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Abstract: Objective To compare the hemodynamics and stress reaction of opioid free anesthesia (OFA) and opioid anesthesia 

(OA) in patients undergoing video-assisted thoracoscopic surgery. Methods A total of 110 patients who underwent 

thoracoscopic bullectomy or lobectomy under general anesthesia at Fuyang People's Hospital from January to October 2023 

were randomly divided into OA group (n=55) and OFA group (n=55). Patients in OA group received opioid anesthesia combined 

with thoracic paravertebral nerve block during surgery, while the patients in OFA group used esketamine instead of opioids. 

Hemodynamic indicators [mean arterial pressure (MAP), heart rate (HR)] and stress response indicators [blood glucose (Glu), 

plasma cortisol(Cor) and plasma 8- isoprostaglandin F2α(8-iso)] at different time points and the dosage of propofol used during 

surgery were observed. Postoperative recovery time, VAS score and adverse reactions (nausea, vomiting, skin itching and mental 

symptoms) within 48 h after surgery were recorded. Results At the beginning of the study, 110 patients were included, of which 

4 patients were excluded (1 patient was converted to open chest surgery, 1 patient experienced allergic reactions during surgery, 

and 2 patients were lost to follow-up). Finally, 53 cases were included in each of OA group and OFA group. Compared with the 

OA group, MAP and HR are significantly higher during induction, intubation and skin incision, while MAP and HR were 

significantly lower during extubation in OFA group (P<0.05). And the dosage of propofol used during surgery was lower in the 

OFA group than that in the OA group [(428.4±147.5)mg vs(499.5±171.1)mg, t=2.291, P<0.05]. Besides, the incidence of 

postoperative nausea and vomiting was lower in the OFA group (2% vs 15%, F=4.371, P<0.05). There was no statistically significant 

difference in the stress response indicators (Glu, Cor, 8-iso), postoperative recovery time, incidence of skin itching and mental 

symptoms, and VAS score between two groups (P>0.05). Conclusion Multimodal OFA using esketamine combined with thoracic 

paravertebral nerve block can effectively control surgical stress response, reduce intraoperative propofol dosage, maintain the 

circulatory system steady during anesthesia. 
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Thoracic surgery can cause damage to muscle, pleura, 

and lung tissues, and such injury, along with severe pain, 
may trigger a stress response in the body. An excessive 
stress response can significantly affect the patient's 
prognosis.[1] Currently, opioids dominate perioperative 
pain management [2], but they have numerous side effects, 
including addiction, abuse, and a potential to promote 
tumor recurrence and metastasis [3]. Thus, opioid-free 
anesthesia (OFA) has gradually become a clinical research 
focus, but most studies have mainly focused on post-
operative recovery quality [4-5]. There is little research on 
whether OFA effectively controls surgical nociceptive 
stimuli and reduces intraoperative stress responses. This 
study replaces opioids with esketamine as the primary 
analgesic in general anesthesia for thoracoscopic surgery, 
combined with paravertebral block, to implement 
multimodal opioid-free anesthesia and compare it with the 
traditional opioid-based anesthesia method (opioid 
anesthesia, OA). The aim is to explore whether multimodal 
opioid-free anesthesia can be safely and effectively applied 
in thoracoscopic surgery by observing the impact of both 
methods on patient hemodynamics and stress response. 

 
1 Material and methods 
 
1.1 Sample size calculation 
 

The sample size for this study was calculated based 
on the post-operative plasma 8-iso-PGF2α levels, with α = 
0.05 and β = 0.10. Based on preliminary results, σ = 81 
ng/mL and δ = 52.6 ng/mL, the sample size was calculated 
to be 100 cases, with 50 cases per group. Considering a 10% 
dropout rate, exclusion criteria, and safety monitoring, 110 
patients were enrolled. 
 
1.2 General information 
 

This study was a randomized, single-blind, single-
center clinical trial approved by the Ethics Committee of 
Fuyang People's Hospital ([2022] No. 96). The trial was 
registered with the Chinese Clinical Trial Registry 
(Registration No. CHiCTR2200064281), and all patients 
or their families signed informed consent forms. The study 
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included 110 patients scheduled for thoracoscopic surgery 
(e.g., pulmonary bullae or lobectomy) under general 
anesthesia at Fuyang People's Hospital from January to 
October 2023. Patients were randomly assigned to the 
opioid anesthesia group (OA group, n = 55) or opioid-free 
anesthesia group (OFA group, n = 55). There were no 
significant differences in the general characteristics of the 
two groups (age, sex, BMI) (P > 0.05). See Table 1.  
 

Tab.1 Comparison of general information between the two 
groups (n=55) 

Group 
Age (years, 

x±s) 
BMI (kg/m2, 

x±s) 
Male/female  

(case) 

OA group 53.8±11.9 23.6±2.5 2（2, 2） 

OFA group 55.1±11.5 23.7±2.6 2（2, 2） 

t/2 value 0.554 0.160 0.572 

P value 0.581 0.873 0.567 

 
1.3 Inclusion and exclusion criteria 
 

Inclusion criteria: Patients scheduled for elective 
thoracoscopic surgery; aged 25-70 years; body mass index 
(BMI) between 18 and 28 kg/m²; American Society of 
Anesthesiologists (ASA) class I or II; basic cognitive 
function with the ability to cooperate in anesthesia; no 
severe organ dysfunction. 

Exclusion criteria: Patients with coronary heart 
disease, severe hypertension, or neurological/psychiatric 
disorders; patients allergic to the study drugs; patients with 
a history of drug dependence; patients with coagulopathy 
or thoracic/spinal deformities. 

Exclusion criteria for dropout: Conversion to open 
thoracotomy; occurrence of anesthesia or surgical 
complications; incomplete nerve block effect; lost to 
follow-up. 
 
1.4 Grouping and blinding 
 

This trial was a randomized, single-blind, controlled, 
single-center study. The anesthesiologists were aware of 
the group allocations, while the observers and data 
collectors were blinded to the groupings. All patients and 
their families were also blinded. Anesthesiologists were 
attending physicians with experience in thoracic surgery 
anesthesia, and surgeons were at least associate chief 
physicians skilled in performing thoracoscopic surgery to 
minimize operator influence on the results. 
 
1.5 Anesthesia methods 
 

Patients were instructed to fast (8 hours for solids and 
2-4 hours for liquids) before surgery. Informed consent for 
anesthesia was obtained prior to the procedure. In the 
operating room, invasive blood pressure, 
electrocardiogram (ECG), pulse oximetry, and bispectral 
index (BIS) monitoring were applied, and an intravenous 
line was established with Ringer's lactate solution. A pre-
anesthetic dose of 0.5 mg of intravenous pentazocine was 
administered. After 2 minutes of mask oxygenation, 
anesthesia was induced with a combination of propofol (2 

mg/kg), rocuronium (0.2 mg/kg), and esketamine (0.5 
mg/kg for the OFA group) or sufentanil (0.4 μg/kg for the 
OA group). After 5 minutes of nitrogen washout, a double-
lumen endotracheal tube was inserted under bronchoscopy. 
Mechanical ventilation was initiated with tidal volume 
(VT) of 8-10 mL/kg, respiratory rate (RR) of 12 
breaths/min, inhaled oxygen at 80%, and end-tidal CO2 
(PETCO2) maintained between 30-45 mmHg. 

Paravertebral Block: Both groups received 
ultrasound-guided paravertebral nerve blocks before 
anesthesia induction. The procedure involved placing the 
ultrasound probe at the T5-6 interspace, performing local 
anesthesia with 1% lidocaine, and injecting 20 mL of 0.375% 
ropivacaine after confirming no blood or air return. After 
20 minutes, a fine needle was used to assess the 
effectiveness of the block, excluding cases of incomplete 
nerve blockade. 

Intraoperative Maintenance: During the surgery, 
propofol was continuously infused at a rate of 3-6 
mg/(kg · h) to maintain BIS between 40 and 60. 
Rocuronium was administered as needed in 1/4 to 1/3 of 
the initial dose. In the OFA group, esketamine was 
continuously infused at 0.5-1 mg/(kg · h) until chest 
drainage tube placement, after which esketamine was 
discontinued. In the OA group, remifentanil was infused at 
a rate of 0.05-0.2 μg/(kg·h) until skin closure. Propofol 
and remifentanil were discontinued after skin suturing. 

Postoperative Analgesia: After the surgery, when the 
BIS value was above 80 and ventilation parameters 
normalized, the double-lumen tube was removed, and an 
intravenous analgesia pump was connected. The analgesia 
pump contained butorphanol (10 mg), dexamethasone (10 
mg), and saline (100 mL), with a background dose of 2 
mL/h and a bolus dose of 1 mL every 30 minutes. Patients 
were transferred to the post-anesthesia recovery room after 
waking up. 
 
1.6 Observation indicators 
 

Baseline Indicators: Age, sex, BMI, surgical method, 
surgery duration.  

Primary Outcome: Plasma 8-isoprostaglandin F2α (8-
iso-PGF2α, 8-iso). 

Secondary Outcomes: 
(1) Average arterial pressure (MAP) and heart rate 

(HR) at the following time points: pre-induction, 3 minutes 
after induction, during intubation, skin incision, and 
extubation. 

(2) Blood glucose (Glu) measurements at induction, 
intubation, skin incision, and at the end of surgery, and 2 
mL of arterial blood was collected to analyze cortisol (Cor) 
and 8-iso using ELISA after centrifugation. 

(3) Intraoperative propofol usage. 
(4) Extubation time and recovery time post-surgery. 
(5) Visual Analog Scale (VAS) scores for resting and 

coughing pain at 1-, 4-, 24-, and 48-hours post-surgery. 
(6) Incidence of postoperative adverse effects such as 

nausea, vomiting, pruritus, and mental symptoms within 
48 hours. 
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1.7 Statistical methods 
 
Data were analyzed using SPSS 22.0 software. 

Normally distributed continuous variables were expressed 
as means ± standard deviation (x±s) and compared using 
the t-test. Non-normally distributed continuous variables 
were expressed as median (interquartile range, IQR) and 
compared using the Mann-Whitney U test. Repeated 
measures data were analyzed using analysis of variance 
(ANOVA), with Bonferroni post-hoc tests. Categorical 
data were presented as numbers (percentages) and 
compared using the χ² test. P<0.05 was considered 
statistically significant. 
 
2 Results 
 
2.1 Comparison of surgery outcomes, adverse 
reactions, and intraoperative propofol usage  
 

A total of 110 patients were initially enrolled in this 
study, of which 1 case underwent conversion to a 
thoracotomy, 1 experienced an allergic reaction during 
surgery, and 2 were excluded due to missing data or loss to 
follow-up. Ultimately, 106 patients were included and 
randomly divided into the opioid anesthesia group (OA 
group, n=53) and the non-opioid anesthesia group (OFA 
group, n=53). 

There were no statistically significant differences 
between the two groups in terms of surgical method, 
operation time, extubation time, or recovery time (P>0.05). 
See Table 2. 

When comparing adverse reactions, the incidence of 
nausea and vomiting in the OFA group was significantly 
lower than in the OA group [1 (1.89%) vs. 8 (15.09%), 
χ²=4.371, P<0.05]. The incidence of pruritus and mental 
symptoms did not differ significantly between the two 
groups (P>0.05). 

Regarding intraoperative propofol usage, the OFA 
group used significantly less propofol than the OA group 
[(428.4±147.5) mg vs. (499.5±171.1) mg, t=2.291， 
P<0.05].  

 
Tab.2 Comparison of surgical outcomes between two groups 

(n=53, x±s)  

Group 
Surgical method 

(case)a 
Operation 

time（min） 
Extubation 
time (min) 

Recovery 
time (min) 

OA group 6/47 91.4±29.3 9.8±6.5 18.5±6.7 

OFA group 4/49 99.7±29.1 9.5±3.7 17.3±4.4 

t/2 value 0.442 1.468 0.239 1.131 

P value 0.506 0.145 0.811 0.261 

Note: The operation method was thoracoscopic bullectomy / thoracoscopic 
lobectomy. 

 
2.2 Comparison of MAP and HR at various time 
points  
 

The baseline values of MAP and HR upon admission 
were not significantly different between the two groups 
(P>0.05). During induction, intubation, and skin incision, 

both MAP and HR were higher in the OFA group compared 
to the OA group (P<0.05). However, at extubation, MAP 
and HR were significantly lower in the OFA group 
(P<0.05), with MAP fluctuations remaining within 20% of 
baseline values (Figures 1 and 2). 

 
Fig.1 Comparison of MAP at different time points  

between the two groups 

 
Fig.2 Comparison of HR at different time points  

between the two groups 
 
2.3 Comparison of Glu, Cor, and 8-iso at various time 
points 
 

There were no significant differences in Glu, Cor, or 
8-iso levels between the two groups at admission, 
intubation, skin incision, and at the end of surgery 
(P>0.05). See Figures 3-5. 

 
Fig.3 Comparison of Glu at different time points  

between the two groups 
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Fig.4 Comparison of Cor at different time points 

 between the two groups 

 
Fig.5 Comparison of 8-iso at different time points  

between the two groups 
 

2.4 Comparison of VAS Scores at rest and during 
coughing at various time points 
 

There were no significant differences in VAS scores 
at rest or during coughing between the two groups at 1 hour, 
4 hours, 24 hours, and 48 hours postoperatively (P>0.05). 
See Figures 6 and 7. 

 
Fig.6 Comparison of postoperative VAS at rest between  

the two groups at different time points 

 
Fig.7 Comparison of postoperative VAS during coughing 

between the two groups at different time points 

 
3 Discussion 

 
Among all types of surgical pain, pain from 

thoracotomy is a significant challenge for clinicians. 
Although thoracoscopic minimally invasive techniques are 
commonly used, postoperative pain remains severe. Poor 
management of acute pain may lead to chronic pain, 
affecting postoperative recovery quality [1, 6]. For most 
common surgeries, opioids are indispensable in pain 
management regimens, but they can cause excessive 
sedation, respiratory depression, nausea, vomiting, and 
even potentially promote tumor recurrence and metastasis 
[2-3]. This has led to the promotion of OFA in clinical 
practice. 

Currently, commonly used OFA protocols combine 
analgesics with different mechanisms of action (e.g., 
NMDA antagonists, sodium channel blockers, anti-
inflammatory drugs, and α -2 agonists) and multiple 
analgesic techniques (e.g., epidural anesthesia, nerve 
blocks, and local anesthetic injection at the surgical site) to 
block different phases of pain pathophysiology [7-9]. 
Studies have shown that OFA can reduce postoperative 
complication rates [10]. However, some recent studies 
have indicated that OFA may not reduce anesthesia-related 
side effects [11-12]. These studies suggest that the 
effectiveness and safety of various OFA protocols in 
different types of surgeries remain controversial, and most 
current studies focus on postoperative recovery quality 
rather than whether OFA effectively controls surgical 
nociceptive stimulation or reduces intraoperative stress 
responses. 

Esketamine is a novel intravenous anesthetic with 
both sedative and analgesic properties, fast elimination, 
quick recovery, and minimal side effects [13-14]. It holds 
significant value in OFA protocols [15-17]. Paravertebral 
blockade can block peripheral nociceptive stimulation at 
the nerve root level, reducing the body's stress response 
[18]. Therefore, in this study, we replaced opioids with 
esketamine and combined it with thoracic paravertebral 
blockade to implement a multimodal opioid-free 
anesthesia approach, comparing it with traditional opioid-
based anesthesia methods. The effects of both methods on 
patient hemodynamics and stress responses were observed 
to explore whether multimodal opioid-free anesthesia can 
be safely and effectively used in thoracoscopic surgery. 

Thoracic surgery may damage muscles, pleura, and 
lung tissue, and the resulting nociceptive stimulation and 
intense pain can place the body in a stress state [1]. (1) Pain 
and injury stimuli can activate the sympathetic nervous 
system and stimulate the hypothalamic-pituitary-adrenal 
axis to release large amounts of cortisol (Cor), which 
increases blood pressure, heart rate, and blood glucose 
levels. Because Cor is metabolically stable in the 
bloodstream, it is often used clinically as an indicator of 
the severity of surgical injury [19]. (2) Severe stress can 
lead to elevated blood glucose levels, inducing 
intracellular oxidative stress, which increases the 
production of 8-iso. 8-iso is a stable chemical compound 
and is one of the most sensitive markers for detecting 
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oxidative stress, and can also serve as a quantitative 
indicator of the strength of surgical-induced stress 
responses [20]. A reasonable and effective anesthesia 
technique can alleviate pain and injury stimuli, thereby 
reducing the stress response. Therefore, in this study, Clu, 
Cor, and 8-iso were used to assess whether the OFA 
protocol could effectively counteract the nociceptive 
stimuli induced by thoracoscopic surgery. In this study, 
there were no significant differences in Clu, Cor, and 8-iso 
levels at various time points between the two groups, 
indicating that the stress response levels were similar in 
both groups during the surgery. These data confirm that the 
multimodal OFA protocol can effectively control 
perioperative stress responses. 

The study found that MAP and HR in the OFA group 
were slightly higher than those in the OA group during 
induction, intubation, and skin incision, but they were 
similar to preoperative baseline values, with MAP 
fluctuations remaining within 20% of baseline. 
Furthermore, the OFA group used less propofol 
intraoperatively than the OA group. This may be attributed 
to the sympathomimetic effect of esketamine [21], which 
increases heart rate and blood pressure, partly offsetting 
the depressant effects of propofol on the circulatory system. 
Additionally, because esketamine has sedative effects, it 
reduced the need for propofol, helping to maintain stable 
circulation during anesthesia. 

Moreover, in this study, at extubation, the MAP and 
HR in the OFA group were lower than in the OA group. 
This may be related to the different durations of action of 
esketamine and remifentanil. Remifentanil is an ultra-
short-acting drug, and its effects dissipate rapidly after 
discontinuation, while the analgesic effect of esketamine 
lasts 30-40 minutes [22]. Furthermore, the blood 
concentration of esketamine required to achieve analgesia 
is much lower than that required to induce loss of 
consciousness. Therefore, even after the patient awakens, 
there is still some analgesic effect, which helps to reduce 
the stimulation during extubation and results in more stable 
circulation. Thus, replacing opioids with esketamine 
reduces the intraoperative propofol dosage and helps 
maintain stable circulation during anesthesia. 

In this study, there was no statistically significant 
difference in recovery time between the two groups, 
indicating that the use of esketamine in the OFA protocol 
does not increase the time to awakening. Regarding 
adverse reactions, the incidence of nausea and vomiting 
was lower in the OFA group than in the OA group, while 
the incidence of pruritus and mental symptoms was similar 
between the two groups. These results confirm that the 
OFA protocol can reduce opioid-related adverse effects, 
and no esketamine-related adverse effects were observed. 

There were no significant differences in VAS pain 
scores at various time points within 48 hours 
postoperatively between the two groups, indicating that the 
OFA protocol did not significantly affect the incidence of 
acute postoperative pain in patients undergoing 
thoracoscopic surgery. This contrasts with the findings of 
Yan et al., who reported that, when comparing esketamine 
with morphine, the 24-hour incidence of acute pain was 

higher in the OFA group than in the OA group, although no 
significant differences were observed at 48 hours [5]. Yan 
et al. suggested that morphine may be more effective than 
esketamine in epidural blocks at the same concentration of 
local anesthetic. In contrast, our study used intravenous 
esketamine throughout the entire anesthesia period, which 
may explain the differing results between the two studies. 

Limitations of the study: This study was a single-
center trial with a small sample size. Further multi-center 
studies with larger sample sizes are needed to validate 
these findings. Additionally, the study only observed short-
term adverse reactions and pain scores. Further research is 
needed to explore whether the OFA protocol can improve 
long-term outcomes such as postoperative complications 
and the incidence of chronic pain in patients undergoing 
thoracoscopic surgery. 

Multimodal OFA protocols using esketamine to 
replace opioids, in combination with thoracic paravertebral 
blockade, can effectively control surgical stress responses, 
reduce intraoperative propofol use, maintain stable 
circulatory function during anesthesia. 
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