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Abstract

Background Surgical pain management is a critical component in the success of bariatric procedures. With the opioid epi-
demic, there have been increased efforts to decrease opioid use. In 2019, the Metabolic and Bariatric Surgery Accreditation
and Quality Improvement Program developed the BSTOP protocol, a multimodal perioperative pain management regimen
to minimize opioid use. The objective of this study is to evaluate the effectiveness of the BSTOP protocol on patients’ need
for opioid medications during their perioperative care.

Methods This is a single-institution prospective cohort study on patients who underwent bariatric surgery from 10/2019 to
5/2021. Data was collected on morphine equivalent dose of opioids during different stages of inpatient and outpatient care.
BSTOP was implemented on 7/2020. Primary outcomes were total inpatient and outpatient opioid use as well as hospital
length of hospital stay (LOS). Gabapentin was removed from the protocol between 10/20/2020 and 12/31/2020 due to side
effects; it was re-implemented on 1/1/2021 due to observed spikes in opioid use during its absence.

Results 1264 patients who had bariatric surgery between 10/2019 and 5/2021 were included in the study, with 409 patients
before (pre-BSTOP) and 855 patients after BSTOP implementation. There was a 36% reduction in total inpatient opiate use
and a 57% reduction in total outpatient opiate use. LOS also significantly decreased, from 1.53 to 1.28 days. 179 patients
received BSTOP without gabapentin. These patients used more opioids in the post-anesthesia care unit and on the inpatient
floors compared to pre-BSTOP and BSTOP with gabapentin patients. With total inpatient and outpatient opioid use, patients
on BSTOP without gabapentin used fewer opioids than those pre-BSTOP. However, those on BSTOP without gabapentin
used more opioids than those with gabapentin.

Conclusion The BSTOP protocol significantly reduced inpatient and outpatient opioid use as well as LOS. Gabapentin is a
crucial component of the BSTOP protocol.

Keywords Enhanced recovery after surgery - ERAS - BSTOP - Bariatric surgery - Obesity - Opioid
The prevalence of obesity and severe obesity have been

increasing in the United States (US). The National Health
and Nutrition Examination Survey (NHANES) analyzed

that the age-adjusted prevalence of obesity was 42.4%
and severe obesity was 9.2% in 2017-2018 [1]. Obe-
sity is a major public health issue, as it is associated with
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cardiovascular disease, type 2 diabetes mellitus, hyperten-
sion, stroke, dyslipidemia, and some cancers [2]. Bariatric
surgery is a medically and financially effective treatment
for morbid obesity, which includes BMI >40 or BMI > 35
with significant comorbidities [3, 4]. The most commonly
performed bariatric procedures are the laparoscopic sleeve
gastrectomy (LSG) and the laparoscopic Roux-en-Y gastric
bypass (LRYGB). Over time, the eligibility and epidemiol-
ogy of bariatric surgery have evolved to be more inclusive of
patients with more complicated health histories, lower BMI,
and those at both extremes of age [5].

As in other surgical fields, surgical pain management is
a critical component in the success of bariatric procedures.
However, there have been a general trend and over-reliance
on using opioid medications as the primary means to curb
perioperative pain. As the opioid epidemic has unfolded,
increased attention has been paid to opioid prescription and
opioid medication management and an interest in alterna-
tive means of pain control have resurged [6]. In the case of
bariatric elective procedures, patients usually receive moder-
ate to high doses of opioids for adequate perioperative pain
control. However, there are clinical concerns of compound-
ing obesity-related comorbidities (obstructive sleep apnea
and obesity-related hypoventilation syndrome) with opioid-
related complications (respiratory depression and relaxation
of the upper airway dilator muscle) [7]. Furthermore, we are
learning that perioperative opioid use may place patients
at increased risk for persistent opiate use after discharge.
In fact, patients with a pre-existing pain disorder, those on
public insurance such as Medicaid, and those who had mul-
tiple surgeries in close proximity harbored the highest risk
of developing an opiate use disorder [8].

Following the success of other surgical fields, bariatric
surgeons have moved to adopt enhanced recovery after sur-
gery (ERAS) protocols. These protocols focus on perioper-
ative factors to shorten hospital stay and improve surgical
outcomes, ranging from patient counseling preoperatively,
minimally invasive procedures intraoperatively, multi-
modal analgesia, and side effects and complications pre-
vention postoperatively [9]. A systemic review of ERAS
protocols in bariatric and colorectal surgeries showed that
the use of these protocols led to decreased length of hos-
pital stay (LOS), without significant differences in overall
complication and readmission rates [9, 10]. In 2019, the
Metabolic and Bariatric Surgery Accreditation and Qual-
ity Improvement Program (MBSAQIP) developed its own
ERAS protocol, called Bariatric Surgery Targeting Opioid
Prescriptions (BSTOP) [11]. It aims to decrease opioid
prescriptions while improving postoperative pain manage-
ment, by including multimodal methods of perioperative
pain management, with minimization of opioid use, and
regional anesthesia.

With a high-volume of bariatric cases (1200 cases
a year) conducted by multiple surgeons on high-risk
patients, our institution is nestled in a unique location to
study the effects of BSTOP. We also provide services to
a community that has been heavily affected by the opioid
epidemic, with the highest opioid-related death rate among
the five boroughs of New York City and 8th in the state
[12]. In line with national and organizational efforts to
reduce the overall morphine equivalent dose (MED), we
sought to evaluate the safety, feasibility and effectiveness
of implementing the BSTOP protocol at our high-volume
academic practice. We hypothesize that the BSTOP proto-
col can be implemented with minimal adverse events and
will lead to a drastic reduction in opiate use with adequate
perioperative pain management.

Methods
Study design

This is a single-institution, retrospective cohort study for
patients who underwent bariatric surgery from October
2019 to May 2021. The study was approved by Albert Ein-
stein College of Medicine’s International Review Board
(IRB) and was Health Insurance Portability and Account-
ability Act (HIPAA) compliant. Five board-certified mini-
mally invasive surgeons performed all surgeries.

The baseline data was collected from October 2019 to
March 2020. During the first surge of the COVID-19 pan-
demic in March 2020, all elective surgeries at the insti-
tution were put on hold. When elective surgeries were
restarted in July 2020, the BSTOP protocol was put in
place. This study includes data until May 2021.

This ERAS protocol only considered the effect of a non-
opioid pain regimen. Therefore, patient preparation and
education prior to the surgery and post-operative care had
been kept the same. In preparation for surgery, all patients
were provided with six months of nutrition and exercise
recommendations focused on weight-loss. Active smokers
were not eligible for bariatric surgery. During the surgery,
the anesthesiologists focused on maintaining the patients’
vital signs for optimal surgical conditions. Postopera-
tively, both patient groups were treated symptomatically
for pain, nausea, and other post-operative complications.
All patients were encouraged to ambulate and put on a
clear liquid diet.

Prior to BSTOP implementation, patients received
patient-controlled analgesia (PCA) fentanyl or hydromor-
phone postoperatively until post-operative day (POD) 1.
Afterwards, it was switched to an oral opioids and liquid
Tylenol. Patients were also discharged with oral opioids
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and liquid Tylenol to take at home. They were also pre-
scribed antiemetics.

The BSTOP protocol consists of detailed instructions for
each stage of the patient’s surgical care, from the preopera-
tive, intraoperative, postoperative, inpatient and outpatient
(refer to Online Appendix for detailed protocol). Gabapen-
tin was put on pause from 10/20/2020 due to concerns for
PO intolerance with mild gastrointestinal upset and nausea
when given preoperatively. However, due to increased opioid
use after gabapentin cessation, gabapentin was restarted in
January 2021.

Primary outcomes were total inpatient opioid use and
total outpatient opioid use. Outpatient opioids used was the
amount of opioids with which the patient was discharged,
determined by their pain level and complications during
their postoperative hospital stay. Secondary outcomes were
LOS, fentanyl PCA use and hydromorphone PCA use.

Patient selection

The inclusion criteria consisted of all patients undergoing
initial, revisional, or conversional intraabdominal bariatric
surgical procedures. The study excluded patients taking opi-
oids for chronic conditions in the last 10 days preceding the
surgery and patients currently being treated for chronic opi-
oid addiction. Patient demographics and health information
including age, sex, American Society of Anesthesiologist
(ASA) grade, body mass index (BMI), and past medical his-
tory were collected.

Surgical modalities included laparoscopy and robotic.
Patients who underwent additional procedures, for exam-
ple EGD, hiatal hernia repairs, and cholecystectomies were
excluded from the study.

Statistical analysis

All statistical analyses were conducted using SAS. Groups
were compared using independent samples T test or analysis
of variance for continuous variables and y* test for categori-
cal variables. Whether the patients received opioids post-
operatively and upon discharge were turned into a binary
variable. This was used for a multivariate logistic regression.
Results were considered statistically significant if p <0.05.
All data was analyzed on an intention-to-treat basis.

Results

A total of 1264 patients were included in this retrospec-
tive analysis. Among these, 409 received bariatric surgeries
prior to the implementation of the BSTOP protocol and 855
received bariatric surgeries after its implementation. The
BSTOP protocol was implemented after elective surgeries
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were restarted at the institution, after the first COVID surge
in July 2020. The patient characteristics are described in
Table 1. These groups were statistically similar in terms of
patient sex, BMI, and ASA. There was a statistically sig-
nificant difference in terms of age, with the average age pre-
BSTOP being 40.6 years and post-BSTOP being 38.1 years.
In terms of the patients’ health comorbidities, there were
no significant differences in the proportion of patients with
hyperlipidemia, diabetes mellitus, psychiatric disorders, and
pain disorders. However, there was a significant difference in
the following comorbidities: hypertension (p =0.0072), OSA
(»p=0.0167), and COPD and asthma (p =0.0058). There was
no significant difference in the proportion of surgeries con-
ducted by the five surgeons or the type of modality used.
There was a significant difference in the proportion of types
of procedures performed (p =0.0031), with a percentage
decrease RYGB performed (24.9 to 18.1%) and increase in
sleeve gastrectomies (65.8 to 66.5%), conversions (7.6 to
12.5%), and revisions (1.7 to 2.8%) conducted.

Our primary outcome of interest was the total opioids
used during the patient’s hospitalization as well as upon
discharge (Table 2). For this initial analysis, data collected
during gabapentin removal from the BSTOP protocol was
not included. There is a statistically significant decrease
(p<0.0001) in average total inpatient opioid used from
95.28 +37.62 MME prior to BSTOP implementation to
62.08 +36.68 MME after BSTOP implementation. This
can be further broken down into the total amount of opi-
oids used in the post-anesthesia care unit (PACU) and
inpatient floor. There was no significant difference in the
opioids used in the PACU (p =0.7997), with pre-BSTOP
average being 24.89 +19.55 MME and post-BSTOP aver-
age being 25.18 +18.52 MME. However, there was a
significant decrease in total inpatient floor opioids used
(p=0.012) with pre-BSTOP average being 10.72 +17.11
and post-BSTOP average being 8.24 + 14.17 (Fig. 1).
Moreover, there was a significant decrease in opioids
used upon discharge (p <0.0001), with pre-BSTOP aver-
age being 177.90 +75.87 MME and post-BSTOP average
being 43.17 +82.25 MME (Fig. 2). There was no signifi-
cant difference between laparoscopic and robotic surger-
ies, in terms of the total amount of opioids used in the
PACU (p =0.8), on the inpatient floor (p =0.4), and upon
discharge (p=0.3).

Our secondary outcomes of interest included length
of hospital stay, PCA fentanyl use, and PCA hydromor-
phone use (Tables 2, 3). There was a significant decrease
in the length of hospital stay (p <0.0001) from an aver-
age of 1.53+0.89 days pre-BSTOP to an average of
1.28 +£0.75 days post-BSTOP. Prior to BSTOP, 99.76% of
patients (n =408) used PCA fentanyl, while after BSTOP
implementation 8.43% (n=157) used PCA fentanyl. There
is no correlation between PCA fentanyl use and LOS after
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Table 1 Patient characteristics Pre-BSTOP Post-BSTOP (July 2020) p values
before and after BSTOP
implementation Total 409 855
Sex
Female 331 (80.9%) 724 (84.7%) 0.0932
Male 78 (19.1%) 131 (15.3%)
Age
Average 40.60 38.07 0.0004
BMI
Average 44.55 (10.9%) 44.41 (5.2%) 0.7648
Class 1 13 (3.2%) 27 (3.2%) 0.3762
Class 2 101 (24.7%) 182 (21.3%)
Class 3 290 (70.9%) 638 (74.6%)
ASA
1 0 (0%) 0 (0%) 0.5435
2 77 (18.8%) 146 (17.1%)
3 328 (80.2%) 703(82.2%)
4 4 (1.0%) 5 (0.6%)
Operating surgeon
Surgeon A 98 (24.0%) 215 (25.1%) 0.2357
Surgeon B 134 (32.8%) 307 (35.9%)
Surgeon C 38 (9.3%) 84 (9.8%)
Surgeon D 110 (26.9%) 212 (24.8%)
Surgeon E 29 (7.1%) 37 (4.3%)
Procedure type
Sleeve gastrectomy 269 (65.8%) 569 (66.5%) 0.0031
Roux-en-Y gastric bypass 102 (24.9%) 155 (18.1%)
Conversions 31 (7.6%) 107 (12.5%)
Revisions 7 (1.7%) 24 (2.8%)
Modality
Laparoscopy 380 (92.9%) 787 (92.0%) 0.5898
Robotic 29 (7.1%) 68 (8.0%)
Past medical history
Hypertension 180 (44.9%) 309 (36.1%) 0.0072
Obstructive sleep apnea 169 (41.3%) 294 (34.4%) 0.0167
Hyperlipidemia 19 (4.6%) 31 (3.6%) 0.3842
COPD/asthma 145 (35.5%) 238 (27.8%) 0.0058
Diabetes mellitus 152 (37.2%) 327 (38.2%) 0.7107
Anxiety 60 (14.7%) 113 (13.2%) 0.4818
Panic disorder 1(0.2%) 9(1.1%) 0.1292
Depression 61 (14.9%) 139 (16.3%) 0.5405
Bipolar disorder 13 (3.2%) 25 (2.9%) 0.8042
Psychotic disorders 1(0.2%) 8 (0.9%) 0.1715
Pain disorders 131 (32.0%) 295 (34.5%) 0.3841

BSTOP implementation (correlation coefficient of 0.06,
p=0.08). None of the patients received PCA hydromor-
phone before and after BSTOP implementation.

A multivariate logistic regression showed that after
controlling for patient sex, age at surgery, BMI, operat-
ing surgeon, procedure type, modality of surgery, and

comorbidities including hypertension, OSA, and COPD
and asthma, there was a significant decrease in provision
of opioids postoperatively (OR 0.47, 95% CI 0.31-0.72).
A similar multivariate logistic regression was done for opi-
oids used after discharge, which also showed a significant
reduction (OR 0.013, 95% CI 0.007-0.022).
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Table 2 Comparing study outcomes before and after BSTOP implementation

Pre-BSTOP (n=409) Post-BSTOP (July 2020) % Difference p values*
(n=2855)
Length of hospital stay (days) 1.53 (SD=0.89) 1.28 (SD=0.75) 16.3 <0.0001
Total inpatient opioids (MME) 95.28 (SD=37.62) 62.08 (SD=136.68) 34.8 <0.0001
Total opioids used on inpatient floor (MME) 10.72 (SD=17.11) 8.24 (SD=14.17) 23.1 0.011
Total opioids used in PACU* (MME) 24.89 (SD=19.55) 25.18 (SD=18.52) -1.2 0.800
Total opioids used postoperatively (MME) 35.60 (SD=27.89) 31.80 (SD=26.64) 10.7 0.022
Total opioids used upon discharge (MME) 177.90 (SD=75.7) 43.17 (SD=84.25) 75.7 <0.0001
*T test
Zi?:z;escger:rflgsgi;fdsgi}; Pre-BSTOP (n) g(;s’;-o . QOdds ratios (CI 95%) p values*
BSTOP implementation
PCA fentanyl used 408 57 <0.001 (<0.001-0.001) <0.0001
PCA hydromorphone used 0 0 N/A N/A
Opioids used postoperatively 379 569 0.490 (0.322-0.744) <0.0001
Opioids used upon discharge 395 94 0.014 (0.008-0.024) <0.0001

#y” test

Table 4 Comparing study outcomes before BSTOP, BSTOP without gabapentin (B-GABA) and BSTOP with gabapentin (B+ GABA)

Pre-BSTOP

B-GABA

B+GABA

p values*

Length of hospital stay (days)

Total inpatient opioids (MME)

Total opioids used on inpatient floor (MME)
Total opioids used in PACU (MME)

Total opioids used postoperatively (MME)

1.53 (SD=0.89)

95.28 (SD=37.62)
10.72 (SD=17.11)
24.89 (SD=19.55)
35.61 (SD=27.89)

Total opioids used upon discharge (MME) 177.90 (SD=75.70)

1.37 (SD=0.98)
67.27 (SD=38.58)
11.44 (SD=18.87)
27.97 (SD=17.18)
39.41 (SD=30.55)
111.82 (SD=75.66)

1.25 (SD=0.67)
60.71 (SD=36.06)
7.40 (SD=12.52)

24.44 (SD = 18.80)
31.83 (SD=25.30)
25.00 (SD=76.75)

p<0.0001

p<0.0001
0.0002
0.081
0.0016

p<0.0001

*T test

Fig. 1 Average total inpatient
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We also conducted a sub-analysis on changes in opi-
oid use for the 179 patients between October 20th and
December 31st 2020 who underwent BSTOP but did not
receive gabapentin (B-GABA) (Table 4). When an analy-
sis of variance was conducted for pre-BSTOP, B-GABA
and BSTOP with gabapentin (B + GABA), there was a
significant difference in LOS (p <0.0001), total inpatient
floor opioid use (p =0.0002), total inpatient opioid use
(»<0.0001), and total outpatient opioid use (p <0.0001).
There was no significant difference in PACU opioid use
(»p=0.0812). On the inpatient floor and in the PACU, the
mean total opioids given was higher in B-GABA than pre-
BSTOP and B + GABA. As for the LOS and total inpatient
and outpatient opioid use, the average total opioid use was
greater than those of B+ GABA and less than those of pre-
BSTOP. When a multivariate logistic regression was done
to control for patient sex, age at surgery, pre-operative
BMI, operating surgeon, type of procedure, modality of
surgery, and comorbidities including hypertension, OSA,
and COPD and asthma, there was a significant difference
between pre-BSTOP, B-GABA and B + GABA for both
total inpatient and outpatient opioid use (p <0.0001). The
odds ratio comparing pre-BSTOP to B + GABA is 0.396
with 95% CI of 0.256 to 0.613. The odds ratio comparing
B-GABA to B + GABA is 0.348 with 95% CI of 0.185 to
0.654.

Discussion

Bariatric surgery is the most effective treatment for morbid
obesity and its related comorbidities [13]. However, its suc-
cess must be weighed against its complications and side-
effects, one of them being the potential for persistent opioid
use after surgery. This large, single-institution, retrospective
cohort study has shown that implementation of the BSTOP
protocol is very effective at decreasing total opioid usage
among bariatric surgery patients. The BSTOP protocol,

which was implemented at our institution in July 2020, has
significantly decreased both inpatient and outpatient opioid
use, PCA fentanyl use and LOS. Furthermore, the BSTOP
protocol itself significantly decreased the provision of opi-
oids on the inpatient floor and upon discharge. In other
words, fewer patients who underwent bariatric surgery with
the BSTOP protocol were discharged with opioids.

Substance use disorder is a rampant issue in the Bronx.
In 2020, 537 Bronx residents died of drug overdose, rank-
ing highest of the five boroughs of New York City [12].
Fentanyl was involved in 80% of the deaths; cocaine, heroin,
alcohol and benzodiazepines were also other common sub-
stances [12]. Therefore, it is of no surprise that the Bronx
has been particularly hard-hit by the opioid epidemic. In
2018, there were 321 opioid-overdose deaths and 1013 ED
visits involving opioid overdose, with statistics increas-
ing annually [14]. The Bronx is the 8th highest in terms
of opioid-related overdose cases in New York State [15].
Compared to the rest of the state, opioid-related deaths in
the Bronx disproportionately affects the Hispanic popula-
tion and those aged 35- to 54-years old [16]. In addition,
the Bronx has a high prevalence of depression (14.9%) and
serious psychological illnesses (6.5%) [17]. These statistics
are concerning, as studies show that a personal history of
alcohol and drug use as well as psychiatric disorders and
depression are strongly associated with developing opioid
use disorder [18]. Surgeons and anesthesiologists must be
cautious of opioid prescription intra- and postoperatively,
as even opioid-naive patients are vulnerable to persistent
postoperative opioid use [19].

Our results show that when opioids used in the PACU
were compared between pre-BSTOP and post-BSTOP, there
was no significant difference in opioid use. A previous study
has shown that ERAS protocol adherence for bariatric sur-
gery pre-operatively, intraoperatively, and on the floor were
above 85%, but in the PACU, was between 55 and 61%
[20]. It is probable that an opioid-free intraoperative anes-
thetic technique does not sufficiently manage immediate
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postoperative pain, which requires intervention in the PACU.
Currently, there is research on intraoperative use of alterna-
tive and longer-lasting forms of pain management, such as
methadone and ketamine [21]. The combination of this with
ERAS protocols could lead to improved postoperative pain
management and recovery. Furthermore, pain management
in the PACU is challenging, as patients are not fully recov-
ered from anesthesia or sedation to express the level of pain.
Therefore, emphasis has been put on investigating objective
measures of pain management, such as the Behavioral Pain
Scale, photoplethysmography-derived parameters, and anal-
gesia nociception index [22].

Although unintentional, this study also showed the sig-
nificant role that gabapentin plays in postoperative pain man-
agement and decreasing opioid use. When removed from
the BSTOP pathway, it led to a significant increase in total
opioid use on the inpatient floor and a longer average LOS.
Systematic reviews investigating the effect of gabapentin on
perioperative pain management has shown that it is associ-
ated with decreased opioid usage as well as a reduction in
pain scores [23, 24]. In terms of its side-effects, gabapentin
use has been associated with increased sedation, dizziness
and visual disturbances; however, it has been correlated
with fewer cases of postoperative nausea and vomiting and
pruritis, which are considered common opioid-related side
effects [24]. Therefore, our study confirms the critical role
that gabapentin plays in ERAS protocols for improved pain
management and decreased postoperative opioid use.

There are some limitations associated with our data.
Firstly, there was a disruption in the study between its time
course of October 2019 to May 2021.There was a pause
in all elective surgeries at our institution between April 1st
2020 and June 30th 2020 due to the COVID pandemic. As
the BSTOP protocol was implemented immediately after
elective surgeries restarted in July 2020, there could have
been confounding factors related to patients, OR personnel,
and physicians returning to the hospital after a long hiatus.
For example, the patient comorbidity with the greatest differ-
ence was the decrease in proportion of patients with COPD
and asthma in the post-COVID cohort (35.5 to 27.8%).
This could be due to a multitude of reasons, including, but
not limited to, an increase in morbidity and mortality from
COVID-related complications in patients with respiratory
conditions and morbid obesity [25]. Furthermore, we did not
collect data on surgical complications and adverse effects of
opioids and other medications used. However, we used LOS
as an indirect measure of these factors. Although this study
has a large cohort, the study took place in the Bronx, with a
predominantly low-income, high immigrant and urban popu-
lation. Therefore, the results may not be generalizable to
rural, high-income, and homogenous populations.

This study attempts to fill the gap in knowledge regarding
the effectiveness of BSTOP in decreasing opioid use during
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hospitalization and upon discharge. There are various ERAS
protocols used in bariatric surgery. Future studies should
focus on the optimal combination of agents that should be
used in such a protocol. Additionally, studies focusing on
long-term follow up will be critical in understanding how
these interventions affect persistent opiate use and overdose.

Conclusions

This study supports a growing body of evidence showing
that implementation of ERAS protocols for bariatric patients
can drastically improve patient outcomes and pain manage-
ment. BSTOP led to a significant reduction in both inpatient
and outpatient opioid use as well as length of hospital stay.
Gabapentin plays a critical role in the BSTOP protocol and
seems to potentiate other drugs to minimize opiate use.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-022-09646-4.
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