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ORIGINAL ARTICLE
Effects of an opioid-free car
e pathway vs. opioid-based
standard care on postoperative pain and postoperative
quality of recovery after laparoscopic bariatric surgery

A multicentre randomised controlled trial

Alexander Olausson , Pether Jildenstål, Paulin Andr�ell, Eva Angelini, Erik Stenberg,

Ville Wallenius, Henrik €Ohrstr€om, Sven-Egron Th€orn and Axel Wolf
BACKGROUNDOpioid-free anaesthesia (OFA) may enhance
postoperative recovery after bariatric surgery, but its combined
effect with opioid-free interventions has not been studied.

OBJECTIVE(S) To compare postoperative pain and recov-
ery after laparoscopic bariatric surgery with a total opioid-
free care pathway and conventional opioid-based treatment.

DESIGN A multicentre nonblinded controlled trial.

SETTING Two university hospitals in Sweden.

PATIENTS Adult patients scheduled for laparoscopic bar-
iatric surgery were enrolled between May 2019 and Novem-
ber 2023. Of 837 patients screened, 112 were randomised,
and 110 were included in the analysis: 55 in the intervention
and 55 in the control group.

INTERVENTION(S) Patients were randomised to an opioid-
based standard care (control group) or to an opioid-free care
pathway (intervention group), including intra-operative OFA
and postoperative first-line transcutaneous electrical nerve
stimulation (TENS) treatment.

MAIN OUTCOME MEASURES The primary outcome was
the change in patient-reported postoperative pain intensity
on a numerical rating scale (NRS) from arrival in the post-
anaesthesia care unit (PACU) until discharge to the surgical
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ward. Key secondary outcomes were postoperative pain
intensity, in-hospital opioid consumption, and postoperative
quality of recovery scale (PQRS) scores.

RESULTS There was no difference between the groups
regarding the changes in pain intensity from arrival in PACU
until discharge to the ward, with mean�SD changes in NRS
of 3.20�3.01 (intervention) vs. 3.15�2.25 (control); mean
difference (MD) 0.04 [(95% confidence interval (CI), �1.00
to 1.08); P¼0.97], and pain intensity at 24 h (P¼0.078),
72 h (P¼0.060), and 3 months (P¼0.30) postoperatively.
The intervention group had a significantly lower opioid con-
sumption in the PACU; mean morphine equivalents 6.08
�12.31 vs. 51.1�14.9mg; MD �45.0 (95% CI, �50.1 to
�39.8) mg; P<0.0001; and during the hospital stay MD
�40.3 (95% CI, �54.4 to �25.9) mg; P<0.0001. Total
PQRS scores did not differ significantly over the 3-month
follow-up.

CONCLUSION The opioid-free care pathway offers patients
pain relief and recovery outcomes comparable to conven-
tional opioid-based care and reduces opioid use after lapa-
roscopic bariatric surgery.

TRIAL REGISTRATION ClinicalTrials.gov NCT03756961.
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KEY POINTS

� The effects of an opioid-free care pathway that

combines both pharmacological and nonpharma-

cological opioid-free interventions have not yet

been studied.

� An opioid-free care pathway can provide compara-

ble pain relief and quality of recovery outcomes

with opioid-based standard treatment for up to 3

months after surgery, while significantly reducing

the in-hospital opioid consumption.

� The novel approach of combining intra-operative

opioid-free anaesthesia with postoperative trans-

cutaneous electrical nerve stimulation (TENS) as

first-line pain treatment has the potential to
eliminate the use of perioperative opioids for

patients undergoing bariatric surgery.
Table 1 Exclusion criteria

1. American Society of Anesthesiologists (ASA) classification greater than III
2. Cardiovascular disease with bradycardia (heart rate <50 bpm)
3. Serious liver disease
4. Insufficient knowledge of the Swedish language
5. Untreated serious psychiatric disease
6. Neurocognitive dysfunction
7. Pregnancy or women of childbearing age who are not using contraception
and have not taken a pregnancy test before surgery

8. Malignant disease with an expected short survival
9. Chronic pain treated with opioids
10. Substance abuse
11. Hypersensitivity to oxycodone, esketamine, dexmedetomidine or lidocaine
12. Presence of a pacemaker or implantable cardioverter–defibrillator (ICD)
13. Inability to complete questionnaires
14. Refusal to participate in the study
Introduction
Bariatric surgery is a highly effective treatment for people

with severe obesity, leading to substantial and sustainable

weight loss, reducing obesity-related comorbidities and

increasing health-related quality of life.1–3 However, due

to the reliance on opioids as the standard treatment for

general anaesthesia and postoperative pain management,

patients may face substantial perioperative challenges

when undergoing bariatric surgery and are at higher risk

of respiratory depression,4 postoperative nausea and

vomiting (PONV),5 insufficient pain control and problem-

atic opioid use.6–8 Opioid-related side effects worsen early

postoperative recovery and can impair long-term recovery

and patient outcomes if not adequately addressed.

The Enhanced Recovery After Bariatric Surgery guide-

lines9 recommend opioid-sparing and nonopioid pain man-

agement strategies to enhance postoperative recovery.

Opioid-free anaesthesia (OFA) reduces postoperative side

effects without having a negative impact on patient safe-

ty.10–12 In bariatric surgery, OFA may also improve pain

outcomes in the early postoperative phase11 and yield

similar perioperative experiences to opioid-based anaesthe-

sia (OBA).13 Nevertheless, data on OFA are inconclusive

and long-term patient recovery has been poorly explored,

thus, opioids remain the standard of perioperative care.

To date, no study has implemented an opioid-free inter-

vention that encompasses both the intra-operative and

postoperative phases. Typically, there is a transition to

standard postoperative treatment protocols although opi-

oid-sparing strategies are warranted following bariatric

surgery.9 Transcutaneous electric nerve stimulation

(TENS) combines pain-relieving properties with an opi-

oid-sparing effect for acute postoperative pain in various

contexts, including laparoscopic surgery.14,15 Combining

OFA with postoperative TENS treatment could enhance
postoperative patient outcomes and further reduce the

need for opioids perioperatively. This randomised con-

trolled trial (RCT) aimed to compare the effects of a total

opioid-free care pathway and conventional opioid-based

treatment on postoperative pain and recovery after lapa-

roscopic bariatric surgery.

Methods
This study captures data from thefirst phase of amulticentre,

nonblinded, RCT (ClinicalTrials.gov NCT03756961) con-

ducted at two university hospitals in Sweden between May

2019 and November 2023.

Ethics
The clinical trial was approved by the Swedish Ethical

Review Board (DNR 1006-17; Chairperson Birgitta Hen-

riksson) on 26 February 2018 and the Swedish Medical

Products Agency (EU CT 2023-505934-86-00). All

patients received written and oral information. Written

informed consent was obtained from all participants. The

clinical trial was overseen by an independent data and

safety monitoring board at both study sites, which

reviewed safety data and ensured the trial’s conduct

adhered to the Declaration of Helsinki and Good Clinical

Practice guidelines. The study follows the Consolidated

Standards of Reporting Trials (CONSORT) guidelines.

Patients
The inclusion criteria were patients aged at least 18 years,

scheduled for laparoscopic gastric bypass or sleeve gas-

trectomy at one of the two study sites, and informed

consent. The exclusion criteria are outlined in Table 1.

Patients were screened for eligibility via medical records

and asked to participate during the pre-operative assess-

ment visit at the hospital. Screening, recruitment and

enrolment were conducted by the study nurse and prin-

cipal investigator at each site.

Randomisation and interventions
Patients were randomised to the intervention or the

control group in a 1 : 1 ratio on the day of surgery by
Eur J Anaesthesiol 2025; 42:714–726
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the study nurse using computerised allocation (Microsoft

Access program). The randomisation was stratified by

study site and balanced by sex, age and body mass index

as minimisation variables. The group allocation was

revealed to the patient and the clinical staff involved.

The study personnel collected data throughout the sur-

gery, in the postanaesthesia care unit (PACU), and during

the 3-month follow-up.

Primary outcome
Pain intensity was measured by the study nurse at the

bedside in PACU using a numerical rating scale (NRS 0

to 10, 0¼no pain up to 10¼worst imaginable pain). The

primary outcome was a comparison between the two

groups in the change of NRS between arrival in the

PACU and at the time of discharge to the surgical ward.

Secondary outcomes
The secondary outcomes were differences in patient-

reported pain intensity (NRS) after PACU discharge,

in-hospital opioid consumption and total recovery after

surgery measured using the Postoperative Quality of

Recovery Scale (PQRS). Additional outcomes included

the need for opioid analgesia, time spent in the PACU

and the number of participants reporting a pain intensity

rated NRS less than 3 at rest.

Pain intensity (NRS) after PACU discharge was

assessed in the surgical ward (24 h), the first day at home

(72� 24 h) and 3months postoperatively. Pain assess-

ment was conducted by the study nurse at the bedside

during the in-hospital stay and by telephone after hospital

discharge. Opioid consumption was obtained from medi-

cal records and converted to oral morphine equivalents in

milligrams.7,16

The PQRS was administered following the pre-operative

assessment and study inclusion (baseline), in the PACU

(20 and 40min), in the surgical ward (24 h), first day at

home (72� 24 h) and 14, 30 and 90 days postoperatively.

The PQRS includes physiological, nociceptive, emotion-

al, cognitive, activities of daily living and overall patient

perspective domains, along with subsequent parameters

in each domain.17 The study used the Swedish translation

of the PQRS.18 PQRS scores were calculated as described

in Supplement 1, http://links.lww.com/EJA/B119. Data

collection was performed bedside during the in-hospital

stay, and remotely after discharge. An electronic patient-

reported outcome (ePRO) system (TrialOnline, Replior

AB) was used beyond the 14-day follow-up for all param-

eters except the cognitive domain, which was assessed

through a telephone call.

Safety data including adverse events, serious adverse

events and suspected unexpected serious adverse events

were recorded from admission until discharge from the

hospital. Complications were presented according to the

Clavien–Dindo classification.19
Eur J Anaesthesiol 2025; 42:714–726
Anaesthetic technique
In the operating theatre, standard monitoring was ap-

plied, and pre-oxygenation was performed following

standard guidelines for all patients. An automatic lung

recruitment manoeuvre was performed postintubation.

Pharmacological regimens for general anaesthesia and

postoperative pain management are presented in Fig. 1.

Pre-operatively, patients in the intervention group re-

ceived brief instruction on TENS use. Upon arrival in

the PACU, patients reporting pain intensity rated NRS

at least 3 initially received high-frequency (80Hz),

high-intensity (40mA) transcutaneous electrical nerve

stimulation (HFHI TENS) administered by the

nurse.15,20 The TENS electrodes were placed with a

minimum distance of 3 cm and a maximum of 30 cm

between them, ensuring effective stimulation across the

dermatomes involved. HFHI TENS was applied for

1min and repeated once if the analgesic effect was

inadequate (i.e. NRS� 3). If TENS treatment did

not result in adequate pain relief, the pharmacological

pain management algorithm was followed (Fig. 1). Once

patients attained an acceptable level of consciousness in

the PACU, they received instruction on the self-admin-

istered TENS programme, involving modulated pulse

duration stimulation at an intensity chosen by the

patient. In the surgical ward, nurse-administered and

self-administered TENS treatment were continued.

The control group received a multimodal, opioid-based

standard care regimen for anaesthesia and postoperative

pain management.

Statistical analysis
This study was designed as a noninferiority trial for its

primary outcome and a superiority trial for its secondary

outcomes. The main analyses were performed on the

modified intention-to-treat (mITT) population, compris-

ing participants who initiated treatment after randomisa-

tion, with complementary analyses on the per-protocol

population, including participants without protocol

deviations. The primary outcome, defined as the pain

intensity change from PACU arrival to discharge with a

margin of �1 on the NRS score, was assessed based on a

power calculation for noninferiority with a standard de-

viation of 1.62. To achieve 80% power at a 0.05 signifi-

cance level, a sample size of 43 patients per group was

needed. To account for potential dropouts, the trial

enrolled 55 patients per group. Noninferiority was con-

firmed if the lower limit of the two-sided 95% confidence

interval (CI) exceeded �1 for the unadjusted mean

difference in the pain intensity score change between

groups.

Continuous variables were analysed using Fisher’s non-

parametric permutation test, while ordered categorical

variables and dichotomous variables were analysed with

the Mantel–Haenszel x2 test and Fisher’s exact test,

respectively. Changes in continuous variables over time

https://protect.checkpoint.com/v2/r04/___http://links.lww.com/EJA/B119___.Y3A0YTphc2E6YzpvOjZmNTZhZTUxNjJjNjkyNGFiM2FkYzhiY2U1ZGFjZjhmOjc6NjYyMDo5YThjNWIwMDg0NTg3OGU1ZmZmZDVlYjI1NWRjNDdjMGJjOGJlYjY1NzU4NDk5ZjBiNDZiYzNmZmVlYjc1NDY1OnA6VDpO


Effects of an opioid-free care pathway in bariatric surgery 717

Fig. 1 Pharmacological and non-pharmacological regimens for general anaesthesia and postoperative pain management.

Induction Maintenance End of surgery PACU stay

Propofol 1.5-2 mg kg
-1

Rocuronium 0.6 mgkg
-1

 

Betamethasone 8 mg
Paracetamol 1 g
Parecoxib 40 mg

0.2 -0.1 μg kg-1hr-1 up to 4 h in PACU  

Hypotension < 20 % from baseline MAP:
Phenyleprine 0.1 mg or Ephedrine 5 mg

Bradycardia < 50 bpm:
Atropine 0.5 mg 

Intravenous drugs 
used in both groups:

The Gothenburg Model 
for Laparoscopic Bariatric Surgery

Opioid-free 
anaesthesia
Intervention 

group

Opioid-based
anaesthesia

Control
group

Ondansetron 4 mg

Pain intensity NRS ≥3 

1. HFHI TENS 60 seconds

2. Esketamine 0.1 mg kg-1 i.v.

3. Lidocaine 0.5 mg kg-1
 i.v.

4. Oxycodone i.v. at the nurse’s 
discretion (recommended 
dose: 2.5 mg)

Repeat paracetamol (1 g/6 h) i.v.
and parecoxib (40 mg/12 h) i.v.
when applicable.

Pain intensity NRS ≥3

2. Oxycodone i.v. at the nurse’s 
discretion (recommended 
dose: 2.5 mg)

Repeat paracetamol (1 g/6 h) i.v.
when applicable.

Anaesthetics

Dexmedetomidine i.v.infusion
loading dose

Esketamine i.v.infusion
bolus dose: predetermined
and 0.1 mg kg-1 at clinical signs
of intra-operative stress

Lidocaine 

Midazolam

Desflurane (vapouriser)

Remifentanil i.v.infusion

Oxycodone

Clonidine

0.2 mg kg-1 hr-1 0.2 -0.3 mg kg-1 hr-1 

0.1 mg kg-1 at induction 0.1 mg kg-1 at skin incision 0.1 mg kg-1 at skin closure

i.v. bolus

i.v. bolus

CPT 6 ng ml-1 CPT 4-10 ng ml
-1

0.2 μg kg-1 hr-1 

16 µg 

0.1 mg kg-1

45+30 μg

i.v. bolus

i.v. bolus

1 mg kg-1

0.5 mg

kgin adjusted body weight 
calculated as:
ideal body weight (body length in 
cm minus 100) plus 50 % of the 
remaining excess weight.

MAC 0.6–0.8 
adjusted to 
BIS 40-60 

Repeated once, if necessary
between the two groups were examined with an analysis

of covariance (ANCOVA) adjusted for baseline values.

Within-group comparisons were conducted using Fish-

er’s nonparametric permutation test for paired observa-

tions for continuous variables and the Sign test for

dichotomous and ordered categorical variables. For

time-to-event data, the log-rank test was used, and

Kaplan–Meier graphs were created to illustrate the

results.

The main results are presented as mean differences

(MD) between groups, with 95% CI, P values and effect

size. Descriptive statistics for continuous variables in-

clude mean�SD, median (range), while categorical vari-

ables are presented as numbers (%). All statistical

analyses were conducted using SAS (Version 9.2, SAS

Institute Inc., Cary, North Carolina, USA). All statistical

tests were two-sided and conducted at the 5% signifi-

cance level.

Results
Patient characteristics
Of the 837 patients screened for eligibility between May

2019 and November 2023, 112 underwent randomisation,

and 110 received the allocated treatment: 55 in the

intervention group, 55 in the control group. Sixteen

participants were excluded from the per-protocol analy-

sis: 6 from the intervention and 10 from the control group.

During the 3-months follow-up, three participants in the
intervention and four in the control group terminated

their study participation (Fig. 2). Baseline characteristics

and perioperative medications are presented in Table 2;

baseline characteristics were comparable between the

groups.

Primary outcome
There was no difference between the groups regarding

the change in pain intensity from PACU arrival to dis-

charge with mean�SD changes in NRS of 3.20� 3.01

(intervention) vs. 3.15� 2.25 (control); mean difference

(MD) 0.04; 95% confidence interval (CI), �1.00 to 1.08,

P¼ 0.97. The result remained nonsignificant when ad-

justed for baseline pain intensity and minimisation vari-

ables: MD 0.26 (95% CI �0.35 to 0.88), and in the per-

protocol analysis: MD �0.33 (95% CI �1.43 to 0.77)

(Table 3).

Secondary outcomes
There was no difference in postoperative pain intensity

(NRS) between the intervention and the control group at

24 h (P¼ 0.078), 72 (�24) h (P¼ 0.060) and 3 months

(P¼ 0.30) postoperatively (Table 3). Twenty patients

(36%) in the intervention group and 50 patients (90%)

in the control group required opioids during the PACU

stay; the mean consumption of opioids (morphine equiva-

lents) was significantly lower in the intervention group vs.

the control group: 6.08� 12.31 vs. 51.1� 14.9mg; MD

�45.0 (95%CI,�50.1 to�39.8) mg; P< 0.0001 (Table 3).
Eur J Anaesthesiol 2025; 42:714–726
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Fig. 2 Study flow chart.

Assessed for eligibility (n = 837)

Excluded (total n = 725)

Not meeting inclusion criteria (n = 8)

• Meeting exclusion criteria (n = 497)

• Logistic disruptions (n = 193)

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

Analysed (n = 55)

• Excluded from modified intention-to-treat 
analysis due to not receiving allocated 
treatment (n = 2)

• Excluded from per-protocol analysis due to 
protocol deviations potentially affecting the 
outcome (n = 6)

• Discontinued intervention (n = 0)

Analysed (n = 55)

• Excluded from modified intention-to-treat 
analysis due to not receiving allocated 
treatment (n = 1)

• Excluded from per-protocol analysis due to 
protocol deviations potentially affecting the 
outcome (n = 10)

• Discontinued intervention (n = 0)

Allocated to control group (n=56)
• Received allocated treatment (n=55)

• Did not receive allocated treatment (n=1)

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

Analysed at 24 hours 
(n = 54)

Allocated to intervention group (n = 57)
• Received allocated treatment (n = 55)

• Did not receive allocated treatment (n = 2)

- Re-randomisation due to delayed start of 
surgery >24 hours (n = 1)

- Consent withdrawal after randomisation 
before start of surgery (n = 1)

Allocation

Analysis stay in PACU

Randomised (n = 113)

Unique number of subjects randomised n = 112 due 
to re-randomisation of one subject

Enrolment

Analysis follow-up

Analysed at 24 hours 
(n = 55)

Missing follow-up (n=1)a

Analysed at 72 (±24) 
hours (n = 49)

Missing follow-up (n=6)
Analysed at 72 (±24) 

hours (n = 52)
Missing follow-up (n = 3)

Analysed at 14 days 
(n = 51)

Analysed at 14 days 
(n = 52)

Missing follow-up (n=2)
Study termination at patient 

request (n = 2)

Analysed at 30 days 
(n = 48)

Missing follow-up (n=4)
Study termination at patient 

request (n = 1)

Analysed at 30 days 
(n = 51)

Missing follow-up (n = 2)
Study termination at patient 

request (n = 1)

Missing follow-up (n = 2)
Study termination at patient 

request (n = 1)

Analysed at 3 months 
(n = 47)

Missing follow-up (n=4)
Study termination at patient 

request (n = 1)

Analysed at 3 months 
(n = 47)

Missing follow-up (n = 5)
Study termination at patient 

request (n = 1)

Notes: Abbreviation: PACU=Post-Anaesthesia Care Unit.

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

Eur J Anaesthesiol 2025; 42:714–726
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Table 2 Patient baseline characteristics and perioperative
medications

Variable

Intervention

group (nU55)

Control

group (nU55)

Demographics

Female sex, (n (%)) 41 (74.5) 40 (72.7)

Age (years) 39.1�9.7
37 [22 to 57]

38.5�11.2
36 [22 to 71]

BMI (kg m�2) 42.8�4.9
42.3

[33 to 55.2]

42.8�4.9
43.3

[30.5 to 58.9]

University hospital site 1 26 (47,3) 27 (49)

University hospital site 2 29 (52,7) 28 (51)

Laparoscopic gastric by-pass 38 (69.1) 36 (65.5)

Laparoscopic sleeve gastrectomy 17 (30.9) 19 (34.5)

Education

Primary school (9 years), (n (%)) 55 (100) 55 (100)

Upper secondary education, (n (%)) 52 (94.5) 50 (90.9)

University degree, (n (%)) 15 (27.3) 21 (38.2)

ASA physical status classification,
(n (%))

Class I 4 (7.3) 8 (14.5)

Class II 36 (65.5) 27 (49.1)

Class III 15 (27.3) 20 (36.4)

Comorbidity, (n (%))

Diabetes, type I and II 10 (18.2) 2 (3.6)

Hypertension 6 (10.9) 5 (0)

Hypothyroidism 5 (9) 5 (9)

Obstructive sleep apnoea 5 (9) 3 (5.4)

Hyperlipidaemia 5 (9) 0 (0)

Asthma 3 (5.4) 2 (3.6)

Depressive disorders 3 (5.4) 7 (12.7)

Anxiety disorders 3 (5.4) 3 (5.4)

Intra-operative medications

Dexmedetomidine infusion (mg) 53 [21.1 to 105.6] 0 [0 to 0]

Esketamine infusion (mg) 75.4 [44 to 140] 0 [0 to 0]

Esketamine (mg) 36.4 [6 to 90.8] 0 [0 to 0]

Lidocaine (mg) 94 [70 to 200] 0 [0 to 0]

Remifentanil total infusion (mg) 0 [0 to 0] 1312
[629 to 3566]

Postoperative medications in PACU

Dexmedetomidine infusion (mg) 53 [21.1 to 105.6] 0 [0 to 0]

Esketamin (mg) 9.5 [0 to 80]
n¼35

10.1
n¼1a

Lidocaine (mg) 80 [4.5 to 260]
n¼31

0 [0 to 0]

Data are presented as mean � SD, median [range], or n(%). The number in the
bottom row of columns indicates deviations from the total group size. BMI, body
mass index; PACU, post-anaesthesia care unit. a Esketamine was administered to
one participant in the control group at the discretion of the principal investigator
due to insufficient analgesic effect of opioids.
The result was consistent after excluding the control

group’s pre-emptive postoperative dose of intravenous

oxycodone: 6.08� 12.31 vs. 19.1� 13.6mg; MD �13.1

(95% CI,�17.9 to �8.1) mg; P< 0.0001. The total opioid

consumption during the in-hospital stay remained signif-

icantly lower in the intervention group vs. the control

group: MD �40.3 (95% CI, �54.4 to �25.9) mg;

P< 0.0001. There was no difference in time spent in

the PACU (P¼ 0.63). By discharge from the PACU, 15

(27%) participants in the intervention group and six

(10.9%) in the control group reported pain intensity rated

NRS less than 3 (P¼ 0.051) (Table 3).
PQRS scores improved over time in both groups, with no

statistically significant differences between groups at any

postoperative assessment (Table 4 and Figs. 3–5). At the

3-month follow-up, 72.3% in the intervention group and

74.5% in the control group achieved total recovery (Table

4 and Fig. 3). A significant difference was noted in the

PQRS nociceptive domain at 14 days postoperatively,

with 23.4% more participants in the intervention group

achieving nociceptive recovery (P¼ 0.030) (Fig. 4). How-

ever, a breakdown in the nociceptive domain showed no

significant difference between groups for the included

parameters postoperative pain (P¼ 0.17) and PONV

(P¼ 0.61) at 14 days.

The additional overall patient perspective domain, with

no baseline assessment, revealed that the control group

was significantly more satisfied or totally satisfied with the

anaesthetic care at 24 h (P¼ 0.017) and 72 (�24) h

(P¼ 0.039) postoperatively (Fig. 5d). Significantly more

participants in the control group reported mild impact or

no impact in activities of daily living at 14 days (P< 0.001;

Fig. 5c). In the remaining recovery domains, no differ-

ences were observed between the groups over the three-

month follow-up period.

Adverse events
In the control group, one adverse event and one serious

adverse event occurred. One participant visited the emer-

gency room for a fever on the first postoperative day but

recovered without treatment (Clavien–Dindo grade 1).

The serious adverse event involved postoperative bleed-

ing from the gastric anastomosis, requiring reoperation

and extended inpatient care; the patient ultimately re-

covered (Clavien–Dindo grade 3b).

Discussion
In this multicentre, nonblinded RCT, the opioid-free

care pathway combining OFA and HFHI TENS resulted

in comparable pain relief to opioid-based standard care

but significantly reduced opioid consumption in the

PACU and throughout the hospital stay after laparoscopic

bariatric surgery. The overall quality of recovery

improved in both groups over 3 months. However,

significantly more participants in the control group were

satisfied with the anaesthetic care in the immediate

postoperative period and reported no impact on daily

activities 2 weeks after surgery.

Altogether, the study results demonstrate that OFA

combined with TENS for postoperative pain manage-

ment is a viable opioid-sparing concept in bariatric sur-

gery, providing comparable pain relief and recovery

outcomes to opioid-based standard treatment for up to

3 months. Three times as many participants achieved

adequate pain relief (NRS< 3) in the intervention group

despite comparable durations of PACU stay. The similar

pain outcomes between groups align with meta-analyses

on OFA in various surgical interventions10,21 and bariatric
Eur J Anaesthesiol 2025; 42:714–726
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Table 3 Postoperative pain, opioid consumption and length of stay in the PACU data

Variable

Intervention

group (nU55)

Control

group (nU55)

Mean difference

(95% CI) P value

Effect

size

Change in pain intensity from arrival to discharge from the PACU,
NRS

3.20�3.01
3 [�4 to 10]

n¼51

3.15�2.25
3 [�2 to 9]

n¼52

0.04 (95% CI �1.00 to 1.08) 0.97 0.02

Change in pain intensity from arrival to discharge from the PACU,
NRSa

Adj 3.31�3.0 Adj 3.04�2.25 0.26 (95% CI �0.35 to 0.88) Adj 0.40 Adj 0.02

Change in pain intensity from arrival to discharge from the PACU,
NRSb

3.02�2.75
3 [�4 to 8]

n¼45

3.36�2.39
3 [�2 to 9]

n¼42

�0.34 (95% CI �1.44 to 0.77) 0.57 0.13

Change in pain intensity from arrival to discharge from the PACU,
NRSc

Adj 3.20�2.75 Adj 3.16�2.39 0.04 (95% CI �0.59 to 0.68) Adj 0.89 Adj 0.13

Pain intensity at baseline before surgery, NRS 0.39�1.25
0 [0 to 6]
n¼54

0.84�1.65
0 [0 to 7]
n¼55

�0.45 (95% CI �1.00 to 0.10) 0.13 0.30

Maximum pain intensity within the first 30 min after arrival to the
PACU, NRS

6.26�2.98
7 [0 to 10]
n¼53

6.55�1.83
6 [1 to 10]
n¼55

�0.28 (95% CI �1.21 to 0.67) 0.58 0.11

Pain intensity at discharge from the PACU, NRS 3.06�1.89
3 [0 to 8]
n¼52

3.33�1.63
3.5 [0 to 8]

n¼52

�0.27 (95% CI �0.96 to 0.42) 0.47 0.15

Pain intensity< 3 in NRS before discharge from the PACU, n (%) 15 (27.3%) 6 (10.9%) 16.4 (95% CI 0.2 to 32.5) 0.051 0.43
Maximum pain intensity during the first 24 h in hospital, NRS 6.80�2.55

8 [0 to 10]
n¼55

6.76�1.63
7 [1 to 10]
n¼55

0.04 (95% CI �0.77 to 0.85) 0.96 0.02

Pain intensity after 24 h, NRS 2.48�1.78
2.5 [0 to 8]

n¼54

3.15�2.00
3 [0 to 8]
n¼54

�0.67 (95% CI �1.40 to 0.05) 0.078 0.35

Pain intensity after 72 (�24) hours, NRS 1.60�1.45
1 [0 to 6]
n¼48

2.24�1.67
2 [0 to 7]
n¼45

�0.64 (95% CI �1.29 to �0.00) 0.060 0.41

Pain intensity after 3 months, NRS 0.16�0.74
0 [0 to 4]
n¼45

0.40�1.18
0 [0 to 6]
n¼45

�0.24 (95% CI �0.65 to 0.15) 0.30 0.25

Opioid consumption during the PACU stay, ME in milligram 6.08�12.31
0 [0 to 75]
n¼55

19.1�13.6
15 [0 to 63]

n¼55

�13.1 (95% CI �17.9 to �8.1) <0.0001 1.01

Opioid consumption during the PACU stay including preemptive
dose of oxycodone, ME in milligram

6.08�12.31
0 [0 to 75]
n¼55

51.1�14.9
52.5 [27 to 87]

n¼55

�45.0 (95% CI �50.1 to �39.8) <0.0001 3.29

Opioid consumption during entire hospital stay, ME in milligram 18.2�44.6
0 [0 to 292.5]

n¼55

58.4�32.2
55.5 [0 to 126]

n¼55

�40.3 (95% CI �54.4 to �25.9) <0.0001 1.03

Length of stay in the PACU, minutes 137.7�56.4
120 [60 to 333]

131.4�74.0
105 [60 to 452]

6.24 (95% CI �18.52 to 31.12) 0.63 0.09

Data are presented as mean� standard deviation and median [range], n¼ number, and mean difference (MD) with 95% confidence interval (CI). The number in the bottom
row of columns indicates deviations from the total group size. For the comparison between groups, Fisher’s nonparametric permutation test was used for continuous
variables. The confidence interval for the mean difference between groups is based on Fisher’s nonparametric permutation test. Adj, adjusted; ME, morphine equivalents;
NRS, numerical rating scale (0 to 10); PACU, post-anaesthesia care unit. a Sensitivity analysis adjusted for pain intensity at baseline before surgery and the minimisation
variables study site, sex, age and body mass index (BMI) using Analysis of Covariance (ANCOVA). b Per protocol analysis. c Sensitivity analysis on the per protocol
population adjusted for baseline pain and the minimization variables study site, sex, age and body mass index (BMI) using ANCOVA.
surgery specifically,11 although the pooled effect indicat-

ed significantly lower pain intensity during the PACU

stay, favouring OFA,10,11,21 none identified a clinically

important difference (NRS� 1). Moreover, inconsisten-

cies in the OFA regimens contributed to high heteroge-

neity, downgrading the level of evidence.

Our intervention incorporating HFHI TENS as the

primary pain management strategy following OFA is,

to the best of our knowledge, a novel approach not

previously described. HFHI TENS after OBA had simi-

lar effects on pain intensity and reduced opioid consump-

tion compared to intravenous opioids for postoperative

pain in other contexts.14,15 Our finding that only 36% of

patients in the intervention group required opioids
Eur J Anaesthesiol 2025; 42:714–726
(vs. 90% in the control group), suggests that nearly

two-thirds of patients in the intervention group

responded to the opioid-free pain management strategy

or remained adequately relieved of pain in the PACU.

Notably, the pre-operative instruction the intervention

group received on TENS treatment after randomisation

may have positively influenced their postoperative pain

experience, as pre-operative education about postopera-

tive pain management improves pain outcomes, relieves

anxiety and reduces opioid use.22 In any case, employing

HFHI TENS as a first-line treatment for acute postop-

erative pain is advantageous, given its cost-effectiveness,

absence of serious side effects and the rapid evaluation of

its analgesic effect.15,23 Intravenous oxycodone has an

onset of action of approximately 5 to 8min,24 providing
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Table 4 Total postoperative quality of recovery during stay in post-anaesthesia care unit and at follow-up

Postoperative measurement time points, n (%) recovered Intervention group (nU55) Control group (nU55) Mean difference () P value

20min 0 (0)
n¼55

0 (0)
n¼55

40min 0 (0)
n¼55

0 (0)
n¼55

24h 14 (25.5)
n¼55

12 (22.2)
n¼54

3.2 (�14.6 to 21.1) 0.86

72 (þ/- 24) hours 18 (34.6)
n¼52

15 (30.6)
n¼49

4.0 (�16.2 to 24.3) 0.83

14 days 36 (67.9)
n¼53

24 (47.1)
n¼51

20.9 (0.4 to 41.4) 0.051

1 month 34 (68.0)
n¼50

36 (75.0)
n¼48

�7.0 (�26.9 to 12.9) 0.59

3 months 34 (72.3)
n¼47

35 (74.5)
n¼47

�2.1 (�22.1 to 17.9) 1.00

Number and percentage (%) of patients returning to baseline values or improved across all dimensions in the Postoperative Quality of Recovery Scale (PQRS) at each
measurement time point after surgery. For each time point, the bottom-line number indicates the number of patients with available data, accounting for missing data in long-
term follow-up. For the comparison between groups, Fisher’s exact test (lowest 1-sided P value multiplied by 2) was used. The confidence interval for dichotomous
variables is the unconditional exact confidence limits. PACU, post-anaesthesia care unit.
pain relief within 30min.25 Therefore, the 1-min HFHI

TENS stimulation regime used in our study could short-

en the time-to-pain relief and reduce opioid consump-

tion, or facilitate a swift transition to opioids if the

analgesic effect is inadequate.

We observed a significant reduction in opioid consump-

tion in the intervention group during the PACU and in-

hospital stay, contrasting with a recent meta-analysis11

and systematic review12 on OFA in bariatric surgery.

Nevertheless, the mean length of PACU stay was similar
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between the two groups, ensuring that the results were

not biased in this regard. The comprehensive design of

the intervention, incorporating not only OFA but also

HFHI TENS and a dexmedetomidine infusion in

the PACU, likely enhanced the opioid-sparing effects.

Dexmedetomidine, alone or inmultidrug regimens, is the

most frequently used opioid substitute for surgical inter-

ventions,10 including bariatric surgery.11 The potential

risks of dexmedetomidine at high doses complicate the

broader implementation of OFA in clinical practice.26

However, the safety profile of OFA using limited doses of
Recovery Scale domains.

ours 14 days 30 days 3 months

ce surgery

n Group Control group

e curve) and control group (red curve) achieving total recovery across all
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Fig. 4 PQRS domains: physiological, nociceptive, emotional, cognitive and activities in daily living (ADL).
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Fig. 5 Overall patient perspective in the Postoperative Quality of Recovery Scale (PQRS).
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dexmedetomidine has been thoroughly evaluated21 and

is associated with reduced postoperative side effects.10 In

our OFA regimen, ‘The Gothenburg-model’ (Fig. 1), we

used a low dose of dexmedetomidine (0.2mg kg�1 h�1)

both intra-operatively and postoperatively with no ad-

verse effects in the opioid-free intervention arm, which

can be contrasted with a mean dose of 1.2� 2mg kg�1 h�1

and several serious adverse events reported in the RCT of

Beloeil et al.26

This work builds on the evidence base on OFA in

bariatric surgery11 and contributes novel long-term quali-

ty of recovery data spanning 3 months, addressing a

significant knowledge gap highlighted in recent publica-

tions.12,21 According to the meta-analysis of Feenstra

et al.,21 only 2 of the 38 included studies evaluated quality

of recovery, one of which was an RCT in bariatric
surgery.27 The pooled effect showed that quality of

recovery with OFA is superior to OBA up to 24 h post-

operatively, and aligns with the results of an RCT on

combined opioid-free and loco-regional anaesthesia in

bariatric surgery.28 In the long-term postbariatric recov-

ery phase, a recently published double-blinded RCT by

Clanet et al.29 showed no significant difference between

OFA and OBA in terms of quality of recovery up to 1

month postoperatively, which is consistent with our

results. All three RCTs27–29 employed a multimodal

OFA regimen comparable to our study protocol, apart

from one with an additional loco-regional approach.28 Yet

the outcome on quality of recovery was nonsignificant in

our study and that of Clanet et al.29 Notably, the two

RCTs reporting superior early quality of recovery out-

comes after OFA did not administer, or at least did not

state administering, a bolus dose of a longer acting opioid
Eur J Anaesthesiol 2025; 42:714–726
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before emergence from OBA.27,28 The omission of

a longer acting opioid as preemptive analgesia in the

opioid-based groups may have influenced the acute post-

operative pain intensity, subsequently affecting early re-

covery outcomes.

In our study, we did not observe a significant difference in

PONV between the groups in the early recovery period or

the long-term follow-up. This result differs from previous

research showing that OFA reduces the risk of PONV

compared to OBA.10,11,21 Bariatric surgery itself is a risk

factor for PONV,5 and there are incentives to avoid

inhalational agents to prevent PONV in bariatric surgery,

advocating for total intravenous OFA to enhance postop-

erative recovery.30 We saw no difference between groups

in cognitive function up to 3 months, which was hypothe-

sised given previous data showing that dexmedetomi-

dine, ketamine and lidocaine may prevent postoperative

cognitive dysfunction.31,32 Nevertheless, the relatively

short duration of anaesthesia for a laparoscopic bariatric

procedure, the small sample size and the younger study

population (38.8� 10.4 years) with few comorbidities do

not align with the well documented risk factors for

postoperative cognitive dysfunction.33,34

The significantly lower satisfaction with anaesthetic care

in the intervention group during the first two postopera-

tive days needs to be addressed. According to previous

research, the strongest predictor for incomplete satisfac-

tion in the PQRS is the nociceptive domain including

persistent pain and PONV on the third postoperative

day.35 As nociceptive recovery parameters were compa-

rable between groups up to the second postoperative day,

this difference in satisfaction could relate to the anaes-

thetic procedure experience. Our initial publication on

this RCT presents a range of patient experiences during

OFA induction, with some respondents reporting accen-

tuated memories causing discomfort.13 As highlighted by

Olausson et al.,13 healthcare professionals face challenges
performing work tasks beyond clinical routine, which

may affect the quality of the anaesthetic and postopera-

tive care. The nonroutine use of OFA could have had an

impact on bedside presence and thus reduced patient

satisfaction with the anaesthetic care. A person-centred

care approach that incorporates the entire perioperative

care pathway may elevate the quality of care and enhance

patient satisfaction by addressing individual needs, fos-

tering better communication between patients and clin-

icians and ensuring continuity in care from pre-operative

preparation through postoperative recovery – preferably

beyond hospital discharge.36 Our finding that a quarter of

participants were not fully recovered at 3 months under-

scores the need for a comprehensive postoperative fol-

low-up approach.37

This study has several limitations. The RCT was non-

blinded: an open-label design was chosen, as it would be

impractical to blind the intervention group receiving
Eur J Anaesthesiol 2025; 42:714–726
HFHI TENS treatment. Knowledge of the allocated

treatment may have introduced performance bias, and

participants in the intervention groupmight have avoided

postoperative opioids to adhere to the opioid-free proto-

col, despite the availability of rescue analgesia. A further

limitation is that the predefined NRS less than 3 thresh-

old for adequate pain relief no longer reflects current

clinical PACU discharge routines, where NRS less than 4

is now accepted. Discharge decisions may also have been

influenced by other factors such as patient request, clini-

cal judgement and PACU bed availability, which could

explain the relatively high proportion of patients with

NRS greater than 3 at discharge in both groups.

Although the intervention encompassed the entire peri-

operative care pathway, only six participants in the inter-

vention group were excluded from the per-protocol

analysis. Moreover, outcome assessments did not differ

between groups, the long-term follow-up after 14 days

was conducted using an ePRO system, and the analyses

were performed by an independent statistician – alto-

gether reducing the influence of detection bias. Further-

more, the extended enrolment period for study

participants resulted from disruptions in anaesthesia

and surgical operations at both hospitals owing to the

COVID-19 pandemic. This caused a notable reduction in

the number of bariatric procedures performed between

2021 and 2022.

Another limitation is loss to follow-up, as 14.5% of

participants (eight per group), did not complete the 3-

month follow-up, which could introduce attrition bias

concerning the secondary long-term outcomes. Never-

theless, the randomisation procedure was thorough,

resulting in comparable baseline characteristics. Con-

trasting with other RCTs evaluating OFA, our control

group received amultimodal, yet opioid-based treatment,

which does not exaggerate the effects of the opioid-free

intervention. Our long-term follow-up should be consid-

ered a strength, as previous studies have highlighted such

outcomes as a knowledge gap.12,21

The effectiveness of OFA combined with HFHI TENS

demonstrates the feasibility of this concept in bariatric

surgery, underscoring its clinical importance given the

need for opioid-sparing strategies.9 This innovative

approach has the potential to eliminate perioperative

opioid use, providing an alternative for patients at high

risk of opioid-related adverse effects and accommodat-

ing individual needs and pain management preferences.

OFA should be recognised as a novel approach requir-

ing education and training for clinicians and patients to

ensure successful clinical implementation.38,39 Further

refinements of the care pathway may be considered,

such as person-centred care interventions and pharma-

cological protocol adjustments, given the observed

differences in satisfaction and experiences of OFA

induction.13
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Conclusion
This multicentre, nonblinded RCT demonstrates that a

novel opioid-free care pathway provides comparable pain

relief and long-term recovery outcomes to opioid-based

standard care after laparoscopic bariatric surgery, while

significantly reducing opioid consumption throughout

the PACU and in-hospital stay. The authors encourage

clinicians and policymakers to consider a novel opioid-

free approach encompassing the entire perioperative

period.
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