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ABSTRACT

Obesity is an escalating public health concern, often associated with both
metabolic and psychiatric comorbidities. Bariatric surgery remains the only
effective long-term treatment for substantial weight reduction. However,
bariatric surgery typically involves opioid use, both during and after the
surgery, which can lead to undesirable side effects and challenge recovery.
Although opioid-free anaesthesia (OFA) is a promising alternative, further
research is needed to thoroughly evaluate its safety and impact on long-
term recovery, along with sustained opioid-free approaches for managing
acute postoperative pain. The overall aim was to evaluate the prerequisites
and effects of an OFA pathway compared to conventional opioid-based
care and to identify the prerequisites for integrating a person-centred care
approach for patients undergoing laparoscopic bariatric surgery.

This thesis consists of four studies: a systematic review and meta-analysis
(Study I), two qualitative interview studies with content analysis (Studies 11
and IV), and a quantitative effect study (Study III). This thesis is based on
a prospective, randomised, non-blinded, non-commercial multicentre
study in which the intervention included OFA and transcutaneous
electrical nerve stimulation (TENS) as primary postoperative pain
management for patients undergoing laparoscopic gastric bypass and
gastric sleeve procedures. The data for Studies II-IV were derived from the



same patient population from a multicentre clinical trial conducted
between May 2019 and November 2023.

The first study established the prerequisites for an OFA pathway in various
surgical contexts, including laparoscopic bariatric surgery. Meta-analysis
results indicated reduced postoperative side effects and opioid
consumption without compromising patient safety or pain management,
compared with opioid-based anaesthesia. The randomised controlled trial
(Studies II-IV) further supported the feasibility of the OFA pathway, with
quantitative data revealing reduced opioid consumption and comparable
pain and recovery outcomes for up to 3 months. Qualitative findings
revealed similar patient experiences during the perioperative and recovery
periods for up to 1 year. However, addressing perioperative challenges
identified across the care pathway could improve patient outcomes,
particularly by integrating a person-centred care approach into the OFA
pathway.

Overall, this thesis provides valuable insights to advance perioperative care,
presenting a safe and viable alternative to conventional opioid-based
perioperative approaches.

Keywords: obesity, bariatric ~ surgery, opioid-free anaesthesia,
transcutaneous electrical nerve stimulation, perioperative care, person-
centred care
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Sammanfattning pa svenska

Overvikt och obesitas ir ett globalt vixande folkhilsoproblem, dir
obesitaskirurgi utgdr en central del for varaktig viktminskningsbehandling
av sjuklig obesitas. For att kunna genomféra obesitaskirurgi krivs generell
anestesi och i dagslidget anvinds opioider standardmissigt som en del i den
likemedelsbehandling som krivs for generell anestesi och for att lindra
akut smirta efter operationen. Opioider har en starkt smirtlindrande
effekt, men ocksa flertalet kiinda biverkningar som negativt kan paverka
aterhimtningen efter operation. Personer med obesitas dr sirskilt sirbara
for opioiders biverkningar, och de 16per dven 6kad risk for utveckling av
lingvarig smirta och fortsatt opioidanvindning efter operation. Det finns
saledes ett behov av opioidsparande och individanpassade anestesi- och
smartlindringsmetoder. Opioidfri anestesi (OFA) har visat sig vara ett
lovande alternativ, men det beh6vs mer forskning for att utvirdera dess
sikerhet och paverkan i den langsiktiga aterhimtningen efter kirurgi. Det
finns dven potential for icke-farmakologiska smirtlindringsmetoder efter
operation som ej tidigare har studerats i kombination med OFA.
Transkutan elektrisk nervstimulering (TENS) dr en icke-farmakologisk
smartlindringsmetod som pavisat goda smairtlindrande egenskaper efter
andra kirurgiska ingrepp, vilket i kombination med OFA kan skapa
forutsittningar for att helt eliminera opioidbehovet under virdtiden och
forbattra aterhamtningen efter operation.

Avhandlingens 6vergripande syfte var att undersoka forutsittningarna och
effekterna av en OFA vardvig jimfért med konventionell opioidbaserad
vard, samt fOrutsittningarna for att integrera en personcentrerad
vardmodell, f6r patienter som genomgar obesitaskirurgi med titthalsteknik.
Avhandlingen bestir av fyra delstudier varav en systematisk
litteraturbversikt  och meta-analys (delstudie I), tva kvalitativa
intervjustudier med innehéllsanalys (delstudie II & IV) samt en kvantitativ
effektstudie (delstudie III). Avhandlingen utgér del av en prospektiv,
randomiserad, icke-blindad, icke-kommersiell multicenterstudie dar
interventionen bestod av en OFA vardvig inbegripande OFA under
operation och TENS som primir postoperativ smirtlindring for patienter
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som genomgatt laparoskopisk gastric by-pass och gastric sleeve. Data for
delstudie II, III och IV dr baserade pa studiedeltagare fran samma
population: den randomiserade multicenterstudien och perioden maj 2019
— november 2023 bestiende av totalt 110 deltagare (55 deltagare i gruppen
for den opioidfria vardvigen respektive 55 i gruppen fér konventionell
opioidbaserad vird).

Delstudie I visade utifrin meta-analysen att det fanns férutsittningar for
en OFA vardvig dir strikt OFA jimfoért med opioidbaserad anestesi
reducerar opioidkonsumtionen samt risken for postoperativa biverkningar,
utan att paverka patientsikerheten under operation eller det postoperativa
smirtutfallet, for flertalet kirurgiska ingrepp inklusive obesitaskirurgi.
Delstudierna II till IV baserade pd den randomiserade multicenterstudien
stirkte forutsittningarna ytterligare. Effektmatten i delstudie 1T visade att
en OFA vardvig bestiende av OFA och TENS minskar opioidbehovet
under vardtiden, ger likvirdigt aterhimtningsforlopp och jimforbar
smartlindring bade pa den postoperativa vardavdelningen och upp till tre
minader efter obesitaskirurgi, jimfért med konventionell opioidbaserad
vard. Patienternas upplevelser visade huvudsakligen pa liknande ménster
bide under vardtiden pa sjukhus (delstudie II) och senare under
aterhimtningsférloppet upp till ett ar efter operation (delstudie IV). De
utmaningar som belystes av deltagarna bade under vardtiden och i
aterhimtningsforloppet  stédjer  behovet av  att integrera en
personcentrerad virdmodell till OFA vardvigen for att ytterligare frimja
det postoperativa utfallet.

Sammantaget bidrar avhandlingen med virdefull kunskap for utvecklingen
av den perioperativa varden genom att presentera en siker och
genomforbar OFA  vardvdg som ett alternativ till konventionell
opioidbaserad behandling for patienter som genomgar obesitaskirurgi.
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NRS

OFA

OFA pathway

PQRS

Numerical rating scale ranging 0—10,
where 0 indicates no pain and 10 worst

imaginable pain

Opioid-free anaesthesia defined as no
opioids administered pre- and

intraoperatively

A systematic care plan combining the
interventions of intraoperative opioid-free
anaesthesia and postoperative
transcutaneous electrical nerve stimulation
for patients undergoing bariatric surgery in
the context of a randomised controlled
trial (ClinicalTrials.gov number:
NCT03756961) for this thesis

PQRS is a multidimensional recovery
assessment scale including the
physiological, nociceptive, emotive,
cognitive, and activities of daily living
(ADL) recovery domains
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Preface

When I began my clinical journey as a nurse anaesthetist, I often wondered
about the well-being of my patients after they were transferred from the
operating theatre to the post-anaesthesia care unit. A key factor in
determining immediate postsurgical well-being is the severity of
postoperative pain. The goal of a nursing anaesthetist is to provide
adequate postoperative pain relief. However, delivering preemptive
analgesia during emergence from general anaesthesia sometimes presents
a challenge, as pain is a subjective experience influenced by various
individual factors.

Despite taking all the necessary efforts to ensure effective pain
management, there are instances when patients wake up from general
anaesthesia with insufficient pain relief. The feeling of failure as a clinician
inevitably raises the question of alternative strategies, often leaving only
one option — more opioids. Despite the well-known side effects of opioids,
few alternatives are available. This dilemma highlights the complexity of
perioperative pain management. Although opioids remain one of the most
effective pharmacological treatments at our disposal, their side effects,
ranging from short-term nausea and vomiting to long-term dependence,
create persistent tension between their benefits and risks.

Professor Axel Wolf and Associate Professor Sven-Egron Thérn invited
me to participate in the launch of a clinical trial aimed at evaluating the
short-, medium-, and long-term effects of opioid-free care pathways
compared with conventional opioid-based treatment in patients
undergoing bariatric surgery. Being involved in every stage of the RCT has
been an invaluable experience, enabling me to gain a comprehensive
understanding of clinical research, enhance my problem-solving and
critical thinking skills, and contribute to both my personal and professional
growth as a researcher. I believe that one of the key strengths of my Ph.D.
thesis, based on data from the RCT, is its interdisciplinary approach. By
combining nursing and medical research perspectives, I have been able to
gain a more comprehensive understanding of the findings, particularly by
integrating quantitative and qualitative research methods.
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Following the study participants from their initial preoperative
consultation through the anaesthetic and surgical intervention, post-
anaesthesia care unit stay, and their final follow-up until 2 years has
broadened my perspective. This provided deeper insights into the patient
journey through bariatric surgery and the recovery process that follows. I
am deeply grateful to the patients for their commitment to completing the
questionnaires and interviews over the course of 2 years and for their
willingness to share their experiences, which have enriched the research

process and ensured that the focus remains on what truly matters to them.
Thank you all.
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1 Introduction

Opioids are one of the cornerstones of modern anaesthesia and are often
the first-line treatment for acute postoperative pain because of their potent
analgesic effects [1]. Despite their efficacy, opioids are associated with a
broad spectrum of short- and long-term side effects [2]. Common adverse
effects include nausea, vomiting, respiratory depression, sedation,
dizziness, constipation, physical dependence, and increased tolerance [3].

Over the past two decades, global opioid consumption has increased,
accompanied by a surge in opioid-related mortality, contributing to a
widespread opioid crisis [4, 5]. Although the perioperative period accounts
for only a small portion of the overall opioid crisis, there are feasible
measures that can be implemented during this period to minimise
unnecessary opioid use. This is particularly important as initial exposure to
opioids during surgery has been linked to an increased risk of developing
chronic opioid use, including long-term dependence and misuse, which can
complicate postoperative recovery [6, 7]. Furthermore, perioperative
opioid use may trigger hyperalgesia, contributing to persistent postsurgical

pain if not adequately addressed [8, 9].

Patients undergoing bariatric surgery, a growing population with increasing
global obesity rates, are at higher risk of opioid-related side effects that
complicate pain control, chronic pain development, and problematic
opioid use [10-14]. Given these elevated risks, the routine use of opioids
for anaesthesia and postoperative pain management in bariatric surgery
needs to be addressed, especially given the current guidelines
recommending minimising [15] or even eliminating [16] perioperative
opioid use to enhance recovery after bariatric surgery.

In recent years, research on opioid-free anaesthesia (OFA) has gained
considerable attention, focusing on substituting opioids with non-opioid
agents during general anaesthesia [17]. Although several studies have
indicated that OFA can reduce postoperative opioid-related side effects
without compromising pain outcomes, its widespread clinical adoption
remains controversial [18-21]. Therefore, robust, large-scale trials and
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more comprehensive data, particularly regarding clinically important long-
term outcomes and qualitative insights are crucial to comprehensively
evaluate the benefits of OFA [19, 22]. Furthermore, the current evidence
primarily addresses the intraoperative period, with postoperative pain
management often reverting to opioid-based treatments. This highlights a
critical research gap, underscoring the need for opioid-free strategies that
extend beyond the operating room throughout the perioperative care
period. This gap presents an opportunity to explore non-pharmacological
alternatives for postoperative pain management, such as transcutaneous
electrical nerve stimulation (TENS) [23]. Addressing these gaps is essential
for validating the clinical effects of opioid-free care pathways.

This Ph.D. thesis explored perioperative opioid-free interventions in
patients undergoing bariatric surgery, primarily utilising data from a
multicentre randomised controlled trial (RCT). The foundation for this
research was established in my first study, a meta-analysis of total OFA
across various surgical settings, which provided critical insights into the
feasibility, safety, and potential benefits of opioid-free approaches.
Building on this foundation, this research further examined the impact of
an OFA pathway, which combines intraoperative OFA with postoperative
TENS treatment. A care pathway is a systematic plan that organises and
coordinates care for a specific patient group over a designated period,
aiming to enhance outcomes, safety, and satisfaction through evidence-
based practices and efficient resource use [24]. The impact of the OFA
pathway will be evaluated using both quantitative effect measures and
qualitative patient experiences from the in-hospital period to 1 year after
bariatric surgery. Through the integration of multimodal, opioid-free
pharmacological and non-pharmacological techniques, this study aimed to
advance the practice of OFA and optimise patient care in bariatric surgery.
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2 Background

2.1 Overweight and obesity

Overweight is a medical condition defined as excessive fat deposits with a
body mass index (BMI) > 25 kg/m?’, and obesity is defined as a BMI = 30
kg/m* Morbid obesity, which represents the next stage beyond obesity, is
defined as having a BMI = 40 kg/m? or = 35 kg/m? in the presence of
severe comorbidities [25]. According to the World Health Organization
(WHO) 2022 global statistics, 43% of the adult population aged = 18 years
were classified as overweight and 16% were classified as obese [11]. In
Sweden, approximately 1.3 million adults are living with obesity [26]. The
global prevalence of obesity has more than doubled since 1990 [11]. This
negative trend reflects a global struggle to effectively address key
behavioural factors in preventing overweight and obesity. Despite these
efforts, there has been limited success in modifying critical lifestyle habits,
particularly those related to improving dietary quality, managing caloric
intake, and increasing physical activity levels [27].

Obesity is a complex condition that affects multiple physical and
psychosocial aspects of life and is strongly linked to a range of metabolic
comorbidities, including type 2 diabetes, cardiovascular disease, and
hypertension, all of which contribute to an increased risk of premature
mortality [11, 28]. In addition to these physical health risks, individuals with
obesity often report higher self-perceived pain intensity than those of the
normal-weight individuals, and there is a well-established association
between obesity and chronic pain [12, 13, 29, 30]. Additionally, obesity
affects the individual’s mental well-being, as psychiatric disorders such as
depression and anxiety are highly prevalent in the obese population [31].
Furthermore, there is a significant association between obesity and food
addiction, which shares neurobiological and behavioural similarities with
substance use disorders, complicating both physical and psychological
health [32, 33]. To further address these challenges, the social stigma and
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discrimination faced by individuals with obesity negatively impact their
psychosocial well-being, leading to a diminished quality of life [34].

2.2 Bariatric surgery

Bariatric surgery is recognised as the most effective, currently available,
long-term intervention for adults with morbid obesity, offering substantial
and sustained weight loss [35, 36]. Laparoscopic sleeve gastrectomy and
laparoscopic Roux-en-Y gastric bypass are the two most frequently
performed surgical techniques for bariatric surgery [10]. The International
Federation for Surgery of Obesity and Metabolic Disorders' 8" global
registry report from 2023 states that 79% of bariatric surgery patients are
women, with a median age ranging from 34 years in Kuwait to 45 years in
Italy. However, co-morbidities such as obstructive sleep apnoea,
hypertension, diabetes, and dyslipidaemia before surgery are more
common in men [37].

In addition to reducing excess body weight, bariatric surgery improves
obesity-related comorbidities, including type 2 diabetes and hypertension,
and recovery from presurgical risk factors for diabetes, hypertension,
dyslipidaemia, and hyperuricaemia, when compared with non-surgical
obesity treatments [35, 36]. Additionally, the incidence of obesity-related
cancers, particularly breast and endometrial cancers, and cancer-related
mortality is significantly lower in individuals who have undergone bariatric
surgery than in those who have not [38]. These health improvements not
only contribute to a reduction in obesity-associated morbidity rates but also
lead to a marked increase in life expectancy [39].

Bariatric surgery is considered the second-line treatment option following
the failure of well-structured medical interventions and is recommended
for individuals with a BMI = 40 kg/m?, or those with a BMI = 35 kg/m?
with associated co-morbidities that could improve or resolve with surgical
intervention [15, 40]. The national guidelines for obesity care in Sweden,
issued by the National Board of Health and Welfare, recommend bariatric
surgery for individuals with a BMI = 35 kg/m? or those with obesity-
related co-morbidities; surgery is advised for those with a BMI 30-35
kg/m? [20]. Several contraindications to bariatric surgery need to be
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considered, including severe cognitive or mental health disorders,
unmanaged eating disorders, and individuals who are unlikely to comply
with long-term follow-up. Other exclusion criteria includes alcohol or
psychoactive substance dependence, lack of prior medical treatment, fatal
medical conditions with short- to mid-term prognosis, contraindications to
general anaesthesia, and individuals who refuse surgical procedure [40].

Compared with non-surgical treatments, bariatric surgery significantly
reduces long-term food intake [36] and alleviates symptoms of food
addiction driven by weight loss and lifestyle changes [41]. Long-term
physical activity levels, as well as overall and physical quality of life,
significantly improve after bariatric surgery [36, 42]. However, despite
long-term physical improvements, psychosocial quality of life often
remains poor from a long-term perspective [42, 43]. During the long-term
recovery phase and even years after bariatric surgery, patients may
encounter psychological and social challenges, including altered body
image, difficulties with loss of emotional eating and poor eating control,
shifts in interpersonal relationships, and challenges in behavioural
adjustments to sustain weight loss [44-46]. Furthermore, patients who
undergo bariatric surgery experience an increased long-term risk of
developing excessive alcohol consumption, alcohol abuse, and an increased
risk of non-alcoholic substance use disorders, such as opioid-related
disorders [47, 48].

Bariatric surgery and conventional treatments are both associated with
potential adverse effects. For surgery, potential improvements in health-
related quality of life must be weighed against the risks of reoperation and
postoperative mortality [35]. The most recent Cochrane review on surgery
for weight loss in adults reported serious adverse events in 4 of the 22
included studies, with rates ranging from 0% to 37% in the surgery group
and 0% to 25% in the non-surgery group. Additionally, based on data from
five studies, 2%—13% of patients who underwent bariatric surgery required
reoperation [35]. The potential risks during the early postoperative phase
(< 30 days) include venous thromboembolism, staple line or anastomotic
leakage, gastrointestinal bleeding, wound infection, bowel obstruction, and
internal hernia. Long-term complications occurring after 30 days
postoperatively included anastomotic or sleeve strictures, dumping
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syndrome, gallstones, internal or incisional hernia, bowel obstruction,
gastroesophageal reflux disease, and nutritional or vitamin deficiencies [49,

50].

2.3 Perioperative care of patients undergoing bariatric
surgery

Perioperative care encompasses the preoperative, intraoperative, and
postoperative phases. The preoperative phase begins with the decision to
undergo surgery and continues until the patient enters the operating room.
The intraoperative phase is the time spent in the operating room, starting
with the time of anaesthesia induction to the transfer of the patient to the
post-anaesthesia care unit (PACU) after surgery. The postoperative phase
begins with early recovery in the PACU and continues until the restoration
of preoperative function and resolution of all adverse symptoms [51-53].

Bariatric surgery requires a comprehensive perioperative care pathway
involving a multidisciplinary team to ensure patient safety and successful
surgical outcomes. Preoperative patient education and involvement are
essential for preparing patients for both the perioperative experience and
the significant lifestyle changes that follow bariatric surgery [40, 54]. This
process helps ensure that patients fully understand the impact of the
lifestyle adjustments on their lives post-surgery [40]. Additionally,
substantial weight loss prior to bariatric surgery is strongly recommended
to reduce liver volume, along with alcohol and smoking cessation, to
optimise the surgical outcomes [15].

The surgical procedure, typically a laparoscopic gastric bypass or sleeve
gastrectomy, is performed under general anaesthesia [10, 55]. The current
recommendation for general anaesthesia in bariatric surgery emphasises a
multimodal approach, which includes total intravenous anaesthesia
(TIVA), avoidance of volatile anaesthetics and fluid overload, and
minimising opioid use both intra- and postoperatively [15, 16]. If
inhalational anaesthesia is required for maintaining general anaesthesia
during bariatric surgery, desflurane is preferred because of its lower fat
solubility and quicker emergence [56]. Additionally, locoregional
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anaesthesia techniques, such as the transversus abdominis plane (T'AP)
block, have demonstrated effective pain relief as adjuncts to general
anaesthesia in patients undergoing bariatric surgery [57]. Bariatric surgery
presents unique anaesthetic challenges, primarily due to the high frequency
of co-morbidities such as sleep apnoea, cardiovascular disease, and
diabetes [55]. Therefore, preoperative patient evaluation and assessment
together with team-based preparing and planning the anaesthesia
procedure are critical factors, particularly for airway management, as obese
patients are at an increased risk of difficult airway management and
respiratory complications due to increased oxygen consumption and a
greater risk of rapid desaturation [58, 59].

During the intraoperative phase, maintaining balanced anaesthesia is
crucial by ensuring unconsciousness, antinociception, and immobility,
while also preventing haemodynamic instability and providing goal-
directed fluid therapy [15, 55]. Antinociception refers to the control of
sympathetic responses to surgical stimuli under general anaesthesia,
targeting the neural encoding of noxious stimuli. This response can be
monitored using physiological surrogate indicators such as increased heart
rate and elevated blood pressure or via nociceptive monitoring devices
[60]. Intraoperative anaesthetic dosing requires careful adjustment and
titration owing to altered pharmacodynamics and pharmacokinetics in
obese individuals. The physiological demands of bariatric surgery, such as
the creation of a pneumoperitoneum and specific patient positioning, add
further stress on the respiratory and cardiovascular systems, requiring
careful intraoperative monitoring and management of oxygenation,
ventilation, and hemodynamic parameters [55].

Immediate postoperative care focuses on monitoring vital functions and
managing side effects, including postoperative pain, ensure patient stability,
and prevent and treat early complications [55, 61, 62]. Following bariatric
surgery, substantial bodily changes contribute to various symptoms and
discomfort. In the early postoperative phase, common postoperative
symptoms include nausea, vomiting, pain, abdominal discomfort,
weakness, dizziness, and emotional fluctuations [61, 63]. In addition to
incision site pain, some patients may experience post-laparoscopic
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shoulder pain, which manifests as neck and shoulder pain due to the
reabsorption of laparoscopic gas [64].

In contrast to managing antinociception during general anaesthesia,
postoperative pain management is guided by the patient's perceptual
experience of pain [60]. Effective pain management, including multimodal
opioid-sparing modalities, is crucial during the eatly postoperative phase to
ensure patient comfort and promote recovery [15]. Given that physical
mobilisation is highly recommended after bariatric surgery to facilitate early
recovery, contemporary opioid use may complicate this process due to

opioid-related side effects [40].

The patient should remain under observation in the PACU for at least 1 h
after bariatric surgery before being transferred to the surgical ward to
ensure stability [40]. Although an overnight stay in the surgical ward is
generally recommended, same-day discharge has been proven feasible and
safe, with complication rates comparable to those observed in next-day
discharge [61, 65]. Following hospital discharge, standard care includes
follow-up with a specialised bariatric team to monitor the patient’s
recovery, focusing on nutritional and dietary evaluation and management

of pain medication [15, 40, 66].

The overarching advancement in perioperative bariatric care is the
recommendation of opioid-sparing strategies to enhance post-operative
recovery [55]. The updated Enhanced Recovery After Bariatric Surgery
guidelines recommend minimising intra- and postoperative opioids to
improve recovery after surgery [15], and the American Society for
Metabolic and Bariatric Surgery guidelines advocate minimising or
eliminating opioid use after surgery to reduce gastrointestinal side effects
and respiratory depression [16].

24 OFA

OFA is an approach that involves using a single non-opioid drug or a
combination of non-opioid drugs to block the sympathetic response to
surgical stimuli, together with hypnotic agents to maintain sedation and
neuromuscular blockers to induce paralysis [17, 67]. This strategy
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effectively achieves the anaesthetic triad of antinociception,
unconsciousness, and immobility [68]. Dexmedetomidine, an o2-
adrenoreceptor agonist, is the most commonly used substitute for opioids
during surgery [69]. Additionally, N-methyl-D-aspartic acid (NMDA)
receptor antagonists such as ketamine and esketamine are frequently
utilised [70, 71]. Lidocaine, a local anaesthetic that primarily acts by
blocking sodium channels, is suitable for intravenous administration, along
with magnesium, a calcium-channel blocker and antagonist of the NMDA
receptot, which serves as an adjunct to OFA [71, 72]. Furthermore, @3-
blockers have also been identified as potential agents for OFA, as they
effectively block the sympathetic response to surgical stimuli [73].
Collectively, these opioid-free agents target receptors in the body that
modulate antinociceptive processes distinct from those of opioids [60].

Notably, the definition of OFA wvaries across the literature [74]. To
distinguish OFA from opioid-sparing techniques, some researchers
advocate for a definition that emphasises the complete avoidance of
opioids during the intraoperative phase [22], and potentially extends to the
preoperative phase as well [75]. However, several RCT's claiming to employ
OFA in comparison with opioid-based anaesthesia (OBA) have included
opioids either during anaesthesia induction or before the end of surgery.
In fact, approximately one-third of the studies included in one of the
earliest meta-analyses on the effects of OFA by Frauenknecht et al. [20]
reported opioid usage in the opioid-free study arm.

Although practical guidelines are anticipated, the optimal drug
combination for OFA remains unclear [76]. Several RCT's have employed
a single opioid-free drug approach with dexmedetomidine as a substitute
for opioids during the intraoperative phase [69]. However, using multiple
non-opioid agents at lower doses can enhance balanced anaesthetic effects
while minimising side effects [17]. A major concern is the risk of severe
bradycardia associated with dexmedetomidine wuse [77], especially
highlighted in the multicentre Postoperative and Opioid-Free Anaesthesia
(POFA) trial, which was prematurely terminated because of several serious
adverse events, including cardiac arrest [78]. Therefore, a multimodal
anaesthetic approach that includes drugs at low doses targeting different
receptors is recommended [76]. According to Tauste-Herndndez,
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Cortifias-Saenz, Fernandez-Ginés and Expdsito-Lépez [79], a commonly
used multimodal OFA approach combines dexmedetomidine, ketamine
and lidocaine [80-82]. This combination, along with the addition of
magnesium, has also been supported by Mauermann, Ruppen and
Bandschapp [83].

OFA for various surgical interventions have been previously investigated,
with several meta-analyses evaluating the effects of OFA regardless of the
opioid-free drug combination and surgery type. In 2019, Frauenknecht et
al. [20] concluded that anaesthesiologists should reconsider the use of
opioids on a case-by-case basis. In 2021, Salomé et al. [21] highlighted the
lack of benefits of OFA in addition to the reduced risk of postoperative
nausea and vomiting (PONV). Most recently in 2024, Feenstra et al. [18]
concluded that neither OFA nor OBA can be recommended over the
other. These meta-analyses highlight the lack of a clear consensus on
whether OFA should replace traditional opioid-based perioperative
strategies on a broader scale, largely because of the inconsistency in opioid-
free interventions and variability in surgical contexts [18, 20, 21].

Given the diverse opioid-free techniques and the lack of standardised,
evidence-based protocols, there is growing interest in exploring the impact
of OFA on nociception and the potential of nociceptive monitoring to
improve patient outcomes [68]. However, current knowledge on
nociceptive monitoring during OFA is limited, with potential concerns
regarding the ability to effectively titrate drugs because of their narrow
therapeutic range [22].

Another common criticism of current research on OFA is the absence of
evidence demonstrating clinically important long-term recovery benefits in
reducing opioid-related adverse effects [18, 22, 74]. Although the exact
definition of long-term recovery is not precisely defined, it typically ranges
within 6 weeks to 3 months post-surgery [53]. However, existing data
indicate that OFA may be a more favourable option for certain patient
populations and surgical procedures [68]. In 2023, Goff et al. [68]
published a narrative literature review that explored nociception and pain
in the context of OFA, with special consideration of physiological factors,
pharmacological aspects, surgical procedures, and patient-specific genetic
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and phenotypic conditions. Their findings provided evidence supporting
the use of OFA in both oncological and bariatric surgery [68].

2.5 OFA for patients undergoing bariatric surgery

Patients undergoing bariatric surgery are at substantial risk of perioperative
opioid-induced adverse effects, such as respiratory depression, PONV, and
challenging postoperative pain management [15, 68, 84]. Opioid-induced
respiratory depression is a potentially fatal condition, underscoring the
need to minimise or eliminate perioperative opioid use [14, 85]. PONV is
another common adverse reaction after bariatric surgery, which is
associated with perioperative opioid use [86], particularly among women
undergoing bariatric surgery, where perioperative opioid use exacerbates
this risk [15]. Given that most patients who undergo bariatric surgery are
women of relatively young age, this should be considered [37]. Despite
receiving appropriate antiemetic prophylaxis based on the Apfel risk
prediction score, approximately 82% of patients still experience PONV in
the PACU following bariatric surgery [87]. Furthermore, OBA, especially
high-dose remifentanil, may contribute to the development of acute
tolerance and  opioid-induced  hyperalgesia, which  complicate
postoperative pain management after bariatric surgery [1, 8, 88].
Considering the high incidence of pre-existing chronic pain and the risk
factors for difficult postoperative pain management and the potential for
developing persistent postsurgical pain in bariatric surgery patients,
implementing preventive strategies is essential [12, 29, 30, 84].

In 2022, Hung et al. [86], in their meta-analysis, demonstrated that OFA in
bariatric surgery not only reduced the incidence of PONV but also
decreased postoperative pain intensity during the stay in the PACU and up
to 24 h post-surgery. This outcome contrasts with that of earlier meta-
analyses involving OFA in various surgical procedures [18, 20, 21].
However, consistent with previous findings, no significant reduction in
overall in-hospital opioid consumption after PACU discharge was
observed in the opioid-free group following bariatric surgery [86].

Research on OFA has highlighted the lack of emphasis on continuing the
opioid-free approach in the postoperative period despite many early and
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long-term side effects associated with postoperative opioid use following
bariatric surgery 22, 74, 88]. Ulbing et al. [81], in their RCT, implemented
a perioperative opioid-free strategy for bariatric surgery, extending the use
of dexmedetomidine, ketamine, and lidocaine during the PACU stay. This
pharmacological OFA regimen builds on the earlier work of Mulier et al.
[80], but with modifications, as Mulier et al. [80] discontinued the infusion
at the end of surgery. Consequently, Ulbing et al. [81] indicated that
continued opioid-free treatment during the PACU stay reduced pain
intensity and opioid consumption and improved recovery outcomes up to
48 h after surgery compared with conventional opioid-based treatments.

2.6 Postoperative pain management following
bariatric surgery

Regardless of surgical intervention, most patients experience moderate to
severe acute postoperative pain, which is the primary concern during the
preoperative phase [89]. In addition, moderate-to-severe pain intensity and
adverse reactions to postoperative pain management are commonly
reported after discharge [90]. Inadequate acute pain management often
results in persistent postsurgical pain, and bariatric surgery patients are at
higher risk of experiencing chronic pain and complications associated with
opioid treatment [12, 29, 30].

Despite advancements in perioperative care and numerous clinical trials
assessing the effects of intraoperative OFA, all current RCTs still include
opioids as the first-line rescue analgesia in the postoperative phase, in
combination with multimodal analgesia including paracetamol and/or
nonsteroidal anti-inflammatory drugs (NSAIDs) [18]. Current guidelines
[15, 106] for bariatric surgery recommend a multimodal analgesic approach
focusing on opioid-free medications to reduce or eliminate opioid use
post-surgery. However, the availability of equipotent alternative
approaches remains limited, and RCTs assessing postoperative multimodal
approaches in bariatric surgery are lacking [91]. Furthermore, the limited
efficacy of non-opioid drugs in managing severe pain, restrictions in
maximum safe daily doses, and the inability to titrate non-opioid drugs to
meet individual patient needs are major challenges [74]. Preoperative use
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of gabapentinoids improves outcomes after bariatric surgery; however,
their safety remains a concern because of complications such as increased
dizziness and visual disturbances [92, 93]. In addition, NSAIDs are
effective in relieving postoperative pain; however, their perioperative use
in bariatric surgery patients remains a concern owing to the increased risk
of vascular and gastrointestinal complications [91, 94]. Despite these
concerns, current guidelines [15, 16] do not explicitly discourage the use of
NSAIDs in bariatric surgery patients. Instead, the American Society for
Metabolic and Bariatric Surgery supports the incorporation of NSAIDs
into a multimodal analgesic regimen, provided there are no
contraindications [16]. Consequently, locoregional anaesthesia is the most
effective opioid-free approach for optimising perioperative pain
management and reducing opioid consumption in bariatric surgery [57, 91].
Furthermore, continued infusion of dexmedetomidine, ketamine, and
lidocaine during the PACU is a promising approach, but further research
is needed to assess long-term pain outcomes [81]. Current knowledge on
the impact of perioperative opioid-free strategies on the development of
chronic pain is limited. Feenstra et al. [18], in their meta-analysis, identified
only one small-sample clinical trial conducted in 1996 that reported no
difference in postoperative pain intensity at 6 months after hysterectomy

[95].

Besides pharmacological pain management in the early recovery phase,
transcutaneous electrical nerve stimulation (TENS) may be an adequate
option for managing acute postoperative pain treatment following bariatric
surgery. TENS is a non-pharmacological alternative that reduces the
activity and excitability of central nociceptive transmission neurons and
release of endogenous opioids [96, 97]. Conventional high-frequency
TENS aims to selectively stimulate large-diameter, non-noxious afferent
tibres (A-beta) to decrease nociceptor activity and sensitisation within the
central nervous system at the segmental level; a mechanism referred to as
the gate control theory. Another extra segmental effect of TENS is release
of endogenous opioids, particularly for low-frequency TENS [97].
Conventional high-frequency TENS provides immediate pain relief and is
most effective when the patients experience a strong, but non-painful
tingling sensation (paraesthesia) beneath the electrodes [98]. Compared
with conventional opioid-based treatments during the PACU stay, TENS
therapy has demonstrated comparable pain intensity and reduced opioid
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consumption in other surgical contexts [23, 99]. In addition, compared
with conventional opioid-based pharmacological treatments, TENS
therapy significantly reduced post-laparoscopic shoulder pain intensity
[100]. Ogren et al. [99] reported that approximately 46% required
additional opioid treatment after first-line high-frequency, high-intensity
(HFHI) TENS treatment for acute postoperative pain following
laparoscopic cholecystectomy. This finding underscores the feasibility of
implementing  opioid-free  analgesia  after laparoscopic  upper
gastrointestinal surgery, including bariatric surgery.

Transitioning from intravenous administration to oral pharmacological
pain treatment should be initiated as soon as feasible [61]. Bariatric surgery
leads to anatomical changes that alter the pharmacokinetics and
pharmacodynamics of oral analgesics, which require careful consideration
for pain treatment initiation, dose adjustments, or changes in medication
[66]. Patients who undergo Roux-en-Y gastric bypass surgery are at higher
risk of using opioids within 2 years after the procedure than individuals
with and without obesity in the general population [13]. Notably, 77% of
patients with chronic opioid use prior to bariatric surgery continued using
opioids in the year following the procedure, with increased opioid
consumption postoperatively than preoperatively [12]. Therefore, bariatric
surgery is associated with an increased risk of problematic opioid use,
emphasising the importance of comprehensive pain management strategies
that account for both intraoperative and postoperative periods after
hospital discharge [5]. Close monitoring of opioid use after surgery is
particularly important because it can serve as a gateway for chronic opioid
use in opioid-naive patients before the procedure [7].

Levy et al. [101] highlighted the importance of assessing risk factors for
persistent postoperative opioid use in the preoperative phase, as many are
modifiable risk factors and may enable preoperative interventions to
mitigate opioid-related harm. Optimising the management of chronic pain,
addressing psychological co-morbidities, and patient education to address
catastrophising and realistic expectations on pain management may help
reduce the risk of persistent postoperative opioid use [101]. A scoping
review by Aljohani, Almalki, Dixon, Adam and Forget [102] on existing
evidence of adults’ experiences of postoperative opioid use found that
patients seek to establish individual pain management goals, where their
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involvement in decision-making influences their experiences with opioid
use, satisfaction with pain management, and the quality of patient-provider
relationships and communication. Altogether, this highlights the need for
a more patient-centred approach in postoperative pain management [103].

2.7 Perioperative person-centred care

Person-centred care (PCC) is a concept that strives to make patients equal
and active partners in their care process. PCC emphasises the patient’s
autonomy by recognising and integrating their unique preferences and
needs, as well as resources and capabilities, into the care process through a
patient-professional partnership. The concept of PCC opposes a
reductionist view of patients, asserting that they are not defined solely by
their diseases. Hence, PCC marks a shift from seeing patients as passive
recipients of medical intervention to actively involving them in their care
and decision-making processes [104].

The PCC approach is particularly crucial in the perioperative setting, where
a highly technical and often anxiety-inducing environment requires a more
empathetic and personalised approach. Perioperative PCC, from the
patient's perspective, underscores the presence of a dedicated perioperative
nurse who offers comfort, reduces feelings of loneliness, and enhances
well-being, which may further support recovery [105]. From the nurse
anaesthetist’s perspective, as outlined by the conceptual framework
developed by Lekens, Drageset and Hansen [106], this care involves a
continuous assessment of the patient's holistic needs while balancing
efficiency demands. This includes vigilance to prevent harm, patient
empowerment by boosting confidence, and fostering collaboration within
the surgical team to ensure optimal care.

Leonardsen, Wolf and Nilsson [107] recent review underscores that
evidence on the impact of person-centred care in the perioperative setting
is limited, with only one included study explicitly addressing person-
centred care: a survey study aimed at assessing the level of person-
centeredness in current perioperative diabetes care. However, in other
healthcare contexts, PCC has demonstrated positive effects on patient
outcomes, including enhanced self-efficacy, improved health perception,
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greater satisfaction with care, and better symptom control. Additionally,
PCC has demonstrated benefits in terms of cost-effectiveness, reduced
hospital length of stay and improved discharge planning compared to
standard care [108, 109].

Elective surgical pathways may present challenges to the effective
implementation of perioperative PCC. Kaptain, Ulsee and Dreyer [110]
revealed that patients undergoing elective surgery wished for information
tailored to their personal preferences and medical history but often
received standardised care because of poor communication and
insufficient coordination, which were attributed to organisational and
system limitations [110]. Time constraints and stressful conditions may
pose a barrier to PCC and in turn reduce the patient to merely a recipient
of medical services [111].

Bariatric surgery is an elective procedure typically performed within a
standardised pathway, which may present challenges to the implementation
of PCC, and our understanding of these challenges is limited. Nevertheless,
research underscores the importance of PCC in optimising preparedness
before surgery [107], and managing postoperative pain and nutrition after
bariatric surgery [1, 112]. Ekman et al. [104] highlighted the importance of
PCC in managing long-term conditions such as hypertension and diabetes
to optimise care and patient outcomes. Although the primary goal of
bariatric surgery is to reduce excess weight and improve potential
comorbidities, incorporating PCC can further enhance the care process
and improve patient outcomes, particularly by providing support before
surgery and during recovery after hospital discharge.
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3 Rationale

Patients undergoing bariatric surgery face multiple perioperative challenges
owing to obesity and its associated comorbidities, which complicate both
anaesthesia and recovery after surgery. Given the increased risk of chronic
pain and opioid use among obese individuals before surgery, there is a
critical need to customise anaesthesia and pain management strategies for
bariatric surgery.

Given the well-documented short- and long-term side effects associated
with opioids, reducing perioperative opioid use is imperative. Although
OFA has shown promise, its integration into clinical practice remains
limited, primarily because of a lack of robust data on its clinically relevant
benefits and long-term outcomes. To date, most studies have focused on
intraoperative opioid-free strategies and short-term outcomes, leaving gaps
in understanding the full potential of opioid-free care pathways beyond the
operating room and its long-term effects, as well as patients’ experiences
of the perioperative period and recovery after surgery.

An OFA pathway in bariatric surgery offers a more personalised approach
by tailoring perioperative treatment to each patient’s unique characteristics
and risk factors. Assessing pain and recovery outcomes and exploring
patients’ experiences with an OFA pathway are essential for understanding
its prerequisites and effects.

This Ph.D. thesis addresses the current research gaps by combining clinical

outcomes and patient experiences, which may provide valuable insights to
enhance perioperative bariatric care.
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4 Aim

This Ph.D. thesis aimed to evaluate the prerequisites and effects of an

opioid-free anaesthesia pathway compared with conventional opioid-based

care and to identify the prerequisites for integrating a person-centred care

approach for patients undergoing laparoscopic bariatric surgery.

The specific aims were:

1.

To compare adverse events, postoperative recovery, discharge time
from the post-anaesthesia care unit, postoperative pain, nausea,
vomiting, and opioid consumption between strict opioid-free and
opioid-based general anaesthesia. In addition, descriptions of
existing opioid-free anaesthesia regimens were included.

To describe the similarities and differences in patients’
perioperative experiences of undergoing bariatric surgery using
either an opioid-free or opioid-based care pathway.

iii. To comparte postoperative pain and recovery after laparoscopic

bariatric surgery using the total opioid-free care pathway and
conventional opioid-based treatment.

1v. To describe the patients’ expetiences of the recovery process

during one year after opioid-free or opioid-based bariatric surgery.
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5 Methodological perspectives

Methodology refers to the overall research approach guiding the study,
based on underpinning research paradigms, which in turn determines the
appropriate methods to align with the chosen approach [113]. To address
the overall aim of this thesis, both quantitative and qualitative
methodologies were considered needed, each anchored in distinct
ontological and epistemological perspectives [114].

The quantitative approach is based on a positivist ontology, which views
reality as objective, measurable, and independent of individual perception.
This positivist framework aligns with the use of an RCT to evaluate the
effects of an OFA pathway through quantifiable outcome measures.
Epistemologically, positivism supports a factual and descriptive
presentation of these findings, providing empirical data on the
effectiveness of the OFA pathway [114].

In contrast, the qualitative methodology used in this thesis is rooted in
interpretivism, an ontological perspective that recognizes reality as shaped
by individual experiences and interpretations. This perspective supports an
epistemological focus on understanding the underlying mechanisms and
structures that influence an observed phenomenon. Within this
framework, the qualitative analysis explores patients' subjective
experiences with the OFA pathway and following recovery phase, adding
depth to the quantitative findings by contextualizing the outcomes within
patients' lived realities [113].

Integrating these methodologies enables a more comprehensive
understanding of the OFA pathway’s impact in bariatric surgery. While the
quantitative analysis provides empirical evidence on the effects, the
qualitative insights contribute to interpreting these effects in a manner that
is meaningful for the patient and informs clinical practice. Drawing upon
what is meaningful for the patient sheds light on the ethics of PCC, an
approach endorsed by stakeholders, professional bodies, patient
organisations to be implemented into clinical practice and systematically
practiced [104, 111].
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PCC serves as a foundational framework in this thesis, essential to
addressing the second aim: identifying prerequisites for integrating a PCC
approach within an OFA pathway. Through this dual approach, the thesis
not only evaluates the OFA pathway's effectiveness but also examines the
foundational conditions necessary for advancing perioperative care to meet
the patients’ resources, needs and preferences when undergoing bariatric
surgery. Integrating PCC into an OFA pathway may, in turn, optimise its
effects and improve clinical outcomes, as observed in other healthcare
contexts [108, 109].
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6 Methods

This Ph.D. thesis consists of four studies with both quantitative and
qualitative research designs (Table 1).

Table 1. Overview of included studies

Study Design Data collection Material/ Analysis
Participants
Study I Systematic Bibliographic search in 26 randomised Meta-analysis
review and PubMed, Embase, CINAHL, | controlled trials using random
meta- Cochrane Library, selected (RCTs), effects model,
analysis reference lists, and Google including 1934 subsequent
Scholar patients trial
sequential
analysis
(TSA)
analysis
Study II | Qualitative Semi-structured patient 20 participants Content
interview interviews conducted 3 from the RCT analysis
study months postoperatively Inductive/
deductive
approach
Study III | Quantitative | Questionnaire and medical 110 participants | Statistical
effect study | record data up to 3 months from the RCT comparative
post-operatively including analysis
the numeric rating scale
(NRS), postoperative quality
of recovery scale (PQRS),
and opioid consumption
Study IV | Qualitative Semi-structured patient 34 participants Content
interview interviews conducted at 3 from the RCT analysis
study and 12 months Deductive
postoperatively approach

Note: Studies II and IV were analysed from the same dataset of interviews conducted 3
months postoperatively.
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The first study was a systematic review and meta-analysis that served as a
foundation for the current evidence on OFA in various surgical settings.
The other studies (Study 1I-IV) were based on quantitative outcomes and
qualitative patient interview data from an ongoing RCT that focused on
the effects of a specific OFA pathway in bariatric surgery. This methods
section will begin by presenting Study I, followed by a detailed overview of
the study design for the RCT, outlining the commonalities in Studies II-IV
regarding study setting, patient population, and interventions. Thereafter,
the subsequent methods used in Studies II-IV included in this thesis are
described.

0.1 Meta-analysis (Study I)

The first study was a systematic review and meta-analysis aimed at
evaluating total OFA versus OBA. The study was registered on
PROSPERO (CRD42020158068) before initiation of the study. The
primary outcome focused on intraoperative and postoperative adverse
events to evaluate patient safety in total OFA because this meta-analysis
was the first to systematically compare a strict OFA regimen with OBA.
Secondary outcomes included postoperative recovery, time to PACU
discharge, postoperative pain intensity, PONV, and postoperative opioid
consumption. Additionally, this study aimed to systematically compile and
describe existing OFA regimens for the induction and maintenance of
anaesthesia.

A literature search, assisted by the Medical Library at the hospital, was
performed in PubMed, Embase, CINAHL, Cochrane Library, Google
Scholar, and selected reference lists. RCT's published between January 2000
and February 2021 with at least one strictly opioid-free study group (i.e.,
no opioids administered preoperatively, at anaesthesia induction, before
skin closure, or emergence from anaesthesia) were included.

Eligible studies were screened using the Rayyan QCRI Web App [115] by
three authors, followed by a thorough review of RCT to verify adherence
to the total OFA regimen and relevance to pre-defined outcomes. Quality
assessment of the included studies was performed using a risk-of-bias
assessment tool from the Swedish Agency for Health Technology
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Assessment and Assessment of Social Services (SBU), yielding composite
scores indicating overall low, intermediate, or high risk of bias [116].

Meta-analyses were performed using Review Manager (version 5.3; The
Nordic Cochrane Centre, The Cochrane Collaboration, 2014,
Copenhagen, Denmark) with a random-effects model using the Mantel-
Haenszel method for dichotomous outcomes and the inverse variance
method for continuous outcomes. The meta-analyses results are reported
as odds ratios (OR) for dichotomous outcomes and mean differences
(MD) for continuous outcomes with a 95% confidence interval (CI).

The quality of evidence for each outcome was rated according to Grades
of Recommendation, Assessment, Development, and Evaluation
(GRADE) [117]. Finally, to determine whether firm evidence was
obtained, a trial sequential analysis (TSA) was performed on the
outcomes of adverse events, discharge time from the PACU, postoperative
pain, and postoperative opioid consumption. The TSA software (version
0.9.5.10; Beta; Copenhagen Trial Unit, Center for Clinical Intervention
Research, Rigshospitalet, Copenhagen, Denmark) [118] was used.

0.2 Opioid-Sparing Person-Centred Care Study (Study
II-1V)

Three of the included studies (Studies II-IV) were based on quantitative
and qualitative data from an ongoing prospective, multicentre RCT
(ClinicalT'rials.gov number: NCT03756961); the Opioid-Sparing Person-
Centred Care (OS-PCC) study. This RCT was approved by the Swedish
Medical Products Agency (EU CT 2023-505934-86-00) and the Swedish
Ethical Review Authority (DNR 1006-17).

The primary objective of the RCT was to evaluate the effects of opioid-
sparing care pathways, with or without PCC, compared with conventional
opioid-based care in patients undergoing laparoscopic bariatric surgery.
The primary outcome was the change in patient-reported postoperative
pain, as measured using the numeric rating scale (NRS), from PACU arrival
to PACU discharge. The RCT was designed as a non-inferiority trial for
the primary outcome, hypothesising that the opioid-free intervention is
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equally effective as the conventional opioid-based treatment for
postoperative pain relief. Secondary outcomes included quality of recovery,
general self-efficacy, health-related quality of life, length of hospital stay,
and opioid consumption for up to 24 months after surgery.

A total of 220 participants will be recruited and randomised to either the
intervention group (n = 110) or the control group (n = 110) on the day of
surgery. The RCT is conducted in two sequential phases: the first phase
evaluated the safety and pain outcomes for both opioid-free
pharmacological and non-pharmacological interventions, which is
followed by the second phase to further assess the addition of a PCC co-
intervention in the intervention group. The control group in both phases
receives conventional opioid-based standard care during the bariatric
surgery. The sample size was based on a power calculation for the primary
outcome. To achieve 80% power at a 0.05 significance level, a sample size
of 43 patients per group was required. To account for potential dropouts,
55 patients per group and phase were enrolled in the trial (Figure 1).

Study inclusion

Preoperative
assessment

(0-6 months before
surgery)

Control group
(phase 1)
Opioid-based
standard care
(n=55)
Randomisation
Day of surgery

Intervention group
(:LEET-N)]
OFA + TENS
(n=55)

Figure 1. Logistic flow chart in the OS-PCC-Study
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This thesis exclusively used data collected during the first phase of the OS-
PCC-Study, conducted between May 2019 and November 2023. The
extended data collection period was due to the Covid-19 pandemic and its
severe impact on the anaesthesia and surgical operations, resulting in
substantial disruptions to the enrolment of study participants. Study III
focused on the primary outcome of the RCT, along with the secondary
outcomes of opioid consumption and recovery up to 3 months after
surgery. Studies II and IV involved a strategic sample from the RCT, with
patient interviews conducted at 3- and 12-months post-surgery.

6.2.1 Study protocol development

The OS-PCC-Study protocol was developed in 2017 at a university hospital
in Southwestern Sweden. The trial was initiated in response to growing
concerns about patients repeatedly returning after bariatric surgery due to
abdominal pain and persistent opioid use. This prompted collaboration
between the departments of anaesthesia, intensive care, and surgery to
launch the RCT. The opioid-free pharmacological protocol was developed
based on the current research on OFA [119-124], combined with the
clinical expertise of the study team, carefully evaluating drug selection and
dosages to optimise the risk-benefit balance. The postoperative pain
management plan was developed with input from pain specialists and
researchers, emphasising the feasibility of TENS therapy for managing
postoperative pain. Previous RCTs [125-127] at the same hospital had
reported that HFHI TENS for acute postoperative pain following
gynaecological surgery effectively reduced opioid use while providing pain
relief comparable to that of opioids. This resulted in a combined
pharmacological and non-pharmacological intervention throughout the
perioperative care pathway, which, according to the protocol, allowed for
postoperative opioid administration if the first-line opioid-free
interventions provided inadequate analgesia. Consequently, the trial was

named the Opioid-Sparing Person-Centred Care (OS-PCC) study.
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6.2.2 Setting

The first phase of the OS-PCC-Study was conducted at two study
institutions: one university hospital in southwest Sweden and one in mid-
southern Sweden. The RCT was initiated in May 2019, and the first
participant was recruited from the main study site in the southwest region
of Sweden. Subsequently, a second site was added in the mid-southern
region of Sweden. The study team included a principal investigator at each
study site, research nurses with backgrounds in anaesthesia or intensive
care, and researchers with expertise in anaesthesiology, pain medicine, and
bariatric surgery. The anaesthesia, intensive care, and surgery departments
collaborated at both locations.

The current regional guidelines for obesity care [128, 129], which regulate
the bariatric surgery care at the study sites, largely align with the national
obesity care guidelines issued by the Swedish National Board of Health and
Welfare [26]. At both sites, the lower BMI threshold for bariatric surgery
was set at 35 kg/m? for patients with obesity-related comorbidities,
although the national recommendation suggests a BMI range of 30-35
kg/m?. The standard bariatric surgery pathway was consistent across both
study sites.

The surgical process begins once the decision for bariatric surgery is made,
followed by an outpatient visit to the clinic for preoperative information
and multidisciplinary assessment. On the day of the surgery, the patient
was admitted, prepared for the procedure, and transferred to the operating
room. After emergence from anaesthesia, the patient was shifted to the
PACU and then to the surgical ward and discharged the following day.
Following discharge, the bariatric clinic provides follow-up care for 2 years
before transitioning the patients back to primary care [128, 129].

6.2.3 Patients

The patients in the first phase of the OS-PCC-Study received information
about the study shortly after obtaining approval for bariatric surgery.
During a mandatory group meeting for patients scheduled for bariatric
surgery, a member of the study team provided a brief presentation of the
RCT and explained key information relevant to the patient. Subsequently,
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the patients were screened for eligibility based on their medical records and
invited to participate in the RCT during their preoperative assessment. The
invitation to participate in the study was made by a designated
anaesthesiologist from the study team.

The inclusion criteria were as follows: adult patients aged = 18 years or
older scheduled for laparoscopic gastric bypass or laparoscopic sleeve
gastrectomy at one of the two study sites who expressed willingness to
participate. Patients with an American Society of Anesthesiologists (ASA)
classification above grade III, cardiovascular disease with bradycardia
(heart rate <50 bpm), serious liver disease, insufficient knowledge of the
Swedish language, untreated serious psychiatric conditions, neurocognitive
dysfunction, pregnancy or women of childbearing age who are not using
contraception and have not taken a pregnancy test before surgery,
malignant disease with an expected short survival, chronic pain patients
treated with opioids, substance abuse, hypersensitivity to oxycodone,
esketamine, dexmedetomidine, or lidocaine, presence of a pacemaker or
implantable cardioverter-defibrillator (ICD), inability to complete
questionnaires, or refusal to participate in the study, were excluded.

6.2.4 Randomisation

Based on the predefined inclusion criteria and exclusion criteria, the study
team provided additional study information to all eligible patients, and
written informed consent was obtained by the principal investigator or a
study-designated anaesthesiologist. On the scheduled day of surgery, the
patient was followed up to confirm continued consent for participation. If
the patient agreed to participate, randomisation was performed before
being transferred to the operating room. This process used a Microsoft
Access program stored on a local server that assigns the patient to either
the intervention or control group and generates a unique randomisation
number. The software was designed to stratify the allocation by study site
and balance assighments using minimisation based on sex, age, and BML
After randomisation, the group allocation was disclosed to the patients and
clinical staff in the operating room, PACU, and surgical ward.
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6.2.5 Anaesthesia and postoperative pain management

Regardless of the group allocation, each patient received basic analgesia
consisting of intravenous paracetamol (1 g) and parecoxib (40 mg),
administered immediately after anaesthesia induction. Additionally, local
infiltration anaesthesia was administered at the surgical site before skin
incision and again at skin closure. To prevent PONV, all patients received
intravenous betamethasone (8 mg) and ondansetron (4 mg). The
medication dosages for dexmedetomidine, esketamine, and remifentanil
were calculated based on adjusted body weight, defined as the ideal body
weight (calculated as body length in cm minus 100) plus 50% of the
remaining excess weight. An overview of anaesthesia and postoperative
pain management is shown in Figure 2.
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6.2.5.1 Intervention group

Preoperatively, patients randomised to the intervention group received
brief education on TENS for postoperative pain management. In the
operating theatre, after applying standard monitoring, a continuous
intravenous infusion of dexmedetomidine at 0.2 ug/kg/h was initiated,
with a loading dose of 16 ug administered 5 min before induction.
Simultaneously, a second intravenous cannula was placed and the patient
got preoxygenated. Through this second cannula, and a continuous
infusion of esketamine (0.2 mg/kg/h) was administered, followed by a
bolus dose of 0.1 mg/kg. After confirming clinical response to
dexmedetomidine and esketamine, propofol (1.5-2 mg/kg) and
rocuronium (0.6 mg/kg) were administered intravenously to facilitate
intubation.

Following induction and intubation, an automatic lung recruitment
manoeuvre was performed, and inhalational anaesthesia with desflurane
was initiated, targeting a minimum alveolar concentration (MAC) of 0.8 for
maintenance. Desflurane concentration was adjusted based on bispectral
index (BIS) values with the aim of maintaining a BIS between 40 and 60.
Simultaneously, continuous infusions of dexmedetomidine (0.2 pg/kg/h)
and esketamine (0.1-0.3 mg/kg/h) were maintained. Additional bolus
doses of esketamine (0.1 mg/kg) were administered at the time of skin
incision, skin closure, and in response to intraoperative stress signs, such
as tachycardia and hypertension. Before emergence from anaesthesia, all
patients received intravenous lidocaine (1 mg/kg) and midazolam (0.5 mg)
to facilitate smooth recovery from anaesthesia and reduce immediate
postoperative discomfort.

Upon arrival in the PACU, if the patient reported pain intensity more than
3 according to the NRS, high-frequency (80 Hz) high-intensity (40 mA)
TENS (HFHI TENS) were administered by the research nurse. In the
initial RCT phase, the TENS machine CefarPrimo® (Cefar Medical AB,
Lund, Sweden) was utilised, which is equipped with two channels and a
total of four electrodes. The four TENS electrodes were positioned near
the painful area, such as the surgical site, and the stimulation was gradually
increased to 40 mA or lower intensity based on the patient’s preference.
The stimulation was maintained for 1 min before reassessing pain. If the
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analgesic effect was insufficient (i.e., NRS = 3), the HFHI TENS treatment
was repeated. If the HFHI TENS treatment proved ineffective or caused
discomfort, a bolus dose of intravenous esketamine (0.1 mg/kg) was
administered and evaluated. If esketamine failed to provide adequate
analgesia, intravenous lidocaine (0.5 mg/kg) was administered.

If these opioid-free interventions, including TENS, esketamine, and
lidocaine, failed to provide sufficient analgesia, intravenous oxycodone was
administered at the nurses’ discretion at a recommended initial dose of 2.5
mg. When the patients were awake and cooperative in the PACU, they
were instructed on how to use the self-administered TENS treatment. Self-
administered TENS treatment features high-frequency, modulated pulse
duration, stimulation that can be adjusted to an intensity selected by the
patient. Upon transfer to the surgical ward, both nurse-administered HFHI
TENS and self-administered TENS supplemented with paracetamol (1 g
every six hours) and parecoxib (40 mg every 12 h) were continued.
Intravenous oxycodone remained available as a rescue analgesic if needed.
When patients were ready for hospital discharge, they were offered the
option to borrow the TENS machine for use at home until the
postoperative pain was resolved.

6.2.5.2 Control group

In the control group, general anaesthesia was administered according to
the hospital's guidelines. After arrival at the operating theatre, standard
monitoring was applied, and preoxygenation was initiated. Anaesthesia
induction was initiated with a continuous intravenous infusion of
remifentanil using target-controlled infusion (TCI), based on the Minto
model. The target plasma concentration (CPT) was set to 6 ng/mL for
induction. Once the effect-site concentration (CE) reached approximately
3.2 ng/ml and the patient exhibited a clinical response to remifentanil,
intravenous propofol (1.5-2 mg/kg) and rocuronium (0.6 mg/kg) were
administered to facilitate intubation. After induction and intubation, an
automatic lung recruitment manoeuvre was performed. Anaesthesia
maintenance included desflurane inhalation, starting with a target MAC of
0.6, adjusted based on BIS values (target range: 40—60). Remifentanil
infusion was continuously adjusted within a CPT range of 4-10 ng/mL,
according to intraoperative stress indicators such as tachycardia and
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hypertension. Before emergence from anaesthesia, all patients received
intravenous oxycodone (0.1 mg/kg) and clonidine (45 + 30 pg).

In the PACU, if the patient reported pain intensity more than 3 according
to the NRS, intravenous oxycodone was administered at the nutse's
discretion with a recommended initial dose of 2.5 mg. Alongside
oxycodone, repeated paracetamol administration (1 g every 6 h) was
maintained. The analgesic regimen was continued in the surgical ward until
the patient was discharged.

0.3 Data collection and statistical analyses in Study I1I

Study III was a quantitative study reporting the first statistical effect
analysis from the RCT, encompassing all analysed study participants in the
first phase through a 3-month follow-up. Consequently, 837 patients were
screened for eligibility, and 112 were randomised. Among them, 110 were
included in the statistical analysis for Study III, with 55 patients each in the
intervention and the control groups. A study flow chart is presented in
Figure 3.

This study includes the primary outcome, change in patient-reported
postoperative pain intensity from arrival to discharge in the PACU.
Additionally, secondary outcomes, including postoperative pain, quality of
recovery during the in-hospital stay and up to 3 months postoperatively,
and in-hospital opioid consumption, were included. Additional outcomes
included length of stay in the PACU, number of patients requiring opioid
analgesics during the PACU stay, and number of participants reporting a
pain intensity score less than 3 on the NRS. All analyses were conducted
as between-group comparisons to evaluate the differences between the
intervention and control groups.

Data were collected by the study team at each site, primarily by a research
nurse. Data were gathered at multiple time points: baseline before surgery,
in the PACU, in the surgical ward 24 h postoperatively, by telephone at 72
(*24) h after hospital discharge, and at 14-, 30-, and 90-days post-surgery.
The *24-h window after hospital discharge was allowed for logistical
reasons; for example, if a participant underwent surgery on a Thursday, the
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postoperative day 2 follow-up would fall on a Saturday. Additionally, for
the long-term follow-up, a *5-day range was permitted for completing
questionnaires in the electronic patient-reported outcome (ePRO) system
(TrialOnline®, Replior AB). During the in-hospital period, data were
collected at bedside and after discharge digitally using the ePRO system,
complemented by telephone follow-up from the research nurse. In
addition, medical record data on opioid consumption during the in-
hospital period were collected.

6.3.1 Postoperative pain

Pain intensity was assessed using NRS (Range 0-10; 0 = no pain and 10 =
worst imaginable pain) at all measurement time points outlined above. The
primary outcome was the change in patient-reported postoperative pain
intensity from arrival in the PACU to discharge to the surgical ward, using
the NRS assessment at arrival in the PACU and by the time the patient was
ready for discharge from the PACU. The non-inferiority margin was
defined as the lower limit of the two-sided 95% CI for the unadjusted mean
difference in pain intensity change between the groups (> -1 on the NRS).

The following NRS assessments were used for the secondary outcome
analyses of pain intensity up to 3 months after discharge and the number
of participants reporting NRS less than 3 during the PACU stay. The
postoperative opioid consumption was obtained from the medical records
and converted to oral morphine equivalents [13, 130].

6.3.2 Postoperative quality of recovery outcome

The quality of recovery outcome was assessed using the validated
Postoperative Quality of Recovery Scale (PQRS) at all measurement time
points. The PQRS is a multidimensional recovery assessment tool that
includes the physiological, nociceptive, emotive, cognitive, and activities of
daily living (ADL) recovery domains. Specific parameters were included in
each domain. The PQRS includes an overall patient-perspective domain
that assesses patient satisfaction [131]. The PQRS has been validated to
assess its ability to differentiate recovery outcomes across various domains
for different surgical interventions, demonstrating its ability to distinguish
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recovery in these domains [132]. The Swedish version of the PQRS tool
was used in this study [133]. From the 14-day follow-up onwards, the
participants were able to report all parameters except the cognitive tests
using the ePRO system, which was followed up with a phone call to assess
the cognitive domain.

6.3.3 Statistical analyses

Analyses were conducted on the modified intention-to-treat (mITT)
population, followed by additional analyses of the per-protocol (PP)
population. The mITT population included randomised participants who
initiated treatment, and two randomised participants were excluded from
the mITT population because one withdrew informed consent after
randomisation and one discontinued surgical intervention. The PP
population included participants without protocol deviations that could
potentially affect the outcomes.

Statistical analyses were performed by an external statistician using SAS®
(version 9.2; SAS Institute Inc., Cary, NC, USA). Continuous variables,
including NRS and opioid consumption for pain outcomes, were analysed
using Fishet's non-patametric permutation test, and sensitivity analyses
accounting for baseline pain and minimisation variables by randomisation
were analysed using Analysis of Covariance (ANCOVA). Dichotomous
variables, including PQRS data for the postoperative quality of recovery
outcomes, were analysed using Fisher's exact test. The results of the
between group analyses were reported as mean differences (MD) between
groups, with 95% CI and p-values. Descriptive statistics are reported as
means, standard deviations (£ SD), medians, and minimum-maximum
ranges for continuous variables, whereas as numbers and percentages for
categorical variables.
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6.4 Data collection and qualitative analyses in
Study II & IV

Studies IT and IV were qualitative studies that used semi-structured patient
interviews. A total of 34 participants from the RCT agreed to participate
in the additional interview study during their 3- and 12-month follow-ups
(Figure 3). The sample was strategically selected to ensure diversity in
group allocation, study site, and sex distribution. Recruitment and data
collection for Studies II and IV were conducted concurrently, as new
eligible participants reached the follow-up visit at 3 or 12 months in the
RCT between December 2020 and July 2023.

A total of 20 participants were interviewed at 3 months post-surgery and
18 participants at 12 months, with 4 participating in both the 3-month and
12-month interviews. Study II focused on qualitative findings related to the
in-hospital period, while the remaining interview material addressing post-
discharge experiences of up to 3 months was included in Study IV.
Consequently, Study IV captured patients' recovery experiences post-
discharge up to 3- and 12-months after surgery, incorporating data from
34 unique participants: 20 from the 3-month interviews and 14 from the
12-month interviews, supplemented by four participants who were re-
interviewed at 12 months. The interview guide covered three themes:
experience of the care process, recovery after surgery, and pain. This guide
was used in both Studies II and IV, although the ‘experience of the care
process’ theme was not included in the 12-month interviews (Appendix 1).

All interviews were conducted over the telephone using a speaker phone
and an external recorder. The recordings were transcribed verbatim using
an external transcriber. The data analysis for both Studies II and IV was
content analysis according to Graneheim and Lundman [134] using the
NVivo 12 software. However, in Study II, an inductive approach with a
subsequent deductive approach was adopted, whereas in Study IV, only a
deductive approach was used. In Study IV, the concept of recovery
according to Allvin, Berg, Idvall and Nilsson [135] was used as a coding
framework in the deductive analysis.
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Assessed for eligibility (n=837)

Excluded (total n=725)

A4

Not meeting inclusion criteria (n=8)

* Meeting exclusion criteria (n=497)

« Logistic disruptions (n=193)

« Re-evaluation post informed consent (n=27)

Randomised (n=113)

Unique number of subjects randomized n=112 due
to re-randomization of one subject

v

Allocated to OFA pathway (n=57)
« Received the allocated intervention treatment (n=55)
« Did not receive allocated treatment (n=2)

- Re-randomization due to delayed start of

surgery >24 hours (n=1)

- Consent withdrawal after randomization

before start of surgery (n=1)

Allocation

of laparoscopy

Allocated to opioid-based standard care (n=56)
+ Received the allocated control treatment (n=55)

« Did not receive allocated treatment (n=1)

- Surgical intervention discontinued due to
detection of cyst in the abdomen during start

Study Il & IV:

Interviews

Study llI: Follow-up and analysis 3

Analysed in PACU (n=55)

8 excluded from analyses:
mITT (n=2) and PP (n=6)

Analysed in PACU (n=55)

11 excluded from analyses:
mITT (n=1) and PP (n=10)

v

v

Analysed at 24 hours (n=55)
No missing follow-up

Analysed at 24 hours (n=54)
Missing follow-up (n=1)¢

v

v

Analysed at 72 hours (n=52)

Analysed at 72 hours (n=49)
Missing follow-up (n=6)

Missing follow-up (n=3)
v

v

Analysed at 14 days (n=52)
Missing follow-up (n=2)¢

Analysed at 14 days (n=51)
Missing follow-up (n=2)?

v

v

Analysed at 1 month (n=51)
Missing follow-up (n=2)¢

Analysed at 1 month (n=48)
Missing follow-up (n=4)?

v

v

Study Il & IV:

Interviews

Interviewed at 3
months (n=10)

Analysed at 3 months (n=47)
Missing follow-up (n=5)%

Analysed at 3 months (n=47)
Missing follow-up (n=5)7

Interviewed at 3
months (n=10)

|

Interviewed at 12
months (n=7)
(n=1 interviewed at both
3 and 12 months)

l

Interviewed at 12
months (n=11)
(n=3 interviewed at both
3 and 12 months)

Abbreviations: mITT=modified Intention-To-Treat, OFA=Opioid-Free Anaesthesia, PACU=Post-Anaesthesia Care Unit, PP=Per-Protocol
2 Excluded from mITT analysis due to not receiving allocated treatment
b Excluded from PP analysis due to protocol deviations potentially affecting the outcome

<Missing follow-up in the surgical ward at 24 hours after surgery due to reoperation. See results: adverse events

dStudy termination at patient request at 14 days (intervention n=1, control n=2), 1 month (intervention n=2, control n=1) and 3 months (intervention n=1, control

group n=1)

Figure 3. Flow chart of Study 1I-IV within the OS-PCC-Study
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6.5 Ethical considerations

The study adhered to the ethical principles outlined in the Declaration of
Helsinki, as three of the included studies (II-IV) were based on research
involving human participants [136]. Prior to enrolling participants in the
RCT, approval was obtained from the Swedish Medical Products Agency
(EU CT 2023-505934-86-00) and the Swedish Ethical Review Authority
(DNR 1006-17). Additionally, the heads of participating clinics granted
approval to conduct the clinical trials. To ensure compliance with the study
protocol, the International Committee on Harmonisation of Good Clinical
Practice (ICH-GCP) standards, and applicable ethical and regulatory
requirements, an independent monitor continuously monitored the trial

throughout the RCT [137].

In Study I, a systematic review and meta-analysis, we ensured that each
included study received ethical approval and documented that written
informed consent was obtained from all participants. In Studies II-IV,
eligible patients were recruited and informed consent was obtained, as
described in sections 6.2.3 and 6.2.4. Participants retained the right to
withdraw their consent at any point during the study period without
providing a reason. In the qualitative interview studies (Studies II and IV),
participants were asked for permission to record the interviews, and all
participants provided verbal consent. Research data were de-identified
using coded identifiers, and all data were securely stored and accessible only
to authorised members of the study team.

All patients were thoroughly informed of the potential risks and benefits
of participating in the study. The risks discussed included the possibility of
discomfort or unpleasant sensations resulting from TENS therapy and the
potential for delayed pain relief if TENS proved ineffective for pain
management. The benefits outlined include the prospect of enhanced pain
control, reduced opioid need, and consequently, a decrease in opioid-
related side effects. This balanced understanding aimed to support
informed consent and patient engagement.
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7 Results

7.1 Prerequisites for an OFA pathway

Study I included a systematic review and meta-analysis of 26 RCTs
involving 1,934 patients. Surgical interventions included gynaecological
surgery, upper gastrointestinal surgery (including cholecystectomy and
bariatric surgery), and breast surgery. A key focus of this study was to
ensure that the OFA study arms adhered strictly to the total OFA
protocols, with a thorough review of the method description of each
included RCT to confirm the complete absence of pre- and intraoperative
opioid use. This was necessary after identifying that the previous meta-
analysis by Frauenknecht et al. [20] included RCTs reporting opioid
administration during anaesthesia induction and before the end of surgery,
despite claiming to evaluate OFA. The risk of bias assessment showed an
overall low, moderate, and high risk in 13, 12, and 1 study, respectively.

The primary outcome of adverse events showed that the total OFA
demonstrated comparable safety to that of the OBA during the
intraoperative phase. No significant difference in the frequency of
intraoperative adverse events, including hypertension, hypotension,
tachycardia, and bradycardia, was observed between total OFA and OBA.
The pooled effect on intraoperative adverse events yielded an OR of 0.99
(95% CI: 0.65-1.50, I* = 45%, p = 0.97). The outcomes of hypertension,
hypotension, and bradycardia were graded as having moderate certainty of
evidence, whereas tachycardia was assessed as having low certainty of
evidence, according to GRADE.

However, compared with OBA, total OFA showed a significant reduction
in postoperative adverse events (OR 0.32, 95% CI: 0.22-0.406, I = 56%, p
< 0.00001), which could be attributed to the reduced frequency of nausea
(OR 0.27, 95% CI: 0.17-0.42, p < 0.00001) and vomiting (OR 0.22, 95%
CI: 0.11-0.41, p < 0.00001).

The secondary pain outcomes on pain intensity and opioid consumption
revealed an overall similar mean pain intensity score between total OFA
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and OBA (mean VAS/NRS -0.23, 95% CI: 0.48-0.02, I = 85%, p = 0.07);
however, total OFA demonstrated a significant reduction in postoperative
opioid consumption (mean intravenous morphine equivalent -4.19 mg,
95% CI: -6.67 to -1.72, I* = 98%, p < 0.00001). Meta-analysis evaluating
the difference in PACU stay length showed no significant differences
between the groups. Additionally, variations in the assessment scales for
quality of recovery made it unfeasible to conduct a meta-analysis of this
outcome. However, the systematic review identified significantly higher
sedation scores throughout the PACU stay in individual RCTs that
incorporated dexmedetomidine into their OFA regimen than in those
using OBA.

7.2 Effects of an OFA pathway

In Study III, which included the total sample of the RCT, most
participants were women (74.5% in the OFA pathway group and 72.7% in
the OBA group), with a mean (£ SD) age of 39.0 * 9.7 and 38.5 = 11.2
years in each group, respectively. In both groups, the majority of
participants were classified as ASA physical status class 11, indicating mild
systemic disease: 36 patients (65.5%) in the OFA pathway group and 27
patients (49.1%) in the opioid-based standard care group. Study II and IV

had similar patient characteristics.

The findings from Study II-IV are presented in accordance with the
perioperative timeline. First, the qualitative insights from Study II, which
detailed patients' experiences from the preoperative phase through the
early intraoperative phase, including anaesthesia induction, are outlined.
Next, the effects and patient experiences in the early postoperative phase,
encompassing the PACU and surgical ward periods, based on both Study
IT and III, are presented. Finally, the findings from both Study III and IV
covering the patients' recovery beyond hospital discharge up to 3 months,
concluding with their long-term recovery experiences up to 1 year after
bariatric surgery reported in Study IV, are outlined.
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7.2.1 Preoperative phase

Similar preoperative experiences were shared by patients in the interviews
conducted 3 months post-surgery, as reported in Study I Participants
expressed a range of emotions, including the anticipation of a healthier life,
apprehension about surgery and its impact on their lives, and feelings of
failure for not being able to achieve weight loss without bariatric surgery.
Some participants also highlighted that they felt inadequately informed and
unprepared about what to expect during the anaesthesia procedure and
upon waking up in the PACU.

7.2.2 Intraoperative phase

The patients’ experiences during the intraoperative phase, from entering
the operating theatre to being anaesthetised, are highlighted in two of the
categories presented in Study II. In the ‘patient-professional presence’
category, the patients described the interaction with the caregiver as
enhancing the feeling of confidence and trust in this vulnerable situation.
Notably, human touch by the nurse anaesthetist was calming and relieved
the feeling of nervosity during anaesthesia induction. Some participants
also underscored the jocular atmosphere in the room to be relaxing when
being anaesthetised. Furthermore, the ‘liminality of general anaesthesia’
category highlighted both similarities and differences in experiences during
the anaesthesia induction. Regardless of receiving OFA or OBA, most
participants were ‘struggling to remember’ the anaesthesia induction, as it
was characterised by diminished memories or described in terms of being
a quick procedure. Nevertheless, some participants who received OFA
described accentuated memories from the anaesthesia induction,
characterised by feelings of being in a state between wakefulness and sleep,
the inability to get anywhere, or feelings of unreality, which resulted in the
subcategory ‘struggling to keep control’.

7.2.3 Postoperative phase in the hospital

The primary outcome in Study III, the change in postoperative pain
intensity from arrival in the PACU to discharge to the surgical ward,
demonstrated no significant difference between participants who
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underwent OFA and opioid-based standard care. The mean difference in
NRS was 0.04 (95% CI: -1.00-1.07, p = 0.97) for the mITT-population,
and the non-significance remained in the sensitivity analysis when applying
ANCOVA to adjust for baseline pain and minimisation variables (MD in
NRS 0.26, 95% CI: -0.35-0.88, p = 0.40) and the PP-analysis (MD in NRS
-0.33, 95% CI: -1.43 0.77, p = 0.57). The mean difference of 0.04 suggests
that the change in pain intensity between the opioid-free and opioid-based
treatments was negligible, indicating that the OFA pathway and opioid-
based standard care resulted in similar pain intensity changes. This finding
aligns with the similarities in patient experiences within the ‘managing your
pain’ category in Study II, where the participants described postoperative
pain as varying from discomfort to severe postoperative pain during the
PACU stay, with no differences between the groups.

In Study III the opioid consumption measured in morphine equivalents
during the PACU stay was significantly reduced in patients who underwent
an OFA pathway than in those who received opioid-based standard care,
regardless of accounting for the pre-emptive dose of oxycodone before the
end of surgery (MD -45.0, 95% CI: -50.1 to -39.8, p < 0.0001) or excluding
it from the analysis (MD -13.1, 95% CI: -17.9 to -8.1, p<0.0001). The
number of patients requiring opioids for acute pain relief in the PACU was
20 (36%) and 50 (90%) in the intervention group control groups,
respectively, indicating the effectiveness of the total opioid-free
interventions in 04% of the patients. In Study II, the subcategory
‘Transcutaneous electrical nerve stimulation works, but not when it really
hurts’ reflected the experiences of TENS treatment among participants in
the OFA pathway group, revealing variability in their responsiveness to
TENS treatment during the PACU stay. This clearly indicated that
participants with mild-to-moderate postoperative pain found TENS
effective, whereas those experiencing severe pain reported insufficient pain
relief or more pain than the original pain.

Analysis of the PQRS data in Study III revealed that no patient achieved
total recovery during the PACU stay, with no significant differences
observed in the physiological, nociceptive, emotive, cognitive, and ADL
recovery domains at 20—40 min postoperatively. The similar recovery
outcome aligns with the findings from Study II, particularly the
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subcategory ‘struggling to surface’, where participants described the
challenges of waking up from anaesthesia, including feelings of tiredness,
dizziness, and, in some cases, nausea or vomiting. Upon breaking down
the nausea parameter within the nociceptive domain in the PQRS, the
analysis shows that 60% of the OFA pathway group experienced nausea
and/or vomiting at 20 min, compated with 72% in the opioid-based group
(p = 0.24). At 40 min, the rates were 55.6% and 63.6%, respectively (p =
0.51). These quantitative findings reinforce the pattern of PONV as a
prominent experience in both groups during PACU stay, as reported in
Study II.

Study III reports no significant difference in the mean length of stay in
the PACU (137.7 £ 56.4 min and 131.4 £ 74.0 min in the OFA pathway
and OBA groups, respectively; MD 6.24, 95% CI: -18.52-31.12, p = 0.63).
Pain intensity of NRS < 3 during the PACU stay was reported in 15
(27.3%) and 6 (10.9%) of patients in the OFA pathway and OBA groups,
respectively, (MD 16.4, 95% CI: 0.2-32.5, p = 0.051). Experiences of
insufficient pain management across both groups were highlighted in
Study II, which indicated challenges in communication with caregivers
both in the PACU and surgical ward. Although most participants felt
acknowledged and involved in their pain management, some experienced
a lack of understanding of their pain experience and suffering, yielding the
subcategory ‘vulnerability challenges communication’.

No difference in maximum pain intensity according to NRS was observed
during the first 24 h (MD 0.04, 95% CI: -0.77-0.85, p = 0.96), as reported
in Study III. Postoperative pain experienced during the surgical ward
period, as described in Study II, was similar in both groups. The
participants described varying levels of postoperative pain, ranging from
manageable to severe, with those suffering from severe pain particularly
emphasising shoulder pain, which they believed was caused by the
laparoscopic gas used during surgery. Most participants reported using
active mobilisation to expel gases and alleviate pain. The patients in the
OFA pathway group highlighted the benefits of self-administered TENS
treatment in the surgical ward, indicating that it enhanced their autonomy
in managing postoperative pain.
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In Study III, a significant reduction in opioid consumption was also
observed during the entire in-hospital stay for patients in the OFA pathway
group than those in the opioid-based group: MD-40.3 morphine
equivalents (95% CI: -54.4 to -25.9, p < 0.0001). In addition to the data
reported in Study III, a sensitivity analysis was conducted, excluding one
patient in the OFA pathway group who had a significantly higher total
opioid consumption (97 mg of oxycodone) than the other participants.
This adjustment reduced the mean opioid consumption from 18.2 & 44.6
to 13.0 £ 24.0 morphine equivalents in the OFA pathway group. This
patient’s hospital discharge was delayed until the second postoperative day
because of unmanageable postoperative pain.

Additionally, Study III reported adverse and serious adverse events during
the hospital stay in the first phase of the RCT. One participant in the
opioid-based group required emergency care for fever on the first
postoperative day but recovered without treatment. Another patient in the
opioid-based group experienced a serious adverse event involving bleeding
from the gastric anastomosis, which required reoperation and prolonged
hospitalisation but eventually recovered completely.

Furthermore, in Study III and the analysis of the additional PQRS domain
‘overall patient perspective’, compared with the OFA pathway group, the
proportion of patients in the opioid-based group were significantly more
satisfied or totally satisfied with the anaesthetic care at 24 h (p = 0.017) and
72 £ 24 h (p = 0.039) after surgery.

7.2.4 Postoperative phase beyond hospital discharge

According to the PQRS data in Study III, the quality of the recovery
process after hospital discharge and up to 3 months after surgery followed
a similar pattern, with no significant differences between the groups.
Patients gradually returned to their pre-surgical function or showed
improvement across the physiological, nociceptive, emotive, cognitive, and
ADL domains (Figure 4). The gradual improvement in recovery after
hospital discharge was also described in Study IV, as patients’ experiences
of the recovery process showed early improvements along with weight
reduction in the physiological, psychological, social, and habitual recovery
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dimensions included in the concept of postoperative recovery by Allvin et
al. [135].

Postoperative Quality of Recovery
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Figure 4. Total postoperative quality of recovery in all PORS domains at 20 and 40 minutes,
24 and 72 (£24) hours, 14 days, 1 and 3 months after surgery (Study I11).

In Study III, the mean pain intensity according to NRS at the first follow-
up after hospital discharge (72 + 24 h) was 1.60 £ 1.45 in the OFA pathway
group and 2.24%1.67 in the OBA group, with no significant difference
between the groups (MD -0.64, 95% CI: -1.29-0.00, p = 0.060). At the 3-
month follow-up, the mean pain intensity decreased in both the OFA
pathway group (NRS 0.16 * 0.74) and the OBA group (NRS 0.40 * 1.18),
with no significant difference (MD -0.24, 95% CI: -0.65-0.15, p = 0.30).
This gradual improvement in postoperative pain intensity aligns with the
experiences described by both groups in the physiological dimension of
Study IV, in which the participants reported initial postoperative pain and
bodily fatigue that diminished over the first one to two weeks. However,
PQRS data in Study III revealed that the proportion of patients achieving
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nociceptive recovety, including the parameters pain and nausea/vomiting,
were significantly higher in the OFA pathway group than in the opioid-
based group 2 weeks after discharge (MD 23.4%, 95% CI: 2.6-44.2, p =
0.030).

In Study III, 72.3% of patients in the OFA pathway group and 74.5% in
the opioid-based group had achieved total recovery by the third month
according to the PQRS; however, approximately 25% of patients had not
fully recovered, regardless of group allocation (Figure 4). In Study IV, the
participants described challenges in the psychological, social, and habitual
dimensions during their recovery process, as highlighted in the 3-month
interviews. These challenges included managing intrusive thoughts related
to physical changes, navigating social mealtime adjustments, adapting to
new dietary habits, managing dumping syndrome, and overcoming early
difficulties with food and fluid intake. Some of these challenges persisted,
and new challenges emerged within the habitual dimension during the 12-
month interviews. In contrast, the physiological dimension, which
captured postoperative pain, had largely resolved after 3 months, as no new
experiences related to this dimension were reported in the 12-month
interviews.

One year after bariatric surgery, the patients reported reaching a new stable
state, marked by improved psychological well-being and successful lifestyle
adjustments. However, the habitual dimension continued to present
challenges at 12 months, as participants reported ongoing adaptation to
postoperative conditions, particularly in managing daily activities and
dietary habits, with a focus on coping with dumping syndrome (Study IV).
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8 Discussion

The primary objective of this thesis was to evaluate both the prerequisites
and effects of the OFA pathway and the prerequisites for integration of a
PCC approach for patients undergoing laparoscopic bariatric surgery. The
concept of PCC was selected as the guiding theoretical framework for
discussing these findings, providing a lens to illuminate the essential
prerequisites for embedding this approach in the OFA pathway.

The first study highlighted the prerequisites for implementing OFA across
various surgical settings, including laparoscopic bariatric surgery, and the
meta-analysis demonstrated significantly reduced postoperative side effects
and lower opioid consumption without compromising intraoperative
safety or perioperative pain management, compared to OBA. The findings
of this RCT further support the feasibility of the OFA pathway in
laparoscopic bariatric surgery. Quantitative results from the RCT showed
a significant reduction in opioid consumption in the OFA group, whereas
pain and recovery outcomes remained comparable up to 3 months post-
surgery. Additionally, qualitative findings indicated that patient experiences
during the perioperative period and the recovery process, extending up to
1 year, were comparable between the groups. However, the challenges
identified at each phase of the perioperative timeline point to critical
prerequisites for the integration of a PCC approach within the OFA
pathway. Addressing these challenges has the potential to improve patient
outcomes and satisfaction both throughout and beyond the perioperative
care pathway.

Existing systematic reviews and meta-analyses, including Study I, have
yielded varied conclusions regarding the clinical relevance of OFA
compared with standard opioid-based treatment across various surgical
interventions, primarily due to inconclusive data and safety concerns [18,
20, 21]. Nonetheless, the evidence consistently indicated that OFA
significantly reduced PONV, whereas pain intensity scores and opioid
consumption tend to remain unchanged or are reduced [18, 20, 21]. The
reluctance to recommend OFA for clinical practice, despite indications of
enhanced postoperative recovery, has been attributed to the limited
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number of adequately powered clinical trials providing robust safety data
and long-term recovery outcomes that demonstrate clear clinical benefits
[21, 22, 74]. Although the benefits have not been conclusively
demonstrated, evidence for worse outcomes is lacking. Study I, which
focused on adverse events as the primary outcome, found a pooled OR of
0.99 (95% CI: 0.65-1.50, I* = 45%, p = 0.97) for intraoperative adverse
events, indicating an equal risk in both groups. The prematurely terminated
multicentre POFA trial [78] had a significant impact on OFA research
because of multiple reports of serious adverse events, including cardiac
arrest, attributed to high intraoperative doses of dexmedetomidine. This
finding has been cited as the rationale against considering OFA; however,
few studies have critically examined the specific drug combinations and
dosages involved, potentially misrepresenting the potential of OFA when
applied within safe dosing ranges. This is particularly relevant as the large-
sample POFA trial [78] carries considerable weight in meta-analyses on
adverse events, such as in Study 1. Wisely, Feenstra et al. [18] conducted a
sensitivity analysis in their meta-analysis on perioperative bradycardia and
excluded the POFA trial [78], which subsequently eliminated the
significant difference between groups.

To date, only one systematic review [88] and one meta-analysis [86] have
specifically focused on OFA in bariatric surgery. Consistent with the
findings of Study I, the meta-analysis by Hung et al. [86] showed a
significantly reduced risk of PONV with a high certainty of evidence.
Additionally, Hung et al. [86] observed a significant decrease in
postoperative pain scores in the PACU and 24 h after bariatric surgery with
OFA than with OBA. However, the promising improvement in
postoperative pain intensity after bariatric surgery with OFA should be
interpreted with caution. Although the mean reduction of -2.21 in NRS
(95% CI: -3.6 to -0.82, p = 0.002) following OFA during PACU exceeded
the clinically important margin of -1 in NRS, the heterogeneity was high
(I* = 94%) and the meta-analysis was based on six RCTs involving 338
patients. Additionally, the pain intensity 24 h after bariatric surgery was
significantly lower in the OFA group (MD -0.96, 95% CI: -1.46 to -0.46),
but not clinically relevant and had a rather wide CI range, altogether
downgrading the level of evidence. Furthermore, this meta-analysis [80]
failed to demonstrate a reduction in total postoperative opioid
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consumption in the OFA group after bariatric surgery, which was reported
in the meta-analysis in Study I. A key distinction between the meta-analysis
in Study I and the after mentioned meta-analyses is the strict opioid-free
eligibility criteria, which prompts the reason for this discrepancy. A
plausible explanation could be opioid-induced hyperalgesia; however, to
date, only the intraoperative use of high-dose remifentanil has been linked
to opioid-induced hyperalgesia, and the evidence remains inconclusive [8].

The meta-analysis in Study I and primary outcome of Study III showed
comparable pain outcomes and reduced opioid consumption with OFA.
However, when comparing the results, it is important to consider the
differences in surgical settings and the intraoperative OFA combined with
the postoperative TENS approach in Study III, which differs from the
previous RCTs focusing on the intraoperative phase. The small mean
difference in pain intensity change (MD 0.04, 95% CI: -1.00-1.07,p = 0.97)
suggests that an OFA pathway provides comparable pain relief to that of
standard opioid-based care, as demonstrated in Study III. Although non-
inferiority was confirmed, the lower bound of the unadjusted confidence
interval (-1.00) did not exceed the non-inferiority margin of -1 but rather
equalled it. Additionally, the significantly reduced opioid consumption,
with a mean difference of -13.1 morphine equivalents (95% CI: -17.9 to -
8.1) during the PACU stay, and the fact that only 36% of the patients
required additional opioid treatment, highlight the effectiveness of the
postoperative opioid-free approach. Consequently, the combination of
first-line TENS therapy, followed by intravenous esketamine and lidocaine,
was effective for achieving pain control in 64% of patients.

The only comparable OFA pathway for bariatric surgery described in the
literature is that of Ulbing et al. [81], which maintained opioid-free
pharmacological treatment throughout the PACU stay. This approach
resulted in lower pain intensity, reduced opioid use, and improved recovery
outcomes within the first 48 h post-surgery than that of traditional opioid-
based treatment, in contrast to our findings, which showed no significant
differences in pain and recovery outcomes. Notably, our primary treatment
for acute postoperative pain was HFHI TENS, which provided effective
pain relief comparable to that of opioids in other surgical settings [23, 99].
Although Study III demonstrated a significant reduction in opioid
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consumption both in the PACU and throughout the hospital stay, the rates
of PONV did not differ between the groups. This finding contrasts with
the meta-analysis in Study I and the most recent meta-analysis comparing
total OFA with OBA [18]. In Study III, we discussed this discrepancy by
exploring additional variables that may contribute to the outcome, as
bariatric surgery and inhalational anaesthesia are established risk factors for
PONV [87]. Nevertheless, combining OFA with TENS represents a novel
and promising strategy for avoiding perioperative opioid use, offering
particular benefits to patients undergoing bariatric surgery who are at a
high risk of opioid-related adverse effects. This approach enables the
development of a personalised pain management plan tailored to each
patient’s unique needs and preferences.

OFA may not be a universal solution for all patients and surgical
procedures, but rather prompts a reconsideration of unnecessary
perioperative opioid use [20]. This underscores the importance of tailoring
anaesthetic care to each patient’s needs and goals [22]. Blum et al. [76] and
Goff et al. [68] highlighted OFA as a concept contributing to patient-
centred care, emphasising its holistic approach that addresses individual
patient needs and challenges the traditional opioid-based 'one-size-fits-all'
standard regimen. Although patient-centred care is a promising
advancement in perioperative practice, the term itself may reduce the
patient to a passive recipient of medical services rather than recognising
them as persons with their own unique preferences and needs, as well as
resources and capabilities [104]. Consequently, the concept of person-
centred care more accurately reflects the holistic approach envisioned by

Goff et al. [68].

To support the tailoring of OFA to individual patient needs, promising
findings on nociceptive monitoring were published in 2024. A post-hoc
analysis [138] compared nociceptive data between OFA and OBA
following the initial RCT evaluating effects of OFA in bariatric surgery
[139]. This analysis demonstrated that the nociception-antinociception
balance during OFA aligned closely with the target range typically achieved
with OBA. Moreover, it highlighted opportunities to optimise
antinociception management, noting that traditional indicators, such as
blood pressure and heart rate, offer limited clinical guidance compared to
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intraoperative nociceptive trends. Given the similarities between the trial
by Clanet et al. [139] and our RCT, these findings hold promise for

advancing the precision of antinociception management during surgery.

Blum et al. [76] underscore the importance of aligning the OFA strategy
with patient needs and preferences, emphasising the role of preoperative
patient preparation and education in setting realistic expectations for
postoperative pain and effectively guiding pain management during the
early in-hospital recovery phase. This aspect is crucial because inadequate
acute pain management increases the risk of persistent postsurgical pain.
Bariatric patients are at a higher risk of experiencing chronic pain and may
face additional challenges related to persistent opioid treatment [12, 29, 30].
In Study II, the participants expressed anaesthesia-related apprehensions
before surgery and reported feeling inadequately prepared because of
limited preoperative information, underscoring the need for person-
centred interventions prior to surgery. This need is further supported by
Forsberg et al. [54], whose survey findings emphasised the importance of
patient participation and individualised information in the perioperative
setting.  Additionally, the subcategory ‘vulnerability — challenges
communication’ in Study II highlighted the importance of understanding
patients’ perspectives, fostering open communication, and encouraging
active patient involvement throughout the perioperative care process.
Therefore, establishing a patient-professional partnership in the
preoperative phase and systematically work it throughout the care process
may enhance patient engagement and contribute to improving patient well-
being and recovery after surgery [104, 105]. An important strategy for
tailoring perioperative pain treatment was outlined by Levy et al. [101], who
highlighted the necessity of preoperative assessment of the risk factors for
persistent opioid use and further optimisation of modifiable risk factors.
This strategy holds promise for integration into the perioperative person-
centred care plan, as it facilitates the guidance of evidence-based practice
and tailors treatment to individual patients’ needs and goals.

Goff et al. [68] advocated that OFA may enable the anaesthetic care plan
to be tailored to individual goals, particularly through shared decision-
making with the patient as an active partner in the care process. Given the
high prevalence of psychiatric comorbidities among individuals with
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obesity and the persistence of psychosocial challenges after bariatric
surgery, as highlighted in Study IV, the PCC approach may support both
the perioperative care process and postoperative long-term recovery
following bariatric surgery [31, 104]. Aljohani et al. [102] underscored the
importance of individual goal setting through shared decision-making in
perioperative pain management, as it influences patients’ experiences and
satisfaction with care. Patients have distinct preferences and a strong desire
to be actively involved in the decision-making regarding pain management.
They seek additional information about available options, including
benefits, potential side effects, and anticipated outcomes, and wish to share
their perspectives and communicate what is important to them [102]. In
Study 1II, the ‘confidence in but awareness of opioids’ highlighted some
participants’ reluctance to use opioids because of previous negative
experiences due to side effects. Prioritising symptom control is crucial and
aligns with individual patient needs [68]. For instance, most patients
undergoing surgery prioritise the avoidance of postoperative vomiting over
pain relief [140]. This nuance was reflected in Study II because most
participants expressed concerns about this side effect in their narratives
from the early recovery phase, while some continued to face challenges in

Study IV.

Lekens et al. [106] emphasised the importance of continuity in the care
process of perioperative PCC, highlighting the need for a continuous
assessment of patients’ holistic needs. This approach requires caregivers to
remain vigilant in preventing harm while fostering patient confidence. In
Study II, differences in patient experiences were observed during OFA
induction, and some participants reported a loss of control during OFA
induction. These qualitative insights shed light on the prerequisites for
integrating the PCC approach with the OFA pathway. However, patient
experiences of struggling to maintain control during anaesthesia induction
have previously been described in the qualitative study by Liebenhagen and
Forsberg [141] and may therefore not necessarily be only associated with
the pharmacological composition of OFA. Nevertheless, the unavoidable
loss of self-control experienced during induction and the transitional states
of general anaesthesia can challenge a patient’s sense of safety, warranting
attentive presence and engagement in care tailored to the patient’s
individual needs [141, 142]. The significantly lower satisfaction with
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anaesthetic care in the OFA pathway group at 24- and 72-h post-surgery
observed in Study I1I may be associated with the qualitative insights from
Study II. Consequently, preparing patients for what they may experience
during the anaesthetic procedure may alleviate their sense of loss of
control, enhance their feeling of safety and by extension improve the
postoperative recovery process [142].

Following hospital discharge, the recovery patterns observed in Study 111
aligned with the patient experiences in Study IV. The findings of Study I1I
are consistent with those of Clanet et al. [139], who found no difference in
the quality of recovery between the groups 1 month after bariatric surgery.
In their study, participants followed an OFA regimen similar to ours, rather
than traditional opioid-based treatment. Notably, the follow-up period was
extended to 3 months in Study III, addressing the knowledge gap
highlighted in previous studies on OFA [22, 74].

The finding in Study III that approximately 25% of the patients had not
fully recovered by 3 months postoperatively, along with the reported
challenges in the psychological, social, and habitual dimensions in Study
IV, underscores the need for additional measures to support and enhance
the recovery process. Postoperative recovery after bariatric surgery should
be viewed as an ongoing multidimensional process without a definite time
frame, ultimately leading to a new stable state [53, 143]. Considering the
underlying condition of obesity and its related long-term comorbidities,
integrating the PCC approach may facilitate recovery. By eliciting the
patient’s narrative to establish a partnership before surgery and
collaboratively working on it throughout the care process, interventions
can be tailored to specific dimensions of recovery where support is needed,
ideally when they are most needed [104].
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9 Methodological considerations

This thesis combined both quantitative and qualitative research designs to
generate novel insights into the prerequisites for an OFA pathway and its
effects on postoperative pain and recovery following laparoscopic bariatric
surgery.

Because this thesis is part of a multicentre clinical trial involving a complex
intervention that includes both pharmacological and non-pharmacological
components throughout the perioperative care process, it is crucial to
employ a combination of research methods and perspectives. A
comprehensive evaluation allows for a deeper understanding of the
broader impact of complex interventions on the people and contexts
involved [144]. To our knowledge, the use of qualitative methods to
explore patient experience is the first in the field of OFA in bariatric
surgery. This thesis only captures a portion of the large-scale evaluation,
yet sheds light on the feasibility, effectiveness, and relevance of the OFA
pathway in both immediate postoperative care and recovery processes for
up to 3 and 12 months.

9.1 Meta-analysis (Study I)

In evidence-based medicine, meta-analyses of well-designed and well-
conducted RCT's are regarded as the highest level of evidence for guiding
clinical decision-making [145]. Although Forget et al. [19] in 2023 graded
the meta-analysis in Study I as overall high quality according to the
AMSTAR assessment tool [146], with the other two published meta-
analyses on OFA as cither low [20] or critically low [21], some limitations
need to be addressed. First, not all included RCT's were well designed and
conducted, as highlighted by the risk of bias assessment in Study I. Second,
the high level of heterogeneity due to variations across the included RCT's
generated a lack of inconsistency and imprecision in the GRADE
assessment, subsequently downgrading the level of evidence for several
outcomes. These variations resulted from the use of different OFA
protocols across various surgical settings compared with a range of opioid-
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based regimens. Such underlying variations require careful interpretation
of the results, along with sensitivity analyses when feasible. To
accommodate variations across the RCTs, a random-effects model was
applied for the meta-analysis, which accounted for assumed variations in
observed treatment effect estimates across studies arising from both actual
differences in treatment effects within each study and sampling variability
[147]. Pre-specified sensitivity analyses were outlined in the study protocol
at PROSPERO; however, subgroup analyses of sex and age could not be
performed owing to the non-availability of data. However, sensitivity
analyses excluding placebo or the absence of active drug treatments in the
OFA study arm were conducted post-hoc, which could be considered a
limitation. The pre-specification of subgroup analyses can be challenging,
and if an important characteristic was missed in the initial protocol but later
recognised as critical and supported by external evidence, it should be
explored rather than avoided [147]. In this instance, RCT' using a placebo
or the absence of an active drug in the OFA regimen, compared to OBA,
could lead to misleading results in the meta-analysis. Although the post-
hoc analyses were deemed valid, they simultaneously underscored the
importance of clearly defining the eligibility criteria in the study protocol,
such as requiring the substitution of opioids with an active drug during the
intraoperative phase for the OFA group. Nonetheless, the strict exclusion
of RCTs that involved opioid administration during the preoperative and
intraoperative periods, as observed in two previous meta-analyses on OFA
[20, 69], should be considered a key methodological strength. Furthermore,
TSA improved the statistical reliability and robustness of the evidence by
evaluating whether our sample sizes were sufficient for each outcome in
the meta-analysis and reducing the risk of misinterpreting random errors

[118].

9.2 Quantitative study (Study I1I)

Random allocation of the study population is a key strength of an RCT
[148]. In this trial, the randomisation process employed minimisation
variables to address potential imbalances between the groups, which
strengthened the internal validity of the study. Internal validity captures the
extent to which the observed results reflect the true outcomes within the

54



Alexander Olausson

study cohort, and external validity refers to generalisability, whether the
findings are applicable to patients outside the study context [149].
Regarding external validity, the multicentre approach, which involved data
collection from two different hospitals in different regions of Sweden,
strengthens generalisability. Moreover, minimising the exclusion criteria
could produce diversity in the study population and enhance external
validity [150]. However, in this RCT, multiple exclusion criteria were
applied, which limited the generalisability of the findings. Nevertheless, the
exclusion criteria in an RCT are crucial for eliminating individuals who are
likely to be lost to follow-up, miss crucial data collection, provide unreliable
data, have comorbidities that could skew the results, or have a higher risk
of adverse events [151]. In Study III, 14.5% of the participants were lost
to follow-up, which is a potential limitation which could introduce attrition
bias in the long-term outcomes. Disparities between participants who
withdrew from the study and those who remained, especially across the
study groups, may account for the observed effects, potentially masking
the true impact of the intervention itself [152]. Notably, eight participants
from each group were lost to follow-up, resulting in no significant
difference between the groups.

Another key aspect discussed in Study III was the lack of blinding, which
could potentially introduce bias into patient-reported outcomes [148]. The
open-label design was appropriate because of the impracticality of blinding,
as the OFA pathway includes TENS treatment, which is a physical device
that produces noticeable sensations when actively administered. However,
previous patient-blinded RCTs have compared active TENS with sham
TENS for postoperative pain [153, 154]. Elboim-Gabyzon et al. [154]
reported that not all patients in the ‘sham TENS’ group feel the sensation,
suggesting that the patient-blinded approach may be feasible when active
TENS was compared with sham TENS; however, in this trial, TENS was
compared with conventional opioid treatment for postoperative pain.
Consequently, in an open-label design, factors beyond the intervention
itself may influence the outcome, raising concerns regarding performance
bias in Study III [155]. Since the participants voluntarily chose to join the
RCT, it is likely that they were intrinsically motivated to reduce or avoid
opioids, which may have influenced their efforts to improve adherence to
the postoperative opioid-free protocol.
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Reliability is another important factor to consider when assessing the
quality of clinical trials. Reliability refers to the consistency of
measurements [156]. For example, using non-validated instruments or
questionnaires can compromise reliability as they may not accurately
measure the intended outcome. In this RCT, we used the NRS and PQRS
tools to measure postoperative pain and postoperative quality of recovery,
respectively. Both scales have been validated in previous research and
various settings [131, 157]. The Swedish version of the PQRS tool has also
been validated [133]. Therefore, the measurements used for both primary
and secondary outcomes in Study III were robust and reliable. However,
the consistency in performing the measurements may vary between
researchers in the trial, especially given the repeated measurements
throughout RCT. To mitigate potential detection bias, we strived to be
consistent and adhere to preformulated questions in the PQRS.

9.3 Qualitative studies (Study 1I & IV)

Trustworthiness in qualitative research encompasses several key aspects
and can be discussed using the concepts of ‘credibility’, ‘dependability’, and
‘transferability’ [134]. In Studies II and IV, the applicable measures of
trustworthiness have been addressed, guided by the Consolidated Criteria
for Reporting Qualitative Research checklist [158]. This section
consolidates and extends the discussions regarding qualitative
methodological —considerations, as the studies share inherent
commonalities throughout the research process, ultimately affecting the
overall trustworthiness.

Credibility refers to the confidence that the data and qualitative analysis
processes adequately address the intended focus of the research. In both
qualitative studies for this thesis, qualitative content analysis was used
following the framework established by Graneheim and Lundman [134].
However, different methodological approaches were used, as Study II used
an inductive approach with a subsequent deductive approach, and Study
IV used a deductive approach using the concept of recovery by Allvin et
al. [135] as a coding framework. From an epistemological point of view,
qualitative content analysis allows for both descriptions of manifest
content and interpretations of latent content, enabling researchers to adopt
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either a phenomenological approach maintaining closeness to the text or a
hermeneutic approach enabling a distance from the text [159]. For this
thesis, the qualitative content analyses in both studies II and IV primarily
focused on an overall manifest level with a limited level of abstraction, and
in some instances, even allowed quantification of proportions of similar
statements, i.e., the ‘similarities and differences’ section in Study II. While
counting the frequency of statements aligned with a positivist ontology, the
analysis also involved an interpretive approach to capture the underlying
phenomena, as illustrated in Table 3 of Study II. Graneheim et al. [159]
claimed that the ontological assumptions of content analysis are flexible
and can vary based on the researcher’s perspective. Furthermore, the
epistemological foundation rests on the co-creation of data and
interpretation between the researcher and interviewee, along with the co-
created analysis shaped by both the researcher and the text. A common
criticism of content analysis is that it lacks depth and merely facilitates
textual categorisation. However, Lindgren, Lundman and Graneheim [160)]
argue that content analysis can be both descriptive and interpretive,
provided the data allow for the interpretation of latent content.
Consequently, the flexibility offered by content analysis is suitable for
exploring concrete clinical research questions, as methodological rules for
more ‘theory-heavy’ methods may present limitations in such settings

[160].

Considering the focus of both qualitative studies describing patients'
perioperative and recovery experiences following either opioid-free or
opioid-based bariatric surgery, Study II specifically aimed to explore
similarities and differences in patient experiences, and the selected method
was considered appropriate. In addition, strategic sampling based on group
allocation, sex, and study site aimed at capturing the variation in
participants from the RCT may be considered a strength. Taken together,
these methodological considerations contributed to enhancing credibility
[134].

In discussing the credibility of qualitative research findings, it is essential
to consider various factors influencing the data collection process [134]. As
discussed in Study II, conducting interviews 3 months after surgery may
introduce recall bias. A shorter timeframe between discharge and interview
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could have improved the accuracy of participants' recall [161]. However,
the initial decision to conduct interviews 3 months after surgery was to
include all comprehensive insights in Study II. The extensive amount of
data, which captured both the perioperative period and recovery up to 3
months post-surgery, provided a broad understanding of patients’
experiences, though it ultimately required reconsideration regarding what
specific data to include in the analysis. Ultimately, the patients' recovery
experiences were included in Study IV. Another key aspect of data
collection is the semi-structured interview guide, with questions inspired
by the domains of the PQRS tool [131] and reported in Study IV. The
similarities between the PQRS tool [131] and the concept of postoperative
recovery by Allvin et al. [135] facilitated the deductive analysis. However,
narrow questions on complex topics, such as ‘how the participant
experienced cognitive recovery after surgery’, may have limited some
participants' abilities to fully elaborate on their recovery experiences. The
most data-rich responses were generated by the open-ended questions of
each theme, in which participants were encouraged to speak freely about
their experiences in the hospital, their recovery process, and how they
experienced and managed postoperative pain.

A shorter recall period combined with a different qualitative
methodological approach could have yielded deeper insights into the
patients' experiences with the anaesthesia procedure. For instance,
Liebenhagen and Forsberg [141] conducted patient interviews 3 weeks
post-surgery and employed a grounded theory approach to explore how
patients experience the anaesthesia induction period, which allowed an in-
depth exploration of patients' main concerns and how they managed the
intraoperative process. Charmaz [162] emphasised that a key distinction of
grounded theory is its iterative nature, involving the researcher in the
analysis during data collection, which helps shape subsequent data
collection. Adopting a constant comparative method as outlined by
Charmaz [162] could have deepened the understanding of patients'
postoperative experiences by comparing data with data, data with
categories, categories with one another, and categories with theory,
providing early insights into patterns described in the subcategories
‘struggling to remember’ versus ‘struggling to keep control.”. However, as
discussed in Study I, early insights after the primary analysis of the 13
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initial interviews pointed towards insufficient saturation and required
further data. Therefore, we decided to conduct seven more interviews, and
eventually no new patterns appeared after the final analysis.

Dependability is the second concept in measuring trustworthiness and
refers to the extent to which data evolve over time and the potential
adjustments made by the researcher during the analysis process [134]. In
this thesis, the dependability may have been compromised in Study II
because of the decision to conduct more interviews formed by new insights
during the initial analysis process [134]. Similarly, for Study IV, extensive
data collection over time (December 2020 to July 2023) introduces a risk
for incontinency during the data collection phase, which further
compromises dependability. Although the interviewers in Studies II and
IV, including myself, aimed to adhere closely to the semi-structured
interview guide, it was difficult to avoid certain follow-up questions
prompted by early insights.

Moreover, trustworthiness encompasses the concept of transferability,
which refers to the extent to which the findings can be applied to other
contexts or populations [134]. A key strength of this study is the
recruitment of participants from two geographically distinct sites, along
with a wide age range of 24—71 years, which enhanced the transferability
of the findings. The imbalance in the male:female proportion, with a
majority of women (70% in Study II, 79% in Study IV), represents a
limitation. However, it is reflective of the broader bariatric surgery

population [37].

Notably, patient and public involvement contributed to the research
project, particularly in Study II and Study IV. Two patient representatives
from the National Association of Obesity Sweden played active roles in all
critical stages of the qualitative research. In Study IV, they also contributed
as co-authors. Their involvement in discussing the analytical process,
providing feedback on the findings, and reviewing the manuscript
considerably enhanced the rigour of both studies.
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10 Conclusion

This thesis underscores the essential prerequisites for implementing an
OFA pathway in bariatric surgery, supported by evidence from a meta-
analysis and both quantitative and qualitative findings from a multicentre
RCT. Collectively, these findings confirm the feasibility of OFA in clinical
practice and offer a foundation for advancing perioperative care. Total
OFA is a safe approach that significantly reduces opioid consumption
without compromising pain outcomes, with results from the meta-analysis

aligning closely with those of the RCT.

The OFA pathway introduced here represents the first comprehensive
intervention combining intraoperative OFA with first-line postoperative
TENS treatment, demonstrating the viability of a fully opioid-free
approach for patients undergoing bariatric surgery. By exploring opioid-
free interventions beyond the operating theatre, this study addresses a
critical knowledge gap, evaluating both the long-term effects on recovery
and overall patient experience. Comparable outcomes in pain intensity and
quality of recovery between the OFA pathway and opioid-based standard
treatments further support the rationale for reducing perioperative opioid
use in bariatric surgery to mitigate opioid-related harm.

Furthermore, our findings emphasise that the recovery process after
bariatric surgery is an ongoing journey requiring continuous follow-up to
identify patients who need targeted support. This support extends to
dimensions beyond physical healing, recognising the aspects important to
patients. Integrating a PCC approach within the OFA pathway appears
promising. By tailoring care to meet individual patient needs and resources
within a patient-professional partnership, this approach can strengthen
patient engagement in decision-making and enhance postoperative
recovery.

Overall, the findings from Studies I-IV provide valuable insights that could
inform clinical practice by advancing perioperative care, improving patient
outcomes, and offering a viable and safe alternative to conventional opioid-
based perioperative approaches.
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11 Future perspectives

Evaluating a clinical trial involving a complex intervention requires
assessing multiple variables to support future clinical implementations
[144]. As outlined in the Methods and Methodological considerations
section, this thesis focused on evaluating the components of the RCT
encompassing the quantitative and qualitative aspects of the broader
project, specifically examining the prerequisites and effects in terms of
postoperative pain and recovery outcomes. Future research within the
project will advance to the second phase, incorporating an additional PCC
approach to the OFA pathway, and will assess the long-term effects up to
2 years post-bariatric surgery. For both phases, with or without PCC,
additional outcomes, including health-related quality of life, general self-
efficacy, post-discharge analgesic consumption, and cost-effectiveness will
be evaluated.

Through this Ph.D. project, additional aspects guiding future research have
been revealed. Implementing a complex intervention in clinical practice
also requires evaluation of its integration with the clinical environment.
Insights from healthcare professionals are crucial for identifying facilitators
and barriers to OFA pathway implementation, as well as cost-effectiveness
analyses to effectively engage stakeholders. In addition, further research
should focus on refining the intervention, especially through protocol
development in conjunction with PCC co-intervention, to optimise its
effectiveness, patient comfort, and satisfaction.

The variability in responsiveness to TENS treatment underscores the need
for further investigation into predictors that can help identify patients most
likely to benefit from the OFA pathway. Moreover, the relatively healthy
sample used in the RCT resulting from strict exclusion criteria may not
fully represent the broader bariatric population. Individuals with chronic
pain and psychiatric comorbidities who may derive the greatest benefit
from an OFA pathway combined with a PCC approach are particularly
relevant. Future research should, therefore, aim to include this broader
population to provide a more comprehensive evaluation of its potential
benefits.
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12 Appendix 1

Interview guide (Study II & 1V)

Theme: Experience of the care process (Study II)

I ' would like you to start by telling me what thoughts and concerns you had
before surgery.

Can you tell us more about any expectations?
Can you tell us more about any fears?

Before the surgery, you came to the hospital for a preoperative assessment.
I would like you to tell me more about how you experienced that visit.

Did you feel that you received the information you needed before
the operation?

What more information and preparation would you have
appreciated?

If we move on to talk about the in-hospital care when you underwent the
surgery, could you tell us more about your experiences? You may start from
the moment you arrive to the hospital and follow the whole care chain
including the operation theatre, postanaesthesia care unit and finally the
surgical ward until you were discharged.

Can you tell us more about the experiences that you experienced
more positively?

Can you tell us more about the experiences that you experienced
more negatively?
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If we focus on the communication between you and the healthcare staff
during the in-hospital care, could you tell us more about your experiences
in that regard?

For example, did you feel seen and listened to?
Did you get the support you needed?

Is there any experience that you took with you from the in-hospital care,
which you feel can help you better handle a similar situation in the future?

Is there anything you missed that you feel could have helped you better
deal with the difficulties that may arise in connection to surgery?

How do you feel that Covid-19 has affected your surgery and the course
of care afterwards?

Theme: Recovery after surgery (Study IV)

I would like you to start by describing how your recovery after the surgery
has been.

How do you feel that the surgery and the subsequent care period have
affected your daily life?

How do you perceive your ability to manage your daily life on your
own after the surgery?

Did you feel that you received the support you needed to return to
activities that are meaningful to you (work, friends, acquaintances)?

Can you tell me more about your physical recovery? For example, how you
have experienced the recovery of your physical ability to perform daily
activities, such as personal hygiene, eating/drinking, moving around, etc.
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Can you tell me more about your psychosocial recovery? For example, how
you have experienced the recovery of your ability to interact and be social
with family, friends, colleagues.

Can you tell me more about how your emotional life has been affected
since the surgery. Do you notice any difference compared to before the

surgery?

Can you tell me more about how your intellectual ability has been affected
since the surgery. Do you notice any difference compared to before the
surgery? For example, regarding memory, cognitive processing, learning
ability?

Do you feel fully recovered after the surgery? (To the interviewer: If not,
please refer to the surgical clinic for further evaluation).

Theme: Pain (Study II & Study IV)

Now, we will discuss pain in general, and you will be given some situation-
based questions that I would like you to answer as comprehensively as
possible. The purpose is for you to share more about your experience of
pain and how you typically manage pain in your daily life.

When you think of the word 'pain' - what thoughts and experiences come
to mind for you?

If you experience a minor physical trauma, for example, hitting your
toe on a table edge, - how do you handle that pain?

If you experience a somewhat more significant physical trauma, for
example, falling off a bike and hitting your leg quite hard, - how do
you manage that pain?

If you are going to undergo a procedure that you know will be painful
in advance, for example, having a tooth filled or extracted, how do
you typically think and prepare for it? For instance, do you take pain
relief before, after, or not at all?
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Now, I'd like to focus on the pain specifically after your gastric
bypass/gastric sleeve surgery. Can you tell me about your experiences
regarding the postoperative pain?

When you underwent this operation, you received pain relief according to
an opioid-spating/opioid-based program. Can you tell me how that
worked for you?

If you received PCA - can you tell me more about it?
If you received TENS - can you tell me more about it?

If you actively chose not to use TENS postoperatively - can you tell
me more about that?

Would you recommend the pain management you received to others?

How did you perceive your ability to manage your pain after the operation?
Did you, for example, use any strategies to manage the pain?

Did you feel that you received the information and support you needed to
manage the pain?

How did you experience your involvement in the pain management?

Can you tell me more about how you communicated your pain to the
healthcare personnel?

How did you perceive the tools used to assess your pain, such as the
NRS/VAS scale? Did you find it useful; did it help you in any way?
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