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“"Etiamsi Deus ipse cras adveniat, hodie meum malum serere velim"

attributed to Martin Luther (1483-1546)
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ABSTRACT

The incidence of postoperative pain is high, even after minor surgery, despite
multimodal analgesic treatment plans. The aim of this thesis is to explore
ways to improve postoperative pain in outpatient surgery.

Study | examined the ability of a clinical bedside test, the assessment of pain
during peripheral venous cannula insertion, in an observational study to
predict postoperative pain intensity in the post-anesthesia care unit (PACU).
The findings indicate that this test is useful for predicting pain and time in the
PACU. Study |1 evaluated the pain-relieving effects of high-frequency, high-
intensity transcutaneous electrical nerve stimulation (HFHI TENS) compared
to opioids after outpatient gynecological surgery in a systematic review and a
meta-analysis. Findings revealed no difference in pain relief between HFHI
TENS and opioids. HFHI TENS was opioid-sparing and reduced time in the
PACU. Study |11 investigated the effects on time in the PACU and pain
relief of HFHI TENS compared to opioids after laparoscopic
cholecystectomy in a randomized controlled trial. The time in the PACU and
pain intensity when leaving the PACU did not differ between randomized
groups, but patients randomized to HFHI TENS consumed significantly less
opioids than patients randomized to opioids. Study IV explored patients’
experiences of using HFHI TENS for postoperative pain relief in a qualitative
study. Results showed that patients desire alternatives to pharmaceuticals for
pain relief after surgery and that HFHI TENS increased feelings of safety and
autonomy. Study V investigated healthcare professionals’ experiences of
using HFHI TENS for postoperative pain relief in an interview study.
Findings revealed that experiences regarding the efficacy of HFHI TENS
were mixed. Opioids were considered simpler to administer than HFHI
TENS, but HFHI TENS was acknowledged due to its prompt effect in
responders and limited adverse effects.

Conclusion: Postoperative pain and time in the PACU can be predicted using
a simple clinical preoperative test. HFHI TENS is an effective, opioid sparing
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alternative for postoperative pain relief, an option that is desired by the
patients.

Keywords: Prediction of postoperative pain, Transcutaneous electrical nerve
stimulation, Perioperative nursing, Postoperative pain, Opioids, Outpatient
surgery.
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SAMMANFATTNING PA SVENSKA

Postoperativ smarta ar vanligt forekommande, och i manga fall svar. Att
forutse den enskilda individens risk att fa svar postoperativ smarta ar
problematiskt, men vissa faktorer kan vara till hjalp vid en bedémning fore
operation. Sjukvarden kan da anpassa den smartlindring som ges i samband
med operation efter individens behov.

Konsekvenser av postoperativ smarta inbegriper problem med rehabilitering
och det finns en risk att den akuta smartan utvecklas till en bestaende,
langvarig smarta. Risken for utveckling av langvarig sméarta 6kar om den
akuta smartan ar svar eller kvarstaende. Darfor ar det viktigt att behandla den
akuta postoperativa smértan optimalt. Opioider (till exempel morfin) utgdr en
hornsten i behandlingen av svar akut smarta, men har biverkningar som kan
paverka aterhamtningen efter operation. Pa lang sikt finns en risk att utveckla
ett langvarigt bruk och ett beroende av opioider, vilket medfor stora
halsorisker.

Denna avhandling undersoker ett kliniskt test for prediktion av postoperativ
smarta samt smértlindrande och opioidsparande effekter av hogfrekvent,
hdgintensitets transkutan elektrisk nervstimulering (HFHI TENS),
postoperativt pa uppvakningsavdelningen (UVA). Avhandlingen bygger pa
fem delstudier.

I delstudie I undersoktes om ett kliniskt pre-operativt test kunde predicera
smarta pa UVA. Testet utfordes genom att man bad patienter smartskatta
insattandet av en perifer venkanyl, nagot alla patienter forses med fore sin
operation. Darefter fick patienterna skatta sin smarta pa UVA, efter
operation. Resultaten visade att testet kan predicera postoperativ smérta och
vardtid pa UVA.

Delstudie 11 utgjordes av en systematisk éversikt och metaanalys av HFHI
TENS jamfort med opioider for smértlindring efter dagkirurgisk
gynekologisk kirurgi. Resultaten visade att det inte var nagon skillnad
mellan grupperna avseende smértlindring. HFHI TENS var opioidsparande
och minskade tiden pa UVA.

Delstudie 111 var en randomiserad kontrollerad prévning, dar patienter med
postoperativ behandlingskravande smarta efter laparoskopiskt borttagande av
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gallblasan lottades till olika grupper, en grupp dar HFHI TENS var forsta
behandlingsalternativ och en grupp dar patienten fick opioid efter kliniska
riktlinjer. Tid pad UVA och smartintensitet nar man lamnade UVA skiljde sig
inte t mellan grupperna, men patienterna som lottats till HFHI TENS
konsumerade signifikant mindre méngd av opioider.

I delstudie 1V utforskades patienternas upplevelse av att fa behandling med
HFHI TENS for postoperativ smarta pa UVA. Resultaten visade att
patienterna 6nskar icke-farmakologiska alternativ for smértlindring, och att
HFHI TENS 6kade trygghet och sjalvstandighet under den postoperativa
tiden pé sjukhuset. Daremot var upplevelsen att HFHI TENS inte fungerar
som smartlindring néar den postoperativa smartan ar for svar.

| delstudie V undersoktes hur sjukvardspersonalen upplever att anvanda
HFHI TENS for smartlindring pA UVA. Har visade resultaten delade
uppfattningar kring effektiviteten av HFHI TENS. Opioider uppfattades som
lattare att administrera &n HFHI TENS, men HFHI TENS var fordelaktigt
utifran snabb smartlindrande effekt for personer som svarar pa behandlingen
samt till foljd av franvaron av biverkningar.

Konklusion: Postoperativ smarta och vardtid pA UVA kan prediceras med ett
enkelt Kliniskt pre-operativt test. HFHI TENS &r ett effektivt, opioidsparande
alternativ for postoperativ smartlindring, nagot som patienterna onskar.
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ABBREVIATIONS

ACC Anterior cingulate cortex

ANOVA Analysis of variance
ANCOVA Analysis of co-variance
AUC Area under curve

CAS Colored analogue scale

COX Cyclooxygenase

CPM Conditioned pain modulation
CPOT Critical care pain observation tool
DNIC Diffuse noxious inhibitory control
FAS Full analysis set

FLACC Face leg activity cry consolability scale
FPS-R Face pain scale revised

HFHI TENS High-frequency, high-intensity transcutaneous electrical nerve
stimulation

HPA Hypothalamic- pituitary -adrenal axis

HR Hazard ratio

Hz Hertz

IASP International association for the study of pain
ITT Intention to treat

IV Intravenous

ps Microsecond

mA Milliampere

MCID Minimal clinically important difference

MEP Movement evoked pain
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MME Morphine milligram equivalent

NRS Numerical rating scale

NSAID Non steroid anti-inflammatory drug

OIVI Opioid induced ventilatory impairment

OR Odds ratio

PCC Person-centered care

PICO Population, intervention, comparison, outcome
PO Per os, orally

PONV Postoperative nausea and vomiting

PROM Patient reported outcome measures

QST Quantitative sensory testing

ROC Receiving operating characteristic

RSS Ramsey sedation scale

(R)TA (Reflexive) thematic analysis

SAM Sympathetic-adrenal-medullary axis

TENS Transcutaneous electrical nerve stimulation
TSA Trial sequential analysis

VAS Visual Analogue Scale

VRS Verbal Rating Scale
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DEFINITIONS IN SHORT

Abbey pain scale: Behavioral pain scale for adults who are cognitively
challenged assessing six domains verbal and facial expressions, body
language and behavior and changes in physiological and somatic parameters

Q).
Allodynia: “Pain due to a stimulus that does not normally provoke pain” (2).

Acupuncture-like TENS: Transcutaneous electrical nerve stimulation given
with low frequency and high intensity.

CAS: A self-reporting pain scale for children with two sliding parts, one with
a color gradient in a shape that widens towards the top. The bottom is labeled
“no pain” and the top “very much pain”. The second part is a numeric ruler
from zero to ten.

Conventional TENS: Transcutaneous electrical nerve stimulation given with
high frequency and comfortable intensity.

CPOT: Behavioral pain scale designed for critically ill patients, consisting of
four domains with special assessments for intubated patients.

FLACC: Behavioral pain scale, designed for children, mainly used with
procedural pain. Five domains are assessed (face, legs, activity, cry and
consolability). It is important to remember that a quiet child still can have
pain.

FPS-R: Face pain scale revised, a self-reporting scale for children and
adolescents using faces with different expressions, from happy to sad. Note
that using face pain scales for patients that are not native speakers tend to
give suboptimal assessments (3).

HFHI TENS: Transcutaneous electrical nerve stimulation given with high
frequency and high intensity.

Hyperalgesia: “Increased pain from a stimulus that normally provokes pain”

().

Neuropathic pain “Pain caused by a lesion or disease of the somatosensory
nervous system” (2).

14
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Nociceptive pain: “Pain that arises from actual or threatened damage to non-
neural tissue and is due to the activation of nociceptors” (2).

Nociplastic pain: “Pain that arises from altered nociception despite no clear
evidence of actual or threatened tissue damage causing the activation of
peripheral nociceptors or evidence for disease or lesion of the somatosensory
system causing the pain “ (2).

NRS: Numeral rating scale 0 to 10, where 0 equals no pain/no nausea/not
satisfied/ not acceptable and 10 the worst imaginable pain/nausea/completely
satisfied/ completely acceptable for self-reporting of pain/nausea/satisfaction
(with care and treatment)/ acceptability (of treatment).

QST: measuring a person's sensory thresholds to different types of stimuli,
such as temperature, pressure, and vibration.

Ramsey scale: a six-point numerical scale used to measure sedation, that
categorizes patients from severe agitation to deep coma.

Sensitization: “Increased responsiveness of nociceptive neurons to their
normal input, and/or recruitment of a response to normally subthreshold
inputs” (2).

VAS: Visual analogue scale for self-reporting pain or nausea. The patient
indicates their pain/nausea either with a cross along a 10 cm line or by
moving a movable marker between the endpoints 'no pain/nausea’ (0) and
‘worst possible pain/nausea’ (10). The indicated pain is then read using a
ruler, or alternatively on the back of the VAS stick, which shows a graduated
scale. Note that sometimes you state the result in mm 0-100 instead of cm.

VRS: verbal rating scale for self-reporting pain in six steps, where colloquial
words are used to describe pain, from “none” to “unbearable”.

15
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1 PREFACE

Early in my career as a nurse | observed that many patients experienced
significant pain. At that time, prevailing attitudes often suggested that female
patients who reported pain were not providing specific enough information
and, consequently, their reports were sometimes dismissed under the
assumption that they sought attention rather than pain relief. It was also
conveyed to me that newborns were believed not to experience pain, with
premature infants thought to be even less sensitive. Opioids were the solution
for every “real” pain.

I advanced my nursing career by becoming a registered nurse anesthetist
(RNA), where | applied clinical guidelines for analgesic administration to
minimize the risk of patients experiencing pain upon awakening from
anesthesia. Additionally, in the post-anesthesia care unit (PACU), | focused
on facilitating effective pain relief for patients during their recovery.
Subsequently, advancements such as epidural and spinal techniques were
developed, and the approach of multimodal analgesia was implemented.
Nevertheless, a significant number of patients continued to experience severe
pain in the PACU.

Pain knowledge since then has made enormous progress and research
indicates that opioids are not a universal solution for pain management, and
even when effective, the use of them is accompanied by significant adverse
effects.

To enhance my knowledge of pain, | studied the literature and began working
in Pain Centers. | learned about the complexity of the phenomena of pain,
well expressed by my former head, Professor Clas Mannheimer, at the Pain
Center in Gothenburg: “Pain is something we do not fully understand, which
we treat with methods that we don"t know how they work”. During this time,
I learned about transcutaneous electrical nerve stimulation, TENS. It was an
intervention at that time mostly used by physiotherapists, and mostly for
persistent pain, but I did not see that being a physiotherapist was a
prerequisite for using TENS and why it could not be used for acute pain.

I wanted to research the effects of TENS in postoperative acute pain. Many
things then came happily together: the above-mentioned Professor Clas
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Mannheimer used high-frequency, high intensity transcutaneous electrical
nerve stimulation (HFHI TENS), for acute angina pectoris pain and a
colleague of mine, RNA Birgitta Platon, was performing research on HFHI
TENS after gynecological surgery and | resumed contact with one pain
physician, who also is a senior researcher, at the pain center in Gothenburg,
Associated professor Paulin Andréll. She is now my primary supervisor for
the thesis.

Many years of study and research have resulted in this thesis. It encompasses
holistic research, starting with trying to predict the individuals” risk of
postoperative pain and incidentally confirming the high frequency of
postoperative pain, searching the literature for evidence of HFHI TENS’
effectiveness in the postoperative context, performing an RCT, and finally
interviewing stakeholders in the HFHI TENS treatment. Thus, the thesis has
merged statistical significance with patients” and healthcare professionals’
views of HFHI TENS as a method for pain relief in the PACU. This thesis
aims to provide current and future colleagues with insight into postoperative
pain and present suggestions on the application of HFHI TENS in
postoperative care.

17
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2 INTRODUCTION

Pain is a distressing and complex experience, a mosaic involving factors that
are biological, psychological, and social in origin. Postoperative pain remains
insufficiently managed, as demonstrated by both older and more recent
surveys reporting comparable findings. Managing postoperative pain presents
ongoing challenges for both patients and healthcare professionals, and current
healthcare practices have limited ability to predict which individuals will
experience moderate to severe pain following surgery.

While consensus is that younger age and female sex are risk factors for more
intense postoperative pain (4-6), this knowledge is not systematically utilized
in the clinical context. Adding a clinical bedside test could aid us in finding
at-risk patients preoperatively and acting preventively by adding measures to
their multimodal pain management plan. Likewise, the current multimodal
pain management plans have been in place for decades but still leave at least
20 — 40% of postoperative patients in moderate-to-severe pain (7, 8). Opioids
are a cornerstone in treating moderate-to-severe postoperative pain, but they
have adverse effects, which limit their use. In the short term, this includes
respiratory depression, nausea, obstipation, and sedation (9). Over the long
term, approximately 6% of patients persist with opioid use following surgery
(10, 11) and this has negative impacts on health and quality of life. Moreover,
there is a risk of developing chronic pain after surgery, not restricted to major
surgeries, which can be correlated to intense postoperative pain (12-14).
Chronic pain adversely affects patients’ quality of life and contributes to
considerable socioeconomic costs in society (15). Therefore, it is essential for
healthcare to incorporate effective, opioid-sparing approaches, such as TENS,
in the multimodal peri-operative pain management plans.

TENS has existed as an option for pain relief since the 1970s. Although it
may be underused in the context of postoperative pain, despite existing
evidence (16), it is sometimes used to prevent and treat postoperative nausea
and vomiting (PONV) (17). One stimulation regime, HFHI TENS, is of
particular interest for the treatment of postoperative pain, since the pain-
relieving effect can be evaluated in just minutes. TENS offers independence
and autonomy, as the patient can handle the device, and thus the pain
treatment, themselves.

18
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Furthermore, the body of evidence supporting person-centered care (PCC)
continues to grow, highlighting autonomy and patient participation as
fundamental principles for achieving improved patient outcomes, which
makes TENS especially valuable in this context. Thus, proffering TENS as a
complementary and/or alternative modality to standard postoperative pain
treatment with opioids could contribute to personalized care, as could the
prediction of individual risk for postoperative pain intensity.

This thesis is based on research that evaluated a clinical bedside test for
predicting the risk of moderate-to-severe postoperative pain (Study 1),
evaluated HFHI TENS in two different surgical contexts (Studies Il and I11),
and investigated the views of patients and healthcare professionals regarding
the use of HFHI TENS in postoperative pain management (Studies IV and
V).

19
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"I thought TENS worked really well, and I really hope it's a
method that gets used more, so people don't have to rely on
morphine and end up feeling sick.” (participant in study IV)
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3 BACKGROUND

3:1 POSTOPERATIVE PAIN

3:1:1 DEFINITIONS OF PAIN

The International Association for the Study of Pain (IASP; 2020) has defined
pain as “an unpleasant sensory and emotional experience associated with, or
resembling that associated with, actual or potential tissue damage” (2).

Pain is described in different ways, as acute, persistent, and recurring chronic
or cancer-related, and categorized as nociceptive, neuropathic, or nociplastic.
Furthermore, there are biological, psychological, and sociological aspects of
pain (18). This complexity has practical consequences, as the treatment of
pain in these conditions requires different approaches.

Nociceptive pain is initiated by the activation of a nociceptor in response to
tissue trauma such as heat, cold, or mechanical injury. Electrical impulses
then relay the sensation along ascending pathways through the spinal cord to
the brain, where several structures participate in forming the perception of
pain. Thus, nociception and pain are diverse phenomena. Acute nociceptive
pain caused by tissue trauma is a process to protect an individual from injury
or ongoing harm and is essential for survival; however, if left untreated, it can
lead to negative outcomes. Neuropathic pain is best described as a lesion, a
break in the transmission of electrical impulses, because of an injury or a
disease in the transmitting nervous system, which allows spontaneous pain
signaling. Nociplastic pain, defined by the IASP (2017), is described as pain
that arises from altered nociception (2). These categories of pain may exist
simultaneously in an individual, and it is possible to have so-called mixed
pain.

In the pain research community, we work with the bio-psycho-social model
(19). Much clinical evidence supports the impact of psychological and
sociological elements on chronic pain (defined as pain lasting > 3 months). It
may seem that these aspects of the pain mosaic are less complicated in acute
postoperative pain, but social and psychological factors still enter the
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equation (4, 20). Yet, this receives little consideration in perioperative pain
management.

Postoperative pain is primarily nociceptive, though it can encompass strands
of acute neuropathic pain. It is never, by itself, nociplastic. Obviously,
postoperative patients can suffer from prior neuropathic or nociplastic pain or
both. This thesis is focused on acute, nociceptive, postoperative pain,
particularly in the context of outpatient surgery.

3:1:2 ANATOMY AND PHYSIOLOGY

Nociception does not equal pain; it is neither sufficient nor necessary for the
experience of pain. Nociception is a neural activity in which noxious stimuli
are encoded. The IASP points out that “Consequences of encoding may be
autonomic (e.g., elevated blood pressure) or behavioral (e.g. motor
withdrawal reflex). Pain sensation is not necessarily implied.” (2)

The encoding of the noxious stimuli requires transduction, which can briefly
be described as a conversion of the energy from a tissue injury to an electrical
impulse. It also requires transmission. Nociceptive stimuli are transmitted via
lightly myelinated Ad fibers responsible for the first sharp pain, and
unmyelinated C fibers responsible for the second dull, aching pain (primary
afferent neurons) to the spinal cord’s dorsal horn, where they cross to the
contralateral side and reach the thalamus through the ascending
spinothalamic tract (secondary afferent neuron). Here it synapses with the
third order neurons, that project to the somatosensory cortex which is
responsible for the sensory-discriminative nature of nociception i.e. intensity
and localization and makes perception of pain possible. Parallel projections
reaches the hypothalamus, the limbic system, the insula, the anterior
cingulate cortex (ACC) and the prefrontal cortex. The connection with the
hypothalamus constitutes the foundation for the autonomic responses
associated with nociceptive stimulation. The physiological stressor of
nociception activates the sympathetic-adrenal-medullary (SAM) axis, acting
within seconds, and the hypothalamic-pituitary-adrenal (HPA) axis, acting
within minutes (21). Activation of structures in the limbic system, the insula
and the ACC are responsible for the emotional-affective components of pain,
e.g., anxiety and fear, while activity in the prefrontal cortex reflects the
cognitive-evaluating components, such as the cause of the signaling and the
meaning of it. The biochemical origin of nociceptive pain is the inflammatory
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reaction due to tissue injury; thus, the immune system participates in
nociceptive transmission (22). Ongoing pain causes increased responsiveness
of nociceptive neurons and recruits new neurons for signaling, leading to
sensitization. The area surrounding the wound becomes tender due to
peripheral sensitization. Both spinal and supraspinal structures take part in
developing central sensitization, creating widespread allodynia (pain after an
innocuous stimulation) and hyperalgesia (increased pain sensitivity, i.e.,
exaggerated pain response after a painful stimulus) (23).

Nociceptive signaling is modulated by segmental inhibition in the spinal cord
according to the gate control theory. The basic model for the gate control
theory describes how AP nerve fibers that mediate touch and vibration can
inhibit transmission of the nociceptive signal in the spinal cord (24), though
more recent research suggests that this model is incomplete (25). Extra
segmental systems, i.e., the endogenous opioid system and the descending
inhibitory pain pathways, modulate nociceptive signaling together.
Monoamines, such as serotonin, noradrenaline, and dopamine, in the
descending pain pathways can increase or decrease pain by facilitating or
suppressing nociceptive signaling (26, 27). Pain pathways show considerable
plasticity, an ability to change their structure and function in different ways.
Coping strategies, cognition, social factors, and emotion all play a role in
modulating the pain experience. In summary, many systems and subsystems
are involved in the experience of postoperative pain, and the interactions
between them show a great level of complexity (28, 29).

3:1:3 PREVALENCE

Postoperative pain is universal. Many patients (20 — 40%) report severe pain
after surgery, and less than 50% assess their postoperative pain relief as
sufficient (30-32). Treating postoperative pain is a clinical challenge and
entails achieving a balance between ensuring an adequate degree of pain
relief and minimizing the adverse effects of pain-relieving drugs. Acute pain
that is not sufficiently treated engenders complications, such as respiratory
and cardiovascular events, and hampers recovery.

Even minor surgery can result in severe pain (32). Acute postoperative pain
may develop into chronic pain, persisting months or even years after surgery.
Risk factors for these events are not clearly understood, but by consensus are
agreed to involve high intensity and/or prolonged duration of severe
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postoperative pain, among other factors (13, 33). The prevalence of chronic
pain is reported to be up to 50% after surgery, and it is severe and seriously
impairs the quality of life in 2 — 10% of these patients (34). The risk of
chronic pain is not restricted to major surgeries but can develop after minor
procedures such as those performed in outpatient surgery (12-14).

3:1:4 PREDICTION

Predicting the intensity of postoperative pain has been the focus of many
studies. Some studies have made use of quantitative sensory testing (QST),
which aims to determine an individual’s pain sensitivity by using modalities
such as heat, cold, pressure, and/or electricity (35). Measures that are
investigated include detection limit, pain threshold, and suprathreshold limits,
i.e., pain tolerance limit. Different modalities essentially test different aspects
of nerve fiber function. Many reviews have summarized the studies and the
existing methods’ potential to predict pain sensitivity in an individual (36,
37). Recent studies have incorporated the testing of more central components
to QST, i.e., temporal summation of pain and conditioned pain modulation
(38), and some have also investigated biomarkers and brain morphology (39,
40). These tests all can identify patients at high risk of developing moderate-
to-severe postoperative pain, but they require time and resources not
available in routine perioperative care, and so they are only really used in
clinical research.

Several screening tools have been created using questionnaires and
demographic factors, sometimes coupled with intraoperative measures (41).
Regarding associated demographic factors, there exists consensus about sex
and age, where female sex and younger age seem to predict heightened pain
sensitivity. Also, preoperative pain, preoperative consumption of opioids,
skin incision size, smoking, poor sleep, and comorbidities, such as anxiety
and depression, have been demonstrated to increase the risk of moderate-to-
severe postoperative pain (4, 5, 42). Some of these factors are modifiable,
others are clearly not. Interestingly, patients” own expectations about
postoperative pain have been demonstrated to be fairly accurate in predicting
the intensity of reported postoperative pain (43, 44).

There are a few commercially available tools for discerning nociception
during surgery, which are perhaps superior to routine clinical evaluation (45).
These tools — by predicting the intensity of postoperative pain — could serve
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as a guide for opioid dosing and the initiation of other interventions, such as
clonidine and/or ketamine, before arousing the patient from anesthesia.
However, these tools are obviously not usable preoperatively.

Some studies have used a clinical tool, a bedside test, to predict the intensity
of postoperative pain or labor pain, such as assessing pain intensity when
injecting local anesthesia before establishing spinal anesthesia or when
inserting a peripheral venous cannula (46-50).

3:1:5 ASSESSMENT

The presence and the intensity of pain cannot be measured by any objective
methods; therefore, only the person experiencing pain can decide whether it
is present and how intense it is (51). This has been acknowledged in the pain
research community for many decades (52). Thus, self-reporting of pain is
considered the gold standard, the foundation of assessment, and should
always be encouraged. It is important to acquire this measure repeatedly and
avoid assumptions based solely on the patient’s appearance (53). There exist
several scales for self-reporting, e.g., Visual Analogue Scale (VAS),
Numerical Rating Scale (NRS), Verbal Rating Scale (VRS), the Face-Pain
Scale-Revised (FPS-R) and the colored analogue scale (CAS) (54). Recently,
a digital form has been constructed, the Electronic Faces Thermometer Scale
(eFTS) (55). However, it should be appreciated that not everyone can
produce a pain score upon demand (56) and it should be recognized that with
these scales, we only measure one dimension of pain, namely the intensity.
Thus, these self-reporting scales are unidimensional, while pain itself is a
multidimensional experience. They also depend on language and cultural
expressions, making it intensely important that culturally skilled interpreters
are used (3) when the patient is not a native speaker. However,
acknowledging cultural and social factors that influence the pain experience
must not preclude treating the patient as an individual, and remembering that
the healthcare professional also belongs in a cultural framework (57).
Another limitation of these scales is that certain vulnerable populations
cannot self-report, e.g., newborns, small children, patients with dementia or
otherwise cognitively impaired, and critically ill patients, but obviously, these
conditions do not exclude the experience of pain (56). For these populations,
behavioral scales have been developed, e.g., the Face, Legs, Activity, Cry,
Consolability (FLACC), the Abbey Pain Scale, and the Critical Care Pain
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Observation Tool (CPOT). However, pain measured with these tools cannot
be equated to self-reported pain.

Still, in clinical reality, even while healthcare professionals in the PACU ask
patients to self-report, they also incorporate vital signs, body language, and
facial expressions in their assessment, and their experiences of what intensity
of pain to expect after a particular surgical procedure, and from these
parameters, infer the intensity of the pain.

3:1:6 HOW MUCH PAIN RELIEF IS ENOUGH?

How much pain relief that is enough depends partly on what intensity of pain
we are departing from. The higher the pain intensity, the larger the reduction
(i.e., decrease in NRS score) is needed for the patient to experience
meaningful pain relief (58).

In this regard, research has aimed to determine the so-called minimum
clinically important difference (MCID). We are still talking about pain
intensity, but anchoring the change in intensity, e.g., an NRS score, to a
patient’s feeling of improvement or deterioration in their pain, asking them if
the pain is better or worse (59). The MCID is often regarded as a constant,
but may need to be personalized, since the meaning of change in pain is
personal, depending on the baseline pain intensity and an individual patient’s
opinion of sufficient improvement (60). Nevertheless, using a constant
facilitates evaluation and comparisons across studies and interventions. This
constant has been reported to be a reduction of pain of 1 — 2 units on the
NRS, or, more recently, a 50 % reduction in pain intensity (61).

The Initiative on Methods, Measurement and Pain Assessment in Clinical
Trials (IMMPACT), requests researchers to ensure that patient perspectives
are considered in clinical pain trials (62). Although the recommendations
were developed for chronic pain trials, extending their application to acute
pain trials appears reasonable.

3:1:7 TREATMENT

Postoperative pain is common (32), and healthcare professionals have an
ethical obligation to relieve pain (63). As pain is multifactorial, pain
treatment needs to employ several modalities to relieve pain efficiently. No
single agent will provide complete pain relief by itself. Therefore, the concept
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of multi-modal analgesia has been created (64). Multi-modal pain
management plans in the postoperative context typically list paracetamol
(acetaminophen) plus non-steroidal anti-inflammatory drugs (NSAIDs) or
cyclooxygenase-2 (COX2) inhibitors, at set intervals, usually starting
treatment prior to surgery. This is combined with local anesthesia in some
form, in outpatient surgery customarily as wound infiltration, and usually a
glucocorticoid steroid is administered orally (PO) before surgery or as an
intravenous (1V) bolus during the surgery (65). Opioids are added as needed
during and after the surgery. Despite the use of these agents, 20 — 40% of
patients still experience severe pain postoperatively.

There are two clear advantages of not relying solely on one analgesic agent:
1) different agents achieve an additive or synergistic effect, and 2) the
adverse effects of each agent can be kept to a minimum. Paracetamol,
NSAIDs, and COX2 inhibitors all have a ceiling effect, as does local
anesthesia, after which the pain-relieving effect is no longer increased, only
the adverse effects. No such ceiling effect exists for the opioids used in peri-
operative contexts. Still, opioids have severe adverse effects, including
ventilatory impairment, nausea and vomiting, obstipation, sedation and
dizziness, and opioid-induced hyperalgesia, and they contribute to
neuroinflammation (9, 22, 66-69). In the longer term, there is a risk of
persistent postoperative use of opioids, which has been estimated at 6% and
this risk does not differ between major and minor surgery (10). Therefore, the
concept of opioid-sparing analgesic regimes has been developed and has been
covered in enhanced recovery after surgery, ERAS protocols (70) and also in
recent guidelines for postoperative analgesia (71).

Opioid-sparing analgesia, then, is a concept commonly applied in routine
pain management, using multimodal pain management plans. In some cases,
ketamine (an N-methyl-D-aspartate receptor blocker) and/or clonidine (an old
hypertensive medication, an a2 receptor blocker) is/are added (72, 73).
Ketamine is used for dissociative anesthesia, but in small doses it can
decrease the spread of hyperalgesia and has an additive effect with opioids,
while clonidine has both sedative and pain-relieving effects.

Another issue that must be treated postoperatively is postoperative nausea
and vomiting (PONV). Risk for PONV is higher in patients who are of
female sex (74), which also constitutes a risk factor for more intense
postoperative pain. Notably, nausea and vomiting are adverse effects of
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opioids and of NSAID: s. PONV is treated by combining different
antiemetics such as ondansetron and a glucocorticoid steroid. TENS is also
effective for preventing and treating PONV (17).

As pain is a complex phenomenon, there is also a complex interindividual
variation in the response to pain medication (75). For example, there is some
evidence that patients of female sex need more analgesics to achieve pain
relief (76). These factors complicate the process of creating postoperative
pain management plans where “one size fits all” and require that adequate
pain relief and the risk of adverse effects of medication be carefully weighed
against each other.

What we strive for is to ensure that a patient can recover well, without
bothersome adverse effects of pain or medication. In this regard, three
fundamental prerequisites for enhanced recovery after surgery have been
established: nutrition, mobilization, and optimized pain management (64).
Further, patient education, attention to psychological comorbidities, and
relevant intervention before surgery are also recommended (77), as are
complementary methods for pain relief (78).

3:1:8 DOCUMENTATION

Documenting pain assessment results and pain treatment is crucial to ensure
the quality of treatment and care. This is one aspect of the pain management
plan that is often deficient in clinical practice (79). There are several reasons
for this. Nurses in the PACU work in a busy and fast-paced environment,
where acting to treat pain is prioritized over documenting it. The demands of
documentation may also be seen as an administrative infliction, simply
adding to the workload (54). Another reason could be that attempts to
document have not achieved any visible results for the patients when
physicians are presented with the documentation.

Documentation constitutes a summary of the patient’s experience in the
PACU and of what pain-relieving methods have been effective, which is
important information for subsequent care and for any subsequent surgical
procedures. Documentation also has a legal aspect; it is there to protect the
healthcare professional.
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3:2 SURGICAL PROCEDURES IN THE
THESIS

3:2:1 GYNECOLOGICAL OUTPATIENT SURGERY

Gynecological procedures such as surgical abortion, hysteroscopy, and
laparoscopic surgery for a variety of reasons, e.g., cyst enucleation and
salpingo-oophorectomy, are mostly performed in an outpatient setting. These
procedures are common worldwide (80). Although they are characterized as
minor operations, there is evidence that patients undergoing these procedures
receive insufficient analgesia (32, 81).

3:2:2 LAPAROSCOPIC CHOLECYSTECTOMY

Gallstone disease is common, affects about 6% of the global population and
is typically more common in countries with a Western lifestyle (up to 15%)
(82, 83). Gallstones may be silent or symptomatic. The prevalence is higher
in females, about twice as common as in males, and is associated with
obesity and increasing age. Clinical treatment of symptomatic gallstones is
cholecystectomy, which can be performed as open surgery, or, more
frequently (since 1989), using a laparoscopic approach. Approximately 18
million cholecystectomies are performed annually (84-86). Postoperative
pain after laparoscopic cholecystectomy encompasses nociceptive incisional
pain and nociceptive visceral pain, including referred nociceptive visceral
pain. The average pain intensity on a group level is reported as > 4 on the
NRS (32, 87).

3:3 TRANSCUTANEOUS ELECTRICAL
NERVE STIMULATION

Transcutaneous electrical nerve stimulation (TENS) is a non-
pharmacological, non-invasive neuromodulation technique that uses a mild,
pulsed, alternating electrical current to alleviate pain. TENS has existed since
the 1970s (88). TENS has been used for pain relief in the prehospital context,
in the emergency ward, and in postoperative settings (89-95).
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Before administration, electrode pads are placed on intact skin so that they
surround the painful area. The TENS unit can be set to different stimulation
regimes, where the most important parameters are frequency and intensity,
and in some situations, pulse-width (duration of the impulse, measured in
microseconds; ps). Frequency refers to the number of stimulations per second
and is measured in Hertz (Hz). Low frequency is defined as 2 — 10 Hz, and
high frequency as 50 — 100 Hz. Intensity refers to the strength of the
electrical stimulation and is measured in milli-amperes (mA). High-frequency
TENS is administered with a comfortable intensity and aims for paresthesia,
which feels like a tingling sensation (conventional TENS). This regime
requires about 30 minutes per session to achieve results. Low-frequency
TENS is administered at a higher intensity and aims for a muscle twitch
(acupuncture-like TENS). It needs to be administered for 20 — 30 minutes per
session to accomplish an effect. High-frequency, high-intensity (HFHI)
stimulation is a combination of these two regimes and aims to reach deeper
structures than conventional TENS while keeping the advantages of the high-
frequency stimulation regime. The effect of TENS is dependent on
stimulation intensity (96, 97). High intensity can activate C and Ad fibers in
an antidromic manner, thereby suppressing part of the nociceptive signaling,
and thus contributing to pain relief (98).

As with all treatments, TENS use is contingent upon the patient’s consent,
and it is important that the patient decides the intensity of the stimulation.
This is especially important when using the HFHI TENS regime, since it can
be experienced as uncomfortable and even painful (88, 98). Hence, the HFHI
TENS treatment is not used for a duration longer than 1 minute at a time.
However, after the 1-minute stimulation session, it is possible to evaluate the
pain-relieving effect (99, 100).

On a segmental level, TENS activates AP fibers, which transmit vibration
and touch, to decrease the nociceptive activity of As and C fibers. This
mechanism of action concurs with the gate control theory (24). Extra-
segmentally, TENS activates descending inhibition by releasing endogenous
opioids (101). These two effects have been shown in animal studies and are
confirmed in humans. Exogenously administered opioids mostly act on mu
opioid receptors, and low-frequency TENS seems to primarily activate
endogenous opioids acting on mu receptors, in contrast to high-frequency
TENS, which appears to primarily activate endogenous opioids acting on
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delta opioid receptors. This explains why high-frequency TENS could be
more effective when treating patients using opioids (102, 103). HFHI TENS
may also be relevant to discussions of diffuse noxious inhibitory control
(DNIC) in animals and its human analogue, conditioned pain modulation
(CPM) (104). These mechanisms involve the inhibition of pain by a
secondary noxious stimulus applied to a different body region—a
phenomenon described as counterirritation, whereby “pain inhibits pain.” It is
possible that HFHI TENS could act as a counterirritant, thereby activating
this endogenous pain-inhibitory pathway. This provides an additional
explanatory model for the analgesic effects of HFHI TENS. (98, 105, 106).

TENS is useful for mobilization, since it is more effective for movement-
evoked pain (MEP) than opioids (95, 107-110).

There exists a wealth of preclinical studies researching the effects of TENS,
implying that many different neurochemicals participate in the pain-relieving
effect (98). Additional effects are currently not fully understood and seem to
comprise more than the peripheral, spinal, and supraspinal mechanisms
induced by TENS for pain relief, such as improving wound healing, restoring
impaired central inhibition, decreasing fatigue, and faster recovery of
gastrointestinal function postoperatively (103, 108, 111-113). TENS has
antiemetic properties, which are used to prevent and treat postoperative
nausea and vomiting (PONV) in surgical settings, utilizing acupuncture
points (17).

TENS is non-addictive, and it is safe and effective compared to a placebo for
acute and chronic pain, irrespective of diagnosis (114). It does not interact
with pharmaceuticals but has certain contraindications that must be
considered: TENS should not be used when patients have electronic implants
(e.g., pacemaker, implanted cardioverter defibrillator), are in the first
trimester of pregnancy, have a neurological condition such as epilepsy, or
have reduced sensibility over the dermatomes for pad placement.

3:4 PERSONCENTRED CARE

The concept of person-centered care (PCC) is developed to emphasize that an
individual (with a disease) is just as important to consider as the biomedical
markers or clinical signs of the individuals™ disease. This is accomplished by
eliciting patients’ narratives about what the illness and symptoms mean in
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their lives, recognizing their preferences, values, resources, and experiences,
and inviting them to collaborate in their care. The aim is to co-create a
partnership, where the patient is an expert (in matters concerning him/herself)
as well as the healthcare professional (in matters of the expertise he/she
possesses). It is also crucial to document this narrative and the consequences
thereof in a health management plan (115).

It is underscored by researchers that for PCC to work effectively, it must be
integrated systematically at all levels, from individual healthcare
professionals to culture and guidelines in the ward, and in the hospital
organizational structure (116). In other words, all stakeholders need to share
the vision of implementing PCC for it to work consistently in the individual
context. Some national and international guidelines and recommendations
exist, such as the Swedish and European Standards for patient participation in
person-centered care, a WHO policy framework, and the Institute of
Medicine’s report “Crossing the Quality Chasm” (117-119). PCC “sits well”
with the biopsychosocial positioning of pain care, in that it regards the patient
as a whole being.

The leading international research center, Gothenburg Person Centered Care
(GPCC), grounds its view of PCC in the philosophy of Paul Ricoeur, who
promoted the view that personal identity is shaped by narrating one’s story.
This has led to the creation of three routines for PCC; initiating the
partnership, implementing the partnership and safeguarding the partnership
(120). PCC is also an ethical framework, requesting that one treats an
individual with solicitude, dignity, and respect for his/her unique qualities by
listening to their narrative. This could entail, for example, the person
describing what pain means to them and what resources they use to deal with
it. The studies in this thesis subscribe to this ethical framework, though
admittedly PCC is not integrated into the hospitals where the studies were
performed.

There is a wealth of research on PCC in long-term illness, with results
showing that length of stay and cost of care can be reduced, patient outcomes
can be enhanced, and healthcare professionals find it meaningful to work in
this way (121-123). Although few studies describe PCC in the postoperative
setting, those that do exist tell us that being recognized as a unique individual
and feeling that one’s wishes and apprehensions are taken seriously is crucial
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to patient satisfaction and outcomes in such a vulnerable situation (124, 125).
This highlights the importance of PCC in the perioperative context.
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(.

side effects, apart from that one minute when it stings a bit. T
think that's a real plus with TENS — I don't have to worry that
I'm giving someone something that will cause other problems”
er‘ricipan‘r in study V)

"The nice thing for me as a nurse is that there really aren't any

J
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4 AIM

This thesis aims to evaluate the ability of a preoperative bedside clinical test
to predict postoperative intensity of pain in the PACU and the effects of
HFHI TENS for pain relief in the PACU with the purpose of improving pain
management in outpatient surgery. The specific aims were as follows.

Study | aimed to examine the ability of pain assessment at preoperative
peripheral venous cannulation (“the bedside test) to predict postoperative
pain intensity in the PACU in a prospective observational study in a cohort of
patients undergoing laparoscopic cholecystectomy in outpatient surgery.

Study 11 aimed to collate studies that compared the effects of conventional
pain treatment, i.e., opioids, and HFHI TENS after gynecological outpatient
surgery in a systematic review and meta-analysis to scope the research field.

Study 111 aimed to compare the effects of conventional pain treatment, i.e.,
opioids, and HFHI TENS after laparoscopic cholecystectomy in outpatient
surgery in an RCT, investigating the effects on time in the PACU, pain relief,
opioid consumption and patient satisfaction.

Study IV aimed to describe patients’ experiences of using HFHI TENS as a
pain-relieving method in the PACU.

Study V aimed to explore healthcare professionals’ experiences of using
HFHI TENS as a pain-relieving method in the PACU.
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"TENS has been amazing! Partly because it's so incredibly simple,
you can control it yourself, it's super handy, and for me it started
working right away.” (Participant in study IV)
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5 METHODS

5:1 OVERVIEW OF STUDIES

This thesis examines methods to improve postoperative pain relief in
outpatient surgery. Towards this goal, five studies were conducted between
2019 — 2023. The thesis comprises one prospective observational study, one
systematic review and meta-analysis, one RCT, and two interview studies.
Using multiple methodological methods, Study | gives insights into the
prediction of postoperative pain intensity, and Studies Il — V provide a
comprehensive understanding of HFHI TENS in the postoperative context.
An overview of the studies is presented in Table 1.
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Table 1, Overview of studies

Study Design Data collection Material/participants Data analysis
Study | Prospective Case report forms and 258 patients scheduled for Parametric tests for
= observational ~ medical records elective laparoscopic significance, logistic
i study cholecystectomy regression, receiver
operating characteristic
(ROC) with area under the
curve (AUC) analysis,
Spearman correlation and
effectplots
Study 11 Systematic Bibliographic search of 3 randomized controlled Meta-analysis using a
review (SR) Embase, Medline, Web trials (RCT: s), including random-effects model and
g and meta- of Science, Amed, 362 patients trial sequential analysis
analysis Cochrane Library, and (TSA)
(MA) Cinahl databases, and
trial registers (WHO and
ClinicalTrials.gov)
Study 11l Multicentre Case report forms and 166 patients, randomized Non-parametric tests for
randomized medical records to either HFHI TENS or significance, univariable
T controlled standard treatment with logistic regression test for
- - trial (RCT) opioids prediction of TENS
. response, Cox regression
for time-to-event analyses
Study IV Qualitative Individual interviews Semi structured interview ~ Thematic analysis with an
Y interview guide, 20 patients inductive approach
\.\ randomized to HFHI
TENS
Study V Qualitative Individual interviews Semi structured interview Reflexive thematic
interview guide, 13 health care analysis with an inductive

professionals who had
cared for patients
randomized to HFHI
TENS

approach

HFHI TENS = high-frequency, high-intensity transcutaneous electrical nerve stimulation

5:2 PARTICIPANTS

This thesis involved the participation of 258 patients (Studies I, 111, and V)
and 13 healthcare professionals (Study V). The 258 patients recruited for
Study I, an observational study, were simultaneously recruited for Study I1I,
an RCT, and 166 of them were randomized in accordance with the study
protocol. Since one participant withdrew consent, and two were incorrectly
randomized, 163 patients were analyzed. Of the patients randomized to HFHI
TENS (n= 85), 20 patients were interviewed in Study V. The meta-analysis
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in Study Il included 3 trials with a total of 362 patients; these trials were
performed between 2010 — 2020 (figure 1).

258 patients included
in observation study | 3 studies, 362 patients
Er included in meta-
analysis study Il
166 patients
randomized in study Ill
T
)
13 healthcare professionals =~ «——— 85 patients randomized §———» 20 patients
interviewed in study V to HFHI TENS in study Il interviewed in study IV
8 ¥ Q

Figure 1. Connection between studies.

5:3 SETTINGS AND PROCEDURES

Studies I, 111, IV and V were set in the same two hospitals in the southwest of
Sweden. The same anesthetic procedure was used in Studies | and I11. Study
Il was a systematic review and meta-analysis.

5:3:1 STUDY |

Recruitment was carried out in conjunction with that of Study Ill. Therefore,
the exclusion criteria were the same as in Study Ill. The inclusion criterion
was being due for an elective laparoscopic cholecystectomy. A total of 258
patients were included. Prior to surgery, a peripheral venous cannula was
inserted, and the experienced pain from this procedure was reported as
peripheral venous cannulation pain (PVCP) on the NRS. Postoperatively,
patients were asked to assess their pain in the PACU on the NRS, prior to any
postoperative pain treatment. Data were collected from medical records and
case report forms.

5:3:2 STUDY I

This systematic review and meta-analysis explored the effects of HFHI
TENS in gynecological outpatient surgery. A literature search was
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undertaken, with a Population, Intervention, Comparison, Outcome (PI1CO)
frame, on six databases and two trial registers (Table 2).

Table 2. PICO framework (92).

Adult (>18 years old) female patients who had undergone elective
P-Population Inclusion  gynecological surgery reporting postoperative pain requiring treat
PACU

Exclusion  Patients undergoing acute surgery and/or cancer-related surgery

I-Intervention high-frequency, high-intensity TENS
C-Comparison conventional opioid-based pharmacological pain treatment
O-Outcomes Primary 01 pain intensity (NRS/VAS) in PACU

02 pain intensity (NRS/VAS) at discharge from PACU
Secondary 03 time in PACU (minutes)

04 number of patients with NRS/VAS 0 during stay in PACU

05 number of patients with NRS/VAS 0 at discharge from PACU

06 number of patients treated with opioids in PACU

07 number of patients required rescue opioids in TENS group

08 opioid consumption for patients in 06 and 07

09 side effects in PACU (sedation, nausea, respiratory depression)

The software application Rayyan was used for screening eligible articles
(126).

Quality of included RCT: s was assessed using risk of bias (127).

Risk of bias (RoB) is a tool from Cochrane for evaluating the risk of bias in
randomized controlled trials when assessing the studies before including
them in a meta-analysis (Figure 2). It appraises the quality of the individual
study in different domains.
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Risk of bias domains

D5 | Overall ‘

Platon 2018

Platon 2020 '

D1
Platon 2010 .
©

Study

® 6 O
® & O
® & O

®O®
OO

Domains: Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. - Some concerns
D3: Bias due to missing outcome data. . Lo

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported resuilt.

Figure 2. Risk of bias in the included studies (92).

After appraising the risk of bias, the meta-analysis was performed using
Review Manager (128).

Grading of Recommendations Assessment, Development and Evaluation
(GRADE) was used to assess the quality of evidence for each outcome (129).
GRADE assesses the quality of evidence in the meta-analysis, referring not to
the individual studies but to what is called a body of evidence, i.e. a collation
of studies. GRADE evaluates factors such as imprecision, indirectness and
other aspects that may affect the confidence in effect estimates. This is
compiled in a summary of findings table for each outcome you want to
GRADE. It concludes by assigning a rating of the overall certainty of
evidence as very low, low, moderate or high (130). Subsequently, trial
sequential analysis (TSA) was performed on certain outcomes such as time in
the PACU and opioid consumption (131).

5:3:3 STUDY Il

In this study, patients due for laparoscopic cholecystectomy in outpatient
surgery were invited consecutively to participate. Primary screening was
carried out at the preoperative visit, and secondary and final screening for
inclusion was performed on the morning of the surgery. Inclusion criteria
were elective surgery and assessing postoperative pain as > 3 on NRS in the
PACU. Exclusion criteria were not consenting to participate, needing an
interpreter, having electronic implants (e.g., pacemaker, implanted
cardioverter defibrillator), preoperative habitual use of opioids, chronic pain,
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known substance abuse, reduced sensibility over the potential site for
applying TENS pads, and inhalation anesthesia.

A total of 492 patients were screened, and 166 patients were randomized.
Subsequently, three of the randomized patients were excluded and
intervention discontinued — one was a request from the patient, and two were
found not to fulfill the inclusion criteria upon closer scrutiny.

Randomization in this study was done in the PACU. Thus, healthcare
professionals in the operating theatre had no knowledge of which group the
patient would belong to. The cut-off point for randomization was patient-
reported postoperative pain > 3 on the NRS. Patients were then randomized
1:1 to either standard treatment with IV opioids or HFHI TENS, in a web-
based software with optimal allocation based on sex and age. The maximum
allowed intra-site difference in the number of participants between the arms
was four. Data were collected from medical records and case report forms. If
HFHI TENS did not sufficiently alleviate pain, the treatment strategy was to
be changed to standard treatment with IV opioids. Patients who so desired
could be taught how to manage the TENS device themselves, choosing
intensity and stimulation regime (high-frequency with set or constantly
changing pulse-width, which would be 80 ps or shifting between 70 and 180

s).

5:3:4 STUDY IV

In this interview study, data were collected from telephone interviews with
patients who had been randomized to HFHI TENS in the RCT (Study I11).
The inclusion criterion was randomization to HFHI TENS in the RCT.
Patients were invited consecutively. A semi-structured interview guide was
used. The first question was: “How have you experienced the treatment with
TENS?” The interview guide can be found in the supplementary material of
Study IV. Interviews were recorded and transcribed verbatim. A total of 20
patients were included.
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5:3:5 STUDY V

In this interview study, healthcare professionals, nurses and assistant nurses,
working at the two PACUs during the RCT (Study I11) were asked to
participate. Exclusion criteria were working as a study manager, declining to
participate, and not having the experience of caring for patients randomized
to HFHI TENS. Three healthcare professionals were excluded in accordance
with these criteria. A total of 13 participants (of 16 possible) were included.
A semi-structured interview guide was used. The first question was: “How
did you experience working with TENS as a pain relief method?” The
interview guide can be found in the supplementary material of Study V. Data
collection was performed with individual interviews conducted face-to-face
in the ward during working hours, or, in one case, by telephone.

5:4 OUTCOME MEASURES

While outcome measures differed between Studies | — 11, they were overall
focused on pain intensity in the PACU, time in the PACU and pain relief
with HFHI TENS compared to that of opioids (table 3). Outcome measures
were not specified in Studies IV and V since the aim was to unconditionally
explore the experiences of patients and healthcare professionals without
measuring or classifying responses.
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Table 3. Outcome measures in study I — 1.

Outcome
measure

Definition

Collected as

Study |

Study Il

Study Il

Postoperative
pain

Opioid
consumption

Time in the
PACU

Pain relief with
opioids

Pain relief with
HFHITENS

Time to pain
relief

PVCP

Nausea

Sedation

Satisfaction
with care and
treatment

Acceptability of
treatment

Predictors for
TENS response

Postoperative
pain intensity
Consumption
of opioids in
the PACU
Time from
arrival to
departure
Patient
assessment of
pain relief
using

IVor PO
opioids
Patient
assessment of
pain relief
using high-
frequency,
high-intensity
TENS

Minutes from
intervention to
NRS<3

Pain at
insertion of
peripheral
venous
catheter
Patient
reported
nausea at
baseline, at 15
and 30 minutes
after
intervention
Healthcare
professional
assessment of
sedation
Patient
satisfaction
when leaving
the PACU

How
acceptable is
the treatment
received
Which
variables
predict
response to
TENS
treatment

NRS or VAS

MME

minutes

NRS or VAS

NRS or VAS

minutes

NRS

NRS

Ramsey scale

NRS

NRS

OR

X

MME = Morphine Milligram Equivalents; NRS = Numerical Rating Scale: OR = Odds Ratio; PVCP =
Peripheral Venous Cannulation Pain; TENS = Transcutaneous Electrical Nerve Stimulation; VAS = Visual

Analogue Scale
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5:4:1 STUDY |

Study | The primary outcome was maximum postoperative pain intensity
rated as NRS > 3 in the PACU, in relation to PVCP <2 or PVCP > 2. This
cutoff was chosen according to the local clinical routine at the sites involved
in the study, where NRS > 3 constituted the cutoff for pain relieving
intervention. Nevertheless, a cut-off has in previous studies been set at
VAS/NRS > 4 (46, 49), thus secondary outcomes were postoperative pain
intensity rated as NRS >4 and maximum pain during the PACU stay.
Tertiary outcomes were opioid consumption in the PACU and the length of
stay in the PACU.

5:4:2 STUDY I

The primary outcome was pain intensity measured with the VAS or the NRS
in the PACU and at discharge from the PACU. Secondary outcomes included
time in the PACU, measured as time from admission to discharge from the
PACU, number of patients requiring rescue opioids in the TENS group, and
total opioid consumption during the stay in the PACU.

5:4:3 STUDY Il

The primary outcome in this study was time in the PACU, measured as time
from admission to discharge from the PACU, chosen because three previous
studies performed at our pain center showed that HFHI TENS decreased time
in the PACU compared to opioids after gynecological outpatient surgery (99,
132, 133). Secondary outcomes were pain relief (maximum pain in the
PACU and change in pain from baseline to discharge from the PACU),
analgesic consumption in the PACU, nausea and sedation in the PACU, and
patient satisfaction with care and treatment, following IMMPACT
recommendations (62). Exploratory outcomes was time to pain relief NRS <
3 in the PACU, this since the cut-off point for randomization was
postoperative pain NRS > 3. Follow-up questions on postoperative day 1 and
7 regarding pain, use of analgesics, and satisfaction with postoperative care,
and whether participants would have desired to loan a TENS unit for home
use, as well as predictors for responding to TENS treatment were also
exploratory outcomes.
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5:5 STATISTICS

5:5:1 OVERALL

Studies | — Il were statistically analyzed. Both SAS® v9.4 (Cary, NC)
software and IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY:
IBM Corp were used. Descriptive and inferential statistics were used (table
4).

Table 4. Overview of statistics.

Overview Statistical Descriptives and Analysis used in Studies I-111

Descriptive Statistics

Mean and SD X X X
Median (Min; Max) X X
Statistical Analysis

Comparison between two groups:

T-test for continuous variables X

Fisher’s non-parametric permutation test for continuous variables X
Pearson’s Chi-Square test for dichotomous variables X

Fisher’s exact test for dichotomous variables

ANCOVA - continuous variables adjustment for confounders
Comparison between three groups: ANOVA — Continuous variables
Logistic regression, Odds ratio (OR) with 95% Confidence Intervals
Roc-curves, AUC, Nagelkerke R-Square and effect plots

Spearman correlation coefficient

Cox regression analysis of time to event data X

X X X |X X
X |XxX X X

Review Manager
Random effects model
Inverse variance method for continuous outcome variables
Mantel Haenszel method for dichotomous outcome variables)
Forest plots, |2 statistics and Chi? test
Risk of Bias Cochran tool and certainty of evidence with the GRADE System
Trial Sequential Analysis (TSA)

X X X X X X X

5:5:2 STATISTICAL ANALYSIS IN STUDY |

The sample size was established based on a prior study by Persson et al.,
2016 (46), where a total of 151 patients was required to reach 95% statistical
probability and 80% power to discover a difference (with a confidence
interval [CI] of > 8%) in the proportion of patients with maximum
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postoperative pain intensity VAS < 4, between patients assessing PVVCP as
VAS <2 and > 2. Patients were recruited from the comprehensive project,
encompassing the RCT, and thus the number of included patients in the
observational cohort study surpassed the estimated sample size for
postoperative pain NRS > 4. However, no power analysis was performed for
postoperative pain NRS > 3.

Between groups, Pearson’s chi-square test was used to compare dichotomous
variables. Student’s t-test and analysis of variance (ANOVA) were used to
compare continuous variables between two and three groups, respectively.
Analysis of covariance (ANCOVA) was used for adjusting time in the PACU
for duration of surgery. Given the sample size of 258 patients, the application
of the central limit theorem justified the use of parametric tests. NRS-scores
of > 2 for PVCP was analyzed for the predictive ability regarding maximum
pain intensity NRS > 3 postoperatively. Furthermore, PVCP was also
analyzed as a continuous variable in a logistic regression, with the result
presented as an effect plot. For correlation analysis Spearman correlation
coefficient was used. Predictors of maximum pain intensity NRS >3
postoperatively were identified using univariable and multivariable logistic
regression analysis. Only the variables showing statistical significance in the
univariable analysis (PVCP, age and sex) were included in the multivariable
analysis. Area under ROC-curve (AUC-statistics) was calculated for
description of goodness of predictors. Nagelkerke R-square was also
calculated. A cross-tabulation table with PVCP < 2/ >2 vs maximum
postoperative pain NRS <3 />3 were set up to calculate sensitivity, specificity
and positive predictive value. Subsequently, all tests were repeated on
maximum postoperative pain > 4.

All significance tests were two-sided and conducted at the 5% significance
level.

5:5:3 STATISTICAL ANALYSIS IN STUDY Il

The software Review-manager version 5.3 was used to perform meta-
analysis, applying a random-effects model and using the Mantel-Haenszel
method for dichotomous outcomes and the inverse variance method for
continuous outcomes. P-values < 0.05 were deemed statistically significant.
The studies were assessed for heterogeneity using the Higgins | square test.
Subsequently, TSA was executed to explore if sample sizes were sufficient.
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A random-effects model, using the Der Simonian-Laird method was used for
the TSA, and performed for several outcomes including time in the PACU
and total opioid consumption in the PACU.

5:5:4 STATISTICAL ANALYSIS IN STUDY Il

Sample size was calculated by an external statistician, showing that a sample
size of 75 participants was needed in each randomized group to find a
difference of at least 15 min between the two groups for time spent in the
PACU, since time in the PACU was the primary outcome. This sample size
provided 80% power with a two-sided Fisher's non-parametric permutation
test for the comparison of two independent means with standard deviation
(30.7 vs. 34.3 min) and a significance level of 0.05. To protect for dropouts,
10% additional participants were added, yielding a need of 166 study
participants. The primary outcome analysis was performed on a modified
intention-to-treat (m-1TT) population, since three patients were excluded after
randomization; one withdrew consent and two were incorrectly randomized
when scrutinizing anesthesia, leading to analysis being performed on 163
randomized individuals.

Sensitivity analysis was executed, adjusting for age, sex, preop pain, PVCP,
duration of surgery, taken analgesia at home, previous abdominal surgery as
well as per-operatively administrated paracetamol, parecoxib and
oxycodone, using ANCOVA.

For categorical variables data was shown as number and percent, for the
continuous variables mean and median were presented. The secondary and
exploratory endpoints were analyzed on the Full Analysis Set (FAS)
population. All NRS variables were analyzed as continuous variables.
Fisher's exact test was used for dichotomous variables, and Fisher's non-
parametric permutation test for continuous variables, for the unadjusted
comparison between randomized groups. For the adjusted comparison for
continuous variables between the two groups, ANCOVA was used. The
results from ANCOVA were mean adjusted differences, reported with 95%
Cls and p-values. Adjustments were performed using the following
confounders: age, sex, preoperative pain, duration of surgery, previous
abdominal surgery, and analgesics during surgery.
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Tests for prediction of TENS response were executed with univariable
logistic regression and were reported as odds ratios (ORs) with 95% Cls and
p-values. Cox regression was used for time-to-event analyses, in this study
time to pain NRS < 3.

5:6 QUALITATIVE ANALYSIS IN
STUDIES IV AND V

In study 1V, data was collected from telephone interviews with patients who
had been randomized to HFHI TENS in the RCT. A total of 20 patients were
included. In study V, all healthcare professionals working in the PACU: s
involved were invited to participate. A total of 13 respondents (of 16
possible) participated. Semi-structured interview guides were used in both
studies. The interviews were audio recorded and transcribed verbatim. NVivo
version 14 was used for data management and data was analyzed using a
thematic analysis and reflexive thematic analysis respectively according to
Braun and Clark (134, 135)

Note on Thematic Analysis: In 2006, Braun & Clarke described thematic
analysis (TA) as a seldom acknowledged but often used qualitative analysis
method. Two decades later, it has been boosted both in use and
acknowledgement, and the method has evolved to become reflexive thematic
analysis (RTA). In RTA, the unique perspectives of the researcher, the
ontology and epistemology the researcher holds to be true, and the iterative,
creative work involved during the analysis are even more emphasized than in
traditional TA.

RTA consists of six phases, like TA. The first phase entails familiarizing
oneself with data in an immersive way. In phase two, meaningful units are
extracted from the data, and code labels are applied. In phase three, one
searches for and creates themes, constantly moving back and forth between
codes and potential themes. Phases four and five comprise continued work
with tentative themes, reviewing and defining them, making sure they are
internally homogeneous and externally heterogeneous. In phase six, one
decides how to present the analysis findings.
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Notably, TA and RTA are analysis methods not originally tied to ontological
or epistemological theories but can flexibly accommodate the theory on
which the research is based. Methodologically they are used to find patterns
or themes in the data, and can be used inductively (bottom-up, i.e., creating
codes and themes directly from the data) or deductively (top-down, i.e.,
taking a readymade frame to the data and searching for codes and themes that
fit into the frame). There can be different levels of abstraction as well, if one
searches the data for semantic or latent meanings.

5:7 ETHICAL CONSIDERATIONS

In healthcare, action and interventions take their cue from the concept of
“primum non nocere”; the first duty of healthcare professionals is to do no
harm. In clinical research, this implies that the risk-benefit ratio for
participants must be weighted in favor of benefits. It is also important to
design clinical research studies so that the results will contribute to improved
clinical treatment, scientific knowledge, and overall gains for society.
Further, research waste should be considered, since resources are limited.

As a patient, one is in a vulnerable situation. It is conceivable that one feels
greater pressure to participate when informed about a study and asked to
participate if one is a patient, than in another context. Individuals asked to
participate in clinical studies must be allowed to make their own decision
about participation after receiving written and oral information about the
purpose, risks, and potential benefits, and not consent because of being
persuaded by eager researchers or because of fearing that their care would be
less adequate if they decline. Information, both oral and written, should
underscore these points and make it clear that a participant has the right to
withdraw consent at any moment without questions or negative
consequences. Finally, after participants give oral consent, this should be
confirmed by a signed consent form, which also constitutes a stage where
consent may be withdrawn.

All studies in this thesis complied with the Helsinki Declaration of 1975, as
revised in 2013 (136). Study Il was a systematic review and meta-analysis,
which was registered at PROSPERO (PROSPERO CRD42021231048); the
included studies had received ethical approval. Studies | and Il —V were
granted ethical approval by the Regional Ethics Review Board in Gothenburg
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and the Swedish Ethical Review Authority: registration number 954 — 18,
supplementary applications registration numbers 2021 — 03306 and 2023
01979 — 02. Studies I and 111 were registered at ClinicalTrials.gov (NCT
04114149).

Studies | and Il recruited patients scheduled for elective laparoscopic
cholecystectomy. During the preoperative visit to the surgical clinic, patients
were informed about the study and provided written information. This
information included a detailed description of HFHI TENS and the
possibility that the stimulation regime might be perceived as uncomfortable.
It also clarified that if HFHI TENS did not provide adequate analgesia, there
might be a brief delay before administering opioids; however, opioids would
always be administered if HFHI TENS proved insufficient pain relief. A
potential benefit of HFHI TENS was highlighted as the reduction of opioid-
related adverse effects, contingent upon successful pain relief with HFHI
TENS. On the morning of surgery, patients were screened for exclusion
criteria, and additional oral information was provided. It was emphasized that
participation was voluntary, that the standard of care would not be affected
by the decision to participate or not, and that consent could be withdrawn at
any time. All participants signed a written consent.

Study IV recruited patients who had been randomized to HFHI TENS in the
RCT (Study II). The possibility of being asked to participate in this
interview study was mentioned in the recruiting information for the RCT.
Postoperatively, before discharge from the hospital, patients who had been
randomized to HFHI TENS received further information, emphasizing that
this study was separate from the RCT and completely voluntary. Patients
were asked if they would like to participate. If so, they were contacted by the
interviewer some days postoperatively by phone, who, after receiving oral
consent, sent the patient a document for obtaining written consent. The date
and time for the phone interview were agreed upon. The author of this thesis
did not take part in the interviews, since she had cared for some of the
patients in the hospital.

Study V recruited healthcare professionals who had cared for patients
randomized to HFHI TENS in the RCT (Study I11). The staff were informed
by the researchers during a ward meeting at one of the two hospitals. In the
other hospital, the healthcare manager informed the staff about the study. All
participants in the study also received written information and then gave oral
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and written consent to participate. Most interviews were done face-to-face
during working hours, though one was carried out over a telephone call. The
author of this thesis did not participate in the interviews, since she had a
working relationship with the interviewees.

In Studies | — 111, an NRS score of < 3 (NRS < 3) was chosen as a point
where patients would be discharged from the PACU, implying that they
would not need any more pain-relief that requires intense observation, i.e.,
opioids. However, this was primarily due to clinical resources (space in the
PACU), and not necessarily how the patients felt. This ethical problem can
partly be solved by using TENS, which does not need surveillance of
ventilation, as a part of the multimodal postoperative pain management plan.

In Study |11, at postoperative follow-up day 7, there were patients in both
randomized groups who reported pain, ranging from NRS 4 to 10 (n =3 in
the TENS group and n = 7 in the opioid group). These patients were referred
to their surgeon for advice and help. This implies a need to routinely follow
up patients after outpatient surgery.

We learned from Studies Il and IV that patients desired to borrow a TENS
unit for at-home use during the first postoperative week. This was new
knowledge and implies a need to establish some kind of lending system, or a
recommendation that patients invest in a TENS unit to bring along before
surgery. Since not all patients have the economic resources to buy such a
device, and some will not be responders to TENS, letting patients borrow a
TENS device (contingent upon the effect) seems to be the most pragmatic
way to solve this problem. Simply put, it would be unreasonable to expect
that postoperative patients, on their way home after discharge from outpatient
surgery, take a detour to buy a TENS unit. As this new knowledge was
acquired by asking patients participating in studies 1l and IV, it cannot be
regarded as unethical not to have provided this service in Study I11. However,
it would be unethical not to consider this finding when designing further
studies.

Another ethical issue was brought up by participants in Study V during the
interviews with healthcare professionals. Participants described that they
experienced that many patients find the HFHI TENS regime uncomfortable,
and sometimes even as hurting. This was foreseen because of prior evidence
(88, 99, 132, 133). Therefore, the protocol instructions were clear that the
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patients were the ones to decide the intensity of the stimulation and if it
should be discontinued. Consistent with this, in Study I1l, the stimulation
intensity ranged between 14 and 60 mA. For the future, we recommend that
the healthcare professionals applying HFHI TENS to patients have tried out
this treatment regime on themselves.
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"TENS is fantastic when it works. When you see how it just sort
of releases — like, they've had this pain right in the middle of the
abdomen, and then you connect TENS and within a minute ...
suddenly, the pain is just gone.” (Participant in study V)
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7/ RESULTS

This chapter presents high-level findings in Studies | — V.

7:1 RESULTS IN STUDY |

Results confirmed that PVCP can be used for prediction and a correlation
plot showed that each one-point increase in PVCP was associated with a
successively higher risk of postoperative pain. Patients reporting PVVCP rated
NRS > 2 reported significantly higher maximal pain postoperatively (PVCP
rated > 2 NRS 4.80 [SD 2.65] versus PVCP rated as < 2, NRS 3.65 [SD
2.56], p <0.001; MD —1.16 [ 95% CI —1.80; —0.51]) and required a
significantly longer stay in the PACU (144 min [SD 94.9] versus 114 min
[SD 47.2], p = 0.002, MD —30.2 [95% CI —49.6; —10.8]). When adjusted for
duration of surgery, time in the PACU was 145 min (PVCP > 2) versus 113
min (PVCP <2) (p <0.001).

PVCP rated as NRS > 2 was a significant predictor (OR 2.00, 95% CI 1.15 —
3.51, P =0.015) of maximum postoperative pain intensity NRS > 3 in the
univariable logistic regression. Despite this, in the multivariable regression
analysis adjusting for age and sex, significance was not reached (P = 0.089).
The multivariable regression demonstrated that age was the factor with the
most significant impact on the risk of postoperative pain intensity rated NRS
>3 (OR age < 40 years = 2.50, p = 0.025; OR female sex = 1.80, p =0.051;
and OR PVCP > 2 = 1.66, p = 0.089). However, when analyzing
postoperative pain rated NRS > 4, PVCP was a factor with a significant
impact of its own in the multivariable regression (OR age < 40 years =2.2, p
=0.042; OR female sex = 2.15, p = 0.010; and OR PVCP >2 = 2.06, p =
0.012).

In the AUC-analysis, using all three variables (age, sex and PVCP) as a
model resulted in a stronger prediction than using each of them alone. AUC
for PVCP 0.5758. for sex 0.5837, for age 0.6335 and for the model 0.6576
when relating to maximum postoperative pain intensity NRS > 3. The model
relating to maximum postoperative pain NRS > 4 resulted in AUC 0.6812
(for PVCP 0.6176, for sex 0.5986 and for age 0.6356).
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The results also corroborated previous findings that many patients experience
severe pain in the PACU, despite multimodal pain management plans being
in place. Approximately 30 % of the 255 patients reporting postoperative
pain assessed their maximum postoperative pain intensity as NRS > 6.

7:2 RESULTS IN STUDY Il

Only three articles fulfilled the PICO terms. These were all from the same
research center and were all designed as crossover studies, i.e., the patients
randomized to HFHI TENS could cross over to the IV opioids arm if pain
relief was not sufficient, and vice versa. There was no difference in the
number of crossovers from both arms. No difference was found in pain
intensity at discharge from the PACU between the TENS group and the
opioids group using the VAS (MD —0.15, 95% CI —0.38 to 0.09, p = 0.21).
Time in the PACU (minutes) was significantly shorter in the TENS group
(MD —15.2, 95% CI —22.75 to —7.67). TSA demonstrated that the required
sample size for amounting to firm evidence was reached. Opioid
consumption in the PACU was significantly lower in the group primarily
randomized to HFHI TENS (MD —3.42, 95 % CI —4.67 to —2.17, p<0.00001)
(figure 3), and this result was also confirmed in a TSA.

TENS iv opioids Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI v, d 95% CI
Platon et al 2010 1.3 29 99 4.7 4.6 96 44.4% -3.40[-4.48,-2.32] —-
Platon et al 2018 33 5.4 47 8.1 3.7 46 26.6% -4.80[-6.68, -2.92] —
Platon et al 2020 3.2 5 38 53 19 36 29.1% -2.20[-3.94, -0.46] —
Total (95% CI) 184 178 100.0% -3.42 [-4.67, -2.17] <
Heterogeneity: Tau? = 0.61; Chi* = 3.97, df = 2 (P = 0.14); I* = 50% + + 1‘0

Test for overall effect: Z = 5.38 (P < 0.00001) -10 FaV;irg TgNsopavoms |5v opioids

Figure 3. Forest plot showing mean total consumption of opioids in the PACU (92).

7:3 RESULTS IN STUDY Il

Time in the PACU did not differ between the randomized groups (137.8 min
[SD 69] for TENS versus 142.2 min [SD = 95] for opioids; p = 0.74). There
was no difference regarding pain at baseline between the two groups (NRS
5.61 [SD = 1.51] for TENS versus NRS 5.66 [SD = 1.65] for opioids; p =
0.88). Change in pain from baseline to discharge was not significantly
different between the groups (—3.9 NRS [SD =1.8] for TENS versus —4.1
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NRS [SD = 1.7] for opioids; p = 0.54). However, opioid consumption was
significantly lower in the group randomized to TENS versus the group
randomized to opioids (4.5 MME [SD = 6.8] for TENS versus 11.0 MME
[SD = 6.7] for opioids; p <0.001). The HFHI TENS group and the opioid
group both reported a mean decrease of 3 units on the NRS, representing a 70
% decrease in pain intensity. Responders to HFHI TENS, i.e. patients who
did not need to supplement their pain treatment with opioids, were 54% in
this cohort.

Both randomized groups reported acceptable mean pain intensity on the NRS
at discharge from the PACU (NRS 1.7 [SD = 1.4] for TENS versus NRS 1.6
[SD = 1.3] for opioids; p = 0.58). Nausea and sedation were registered at
arrival and at 15 and 30 minutes after intervention but did not significantly
differ between randomized groups (e.g. at 30 minutes nausea in TENS group
was NRS 0.478 [SD 1.023], opioid group was NRS 0.629 [SD 1.822] p =
0.61; at 30 minutes sedation was in TENS group Ramsey Sedation Scale,
RSS, 2.20 [SD 0.50] and in opioid group was RSS 2.20 [SD 0.51] p = 1.00)

There was also no difference in satisfaction with pain treatment (NRS 8.8
[SD 1.7] for TENS versus NRS 9.2 [SD =1.5] for opioids; p = 0.08) or
satisfaction with care (NRS 9.9 [SD 0.4] for TENS versus NRS 9.9 [SD 0.3]
for opioids; p = 0,54). However, acceptability of pain treatment did differ,
favoring the opioid treatment; (NRS 8.9 [SD = 1.8] for TENS versus NRS 9.4
[SD = 1.3] for opioids; p = 0.039).

We found no differences in median time to pain relief, and both the HFHI
TENS group and the opioid group reported NRS < 3 after 10 minutes.
However, differences were found after performing a post-hoc exploratory
analysis of responders to TENS (those who received pain relief with HFHI
TENS exclusively), non-responders to TENS (those who needed to
supplement their pain relief with opioids), and those in the opioid group.
Responders to TENS got pain relief reaching NRS < 4 within 2 minutes, and
pain relief to NRS < 3 within 5 minutes. In contrast, those in the opioids
group reached NRS < 3 within 10 minutes and non-responders to TENS
within 15 minutes.
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Figure 4. Median time to pain relief for the TENS group, responders and non-
responders to TENS, and the opioid group. The y-axis shows postoperative pain
intensity rated using the NRS. The two green horizontal lines indicate NRS scores of

4 and 3 respectively (Study I11).
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7:4 RESULTS IN STUDIES IV AND V

Table 5. Summary of main results (Study IV and V).

Study Participants Explored Identified Identified Points noted
number phenomenon  benefits disadvantages
\ Patients Experience of Increases Does notwork  Desire to keep
@ TENS as a autonomy when pain is using TENS
pain-relieving  Feels safe too intense for pain relief
method inthe Rapid onset  Effectonly at home
PACU and offset while using
No feelingof  TENS.
being Rapid offset
“chemically can make the
affected” pain return
\ Healthcare Experience of  No serious Requires more  Difficulty
professionals TENS as a adverse time and effort  separating
(E) pain-relieving  effects than TENS
method inthe Feels safe administrating  intervention
PACU opioids from RCT-
protocol
\ Healthcare Practical Promptpain  HFHITENS can Creation of
professionals management reliefin be personalized
& of HFHITENS  responders uncomfortable support
intervention methods

7:4:1 RESULTS IN STUDY IV

Applying thematic analysis, we developed two themes: 1) TENS offers
control, and 2) preference for TENS for pain relief. The results indicate that
patients value the opportunity to choose non-pharmacological options, such
as TENS, for postoperative pain management, as they desire alternatives to
drugs for pain control in the postoperative setting. Patients emphasized the
importance of being able to manage their pain independently, without relying
solely on healthcare professionals. This sense of autonomy, to exert some
control over the pain rather than total elimination of pain, was considered
decidedly important.

While participants acknowledged both the benefits and limitations of TENS,
they generally preferred it to pharmacological treatments. Not all patients
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experienced adequate pain relief, and the findings suggest that TENS may be
less effective when pain is intense.

Among those who reported sufficient pain relief, several advantages of TENS
were highlighted, including a sense of increased control over pain
management, rapid onset and offset of analgesia, absence of side effects, and
a perception of TENS as a safer alternative to medications, especially
opioids. Many participants expressed a strong desire to continue using TENS
therapy after discharge.

7:4:2 RESULTS IN STUDY V

The findings in this study were expressed in two themes: 1) hesitation and 2)
commitment to the patients. There were mixed experiences among the
participants regarding the efficacy of TENS, but the prompt pain-relieving
effect when a patient was a responder was acknowledged.

The theme of hesitation mostly concerned effectiveness, and the amount of
time needed for the intervention. Of note, the participants had trouble
demarcating the time needed to follow the RCT protocol and fill in the case
report form, from administering the TENS intervention per se.

Participants often elicited comparisons with opioids, where opioids were
perceived as the most effective, time-saving, and simplest solution. However,
participants appreciated TENS’ lack of serious adverse effects, and TENS
was seen as a better option than opioids in this regard.

The participants shared their views on prerequisites for introducing TENS in
postoperative care, highlighting the need for education and clinical
guidelines.

The theme of commitment to the patients describes how the healthcare
professionals created strategies beyond those provided in the RCT protocol to
coach and support their patients. The actions taken by participants were all
intuitively personalized, and identical actions were used regardless of the
participants’ stance toward TENS.

Overall, the findings demonstrate that more practical and theoretical
knowledge about TENS is needed and desired, and that clinical guidelines for

60



Cecilia Ogren

using TENS would be necessary for it to be used as a routine intervention in
the postoperative context. Further, the findings show that healthcare
professionals in the PACU are ready to engage in personalized care, despite a
hectic work environment.
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"The only thing I thought was a shame was that you couldn't
borrow it to take home. I would've loved that" (Participant in study
IV).
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8 DISCUSSION

This thesis confirms the high incidence of postoperative pain and demonstrates
that using a “bedside test”, i.e., assessing PVCP, can help healthcare
professionals predict the risk of intense postoperative pain and time needed in
the PACU. It also contributes new knowledge to the field regarding the use of
HFHI TENS in the PACU, through a meta-analysis, an RCT, and interviews
with patients and healthcare professionals. In summary, postoperative pain can
be predicted using a simple clinical preoperative test, and HFHI TENS is an
effective, opioid sparing alternative or complement for pain relief, desired by
the patients.

This chapter discusses several aspects of the thesis: postoperative pain as a
phenomenon; assessment of postoperative pain; prediction of postoperative
pain; HFHI TENS vs opioids for postoperative pain relief; and person-centered
care (PCC) in a postoperative context. The results from the different studies
concerning HFHI TENS support each other, which will be discussed and
visually demonstrated in table 6. Finally, methodological reflections about the
methods used in the studies will be discussed.

8:1 POSTOPERATIVE PAIN

Despite the advances made in pain theory and the development of new
medicines and methods, postoperative pain continues to be undertreated.
Globally, many patients report moderate-to-severe pain after surgery (7, 8,
32). Bringing a spotlight on this, Corell et al. (2014) stated that there is “no
evidence of real progress in treatment of acute pain” (137). Furthermore,
Zaslansky et al. (2022) published results from Pain Out, an international
quality improvement and registry project for post-operative pain, in an article
titled: “Status quo of pain-related patient-reported outcomes and
perioperative pain management in 10,415 patients from 10 countries” (138).
In Study I, we found that the incidence of moderate postoperative pain (NRS
3 -5) in our cohort was 37 % and that of severe pain (NRS > 6) about 32 %,
despite the use of multimodal analgesia, confirming the existence of this
problem. Moreover, the three studies included in Study 11, the meta-analysis,
uniformly reported postoperative pain as NRS > 5 before treatment after
surgical abortion, hysteroscopy, and gynecological laparoscopy.
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Efforts were made to improve pain treatment through campaigns in the
1990s, naming pain the fifth vital sign (the other four being respiratory rate,
blood pressure, pulse frequency, and body temperature). However, the sole
option to treat intense pain was increasing the amount of opioids
administered and prescribed, which had the unintended result of contributing
to the opioid crisis in the Western world (54, 139). This crisis has led to a
retreat from relying on high doses of opioids to treat postoperative pain and
introduced opioid-sparing pain management plans during perioperative care
(140). Nevertheless, surgery and postoperative care are contexts where many
patients are exposed to opioids for the first time, setting the stage for the risk
of persistent use of opioids.

Several clinical guidelines have been created to improve postoperative pain
management (141-143). Still, their effectiveness remains uncertain. Evidence
does not yet indicate that postoperative pain relief has significantly improved
in clinical practice. TENS is mentioned in some guidelines as a potential
adjunct in multimodal pain treatment, but the recommendations are expressed
rather hesitantly, which likely contributes to the limited adoption of this
recommendation by healthcare professionals.

Poorly managed postoperative pain encompasses the risk of serious physical,
psychological, and social consequences in the short- and long-term (22). As
healthcare professionals, we need to be aware that what we do or do not do
regarding pain relief in the PACU contributes to shape the future of pain
experience for each individual patient.

8:2 PREDICTION OF POSTOPERATIVE PAIN

Predicting postoperative pain intensity for an individual patient is precarious,
and it is essential to find simple, clinical methods to guide us in creating
personalized pain management plans. Postoperative pain is ubiquitous and
often of severe intensity, with short- and long-term consequences for the
patient. This has repeatedly been demonstrated in the literature, despite the
use of novel methods and guidelines.

If we could predict an individual’s risk of postoperative pain preoperatively,
truly personalized pain management plans could be created. Then, healthcare
professionals could work preventively instead of reactively and could avoid
overtreating or undertreating pain. The ability to predict postoperative pain
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has been the object of many studies. However, most efforts to predict risk of
postoperative pain, or pain sensitivity, depend on procedures that are not
feasible during the assessment for surgery due to limited resources in the
clinical context (36-38).

Compared to existing procedures, performing a simple, bedside test of PVCP
seems to be the least cumbersome, most feasible way of testing a patient’s
pain sensitivity, and it is possible to perform it in an ordinary routine surgery
context. It has the added benefit of preoperatively teaching a patient to use
the NRS or VAS, one of the basic principles in many guidelines to improve
postoperative pain management (77). In Study |, we explored the effect of
using PVCP, age, and sex for the prediction of the risk of postoperative pain
rated NRS > 3. Using all three variables in an ROC model resulted in an
AUC of 0.6576 (CI 0.5841 — 0.7311), not a great result since an AUC > 0.7 is
considered acceptable and anything less is considered poor (144). However,
although these factors alone do not constitute a comprehensive understanding
of the experience of postoperative pain, they can still aid in personalizing
treatment.

Perhaps adding a few simple questions about smoking status, sleep quality
and mood, and asking patients to assess their stress and concerns about the
surgery using the NRS (as done when asking about satisfaction in study Il1),
could lead to improved prediction of risk for postoperative pain and improved
treatment for each individual patient.

8:3 ASSESSMENT OF POSTOPERATIVE
PAIN

In postoperative pain assessments, what is usually measured is the intensity
of pain. For this, we use self-reporting scales combining them with assessing
the patient’s appearance and behavior. This routine was followed in Studies |
and I11. 1deally, the initial assessment and reassessments should be
documented, but this is seldom done adequately or sufficiently; this practice
can be improved by education (79, 145). The unidimensional scales for pain
assessment are useful when deciding if a pain-relieving intervention has
influenced the intensity of pain. However, Vila et al. (2005) have questioned
if unidimensional pain scales contribute to the incidence of opioid-induced
ventilatory impairment (OIVI) by leading to overdoses of opioids (146), and
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Bowen et al. (2020) have proposed using sedation scales to identify OIVI in
the PACU and on wards (67).

We assume that a decrease in pain intensity implies something about the
ability to function. It could be argued that pain assessments could be
improved if we included overt questioning about function. To this regard,
Gordon proposed an assessment tool comprising items such as “change in
pain”, “comfort”, and “functioning” (54), more recently mirrored in the IMI-
PainCare PROMPT core outcome set of patient reported outcome measures
(PROMs) for assessing perioperative pain management (147). This core
outcome set divides pain assessment into four important domains: pain
intensity, physical function, self-efficacy and adverse events.

Assessing pain intensity and managing pain in healthcare settings requires a
degree of trust between healthcare professionals and an individual as the
patient. Both the patient having pain and the healthcare professional are
involved in this dialogue and this reporting. Several phenomena impact the
reporting and the assessment of pain. The literature mostly focuses on the
patient: what makes the patient state a particular number on the scale? The
answer encompasses biological issues and psychosocial ones. One can easily
imagine the pain as being more severe, related to the magnitude of the
surgical process, and related to the amount of pain-relieving treatment
administered. But all patients do not report the same intensity of pain after
the same procedure and after receiving the same multimodal pain treatment
(148). There exist biological reasons for this, e.g., sex, genetics, and age, but
psychological and sociological factors also play an important part (149). For
example, it has been demonstrated that anxiety and catastrophizing contribute
to postoperative pain by alerting the stress system and thereby the pain-
facilitating pathways (150, 151). But where should we sort the fact that
different (sub)cultures have diverse opinions about what is the appropriate
way to show and speak about your pain, if not among the sociological factors
(57)?

The assessment (of pain) is an ongoing interaction between the reporter of the
pain, i.e., the patient, and the assessor, i.e., the provider of pain relief. This
interaction has been described as a “social transaction” (54) and a patient’s
choosing of a number or word on a scale as “a statement in need of
interpretation” (152). In the interaction, the patient can understate their pain
for different reasons, e.g., wanting to show an image of a “strong” person
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who can tolerate pain, or a feeling that the nurses are busy and not wanting to
increase their workload by asking for pain relief, or being scared that the pain
is a sign of a worsening condition. Conversely, a patient can overstate their
pain for different reasons, e.g., being afraid of not receiving adequate pain
relief or having a stress system that is so alerted that they cannot separate
anxiety from pain (153). These distinctions are not facilitated by our
unidimensional scales, where all we ask about is pain intensity. Listening to
the pain report presupposes healthcare professionals trusting the report. This
issue is more complex than it might appear. A patient reports their pain
intensity verbally, with or without behavioral cues, for the healthcare
professionals to acknowledge it, in the hope of receiving help. If there is a
mismatch between the verbal report and behavior, this can raise doubts about
the reality of the pain for the healthcare professional. If healthcare
professionals, for example, believe that the patient is opioid seeking, they can
feel affronted. If the patient senses that reaction, they can, in turn, feel
invalidated and stigmatized. This can cause conflicts about the correct
measure to deal with the pain report (154). However, this also speaks for a
partnership as described within person-centered care, to achieve the best
possible pain relief in collaboration with the individual patient.

Focusing on the other person in this interaction, i.e., the healthcare
professional, we must acknowledge that they, too, have a biopsychosocial
background. Yet, the consequences thereof on patient-healthcare professional
interactions are not widely documented in the literature. Healthcare
professionals can feel stressed by their workload, they have biases (155, 156)
that work for or against the patient, and they are a part of the culture in the
ward (157).
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Healthcare
professional “s
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Patient “s lived
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Figure 5. Patients and healthcare professionals background and experiences affect

each other when interacting.
Healthcare professionals are influenced by what they have already done to
alleviate the patient’s pain (158). How they express themselves can affect the
patient, as through our language, we can make a patient feel either trusted or
distrusted (159). The way that we express ourselves also affects our own
emotions and in what frame of mind we perform our actions (160).

8:4 HFHI TENS VERSUS OPIOIDS IN
THE PACU

There is a need of including something new in the multimodal analgesia pain
management plans, preferably something simple but effective, which does
not interact with other methods.

Opioids are effective for nociceptive pain but have adverse effects. In the
limited postoperative view, patients may experience various adverse effects.
A survey in 2014 found that 79% of those receiving pain medication
experienced a minimum of one adverse effect (8). The adverse effects of
opioids may disturb or hinder the mobilization goals needed for recovery, as
expressed by the concept of DrEaMing (drinking, eating, mobilizing) (161).
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The adverse effects associated with opioids also have a potential consequence
in that fear of adverse effects may cause healthcare professionals to limit
doses without replacing opioids with another intervention and thus
circumscribe optimal analgesia. From a more recent perspective concerning
opioids, there exists the risk of developing persistent use, physical
dependence, and even opioid use disorder to varying degrees, and tapering of
opioids after surgery can be difficult to achieve (10, 162). Long-term use of
opioids may result in drug-related harm, such as endocrinopathy, metabolic
changes, and sleeping disorders (9, 163). NSAIDs have also been used
persistently after surgery (164), which may lead to harm as well, such as
gastro-intestinal, renal and cardiovascular adverse events (165).

Having to use opioids for pain relief gives rise to many negative thoughts and
emotions, as demonstrated by Aljohani et al. (2024). Addiction, side effects
and opioid stigma were common concerns among patients using opioids for
postoperative pain relief (166). Being able to taper opioids after surgery
results in improved quality of life (167).

Patients treated with opioids require intensive supervision. In clinical reality,
this often means balancing limited resources, i.e., availability of healthcare
professionals and floorspace in the PACU, with the patient’s anticipation of
pain relief. This leads to discharging the patients from the PACU at a set
NRS assessment, usually NRS < 3. However, patients are seldom asked to
decide what is an acceptable intensity of pain for them. Pain management
with TENS can be used postoperatively without supervision, though the
patients need to be provided with instructions and ideally followed up with
troubleshooting over the first postoperative week. The results from Study 1V
suggest that offering patients non-pharmacological options such as TENS can
enhance their sense of autonomy and satisfaction with postoperative pain
management. Still, TENS cannot be used by everyone as there are
contraindications, and it is not effective when the pain is intense, as seen in
Studies 11, IV and V.

Healthcare professionals may experience the administration of TENS as
bothersome, including more work than administering a pill or an injection of
opioids. This might have to do with habit and routine. Healthcare
professionals working in the PACU have considerable experience in
administering opioids, and they may be quite comfortable dealing with the
adverse effects of opioids. In contrast, most healthcare professionals working
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in the PACU have never received education about using TENS, neither in
undergraduate education nor at work. Furthermore, most patients expect to
receive opioids in the PACU, though they appear to embrace the opportunity
of a non-pharmacological option when offered (168, 169).

Another point that needs to be discussed in this context is the time after
hospital discharge, which occurs on the day of surgery in outpatient surgery.
This is a vulnerable period for patients. After discharge, patients are left to
process the emotional impact of the surgery alone (170), and they must
manage their postoperative pain themselves without access to healthcare
professionals guiding them or an acute pain service team to help them if
problems arise (171-173). In Study 111, we interviewed patients during
follow-ups on days 1 and 7 after surgery. On day 1, 88 patients (59%)
claimed that they would have desired to borrow a TENS unit (the opioids
group was also asked), and by day 7, 18 patients (13%) had required help
from healthcare providers, most regarding pain or adverse effects of
analgesics. The pain-relieving effects of peripheral nerve blocks, often
performed in outpatient surgery, typically cease after 18-24 hours (174).
After discharge, TENS could be a viable option for pain relief, as it is easy to
manage and poses no risk of overdose. However, its use at home depends on
the availability of a loan system — either through the healthcare facility upon
discharge or via general practitioners prior to surgery.

Since TENS is safe, effective, and has no adverse effects or interactions with
pharmaceuticals (114), | suggest that it should be included as a component of
every postoperative multimodal pain management plan where no
contraindications exist, just as paracetamol/acetaminophen is currently so
included. The question is simply when to offer it in the postoperative process.
Study Il demonstrated that one of the predictors of response to TENS was
less intense pain, and the patients also told us so in Study IV. Intense pain as
a predictor of non-response to TENS was also identified in a study by
Olausson et al. (2024) in the context of pain management after obesity
surgery with opioid-free anesthesia (175). Therefore, the use of TENS in
multimodal analgesia could be time-dependent; if postoperative pain is
reported as > 6 on the NRS, the results of Studies 111, IV, and V lead us to
suggest starting treatment first with opioids and introducing TENS at a later
stage, when pain intensity is lower (NRS < 5).
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In Study V, we found that healthcare professionals would like to enhance
their knowledge about TENS. Diwan et al. (2024) reported that healthcare
professionals’ knowledge about TENS is poor, encompassing a lack of
theoretical and practical knowledge on the part of clinicians and a lack of
clinical guidelines (176). Contributing to this is the dearth of TENS education
in the professional curriculum of nurses, assistant nurses, and physicians.

8:5 PERSON-CENTERED CARE IN THE
PACU

Santana et al. (2018) described PCC as “doing things with people rather than
to or for them”, which neatly captures the essence of the ethics implicated in
PCC, namely regarding the patient as a person just like yourself, with innate
rights to be treated courteously, and to be seen as capable of taking important
decisions concerning your care (177). The starting point is really the ethics,
which leads us to co-create care with an individual patient (178). The
existentialist philosopher Martin Buber (1878-1965) stated that humans have
two ways of relating to others: as | — It and | — Thou (“I and Thou” 1923). He
went on to state that a good meeting only happens between those who regard
each other as equal human beings, as in | — Thou. This is an appealing ethical
stance to have when you meet persons in a vulnerable, exposed situation,
such as being a patient in pain after surgery. Evidence supports that shared
decision-making, coupled with adequate, timely information, is a crucial
approach to make the patient feel safe and in control (179), to help prepare
for the peri-operative experience (125), and to improve patient outcomes
(180). Shared decision-making has itself been described as essential to
holistic care and a necessary component of the art of medicine (181). Patients
themselves efficiently recognize when PCC is offered (182), and among the
most important factors recounted are how healthcare professionals listen and
communicate verbally and non-verbally (183).

In peri-operative care, time constraints frequently limit the duration of
interactions between patients and healthcare providers, necessitating the
ability to establish a trusting relationship within just minutes. This is a
challenge for healthcare professionals and patients alike (124, 184).
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To arrive at person-centered care, healthcare professionals should ask
themselves: “What matters to my patient? ” rather than “What is the matter
with my patient?”, as the Swedish public service innovation network Esther
expresses the issue (185). This could be accomplished with a question in the
words of Ulrica Nilsson (2019): “What is most important to you now?”
(186). Note that this could be not wanting to participate in decision-making
about care, as some patients have the desire to leave such decisions to the
healthcare professionals, feeling incompetent because of a lack of knowledge
and/or effects of surgery and anesthesia (180).

To successfully implement PCC, changes need to be made at all levels of
healthcare, by including PCC in basic training for professionals, continuing
education, and training during work (177) — much as the changes required to
implement TENS in multimodal pain management plans. While the
guantitative studies (Studies | — 1) included in this thesis do not clearly
outline the importance of PCC, they are undertaken with the ethics of PCC
and personalization of postoperative pain management plans in mind. To use
variables like PVCP, age, and sex to predict risk for postoperative pain
(Study I) and to offer TENS as an option in the PACU (Studies Il and I11) are
attempts to tailor pain treatment for the individual, which could represent
personalized care with shared decision-making and a partnership between the
patient and the healthcare professional. If this cannot be called true PCC, at
least it could be regarded as a step towards it. The qualitative studies (Studies
IV and V), however, examine the findings through a PCC lens, revealing
patients’ appreciation for personalized care and healthcare professionals’
readiness to engage in such care, albeit without explicitly labelling these
notions as PCC.

8:6 SYNTHESIS OF RESULTS FROM
STUDIES CONCERNING HFHI TENS

Summarizing the studies concerning HFHI TENS in this thesis reveals a
consistent pattern of findings that reinforce one another. For example, the
results from Studies Il and 111 provide statistical evidence for the opioid-
sparing effects of HFHI TENS. This quantitative evidence is further
substantiated by the qualitative findings from the interview studies, in which
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patients reported not feeling “chemically affected,” and healthcare
professionals observed faster recovery and reduced impairment when using
HFHI TENS compared to opioid-based treatment. The convergence of these
results strengthens the argument for incorporating HFHI TENS into
multimodal pain management plans.

Other issues with supporting data from the quantitative and the qualitative
research can be found in table 6.
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Table 5. Collation of data from quantitative and qualitative research.

Issue

In meta-analysis

S

InRCT

In patient interviews

In healthcare professional
interviews

8

Pain relief

Crossover numbers
from HFHI TENS to
opioid and vice versa
were the same

No difference in pain at
the time of discharge
from the PACU
between the patient
groups

No difference in pain at the
time of discharge from the
PACU

between the patient
groups

54% of patients
randomized to HFHI TENS
were responders

Difference in time to pain
relief (pain intensity NRS <
3) Responders 5 min, non-
responders 15 min, opioid
10 minutes

Satisfaction with pain
relief NRS 8.8 in TENS
group, 9.2 in opioid group
(p =0.08)

“The TENS really took
away the pain —
morphine just cuts the
edge off the worst pain.”

“Yeah, | thought it
worked really well”

“It’s fantastic when it works.
When you see how it just sort of
releases —you connect it and
within a minute ... all of a sudden,
the pain is just gone.”

“It does not help that many, but
the one whom it helps obtains
help rapidly.”

“It was amazing to see how she
went from being in quite a lot of
pain to almost none at all, like
down to zero or one.”

TENS does not
help when pain is
too intense

Predictors for TENS
response: older age, less
intense pain when
presenting in the PACU

46 % of those randomized
to TENS were non-
responders

Acceptability of pain
treatment NRS 8.9 in TENS
group, 9.4 in opioid group
(p=0.039)

“l had a strong
preference for TENS
since morphine
significantly affects me.
Sadly, it didn’t provide
the relief | was looking
for at the time.”

“If | had to choose between giving
the patient TENS [ ...] or opioids, |
would probably spontaneously
choose opioids, | know that it
works. And then you might feel
nauseous and so on. Butyes, |
know that it [opioids] helps."

HFHITENS hurts

The mean intensity was
40.7mA, ranging between
14 and 60mA.

“I could feel it where the
pads were, but on the
other hand...itwas a
welcome pain, it kind of
took away the other
pain.”

“If the patient is not actively
participating, it would be like an
assault [to administer TENS].
Putting something on that hurts
more for a minute”

“They [the patients] are the ones
who decide if we should
discontinue [the HFHI TENS] or
not. How high we should go, if we
should decrease [the intensity of
the stimulation].”

Decreased need
of opioids

MD HFHI TENS group —
opioid group:
-3.42 (p<0.00001)

MD HFHITENS group —
opioid group:
-6.4 (p<0.001)

“You don’t feel
chemically affected
even though you’ve had
anesthesia and all that.
It’s not the same feeling
atall. I've had surgery
once before, and this
time it was so nice to
just be able to get up
and then quietly return
to bed, lie down, and
switch on this

TENS”

"Most importantly, the patient is
less fatigued and less impaired.
Opioids, on the other hand, cause
much stronger impairment."

Using TENS at

home

59 % of the patients would
have desired to borrow a
TENS unit

“The only thing | thought
was a shame was that
you couldn’t borrow it to
take home.”

“The patient got more pain when
we took away the TENS, and she
would have wanted to take it with
her home”
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8:7 METHODOLOGICAL
CONSIDERATIONS

8:7:1 PARADIGMS

A paradigm represents the ontology, epistemology, and methodology of the
researcher’s stance in designing and performing research (187).

Studies | — Il are within the positivistic paradigm, as is usual with
guantitative research. Here, we find the ontology of viewing the world as one
absolute reality, with the consequent epistemological view that knowledge is
produced by weighing and measuring quantifiable objectives. This ontology
and epistemology are never outright stated in quantitative work but accepted
as given, and neutrality towards the data is assumed. The methodology here
includes surveys, RCTs, and observations. Analysis methods involve
statistics.

In contrast, Studies IV and V are within the interpretivist paradigm, where
the ontology views reality as including non-measurable entities such as
feelings and meaning. This ontology recognizes multiple subjective realities,
formed by the participants’ social and historical experiences of the world. We
can only understand and know this reality through their experience, and
consequently, the epistemology requires listening to narratives and observing
behavior. In this research, researchers deliberately discloses their
preunderstanding, and the assumption here is that neutrality is neither
possible nor desirable. The researcher always regards data through their own
personal lens, which must be acknowledged for readers to evaluate the
reported results. The methodology in this paradigm includes interviews,
focus groups, and ethnographic research. Analysis methods require
immersion of the researcher in the data, organizing it, and drawing
conclusions, all in an iterative manner.

Both qualitative and quantitative research must demonstrate transparency
regarding the study’s procedures and analysis to be considered
credible/trustworthy and replicable/transferable. However, it remains
uncertain whether any study, qualitative or quantitative, can truly be exactly
replicated. In quantitative research, it is always acknowledged as a limitation
that the findings apply only to the studied population within the specified
context. Similarly, in qualitative research, it seems reasonable to assume that
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if the participants or the researchers were different individuals, the results
might differ, even if the same researchers posed the same questions.
Nevertheless, in both cases, assumptions can be made about the potential
applicability of the findings to other populations and contexts.

The research question is what decides the approach. It is vital to consider the
research question and critically evaluate whether the collected data and
analytical methods are relevant to and appropriate for addressing it. By
applying both gquantitative and qualitative approaches to investigate different
domains of knowledge about HFHI TENS, this thesis arrives at a deeper
understanding of how we should use the intervention in the context of
outpatient surgery. The data we have collected concerning HFHI TENS are
complementary and support each other. For example, the RCT (Study 111)
concludes that a predictor for TENS response is pain rated as NRS <5 when
presenting in the PACU, and the interview with patients (Study 1V) tells us
that “TENS does not work when the pain is too intense”.

8:7:2 METHODOLOGICAL CONSIDERATIONS IN
STUDIES | AND llI

Studies I and 111 recruited patients due for elective surgery to participate in an
observational study and an RCT, randomizing participants either to HFHI
TENS as a first instance of pain-relief, or to standard treatment with opioids
postoperatively, respectively. The strengths of these studies lie in their being
conducted at two different PACUs and in their examination of previously
unreported outcomes, namely the time to pain relief with different pain-
relieving methods, patient satisfaction and the impact of PVCP on length of
stay in the PACU.

However, we readily admit to certain limitations. One patient withdrew
consent when randomized to opioids, which highlights a possible self-
selection bias in the study, i.e., that patients with a favorable attitude toward
TENS were more likely to choose to participate than patients with a negative
or no opinion of TENS. This could affect the generalizability of the results.
There could also exist a risk of patients overrating the level of pain relief
when randomized to TENS, due to their desire for the treatment to work.
However, the study protocol specified that if two interventions with HFHI
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TENS did not achieve pain relief, the treatment strategy should be changed to
IV opioids. This change was made for a total of 39 (46%) patients
randomized to HFHI TENS, showing that patients did not, in fact,
underreport their level of pain.

We could have carried out a power calculation for our first outcome in Study
I (PVCP > 2 related to postoperative pain NRS > 3). We did not do so, as we
relied on power calculations done in another study (for postoperative pain
NRS > 4) (46). We had recruited more than 100 patients in excess of the
requirement in that study, and we thought that this would be sufficient,
though in fact it was not sufficient to be able to show statistical significance
in the multivariable regression, demonstrating that age and sex may be
confounders for PVCP when related to postoperative pain NRS > 3.
However, we also analyzed PVCP > 2 related to postoperative pain NRS > 4.
The predictive value of PVCP differed depending on the cut-off used for
postoperative pain. At NRS >3, PVCP was associated with postoperative pain
in univariable analysis, but lost statistical significance after adjustment for
age and sex. In contrast, when a cut-off of NRS >4 was applied, PVCP
remained significantly associated with higher pain ratings both before and
after adjustment, indicating that PVCP NRS > 2 is an independent predictor
of more severe postoperative pain. Still, assessing pain is not an exact
science. The relationship between PVCP and postoperative pain is evident in
the correlation analysis, which demonstrates that higher PVCP values are
associated with an increased risk of postoperative pain. Rather than
attempting to predict whether an individual patient will report their pain as,
for instance, NRS 3 or 4, it is more meaningful to recognize that a PVCP > 2
on NRS is likely to correspond to more intense postoperative pain and to take
appropriate measures to mitigate this pain.

There is also the concern over non-blinded studies and those performed
without a sham TENS arm. However, in Study |11, we wanted to compare
HFHI TENS to standard opioid treatment in the simplest possible way. The
Helsinki Declaration (2024) also tells us to compare to the gold standard:
“The benefits, risks, burdens, and effectiveness of a new intervention must be
tested against those of the best proven intervention” (188). Moreover, it is
difficult to blind patients to the sensation of receiving HFHI TENS. During
the minute that it takes to relieve the pain, a patient receives high-intensity
stimulation at their own choosing, again making it impractical to apply a
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sham contraption that could not provide this sensation. This issue is a
concern even with conventional TENS. In a recent RCT by Parseliunas et al.
(2021), more than half of the patients were able to accurately distinguish
which treatment they received, i.e., sham or active TENS (93).

The primary outcome in Study III was “time in the PACU”. This was chosen
because we had seen that the results from three prior studies performed at our
center showed that HFHI TENS decreased time in the PACU compared to
opioids after gynecological outpatients surgery (99, 132, 133). The variable
chosen could be criticized because it depends on accurate registration of
arrival time and departure time from the PACU. However, it is reasonable to
expect that potential discrepancies would affect both the HFHI TENS group
and the opioid group to a similar extent, both in Study Il and Study I11.

One exclusion criterion in Studies I and I1I was “habitual use of opioids”.
This was because it is known that long-term use of opioids can create a cross-
tolerance for TENS (102, 189).

8:7:3 METHODOLOGICAL CONSIDERATIONS IN
STUDY IV -V

Qualitative research needs to have rigor and trustworthiness, just as
guantitative research needs to have internal and external validity. Rigor
relates to the quality of the process, while trustworthiness pertains to the
quality of the results. What is specific to qualitative research is reflexivity,
which in this context also is a feature of transparency, i.e., it involves
critically reflecting on how the researcher influences the research and
acknowledges that a researcher is not a neutral observer.

The method chosen in Studies IV and V was interviews. This is an accurate
method for examining others’ experiences. In Study V, a possible alternative
could have been an ethnographic study where we “shadowed” the healthcare
professionals in the PACU. This would have been informative, as studies
have shown that there can exist a discrepancy between what healthcare
professionals say and what they do (190). However, that would have required
more resources than were available.
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"It was amazing to see how she went from being in quite a lot of
pain to almost none at all, like down to zero or one.” (Participant in
study V)

79



Cecilia Ogren

9 CONCLUSIONS

In summary, this thesis supports that TENS could be offered in multimodal
postoperative pain management plans because of its efficiency and because
patients desire alternative options for pain relief postoperatively. PVCP
should be considered when prescribing peri-operative pain relief, because it
helps healthcare professionals to predict postoperative pain intensity and time
in the PACU.

PVCP assessment can predict the intensity of postoperative pain and
time needed in the PACU for individual patients. Each one-point
increase in PVCP measured with the NRS is associated with a higher
risk of intense postoperative pain.

Time in the PACU and opioid consumption can be reduced in the
gynecological outpatient surgery cohort by using HFHI TENS.
Opioid consumption can be reduced after outpatient laparoscopic
cholecystectomy by using HFHI TENS.

HFHI TENS is a potent intervention with a prompt pain-relieving
effect in the PACU in responders to TENS.

Patients desire alternatives to pharmacological analgesics after
surgery. HFHI TENS offers autonomy in the postoperative context.
Nurses and assistant nurses can efficiently use HFHI TENS in the
PACU. However, there is a need for educational support and clinical
guidelines regarding TENS.

The bedside test of PVCP and the use of HFHI TENS are two simple, easily
available methods by which postoperative pain relief might be improved after
outpatient surgery.
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~N

@he advantage is that you can control it more than if you just
take some other medicine that you swallow. Because if you get
side effects from medication, you just must wait until they wear
off — but with TENS, you can just switch it off if you don't like it.
You can control it yourself, adjust the intensity up and down, and
T(\a‘r‘s something I think is good.” (Participant in study IV) j
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10 FUTURE DIRECTIONS

This thesis contributes knowledge that can be used to improve multimodal
postoperative pain plans in outpatient surgery by providing methods to
predict and treat postoperative pain. However, several questions remain.

10:1 TENS RESPONSE

In Study V, healthcare professionals commented that patients who had prior
experience of using TENS had an advantage in tolerating higher intensity
stimulation. This could be a possible predictor for response to HFHI TENS
treatment and suggests that it would be advantageous if stimulation could be
tested at the preoperative assessment. This ought to be evaluated in research.

A negative predictor for response is presenting in the PACU after surgery
with intense pain, as seen in Study I11. With this knowledge, the healthcare
provider can rethink when to offer which treatment in the postoperative
process (see appendix). A regime, starting with a dose of opioids in case of
intense pain, warrants evaluation, particularly as to whether HFHI TENS will
still be opioid sparing and whether patients approve of this postoperative pain
management approach.

To support the evidence about HFHI TENS’ effects, the RCT in Study III
needs to be repeated in the context of other surgical populations.

To implement TENS in routine clinical practice, we need to change the
healthcare professionals’ and the public’s knowledge and attitudes
concerning the method. We need to spread the word that there exists a non-
invasive neuromodulation method that works without adverse effects to
ameliorate pain, and we need to enlighten all healthcare professionals about
TENS, both theoretically and in a practical, “hands-on” way, starting in basic
education. Applying TENS is a craft, like inserting a peripheral venous
cannula, and healthcare professionals need the opportunity to practice
regularly to become proficient in this craft (191). We need to create
guidelines for the use of TENS in hospitals, in the PACU, and in the wards,
and these guidelines need to be implemented.
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10:2 USING TENS AT HOME

Outpatient surgery includes the challenge of being left without professional
help after discharge to manage postoperative pain, which can be severe (171).
Reluctance of patients to adhere to recommended pain treatment, fearing
adverse effects of opioid and/or non-opioid analgesics, is one factor with an
impact on pain management after discharge. Gramke et al. (2007) proposed
patient education to improve compliance (172). As the adverse effects
patients fear include obstipation, nausea, and/or dependence, it would seem
reasonable to provide them with a complementary approach by loaning out a
TENS unit.

For how long after surgery should TENS treatment continue? Patients expect
recovery after outpatient surgery to be prompt, but pain, nausea, and
restricted mobility can impair recovery for weeks (192).

There is a risk of analgesic tolerance when TENS is used continuously for
several days, applying a daily dose at the same intensity, frequency, and
duration. This can be mitigated by increasing the intensity and/or using a
mixed-frequency stimulation regime (103). This concern demonstrates the
need for troubleshooting advice from healthcare professionals, which can be
achieved digitally, by phone or by visits in the form of “hospital at home” or
homecare, projects that are currently reconstructing healthcare approaches in
Sweden (193). Follow-up studies examining the effects of at-home TENS use
are vital.

10:3 PREDICTING POSTOPERATIVE PAIN

It would seem logical to explore if an enhanced pain management protocol,
including HFHI TENS postoperatively, would, in fact, improve pain relief in
the PACU in patients reporting PVCP as NRS > 2. It would be interesting to
find out exactly how we should formulate questions to capture further issues
that have the potential of impacting postoperative pain, and what this might
add to the accuracy of prediction.
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10:4 PERSONCENTERED CARE IN THE
PACU

PCC is a working model and presupposes a change of culture in the ward
(194). There exists much research performed in medical wards, and this
research needs to be extended to the postoperative context, involving all
levels of healthcare (120). Some questions to explore would be asking
patients what postoperative level of pain is acceptable to them, and what
resources they habitually use to deal with pain in their lives. In the context of
postoperative care, much of the work of listening to and documenting the
patient’s narrative will need to take place preoperatively. This necessitates a
mapping of the potential resources within healthcare settings to facilitate such
practices.
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(.

"You're still clear in your head, you don't feel chemically affecfe)
even though you've had anesthesia and all that. It's a completely
different feeling. I've had surgery once before, and this time it
was such a relief to just be able to get up, walk back to bed, lie
down, and hook it up.” (Participant in study IV)

\_

J
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USE OF GENERATIVE Al

The author has used Google to search for subjects of interest and to find
articles, and Chat GPT to translate certain paragraphs and sentences, and to
structure one table where the analysis already was done.

The author takes full responsibility for the content of the thesis and its
scientific accuracy.
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"The TENS really took away the pain — morphine just cuts the
edge off the worst pain.” (Participant in study IV)
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APPENDIX

Figure 6. TENS unit with pads Photo T. Ogren.

Suggestions for how to use HFHI TENS in a postoperative context-
recommendations based on results from study 111 - V

Establish contraindications: Do not use TENS if the patient is in the first
trimester of pregnancy, the patient has any electronic implants, the patient is
not willing to use TENS, or the patient has any neurologic deficiencies or
somatosensorial impairment in the area where TENS will be applied.

Ask the patient to assess pain intensity according to the NRS, VAS, or any
other scale you are using in the PACU.

If the pain intensity is reported to be 3 —5 on NRS, or at a similar level on
another scale, it is often useful to try TENS as the first option. If the pain
intensity is reported to be NRS > 5, or at a similar level on another scale, it
could be best to start with a small dose of opioids and introduce TENS at a
later stage in the treatment management plan. However, if the patient reports
a pain intensity > 5 on the NRS, or at a similar level on another scale, and
still wants to start with TENS, this should obviously be respected.
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Define the most painful area. Place electrode pads surrounding that area;
think dermatome-wise. Be observant, so that you place the pads outside
bandages to not risk infection and to ensure the pads adhere.

Figure 7. Map of dermatomes. Permission to use by courtesy of MD Elisabeth
Andersson, Enovis

Start a high-frequency program and increase the intensity slowly over 30
to 60 seconds to the highest intensity the patient accepts, preferably
between 40 — 60 mA. Increasing the intensity slowly allows the patient to get
used to the sensation and the skin to adapt. The patient decides what intensity
is acceptable. This requires you to work in close contact with the patient,
continually checking verbally that the treatment is acceptable and being very
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attentive to non-verbal cues that imply that the patient desires to decrease the
intensity or to stop the treatment altogether.

When you and the patient, in collaboration, have decided on the highest
intensity acceptable, you need to time the length of the intervention. It
should be dosed at 60 seconds exactly. Then the device is turned off, and you
ask the patient to assess pain intensity once again.

If the pain relief is not sufficient, you can repeat the intervention once.
Maybe the pads should be moved a bit, or maybe you can reach a higher
intensity for the next administration of TENS, because the patient now knows
what to expect, and the skin has adapted.

If the pain relief is adequate after one or two stimulations, the patient
can be offered to take control of the device. Your task now is to teach the
patient about the device so that they can move the pads, change the intensity,
and the program according to their needs. This aims for autonomy.

If the pain relief is not adequate after two doses of this stimulation
regime, you need to change the strategy for pain relief and administer
opioids. The TENS intervention described above takes no more than 5
minutes at the most to deliver and evaluate, allowing inception of an alternate
strategy without delay.
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