks prior to
unspecified elective surgery with Modifast©.*° The most liberal VLED diet was in the most
recent study by Maruyama et al. in which patients were to consume 1370 calories per day with
ObeCure© and solid food for four weeks prior to thoracoscopic and/or laparoscopic
esophagectomy or gastrectomy.®! Adherence with VLED was reported by five studies and ranged
from 94% to 100%. All studies reporting adherence had preoperative VLEDs lasting four weeks

or less. Further dietary details for each of the included studies are reported in Table 3.

Weight Loss
Ten of the included studies reported weight or BMI change following preoperative

VLED. Mean preoperative weight loss ranged from 3.2kg (three-week VLED program with
ObeCure©) to 19.2kg (14-week VLED program with Modifast©) and mean preoperative
decrease in BMI ranged from 1.2 kg/m? (three-week VLED program with ObeCure©) to 7 kg/m?
(14-week VLED program with Modifast©) in the VLED cohorts. Six of the included studies
reported statistically significant reductions in preoperative weight and/or BMI with VLED.
Liljensoe ef al. evaluated an eight-week VLED prior to total knee replacement for osteoarthritis
and two patients (5.2%) lost such significant amounts of weight that their knee pain resolved,
and their surgery was postponed.®® Similarly, preoperative weight loss with a 14-week VLED
allowed for postponement of four operations due to symptom resolution in the study by
Pekkarinen ef al. (one bladder repair for urinary incontinence, one knee replacement for arthritis,

one desmoid tumor resection, and one abdominal aortic aneurysm repair).°
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Inoue et al. sub-classified weight change based on body composition.*’ Following a
three-week VLED with ObeCure© in which patients were limited to 15g of carbohydrates per
day, they reported significant reductions in total body weight (p<<0.0001), BMI (p<0.0001), body
fat mass (p<0.0001), and visceral fat mass (p<0.0001) without reductions in skeletal muscle
mass (p=0.25) or subcutaneous fat mass (p=0.86).*° Wilson et al. evaluated specific changes in
body composition with dual-energy x-ray absorptiometry following a four-week VLED prior to
robotic radical prostatectomy and found a preferential loss of fat mass compared to lean body
mass.>® Pre- and post-VLED weight and BMIs for each of the included studies are reported in

Table 4.

Perioperative Outcomes
Nine studies reported overall postoperative morbidity. Incidence of postoperative

morbidity ranged from 0% (carotid endarterectomy) to 40% (laparoscopic esophagectomy or
gastrectomy) for the VLED cohorts. The postoperative complications in the study evaluating
esophagectomy and gastrectomy by Maruyama et al. included atelectasis and anastomotic leak.
Six studies compared overall postoperative morbidity between patients receiving VLED and
control diets. Meta-analysis did not demonstrate a difference in postoperative morbidity with the
use of VLEDs (RR 1.08, 95% CI 0.70-1.67, p=0.73, 1>=0%) (Figure 2). There was no significant
interaction noted on study type subgroup analysis (p=0.69) nor on risk of bias subgroup analysis
(p=0.82) (Figures 3A and 3B). Results were unchanged with leave-one-out sensitivity analyses.
There were no significant differences in incidence of postoperative morbidity across all
individual included studies.

Ten of the included studies reported perioperative outcomes. Specifically, five reported

operative time in minutes. Mean operative times across studies in the VLED cohorts ranged from
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25 minutes (laparoscopic cholecystectomy) to 577 minutes (laparoscopic esophagectomy or
gastrectomy). Three studies compared operative time between patients receiving VLED and
control diets. Upon pooling of these comparative data, there was a 13.73-minute reduction in
operative time in the VLED group with wide 95% Cls that crossed the line of no effect (95%CI -
44.64 to 17.18, p=0.38, 1>=66%) (Figure 4). Subgroup analysis could not be performed due to
lack of data. Leave-one-out sensitivity analysis did not significantly alter the findings. Burnand
et al. demonstrated a significant reduction in operative time in patients with BMIs greater than
30 kg/m? undergoing outpatient elective cholecystectomy for symptomatic cholelithiasis with the
use of a two-week VLED with Slimfast© (VLED 25 minutes vs. control 31 minutes;
p=0.0096).%° Barth et al. and Inoue et al. did not find significant differences in operative time
between the VLED and non-VLED cohorts in patients undergoing hepatic resection for
malignancy and gastrectomy for malignancy, respectively.*0-7

Four studies reported intraoperative blood loss. Mean blood loss across studies in the
VLED cohorts ranged from 95mL (laparoscopic gastrectomy) to 600mL (hepatic resections).
Three studies compared intraoperative blood loss between patients receiving and not receiving
VLED. Upon pooling of these data, there was a statistically and clinically significant reduction in
intraoperative blood loss in the VLED group compared to the control (MD 305.20mL, 95%CI
208.18 to 402.23, p<0.00001, I’=88%) (Figure 5). Subgroup analysis could not be performed due
to lack of data. Leave-one-out sensitivity analysis did not significantly alter the findings. Barth et
al. randomized 60 patients undergoing partial hepatectomy to receive one week of preoperative
VLED with Optifast© or a regular diet and found a significant reduction in intraoperative blood

loss in the VLED group (VLED 452mL vs. control 863mL; p=0.021).%” They also found lower

overall volume of intraoperative blood transfusion in the VLED group (VLED 138mL vs. control
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322mL; p=0.06).>” Similarly, an earlier observational study by Reeves ef al. in 2013
demonstrated a significant reduction in intraoperative blood loss in patients undergoing hepatic
resections with a one-week preoperative VLED with Slimfast© (VLED 600mL vs. control
906mL, p=0.02).>* In a prospective cohort of gastric cancer patients undergoing laparoscopic
gastrectomy, Inoue et al. also showed a reduction in intraoperative blood loss with a three-week
preoperative VLED compared to historical controls (VLED 49mL vs. control 76mL, p=0.043).4°

Six studies reported postoperative LOS data. Mean LOS in the VLED cohorts ranged
from 0.4 days (laparoscopic cholecystectomy) to 21 days (laparoscopic esophagectomy or
gastrectomy). Four studies compared LOS between VLED and control cohorts. Meta-analysis
found a 0.42-day reduction in LOS in the control group compared to the VLED group (95%CI -
0.09 to 0.93, p=0.11, 1>=82%) (Figure 6). Subgroup analyses both by study type and by RoB
found significant interactions with both the RCT and Low/Moderate RoB subgroups
demonstrating larger MDs in LOS favoring the control group (MD 0.99 days, 95%CI 0.39 to
1.59, p=0.001, 1>=38%) (p-value for interaction=0.002, 1>’=90%) (Figure 7). Detailed

perioperative outcomes are reported for each of the included studies in Table 5.

Intervention Safety
Seven studies reported safety outcomes related to preoperative VLED use. Safety

outcomes were reported heterogeneously and with a wide variety of measures, though VLED-
related adverse events were most commonly relied upon for assessing safety of the intervention
in the included studies. In four of the studies, patients did not experience any VLED-related
adverse events.*%43%61 Doyle ef al. reported two cases (12.5%) of constipation that were felt to
be secondary to VLED use.> Similarly, Liljensoe ef al. did not describe any severe VLED-

associated adverse events, and reported a mild adverse event incidence of 31.6% (constipation,
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n=4; dry skin, n=3; sleeplessness, n=2; cold sensitivity, n=2; musculoskeletal cramping, n=1).
The greatest incidence of VLED-related adverse events, 55.1% (n=43/78) was reported by
Griffin et al. in a mixed-methods observational study in which they evaluated a 10-week VLED
with Optifast© or Optislim© for patients with BMIs greater than 30 kg/m? undergoing elective
surgery.”® The most common adverse events included: headache (n=20), nausea (n=7),
constipation (n=6), and hypoglycemic events (n=2). Additionally in this study, bloodwork was
drawn within the first two weeks of VLED initiation and upon completion, which demonstrated
an improved lipid profile and no adverse effect on liver and kidney function.?® Pekkarinen et al.
drew bloodwork from participants at weekly intervals during the course of a 14-week
preoperative VLED.3® They noted that leukocytes and lymphocyte levels started to decline by the
ninth week of VLED, though there was no statistically significant differences between VLED

and control groups.

Oncologic Data
Six of the included studies evaluated patients undergoing oncologic

40,53,54,56,57.61 The most restrictive diet allowed 800 calories per day and the least

operations.
restrictive diet allowed 1,370 calories per day. Three of the studies utilized Optifast©, two
utilized ObeCure©, and one used Slim-Fast©. Adherence rates were identical to those reported
by studies evaluating patients undergoing operations for benign disease (94-100%). There were
no data to suggest increased postoperative morbidity in oncologic patients receiving preoperative
VLED. Barth et al. and Inoue et al. compared rates of postoperative morbidity between VLED
and control groups and found no significant differences.*>>” Inoue et al. also evaluated change in

skeletal muscle mass to determine whether preoperative VLED enhanced cancer-induced

catabolism and failed to demonstrate a difference in change in skeletal muscle mass in the
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preoperative period between the VLED group and the control group.*® Similarly, Maruyama et
al. found no change in total protein, albumin, or prealbumin levels pre- and post-VLED for
patients undergoing laparoscopic esophagectomy or gastrectomy for cancer.®! They did however
report two cases (40%) of anastomotic leak and noted that further comparative study was
warranted to determine causality. Wilson et al. found a significant decrease in total lean mass in a
cohort of patients undergoing radical robotic assisted prostatectomy for prostate cancer, but
without a concomitant increase in postoperative morbidity.>

Risk of Bias

Figure 8 presents the risk of bias assessment for each included RCT according to the
Cochrane Risk of Bias Tool for Randomized Controlled Trials 2.0. One RCT was at an overall
low risk of bias, one had some risk of bias, and two were at high risk of bias. Kip et al. assigned
all included patients to the treatment arm (n=4) and none to the control arm.>® In 2019 RCT by
Liljensoe et al. three patients withdrew from the treatment arm (7.9%).%° Included RCTs were
uniformly at low risk from missing data, outcome measurement, and outcome reporting.

Figure 9 presents the risk of bias assessment for each included comparative observational
study according to ROBINS-I. One study was at overall low risk of bias and two were at high
risk of bias. Included studies were uniformly at low risk of bias from outcome reporting and
patient selection criteria.

Table 6 presents the risk of bias assessment for each included non-comparative
observational study according to MINORS. The mean MINORS score across the six non-
comparative studies was 8.3 (SD 3.3). Only one study collected data prospectively and none of

the studies calculated a sample size a priori.

18



Certainty of Evidence
Figure 10 presents the summary of findings table as per the GRADE assessment of

certainty of evidence. The certainty of evidence was very-low for all meta-analyzed outcomes
due to high risk of bias of the included studies, high I>-statistics indicating significant
heterogeneity, indirectness resulting from heterogenous patient populations amongst the included

studies, and wide 95% Cls crossing the threshold for clinical decision-making.
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CHAPTER 3: BARIATRIC SURGERY

3.1 Background
The obesity epidemic continues to propagate worldwide.%? Presently, there are nearly 100

million individual living with obesity in the United States (U.S.).® The proportion of individuals
living with obesity is projected to further increase. It is expected that over 50% of the United
States population will be obese by 2030.° In addition to the obvious public health crisis, these
numbers equate to an increasingly obese surgical population. In colorectal surgery, these patients
can present unique problems associated with their large volumes of subcutaneous and visceral
fat, particularly when operating within the bony confines of the pelvis.®*% Unsurprisingly,
colorectal surgery in the setting of obesity is associated with increased blood loss, operative time,
and surgeon perceived difficulty.®®* Postoperative care can be similarly challenging, as patients
with obesity have a higher propensity for developing complications such surgical site infections,
venous thromboembolism, anastomotic leak, and more.”%

In parallel with the rising prevalence of obesity, we have experienced the advent,
development, and proliferation of bariatric surgery as a surgical sub-specialty. Bariatric surgery
has quickly become recognized as the most effective and sustainable form of weight loss for
patients with obesity.® It can improve a number of obesity-related comorbidities, such as type 11
diabetes, dyslipidemia, nonalcoholic fatty liver disease, and more.5’-%° There are even data
supporting overall survival benefit for patients with obesity undergoing bariatric surgery.”® In
addition to improvements in these medical comorbidities, bariatric surgery may also be
beneficial for patients undergoing surgery for other indications. Bariatric surgery prior to elective
operations such as ventral hernia repair and hysterectomy as a means of inducing preoperative
weight loss in patients with obesity may reduce intraoperative difficulty and postoperative

complications.”!2
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A similar study evaluating patients undergoing surgery for colorectal cancer has been
performed using the National Inpatient Sample (NIS) (2006-2012).7* Their data suggested
reduced LOS and total inpatient healthcare cost, with equivalent postoperative mortality. They
did not evaluate postoperative morbidity.

3.2 Study Objectives
The primary aim of the present study was to utilize a more recent cohort of the NIS

(2015-2019) to compare adult patients (i.e., older than 18 years of age) with prior bariatric
surgery and patients with BMIs greater than 35 kg/m? without prior bariatric surgery undergoing
surgery for colorectal cancer in terms of in-hospital postoperative morbidity. The secondary
objectives of this population-level database study were to compare adult patients with and
without prior bariatric surgery undergoing surgery for colorectal cancer in terms of in-hospital
postoperative mortality, system-specific in-hospital postoperative morbidity, discharge
disposition, and healthcare resource utilization (i.e., LOS, cost). These data will serve as
important background work in designing future research and clinical programs aimed at
optimizing patients with obesity undergoing major abdominal surgery. The PICO format for this
study was as follows:

Population: Adult patients (i.e., older than 18 years of age) undergoing colectomy and/or

proctectomy for colorectal cancer at a NIS associated hospital between October 2015 and

December 2019 as identified by International Classification of Diseases, 10th Revision,

Clinical Modification (ICD-10-CM) codes.

Exposure: A personal history of bariatric surgery as identified by ICD-10-CM codes.

Comparison: A BMI of 35 kg/m? or greater without a personal history of bariatric

surgery as identified by ICD-10-CM codes.
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Outcome: All of the following outcomes were identified as per ICD-10-CM codes: in-
hospital postoperative morbidity (composite of respiratory, cardiovascular,
gastrointestinal, genitourinary, and infectious morbidity), in-hospital postoperative
mortality, system-specific in-hospital postoperative morbidity (i.e., respiratory,
cardiovascular, gastrointestinal, genitourinary, and infectious morbidity), discharge
disposition (i.e., home, short-term hospital, skilled nursing facility, home healthcare,

other), total LOS in days, and total inpatient cost for index stay in hospital in USD.

3.3 Study Hypothesis
The a priori study hypothesis is that patients with a history of bariatric surgery for weight

loss undergoing surgery for colorectal cancer will have clinically significant reductions in
postoperative morbidity and healthcare resource utilization as compared to matched controls
with BMIs greater than 35 kg/m? and no personal history of bariatric surgery. In other words, we
hypothesize that if patients with obesity undergo bariatric surgery, they will experience fewer
postoperative complications following colorectal cancer surgery than patients who do not. This
hypothesis is predicated on findings from an earlier study published by Hussan ef al. in 2017 that

evaluated a similar research question using an older cohort of the NIS (2006-2012).73

3.4 Study Design
This population-level retrospective cohort study adhered to the STrengthening the

Reporting of OBservational studies in Epidemiology (STROBE) (Appendix 4).

Data Source
A retrospective population-based cohort study was performed utilizing October 1st, 2015
to December 31st, 2019 data from the Healthcare Cost and Utilization Project (HCUP) NIS,

managed by the Agency for Healthcare Research and Quality (AHRQ). The timeline was chosen
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to capture the years that NIS started utilizing I[CD-10-CM codes. The NIS is the largest public
all-payer inpatient database in the U.S.; it approximates a 20% stratified sample of community
hospital discharges, and its included hospitals cover more than 97% of the U.S. population,
providing a nationally representative sample of the U.S. patient population and hospital
characteristics. The NIS records information on roughly 7 million hospitalizations annually,
including weighted data to help make population estimates. Local institutional ethics review

board approval was not required for this study.

Cohort Selection
The NIS captures 30 admission diagnoses and 15 admission procedures through the ICD-

10-CM codes. Corresponding ICD-10-CM codes were utilized to identify a cohort of adult
patients (i.e., older than 18 years of age) admitted with a primary diagnosis of code of colorectal
cancer. The study group was further narrowed by identifying only colorectal cancer patients who
underwent either colectomy, proctectomy, or proctocolectomy on the given admission. Patients
with a BMI of less than 35 kg/m? were identified using obesity class identifier codes and
excluded from the control group (i.e., no bariatric surgery group). The diagnosis and procedure
codes utilized were drawn from previous similar studies.”®’* See Table 7 for detailed ICD-10-

CM codes utilized to identify the cohort for this study.

Patient and Institution Characteristics
The patient characteristics included for analysis were age, sex, race category (i.e., White,

Black, Hispanic, Asian or Pacific Islander, and others), BMI class (i.e., <30 kg/m?, 30-35 kg/m?,
35-40 kg/m?, >40 kg/m?), insurance status (i.e., Medicare, Medicaid, Private Insurance, Self-pay,
and others), and income quartile. Comorbidities were assessed with the Charlson Comorbidity

Index software for ICD-10-CM for each individual patient. The operative approach (i.e.,
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minimally invasive, open), specific operation (i.e., colectomy, proctectomy, proctocolectomy),
and specific location of the colorectal cancer (i.e., right-sided colon cancer, transverse colon
cancer, left-sided colon cancer, other colon cancer, and rectal cancer) were collected. The
institution characteristics that included for analysis were teaching status, rural status, region (i.e.,

Northeast, Midwest, South, West), and bed size (i.e., small, medium, large).

Outcome Measures
The primary outcome was overall in-hospital postoperative morbidity. Postoperative

morbidity was identified with ICD-10-CM diagnosis and procedure codes that explicitly
identified individual postoperative outcomes. It was defined as a composite of respiratory (i.e.,
pneumonia, postoperative respiratory failure), cardiovascular (i.e., cerebrovascular accident,
myocardial infarction), gastrointestinal (i.e., prolonged postoperative ileus, anastomotic leak,
early small bowel obstruction), genitourinary (i.e., acute kidney injury, acute urinary retention,
urinary tract infection), and infectious (i.e., surgical site infection, sepsis) morbidity. For
postoperative morbidity that was not identifiable by individual ICD-10-CM codes, the AHRQ
Patient Safety Indicators were used.

The secondary outcomes included overall in-hospital postoperative mortality, system-
specific in-hospital postoperative morbidity, discharge disposition, total LOS, and total in-
hospital healthcare cost. System specific complications were collected by grouping postoperative
complications into respiratory, cardiovascular, gastrointestinal, genitourinary, and infectious
complications using previously described methods.” . Discharge disposition was categorized
into home, short-term hospital, skilled-nursing facility, home healthcare, and other. Healthcare

resource utilization (i.e., LOS, cost) data are recorded in the HCUP NIS. Due to the nature of the
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NIS database not having patient identifiers or linkage with other administrative databases, only

in-hospital outcomes could be captured and out of hospital outcomes could not be captured.

Statistical Analysis
Patient characteristics are presented as frequencies (%) for categorical variables and

means (SD) or medians (interquartile range [IQR]) for parametric and non-parametric continuous
variables, respectively. Statistical analyses for categorical and continuous baseline variables were
performed using the chi-square test and two sample t-test, respectively. Propensity score
matching was performed with a 4:1 matching ratio for patients without prior bariatric surgery
and patients with prior bariatric surgery, respectively. Propensity scores were computed by
modeling a logistic regression with the dependent variable being the odds of experiencing the
exposure of interest (i.e., bariatric surgery) and the independent variables of age, sex, race,
Charlson Comorbidity Index, insurance status, income quartile, year of treatment, urgency of
colorectal cancer surgery (i.e., elective, emergent), location of colorectal cancer, type of
colorectal cancer surgery (i.e., colectomy, proctectomy, proctocolectomy), operative approach
(i.e., open, minimally invasive), hospital bed size, hospital location (i.e., urban, rural), and
hospital region. Patients were matched with nearest-neighbor greedy matching with calipers set
to 0.2.7¢ Patients who did not match were excluded from the final analyses. The degree of
baseline variable balance was assessed with standardized differences. A high degree of balance
was assumed to be achieved with a standardized difference of less than 10%.7” McNemar’s test
was used to compare matched dichotomous outcome variables. Paired t-tests and Wilcoxon
matched-pairs signed rank test were then used to compare matched parametric and non-
parametric continuous outcome variables, respectively. All statistical tests were two-sided with

the threshold for significance set at p<0.05. Discharge-level weight provided by HCUP was used
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to calculate national estimates. All statistical analysis was performed using STATA (StataCorp
version 15; College Station, TX).

An a priori sample size calculation was performed. Assuming an expected proportion of
30-day postoperative morbidity of 0.30 in the control group, based on previous colorectal cancer
surgery literature, and 0.20 in the intervention group, based on a MCID of 33% relative risk
reduction, a power of 80%, an alpha of 0.05, and the use of a McNemar’s test, a sample size of

293 patients in the intervention arm was required to demonstrate the predicted effect.®787°

3.5 Study Results

Patient and Hospital Characteristics
Demographic and hospital characteristics of the overall NIS sample and propensity score

matched sample of patients undergoing surgery for colorectal cancer stratified according to
history of bariatric surgery are reported in Table 8. The overall NIS sample included 4,862
patients without a history of bariatric surgery (mean age: 61.9 [11.6], 54.5% female) and 394
patients with a history of bariatric surgery (mean age: 61.1 [11.1], 69.7% female). Prior to
propensity score matching, patients with a history of bariatric surgery were more likely to be
female (p<0.001), more likely to have private healthcare insurance (p=0.003), more likely to
receive care in the Western region of the U.S. (p=0.004), and had significantly lower BMIs
(p<0.001).

Following 4:1 propensity score matching, 1,197 patients with a BMI of greater than 35
kg/m? and without a history of bariatric surgery (mean age: 61.4 [11.7], 69.4% female) and 376
patients with a history of bariatric surgery (mean age: 61.1 [11.1], 69.9% female) were included.
Standardized differences were less than 10% across all baseline patient, treatment, and hospital
characteristics, except for BMI, suggesting adequate matching (Table 8). Amongst patients

without a history of bariatric surgery, 44.4% had BMIs between 35 and 39.9 kg/m? and 55.6%
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had BMIs of 40 kg/m? or greater. More than half of the cohort of patients with a history of
bariatric surgery had a BMI of less than 30 kg/m? (58.8%) and 17.8% had a BMI of greater than
40 kg/m?. The majority of patients had colon cancer (no bariatric surgery: 84.7%, bariatric
surgery: 84.7%), were undergoing colectomy (no bariatric surgery: 86.5%, bariatric surgery:
87.0%), and were undergoing elective surgery (no bariatric surgery: 78.9%, bariatric surgery:

78.7%).

Postoperative Morbidity and Mortality
Pairwise comparison of the propensity score matched outcome data demonstrated an

absolute reduction of 6.5% in overall in-hospital postoperative morbidity in patients with a
history of bariatric surgery (19.1% vs. 25.6%, p<0.0001) (Table 9). Analysis of system-specific
in-hospital postoperative morbidity demonstrated significant reductions in gastrointestinal
morbidity (6.6% vs. 11.6%, p<0.0001), genitourinary morbidity (13.8% vs. 15.3%, p<0.0001),
infectious morbidity (1.3% vs. 3.4%, p<0.001), and respiratory morbidity (2.1% vs. 5.5%,
p<0.0001) in patients with a history of bariatric surgery. Postoperative in-hospital mortality was
low in both groups. There was a decrease in postoperative in-hospital mortality in the patients
with a history of bariatric surgery (0.5% vs. 1.0%, p=0.013).
Discharge Disposition

Most patients were discharged home following their colorectal surgery in both groups (no
bariatric surgery: 63.9%, bariatric surgery: 72.9%) (Table 9). Patients with a history of bariatric
surgery were significantly more likely to be discharged home after surgery (p<0.0001) and were
significantly less likely to require home healthcare (7.7% vs. 11.5%, p<0.0001) or to be

discharged to a skilled-nursing facility (18.1% vs. 23.4%, p<0.0001).
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Healthcare Resource Utilization
The median total hospitalization costs in the patients without prior bariatric surgery and

with prior bariatric surgery were $75,600 USD and $70,344 USD, respectively (Table 10). There
was a statistically significant decrease in total hospitalization cost for patients with a history of
bariatric surgery (p=0.034).

The median total LOS in the patients without prior bariatric surgery and with prior
bariatric surgery were 5 days (IQR 3-8 days) and 5 days (IQR 3-7 days), respectively. Patients

with a history of bariatric surgery had a statistically significant decrease in total LOS (p=0.0013).
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CHAPTER 4: DISCUSSION

4.1 Very Low Energy Diets Prior to Non-Bariatric Surgery
Preoperative VLEDs have become a mainstay for patients with obesity undergoing

bariatric surgery, however their use in major non-bariatric surgery remains relatively novel.'%?3

The systematic review and meta-analysis conducted as part of this Master’s thesis identified all
peer-reviewed data evaluating the use of preoperative VLEDs for adult patients with obesity
undergoing non-bariatric surgery. Overall, 13 studies, four of which were RCTs, were included.
Preoperative VLED protocols were highly variable and were used across a variety of operative
settings, including hepatectomy, gastrectomy, prostatectomy, hysterectomy, and knee
arthroplasty. They were well tolerated with adherence rates ranging from 94% to 100% and
demonstrated an acceptable safety profile (i.e., two major adverse events across all studies).
Efficacy was confirmed, as all included studies reported preoperative weight loss with VLED.
Postoperative morbidity, operative time, and postoperative LOS were not significantly changed
with the use of VLEDs. The risk of bias was high amongst most of the included studies.

The obesity epidemic is a well-established phenomenon in Western society.?3! As such,
we have experienced the emergence of bariatric surgery as a burgeoning surgical sub-specialty in
North America. Currently, there are over 250,000 bariatric procedures performed per year in the
United States alone.®? Preoperative care pathways are well defined and two-to-three weeks of
VLEDs prior to operations are recommended as part of these by most bariatric guidelines.?*?
Preoperative VLEDs for bariatric surgery reduce liver volume and visceral fat volume, thus
allowing for a corresponding increase in maneuverability during upper gastrointestinal
dissection.?%2%-3 The data included in the present review suggest that similar intraoperative
benefits may be possible in patients with obesity undergoing non-bariatric surgery. For example,

in an RCT evaluating a two-week VLED in patients undergoing elective laparoscopic
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cholecystectomy for symptomatic cholelithiasis, blinded surgeons reported significantly
increased ease of Triangle of Calot dissection in patients who had received VLED.? A qualitative
survey conducted as part of the mixed-methods study by Griffin et al. evaluating a 10-week
preoperative VLED with Optifast© found that over 80% of surgeons felt that preoperative VLED
improved the overall ease of their operations, 75% felt that it allowed easier access to target
organ, and over 50% felt that its use led to easier laparoscopic access.?® Interestingly, reductions
in operative time and intraoperative blood loss with the use of VLEDs in non-bariatric surgery
were more consistently observed than in patients undergoing bariatric surgery.!%8384

Similarly, adherence with preoperative VLEDs in the present study was better than
adherence for preoperative VLEDs in bariatric surgery. In RCTs evaluating the use of VLEDs in
bariatric surgery, patient reported adherence and tolerability ranges from 80 to 90%.!%% In
studies relying on measured urinary ketone levels, a more objective measure, adherence is even
less.® All of the included studies in this systematic review relied upon patient reported
adherence. Self-reported adherence ranged from 94 to 100%.2%4037-39:61 Given the semi-elective
nature of some of the included operations (i.e., surgery for oncologic disease), patients may have
been more inclined to adhere to dietary recommendations as compared to patients undergoing
purely elective bariatric surgery. Improved adherence could also be explained by the less
stringent dietary criteria proposed by some of the included studies.®! Nonetheless, VLEDs appear
feasible across a variety of surgical settings for preoperative weight loss in patients with obesity.

Despite evidence of efficacy and feasibility, apprehension regarding the use of VLEDs in
cancer patients has limited their use.*° Yet, there are data demonstrating a lack of adverse effects
on biochemical profiles and lean body mass in these patients. Barth et al. reported no difference

in coagulation profiles between VLED and non-VLED cohorts undergoing hepatectomy.>’
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Similarly, Griffin ef al. reported no adverse changes in markers of liver and kidney function in
patients undergoing gynecological, orthopedic, and colorectal operations.?® Inoue ef al. evaluated
patients undergoing gastrectomy for gastric cancer and demonstrated favorable changes in
anthropometric measures in response to VLED.* Specifically, patients receiving VLED had no
change in skeletal muscles mass, which is protective of postoperative morbidity in patients
undergoing surgery for cancer.?” Moreover, 50% of the studies reporting no VLED-related

4061 Given the currently

adverse events solely included patients undergoing surgery for cancer.
available data regarding the use of VLEDs in cancer patients, fear of exacerbating cancer-
induced catabolism should not deter practitioners from relying on VLEDs as a cornerstone for
pre-habilitation of adult surgical patients with obesity undergoing operations for oncologic
disease.

Pre-habilitation is a concept that has recently been applied to patients undergoing elective
and semi-elective operations.®®3? It consists of a conglomerate of lifestyle, dietary, exercise, and
psychological interventions aimed at mentally and physically preparing patients for surgery.®’
RCTs including patients undergoing colorectal, thoracic, urologic, orthopedic surgery, and more
have demonstrated improved functional capacity and quality of life with pre-habilitation.®8-20-92
The majority of pre-habilitation programs have been used in older, frail patients.®* Despite the
evident rise in oncologic patients with obesity, pre-habilitation protocols designed specifically
for these patients are lacking. Patients with obesity have significant gains to be made with the
use of pre-habilitation, given the high rates of postoperative complications associated with
increasing BML.% Studies combining the use of VLEDs, physical activity, and other preoperative

interventions aimed at weight loss into a multi-modal pre-habilitation program could improve

perioperative care for this increasingly pervasive patient population.

31



The strengths of the systematic review and meta-analysis that was performed herein
include the generalizability of the included data to patients undergoing a wide variety of
operative interventions, the comprehensive search strategy, and the rigorous methodology. These
data can serve as the foundation for important future research in the rapidly expanding field of
pre-habilitation. The limitations include a small number of patients in the included studies, a
scarcity of comparative data, reliance on observational data, and heterogeneity of VLED
protocols and included operations. There are no validated protocols for preoperative VLED in
non-bariatric surgery and thus VLEDs lasted anywhere from three days to 17 weeks, allowed
anywhere from 450 to 1400 calories consumed per day, and used a variety of liquid meal
replacement formulas. Three studies evaluated patients undergoing hepatectomy and two studies
evaluated patients undergoing gastrectomy, but otherwise there was no overlap in operations
performed between studies. The pooled data and meta-analyses must be interpreted within the
context of this heterogeneity. Overall, given these significant limitations, firm conclusions cannot
be drawn from this systematic review and meta-analysis. Further research across a variety of
well-defined surgical populations to expand the peer-reviewed literature and allow for meta-
analyses of well-designed prospective studies is warranted. Specifically, a large, adequately
powered RCT evaluating the impact of preoperative VLEDs prior to non-bariatric surgery on

patient important outcome measures is necessary to add clarity this current body of literature.

4.2 Obesity as a Modifiable Risk Factor Prior to Colorectal Cancer Surgery
Obesity 1s becoming increasingly recognized as one of the major modifiable risk factors

for the development of colorectal cancer.” For patients requiring operative intervention for their
colorectal cancer, obesity is associated with worse intra- and postoperative outcomes.®%4

Bariatric surgery and other means of effective preoperative weight loss may be able to mitigate
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perioperative risk.”® The nationwide database study included as part of this thesis compared
clinical outcomes and healthcare resource utilization outcomes between patients with and
without prior bariatric surgery undergoing resection for colorectal cancer. After propensity score
matching patients with prior bariatric surgery to patients with obesity without prior bariatric
surgery, we demonstrated a 25% relative risk reduction and 7% absolute risk reduction in overall
in-hospital postoperative morbidity in the bariatric surgery group. Analyses of system-specific
in-hospital postoperative morbidity found that patients with prior bariatric surgery had 43%
relative risk reduction (5% absolute risk reduction) in gastrointestinal morbidity and 62% relative
risk reductions in both respiratory (3% absolute risk reduction) and infectious (2% absolute risk
reduction) morbidity. There was no clinically significant difference in median LOS, however
patients with prior bariatric surgery had a $5,256 decrease in total cost of admission per patient.
Patients with prior bariatric surgery were also more likely to be discharged home as opposed to a
skilled nursing facility or to home nursing care.

The findings in the large database study are congruent with previous population-level
analyses. Hussan et al. analyzed NIS data from 2006 to 2012 comparing patients with and
without prior bariatric surgery undergoing colorectal cancer surgery.” They found a $5,374
decrease in total cost of admission, a 1.85-day short LOS, and a significantly lower likelihood of
requiring post-discharge nursing care (OR 0.65, 95%CI 0.43 to 0.97) in patients with prior
bariatric surgery. There was no significant difference between groups in postoperative mortality
and they did report postoperative morbidity as an outcome. Thus, our data offer a more nuanced
understanding of the expected postoperative course for these patients through a thorough
evaluation of a variety of postoperative complications. Moreover, given the statistical

methodology in the study by Hussan ef al., namely performing a regression analysis on a logistic
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regression propensity score model which assumes the intervention and control groups are
independent, we feel as though our data add significantly to the body of literature surrounding
prior bariatric surgery and perioperative risk for patients undergoing colorectal surgery.’>
Interestingly, Hussan et al. performed a subgroup analysis only including patients in the bariatric
surgery group with a BMI of less than 35kg/m? at the time of admission for their colorectal
cancer surgery.’? These data demonstrated even further reductions in perioperative morbidity in
the bariatric surgery group, such as iatrogenic intraoperative injury (OR 0.30, 95%CI 0.09-0.95)
and postoperative infection (OR 0.39, 95%CI 0.18-0.85), when compared to patients without
prior bariatric surgery. This suggests that the predominant mechanism through which bariatric
surgery reduces perioperative morbidity in patients undergoing surgery for colorectal cancer is
preoperative weight loss. It is important to note, however, that these data do not simply compare
patients with and without obesity, but rather evaluate the benefit of preoperative weight loss
interventions for patients with obesity. Weight loss prior to surgical intervention is likely
beneficial for most patients with obesity, regardless of whether their post-intervention BMI
classifies them as obese or not.'® Therefore, these data may be generalized to preoperative weight
loss interventions as a whole, as interventions such as bariatric surgery, VLEDs, and GLP-1
agonists predominantly reduce fat mass, and in particular, visceral fat mass, which is of vital
importance for colorectal surgery.?2296.97

When coupled with the findings in the population level retrospective analysis of the NIS
included as part of this thesis, it is reasonable to assume that the significant decreases noted in
gastrointestinal, genitourinary, respiratory, infectious, and overall postoperative morbidity are
associated with preoperative weight loss as a result of prior bariatric surgery. This is further

supported by the majority of patients in the bariatric surgery arm of the present cohort having
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BMI of less than 30kg/m? at the time of colorectal cancer surgery (58.8%). The possibility for
significant confounding must be kept in mind, however, given that the timing of bariatric surgery
is unknown given the information available in the NIS database. Nonetheless, the lower BMIs
are important because obesity is widely regarded as a risk factor for perioperative complications
in colorectal surgery. Intraoperatively, obesity is associated with prolonged operative duration,
increased blood loss, and enhanced technical difficulty for operating surgeons.®%* In particular,
visceral adiposity can decrease the ease of maneuverability when operating on the lower
gastrointestinal tract.”® In large, population-level databases, however, surrogates for
intraoperative difficulty are relied upon, such as operative time, estimated intraoperative blood
loss, and conversions from minimally invasive surgery to laparotomy. These data were not
available in the NIS. In the postoperative period, these patients are at increased risk of surgical
site infections, wound dehiscence, anastomotic leak, urinary tract infection, and more.5%%:100
Moreover, obesity presents a significant challenge in terms of postoperative mobilization.'?!
Widely regarded as the primary modality through which complications such as prolonged
postoperative ileus and atelectasis can be avoided, ambulation following surgery is essential.!? If
obesity precludes ambulation, it not only places patients at heightened risk of the aforementioned
complications but may also prolong postoperative LOS and contribute to requiring post-
discharge care through skilled-nursing facilities or homecare.”® These are markers of prolonged
and recurrent morbidity and are inevitably associated with increased healthcare spending.'??

As the prevalence of obesity is likely to continue to rise, strategies aimed at mitigating
the risks associated with obesity in the surgical setting are imperative.® While the benefits of
weight loss secondary to bariatric surgery in these patients were highlighted with the present

data, it is unreasonable to rely on bariatric surgery as a preoperative weight loss strategy for

35



patients with colorectal cancer. Institutions such as Cancer Care Ontario, mandate a 28-day time
to treatment for newly diagnosed colorectal cancer.!%* Similar standards exist around the
world.!% Bariatric surgery may, however, be considered as a valuable addition to the
preoperative optimization armamentarium for benign diseases that do not confer similar strict
treatment timelines. Pertinent further investigation is under way. For the patient with obesity and
a newly diagnosed operative colorectal cancer, however, we must develop other approaches to
preoperative optimization. One such approach is VLEDs, which were explored in the first study
of this Master’s thesis. A staple for patients undergoing bariatric surgery, administration of
VLEDs with liquid formulations such as Optifast® and Modifast® can effectively induce rapid
weight loss.'% The recent advent and widespread dissemination of GLP-1 agonists, such as
Ozempic®, may also offer a potential intervention for achieving rapid preoperative weight loss

in surgical patients with obesity.!?7-108

Further investigation of these interventions, used both
independently and in conjunction with one another, are required in the form of large prospective
trials. Moreover, safety data pertaining to the use of these interventions in the setting of
neoadjuvant therapy and other adjunctive therapies are required.

The strengths of the population level database study that was performed include the
statistical methodological rigor, propensity score matching aimed at reducing the risk of
confounding, and the large sample size. The NIS is a robust database and provides a reliable
sample that is representative of the U.S. patient population. Yet, there are several limitations. The
most notable is the risk of residual confounding. While our statistical approach with propensity
score matching controlled for all measured baseline covariates, as demonstrated by the low

standardized differences, there are a number of baseline variables that are unmeasured in the NIS

database. For example, preoperative nutrition status, current smoking status, enhanced recovery
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after surgery protocols, and neoadjuvant therapies are all important variables when evaluating
perioperative outcomes and none were measured in the present study.!”''! Another limitation is
the lack of data outside of the index admission. Lack of post-discharge data limits our ability to
make conclusions on other important healthcare utilization outcomes such as readmission and
reoperation. Furthermore, long-term oncologic outcomes were unable to be assessed, which are
highly relevant patient important outcomes. The lack of data prior to admission is a limitation
given our propensity score matching methodology. Patients were matched on the likelihood of
exposure to bariatric surgery, however the data utilized for matching were collected at the time of
their colorectal cancer surgery. As such, we must assume that all of the patient factors that would
make them eligible for bariatric surgery in the current database, would have been similar to when
bariatric surgery would have been offered. For example, patients with a BMI of greater than
35kg/m? in the present study may have had a non-obese BMI (i.e., BMI < 30kg/m?) several
months prior to their admission for colorectal cancer surgery and thus would not have had equal
likelihood of receiving the exposure of interest, which should make them ineligible for
propensity score matching. Nonetheless, the likelihood of consistent drastic changes in BMI and
other important patient factors over the course of months is low, therefore giving confidence in
our assumptions for the propensity score model. Given the lack of pre-admission data, we were
also unable to determine the temporality between bariatric surgery and colorectal cancer surgery.
The magnitude of weight loss can vary based on time from bariatric surgery. This limits the
ability to interpret and apply the effect sizes obtained from this study. Similarly, the
interpretation of these data must be limited to understanding the benefits of preoperative weight
loss for these patients, as opposed to understanding the benefits of preoperative bariatric surgery

given the unreasonable expectation of using bariatric surgery as a preoperative weight loss

37



strategy in the setting of colorectal cancer. Given the observational nature of these data, there is a
risk for selection bias such that patients that underwent bariatric surgery were potentially more
likely to be able to tolerate the physiologic stress associated with surgery, thus making it more
likely to have favorable postoperative outcomes. Lastly, the accuracy of the data may be
somewhat limited by the lack of adherence with BMI coding by included institutions. This may
result in misclassification bias. Some physicians and institutions do not routinely record BMI
data for patient admissions and therefore missing data could impact the accuracy of our findings.
Regardless, the sample size in the present study was robust and met our a priori sample size

calculation threshold, thus improving confidence in the effect estimates.

4.3 Overall: Preoperative Weight Loss Prior to Non-Bariatric Surgery
The studies presented herein provide data supporting the use of preoperative weight loss

techniques prior to non-bariatric surgery for patients with obesity. Specifically, the first chapter
demonstrated data from a systematic review evaluating the use of preoperative VLEDs in non-
bariatric surgery. While currently available evidence is heterogenous, preoperative VLEDs are
likely safe and well tolerated. Moreover, they may effectively induce preoperative weight loss in
patients with obesity undergoing non-bariatric surgery. They may also improve intraoperative
conditions, as evidenced by consistent decreases in intraoperative blood loss with their use.
However, the certainty of evidence was very low and the current body of literature pertaining to
preoperative VLEDs is weak, highlighting the need for future high-quality prospective work. The
second chapter presented the findings of a large retrospective nationwide database propensity-
score matched cohort study suggesting that patients with prior bariatric surgery undergoing
operations for colorectal cancer may experience clinically significant decreases in overall

postoperative morbidity, including gastrointestinal, respiratory, and infectious morbidity, as
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compared to patients with obesity without prior bariatric surgery. Furthermore, these patients
may have lower total healthcare costs associated with their hospital admission at the time of their
colorectal surgery. These data are limited by residual confounding, selection bias, and lack of
temporal data. Nonetheless, preoperative optimization of patients with obesity prior to non-
bariatric surgery through weight loss interventions may significantly improve perioperative
outcomes and decrease healthcare resource utilization associated with this increasingly prevalent
patient population. Ultimately, VLEDs and bariatric surgery have the potential to become a
cornerstone of pre-habilitation protocols for patients with obesity undergoing elective operations
for both benign and malignant disease processes. Further adequately powered prospective study

1s warranted.
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