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I. SUMMARY 

Bariatric surgery remains the most effective therapy for obesity and the metabolic syndrome. Postoperative nausea and
vomiting (PONV) are commonly reported following bariatric surgery; our preliminary results suggest that 90.8% of 
patients report PONV during their index hospital stay, and 30.4% of readmitted patients report PONV as the reason for re-
hospitalization. Importantly, we have previously found that 49% of patients are unable to be discharged on time due to 
oral intake intolerance attributed to PONV. Multiple small studies have attempted to introduce single-level intervention to 
decrease PONV with limited success in this patient population. The proposed study focuses on the most common bariatric 
procedure performed, laparoscopic sleeve gastrectomy (LSG), and aims to assess the effect of a PONV-specific 
intervention using a multimodal contemporary approach. We hypothesize that the PONV-intervention group will 
experience a more than 50% relative risk reduction of PONV-related prolonged hospital stay and significantly improve 
patient-reported quality of recovery from surgery and quality of life. To test this hypothesis, subjects undergoing LSG will 
be prospectively randomized to two groups: control (physician driven prophylaxis) vs PONV-intervention group (two 
anti-emetic agents prior to surgery, total intravenous anesthesia, two additional anti-emetic agents during surgery, and 
sugammadex as reversal agent). The primary end-point will be PONV-related prolonged hospital length of stay, using 
postoperative day 1 as the target for hospital discharge as per clinical pathway. Serial assessments of PONV, quality of 
life and quality of recovery, will allow us to identify an effect of the PONV-intervention on PONV incidence and severity. 
Importantly, we will evaluate for an impact in patient-reported measures of quality of life. Our proposal is extremely 
innovative, because it addresses a high impact topic, evaluates the effect of PONV-intervention in all phases of recovery, 
and includes instruments to measure self-reported patient experience with surgery. 

II. SPECIFIC AIMS

PONV is associated with delayed hospital discharge and readmissions following LSG. The impact of PONV on patient 
experience, self-reported outcomes, and overall recovery is unknown for this patient population. The proposed study aims 
to assess the effect of a PONV-specific intervention using a multimodal contemporary approach in subjects undergoing 
LSG. The PONV intervention will include specific steps using total intravenous anesthesia and staged anti-emetic 
medications, in the pre-, intra- and post-operative phase of care. We hypothesize that a comprehensive multi-level PONV 
intervention will decrease the incidence and severity of PONV, increase successful patient hospital discharge on 
postoperative day (POD) 1, facilitate late phase postoperative recovery and positive patient experience. 

Specific Aim 1: Evaluate the impact of a PONV-specific intervention on PONV-related prolonged length of 
hospital stay following LSG surgery. Subjects will be serially assessed for the presence and scale of nausea and emesis 
during their early, intermediate and late phases of recovery, measured with a PONV-specific survey. Time from 
completion of the index procedure until patient hospital discharge will be assessed; subjects who remain in the hospital 
past POD 1 due to PONV will be considered as having a prolonged length of stay, which is the primary endpoint for this 
aim. We will also assess the effect of a PONV-specific intervention on post-discharge PONV-related resource utilization 
following LSG. Patients will be followed to capture hospital readmissions, emergency department visits and outpatient 
intravenous hydration for PONV. We hypothesize that the PONV-intervention group will experience a higher rate of 
successful POD 1 discharge, and a decrease in incidence and severity of both nausea and emesis. 

Specific Aim 2: Assess the effect of a PONV-specific intervention on patient reported outcomes (PRO). Patient-
reported outcome measures will be collected to evaluate recovery from surgery and health-related quality of life at 2- and 
4-weeks following LSG. We hypothesize that a PONV-specific intervention will allow patients to have improved self-
assessed recovery and quality of life during the first 30-days following surgery. 
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III. SIGNIFICANCE 

Bariatric surgery is the most effective method to treat obesity and associated diseases. Currently, the LSG is the most 
common bariatric procedure performed (1). In this patient population, however, PONV occurs commonly. Published 
studies suggest a 59-87% incidence of PONV during the hospital stay following LSG (2, 3). 

The burden of PONV in the bariatric population, and specifically after LSG, is particularly high. We have previously 
demonstrated that PONV is the most common cause for hospital readmission following LSG, with 30.4% of readmitted
LSG patients reporting PONV and oral intake intolerance as their primary reason for readmission (4). This is markedly 
different in gastric bypass patients, where only 18% of readmitted patients reported PONV as their primary complaint. 
Additionally, our preliminary data suggest that half of LSG patients experience a delay in pathway-expected hospital 
discharge due to PONV (see Preliminary Data section under Approach). With the drive to minimize hospital length of 
stay, PONV control is paramount to achieve safe early hospital discharge. 

The impact on PONV on PRO is unclear. One third of patients who received double PONV prophylaxis and routine anti-
emetics for the first two days at home following ambulatory laparoscopic surgery reported that nausea had a negative 
effect on their quality of life, during self-assessment on POD 5 (5). Following ambulatory surgery, the incidence of PONV 
increases over time; 16.1% of patients experience PONV in early recovery, and 31.2% of patients report PONV on POD 
5, during late recovery at home (6). These rates are almost double for patients undergoing ambulatory laparoscopic surgery, 
suggesting that PROs after discharge are of high value for the assessment of a PONV-related effect. Importantly, PONV 
at home significantly impairs the ability to perform activities of daily living, which is an important goal of recovery for 
patients (7). Since PONV is reported commonly in LSG patients, we anticipate that improvement in PONV will affect 
PROs and overall experience during the intermediate (from post-anesthesia care unit until hospital discharge) and late 
(from hospital discharge to return to usual activity) phases of recovery. 

Although the benefit of a multimodal approach to PONV prevention has been well established (8), evidence in the 
bariatric, and specifically the LSG population is not clear. A study evaluating a triple-agent protocol in 96 LSG patients, 
using ondansetron, dexamethasone and haloperidol, demonstrated improvement in PONV incidence, but no effect on 
hospital length of stay (3). The lack of effect on hospital discharge may be related to the use of short half-life preventive 
agents, the lack of aggressive postoperative anti-PONV management or the implementation of a post-care pathway with 
less emphasis in early hospital discharge. This would possibly underline the value of longer lasting antiemetic agents, as 
prevention. The only study to date evaluating the use of aprepitant, an agent with half-life exceeding 12 hours, in bariatric 
surgery demonstrated significant decrease in the rate of emesis compared to controls (3.1% vs 15%, p=0.021), but is 
limited by the non-inclusion of LSG patients, and the lack of triple prophylaxis as control (9). Furthermore, the use of 
sugammadex has emerged as a modality to decrease pain and PONV. A randomized study of 88 bariatric surgery patients 
assigned to this agent vs neostigmine demonstrated a significant decrease in the early incidence of PONV (6.8% vs 
18.2%, p<0.05)(10). Studies evaluating the longer-term effect of this reversal approach to PONV in this patient population 
are not available.  

Recently published recommendations from European societies for the enhanced recovery of bariatric surgery include 
multimodal PONV prevention, but the evidence, as also noted in the article, is lacking (11). Despite the significant impact 
of PONV in this patient population, there is no consensus on the optimal approach in PONV prevention. Given the 
proportion of LSG procedures performed, the effect of PONV in this patient population and the paucity of high quality 
data, the proposed study will allow us to advance science in bariatric surgery, change the standard of care and improve 
patient experience. A standardized anti-PONV intervention with proven efficacy could minimize length of stay and 
readmissions after LSG, minimizing costs and improving patient experience. 
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IV. INNOVATION  

Multiple studies suggest that PONV is a significant postoperative problem for bariatric surgery patients (4). Despite this, 
no studies have addressed PONV in this patient population in a systematic fashion, or using a multilevel approach. 
Furthermore, PONV is this patient population has likely different pathophysiology compared to similar symptoms in 
colectomy and other gastrointestinal patients. Development of a program specific to bariatric surgery for the prevention 
and management of PONV using interventions before, during and following surgery is a novel approach to this clinical
problem. Furthermore, the current proposal is innovative in a three-fold way: 

a. Evaluation of PONV during the late phase of recovery from surgery for patients undergoing LSG hasn’t been 
previously reported. The proposed study will try to fill this knowledge gap, which is especially important given that 
PONV is the most common cause for hospital readmission in this group. 

b. Although PONV has a significant impact on patient experience during recovery from surgery, this hasn’t been 
explored, especially in patients undergoing LSG, despite the high incidence of PONV in this setting. Using standardized 
questionnaires, patients following LSG will be able to provide PROs on quality of life and quality of recovery. The use of 
PROs, including instruments of quality of life assessment, for the evaluation of PONV is novel, and will afford us the 
ability to assess if a PONV-specific intervention can have a patient-centered impact. 

V. APPROACH 

Overall design: We will conduct a randomized controlled trial to evaluate the effect of a multi-level PONV-specific 
intervention (pre-, intra- and post-operative) for patients undergoing LSG. Patients will be followed for 30 days to assess 
the benefit of this intervention on all phases of postoperative recovery (early, intermediate and late). 

Pre-op

Intra-op

Post -op

Patients Scheduled for Sleeve 
Gastrectomy

Randomization 1:1

Control

None

Dexamethasone 8mg

Ondansetron 4mg

PONV 
Intervention

Apprepitant 80mg
Scopolamine patch

TIVA
Dexamethasone 8mg

Ondansetron 4mg
Sugammadex reversal

Ondansentron 4mg q6
Metoclopramide 10mg q6

Compazine 10mg oral 
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Human Subjects: Adult patients (18 years and older) undergoing LSG will be assessed for eligibility to participate in this 
study. Subjects will be recruited at the Stony Brook University Bariatric and Metabolic Weight Loss Center by study 
personnel. Patients with documented allergy to the study medications, history of chronic nausea and emesis requiring 
medication, poorly controlled diabetes (HgA1c>9 mg/dl), or history of previous bariatric or gastro-esophageal surgery 
will be excluded from this study. 

Study Groups: Eligible subjects for this study will be randomized to two groups using an online random number 
generator. Randomization will occur during the last outpatient visit prior to undergoing LSG. Subjects will be assigned to 
two groups: control vs PONV-intervention (Figure). 

Intervention: A) Pre-operatively: The experimental group will undergo treatment with aprepitant 80 mg orally and 
scopolamine transdermal patch one hour prior to scheduled surgery (figure 1). 

B) Intra-operatively: Anesthetic parameters: Induction of anesthesia will be performed with propofol (1-2.5 mg/Kg IV) 
and succinylcholine (1-1.5 mg/Kg IV) or rocuronium (0.5-1 mg/Kg IV) after pre-oxygenation as standard practice for 
both groups. In the PONV-intervention group, total 
intravenous anesthesia (TIVA) will be maintained with 
IV infusions of propofol, and dexmetomidate infusion 
or intermittent bolus dosing of fentanyl after induction. In the control group, inhalation anaesthetics (sevoflurane or 
desflurane) and intermittent opioid boluses will be used for maintenance of anesthesia, as standard practice in our 
institution and across the country. Muscle relaxation will be maintained with boluses of rocuronium (10-20 mg) or 
vecuronium (1-2 mg) to provide optimal surgical conditions for both groups. Sugammadex (2-4 mg/Kg IV) will be used 
for reversal of neuromuscular blockade in both groups. Anti-emetic regimen: In the PONV-intervention group, a single 
dose of dexamethasone 8 mg IV will be administered after induction, and a single dose of ondansetron 4 mg IV will be 
administered approximately 20 minutes prior to the end of operation. PONV prevention measures in the control group will 
be limited to dexamethasone 8 mg and ondansetron 4 mg. This contrasts with the PONV-intervention group, which will 
undergo multimodal therapy (8, 12). At any point during the study, clinical mandates by either surgeon or anesthesiologist 
can allow for subject cross-over, or subject withdrawal from the study. 

C) Post-operatively: PONV control will include scheduled ondansetron and metoclopramide every 6 hours, using 
Compazine as a rescue medication (Figure 1). This step will be common for both groups. 

Surgery will be performed in a standardized way: antral division will commence at 4 cm from the pylorus, and the gastric 
sleeve will be calibrated over a 38 Fr bougie (or double channel endoscope, equivalent to 37.6 Fr). All patients will be in 
the current standardized LSG pathway that includes: avoidance of routine nasogastric decompression or surgical drainage, 
avoidance of routine urinary catheter placement, early ambulation the same day, early initiation of oral intake as soon as 
patient is awake, and no routine contrast radiologic studies. Per pathway design, all patients who undergo non-revisional 
LSG are planned for hospital discharge on POD 1. Pain control consists of scheduled acetaminophen and as needed IV 
opioids for the day of surgery, followed by as needed oral opiods starting on early morning POD 1. 

Specific Aim 1: Evaluate the impact of a PONV-specific intervention on PONV-related prolonged length of 
hospital stay following SG surgery. 

Hypothesis: We hypothesize that the PONV-intervention group will experience a more than 50% relative risk reduction 
of PONV-related prolonged hospital stay. We hypothesize that a PONV-specific intervention will lead to decrease in 
incidence and severity of PONV. 

Figure 1: Study protocol for PONV prevention
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Rationale: All patients undergoing LSG are high-risk for PONV (13). By implementing a series of interventions that 
individually have been proven efficacious in decreasing nausea or emesis, we anticipate a significant reduction in the 
incidence of PONV in the experimental group. The impact of nausea and emesis individually on the ability of LSG 
patients to tolerate oral intake and maintain hydration is unclear. Inability to tolerate oral intake and subsequent 
dehydration pronounce the effects of PONV, so we anticipate that an early intervention to prevent the incidence and 
severity of PONV will allow for early hospital discharge without an increased risk for hospital readmission. All items on
the PONV-intervention program have been suggested to decrease PONV in bariatric or other high-risk populations (2, 3, 9, 

10, 14).  

Preliminary data: We have previously completed a prospective cohort study of 65 patients undergoing isolated non-
revisional laparoscopic bariatric surgery (subjects undergoing concurrent procedures were excluded), and serially assessed 
for PONV using a 10-point Likert scale (presented at 2017 SAGES Annual Conference). Using a standardized 
postoperative PONV management algorithm, we identified that 59 of 65 (90.8%) of patients experienced PONV at some 
point during their hospitalization following LSG. The study was conducted in a clinical setting with routine radiographic 
imaging on POD 1 and pathway-targeted hospital discharge on POD 2. We identified that 20.7% of LSG patients 
experienced a prolonged hospital length of stay (past POD 2) and 6.9% were re-admitted within 30-days for PONV. In a 
more contemporary clinical practice without routine imaging and early oral intake initiation, the effect of PONV is more 
pronounced. In our current pathway with these elements of care, patients undergoing LSG are expected to meet criteria for 
hospital discharge on postoperative day 1. In the 2015-2016 academic year, we identified that 49% of SG patients were 
unable to be discharged to home on POD 1. 

Experimental design: This is a prospective randomized trial of subjects undergoing LSG for morbid obesity. Subjects 
will be randomized to two groups (control vs PONV-intervention) as described above. Assessments: Subjects will be 
assessed for the presence and severity of PONV at 1, 4, 12, 24 hours, and 3 weeks following the end of the surgical 
procedure (table 1). Nausea will be defined as an unsettled feeling in the stomach and urge to vomit. Vomiting will be 
defined as oral expulsion of gastric contents, and retching as expulsive attempts without any oral content. We will use a 
10-point verbal rating scale (VRS) for the assessment of nausea as used previously (3, 9). Vomiting and retching will be 
assessed in a binary way. The Rhodes Index of nausea and emesis, an 8-question survey (composite score range 0-32), 
will be used as an additional assessment instrument at the later time points (12 h and later) since it evaluates PONV over 
12-hour intervals (15). This index has been previously used for the assessment of PONV following LSG (16). At each time 
point, total opioids (converted to morphine equivalents) and rescue anti-emetics used will be noted. Visits to the 
emergency room and hospital re-admissions will be captured; these will be considered PONV-related if the patient 
presents with inability to tolerate oral intake secondary to PONV, and/or signs and symptoms of dehydration, who are not 
found to have other pathology during evaluation (i.e. readmission for a patient with nausea due to a systemic infection will 
not be considered PONV-related). Outcome measures: Primary outcome for this aim will be PONV-related delay in 
hospital discharge, defined as inability to be discharged from the hospital on POD 1 due to PONV. Secondary outcomes 
will be hospital length of stay (measured as hours from the end of the surgical procedure), incidence of PONV (incidence 
of nausea and emesis will also be assessed separately), severity of PONV (based on the VRS and Rhodes Index), PONV-
related resource utilization (individually measured presentation to the emergency room and hospital readmission for 
PONV). 

Interpretation, Potential Pitfalls and Alternative 
Strategies:  We anticipate a significant reduction 
in PONV incidence and PONV-related delayed 
hospital discharge in the PONV-intervention 
group. Although unlikely, it is possible that we will 
be unable to identify a difference in POD1 
discharge, as the time of performance of LSG may 
be a confounder and bias the results (i.e. patients 
undergoing SG earlier in the day may be more likely 

Time points Specific Aim 1: PONV Specific Aim 2: PRO
Baseline VRS, Rhodes Index GIQLI, EQ-5D 
1 hr VRS
4 hr VRS 
12 hr VRS, Rhodes Index
24 hr VRS, Rhodes Index QoR-15, GIQLI
3 wk VRS, Rhodes Index QoR-15, GIQLI, EQ-5D

Table 1: Patient study assessments for each time point.
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to be discharged to home on POD1). In our current practice, LSG procedures are performed earlier in the operating room 
day, to facilitate earlier hospital discharge the following day. Despite this, we have identified a 49% failure rate for POD1 
discharge. In addition, our secondary measures, including incidence/severity of PONV and length of stay (measured in 
hours from the end of surgery) are not affected by operating room timing, and will allow for efficacy assessment of our 
PONV-intervention, independent of time of day of LSG completion. It is also possible that we identify no difference 
between the groups in terms of longer term PONV incidence. Our study will still provide valuable insight on the
epidemiology of PONV after hospital discharge following LSG, which is currently poorly characterized. By allowing us 
to assess the overall incidence of PONV at different timepoints, this study will afford us the opportunity to identify a time 
period of high incidence and further adjust our prevention efforts accordingly in future studies. 

Specific Aim 2: Assess the effect of a PONV-specific intervention on patient reported outcomes (PRO). 

Hypothesis: We hypothesize that a PONV-specific intervention will significantly improve patient-reported quality of 
recovery from surgery and quality of life. 

Rationale: PONV significantly affects the late phase of recovery (from hospital discharge to return to baseline), because 
it impairs the ability to perform activities of daily living, which patients value as an important goal of recovery (7). In a 
postoperative survey of 469 patients evaluated two weeks after abdominal surgery, visceral function (including PONV) 
correlated with physical and functional impairment during recovery.  Additionally, one third of patients following 
ambulatory laparoscopic surgery reported that nausea had a negative effect on their quality of life, during self-assessment 
on POD 5 (5). Since PONV is reported commonly in LSG patients, we anticipate that improvement in PONV will 
significantly improve quality of life and overall experience during the intermediate (from post-anesthesia care unit until 
hospital discharge) and late phases of recovery. Additionally, the ability to resume physical activity is an important 
outcome of patient recovery (17). This is particularly important after bariatric surgery, as an adjunct for weight loss, and 
recommended as part of clinical practice guidelines (18). It is plausible that improvements in PONV for SG patients would 
have a significant benefit in terms of progressive physical activity and resumption of activities of daily living.  If the 
PONV intervention is associated with improved patient experience and PROs, it could improve clinical decision making 
for patients considering LSG. 

Experimental design: Subjects randomized to control versus PONV-intervention from Specific Aim 1, will be assessed 
in terms of quality of recovery and quality of life at the intermediate and late phases. Assessments: PROs will be obtained 
at 24 hours, and 3 weeks following LSG surgery (table 1). The Gastrointestinal Quality of Life Index (GIQLI) is a 
validated instrument for the assessment of quality of life following gastrointestinal surgery, previously used in bariatric 
surgery research (19-23). The QoR-15 is a validated reliable instrument to assess the quality of a patient’s postoperative 
recovery (24). This survey has been also used for quality of recovery assessment in the late phase, up to 30 days following 
gastrointestinal surgery (25, 26). The Part A of QoR-15 assesses overall patient experience, as well as physical and 
functional status without direct assessment of symptoms (e.g. nausea) which are evaluated in Part B. Broad coherent 
assessment of quality of life will be performed using the EQ-5D index. This is a validated standardized brief instrument 
that provides a simple descriptive profile in five domains (mobility, self-care, usual activities, pain and anxiety) and a 
single index value for health status, designed for self-completion. The EQ-5D Crosswalk index calculator will be used to 
convert the descriptive profiling into a single index. EQ-5D has been extensively used for quality of life assessment in 
bariatric surgery (27-29). 

Outcome measures: Primary outcome from this aim will be difference in the GIQLI index at 2 weeks postoperatively. 
Secondary outcomes will be difference in GIQLI at 24 hours and 3 weeks, difference in QoR-15 at each time point, 
difference in QoR-15 Part A at each time point, difference in EQ-5D self-assessed visual score, difference in EQ-5D 
profiling (score in each category), and difference in EQ-5D index at 3 weeks. 

Interpretation, Potential Pitfalls and Alternative Strategies:  We anticipate a significantly higher GIQLI in the PONV-
intervention group. It is likely that an improvement in PONV will a priori lead to improvements in the quality of life 
indices selected, since these surveys include assessment of PONV. Although this could be considered bias, we believe that 
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improvement in these validated indices would remain a significant finding. However, to further assess for global 
improvements in quality of life, we will be separately analyzing Part A of the QoR-15 survey, which doesn’t capture 
severity and presence of PONV. Additionally, the EQ-5D instrument includes no direct measurement of PONV, and 
would allow us to control for bias. It is also possible that the PONV-intervention group experiences no significant 
improvement in quality of life. If we identify an improvement in PONV incidence and severity (specific aim 1) without a 
concomitant improvement in quality of life after recovery, this finding would suggest the limited impact of PONV on
quality of life early after LSG. Such finding would allow us to focus our subsequent PONV intervention methods in the 
intermediate phase of recovery. The EQ-5D instrument was used over the more widely used Short Form-36 due to the 
ease of use for patients (five vs 36 questions) and the non-inferiority for postoperative patients. 

Statistical analysis: For continuous variables, data distribution will be assessed using the Shapiro-Wilk test. Two-sided t-
test (means, standard deviation) and Wilcoxon rank sum test (median, 25th-75th percentiles) will be used accordingly. 
Categorical variables will be compared using chi-square testing. VRS assessments for all time points combined will be 
compared using repeated measures ANOVA. 

Sample Size Considerations: The primary outcome of the study will be incidence of PONV-related delay of hospital 
discharge following LSG. Change in proportion will be assessed with chi-square testing. We expect a decrease in delay of 
POD1 discharge from 49% to 20% (3, 8). Based on the data above, with two-tailed a=0.05 and b=0.2, we would require 41 
subjects per group (total N=82) to detect a significant difference with the PONV-prevention. The Stony Brook Bariatric 
and Metabolic Weight Loss Center performs 100-150 LSG procedures annually, so we anticipate that the proposed study 
will be completed within 2 years. 

VI. TIMELINE 

MonthsMilestones
  1-3   4-6   7-9  9-12 13-15 16-18 19-21 22-24

IRB approval X
Study staff training X
Subject recruitment X X X X X X
Data analysis X X
Manuscript preparation X X

VII. INSTITUTIONAL APPROVALS  

Institutional approval will be obtained from the Stony Brook University Institutional Review Board. The review board 
meets regularly on a bi-monthly basis. 
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