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Abstract: Objective To explore the application effect of opioid-free general anesthesia in laparoscopic cholecystectomy and
its impact on postoperative recovery quality in patients. Methods This was a prospective parallel randomized controlled trial. A
total of 74 patients undergoing elective laparoscopic cholecystectomy at the First People's Hospital of Lianyungang from
October 2022 to August 2023 were enrolled. They were divided into two groups using a random number table: the opioid
group (OA group, n=37) and the opioid-free group (OFA group, n=37) . The primary outcome was the 15-item Quality of
Recovery Score (QoR-15) on postoperative day 1 and day 2. Secondary outcomes included opioid-related adverse reactions
on postoperative day 1, mean arterial pressure (MAP) , and bispectral index (BIS) values at six time points: upon entering the
operating room (T0) , at the start of induction in OA group (T1) or 10 min after dexmedetomidine induction in OFA group (T1),
after tracheal intubation (T2) , before surgery (T3), after skin incision (T4) , and after extubation (T5) . Results The QoR-15
scores of the OFA group were significantly higher than those of the OA group on postoperative day 1[110.0 (105.5, 112.0) vs
79.0 (76.5, 80.5) Jand day 2[128.0 (127.0, 131.0) 1594.0 (91.0, 97.0) ] (P<0.05) . Compared with OA group, OFA group had lower
incidence rate of adverse reactions such as headache[18.92% (7/37) vs 0, ¥ =5.680, P=0.017], fatigue[21.62% (8/37) vs 2.7%
(1/37) , X =4.554, P=0.033], and xerostomia[16.22% (6/37) vs 0, X’ =4.534, P=0.033]. There were statistically significant
differences in MAP between the two groups at T1 and T3 (£<0.01) . Conclusion The application of opioid-free general
anesthesia in laparoscopic cholecystectomy can significantly improve patient’'s postoperative recovery quality, reduce the

incidence of postoperative adverse reaction such as headache, fatigue and xerostomia headache,

perioperative MAP.
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Laparoscopic surgery, with advantages such as
minimal invasiveness and fast recovery, has become the
first-choice treatment for gallbladder diseases. However,
despite continuous advances in surgical techniques,
postoperative complications including varying degrees of
abdominal incision pain, nausea and vomiting, and
incision infection remain important factors affecting the
quality of patient recovery [1]. In traditional anesthesia
approaches, opioid anesthesia (OA) is widely used due to
its potent analgesic effect, but its adverse reactions—such
as nausea, vomiting, and respiratory depression—cannot
be ignored. These may prolong hospital stays and
compromise  postoperative recovery quality [2].
Opioid-free anesthesia (OFA), which avoids opioid use
during the perioperative period and adopts a multimodal
analgesia strategy, has demonstrated multiple advantages
in clinical practice. First, OFA significantly reduces
opioid-related adverse reactions including respiratory
depression, postoperative nausea and vomiting (PONV),
and gastrointestinal function suppression, thereby
enhancing patient safety and comfort. Second, by
combining regional blocks (e.g., nerve block or epidural
anesthesia), nonsteroidal anti-inflammatory  drugs
(NSAIDs), dexmedetomidine, and other adjuvant agents,

OFA effectively controls surgical stress responses and
pain while avoiding immunosuppression and addiction
risks associated with opioids. It is particularly suitable for
high-risk patients with obesity, obstructive sleep apnea,
or a history of substance abuse [3]. Additionally, OFA
promotes accelerated postoperative recovery by enabling
early eating and ambulation, shortening hospital stays.
Overall, as an innovative anesthesia strategy, OFA holds
significant value in optimizing perioperative management
and reducing opioid dependence [4]. It has also been well
applied in obstetrics and gynecology, gastrointestinal
laparoscopic surgery, and thyroid and breast surgery [5-6].
This study uses the 15-item Quality of Recovery (QoR-15)
scale to evaluate the impact of OFA on postoperative
recovery quality in patients undergoing laparoscopic
cholecystectomy, as this scale comprehensively reflects
patients’ postoperative recovery status [7]. The aim of
this study is to explore the effect of OFA on postoperative
recovery quality in laparoscopic cholecystectomy patients,
providing new insights and evidence for clinical
anesthesia practice.

1 Materials and Methods
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1.1 Study Design and Participants

This prospective, randomized, single-blind clinical
study was conducted at the First People’s Hospital of
Lianyungang, from October 2022 to August 2023, with
all patients signing informed consent forms. A total of 74
patients undergoing elective laparoscopic
cholecystectomy were recruited, who were aged between
20 and 60 years and classified as American Society of
Anesthesiologists (ASA) physical status class 1 or II.
Exclusion criteria included (1) preoperative severe
cardiac or pulmonary diseases; (2) history of allergy or
contraindications to esketamine or NSAIDs such as
severe risk of elevated blood pressure and intracranial
pressure, poorly controlled or untreated hypertension,
untreated or undertreated hyperthyroidism, and
gastrointestinal bleeding; (3) mental illness or other
chronic pain conditions; (4) being pregnant, lactating, or
menstruating women. According to a computer-generated
random number table, the patients were randomly divided
into two groups with 37 cases each. The opioid-free
anesthesia (OFA) group consisting of 20 males and 17
females, and the opioid anesthesia (OA) group including
18 males and 19 females. There were no statistically
significant differences in general data like gender, age,
body mass index (BMI), and ASA class between the two
groups (P>0.05; see Table 1). Allocation results were
sealed in numbered opaque envelopes, which were
opened by anesthetic nurses only after patients signed the
informed consent forms to carry out grouping, and both
the implementers and subjects were blinded to the
grouping information. This study was approved by the
Medical Ethics Committee of the First People's Hospital
of Lianyungang (Ethics approval number
KY-20220711001-01).

1.2 Methods

Both groups of patients were instructed to fast for 8
hours and abstain from fluids for 2 hours preoperatively.
All patients undergoing elective cholecystectomy were
screened following routine procedures based on the
inclusion and exclusion criteria. Upon entering the
operating room, all patients received routine preoperative
preparations, including electrocardiography (ECG),
non-invasive blood pressure measurement, bispectral
index (BIS) monitoring, and peripheral oxygen saturation
(SpO2) detection. Intravenous access was established for
medication  administration and  fluid therapy.
Preoperatively, 10 mg of azasetron and 10 mg of
dexamethasone were intravenously injected to prevent
nausea and vomiting.

Anesthesia induction phase: for OA group,
anesthesiologists slowly administered propofol (2-4
mg/kg) intravenously until loss of consciousness,
followed by cisatracurium (0.2 mg/kg) and sufentanil (0.3
pg/kg). Anesthesia induction was initiated 5 minutes
before tracheal intubation. For OFA group, 10 minutes
before induction, dexmedetomidine hydrochloride (0.6

pg/kg) was infused intravenously at a constant rate.
Subsequently, propofol (2-4 mg/kg) and cisatracurium
(0.2 mg/kg) were injected intravenously in sequence, and
esketamine (0.2 mg/kg) was given 2 minutes before
tracheal intubation for induction.

Both groups received the inhaled anesthetic
sevoflurane  (1.5%-4.0%). The concentration of
sevoflurane in the oxygen/air mixture was titrated
[fraction of inspired oxygen (FiO:) = 0.6, total gas flow =
2 L/min] to maintain a BIS wvalue of 40-60. The
ventilation mode was set to volume-controlled ventilation
(VCV) with parameters: FiO. = 60%, oxygen flow = 2
L/min, tidal volume (VT) = 6-8 mL/kg, respiratory rate =
12 times/min, and inspiratory-expiratory ratio = 1:2. The
end-tidal carbon dioxide partial pressure (PETCO.) was
maintained at 35-45 mmHg. During anesthesia, vital
signs of patients in both groups were closely monitored,
and all parameters were recorded every 5 minutes until
transfer to the post-anesthesia care unit (PACU).
Mechanical ventilation parameters were adjusted to
maintain normal PerCO2(35-40 mmHg). For analgesia,
ropivacaine was used for local infiltration anesthesia, and
200 mg of acetaminophen was intravenously infused 30
minutes before the end of surgery. Postoperative rescue
analgesia: when the Visual Analogue Scale (VAS) score
>4, 40 mg of parecoxib sodium was intravenously
administered with an interval >6 hours, and the maximum
dose within 24 hours was 80 mg.

1.3 Observation Indicators

(1) Primary indicator: the recovery quality of all
patients on the postoperative day 1 and 2 was evaluated
using the QoR-15 scale. The QoR-15 scale includes 5
dimensions: physical comfort (5 items), emotional state
(4 items), physical independence (2 items), psychological
support (2 items), and pain (2 items). A higher score
indicates better postoperative recovery quality.

(2) Secondary indicators: Opioid-related adverse
reactions  (nausea, vomiting, headache, fatigue,
drowsiness, xerostomia, and postoperative respiratory
depression). Respiratory depression was defined as SpO:
<90% lasting >30 seconds within 24 hours
postoperatively, or abnormal respiratory rate/ventilation
requiring intervention.

Mean arterial pressure (MAP) and BIS values at the
following time points: TO (upon entering the operating
room), T1 (start of induction in OA group / 10 minutes
after dexmedetomidine induction in OFA group), T2
(after tracheal intubation), T3 (before surgery), T4 (after
skin incision), and TS5 (after extubation). Operative time,
anesthesia start time, extubation time, and PACU stay .

1.4 Statistical Methods

Data were processed using SPSS 25.0 software.
Measurement data were expressed as X X s and
compared using independent sample ¢ test. Continuous
variables not following a normal distribution were
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expressed as M (P2s, P7s) and compared using significantly lower than those in the OFA group (P<0.01).
non-parametric tests. Count data were expressed as case See Table 2.

(%) and compared using chi-square test or its correction
method. The Holm correction method was used to adjust
the original P values for postoperative adverse reactions.
A P value <0.05 was considered statistically significant.

2.3 Comparison of adverse reactions

The incidence rates of headache, fatigue, and
xerostomia in the OFA group were significantly lower
than those in the OA group, with statistically significant

2 Results differences (P<0.05). There were no statistically
) o significant differences in the incidence rates of other
2.1 Comparison of surgery-related indicators adverse reactions such as nausea, vomiting, drowsiness,

and respiratory depression between the two groups
There were no statistically significant differences in (P>0.05). See Table 3.
operative time, extubation time, or PACU stay time
between the two groups (P>0.05). See Table 1. 2.4 Comparison of MAP and BIS values at different
. ) ) intraoperative time points
2.2 Comparison of postoperative recovery quality
. . There were statistically significant differences in
On the postoperative day 1, the scores of pain, MAP between the two groups at T1 and T3 time points
physical comfort, physical independence, emotional state, (P<0.05), and the fluctuation amplitude of MAP in the
and total QoR-15 score in the OA group were OFA group was smaller. There were no statistically
significantly lower than those in the OFA group (P<0.01). significant differences in BIS values between the two

On the postoperative day 2, the total QoR-15 score and  groups at TO-T5 time points (P>0.05). See Figure 1.
scores of all 5 dimensions in the OA group were

Tab.1 Comparison of general data and surgical-related indicators between two groups (n=37)

Group Male/female Age (years, BMI (kg/m?, ASA classification (I/Il, Operation time Extubation time PACU stay time
(cases) X+s) X+s) cases) (min, X+s) (min, X%s) (min, X+s)
OA 18/19 45.6+10.8 23.6+2.3 19/18 48+14.7 14.5+2.3 34.4+3.8
OFA 20/17 44.249.9 23.5+2.0 22/15 43£11.9 13.7+2.2 35.443.1
t/y? value 0.216 0.617 0.202 0.491 1.637 1.505 1.150
P value 0.642 0.454 0.546 0.320 0.148 0.783 0.368
Tab.2 Comparison of QoR-15 postoperative recovery quality scores between two groups [n = 37, M(P>s, P7s)]
Group Time Pain Physical comfort Physical independence Psychological support Emotional state Total score
OA Postoperative day 1~ 11.0(10.0,11.5)  16.0(15.0,16.5) 14.0(13.0,14.0) 15.0(15.0,16.0) 23.0(21.5,24.0) 79.0(76.5,80.5)
Postoperative day 2 13.0(12.0,13.0)  20.0(18.0,21.0) 16.0(15.5,17.0) 18.0(16.0,19.0) 27.0(25.0,30.0) 94.0(91.0,97.0)
OFA Postoperative day 1~ 15.0(14.0,16.0)  29.0(28.0,32.0) 16.0(15.0,17.0) 15,0(15.0,16.5) 32.0(30.5,35.0) 110.0(105.5,112.0)
Postoperative day 2 20.0(18.0,20.0)  36.0(35.0,37.0) 17.0(16.5,18.0) 19.0(17.0,20.0) 37.0(36.0,39.0) 128.0(127.0,131.0)
Z/P postoperative day 1 value 7.266/<0.001 7.452/<0.001 7.119/<0.001 0.479/0.632 7.435/<0.001 7.414/<0.001
Z/P postoperative day 2 Value 7.552/<0.001 7.442/<0.001 3.422/<0.001 2.337/<0.001 7.427/<0.001 7.419/<0.001

Note: Z/P postoperative day 1 Value refer to the Z value and P value from the comparison between the two groups on postoperative day 1; Z/P postoperative day 2 Value refer
to the Z value and P value from the comparison between the two groups on postoperative day 2.

Tab.3 Comparison of the incidence of adverse reactions between two groups (n = 37, case)

Group Nausea Vomiting Headache Fatigue Drowsiness Xerostomia Postoperative respiratory depression
OA 7 5 7 8 6 6 7
OFA 1 1 0 1 2 0 1
2 value 3.504 1.632 5.680 4.544 1.261 4.534 3.504
P value 0.061 0.201 0.017 0.033 0.261 0.033 0.061
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Note: A, MAP; B, BIS ; 2P<0.05 when compared with Group OA.
Fig.1 Comparison of intraoperative MAP and BIS values between two groups
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3 Discussion

The results of this study indicate that in patients
undergoing elective laparoscopic  cholecystectomy,
compared with the OA group, the OFA group showed
significantly improved postoperative recovery quality,
particularly in dimensions of the QoR-15 questionnaire
such as emotional state, physical comfort, physical
independence, and pain scores [8]. Additionally, this
study found that the incidence of postoperative headache,
fatigue, and xerostomia was lower in the OFA group than
in the OA group. In recent years, the combination of
esketamine, = dexmedetomidine, and  inhalational
anesthesia has emerged as a novel anesthetic approach.
This study revealed that OFA significantly improved the
quality of postoperative recovery and reduced the
occurrence of opioid-related adverse events compared to
traditional anaesthesia. These results are consistent with
those of multiple other studies. For example, Choi et al.
[9] reported that in patients undergoing gynecologic
laparoscopic surgery, the recovery quality score of the
OFA group on the first postoperative day was
significantly higher than that of the remifentanil
anesthesia group. Furthermore, Fiore ef al [10]
confirmed via systematic review and meta-analysis that
the OFA group effectively reduced the occurrence of
adverse reactions such as constipation, vomiting, and
headache. In this study, the OFA group significantly
improved postoperative pain, physical comfort, self-care
ability, psychological support, and emotional state
through  the combined use of esketamine,
dexmedetomidine, and NSAIDs. Specifically, esketamine
in the OFA group blocks the binding of glutamate to
N-methyl-D-aspartate (NMDA) receptors, inhibits central
sensitization, thereby improving postoperative pain scores
and increasing recovery quality scores [11]. Moreover,
the antidepressant effect of esketamine may be related to
the association between NMDA receptor overactivation
and depression, as esketamine can improve emotional
state by blocking NMDA receptors [6,12-13].
Additionally, dexmedetomidine, as a highly selective a2
adrenoceptor agonist, inhibits sympathetic activity,
reduces nervous system excitability, exerts anxiolytic and
sedative effects, thereby alleviating postoperative tension
in patients and improving their postoperative sleep
quality [14].

The lower incidence of adverse reactions in the OFA
group compared to the OA group is presumably related to
the synergistic effect of esketamine and dexmedetomidine
in multimodal analgesia and physiological stability. First,
the core of the OFA strategy lies in providing sufficient
analgesia and stress inhibition through non-opioid
pathways [15]. Dexmedetomidine, via its highly selective
a2 adrenergic receptor agonist effect, provides stable
sedation and analgesia, and effectively inhibits
sympathetic stress responses induced by surgery [16].
Meanwhile, low-dose esketamine not only supplements
analgesia as a potent NMDA receptor antagonist and
prevents hyperalgesia but also maintains circulatory
stability by exciting the sympathetic nervous system,

offsetting the risk of bradycardia and hypotension that
may be caused by dexmedetomidine [17]. This
pharmacological complementarity allows the OFA
regimen to avoid opioid-related adverse reactions (e.g.,
postoperative nausea and vomiting, respiratory depression)
associated with high-dose opioids while also preventing
hemodynamic fluctuations that may result from
single-drug use [18].

This study has several limitations. First, the sample
size was calculated based on the total QoR-15 score as
the primary outcome indicator; thus, the comparison of
the incidence of secondary adverse events such as
headache is an exploratory analysis with limited statistical
power. Second, although adverse events were recorded,
fixed postoperative assessment time points may not fully
capture all transient or atypical adverse reactions, leading
to a risk of underestimation. Additionally, this study did
not conduct detailed statistics and comparison of the
doses of propofol or sevoflurane used for maintenance
anesthesia, so the potential impact of these drugs on
differences in recovery quality cannot be completely
ruled out. Nevertheless, the strengths of this study include
strictly following the principles of randomized controlled
trials and, for the first time, systematically evaluating the
improvement effect of this specific OFA regimen on
patient-reported outcomes (QoR-15) in the laparoscopic
cholecystectomy population, providing strong
preliminary evidence for future confirmatory studies with
larger sample sizes. Future research should focus on
clarifying the specific neurophysiological mechanisms
and use more continuous and precise monitoring methods
to comprehensively assess the postoperative recovery
process.

In conclusion, in laparoscopic cholecystectomy, the
QoR-15 score of the OFA group was significantly higher
than that of the OA group, with a lower incidence of
postoperative headache and more stable perioperative
hemodynamics. Therefore, opioid-free multimodal
general anesthesia is safe and feasible.
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Abstract: Objective To explore the application effect of opioid-free general anesthesia in laparoscopic cholecystectomy
and its impact on postoperative recovery quality in patients. Methods This was a prospective parallel randomized
controlled trial. A total of 74 patients undergoing elective laparoscopic cholecystectomy at the First People’s Hospital of
Lianyungang from October 2022 to August 2023 were enrolled. They were divided into two groups using a random
number table : the opioid group (OA group, n=37) and the opioid-free group (OFA group, n=37). The primary
outcome was the 15-item Quality of Recovery Score (QoR-15) on postoperative day 1 and day 2. Secondary outcomes
included opioid-related adverse reactions on postoperative day 1, mean arterial pressure (MAP) , and bispectral index
(BIS) values at six time points: upon entering the operating room (TO) , at the start of induction in OA group (T1) or
10 min after dexmedetomidine induction in OFA group (T1), after tracheal intubation (T2) , before surgery (T3),
after skin incision (T4), and after extubation (T5). Results The QoR-15 scores of the OFA group were significantly
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higher than those of the OA group on postoperative day 1 [110.0 (105.5, 112.0) »s 79.0 (76.5, 80.5) , Z=7.414, P<
0.01] and day 2 [128.0 (127.0, 131.0) vs 94.0 (91.0, 97.0) , Z=7.419, P<0.01] . Compared with OA group, OFA
group had lower incidence rate of adverse reactions such as headache [18.92% (7/37) wvs 0, xX=5.680, P=0.017],

fatigue [21.62% (8/37) ws 2.7% (1/37) , x'=4.554, P=0.033],

and dry mouth [16.22% (6/37) vs 0, ’=4.534, P=

0.033]. There were statistically significant differences in MAP between the two groups at T1 and T3 (P<0.01).

Conclusion The application of opioid-free general anesthesia in laparoscopic cholecystectomy can significantly

improve patient’s postoperative recovery quality , reduce the incidence of postoperative adverse reaction such as

headache, fatigue and dry mouth, and maintain more stable perioperative MAP.

Keywords : Opioid-free anesthesia ; Postoperative recovery quality ; Esketamine ; Dexmedetomidine ; Laparoscopic

cholecystectomy
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Tab.1 Comparison of general data and surgical-related indicators between two groups (n=37)
11 Bt fﬁﬂj@‘ BM17 ASA 5 %*En:l‘ﬁl %ﬁ%ﬂajl‘m PACU@%’ P[]
(f51) (%, x+s) (kg/m®, x+s) (I/10,%1) (min, x+s) (min, x+s) (min, x+s)
OA 4 18/19 45.6£10.8 23.6+2.3 19/18 48+14.7 14.5+£2.3 34.4+3.8
OFA 4 20/17 44.249.9 23.5+2.0 22/15 43+11.9 13.7£2.2 35.4+3.1
X/tE 0.216 0.617 0.202 0.491 1.637 1.505 1.150
P1H 0.642 0.454 0.546 0.320 0.148 0.783 0.368
R2 AR QR-ISAJERE TR I AL [n=37, 7, M(Pxs,Prs) ]
Tab.2 Comparison of QoR-15 postoperative recovery quality scores between two groups [n=37, point, M(Pss,Ps) ]

2] P[] S g Sy DRI RE (EE NS Bar
OA 4] ARJFEHE1IR  11.0(10.0,11.5) 16.0(15.0,16.5) 14.0(13.0,14.0) 15.0(15.0,16.0) 23.0(21.5,24.0) 79.0(76.5,80.5)

ARJFH2K  13.0(12.0,13.0) 20.0(18.0,21.0) 16.0(15.5,17.0) 18.0(16.0,19.0) 27.0(25.0,30.0) 94.0(91.0,97.0)
OFAZ]  ARJEZE 1K 15.0(14.0,16.0) 29.0(28.0,32.0) 16.0(15.0,17.0) 15.0(15.0,16.5) 32.0(30.5,35.0)  110.0(105.5,112.0)

ARJFH 2K 20.0(18.0,20.0) 36.0(35.0,37.0) 17.0(16.5,18.0) 19.0(17.0,20.0) 37.0(36.0,39.0)  128.0(127.0,131.0)
Z/P yr i fH 7.266/<0.001 7.452/<0.001 7.119/<0.001 0.479/0.632 7.435/<0.001 7.414/<0.001
Z/P yran (B 7.552/<0.001 7.442/<0.001 3.422/<0.001 2.337/<0.001 7.427/<0.001 7.419/<0.001

T Z/P g (N PG 505 1 R HCEEIY Z AN PAEL; Z/P s AE PR G 55 2 K HUER I 7 (A0 P 1AL
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Tab.3 Comparison of the incidence of adverse reactions

between two groups  (n=37, case)

A Bl Wit i 2 MR 0T ARJSIERANG]
0A4l 7 5 7 8 6 6 7
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Fig.1 Comparison of intraoperative MAP and BIS values

between two groups
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