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ABSTRACT
Objectives  This study aimed to investigate the safety 
and effectiveness of opioid-free anaesthesia (OFA) versus 
conventional opioid anaesthesia (OA) for postoperative 
pain management and recovery in patients undergoing 
laparoscopic surgery.
Design  Systematic review and meta-analysis.
Data sources  The databases of PubMed, Embase, 
Cochrane Library and Web of Science were searched from 
inception to August 2023.
Eligibility criteria for selecting studies  We included 
any randomised controlled trial comparing OFA (at least 
two drugs or two more alternatives to opioids) with OA 
for laparoscopic surgery. The primary outcomes included 
postoperative pain scores, measured on a Numerical 
Rating Scale or Visual Analogue Scale ranging from 
0 to 10, at 0–2 hours and 24 hours postoperatively; 
postoperative analgesic consumption, measured in 
morphine equivalent doses (mg); and quality of recovery, 
assessed using the QoR-40 score (ranging from 40 to 
200). The secondary outcomes included the incidence of 
postoperative nausea and vomiting (PONV), antiemetic use, 
extubation time (measured in minutes), post-anaesthesia 
care unit discharge time (measured in minutes), shivering, 
bradycardia, hypotension and pruritus.
Data extraction and synthesis  Meta-analyses were 
performed using Stata16 software, using the DerSimonian 
and Laird’s method and inverse variance to summarise 
effect sizes for each outcome under a random effects 
model for all outcomes. Outcomes were reported as OR 
for binary outcome indicators and mean difference (MD) 
for continuous outcome indicators, with corresponding 
95% CIs. I² coefficients were used to assess high, 
medium and low heterogeneity. RoB was used to 
assess the risk of bias of the included studies. GRADE 
assessed the certainty of the evidence using a systematic 
framework for rating the quality of evidence and strength 
of recommendations.
Results  Ultimately, 12 studies involving 983 patients 
undergoing laparoscopic surgery were included in this 
systematic evaluation and meta-analysis. The results of 
the meta-analysis showed an association of OFA with 
reduced early postoperative 0–2-hour pain response (MD 
−1.29; 95% CI −2.23 to −0.36; I²=92%; p<0.001) and 
the consumption of analgesics (MD −0.43; 95% CI −0.60 
to −0.26; I²=1.8%; p=0.405) in patients undergoing 
laparoscopic compared with OA.

The results of the meta-analysis suggest that OFA could 
improve the quality of early postoperative recovery (MD 
1.37; 95% CI 0.36 to 2.39; I²=94.2%; p<0.001) and 
reduce the incidence of PONV (OR 0.38; 95% CI 0.24 to 
−0.59; I²=37.6%; p=0.108) and antiemetics (MD 0.29; 
95% CI 0.14 to 0.61; I² = 0%; p=0.473) in patients. 
The other variables presented no significant differences 
between the groups.
Conclusions  OFA may be more beneficial for 
postoperative pain management and recovery in patients 
undergoing laparoscopic surgery compared with 
conventional OA. Future studies could further extend these 
findings to other surgical populations.
PROSPERO registration number  CRD42023414848.

INTRODUCTION
Laparoscopic surgery is commonly used in 
a variety of fields. Despite advances in lapa-
roscopic technology, addressing postopera-
tive pain and complications remains critical 
to further improving patient prognosis and 
enhancing the overall outcomes of laparo-
scopic surgery.1–3 Moreover, laparoscopic 
surgery is also an independent risk factor for 
postoperative nausea and vomiting (PONV), 
which is highly prevalent with estimated 
incidences of around 30% in the general 
surgical population and up to 80% in high-
risk populations.4 The high risk of PONV 
not only aggravates postoperative pain but 
also seriously affects the patient’s postoper-
ative recovery.5 Additionally, it can lead to 
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prolonged post-anaesthesia care unit (PACU) discharge 
time, unexpected admissions and increased medical 
costs.6 Therefore, clinical practice has increasingly 
focused on opioid-reduction strategies, driving the explo-
ration of opioid-free anaesthesia (OFA).7 8

As part of multimodal analgesia, opioid-free in OFA is 
not analgesia-free but is based on the multimodal anaes-
thesia concept of providing opioid-free, quality general 
anaesthesia using relevant drugs and/or methods.9 The 
growing concerns regarding opioids have sparked signifi-
cant interest in OFA for surgical procedures. Thus, multi-
modal OFA has emerged as a viable alternative.7 8 In the 
study by Mauermann et al,10 a truly multimodal concept of 
OFA was presented.

OFA, which involves the use of various non-opioid 
drugs and techniques, aims to reduce or eliminate the 
need for opioids during anaesthesia and improve the 
overall anaesthesia outcomes.11 Alpha-2 agonists and 
dexmedetomidine are commonly used in OFA because 
of their sedative and analgesic effects. Other adjunctive 
medications include lidocaine, magnesium sulfate, acet-
aminophen, non-steroidal anti-inflammatory drugs, dexa-
methasone and gabapentin.12 Non-opioid techniques 
such as intraspinal anaesthesia, local wound infiltration 
and peripheral nerve blocks also play a role in OFA.13 14

However, the benefits of OFA compared with conven-
tional OA for enhancing anaesthetic efficacy and post-
operative recovery remain debated.15 Further studies 
are needed to determine the safety, efficacy and optimal 
usage of OFA. Recently, a randomised controlled trial was 
published in The Lancet.16 The study included 347 partic-
ipants suffering from lower back or neck pain, and it 
found that opioid painkillers did not provide any benefit 
compared with placebo. Instead, the use of opioids carries 
a risk of adverse effects and opioid abuse. A meta-analysis 
has demonstrated that the complete omission of opioids 
during general anaesthesia can improve postoperative 
outcomes without compromising patient safety and pain 
management.17

Moreover, OFA has demonstrated considerable poten-
tial in significantly reducing PONV, presenting a prom-
ising option for high-risk patients.18 Studies by Marron 
Wong et al19 have demonstrated that the combination 
of non-opioid drugs, surgical techniques and postoper-
ative recovery plans in OFA can effectively alleviate pain 
after gynaecological laparoscopic surgery and mini-
mise the need for opioid analgesics. However, certain 
studies indicate conflicting results, suggesting that OFA 
may not provide notable advantages over traditional 
OA and could potentially result in delayed postopera-
tive recovery.20 While previous systematic reviews have 
encompassed a wider range of surgical procedures,21 
our research specifically focuses on the context of lapa-
roscopic surgery and places an emphasis on recovery 
quality as a key outcome measure. This refinement 
allows us to provide insights specifically tailored to this 
surgical approach. Our study identifies existing gaps in 
the literature, particularly the need for more research 

on the specific effects of OFA in patients undergoing 
laparoscopic surgery. By addressing these gaps, we aim 
to advocate for further studies in other surgical popula-
tions, as our conclusions also suggest.

The aim of this systematic review was to investigate the 
safety and effectiveness of multimodal OFA compared 
with conventional OA in postoperative pain management 
and recovery in patients undergoing laparoscopic surgery.

METHODS
This review was reported according to the recommended 
procedure of the ‘Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)’ statement. 
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research. The protocol has been registered in 
PROSPERO (CRD42023414848).

Search strategy
In this systematic review and meta-analysis, we searched 
PubMed, Embase, Cochrane Library and Web of Science. 
The initial search was conducted in October 2022 and 
subsequently updated in August 2023. The updated search 
identified three eligible studies that were not included in 
the original analysis, and these three studies have been 
included. The identification of these three additional 
studies is significant because they provide new data that 
could enhance the overall robustness and relevance of our 
findings. We employed the following key terms: “Opioid-
free anesthesia” AND “Laparoscopic surgery.” The search 
strategy was restricted to randomised controlled trials 
(online supplemental doc 1). Additionally, we limited our 
search to publications written in the English language. 
We limited the inclusion of studies to those published 
from January 2015 onwards. This decision was made to 
focus on the most current evidence regarding non-opioid 
analgesia as practices and guidelines may have evolved 
significantly in recent years. We manually reviewed the 
reference lists of all retrieved articles to identify relevant 
studies not found by the above strategy.

Inclusion and exclusion criteria
Inclusion criteria: (1) inclusion of studies that included 
participants aged 18 years and older; (2) any randomised 
controlled trial comparing OFA (involving at least two 
drugs or two more alternatives to opioids) with OA for 
laparoscopic surgery and (3) general anaesthesia was 
used.

Exclusion criteria: (1) the study excluded articles that 
examined preoperative opioid use in the OFA group 
during induction of anaesthesia, before skin closure or 
before emergence from anaesthesia; (2) non-randomised 
controlled trials, articles published as reviews, conference 
proceedings, case reports, newsletters, abstracts, editorials 
and animal studies were also excluded from the analysis.

https://dx.doi.org/10.1136/bmjopen-2024-085988
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Study selection and data extraction
All literature was catalogued using EndNote20. After 
removing duplicates, two examiners screened eligible 
studies independently based on the source’s title and 
abstract. To determine their applicability to our study, two 
other researchers conducted a full assessment of selected 
articles. Any inconsistencies were resolved through 
dialogue.

Data extraction was conducted based on predetermined 
criteria by two independent reviewers who examined the 
full text of retrieved articles to assess eligibility. In case of 
disagreement between the two reviewers, a third reviewer 
was consulted. The extraction of data was conducted by 
independent reviewers using a self-designed form, and 
initial testing was conducted using three papers. Authors 
were not contacted for additional information as we 
wanted to evaluate the actual published material.

The extracted data consisted of author information, 
publication year, number of participants, type and length 
of surgery, types of intraoperative anaesthetics adminis-
tered, country of origin, and adverse events.

The study’s primary outcomes were the postoperative 
pain scores, measured using the Visual Analogue Scale 
(VAS) and Numerical Rating Scale (NRS) at 0–2-hour 
and 24-hour, as well as 0–2-hour postoperative analgesic 
consumption, total consumption and quality of recovery 
score (QoR-40). The total amount of postoperative opioids 
for each study was converted to intravenous morphine 
equivalent doses (10 mg of intravenous morphine=0.1 mg 
of intravenous fentanyl).22 The secondary outcomes 
included PONV, extubation time, PACU discharge time, 
shivering, bradycardia, hypotension, and pruritus.

Risk-of-bias assessment
The risk of bias of included studies was assessed by two 
reviewers following the recommendation of the Cochrane 
risk-of-bias tool for randomised trials (RoB 2). This tool 
evaluates seven specific domains: ‌random sequence 
generation (selection bias)‌, ‌allocation concealment 
(selection bias)‌, ‌blinding of participants and personnel 
(performance bias)‌, ‌blinding of outcome assessment 
(detection bias)‌, ‌incomplete outcome data (attrition 
bias), ‌selective reporting (reporting bias) and ‌other bias‌. 
Two authors assessed the risk of bias for each included 
study at the study level based on the above seven items. 
Any disagreements were resolved by discussion between 
the two authors, and if consensus could not be reached, a 
third author made the final decision.

Data synthesis and analysis
All statistical analyses were performed in STATA 16.0 
software. The random effects model with DerSimonian 
and Laird method was used for meta-analysis.23 Inverse 
variance is a statistical method in meta-analysis that 
weights studies by the inverse of their variance, allowing 
more precise studies to have a greater influence on the 
overall effect estimate and improving the robustness of 
the conclusions.24 Outcomes were reported as OR for 

binary outcome indicators and mean difference (MD) 
for continuous outcome indicators, with corresponding 
95% CIs.

I² coefficients were used to assess high, medium and low 
heterogeneity. If distinct tools were used to evaluate the 
postoperative measures of patients, we approached each 
instrument individually to guarantee data uniformity. 
Statistical significance was determined using a p value 
threshold of <0.05. Additionally, p values <0.01 and 0.001 
were reported to indicate stronger statistical significance 
where applicable.

For results derived from more than a dozen trials, we 
examined funnel plots and performed the Egger test to 
assess publication bias.25 In the context of the Egger test, 
a p value <0.05 indicates that there is statistically signif-
icant evidence of asymmetry in the funnel plot. This 
suggests that the distribution of effect sizes may be biased, 
with smaller studies showing larger effect sizes potentially 
being over-represented while studies with null or negative 
results may be under-reported.

Sensitivity analysis
To assess the stability of the meta-analysis results, a sensi-
tivity analysis was conducted on studies exhibiting high 
heterogeneity. Additionally, the bias of the included liter-
ature was examined by systematically excluding individual 
studies one by one and reanalysing the data.

RESULTS
Study selection and characteristics
Figure 1 presents the PRISMA flow chart illustrating the 
study selection process. Of the 1340 citations obtained 
through database searches, 550 were removed due 
to duplication, and another 758 were excluded after 
screening of titles and abstracts. Among the 32 articles 
eligible for full-text screening, 20 were excluded for 
various reasons after eligibility assessment (online supple-
mental table 1), leading to the inclusion of 12 randomised 
controlled trials.

The 12 studies included in this analysis were published 
between 2015 and 2023, enrolling a total of 983 partici-
pants. Table 1 provides a summary of the characteristics of 
these 12 studies. All studies were randomised controlled 
trials, and the intervention studied was OFA. The studies 
were conducted across eight different countries: one in 
Turkey, one in Belgium, three in Egypt, two in China, one 
in Germany, one in South Korea, one in Macedonia, one 
in Vietnam and one in Cameroon. All studies involved 
patients undergoing laparoscopic surgery; five studies 
were on gynaecological laparoscopic surgery,20 26–29 three 
studies were on laparoscopic cholecystectomy,30–32 three 
studies were on laparoscopic bariatric surgery33–35 and 
one study was on laparoscopic radical colon surgery.36

Risk of bias
The risk of bias for each included study is shown in 
figure 2. 10 studies reported details of the method of 

https://dx.doi.org/10.1136/bmjopen-2024-085988
https://dx.doi.org/10.1136/bmjopen-2024-085988


4 Cheng L, et al. BMJ Open 2025;15:e085988. doi:10.1136/bmjopen-2024-085988

Open access�

generating the randomised sequence,20 26 27 29 30 32–36 
and 2 were unclear due to insufficient information.28 31 
Nine studies appropriately described the details of 
the allocation concealment method,20 26 27 29 30 32 33 35 36 
but the remaining three were assessed as having an 
unclear risk of bias.28 31 34 The risk of blinding the 
patients, and of the trial staff, was unclear in two 

studies.28 31 For blinding of outcome assessment, 11 
studies were described and 1 was uncertain.31 Only 1 
study had a high risk of incomplete outcome data.31 
In selective reporting, 11 were judged to be low 
risk,20 26–35 but 1 was high risk because not all prespec-
ified outcomes were reported.36 Of all the studies, we 
considered only seven to be free of bias from other 

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart showing the results of the literature 
search.
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sources,20 27 29 30 33 35 36 whereas the others were unclear 
risk because of insufficient evidence.26 28 31 32 34

Quality of evidence and sensitivity analysis
The certainty and quality of evidence for each outcome 
were evaluated using the GRADE method.37 This method 
involves a systematic assessment of several factors, 
including study limitations, where we evaluated the risk 
of bias in each included study; inconsistency, by exam-
ining variations in findings across studies; indirectness, by 
determining the relevance of the evidence to our specific 
population, intervention and outcomes; imprecision, by 
reviewing CIs of the effect estimates; and publication 
bias, by considering the potential impact of unpublished 
studies on our results. Based on these criteria, we clas-
sified the quality of evidence for each outcome as high, 
moderate, low or very low, and summarised the GRADE 
assessments in table 2 to provide a transparent overview 
of the strength and certainty of our findings. To detect 
publication bias, Egger tests were performed for trials 
with more than 10 meta-analyses. Only for PONV was 
the Egger test performed, which showed publication 
bias (p<0.05). This suggests that the distribution of effect 
sizes may be biased. Publication bias was not tested for 
the other outcomes due to the small number of included 

studies. According to the GRADE assessment, the evidence 
quality for PONV, nausea and vomiting was deemed ‘high 
quality’. The evidence quality for pain score (VAS/NRS) 
at 24 hours, total postoperative analgesic consumption, 
antiemetic use, extubation time and PACU discharge 
time was considered ‘moderate quality’. Pain score (VAS/
NRS) at 0–2 hours, shivering and pruritus were consid-
ered ‘low quality’, while other outcomes were deemed 
‘very low quality’ (table 2).

The results of our meta-analysis showed a high 
degree of heterogeneity for pain scores 0–2 hours, pain 
scores 24 hours, analgesic consumption 0–2 hours and 
QoR-40. Sensitivity analysis by Stata showed that, after 
excluding any of the studies, the combined results of 
the remaining studies were not statistically significant 
and were consistent with the original combined results, 
indicating stable results (online supplemental figure 
A).

Primary outcome
Pain scores
There were four studies with a total of 288 patients who 
reported postoperative pain scores measured on an 
NRS or VAS ranging from 0 to 10 at 0–2 hours. Pooled 
results showed that the group receiving OFA had signifi-
cantly lower 2-hour postoperative pain scores than the 
OA (MD −1.30; 95% CI −2.23 to −0.36; I²=92%; p<0.001) 
(figure  3a). However, six studies with 554 patients 
reported no significant difference in OFA 24-hour pain 
scores compared with OA (MD −0.52; 95% CI −1.06 to 
0.03; I²=91.7%; p<0.001) (figure 3b).

Postoperative analgesic consumption
For studies that did not report total opioid consumption, 
the opioid consumption reported over the longest time 
frame was analysed. Three studies used morphine,20 33 35 
and three studies used fentanyl as postoperative analge-
sics.30 32 34

Four studies reported 0–2-hour postoperative analgesic 
consumption (measured in mg), as shown in the meta-
analysis (MD −0.90; 95% CI −1.44 to −0.35; I²=83.3%; 
p<0.001) (figure 4a). Six studies reported total postoper-
ative analgesic consumption (measured in mg), as shown 
in the meta-analysis (MD −0.43; 95% CI −0.60 to −0.26; 
I²=1.8%; p=0.405) (figure  4b). The results showed that 
the use of OFA reduced the amount of postoperative 
analgesics.

Quality of recovery
A total of five studies using the QoR-40 were included. 
The results of the meta-analysis showed an association 
of OFA with improved postoperative quality of recovery 
scores compared with OA (MD 1.37; 95% CI 0.36 to 2.39; 
I²=94.2%; p<0.001) (figure 5). QoR-40 scores range from 
40 to 200, with higher scores indicating better quality of 
recovery.

Figure 2  Risk-of-bias summary.

https://dx.doi.org/10.1136/bmjopen-2024-085988
https://dx.doi.org/10.1136/bmjopen-2024-085988


7Cheng L, et al. BMJ Open 2025;15:e085988. doi:10.1136/bmjopen-2024-085988

Open access

Ta
b

le
 2

 
G

R
A

D
E

 a
ss

es
sm

en
t

O
ut

co
m

es
N

o
 o

f 
p

ar
ti

ci
p

an
ts

 
(s

tu
d

ie
s)

C
er

ta
in

ty
 a

ss
es

sm
en

t

R
el

at
iv

e 
ef

fe
ct

 (9
5%

 C
I)

C
er

ta
in

ty
 o

f 
th

e 
ev

id
en

ce
 

(G
R

A
D

E
)

R
is

k 
o

f 
b

ia
s

In
co

ns
is

te
nc

y
In

d
ir

ec
tn

es
s

Im
p

re
ci

si
o

n
R

ep
o

rt
in

g
 b

ia
s

P
ai

n 
sc

or
e 

(V
A

S
/N

R
S

)
0–

2 
ho

ur
s

28
8

(4
 R

C
Ts

)
N

ot
 s

er
io

us
*

S
er

io
us

†
N

ot
 s

er
io

us
S

er
io

us
‡

N
on

e
M

D
 −

1.
29

; 9
5%

 C
I −

2.
23

 t
o 

−
0.

36
⨁
⨁
◯
◯

Lo
w

P
ai

n 
sc

or
e 

(V
A

S
/N

R
S

)
24

 h
ou

rs
70

1
(7

 R
C

Ts
)

N
ot

 s
er

io
us

*
S

er
io

us
†

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
on

e
M

D
 −

0.
52

; 9
5%

 C
I −

1.
06

 t
o 

0.
03

⨁
⨁
⨁
◯

 M
od

er
at

e

P
os

to
p

er
at

iv
e 

an
al

ge
si

c 
co

ns
um

p
tio

n 
0–

2 
ho

ur
s

38
0

(4
 R

C
Ts

)
N

ot
 s

er
io

us
S

er
io

us
§†

N
ot

 s
er

io
us

S
er

io
us

‡
N

on
e

M
D

 −
0.

72
; 9

5%
 C

I −
1.

21
 t

o 
−

0.
22

⨁
◯
◯
◯

Ve
ry

 lo
w

P
os

to
p

er
at

iv
e 

an
al

ge
si

c 
co

ns
um

p
tio

n 
to

ta
l

55
4

(6
 R

C
Ts

)
N

ot
 s

er
io

us
S

er
io

us
§

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
on

e
M

D
 0

.3
9;

 9
5%

 C
I −

0.
56

 t
o 

−
0.

22
⨁
⨁
⨁
◯

M
od

er
at

e

Q
oR

-4
0

33
9

(5
 R

C
Ts

)
nN

ot
 s

er
io

us
S

er
io

us
†

N
ot

 s
er

io
us

S
er

io
us

‡¶
N

on
e

M
D

 1
.3

7;
 9

5%
 C

I 0
.3

6 
to

 2
.3

9
⨁
◯
◯
◯

Ve
ry

 lo
w

P
os

to
p

er
at

iv
e 

P
O

N
V

 o
r 

un
sp

ec
ifi

ed
84

2
(1

0 
R

C
Ts

)
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

ot
 s

er
io

us
S

tr
on

g 
as

so
ci

at
io

n
O

R
 0

.3
8;

 9
5%

 C
I 0

.2
4 

to
 −

0.
59

⨁
⨁
⨁
⨁

H
ig

h

P
os

to
p

er
at

iv
e 

na
us

ea
48

1
(5

 R
C

Ts
)

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
ot

 s
er

io
us

S
tr

on
g 

as
so

ci
at

io
n

O
R

 0
.4

9;
 9

5%
 C

I 0
.3

2 
to

 0
.7

4
⨁
⨁
⨁
⨁

H
ig

h

P
os

to
p

er
at

iv
e 

vo
m

iti
ng

48
1

(5
 R

C
Ts

)
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

ot
 s

er
io

us
S

tr
on

g 
as

so
ci

at
io

n
O

R
 0

.4
2;

 9
5%

 C
I 0

.2
0 

to
 0

.9
0

⨁
⨁
⨁
⨁

H
ig

h

A
nt

ie
m

et
ic

 u
se

34
3

(4
 R

C
Ts

)
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

ot
 s

er
io

us
S

er
io

us
‡

N
on

e
M

D
 0

.2
9;

 9
5%

 C
I 0

.1
4 

to
 0

.6
1

⨁
⨁
⨁
◯

M
od

er
at

e

E
xt

ub
at

io
n 

tim
e

64
9

(8
 R

C
Ts

)
N

ot
 s

er
io

us
S

er
io

us
†

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
on

e
M

D
 −

0.
03

; 9
5%

 C
I −

0.
56

 t
o 

0.
50

⨁
⨁
⨁
◯

M
od

er
at

e

PA
C

U
 d

is
ch

ar
ge

 t
im

e
49

0
(5

 R
C

Ts
)

N
ot

 s
er

io
us

S
er

io
us

†
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

on
e

M
D

 0
.2

4;
 9

5%
 C

I −
0.

48
 t

o 
0.

97
⨁
⨁
⨁
◯

M
od

er
at

e

S
hi

ve
rin

g
28

0
(4

 R
C

Ts
)

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
ot

 s
er

io
us

S
er

io
us

‡¶
N

on
e

O
R

 0
.4

5;
 9

5%
 C

I 0
.2

0 
to

 1
.0

3
⨁
⨁
◯
◯

Lo
w

B
ra

d
yc

ar
d

ia
32

1
(5

 R
C

Ts
)

N
ot

 s
er

io
us

S
er

io
us

§†
N

ot
 s

er
io

us
S

er
io

us
‡¶

N
on

e
O

R
 0

.6
9;

 9
5%

 C
I 0

.1
8 

to
 2

.7
2

⨁
◯
◯
◯

Ve
ry

 lo
w

H
yp

ot
en

si
on

21
9

(3
 R

C
Ts

)
N

ot
 s

er
io

us
S

er
io

us
§†

N
ot

 s
er

io
us

S
er

io
us

‡¶
N

on
e

O
R

 0
.3

3;
 9

5%
 C

I 0
.0

3 
to

 3
.3

2
⨁
◯
◯
◯

Ve
ry

 lo
w

P
ru

rit
us

21
2

(3
 R

C
Ts

)
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

ot
 s

er
io

us
S

er
io

us
‡¶

N
on

e
O

R
 0

.1
2;

 9
5%

 C
I 0

.0
1 

to
 1

.0
8

⨁
⨁
◯
◯

Lo
w

*T
he

 r
is

k-
of

-b
ia

s 
ju

d
ge

m
en

ts
 w

er
e 

ra
te

d
 a

s 
‘h

ig
h’

, b
ut

 w
e 

es
tim

at
e 

th
at

 t
hi

s 
d

oe
s 

no
t 

re
p

re
se

nt
 a

 s
er

io
us

 r
is

k 
of

 b
ia

s 
fo

r 
th

is
 o

ut
co

m
e.

†T
he

 q
ua

lit
y 

of
 e

vi
d

en
ce

 w
as

 d
ow

ng
ra

d
ed

 b
y 

on
e 

le
ve

l f
or

 in
co

ns
is

te
nc

y 
d

ue
 t

o 
m

od
er

at
e 

or
 h

ig
h 

he
te

ro
ge

ne
ity

 (I
2 >

50
%

) a
m

on
g 

st
ud

ie
s.

‡T
he

 q
ua

lit
y 

of
 t

he
 e

vi
d

en
ce

 w
as

 d
ow

ng
ra

d
ed

 o
ne

 le
ve

l f
or

 im
p

re
ci

si
on

 b
ec

au
se

 t
he

 t
ot

al
 n

um
b

er
 o

f p
ar

tic
ip

an
ts

 is
 le

ss
 t

ha
n 

th
e 

th
re

sh
ol

d
 fo

r 
co

nt
in

uo
us

 o
ut

co
m

es
 (<

40
0)

.
§T

he
 q

ua
lit

y 
of

 t
he

 e
vi

d
en

ce
 w

as
 d

ow
ng

ra
d

ed
 o

ne
 le

ve
l b

ec
au

se
 o

f i
nc

on
si

st
en

t 
d

efi
ni

tio
n 

of
 t

he
 r

ep
or

te
d

 o
ut

co
m

e.
¶

Th
e 

q
ua

lit
y 

of
 t

he
 e

vi
d

en
ce

 w
as

 d
ow

ng
ra

d
ed

 b
y 

on
e 

le
ve

l b
ec

au
se

 o
f t

he
 w

id
e 

Is
C

Is
.

N
R

S
, N

um
er

ic
al

 R
at

in
g 

S
ca

le
; P

A
C

U
, p

os
t-

an
ae

st
he

si
a 

ca
re

 u
ni

t;
 P

O
N

V,
 p

os
to

p
er

at
iv

e 
na

us
ea

 a
nd

 v
om

iti
ng

; Q
oR

, q
ua

lit
y 

of
 r

ec
ov

er
y;

 R
C

T,
 r

an
d

om
is

ed
 c

on
tr

ol
le

d
 t

ria
l; 

VA
S

, V
is

ua
l A

na
lo

gu
e 

S
ca

le
.



8 Cheng L, et al. BMJ Open 2025;15:e085988. doi:10.1136/bmjopen-2024-085988

Open access�

Figure 3  (a) Forest plot of postoperative pain VAS/NRS 0–2 hours. I2 (95% CI), 92.0% (82.7% to 96.3%). (b) Forest plot 
of postoperative pain VAS/NRS 24 hours. I2 (95% CI), 91.7% (86.1% to 95.1%). GL, gynaecological laparoscopy; LBS, 
laparoscopic bariatric surgery; LC, laparoscopic cholecystectomy; LRC, laparoscopic radical colectomy; LSG, laparoscopic 
sleeve gastrectomy; NRS, Numerical Rating Scale; SMD, standardised mean difference; VAS, Visual Analogue Scale.
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Figure 4  (a) Forest plot of postoperative analgesic consumption 0–2 hours. I2 (95% CI), 83.3% (57.5% to 93.4%). (b) Forest 
plot of postoperative analgesic consumption total. I2 (95% CI), 1.8% (0% to 18.2%). GL, gynaecological laparoscopy; LBS, 
laparoscopic bariatric surgery; LC, laparoscopic cholecystectomy; LRC, laparoscopic radical colectomy; LSG, laparoscopic 
sleeve gastrectomy; SMD, standardised mean difference.
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Secondary outcomes
PONV/nausea/vomiting/antiemetic use
The inclusion of 10 studies eligible to report PONV in the 
meta-analysis showed an association of OFA with a reduced 
incidence of PONV events in patients undergoing laparo-
scopic surgery compared with conventional OA (OR 0.38; 
95% CI 0.25 to 0.57; I²=28.5%; p=0.183) (figure 6a). Five 
of the trials reported nausea and vomiting separately, and 
the meta-analysis results suggest that OFA could reduce 
nausea (OR 0.49; 95% CI 0.32 to 0.74; I² =0%; p=0.447) 
(figure 6b) and vomiting (OR 0.42; 95% CI 0.20 to 0.90; 
I² =23.2%; p=0.267) (figure 6c).

Four studies reported on antiemetic use. The results 
of the meta-analysis suggest that OFA could reduce the 
use of antiemetics compared with conventional OA (MD 
0.29; 95% CI 0.14 to 0.61; I² = 0%; p=0.473) (figure 6d).

Extubation time and PACU discharge time
The results of the meta-analysis of eight studies suggest 
that OFA is not associated with a shorter time to extuba-
tion in patients (measured in minutes; MD −0.03; 95% CI 
−0.56 to 0.50; I²=90.8%; p<0.001) (figure 7a). Additionally, 
five studies reported PACU discharge time (measured in 
minutes), showing no significant difference between the 
OFA group and the OA group (MD 0.24; 95% CI −0.48 to 
0.97; I²=93.4%; p<0.001) (figure 7b).

Other adverse events
Shivering was reported in four studies, as the results of 
the meta-analysis showed (OR 0.45; 95% CI 0.20 to 1.03; 
I² =27.1%; p=0.249) (figure  8a). Five studies reported 
bradycardia (OR 0.69; 95% CI 0.18 to 2.72; I²=69.5%; 
p=0.020) (figure 8b). Hypotension was reported in three 
studies (OR 0.33; 95% CI 0.03 to 3.32; I²=79.6%; p=0.007) 
(figure  8c). Pruritus was reported in three studies (OR 
0.12, 95% CI 0.01 to 1.08; I² =0%; p=0.406) (figure 8d).

DISCUSSION
In this systematic review and meta-analysis, the results 
suggest that OFA is associated with lower pain scores in 
patients within 0–2 hours after surgery compared with 
OA. However, at 24 hours following the operation, there 
was no significant difference in pain score between the 
two groups. These findings align with prior studies.17 18 38

This meta-analysis found that OFA is associated with 
lower overall consumption of postoperative analgesics, 
both within 0–2 hours after surgery and throughout the 
postoperative period, compared with OA. These results 
indicate that patients who receive OFA may require fewer 
postoperative analgesics for pain management than those 
who receive OA. These findings suggest that OFA could be 
associated with a reduced need for analgesics after surgery, 
potentially leading to improved postoperative recovery 

Figure 5  Forest plot of quality of recovery. I2 (95% CI), 94.2% (89.1% to 96.7%). GL, gynaecological laparoscopy; LBS, 
laparoscopic bariatric surgery; LSG, laparoscopic sleeve gastrectomy; SMD, standardised mean difference.
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Figure 6  (a) Forest plot of PONV. I2 (95% CI), 28.5% (0% to 65.7%). (b) Forest plot of nausea. I2 (95% CI), 0% (0% to 79.2%). 
(c) Forest plot of vomiting. I2 (95% CI), 0% (0% to 68.5%). (d) Forest plot of antiemetic use. I2 (95% CI), 0% (0% to 84.7%). GL, 
gynaecological laparoscopy; LBS, laparoscopic bariatric surgery; LC, laparoscopic cholecystectomy; LRC, laparoscopic radical 
colectomy; LSG, laparoscopic sleeve gastrectomy; PONV, postoperative nausea and vomiting.
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Figure 7  (a) Forest plot of extubation time. I2 (95% CI), 90.8% (84.4% to 94.6%). (b) Forest plot of PACU discharge time. I2 
(95% CI), 93.4% (87.6% to 96.5%).GL, gynaecological laparoscopy; LC, laparoscopic cholecystectomy; LRC, laparoscopic 
radical colectomy; LSG, laparoscopic sleeve gastrectomy; PACU, post-anaesthesia care unit; SMD, standardised mean 
difference.
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Figure 8  (a) Forest plot of shivering. I2 (95% CI), 27.1% (94.0% to 72.7%). (b) Forest plot of bradycardia. I2 (95% CI), 69.5% 
(12.1% to 89.5%). (c) Forest plot of hypotension. I2 (95% CI), 79.6% (35.1% to 93.6%). (d) Forest plot of pruritus. I2 (95% CI), 
0% (0% to 89.6%). GL, gynaecological laparoscopy; LC, laparoscopic cholecystectomy; LBS, laparoscopic bariatric surgery; 
LSG, laparoscopic sleeve gastrectomy.
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by mitigating side effects. A meta-analysis conducted by 
Alexander Olausson et al17 indicated that postoperative 
total opioid consumption was significantly lower in the 
opioid-free anaesthesia group compared with the opioid 
group. This finding suggests that OFA may be associated 
with reduced opioid requirements and potentially supe-
rior pain management.

Significant heterogeneity was observed in the results, 
which may be attributed not only to variability in study 
design and anaesthetic application but also potentially to 
differences in surgical indications. For instance, bariatric 
surgeries tend to be more complex than cholecystecto-
mies, potentially leading to varying postoperative anal-
gesic requirements and outcomes. This complexity may 
influence both the types of analgesics used and the overall 
effectiveness of pain management strategies.

Although performing a subgroup analysis was not 
deemed appropriate in this context, we acknowledge 
that further investigation into the impact of surgical 
indications on analgesic consumption could yield valu-
able insights. Furthermore, current evidence primarily 
pertains to short-term follow-up studies and necessitates 
confirmation through long-term follow-up data. Addi-
tional research with extended follow-up durations is 
necessary to compare the effects of OFA with opioids in 
managing postoperative pain and opioid consumption. 
Such studies can provide comprehensive information, 
thereby establishing a more reliable basis for clinical prac-
tice and decision-making.

For the analysis of postoperative quality of recovery, 
this meta-analysis found that OFA significantly improved 
patients’ postoperative quality of recovery scores 
compared with OA according to the QoR-40 Quality of 
Recovery Scale, which aligns with previous findings.39 40

Moreover, the use of an OFA was associated with a 
decrease in the occurrence of PONV, and the quality of 
evidence for PONV, as well as nausea and vomiting, has 
been deemed of ‘high quality’, particularly in laparo-
scopic surgeries. The potential benefits of OFA may be 
attributed to its avoidance of the common side effects 
associated with opioids, which can enhance patient 
well-being. The medications employed in OFA, such as 
dexmedetomidine, propofol, ketamine, lidocaine and 
magnesium, have been shown to reduce PONV. This 
aligns with the fourth edition of the consensus guidelines 
for preventing and treating PONV, which recommend 
the implementation of multimodal analgesic approaches 
to minimise the reliance on opioids during the perioper-
ative period of laparoscopic surgery.6

The postoperative prophylactic use of an antiemetic 
regimen is not clear to us, and some studies have used 
ondansetron and/or dexamethasone as prophylaxis, 
which may also reduce the occurrence of PONV and the 
use of antiemetic drugs.18 However, Ziemann-Gimmel41 
found a significant reduction in PONV in the OFA group, 
even with triple PONV prophylaxis for both groups. 
Thus, OFA appears to be associated with a reduced risk of 
PONV, which may correlate with lower use of antiemetics.

In terms of PACU discharge time, no significant differ-
ence was observed between the two groups, which is consis-
tent with previous studies.17 18 Although PACU recovery 
time can indirectly reflect the effectiveness of anaes-
thetic modalities, it cannot be used alone to judge the 
superiority of OFA versus opioid anaesthesia. For PACU 
discharge time, other factors, such as the type of surgery 
and patient characteristics, need to be considered.

In summary, OFA is a widely studied technique globally, 
continually undergoing refinement and improvement in 
clinical practice. Nevertheless, compared with opioids, 
there is less experience and knowledge regarding the 
specific drugs and their combinations in OFA.10 Several 
controversies persist, warranting further research to opti-
mise its therapeutic effectiveness and safety in anaesthesia 
practice. The meta-analysis provides new evidence and 
best practices for pain management and adverse events in 
multimodal OFA during laparoscopic surgery. However, 
due to the small number of literature included in the 
study, there is still a limited understanding of the advan-
tages and disadvantages of opioid-free multimodal anaes-
thesia in surgery. Therefore, randomised trials with larger 
sample sizes are urgently needed to further support our 
conclusions, as well as to further investigate aspects such 
as long-term postoperative effects, quality of recovery and 
patient satisfaction.

Strengths and limitations
This systematic review and meta-analysis validated that 
OFA is safer and more effective than traditional OA in 
laparoscopic surgery, reducing postoperative adverse 
effects. However, it is important to acknowledge the 
limitations of this study, including the inclusion of only 
English-language studies for accurate analysis, which may 
limit the generalisability of findings from non-English 
studies. Additionally, our literature review was restricted 
to studies published from 2015 onwards, which may 
impact the generalisability of our findings by excluding 
earlier studies that could provide valuable informa-
tion. The primary outcomes may also be affected by 
the absence of a standardised analgesic regimen for the 
drugs studied. Practical concerns regarding OFA, such 
as the selection, combination and dosages of adjuvants, 
as well as potential interactions, were noted. Further-
more, the lack of a reliable method for monitoring 
analgesia and the relatively small sample size to evaluate 
rare adverse events suggest the need for larger follow-up 
studies targeting complications and adverse events. One 
limitation of this study is that the literature search was 
conducted approximately 18 months prior to the finali-
sation of this manuscript. While we have made efforts to 
include key studies published during this period through 
manual updates, it is possible that some recent develop-
ments may not have been fully captured. Future research 
should aim to incorporate more up-to-date literature to 
ensure the findings reflect the latest advancements in the 
field.
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CONCLUSION
Our meta-analysis provides evidence supporting the 
effectiveness and safety of multimodal OFA in managing 
postoperative pain and promoting recovery after laparo-
scopic surgery according to the GRADE assessment. This 
approach not only reduces the occurrence of PONV and 
other complications but also offers a promising alter-
native to traditional anaesthesia methods for minimally 
invasive procedures. However, further research is neces-
sary to optimise the selection and dosage of anaesthetics 
in multimodal OFA protocols. Future studies should also 
focus on specific patient populations and include long-
term follow-up to evaluate the sustained analgesic effects 
of this approach.
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