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Summary

Exposure to opioid analgesics due to surgery increases the risk of new persistent opioid use. A mechanistic
hypothesis for opioids’ abuse liability rests on the belief that, in addition to pain relief, acute opioid treatment
improves well-being (e.g. via euphoria) and relieves anxiety. However, opioids do not consistently improve
mood in laboratory studies of healthy non-opioid users. This observational study determined how two
commonly used opioid analgesics affected patients’ subjective well-being in standard clinical practice. Day
surgery patients rated how good and how anxious they felt before and after an open-label infusion of
remifentanil (n = 159) or oxycodone (n = 110) in the operating theatre before general anaesthesia. One minute
after drug injection, patients reported feeling intoxicated (> 6/10 points). Anxiety was reduced after opioids, but
this anxiolytic effect was modest (remifentanil Cohen’s d = 0.21; oxycodone d = 0.31). There was moderate to
strong evidence against a concurrent improvement in well-being (Bayes factors > 6). After remifentanil, ratings
of ‘feeling good” were significantly reduced from pre-drug ratings (d = 0.28). After oxycodone, one in three
participants felt better than pre-drug. Exploratory ordered logistic regressions revealed a link between previous
opioid exposure and opioid effects on well-being, as only 14 of the 80 opioid-naive patients reported feeling
better after opioid injection. The odds of improved well-being ratings after opioids were higher in patients with
previous opioid exposure and highest in patients with > 2 weeks previous opioid use (adjusted OR = 4.4).
These data suggest that opioid-induced improvement of well-being is infrequent in opioid-naive patients. We
speculate that peri-operative exposure could increase risk of persistent use by rendering subsequent positive
opioid effects on well-being more likely.
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Introduction

Millions of people receive opioids peri-operatively every
year [1, 2]. The historical view that pain protects against the
addictive properties of opioids [3, 4] has been abandoned
[5] as the prevalence of opioid misuse and opioid use
disorder among individuals initially treated for pain became
evident. Moreover, postoperative pain management with
opioid analgesics increases the risk of persistent opioid use
well beyond the expected surgical recovery window [6, 7],
which in turn is associated with increased mortality and
poorer health outcomes|[8].

Another widely held view on opioid analgesics is that
opioids improve a patient’s subjective experience of well-
being. This is because euphoria, a feeling of intense well-
being or elation, is a side effect of opioid analgesics [9].
However, such increases in subjective well-being (feeling
good [10]) are far from ubiquitous. Individual responses to a
given opioid dose are notoriously hard to predict due to
variability in both analgesic effects and side-effects [11, 12].
For example, in 1955, Henry Beecher et al. reported
dysphoric rather than euphoric effects after morphine and
heroin injections in healthy, non-drug using men [13]. Many
subsequent laboratory studies have established that acute
opioid doses do not reliably improve healthy participants’
mood or subjective well-being [13-18].

Somewhat surprisingly, laboratory studies also indicate
a lack of efficacy of opioids for relieving anxiety and
other negative emotions. While the opioid analgesics
hydromorphone, morphine and buprenorphine have been
shown to block cortisol responses to stress induction, none
relieved subjective anxiety [14, 15, 19]. Moreover, and in
line with the early findings by Beecher et al. [13], increased
negative affect has been reported after morphine [19],
oxycodone [16] and remifentanil [20] administration.
Nevertheless, opioid analgesics are routinely used clinically
with the aim of dampening subjective and physiological
stress, e.g. before surgery [21]. Moreover, opioid-induced
improvement in subjective well-being, both in the case
of positive (euphoria, drug liking [22]) and negative
reinforcement (stress and anxiety relief [23, 24]) is
considered a key driver of misuse risk [22, 23]. Therefore,
understanding how opioids affect well-being in opioid-
naive and opioid exposed patients is key to safer surgery
related prescription practices.

In this observational study, we assessed how opioid
analgesics impact on patients’ well-being and anxiety when

they are used in standard clinical practice, with no blinding
or placebo control. In clinical care, both patients and
treatment providers typically attribute any improvement in
well-being or anxiety to the given treatment [24]. Studies of
opioid analgesia have revealed that pain relief can be more
than doubled when the physician [25] or the patient [26]
believes the treatment is an opioid. Given these expectancy
effects, despite the mixed evidence from placebo-
controlled laboratory studies, we hypothesised that opioids
would lead to anxiety relief and increased subjective well-
being when administered according to standard, unblinded

procedures in a clinical context.

Methods

This prospective observational study was conducted from
April 2018 to June 2021 at Kongsberg Hospital in Norway, a
regional non-university hospital with a largely rural
catchment area. Procedures were approved by the local
data protection officer and Regional Ethics Committee as
part of a larger project where opioid use, pain and well-
being outcomes were assessed during both acute and long-
term recovery (Meier IM, preprint, https://psyarxiv.com/
6s45a). Written informed consent was obtained from all
participants. A convenience sample of 269 Norwegian-
speaking patients (ASA physical status 1 or 2) scheduled to
undergo day surgery with general anaesthesia (primarily
minor  abdominal, minor  gynaecological, minor
orthopaedics, otorhinolaryngology and colorectal surgery)
were included. Any exclusion criteria for undergoing day
surgery also excluded participation in the study (details in
online Supporting Information Appendix S1). Inclusion
occurred whenever patients were eligible and the
anaesthetist (GE) had time to complete inclusion
procedures. Data collection was discontinued whenever
patients were unable to respond or to avoid interference
with pre-oxygenation.

All participants received treatment-as-usual and were
treated with an intravenous opioid analgesic 3-5 min
before anaesthetic induction with propofol. According to
standard procedures, they were informed by the medical
personnel that they would be given medication for pain and
for sleep while on the operating table. The first 159 patients
(April 2018 and May 2019) received remifentanil (effect site
concentration 5 ng.ml™" using a target-controlled infusion
model (Minto) based on sex, age, weight and height [27] as

per routine hospital practice). Interim analysis indicated
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undesirable effects of remifentanil on subjective well-being,
therefore the responsible anaesthetist (GE) switched to
oxycodone as the pre-anaesthetic opioid, which is reported
to cause fewer negative subjective effects [28]. Patients
recruited between November 2019 and June 2021 received
oxycodone. As per routine hospital practice, oxycodone
was administered in a fixed dose of 5 mg. On the morning
of their surgery, patients received 2 g acetaminophen
(1.5 g for patients < 75 kg). If not contraindicated due to,
e.g. history of gastric or duodenal ulcer, gastritis or
significant gastroesophageal reflux disease, patients also
received 500 mg naproxen, 20 mg esomeprazole and
12 mg dexamethasone. In the hour waiting for surgery,
participants  received detailed information about
procedures, signed the consent form and completed a brief
questionnaire regarding subjective mood and well-being,
current pain and previous opioid use (see online Supporting
Information Appendix S1). Items from a validated
Norwegian translation of the Brief Pain Inventory (BPI) [29]
were used to assess presence of any current pain (yes/no)
and, if relevant, the severity of current pain was reported on
an 11-point numerical rating scale (NRS) with anchors "no
pain” and ‘worst imaginable pain”. From the list of mood
items, we calculated a negative affect score from the mean
of the ratings of nervousness and anxiety, as these were
strongly correlated (r = 0.77; both on a 11-point NRS;
anchors: ‘not” —"very’). Patients also read a brief medication
list and indicated which, if any, commonly used opioid
analgesics they had taken ever or for> 2-3 weeks.

To capture the subjective effects of opioid injection,
we relied on items from instruments used in
psychopharmacology and clinical studies of opioid
treatment for pain and addiction [18, 30-32]. Questions
were standardised and identical wording, scales and
anchors were used across measurement times and formats
(a complete listis included in online Supporting Information
Appendix S1) having been piloted in patient populations.
Single item questions are typically well-understood by
respondents and can be completed within seconds, which
was essential to capture the immediate effects of opioids
[33-35]. An 11-point (0-10) NRS which transfers well
between the written and the verbal response format was
used for all key measures. Verbal responses were recorded
manually on paper by the anaesthetist. On the operating
table, we measured subjective well-being (feeling ‘good”)
[10, 18] and anxiety (feeling “anxious’) [31, 36] immediately
before and 1 min after opioid injection (anchors ‘not” —
‘very’, see Fig. 1).

After injection of the drug, experience of a drug effect

(yes/no), high/intoxication, liking and disliking/unpleasant

effects were assessed with four items from a Norwegian
translation of the Drug Effects Questionnaire (DEQ[32]) with
the anchors ‘not” — ‘very” [30]. Two items were slightly
adapted based on patient feedback. The “feel effect” item
was introduced from November 2018 and therefore
recorded only in the last 64 remifentanil-treated patients
and in most of the oxycodone sample. Heart rate was
recorded shortly after connecting the patient to the ECG in
the operating theatre (see Table 1 and online Supporting
Information Appendix S1 for details), on average 2 min
before the first questions were asked (see Fig. 1).

Additional clinical and demographic details were
collected from the hospital database (type of surgery, pre-
operative heart rate) and from a routine questionnaire sent
to all patients before surgery, where patients reported age,
sex, weight, tobacco use (yes/no) and pain duration
(months, years), if relevant. Where pain had a duration of
> 3 months it was categorised as chronic. Due to a change
in hospital procedures, the pain duration item was omitted
from the questionnaire in 73 patients in the oxycodone
group (71%).

Analyses were conducted in R version 4.2.1 (R
Foundation, Vienna, Austria). Detailed information about
the statistical packages is outlined in online Supporting
Information Appendix S2. In accordance with the non-
randomised, observational study design, data from the two
drug groups were used to test the main hypotheses
separately in order to assess whether study findings could
be replicated across two different opioids and were not
directly compared. Paired-samples Welch's t-tests with
Holm-Bonferroni correction (four tests) were used to assess
the primary outcomes: differences between the ratings of
feeling ‘good” and “anxious’ pre- and post-drug injection.
The distributions of change scores were symmetric and near
bell-shaped but zero-inflated (high kurtosis due to the
integer scales). Therefore, we also conducted permutation
testing to assess sensitivity (see details in online Supporting
Information Appendix S2). All permutation results aligned
with results from t-tests (online Supporting Information
Table S1). To assess robustness and the ratio of evidence
between the alternative hypothesis (H1: drug effect) and the
null-hypothesis (HO: no drug effect), we calculated a Bayes
Factor for each t-test using the default prior (half-Cauchy,
r = 0.707). Kendall's 1 coefficient (1, rank correlation) was
used for associations between variables with non-normal
distributions measured on the ordinal level. We also ran a
set of ordered logistic regression models to explore
whether known predictors of addiction also influence the
probability of feeling better following acute opioid drug

administration. These predictors included: drug; sex; age
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Figure 1 Studytimeline forthe day of surgery. Questionnaires were completed 30-60 min before surgery. On the operating
table, patients gave two verbal ratings before the 15 s drug injection (PRE) and six verbal ratings 1-3 min after injection offset
(POST). T = Oisthe opioid injection offset. Heart rate was recorded in the 2 min before drug administration.

Table 1 Patient characteristics and pre-operative data. Values are number (proportion), mean (SD) or median (IQR [range]).

Remifentanil
n =159

Sex; female 95(59.7%)
Age;y 46.4(14.3)
Type of surgery

Minorabdominal 41(25.8%)

Minor gynaecological 50(31.4%)

Colorectal 33(20.8%)

Minor orthopaedics 20(12.6%)

Otorhinolaryngology 5(3.1%)

Other 0(6.3%)
Weight; kg 80. 7(15 7)
Heartrate; bpm* .3(13.2)
Tobacco use 34(21.4%)
Current pain score 0/10 63(46.3%)
Current pain severity given any pain 2(1-4[1-8])
Chronic pain 79(53.7%)
Previous opioid use

Opioid naive 40(27.8%)

Some experience 96 (66.7%)

Prolonged use (> 2 weeks) 8(5.6%)
Current negative affect(0-10) 3.5(1.5-5.5[0-10])

*Beats per minute from pre-surgery heartrate recording.

(included in all models); surgical category; chronic pain
history; current pain severity; tobacco use; previous opioid
use; and negative affect on the day of surgery, each tested in
separate models. An ordinal outcome variable with three
levels (feeling worse, same or better) was computed from
the change in ratings (post-pre drug) of feeling good and
anxious. Ordered logistic regressions were performed
using the polr function in the R-package MASS [37]. Models
reported passed standard criteria for goodness-of-fit

Oxycodone Total
n=110 n =269
57(51.8%) 152 (56.5%)
48.9(14.0) 47.4(14.2)
67(60.9%) 108(40 1%)
8(7.3%) 58(21.6%)
15(13.6%) 48(17.8%)
12(10.9%) 32(11.9%)
1(0.9%) 6(2.2%)
7(6.4%) 7(6.3%)
81.9(17.0) 81. 2(16 2)
695(130) 694(131)
2(10.9%) 46(17.1%)
52(53.1%) 115(49.1%)
3(1-4[1-9]) 2(1-4[1-9])
22(68.8%) 101 (56.4%)
42(43.3%) 82(34.0%)
49(50.5%) 145(60 2%)
6(6.2%) 4(5.8%)
3.3(1-6[0-9.5]) 5(1-6[0-10])

(Lipsitzs test) and the proportional odds assumption (Brant-
Wald test).

For the two the main outcomes, 6 (2.2%) of the “feeling
good”and 13 (4.8%) of the anxiety ratings were missing (the
number of observations per measure is listed in online
Supporting Information Table S2). To assess whether
missing data for explanatory variables biased the results, we
used multiple imputation via multivariable imputation by
chained equations (MICE) [38] as a sensitivity analysis (see
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Figure 2 Subjective effects of a single dose of pre-operative opioids in the operating theatre. (a) Ratings of ‘feeling intoxicated”
by drug; (b) ratings of “feeling anxious” before (pre-) and after (post-) drug injection; (c) ratings of ‘feeling good” before (pre-) and
after (post-) drug injection. Group-wise means and 95%Cl in black, dots representindividual verbal numeric ratings.
Remifentanil (light blue, n = 159); oxycodone (dark blue, n = 110). A jitter is added to points on the y and x-axis in the swarm plot

due to overlapping ratings. **p < 0.01; ***p < 0.001.

online Supporting Information Appendix S2). The results
from the complete case regression were compared with
pooled imputed results (across imputations). Multivariable
imputation by chained equations was deemed suitable for
the sample size and type of explanatory variables (mainly
categorical and ordinal). Number of imputations was set to
the same as the highest proportion missing for any
regression variable (k = 33) and number of iterations was
set to 30. Complete case analyses were compared to the

pooled imputed results.

Results

A total of 269 patients provided informed consent. Patient
characteristics and self-reported pain, opioid use and
negative affect are displayed in Table 1. Overall, patients
reported limited previous use of opioid analgesics,
moderate levels of negative affect and little pain in the hour
before surgery.

After drug administration, most participants reported
feeling drug effects (remifentanil n=64 (81%) and
oxycodone n = 91 (85%)). On average, participants also
reported feeling intoxicated (> é on a 10-point NRS) at this

time-point (Fig. 2a and online Supporting Information
Table S2). Although oxycodone was given at a fixed dose,
patients’ weight was not significantly associated with the
level of reported intoxication (adjusted for sex, p = 0.004,
p=0.77).

Anxiety ratings were significantly lower after opioid
injection compared with immediately before (Fig. 2b; mean
(SD) anxiety for remifentanil; pre- 3.4 (2.7), post-surgery 3.0
(2.8), p = 0.01, pagj = 0.02; mean (SD) anxiety for oxycodone;
pre- 3.2 (2.9), post-surgery 2.7 (2.6), p = 0.002, p,qj = 0.005,
online Supporting Information Table S3). These anxiolytic
effects were of modest size (remifentanil Cohen’s d = 0.21,
oxycodone d = 0.31). For both drugs, approximately 35%
reported lower anxiety (remifentanil n =53, oxycodone
n = 36, online Supporting Information Tables S4 and S5).
Bayes factors indicated inconclusive evidence for anxiolytic
effects after remifentanil (BF o = 2.2), but strong evidence for
oxycodone (BFg = 12.9).

There was no increased subjective well-being after
either drug (Fig. 2c). Patients' ratings of ‘feeling good” were
significantly decreased after remifentanil (mean (SD), pre-
6.9 (2.1), post-surgery 6.4 (2.3), p = 0.0007, pa.q; = 0.003,

1106 ©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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d = 0.28) and decreased after oxycodone (pre- 7.7 (1.9),
post-surgery 7.5(2.2), p = 0.40, p.q; = 0.4, d = 0.08). Bayes
factors indicated strong support that remifentanil reduced
well-being (BFo = 24.2), and moderate support for the
absence of an oxycodone effect (BF o = 0.15). The majority
of patients reported the same or reduced levels of ‘feeling
good” after injection; 36 (23%) felt better after remifentanil
and 36 (34%) after oxycodone (online Supporting
Information Table S4).

Average drug liking and disliking (‘unpleasant effect’)
were comparable in the remifentanil group (mean (SD) liking
4.8(3.1), disliking 4.9 (3.0), p = 0.9, BF1p = 0.09), whereas the
ratio of drug liking to disliking was positive for oxycodone
(liking 5.4 (3.0), disliking 3.8 (3.1), p = 0.002, BF;o = 13.8).
For both opioids, drug liking and disliking were inversely
correlated (remifentanil, Kendall's 1, = -0.38, z=-6.2,
p < 0.001; oxycodone, 1, =-0.44, z=-58, p <0.001).
Drug liking was also positively associated with opioid effects
onwell-being (1, = 0.148,z = 3, p = 0.002). Patients who felt
better after opioids also liked the drug effects (mean (SD) 5.7
(2.8)) whereas patients whose well-being decreased also
indicated less drug liking (4.3 (3.2)).

For the exploratory analyses of predictors of increased
well-being, there was a main effect of drug type; the odds
forfeeling better (by one category: worse, same, better) was
1.6 times greater in the oxycodone group (adjusted odds
ratio (aOR), (95%Cl) 1.6 (1.0-2.5), ¥* = 4.0, p = 0.047)
compared with remifentanil-treated patients. There were no
significant effects of sex (aOR 95%Cl 0.97 (0.6-1.5), p = 0.9)
or age (aOR 1.0 (0.98-1.0), p = 0.59) on the change in
feeling good following opioids. Of the exploratory
variables, the number (proportion) of missing datapoints
was: tobacco use n = 4 (1.5%); previous opioid use n = 28
(10.4%); heart rate n =21 (7.8%); negative affect scores
n = 5(1.9%); current pain n = 35 (13.0%); and chronic pain
statusn = 90(33.5%).

Separate analyses showed no significant effects of type
of surgery, chronic pain status, current pain level or tobacco
use (all y2 < 2.1, p > 0.15). For previous opioid use, we
observed a significant "dose-response’ relationship such
that the probability of increased well-being based on model
predictions was low for opioid-naive patients (n = 14 (18%)),
higher for those with some previous use (n = 43 (30%)) and
highest in patients with previous prolonged (> 2 weeks)
opioid use (n = 8(57%)). The odds for feeling better was 4.4
times greater for the patients with a history of long-term
opioid use than for patients reporting no previous opioid
use (aOR 95%Cl 4.4 (1.4-14.8), p = 0.012, see Fig. 3 for
probabilities based on the unadjusted model and online

Supporting Information Table S4). Since only 14 patients

60% 1

40% 1

20% 1

Probability of change in 'feeling good'

0% T T -
Worse Same Better

Figure 3 Effectof previous opioid use onthe likelihood of
feeling worse, same or better following opioid injection
(changein‘feeling good’ratings). Bars depict predicted
probabilities based on the bivariate (unadjusted) ordered
logistic regression model. Opioid naive (white); some
previous opioid use (light blue); prolonged (> 2 weeks)
opioid use (turquoise).

reported long-term opioid use, we conducted a robustness
analysis with only the opioid-naive and ‘some experience’
groups; the effect of opioid exposure was significant (aOR
1.7 (1.1-2.9), p = 0.046) and the overall pattern of results
did not change. The degree of negative affect before
surgery was also a significant predictor of increased well-
being; for each additional point of negative affect the odds
of feeling better increased with 9% (aOR 1.09 (1.0-1.2),
p = 0.039). The effect is illustrated in Figure 4a with a
categorical negative affect variable (negative state low (0
2), medium (2.1-5), high (5.1-10)).

The predictive value of the same variables for change in
anxiety ratings from pre- to post-opioid injection was
explored. In the base model (drug, sex, age) we did not
observe significant effects of drug (aOR 95%Cl 1.12 (0.7-
1.8), p=0.65) or age (aOR 95%Cl 1.01 (0.99-1.02),
p = 0.50), but a significant effect of sex, with 1.7 times
higher odds for anxiety relief in women (aOR 95%CI 1.7
(1.04-2.7), X? = 4.5, p = 0.033). However, women also had
higher pre-drug anxiety ratings (mean (SD) women 3.9 (3.0),
men 2.6 (2.3)). Negative affect before surgery was also
predictive of change in anxiety relief following an opioid: for
each additional point of negative affect, the odds of feeling
less anxious increased by 12% (aOR 95%Cl1 1.12 (1.03-1.23),

©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 1107

85UBD17 SUOLLWIOD BAITER.D) B[l |dde 8L Aq peuenob e Sl YO 88N JOS8INI 104 A%eiq1T8UIUO 8|1 UO (SUORIPUCD-PUR-SWLBIALI0D B 1M AReiq 1 BUI|UO//SHIY) SUOIPUOD PUe SWB L 8y} 885 *[£202/2T/2T] Uo ARiq18uliuo 48| ‘suuesnie] nog Aq 6909T SeUe/TTTT OT/I0PALO0D"AB| 1M AReid U UO'SUO 01 |gnd-STS 18U S3eLI2 JOLIO R 1008Se//SaY W01 pepeo|umod ‘6 ‘€202 ‘7702S9ET



Anaesthesia 2023, 78,1102-1111

Eikemoetal. | Opioid effects on subjective well-being in the operating theatre

C))
60% 1

40% —

20% 1

Probability of change in 'feeling good'

0% r T T
Worse Same Better

Probability of change in 'feeling anxious'

_
(=2
-

60% 1

40% 1

20% 1

0% T T T
Worse Same Better

Figure 4 Effect of negative affect before surgery on the likelihood of feeling worse, same or better following opioid injection.
Bars depict probability of change in (a) ‘feeling good”and (b) feeling anxious”. Negative affect categories from scores given 30—
60 min before surgery: low; 0-2 (white), medium; 2.1-5 (peach) or high; 5.1-10 (orange).

X2 =7.2, p=0.007, see Fig. 4b). There were no significant
effects of the remaining predictors (previous opioid use,
tobacco use, chronic and current pain and type of surgery,
all X2 < 4.5, p > 0.10). Information about chronic pain was
missing for most patients in the oxycodone group.
Therefore, regression analyses with this predictor (for
feeling 'good” and “anxious’) with remifentanil data only,
were performed as a robustness check. The results aligned
with the main analyses (see online Supporting Information
Tables S6 and S7).

Results from the regression analyses using imputed
data yielded very similar results and identical
interpretations. Consequently, the more conservative
complete case results are reported here while imputed
results can be found in the dedicated OSF repository
(details in online Supporting Information Appendix S2).

Discussion

Pain is the primary indication for opioid analgesics.
However, treatment providers [21] and patients [39-41] also
use these medications to relieve stress and discomfort and
to increase well-being. Positive opioid effects are in turn
linked to abuse liability [22]. In this open-label observational
study, intravenous injection of remifentanil or oxycodone
rapidly yielded reports of intoxication and modestly
reduced anxiety ratings. However, we found robust
evidence against the hypothesised increase in subjective
well-being in the minutes after opioid injection. Surprisingly,
only a minority of patients reported increased well-being
immediately following opioid administration, and

subjective well-being was significantly reduced after
remifentanil. Exploratory analysis indicated that the
probability ofimprovement in well-being increased with the
degree of previous opioid exposure.

Euphoria and drug liking are considered key predictors
of a drug’s abuse liability [22]. Here, increased well-being
after opioids was significantly associated with higher drug
liking and previous opioid exposure, but not with current or
persistent pain. The probability of increased well-being
after opioids was low (18%) for opioid-naive patients. The
odds for increased well-being after opioids were over four
times higher in patients with > 2 weeks of previous opioid
exposure. Our results dovetail with findings from studies of
opioid abuse liability, where liking and euphoria from
opioids is most consistently observed in people with
extensive previous opioid use/misuse [22]. Moreover,
pre-clinical studies show that brain responses to opioids can
change even after a single opioid dose [42]. Consistent with
this finding, a robustness analysis including only opioid-
naive patients and those with short-term exposure (< 2
weeks) showed that mere exposure was associated with a
doubling of the odds of increased well-being from a single
dose of opioids. These intriguing results are exploratory in
nature and warrant replication inindependent samples.

Several factors influence the effects of opioids,
including the speed of absorption into the bloodstream and
into the brain. Intravenous administration typically yields the
strongest subjective effects [43]. In the current study,
subjective well-being was measured after the remifentanil

infusion had reached plateau [27], but before the expected
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Tmax of oxycodone at 2-8 min [44, 45]. Nevertheless, a
comparable proportion of patients reported feeling a drug
effect 1 min after injection of either drug (> 80%). Average
ratings of intoxication and drug liking were also comparable
after remifentanil and oxycodone. Moreover, a distinct,
though modestly sized, anxiolytic effect was observed after
both opioids compared with pre-drug ratings. The lack of
randomisation inherent in an observational study limits our
ability to directly compare the effects of these two
commonly used opioid analgesics. The ratio of drug liking
to disliking was 1 after remifentanil but positive after
oxycodone, consistent with previous reports that this drug
induces relatively fewer negative side effects than other
opioid analgesics [28]. Although only a minority of patients
reported increased well-being after this drug in the current
study, exploratory regression analyses indicated a
significantly higher probability of increased well-being after
oxycodone than after remifentanil.

Surgery is a major stressor, and patients cite anxiety as
the worst aspect of the peri-operative experience [46].
Using opioids to reduce presurgical anxiety was standard
practice [47] until head-to-head comparison revealed that
opioids were inferior to benzodiazepines due to side-effects
[48]. Opioids are still administered peri-operatively to
ensure unconsciousness and analgesia throughout
procedures. Initiating opioid treatment in the minutes
before propofol is thought to relieve the stress and
discomfort of intubation [21]. The present results indicate
that modest anxiety relief is observed as early as 1 min after
the opioid injection. However, the magnitude of the
observed effect (0.5 reduction on an 11-point scale) may not
be clinically relevant [49], particularly not for pre-surgical
remifentanil where ratings of ‘feeling good” showed a
reduction of similar size.

Two recent studies of pain treatment in the Emergency
Department indicated that positive ratings of an opioid
drug were largely explained by pain relief [33, 34]. In
contrast with the Emergency Department studies, here
opioids were given when pain levels were overall very low,
with half of the patients reporting no current pain, likely
partly due to premedication with acetaminophen. We did
not find a significant association between current or chronic
pain status and opioid effects in this sample. However,
consistent with the notion that relief from negative states
may drive appreciation of opioids [50], the probability of
increased well-being and anxiety relief was somewhat
higher in patients reporting higher negative affect on the
day of surgery. These links between pain/negative affect
and subsequent subjective opioid effects in the operating

theatre should however be considered preliminary and

hypothesis-generating given the study's observational
design and the substantial portion missing data for the
chronic pain outcome.

The study site was a regional non-university hospital with
alargely rural catchment area. Data from the two drug groups
were collected sequentially by the same anaesthetist (GE),
with the majority of the oxycodone group included after the
start of the COVID-19 pandemic. The lack of randomisation
reduces the generalisability of the results, but the strength of
an observational study is its ecological validity. The lack of an
observed increase in well-being from pre-surgery opioids
cannot be attributed to differences between the study setup
and common clinical practice, since only minimal alterations
from standard clinical care were made. Future studies are
needed to determine whether these and different opioids
given at different time-points and varying doses are
associated with similar subjective effects. Since no placebo
control was included, we cannot exclude the possibility that
effects on anxiety and well-being were influenced by the
passage of time or by the anaesthetist's supervision, e.g. with
lower well-being as the time of surgery approached, reduced
anxiety from receiving care, regression to the mean and/or a
potential ‘floor effect” for the participants with low pre-drug
anxiety levels.

In summary, these ecologically valid findings add
substantially to the literature on how acute opioid treatment
affects subjective well-being [13, 14, 16-18]. We find that
while opioid injection on the operating table yielded a
mean intoxication above 6/10, the medications were
associated with only a modest anxiolytic effect. We report
evidence against opioid-induced well-being at the group
level, with most patients reporting the same or lower levels
of ‘feeling good” after opioids. Exploratory analyses showed
that the odds of improved well-being after opioids
increased as a function of previous opioid exposure. We
conclude thatincreased well-being from opioids is relatively
rare, and as such it is difficult to explain the undeniable
abuse liability of opioid analgesics. Researchers and
clinicians should instead consider exposure-related
processes and opioid effects on the brain’s ‘wanting’ circuits
[51], acute withdrawal symptoms [52-54] or the high value
of acute relief from intense [33, 34] or long-term physical
[55, 56] or emotional [39, 40] pain.
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