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Abstract

Background and aims: Bariatric surgery remains a main-
stay for treatment of morbid obesity. However, long-term
adverse outcomes include chronic abdominal pain and
persistent opioid use. The aim of this review was to
assess the existing data on prevalence, possible mech-
anisms, risk factors, and outcomes regarding chronic
abdominal pain and persistent opioid use after bariatric
surgery.

Methods: PubMed was screened for relevant literature
focusing on chronic abdominal pain, persistent opioid
use and pharmacokinetic alterations of opioids after bari-
atric surgery. Relevant papers were cross-referenced to
identify publications possibly not located during the ordi-
nary screening.

Results: Evidence regarding general chronic pain status
after bariatric surgery is sparse. However, our litera-
ture review revealed that abdominal pain was the most
prevalent complication to bariatric surgery, presented

*Corresponding author: Anne E. Olesen, Department of Clinical
Medicine, Aalborg University, Aalborg, Denmark; and Department
of Clinical Pharmacology, Aalborg University Hospital,
Gartnerboligen, Ground Floor, Mglleparkvej 8a, 9000 Aalborg,
Denmark, Phone: +45 97664376, E-mail: aneso@rn.dk

Amalie H. Simoni and Sgren P. Johnsen: Danish Center for Clinical
Health Service Research (DACS), Department of Clinical Medicine,
Aalborg University, Aalborg, Denmark

Louise Ladebo: Department of Clinical Medicine, Aalborg
University, Aalborg, Denmark; and Mech-Sense, Department of
Gastroenterology and Hepatology, Aalborg University Hospital,
Aalborg, Denmark

Lona L. Christrup: Section of Pharmacotherapy, Department of Drug
Design and Pharmacology, University of Copenhagen, Copenhagen,
Denmark

Asbjgrn M. Drewes: Mech-Sense, Department of Gastroenterology
and Hepatology, Aalborg University Hospital, Aalborg, Denmark

in 3-61% of subjects with health care contacts or read-
missions 1-5 years after surgery. This could be explained
by behavioral, anatomical, and/or functional disorders.
Persistent opioid use and doses increased after bariat-
ric surgery, and 4-14% initiated a persistent opioid use
1-7 years after the surgery. Persistent opioid use was
associated with severe pain symptoms and was most
prevalent among subjects with a lower socioeconomic
status. Alteration of absorption and distribution after
bariatric surgery may impact opioid effects and increase
the risk of adverse events and development of addiction.
Changes in absorption have been briefly investigated,
but the identified alterations could not be separated
from alterations caused solely by excessive weight loss,
and medication formulation could influence the find-
ings. Subjects with persistent opioid use after bariatric
surgery achieved lower weight loss and less metabolic
benefits from the surgery. Thus, remission from comor-
bidities and cost effectiveness following bariatric surgery
may be limited in these subjects.

Conclusions: Pain, especially chronic abdominal, and
persistent opioid use were found to be prevalent after
bariatric surgery. Physiological, anatomical, and pharma-
cokinetic changes are likely to play a role. However, the
risk factors for occurrence of chronic abdominal pain and
persistent opioid use have only been scarcely examined as
have the possible impact of pain and persistent opioid use
on clinical outcomes, and health-care costs. This makes
it difficult to design targeted preventive interventions,
which can identify subjects at risk and prevent persistent
opioid use after bariatric surgery. Future studies could
imply pharmacokinetic-, pharmacodynamics-, and phys-
iological-based modelling of pain treatment. More atten-
tion to social, physiologic, and psychological factors may
be warranted in order to identify specific risk profiles of
subjects considered for bariatric surgery in order to tailor
and optimize current treatment recommendations for this
population.

Keywords: bariatric surgery; chronic pain; abdominal
pain; opioids; pharmacokinetics.
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1 Introduction

The World Health Organization has officially declared
obesity as a global epidemic. Currently, more than
650 million (13%) adults suffer from obesity, defined as a
body mass index (BMI) >30, and numbers are increasing
rapidly with more subjects falling within both the severe
obesity category, defined as BMI >35, and the morbidly
obesity category, defined as a BMI >40 [1-4]. Comorbidi-
ties, such as cardiovascular diseases, diabetes mellitus,
and musculoskeletal disorders are common amongst
subjects with morbid obesity [2, 5]. Additionally, chronic
visceral pain is highly represented and a clear association
between increasing BMI and chronic pain has been dem-
onstrated possibly caused by a combination of lifestyle
and mechanical, chemical, and psychological media-
tors [6, 7]. Preventive programs for subjects with morbid
obesity have been executed, to reduce excessive weight
and limit subsequent morbidity. However, even compre-
hensive lifestyle changes were only associated with inter-
mediate weight loss in most subjects, and many regained
weight (7, 8].

Bariatric surgery offers the possibility to retain a
large long-term weight loss and minimize associated
comorbidities compared to non-surgical options. There-
fore, it has been a mainstay of treatment for morbid
obesity and severe obesity with coexisting comorbidity
for decades [4, 9-11].

2 Bariatric surgery

The three most well-known and commonly performed
bariatric surgeries are Roux-En-Y gastric bypass (RYGB),
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laparoscopic sleeve gastrectomy (LSG) and laparoscopic
adjustable gastric band (LAGD) (Fig. 1). Each procedure
has its own advantages and disadvantages, which should
be taken into account to ensure the optimal selection of
surgery for the individual subjects [12, 13].

2.1 Roux-En-Y gastric bypass

A RYGB creates a small pouch (approx. 30 mL in volume),
from the upper region of the stomach, which is connected
to the jejunum. The remaining stomach with the adjacent
duodenum is connected further down the small intestine,
hereby generating a Y-configuration and bypassing orally
ingested substances (Fig. 1A). The altered anatomy limits
ingestion of large food quantities. Moreover, secretion
of gut hormones is minimized, stimulating satiety and
suppressing hunger. This imply the main mechanisms
explaining the large weight loss after the surgery. Diges-
tion and absorption of calories from fat, carbohydrates
and proteins are not significantly affected. However, the
hormonal and neural changes have abrupt effects on type
2 diabetes [8, 11, 14].

The RYGB results in the largest long-term weight loss
compared to other surgeries [15]; however, vitamin- and
mineral deficiency is a common challenge, resulting in
severe consequences such as anemia, osteoporosis and
neurological disorders [16]. Lifelong supplement con-
sumption and dietary regulations are therefore essential.
The RYGB is also a more complex and invasive operation
compared to LSG and LAGB, resulting in longer hospitali-
zation and higher complication rates [17]. Nevertheless,
it was the most frequently performed bariatric surgery
worldwide until 2014, wherefrom it was surpassed by LSG
[12, 13, 18].

Fig. 1: lllustrations of a normal stomach and the three most common bariatric surgeries. The anatomy of a normal stomach, and the
anatomical changes, after; (A) Roux-EN-Y Gastric bypass (RYGB), (B) Laparoscopic Sleeve Gastrectomy (LSG) and (C) Laparoscopic Adjustable

Gastric Banding (LAGB).
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2.2 Laparoscopic sleeve gastrectomy

During a LSG approximately 80% of the stomach is
permanently removed, by creating a tubular pouch
(Fig. 1B). Thus, the procedure includes no foreign devices
or bypassing of orally ingested substances. Weight loss
is achieved due to the reduced gut volume, less produc-
tion of gastric acids and digestive enzymes, which affects
digestion, absorption and the gut hormones with similar
outcomes as mentioned for RYGB [17, 19].

2.3 Laparoscopic adjustable gastric band

The LAGB divides the stomach into a smaller upper
stomach and a larger lower stomach (Fig. 1C). This pro-
cedure is reversible and the band can be adjusted to
prompt weight loss or minimize unpleasant side-effects
(e.g. nausea). Furthermore, no cutting or resection is
performed. Thus, early postoperative complications,
malabsorption, and dumping symptoms are rare. On the
downside, LAGB is the least effective procedure in obtain-
ing large, long-term weight loss and has the highest rate
of re-operation, primarily due to complications caused
by the device. Hence, the number of subjects undergoing
LAGB is declining and many surgeons abandon this pro-
cedure [13, 17].

3 Aim

The aim of this review was to assess the existing data on
prevalence, possible mechanisms, risk factors, and out-
comes regarding occurrence of chronic abdominal pain
and persistent opioid use after bariatric surgery.

4 Methods

The present study is based on three different PubMed
searches (http://www.ncbi.nlm.nih.gov/pubmed) from
February to May 2019, on the subject “chronic abdominal
pain and persistent opioid use after bariatric surgery.”
The searches included multiple medical subject headings
(MeSH) on bariatric surgery, weight loss, chronic abdominal
pain, gastrointestinal symptoms, opioids, pharmacokinetic
alterations and bioavailability. Additionally, PubMed was
searched using similar free-text word terms on the same
topics. Only relevant original articles and reviews pub-
lished in English were included. Case reports, editorial
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letters, and reports on symptoms and medication in the
early postoperative phase (<30 days) and articles, which
in different manners did not relate to the scope, were
excluded. Bibliographies of relevant articles were cross-
referenced to identify more articles of interest. There were
no restraints for the year of publication.

5 Abdominal pain after bariatric
surgery

5.1 Prevalence

Insufficient data exist regarding the development of
chronic pain following bariatric surgery, and the actual
pain intensity [20]. Excessive weight loss may intensely
improve e.g. musculoskeletal pain conditions after bari-
atric surgery [21]. Results from a survey-based study from
Norway indicate that subjects suffering from joint pain
decreased from 71% before surgery to 57% 5 years after
bariatric surgery [22]. However, subjects may become more
vulnerable to chronic pain conditions, due to increased
pain sensitivity, decreased pain detection thresholds, and
altered pain processing after bariatric surgery [21].

The results from a survey-based study by Grib-
sholt et al. (2016) demonstrated that the most common
symptom, resulting in 34.2% of the health care contacts
after RYGB was abdominal pain. The risk was higher
among women, young subjects, smokers, unemployed
subjects, and subjects with symptoms from previous sur-
geries [23]. In several studies abdominal pain has been
identified as the most common symptom, causing addi-
tional health care contacts and hospital readmissions
with a prevalence up to 61.4% (Table 1) [8, 22-31]. Chronic
abdominal pain was found to be associated with reduced
health related quality of life [22]. Even though bariatric
surgery is effective for obtaining weight loss and reduc-
ing obesity related comorbidity, the number of symptoms,
medication use, and health care contacts after surgery
continued to be high and represents a significant burden
on the subjects as well as upon the society, indicating,
that general health conditions are not normalized in these
subjects [23, 24, 32]. In general, studies focusing on longi-
tudinal evaluations from before and after bariatric surgery
to evaluate the potential casual relationships between
bariatric surgery and chronic abdominal pain are lacking.
Additionally, evidence is primarily restricted to studies on
RYGB surgery, e.g. only one study investigating abdominal
pain separate after LSG have been identified in the present
review [8, 22-26, 28-30].
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Table 1: Prevalence of abdominal pain after bariatric surgery.
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Study

Design

Results

Cho et al. [24]

Saunders et al. [25]

Gribsholt et al. [23]

Pernar et al. [26]

Hogestol et al. [22]

Pierik et al. [27]

Altieri et al. [28]

Blom-Hogestol et al. [29]

Gribsholt et al. [30]

Jakobsen et al. [8]

Mala et al. [31]

Retrospective study on medical records of subjects
undergoing LRYGB surgery at a single hospital admitted to
emergency care. n=733

Hospital records for 1-year readmission of subjects
undergoing bariatric surgery in a single US hospital
setting, for 31 months. n=1,939

Survey on self-reported outcomes (2014) in subjects
undergoing RYGB surgery in the Central Region of
Denmark 2006-2011. Median follow-up 4.7 years.
n=2,238 undergoing RYGB, n=89 controls

Study of subjects who underwent RYGB surgery and were
admitted to emergency department (2005-2015). To
examine association between clinical parameters and
abdominal CT scans. n=1,643 undergoing RYGB surgery

Prospective Norwegian survey on 5-year follow-up of
subjects undergoing RYGB surgery. n=165

Database study in Amsterdam from November 2007

to April 2015 on prevalence and predictive factors of
unexplained abdominal pain after bariatric surgery.
n=1,788 subjects underwent LRYGB (1,361) or LSG (118)
SPARCS database study on all SG surgeries 2011-2013,
including at least 1-year follow-up, for incidence of
emergency department visits and hospital readmissions.
n=14,080 subjects who underwent SG surgery

Prospective Norwegian survey on random selected
subjects undergoing RYGB surgery in a single hospital
setting, with 5-year follow-up. n=234

Cohort study on all subjects undergoing RYGB surgery in
Denmark 2006-2010, and matched general population
controls. Follow-up for median 4.2 years. n=9,985
undergoing RYGB, n=247,375 controls

Cohort in Norwegian outpatient center 2005-2010

and follow-up from 2006 to 2015 Bariatric surgery or
specialized medical obesity treatment. n=932 surgical
(855 RYGB, 69 SG and 8 other), n=956 medical treatment
Review of prevalence, evaluations, etiology, and
treatment of abdominal pain specific to RYGB surgery
from PubMed searches and clinical experience

The most frequent complaint in the
emergency room was abdominal pain, which
were presented in 61.4% of the subjects
Overall 1-year readmission rate was 18.8%.
LAGB had the lowest (12.7%) and RYGB the
highest rate (24.2%). Abdominal pain was
leading cause of readmission (11.8%)

63.7% responded the survey. 88.6% reported
>1 symptoms. 67.6% of subjects were in
contact with the healthcare within follow-up,
compared to 34.8% controls from the general
population. 34.2% of healthcare contacts
were caused by abdominal pain

676 subject visited the emergency
department. Abdominal pain was presented
in 624 (92%) visitors. No clinical or laboratory
parameter were associated with the imaging
results

33.8% reported chronic abdominal pain.
Among these subjects 48.8% reported
indigestion and 29.1%, reported IBS. 18.5%
had abdominal pain prior to RYGB

Average follow-up was 33.5 months. 21.6%
subjects had abdominal pain and 7.4%
experienced unexplained abdominal pain
after bariatric surgery

33.9% visited emergency department in
follow-up. 53.9% unrelated to surgery.
11.1%, presented with abdominal pain.
One-year readmission rate was 12.5%.
Readmission causes were 41.7% unrelated
to surgery, 8% related, and 3.0% abdominal
pain

71% were readmitted in follow-up, and

97% responded to the survey. Thirty-four
percent reported chronic abdominal pain,
caused by internal herniation, dumping,

food intolerance, gallstones, or IBS. (Same
population as Hogestol et al. [22])
Readmissions in 3.3% subjects undergoing
RYGB surgery within 30 days and 23.9%

in follow-up. Fifteen percent admitted with
abdominal pain. Admission rates before RYGB
were 11.5vs. 5.9 in controls per 100 person-
years, increasing to 24.9 vs. 7.1 after surgery
The rate of abdominal pain in subjects
undergoing bariatric surgery (26.1%)

was higher than in subjects with medical
treatment (RR: 1.9, ARD: 12.6% points)
Limited evidence suggest about 30% subjects
may experience chronic abdominal pain after
RYGB, with diverse etiology and undefined
cause of pain for a subset of subjects

ARD =absolute risk difference; Gl =gastrointestinal; IBS =irritable bowel syndrome; LAGB = laparoscopic adjustable gastric band;
LRYGB = laparoscopic Roux-En-Y gastric bypass; LSG=laparoscopic sleeve gastrectomy; n=number of subjects; RYGB =Roux-En-Y gastric
bypass; SG =sleeve gastrectomy; US=United States.
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5.2 Abdominal pain pathogenesis

The etiologies of abdominal pain after bariatric surgery
are diverse, and several causes have been suggested,
including; (1) behavioral, dietary disorders such as over-
and rapid eating resulting in mechanical distension of the
pouch or reduced stomach; (2) functional disorders such
as constipation, diarrhea, irritable bowel syndrome and
dumping syndrome; (3) biliary disorders such as chole-
lithiasis, choledocholithiasis or sphincter of oddi dysfunc-
tion; (4) pouch or remaining stomach disorders such as
peptic ulcer disease, gastro-gastric fistula, gastroesopha-
geal reflux disease and hiatus hernia; (5) small intestine
disorders such as abdominal wall and internal hernias
[30, 33-35]. However, unfortunately the pain etiology
remains undefined in 23-43% of subjects with abdominal
pain after RYGB, and the associations after other forms of
bariatric surgery are even less evident [28, 30, 34]. Thus,
a thorough understanding of the pathogenesis will natu-
rally improve clinical outcomes as mechanism based
management can be initiated to prevent chronic abdomi-
nal pain after bariatric surgery [28, 33].

5.3 Pharmacological treatment

Symptom improvement on chronic abdominal pain could
be obtained from dietary guidance, e.g. if the cause is
a behavioral, dietary disorder, whereas in other cases
surgery or specific medical treatment is used, e.g. in peptic
ulcer. However, in some cases pharmacological pain treat-
ment is needed [26, 28]. The World Health Organizations
analgesic ladder was developed for the treatment of cancer
pain, but is also used in the treatment of chronic abdomi-
nal/visceral pain as there are no treatment guidelines
specifically for chronic abdominal pain. Orally adminis-
tered analgesics are suggested in the following order: non-
opioids [non-steroidal anti-inflammatory drugs (NSAIDs)
and acetaminophen]; then weak opioids (e.g. tramadol),
on demand; then strong opioids (e.g. morphine), until
sufficient pain relief is achieved. Adjuvant analgesics e.g.
antidepressants or anticonvulsants, might also provide
analgesic effects and could additionally be used to calm
fears and anxiety [26, 36].

Acetaminophen is a widely used non-opioid with
analgesic and antipyretic effects through central and
peripheral non-opioid mechanisms [37]. In contrast to
NSAIDs, acetaminophen possesses no clinically relevant
anti-inflammatory characteristics. However, it is preferred
over NSAIDs, due to its limited gastrointestinal side-effect
profile. Acetaminophen treatment is often continued
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when additional stronger analgesics are needed. Non-
opioids are often insufficient for a satisfactory abdomi-
nal/visceral pain relief. Thus, opioids are widely used in
the management of subjects experiencing severe visceral
pain [38]. Opioids produce significant pain relief through
direct effects on the visceral pain pathways. However, due
to side-effects in the gastrointestinal and central nervous
system, it is essential to monitor the subjects closely and
manage individual risk-benefit profiles and to prevent
development of constipation and addiction. Adjuvant
analgesics may be relevant as supplement and have a spe-
cific role in the presence of central sensitization or major
psychological components [36].

6 Opioid use after bariatric surgery

For decades, efforts to improve general patient-care in the
management of chronic pain have triggered an undesir-
able increase in the number of opioid prescriptions and
persistent users [39]. The increased incidence of opioid
overprescribing, abuse, misuse, addiction, and over-
dosing has been an unexpected consequence [7, 39-41].
Sufficient acute multimodal pain management, includ-
ing opioid treatment, has been found to be an important
instrument after any surgery, including bariatric surgery,
since this reduces the risk of postoperative chronic pain
[42, 43]. However, the efficacy and safety of persistent
opioid treatment is controversial [32, 40]. Bariatric surgery
is associated with short-term complications, but there are
only few studies on long-term outcomes, including long-
term opioid use [8, 41].

6.1 Prevalence

Most studies on opioid use after bariatric surgery are based
on US insurance-databases or surveys, but European
studies have also been published. In general, the results
showed that opioid use was common in the subject before
bariatric surgery, but increased afterwards (Table 2) [8, 44,
46-49).In a survey-based study from Michigan it was iden-
tified that 21.5% of subjects undergoing bariatric surgery
reported to have used opioids the year before surgery
and in another US study it was identified that 35.9% used
opioids on demand, and 8.0% used opioids persistently,
before surgery. Among the persistent users before bariat-
ric surgery, 77.5% continued a persistent use, 19.5% used
opioids on demand, whereas only 3.0% reported no opioid
use the following year [40, 47]. Contrary, results from
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Table 2: Prevalence of persistent opioid use after bariatric surgery.
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Study

Design

Results

Raebel et al. [40]

Raebel et al. [44]

Tabibian et al. [20]

Brummet et al. [45]

King et al. [7]

Wallén et al. [46]

Jakobsen et al. [8]

Smith etal. [47]

Heinberg et al. [21]

Retrospective US cohort on opioid use 1-year before/after
bariatric surgery 2005-2009. Chronic use, defined as >10
opioid dispensing over 290 days, or dispensing 120-day supply.
n=11,719

Retrospective US cohort on opioid use in subjects undergoing
bariatric surgery who were non-persistent opioid users 1-year
before surgery 2005-2009. Chronic use, defined as >10 opioid
dispensing over >90 days, or dispensing 120-day supply.
n=10,643

Retrospective case-control study on opioid records in a pain
rehabilitation center 2008-2012. Compare pain treatment
outcomes for subjects undergoing bariatric surgery to non-
bariatric controls matched on age, gender, and smoking. n=106
cases, n=106 controls

Retrospective US cohort on insurance claims in opioid-naive
subjects undergoing minor and major surgery e.g. bariatric
surgery 2013-2014

n=36,177 subjects undergoing general surgery

Survey on longitudinal assessment of opioid use as
self-reported daily, weekly, or on demand after Bariatric
Surgery in US. n=2,258

Retrospective Swedish cohort of the opioid pattern following
RYGB in subjects with a high and low opioid consumption pre-
surgery. n=35,612

Cohort Norway outpatient center 2005-2010 and follow-up from
2006 to 2015 Bariatric surgery or specialized medical obesity
treatment n=932 surgical (855 RYGB, 69 SG and 8 other),
n=956 medical treatment

Cohort on new persistent opioid use in subjects undergoing
bariatric surgery in Michigan, 2006-2016. Patient-reported
survey on opioid use before and at 1 year after surgery.
n=27,799

Non-systematic review of opioid use after bariatric surgery

Before surgery, 56% used no opioids, 35.9%
used opioids on demand, and 8.0% used
opioids persistently. Among persistent users,
77.5% continued persistent use, 19.5% used
opioids on demand, and 3.0% discontinued
opioids 1-year after surgery

4.0% became persistent opioid users 1-year
after surgery. Risk factors were pre-surgery
analgesics, antianxiety agents, tobacco, and
non-laparoscopic band procedures

Subjects undergoing bariatric surgery used
more OME at discharge, than matched
non-bariatric subjects with pain. Subjects
undergoing bariatric surgery had higher rates
of benzodiazepine at discharge (33 vs. 19%)
and were less likely to complete treatment
(87 vs. 97%). At admission, mean OME was
127.3 mgin cases and 88.3 mg in controls
Rates of new persistent opioid use were
similar in the minor and major surgery groups
5.9-6.5%. >7% subjects were new persistent
users after bariatric surgery

Before surgery, 14.7% used opioids. This
decreased to 12.9% after 6 month, but
increased to 20.3% after 7 years. 5.8% were
new persistent users at 6 month and 14.2%
at 7 years. New persistent use was associated
with; health insurance, pre-surgery pain,
subsequent surgeries, and other analgesic use
2.2% of subjects who used <10 mg OME daily
before surgery used >10 mg OME daily 2 years
after RYGB

New onset of opioid use in subjects
undergoing bariatric surgery (19.4%) was
higher than after medical treatment (RR: 1.3,
ARD: 3.6% points)

21.5% used opioids before surgery. 6.3% were
new persistent opioid users at 1-year post-
surgery. New persistent opioid users lost less
weight, had worse psychological wellbeing,
body image, and depression, reported less
satisfaction by the surgery

Identified four large prospective studies,
examining the prevalence of continuing/
initiating opioids after bariatric surgery
(Raebel et al. [40, 44], Wallén et al. [46], King
etal. [7]). The studies indicate that bariatric
surgery does not reduce opioid use

ARD =absolute risk difference; n=number of subjects; OME=oral morphine equivalent doses; RR=relative risk; RYGB =Roux-En-Y gastric
bypass; SG =sleeve gastrectomy; US =United States.

another study showed a prevalence of 14.7% self-reported  users increased to 20.3% after 7 years [7]. Moreover, the

opioid users before surgery, which decreased to 12.9% at

ingested opioid doses was found to increase following

6 months after surgery. However, the prevalence of opioid bariatric surgery [40, 44, 46]. In a Swedish study it was
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found, that 2.2% of subjects who used <10 mg oral mor-
phine equivalent daily before surgery used >10 mg oral
morphine equivalent daily 2 years after RYGB-surgery [46].
Unfortunately, all the studies lack information on clinical
indications for the opioid use [44].

Many subjects initiated a persistent opioid use after
bariatric surgery. Raebel et al. (2014) found that 4.0% of
non-persistent users before surgery initiated persistent
opioid use the year after surgery [44]. In other studies it was
identified that >6.3% of subjects, without previous opioid
use, initiated persistent opioid use the year after bariatric
surgery [45, 47]. Additionally, a study found that 5.8% of
subjects without opioid use before bariatric surgery used
opioid 6 month after and 14.2% used opioids after 7 years
[7]. Studies on opioid use after bariatric surgery, has pre-
viously been reviewed, but studies comparing opioid ini-
tiation in medical treated controls with morbid obesity
were not considered [21]. A cohort-study from Norway
compared comorbidity- and medication-changes among
subjects with morbid obesity undergoing bariatric surgery
or medical treatment. They found, that the absolute risk
of initiating persistent opioid use after surgical treatment
(19.4%) was higher than after medical treatment (relative
risk: 1.3, absolute risk difference: 3.6) [8]. Additionally,
subjects suffering from chronic pain after bariatric surgery
were less likely to complete a pain rehabilitation program,
and used higher opioid dose at discharge, than matched
non-bariatric subjects with chronic pain at the same pain
rehabilitation center [50]. Many of the subjects with per-
sistent opioid use after bariatric surgery, used opioids at
least occasionally before surgery [40, 44].

In summary, it is concerning that the prevalence of
subjects using opioids increases after bariatric surgery,
and that opioid doses seems to increase. This emphasizes
the importance of identifying risk of initiating persistent
opioid use and of improving specific management of pos-
sible chronic pain in subjects undergoing bariatric surgery
[32, 44]. Future strategies, for better follow up of subjects
after surgery to prevent long-term opioid use, are needed.

6.2 Altered drug pharmacokinetics after
bariatric surgery

The anatomical and physiological changes following espe-
cially RYGB and LSG impact the pharmacokinetics of some
drug classes, potentially leading to therapeutic failure or
increased occurrence of side-effects [18, 51, 52]. Especially,
the major reduction in gastric volume can affect the rate
and extent of absorption after oral administration due
to reduced mucosal surface area, altered pH and gastric
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transit times, which influences disintegration of tablets
with pH-sensitive coatings and/or the dissolution of the
drug substance [53]. In theory, all four parameters of drug
disposition; “absorption, distribution, metabolism and
excretion” (ADME), might be affected by the altered gas-
trointestinal physiology (Fig. 2). However, the effect of
the bariatric procedure is difficult to disentangle from the
effect of the weight loss [54-56].

In subjects undergoing RYGB, gastrointestinal
first-pass metabolism and efflux could be reduced,
as cytochrome P450 enzymes and drug transporters
expressed in duodenum are bypassed. Additionally,
surgery results in shorter intestinal transit times, which
limits drug absorption [57-59]. The impact on bile salt sol-
ubilisation and lipid degradation of tablets based on lipo-
philic constituents may be altered in subjects undergoing
RYGB. However, results from different studies have shown
deviating results with regards to the production and deliv-
ery of pancreatic juices containing bile salts and lipases
in subjects undergoing bariatric surgery. Furthermore,
enterohepatic circulation could potentially be disrupted,
affecting absorption of some drug substances [60, 61].

Lean body
mass

Transit time

Gastric
volume

Steatohepatits

Fig. 2: Factors affecting the pharmacokinetic profile. Different
factors could affect the absorption, distribution, metabolism and
excretion (ADME) of a given drug. Factors shown in pale blue circles
are factors related to the weight loss, and factors shown in dark blue
circles are factors related to the altered gastrointestinal physiology
induced by the operation. Although the effect of the weight loss
may be hard to distinguish from the effect of the surgery, the figure
illustrates, many more possible factors to consider than only weight,
when a dosing regime is set in a subject who underwent bariatric
surgery.
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Altered pharmacokinetics is less evident in subjects
undergoing LAGB, since the gastrointestinal tract is pre-
served. However, a large weight loss affects drug dis-
tribution, due to decreased lean body mass, and drug
metabolism, as steatohepatitis gradually diminishes [54,
55]. Obviously, this mechanism also applies after RYGB
and LSG surgery. General pharmacokinetic studies in sub-
jects undergoing RYGB have been reviewed and revealed
that 68% of all investigated drugs had increased maximum
plasma concentrations (C__) and/or decreased time to
maximum plasma concentration (Tmax) after a RYGB, com-
pared to controls or before surgery. Additionally, 36% of
the drugs had increased area under the plasma concentra-
tion-time curve after surgery [51]. Thus, the pharmacoki-
netics of oral administered opioids would be expected to
change in subjects undergoing bariatric surgery.

6.3 Pharmacokinetics of opioids after
bariatric surgery

To our knowledge, the pharmacokinetics of orally admin-
istered opioids in subjects undergoing bariatric surgery,
have only been addressed in two studies; both being in
subjects undergoing RYGB surgery. Lloret-Linares et al.
(2014) studied pharmacokinetics of an oral administered
morphine solution before and after RYGB. T___decreased
7.5 times, C__ increased 3.3 times and the area under the
plasma concentration-time curve was increased 1.6 times
6 months after surgery compared to before surgery [62].
The study lacked a control group, thus changes could
be related to weight loss rather than other physiological
changes. In another study the pharmacokinetics of a mor-
phine controlled release formulation was investigated in
subjects undergoing RYGB surgery and weight-matched
controls. No significant difference in any of the studied
pharmacokinetic parameters was demonstrated [63].
Thus, the hypothetic pathophysiological changes might
not have any significant impact on the pharmacokinetics
of morphine for subjects who underwent RYGB surgery.
The pharmacokinetics of orally administered drugs
greatly depends on formulation type, physiochemical
properties of the drug, lean body mass and type of bari-
atric surgery. Thus, in order to achieve optimal effect of
a drug, dose regulations might be necessary, especially
during the first years after surgery [64]. However, the
influence of bariatric surgery on the pharmacokinetic fate
of drugs is not fully understood and therapeutic failures
may occur. Other theories suggest that bariatric surgery
may centrally decrease the opioid signaling effect, imply-
ing an increased risk of addiction [65]. Future studies
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aiming at creating clinical decision support tools based
on modeling of the pharmacokinetic-pharmacodynamic
relationships using physiological-based pharmacokinetic
models are warranted in order to optimize medication
therapy, including opioids, for this population.

6.4 Adverse events and addiction

Alimited number of studies have evaluated adverse effects
due to opioid therapy in subjects who underwent bariat-
ric surgery. Increased C__ and shorter T could increase
the risk of reaching toxic levels and occurrence of adverse
events, especially for drugs with a narrow therapeutic
index. Rapid increase in plasma levels of alcohol, hypnot-
ics and narcotics, has been associated with a higher risk of
intoxication and addiction [66]. Thus, subjects who under-
went bariatric surgery are theoretically at higher risk for
adverse events if opioid doses are not adjusted. A higher
degree of drowsiness have been reported among subjects
who underwent RYGB surgery compared to controls fol-
lowing a controlled release formulation of morphine [63].
Elevating opioid doses could also change pharmacoki-
netic parameters more drastically in subjects who under-
went RYGB surgery depending on the formulation, thus
enhancing risks of adverse events [62, 63].

The addictive, euphoric rush is influenced by rapid
absorption rates rather than actual opioid concentrations
in the central nervous system, hypothetically making sub-
jects undergoing bariatric surgery more prone to addic-
tion. Empirical data have demonstrated a correlation
between obesity, overeating and substance abuse [67].
The exact impact of the physiological changes following
bariatric surgery remains unclear, but may play a predom-
inant role.

6.5 Risk factors for persistent opioid use

In a few studies the possible risk factors for persistent
opioid use after bariatric surgery have been investigated
and the results were conflicting [7, 44, 47]. Extraordi-
nary high food consumption, resulting in obesity, may
be a coping strategy, related to addictive behavior, and
decreased opioid signaling, in some subjects, and bari-
atric surgery may not address the subjects’ underlying
psychosocial problems [48, 65, 68]. Subjects with morbid
obesity who underwent bariatric surgery may be extra
vulnerable to opioid misuse and addiction, because the
prevalence of risk factors such as metal health disor-
ders is higher in this population [47, 69]. In a study by
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Raebel et al. (2014) it was found that use of opioids,
non-opioid analgesics, antianxiety agents, and tobacco
before bariatric surgery were associated with persistent
opioid use after bariatric surgery. Additionally, they
found that persistent opioid use were associated with
younger age [44], contrary, in another study an associa-
tion with older age was identified [47]. New persistent
opioid use was also associated with current tobacco
use and multi-comorbidity. New persistent opioid users
were less likely to be Caucasian, married, or living with
a partner [47].

King et al. (2017) further identified multiple risk
factors for initiating or continuing opioid use after bari-
atric surgery, including higher pain-level before surgery,
little/no pain improvement, having public health insur-
ance, subsequent surgery, non-opioid analgesic use, and
continued benzodiazepine use [7]. In a survey-based study
it was found that subjects using low opioid doses just after
bariatric surgery required few opioid refills [41]. In general
socioeconomic factors and addiction possibly play a role
for persistent opioid use [47, 70]. However, more detailed
information on sociodemographic factors, comorbidities,
medication use, opioid type and formulation in public
health-care systems are warranted. An overview of risk
factors for persistent opioid use after bariatric surgery are
presented in Table 3 [44, 47].

6.6 Clinical outcomes

Postoperative pain management in bariatric surgery is
partly based on opioids, since sufficient pain manage-
ment (with opioids) decrease the risk of chronic postop-
erative pain [42]. However, regardless of the increasing
awareness of possible misuse and related comorbidi-
ties in persistent opioid use, the potential impact of

Table 3: Risk factors for persistent opioid users after bariatric surgery.

— Pain before surgery

- Lack of/little pain improvement
- Opioids before surgery (especially high opioid doses)
- Non-opioid analgesic use

- Benzodiazepine use

— Subsequent surgery

— Higher/lower age

— Smoking status

— Ethnicity

— Marital status

— Public health insurance

— No withdrawal plan

Simoni et al.: Pain and opioid use after bariatric surgery = 247

persistent opioid use after bariatric surgery, on long-term
outcomes such as adverse events, addiction, and comor-
bidity, is still unknown. In general, persistent opioid
users have been found to have lower physical quality
of life, compared to the general population [8, 47, 71].
Smith et al. (2018) found that subjects with new persis-
tent opioid use 1 year after bariatric surgery had lower
weight loss and metabolic benefits from the surgery,
compared to subjects not being persistent opioid users
[47]. This could limit remission from obesity related
disease. However, this has not yet been investigated.
Subjects with new persistent opioid use after bariatric
surgery also had worse mental health and reported less
satisfaction with the surgery [8, 47]. Raebel et al. (2013)
also aimed to determine the association between opioid
dose and BMI changes after bariatric surgery, but found
no association [40].

New persistent opioid use could be a result of com-
plications following bariatric surgery, resulting in e.g.
chronic abdominal pain. Thus, results might be con-
founded by indication. As earlier stated postoperative
pain should not be undertreated. However, it is recom-
mended that guidelines and withdrawal-strategies on
proper prescription of opioids after bariatric surgery are
followed, in order to limit additional long-term opioid
prescribing, without clinical indications [47, 72, 73]. Per-
sistent opioid use after bariatric surgery were associated
with some negative outcomes (Fig. 3) [8, 40, 47]. However,
more outcomes are to be investigated before appropriate-
ness of persistent opioid use in subjects who underwent
bariatric surgery can be determined.

Fig. 3: Outcomes in persistent opioid users after bariatric surgery.
Known and expected outcomes from persistent opioid use after
bariatric surgery, including possible interactions.
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6.7 Economic consequences

Besides the goal of decreased obesity related comorbidity
level, bariatric surgery is expected to decrease the long-
term health care costs in subjects with morbid obesity.
Results from previous studies have proven that bariatric
surgery is effective in reducing obesity related comor-
bidities, which could reduce the health care costs [10, 74].
However, since persistent opioid use following bariatric
surgery gave raise to poorer physiological and psychologi-
cal outcomes [47, 71], possible increased amount of health
care system contacts and possible lack of remission or new
onset of obesity related comorbidity, suggest that reduc-
tions in costs are not obtained in the new persistent opioid
users after bariatric surgery [25, 75, 76]. Opioid use before
bariatric surgery, or other elective abdominal surgeries,
were recently found to be associated with greater overall
health care costs both at 90, 180, and 365 days following
surgery [49]. However, results on long-term economic out-
comes of persistent opioid use after bariatric surgery have
not yet been investigated and studies must be carried out
to advance knowledge within this field.

6.8 Study strengths and limitations

The aim of this review was to assess the existing data on
prevalence, possible mechanisms, risk factors, and out-
comes regarding occurrence of chronic abdominal pain
and persistent opioid use after bariatric surgery. To cover
these important clinical problems and the undefined rela-
tions multiple structured searches in the most relevant
biomedical database (PubMed) were found to be the most
appropriate method. The one-database design is a limi-
tation of the present study, in regard of literature cover-
age. However, the scientific areas were attempted further
covered through cross-referencing the included articles.
Unfortunately, the majority of the identified literature
in the present study cover populations who had under-
gone RYGB surgery, indicating, that the existing evidence
regarding persistent opioid use and especially abdominal
pain after bariatric surgery is lacking in subjects under-
going LSG surgery [22-26, 28, 29]. Two studies identified
an overall prevalence on abdominal pain after bariat-
ric surgery including small proportions (7%) of subjects
who underwent LSG [8, 30], and only one identified study
investigated the prevalence separate in subjects undergo-
ing LSG and found a prevalence of acute abdominal pain
between 3 and 11% [27]. This is a limitation in regard of
generalization of the chronic abdominal pain status after
bariatric surgeries, since clinical outcomes may differ
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significantly between subjects who have undergone dif-
ferent bariatric procedures. E.g. studies suggest that
substance abuse may be more common after RYGB than
other bariatric procedures [18, 48, 77]. The absence of suf-
ficient evidence, apply reasons to believe that these com-
plications may not affect subjects in the same extent after
undergoing LSG surgery. However, future studies should
investigate this issue to clarify the presence of these
important clinical problems in the largest population of
subjects undergoing bariatric surgery worldwide [18].

7 Conclusion and perspectives

Abdominal pain remains the major cause for health care
contacts after bariatric surgery and especially RYGB
surgery. Explanations include behavioral, dietary, ana-
tomical, or functional disorders, which may be related
to surgery. In general, persistent opioid use is prevalent
before bariatric surgery, but the prevalence increases after
surgery and higher doses are often used. This could be
triggered by chronic pain symptoms, although socioeco-
nomic factors also affect whether subjects discontinue the
opioid use. Theories on altered opioid absorption after
bariatric surgery are still to be addressed and are of most
importance as opioids are widely used in this population.
Unfortunately, important factors as weight loss, metabolic
benefits, and thus, remission from obesity related comor-
bidities and achievement of the health economic benefits
following bariatric surgery may be limited in subjects with
persistent opioid use after bariatric surgery.

Future studies aiming at creating clinical decision
support tools based on recognition of social, physiological,
and psychological circumstances and modeling of the
pharmacokinetic-pharmacodynamic-relationships seems
to be warranted, in order to identify subjects at risk for per-
sistent opioid use and optimize the treatment for this pop-
ulation, to minimize side-effects and optimize pain relief.

Acknowledgement: The authors wish to acknowledge
Philippe Angelo Petitjean for the work on the graphical
illustrations.

Authors’ statements

Research funding: The Talent Management Programme,
Aalborg University is acknowledged for supporting this
study financially.

Conflict of interest: None declared.

Informed consent: Not applicable.

Ethical approval: Not applicable.



DE GRUYTER

References

)

[2

E]

[4

[5]

[6

(7]

[8

[9

[10]

[11]

[12]

[13]

[14]

de Hoogd S, Vilitalo PAJ, Dahan A, van Kralingen S, Coughtrie
MMW, van Dongen EPA, van Ramshorst B, Knibbe CA]J. Influ-
ence of Morbid obesity on the pharmacokinetics of morphine,
morphine-3-glucuronide, and morphine-6-glucuronide. Clin
Pharmacokinet 2017;56:1577-87.

World Health Organization. Fact sheet on obesity and over-
weight. [Internet]. February. 2018. Available at: http://www.
who.int/en/news-room/fact-sheets/detail/obesity-and-over-
weight. Accessed: 3 Apr 2019.

Azran C, Wolk O, Zur M, Fine-Shamir N, Shaked G, Czeiger D,
Sebbag G, Kister O, Langguth P, Dahan A. Oral drug therapy
following bariatric surgery: an overview of fundamentals, litera-
ture and clinical recommendations. Obes Rev 2016;17:1050-66.
Development Conference Panel. NIH conference. Gastrointesti-
nal Surgery for Severe Obesity. Consensus Development panel.
Ann Intern Med 1991;115:956-61.

Jirapinyo P, Kumar N, Thompson CC. Patients with Roux-En-Y
gastric bypass require increased sedation during upper endos-
copy. Clin Gastroenterol Hepatol 2015;13:1432-6.

Stone AA, Broderick JE. Obesity and pain are associated in the
United States. Obesity 2012;20:1491-5.

King WC, Chen JY, Belle SH, Courcoulas AP, Dakin GF, Flum DR,
Hinojosa MW, Kalarchian MA, Mitchell JE, Pories W), Spaniolas
K, Wolfe BM, Yanovski SZ, Engel SG, Steffen KJ. Use of pre-
scribed opioids before and after bariatric surgery: prospective
evidence from a U.S. multicenter cohort study. Surg Obes Relat
Dis 2017;13:1337-46.

Jakobsen GS, Smastuen MC, Sandbu R, Nordstrand N, Hofsg

D, Lindberg M, Hertel JK, Hjelmesaeth ). Association of bariatric
surgery vs medical obesity treatment with long-term medical
complications and obesity-related comorbidities. ] Am Med
Assoc 2018;319:291-301.

Pristed SG, Fromholt J, Kroustrup JP. Relationship between mor-
bidly obese subjects’ attributions of low general well-being,
expectations and health-related quality of life: five-year follow-
up after gastric banding. Appl Res Qual Life 2012;7:281-94.
Borisenko O, Lukyanov V, Johnsen SP, Funch-Jensen P. Cost
analysis of bariatric surgery in Denmark made with a decision-
analytic model. Dan Med ) 2017;64:1-6.

Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Brethauer SA, Nava-
neethan SD, Aminian A, Pothier CE, Kim ESH, Nissen SE, Kashyap
SR. Bariatric surgery versus intensive medical therapy for diabe-
tes — 3-year outcomes. N Engl) Med 2014;370:2002-13.
Welbourn R, Hollyman M, Kinsman R, Dixon J, Liem R, Ottosson
J, Ramos A, Vage V, Al-Sabah S, Brown W, Cohen R, Walton P,
Himpens J. Bariatric surgery Worldwide: baseline demographic
description and one-year outcomes from the fourth IFSO global
registry report 2018. Obes Surg 2019;29:782-95.

Angrisani L, Santonicola A, lovino P, Vitiello A, Higa K, Himpens
J, Buchwald H, Scopinaro N. IFSO Worldwide survey 2016:
primary, endoluminal, and revisional procedures. Obes Surg
2018;28:3783-94.

Morinigo R, Moizé V, Musri M, Lacy AM, Navarro S, Marin

JL, Delgado S, Casamitjana R, Vidal ). Glucagon-like pep-
tide-1, peptide YY, hunger, and satiety after gastric bypass
surgery in morbidly obese subjects. ) Clin Endocrinol Metab
2006;91:1735-40.

Simoni et al.: Pain and opioid use after bariatric surgery =—— 249

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Golzarand M, Toolabi K, Farid R. The bariatric surgery and
weight losing: a meta-analysis in the long- and very long-

term effects of laparoscopic adjustable gastric banding,
laparoscopic Roux-En-Y gastric bypass and laparoscopic
sleeve gastrectomy on weight loss in adults. Surg Endosc
2017;31:4331-45.

Lupoli R, Lembo E, Saldalamacchia G, Avola CK, Angrisani L,
Capaldo B. Bariatric surgery and long-term nutritional issues.
World ) Diabetes 2017;8:464.

Franco JVA, Ruiz PA, Palermo M, Gagner M. A review of studies
comparing three laparoscopic procedures in bariatric surgery:
sleeve gastrectomy, Roux-En-Y gastric bypass and adjustable
gastric banding. Obes Surg 2011;21:1458-68.

Angeles PC, Robertsen |, Seeberg LT, Krogstad V, Skattebu J,
Sandbu R, Asberg A, Hjelmeszth J. The influence of bariatric
surgery on oral drug bioavailability in patients with obesity: a
systematic review. Obes Rev 2019;20:1299-311.

Trastulli S, Desiderio J, Guarino S, Cirocchi R, Scalercio V, Noya
G, Parisi A. Laparoscopic sleeve gastrectomy compared with
other bariatric surgical procedures: a systematic review of
randomized trials. Surg Obes Relat Dis 2013;9:816-29.
Tabibian A, Grothe KB, Mundi MS, Kellogg TA, Clark MM,
Townsend CO. Bariatric surgery patients’ response to a chronic
pain rehabilitation program. Obes Surg 2015;25:1917-22.
Heinberg LJ, Pudalov L, Alameddin H, Steffen K. Opioids and
bariatric surgery: a review and suggested recommenda-

tions for assessment and risk reduction. Surg Obes Relat Dis
2019;15(2):314-21.

Hogestol IK, Chahal-Kummen M, Eribe I, Brunborg C, Stubhaug
A, Hewitt S, Kristinsson J, Mala T. Chronic abdominal pain and
symptoms 5 years after gastric bypass for morbid obesity. Obes
Surg 2017;27:1438-45.

Gribsholt SB, Pedersen AM, Svensson E, Thomsen RW, Rich-
elsen B. Prevalence of self-reported symptoms after gastric
bypass surgery for obesity. JAMA Surg 2016;51:504-11.
Saunders |, Ballantyne GH, Belsley S, Stephens D), Trivedi A,
Ewing DR, lannace VA, Capella RF, Wasileweski A, Moran S,
Schmidt HJ. One-year readmission rates at a high volume bari-
atric surgery center: laparoscopic adjustable gastric banding,
laparoscopic gastric bypass, and vertical banded gastroplasty-
Roux-En-Y gastric bypass. Obes Surg 2008;18:1233-40.
Gribsholt SB, Svensson E, Richelsen B, Raundahl U, Sgrensen
HT, Thomsen RW. Rate of acute hospital admissions before
and after Roux-En-Y gastric bypass surgery. Ann Surg
2018;267:319-25.

Blom-Hogestol IK, Stubhaug A, Kristinsson JA, Mala T. Diag-
nosis and treatment of chronic abdominal pain 5 years after
Roux-e, Obesity, and Cancer Hayes, D.F. n-Y gastric bypass.
Surg Obes Relat Dis 2018;14:1544-51.

Altieri MS, Yang ), Groves D, Obeid N, Park J, Talamini M, Pryor A.
Sleeve gastrectomy: the first 3 years: evaluation of emergency
department visits, readmissions, and reoperations for 14,080
patients in New York State. Surg Endosc 2018;32:1209-14.
Mala T, Hagestgl |. Abdominal pain after Roux-En-Y gastric
bypass for morbid obesity. Scand ) Surg 2018;107:277-84.
Cho M, Kaidar-Person O, Szomstein S, Rosenthal RJ. Emergency
room visits after laparoscopic Roux-En-Y gastric bypass for
morbid obesity. Surg Obes Relat Dis 2008;4:104-9.

Pierik A, Coblijn U, de Raaff C, van Veen R, van Tets W, van
Wagensveld B. Unexplained abdominal pain in morbidly


http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight

250 — Simoni et al.: Pain and opioid use after bariatric surgery

obese patients after bariatric surgery. Surg Obes Relat Dis
2017;13:1743-51.

[31] Pernar LIM, Lockridge R, McCormack C, Chen ], Shikora SA,
Spector D, Tavakkoli A, Vernon AH, Robinson MK. An effort to
develop an algorithm to target abdominal CT scans for patients
after gastric bypass. Obes Surg 2016;26:2543-6.

[32] Gribsholt SB, ReimarY, Thomsen W, Farkas DKDK, Sgrensen HT,
Richelsen BB, Svensson E, Thomsen RW, Farkas DK, Sorensen
HT, Richelsen BB, Svensson E. Changes in prescription drug
use after gastric bypass surgery a nationwide cohort study.
Ann Surg 2017;265:757-65.

[33] Greenstein AJ, O’Rourke RW. Abdominal pain after gastric
bypass: suspects and solutions. Am ) Surg 2011;201:819-27.

[34] Alsulaimy M, Punchai S, Ali FA, Kroh M, Schauer PR, Brethauer
SA, Aminian A. The utility of diagnostic laparoscopy in post-
bariatric surgery patients with chronic abdominal pain of
unknown etiology. Obes Surg 2017;27:1924-8.

[35] WanjuraV, Sandblom G, Osterberg ], Enochsson L, Ottosson |,
Szabo E. Cholecystectomy after gastric bypass-incidence and
complications. Surg Obes Relat Dis 2017;13:979-87.

[36] Szigethy E, Knisely M, Drossman D. Opioid misuse in gastroen-
terology and non-opioid management of abdominal pain. Nat
Rev Gastroenterol Hepatol 2018;15:168-80.

[37] Olesen AE, Farmer AD, Olesen SS, Aziz Q, Drewes AM. Manage-
ment of chronic visceral pain. Pain Manag 2016;6:469-86.

[38] Johnson AC, Greenwood-Van Meerveld B. The pharmacology of
visceral pain. Adv Pharmacol 2016;75:273-301.

[39] Birke H, Ekholm O, Sjggren P, Kurita GP, Hgjsted J. Long-term
opioid therapy in Denmark: a disappointing journey. Eur ) Pain
(United Kingdom) 2017;21:1516-27.

[40] Raebel MA, Newcomer SR, Reifler LM, Boudreau D, Elliott TE,
DeBar L, Ahmed A, Pawloski PA, Fisher D, Donahoo WT, Bayliss
EA. Chronic use of opioid medications before and after bariatric
surgery. ] Am Med Assoc 2013;310:1369-76.

[41] Friedman D, Ghiassi S, Hubbard M, Duffy A). Postoperative
opioid prescribing practices and evidence-based guidelines in
bariatric surgery. Surg Obes Relat Dis 2019;29:2030-6.

[42] Hah M, Bateman BT, Ratliff J, Curtin C, Sun E. Chronic opioid
use after surgery: implications for perioperative manage-
ment in the face of the opioid epidemic. Anesth Analg
2017;125:1733-40.

[43] Horsley R, Vogels E, McField D, Dove J, Fluck M, Gabirelsen },
Parker D, Petrick A, Medico C. Multimodal postoperative pain
control is effective and reduces opioid use after laparoscopic
Roux-En-Y gastric bypass. Surg Obes Relat Dis 2019;29:394-400.

[44] Raebel MA, Newcomer SR, Bayliss EA, Boudreau D, DeBar L,
Elliott TE, Ahmed AT, Pawloski PA, Fisher D, Toh S, Donahoo WT.
Chronic opioid use emerging after bariatric surgery. Pharma-
coepidemiol Drug Saf 2014;23:1247-57.

[45] Brummett CM, Waljee JF, Goesling J, Moser S, Lin P, Englesbe
MJ, Bohnert ASB, Kheterpal S, Nallamothu BK. New persistent
opioid use after minor and major surgical procedures in US
adults. JAMA Surg 2017;152:e170504.

[46] Wallén S, Szabo E, Palmetun-ekbdck M. Use of opioid anal-
gesics before and after gastric bypass surgery in Sweden: a
population-based study. Obes Surg 2018;28:3518-23.

[47] Smith ME, Lee JS, Bonham A, Varban OA, Finks JF, Carlin AM,
Ghaferi AA. Effect of new persistent opioid use on physiologic
and psychologic outcomes following bariatric surgery. Surg
Endosc 2019;33:2649-56.

DE GRUYTER

[48] King WC, Chen )Y, Courcoulas AP, Dakin GF, Engel SG, Flum DR,

Hinojosa MW, Kalarchian MA, Mattar SG, Mitchell JE, Pomp A,
Pories WJ, Steffen KJ, White GE, Wolfe BM, Yanovski SZ. Alcohol
and other substance use after bariatric surgery: prospective
evidence from a U.S. multicenter cohort study. Surg Obes Relat
Dis 2017;13:1392-402.

Waljee JF, Cron DC, Steiger RM, Zhong L, Englesbe M), Brum-
mett CM. Effect of preoperative opioid exposure on healthcare
utilization and expenditures following elective abdominal
surgery. Ann Surg 2017;265:715-21.

Weiner JP, Goodwin SM, Chang HY, Bolen SD, Richards TM,
Johns RA, Momin SR, Clark JM, Stein J, Stier C, Raab H, Weiner
R, Arai AE, Shin AC, Pistell P, Phifer CB, Berthoud HR, Seeley
RJ, Chambers AP, Sandoval DA, et al. Use of prescribed opioids
before and after bariatric surgery: prospective evidence from a
US multicenter cohort study. Obes Surg 2018;13:1-6.

Hachon L, Decléves X, Faucher P, Carette C, Lloret-Linares C.
RYGB and drug disposition: how to do better? analysis of phar-
macokinetic studies and recommendations for clinical practice.
Obes Surg 2017;27:1076-90.

[52] Yska )P, Van Der Linde S, Tapper VV, Apers JA, Emous M, Totté

ER, Wilffert B, Van Roon EN. Influence of bariatric surgery on
the use and pharmacokinetics of some major drug classes.
Obes Surg 2013;23:819-25.

Abuhelwa AY, Williams DB, Upton RN, Foster DJR. Food, gastro-
intestinal pH, and models of oral drug absorption. Eur ) Pharm
Biopharm 2017;112:234-48.

Greenblatt HK, Greenblatt D). Altered drug disposition follow-
ing bariatric surgery: a research challenge. Clin Pharmacokinet
2015;54:573-9.

Bell LN, Temm CJ, Saxena R, Vuppalanchi R, Schauer P,
Rabinovitz M, Krasinskas A, Chalasani N, Mattar SG. Bariatric
surgery-induced weight loss reduces hepatic lipid peroxidation
levels and affects hepatic cytochrome P-450 protein content.
Ann Surg 2010;251:1041-8.

Hjelmesath ), Asberg A, Andersson S, Sandbu R, Robertsen I,
Johnson LK, Angeles PC, Hertel JK, Skovlund E, Heijer M, EK AL,
Krogstad V, Karlsen Tl, Christensen H, Andersson TB, Karlsson
C. Impact of body weight, low energy diet and gastric bypass
on drug bioavailability, cardiovascular risk factors and meta-
bolic biomarkers: protocol for an open, non-randomised, three-
Armed single centre study (COCKTAIL). BM) Open 2018;8:1-10.
Darwich AS, Pade D, Ammori BJ, Jamei M, Ashcroft DM,
Rostami-Hodjegan A. A mechanistic pharmacokinetic model to
assess modified oral drug bioavailability post bariatric surgery
in morbidly obese patients: interplay between CYP3A gut wall
metabolism, permeability and dissolution. ] Pharm Pharmacol
2012;64:1008-24.

Vaessen SFC, van Lipzig MMH, Pieters RHH, Krul CAM, Wortel-
boer HM, van de Steeg E. Regional expression levels of drug
transporters and metabolizing enzymes along the pig and
human intestinal tract and comparison with caco-2 cells. Drug
Metab Dispos 2017;45:353-60.

Fritz A, Busch D, Lapczuk ), Ostrowski M, Drozdzik M, Oswald
S. Expression of clinically relevant drug-metabolizing enzymes
along the human intestine and their correlation to drug trans-
porters and nuclear receptors: an intra-subject analysis. Basic
Clin Pharmacol Toxicol 2019;124:245-55.

Albaugh VL, Banan B, Ajouz H, Abumrad NN, Flynn CR. Bile
acids and bariatric surgery. Mol Aspects Med 2017;56:75-89.



DE GRUYTER

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Bhutta HY, Rajpal N, White W, Freudenberg JM, Liu Y, Way J,
Rajpal D, Cooper DC, Young A, Tavakkoli A, Chen L. Effect of
Roux-En-Y gastric bypass surgery on bile acid metabolism in
normal and obese diabetic rats. PLoS One 2015;10:1-17.
Lloret-Linares C, Hirt D, Bardin C, Bouillot JL, Oppert JM, Poitou
C, Chast F, Mouly S, Scherrmann JM, Bergmann JF, Decléves X.
Effect of a Roux-En-Y gastric bypass on the pharmacokinetics of
oral morphine using a population approach. Clin Pharmacoki-
net 2014;53:919-30.

Hachon L, Reis R, Labat L, Poitou C, Jacob A, Decléves X,
Lloret-Linares C. Morphine and metabolites plasma levels after
administration of sustained release morphine in Roux-En-Y
gastric bypass subjects versus matched control subjects. Surg
Obes Relat Dis 2017;13:1869-74.

Seeley RJ, Chambers AP, Sandoval DA. The role of gut adapta-
tion in the potent effects of multiple bariatric surgeries on
obesity and diabetes. Cell Metab 2015;21:369-78.

McGregor M, Hamilton J, Hajnal A, Thanos PK. Roux-En-Y
gastric bypass in rat reduces mu-opioid receptor levels in brain
regions associated with stress and energy regulation. PLoS
One 2019;14:e0218680.

Allain F, Minogianis EA, Roberts DCS, Samaha AN. How fast and
how often: the pharmacokinetics of drug use are decisive in
addiction. Neurosci Biobehav Rev 2015;56:166-79.

Ivezaj V, Stoeckel LE, Avena NM, Benoit SC, Conason A, Davis
JF, Gearhardt AN, Goldman R, Mitchell JE, Ochner CN, Saules
KK, Steffen K], Stice E, Sogg S. Obesity and addiction: can a
complication of surgery help us understand the connection?
Obes Rev 2017;18:765-75.

Hardman CA, Christiansen P. Psychological issues and alco-
hol misuse following bariatric surgery. Nat Rev Endocrinol
2018;14:377-8.

Simoni et al.: Pain and opioid use after bariatric surgery =—— 251

[69] Kovacs Z, Valentin JB, Nielsen RE. Risk of psychiatric disorders,

[70]

[71]

[72]

[73

[74]

[75]

[76]

[77]

self-harm behaviour and service use associated with bariatric
surgery. Acta Psychiatr Scand 2017;135:149-58.

Friedman J, Kim D, Schneberk T, Bourgois P, Shin M, Celious A,
Schriger DL. Assessment of racial/ethnic and income dispari-
ties in the prescription of opioids and other controlled medica-
tions in California. JAMA Intern Med 2019;90024:469-76.
Hagemeier NE. Introduction to the opioid epidemic: the eco-
nomic burden on the healthcare system and impact on quality
of life. Am ) Manag Care 2018;24(10 Suppl):S200-6.

Uhrbrand P, Simoni AH, Olesen AE, Pedersen AB, Christiansen
CF, Nikolajsen L. Opioid dependency as complication after
surgery. Ugeskr Laeger 2018;V01180083:2-5.

Howard R, Alameddine M, Klueh M, Englesbe M, Brummett C,
Waljee J, Lee ). Spillover effect of evidence-based postoperative
opioid prescribing. ] Am Coll Surg 2018;227:374-81.

Borisenko O, Adam D, Funch-Jensen P, Ahmed AR, Zhang R, Col-
pan Z, Hedenbro J. Bariatric Surgery can lead to net cost savings
to health care systems: results from a comprehensive European
decision analytic model. Obes Surg 2015;25:1559-68.
Weiner JP, Goodwin SM, Chang HY, Bolen SD, Richards TM,
Johns RA, Momin SR, Clark JM. Impact of bariatric surgery on
health care costs of obese persons: a 6-year follow-up of surgi-
cal and comparison cohorts using health plan data. JAMA Surg
2013;148:555-62.

Narbro K, Agren G, Jonsson E, Néslund I, Sjostrém L, Peltonen
M. Pharmaceutical costs in obese individuals. Arch Intern Med
2002;162:2061.

Steffen KJ, Engel SG, Wonderlich JA, Pollert GA, Sondag C. Alco-
hol and other addictive disorders following bariatric surgery:
prevalence, risk factors and possible etiologies. Eur Eat Disord
Rev 2015;23:442-50.



