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Introduction/Objective: Patients undergoing induced abortion frequently experience acute visceral pain and preoperative anxiety, 
the latter of which is known to increase anesthetic requirements. This study aimed to determine the median effective dose (ED50) and 
the 95% effective dose (ED95) of propofol in combination with oxycodone for alleviating visceral pain, specifically testing the finding 
that anxiety increases the needed propofol dose.
Methods: Female patients, who were scheduled for elective abortion surgeries, with PAS-7 ≥8 were classified as anxious group 
(Group A), while those with PAS-7 < 8 were classified as non-anxious group (Group N). Both groups received an intravenous dose of 
0.10 mg/kg of oxycodone prior to surgery.And 2 to 3 minutes later, the first patient in the sequence received an initial dose of 3.50 mg/ 
kg of propofol, with subsequent doses determined by Dixon’s up-and-down method.
Results: The ED50 (95% CI) for propofol was 1.96 mg/kg (1.87–2.05) in Group N and 2.42 mg/kg (2.30–2.53) in Group A; the ED95 
(95% CI) was 2.10 mg/kg (2.03–2.39) and 2.60 mg/kg (2.50–2.95), respectively. The lack of overlap in the 95% confidence intervals 
indicates a statistically significant difference between groups.
Conclusion: The combination of 0.10 mg/kg oxycodone and propofol was effective for visceral pain suppression during artificial 
abortion. Notably, patients with anxiety required higher doses of propofol to achieve satisfactory pain relief during abortion surgeries.
Trial Registration: This human study was approved by the Medical Ethics Committee of the People’s Hospital of Qiannan (QNZY- 
QNYZKYRC-23-0801) and registered at https://www.chictr.org.cn/ (Date: 09/26/2023, ChiCTR2300076169).
Keywords: oxycodone, propofol, preoperative anxiety, visceral pain, abortion, effective dose

Introduction
Visceral pain is a chronic, non-malignant pain that originates from the organs in the abdomen and pelvis.1–4 During the 
perioperative period, gynecological abortion procedures often involve varying levels of visceral pain, primarily due to the 
surgical site.5,6 Severe visceral pain can cause atelectasis and heighten sympathetic nerve activity in patients, which 
negatively impacts the surgery.7–9 This condition necessitates higher doses of anesthetic drugs like propofol, prolonging 
both the operation and anesthesia recovery times.10

Patients undergoing abortion surgery often experience varying levels of anxiety, which can stem from multiple 
sources. Concerns about the surgical procedure and the risks associated with anesthesia are primary factors contributing 
to this anxiety. Additionally, worries about future fertility and the challenges of childbirth can further heighten these 
feelings.11,12 Research indicates that anxiety is a complex emotional state characterized by tension, worry, and fear.13 

This heightened stress can result in negative physical effects, such as decreased pain tolerance and increased sensitivity to 
pain, which may complicate the patient’s physiological responses.14,15 This anxiety-induced hyperalgesia likely 
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contributes to the increased demand for anesthetic agents. Propofol, a GABA_A receptor agonist, is the standard 
sedative-hypnotic used for such procedures. Beyond its sedative effects, propofol also possesses intrinsic anxiolytic 
properties by enhancing inhibitory neurotransmission in brain regions associated with fear and stress, such as the 
amygdala. Consequently, preoperative anxiety has been consistently shown to significantly increase the propofol dose 
required for anesthesia.16–18

The dual μ and κ opioid receptor agonism of oxycodone represents a promising therapeutic avenue for the targeted 
alleviation of both somatic and visceral pain, particularly in the context of postoperative pain management following 
abdominal surgeries, as supported by existing literature.19–21 Additionally, oxycodone has demonstrated a pivotal role in 
the management of cancer pain, neuropathic pain, and inflammatory pain, effectively reducing patients’ pain perception 
and mitigating concomitant symptoms of anxiety and depression.22,23

Chen et al’s research found that the combined use of propofol and oxycodone during abortion surgery can improve 
the anesthetic effect, reduce the dosage of propofol, and shorten the recovery time of postoperative orientation.24 Liu et al 
found through a randomized controlled study that the combined use of propofol and oxycodone in artificial abortion 
surgery can reduce the dosage of anesthetic drugs.25 However there is a lack of research on the impact of oxycodone on 
visceral pain in patients who are also dealing with anxiety currently.

In conclusion, we hypothesize that anxious patients require a higher propofol dose for effective visceral pain relief 
during abortion surgery when combined with oxycodone. The primary objective of this study was to determine the 
median effective dose (ED50) and the 95% effective dose (ED95) of propofol, administered alongside oxycodone, to 
alleviate visceral pain in patients experiencing preoperative anxiety during gynecological abortion surgeries. This 
research aims to clarify the complex relationship between visceral pain and anxiety while optimizing the effectiveness 
and accuracy of anesthesia. By identifying these dosing parameters, the study seeks to contribute to the development of 
more personalized anesthesia protocols in clinical settings. Ultimately, this could lead to improved patient care and better 
outcomes for those undergoing abortion surgery.

Methods
The study was approved by the Medical Ethics Committee of the People’s Hospital of Qiannan (Ethical approval number: 
QNZY-QNYZKYRC-23-0801) and registered at https://www.chictr.org.cn/ (registration number: ChiCTR2300076169). This 
work was financially supported by [Scientific Research Fund of Qiannan Medical College for Nantionaities] (Grant number 
Qnyz2023036). Written informed consent was obtained from all participants prior to the commencement of the study.

Patients who voluntarily consented to undergo painless abortion surgery were included in the study. Eligible 
participants were aged 18–50 years, had a BMI of 18–30 kg/m2, and were classified as American Society of 
Anesthesiologists (ASA) Physical Status I or II. Exclusion criteria included known allergies to the treatment drugs, 
evident difficult airways, mental illness, severe ischemic heart disease, chronic pain, and the use of opioids or 
nonsteroidal drugs within 48 hours before the abortion. Operation time longer than 5 minutes was also excluded.

All participants underwent an evaluation of preoperative anxiety using the perioperative anxiety scale-7 (PAS-7). 
Patients with a score of PAS-7 ≥ 8 were categorized into the anxious group (Group A), while those with a score of PAS-7 
< 8 were placed in the non-anxious group (Group N). The anesthesiologist administering the drugs and assessing the 
primary outcome was not blinded to the patient’s group (A or N) due to the nature of the anxiety assessment. However, 
the researcher performing the statistical analysis was blinded to the group allocations.

All participants received a standardized anesthesia protocol. Prior to undergoing painless induced abortion, patients 
were instructed to fast for at least 8 hours. Upon arrival in the examination room, each patient was provided with 41% 
oxygen at a flow rate of 4 L/min via a nasal cannula, while vital signs were continuously monitored. After establishing 
peripheral intravenous access, patients received a 500 mL infusion of compound sodium chloride at a rate of 250 mL/h. 
Before the surgery, all patients were administered 0.10 mg/kg of oxycodone intravenously, followed by the administra
tion of propofol 2–3 minutes later. Once the patient exhibited the absence of eyelash reflex, a uterine dilator was placed 
to proceed with the procedure.

The initial dose was determined to be 3.50 mg/kg for both the anxious group and the non-anxious group. 
A proportional variation of 0.9 was established between dosages, leading to the following dose increments: 3.50, 

https://doi.org/10.2147/DDDT.S563921                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 11308

Chen et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.chictr.org.cn/


3.15, 2.84, 2.55, 2.30, 2.07, 1.86 and 1.67 mg/kg. To tailor the propofol dose for each subsequent patient, Dixon’s 
up-and-down method was employed. As a dose-finding study using Dixon’s up-and-down method, a formal power 
analysis is not standard practice. The sample size is determined by the sequential nature of the trial, which 
typically requires 6–8 crossover points per group to reliably estimate the ED50. The dosage was decreased if the 
abortion was completed successfully without any significant movements, such as trunk, limb, or head and neck 
movements, or coughing that could interfere with the procedure. Conversely, if any such movements occurred, the 
dose was increased. Additionally, a single intravenous dose of 20–50 mg of propofol was administered if the 
patient exhibited body movements or coughing during the abortion.

After the abortion, the patient was transferred to the Post Anesthesia Care Unit (PACU), where the anesthe
siologist was responsible for awakening her. The anesthesiologist documented the patient’s recovery time, heart 
rate, blood pressure, and oxygen saturation (SpO2). Additionally, any episodes of nausea, vomiting, recovery 
agitation, or delayed recovery were recorded. Patients remained in the PACU for a minimum of 30 minutes. To 
assess patient recovery in the PACU, the Steward Score was utilized. Patients were discharged or transferred to the 
inpatient department once they demonstrated stable vital signs, were able to walk unassisted, achieved a Steward 
Score of at least 4, and exhibited no significant side effects, such as nausea or vomiting.

Primary Outcome and Assessment
The primary outcome was the effective dose (ED) of propofol that prevented a positive response to visceral pain, defined 
as significant movements of the trunk, limbs, or head/neck, or coughing that could interfere with the surgical procedure. 
This assessment was performed by the same senior anesthesiologist for all patients to ensure consistency. While this 
standardized the evaluation, the subjective nature of this endpoint is acknowledged as a study limitation.

Secondary Outcomes
Various clinical measurements were documented at specific time points: mean arterial pressure (MAP), heart rate (HR), 
and peripheral capillary oxygen saturation (SpO2) were recorded at 5 minutes after entering the operating room (T1), 
upon loss of consciousness (T2), during the procedure (T3), at the end of the procedure (T4), and at 5 (T5) and 
10 minutes (T6) post-recovery.

Visual analog scale (VAS) scores and ramsay sedation scores were recorded at 5 and 10 minutes after recovery. Other 
monitored outcomes included postoperative nausea and vomiting (PONV), injection pain, respiratory depression, bradycar
dia, hypotension, and dizziness. Recovery time was defined as the interval between entering the anesthesia room and when 
the patient could open their eyes and respond when called. A recovery time exceeding 30 minutes was categorized as delayed 
recovery. To assess restlessness during the recovery period, the Ramsay sedation score was utilized, where a score of 1 
indicated restlessness. Respiratory depression was identified by an SpO2 level below 90%, prompting the administration of 
jaw support, airway opening, and mask-assisted oxygen. Bradycardia was defined as a heart rate of less than 50 beats 
per minute, and atropine (0.3–0.5 mg) was given as needed. Hypotension was indicated by two consecutive MAP declines 
greater than 30% from the baseline, which warranted the administration of 5–10 mg of ephedrine to the patient.

Statistical Analysis
Statistical analysis was conducted using SPSS version 22.0 (SPSS Inc., Chicago, Illinois, USA). Data were presented as 
means with standard deviations (SD), medians with ranges, or as the number of patients (n), depending on their 
distribution. The primary outcome, the effective dose (ED50 and ED95) of propofol along with their 95% confidence 
intervals (95% CI), was calculated using Probit regression analysis. Sequential allocation and dose-effect graphs were 
created using GraphPad Prism software.

For secondary outcomes, categorical variables were analyzed using the Chi-square test or Fisher’s exact test, as 
appropriate. Continuous variables were tested for normality; normally distributed data were compared using the 
independent samples t-test (LSD-t), while non-normally distributed data were assessed using the Mann–Whitney U-test.

A p-value of less than 0.05 was deemed statistically significant.
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Results
Between October 2023 and June 2024, a painless abortion was performed on 46 patients in this study, of whom 39 were 
analyzed using the Probit probability method. The seven excluded patients were due to protocol deviations (eg, surgery 
duration >5 minutes) or incomplete data. Participants were selected based on their preoperative anxiety assessment using 
the PAS-7 and were classified two groups, and allocated to intervention within every group (Figure 1).

Analysis of the general characteristics and abortion-related factors revealed no significant differences between the 
groups (Table 1). However, the PAS-7 scores indicated a statistically significant difference between the two groups.

PAS-7<8: The probit model fitted according to probit probability unit regression analysis was as follows: probit (p) = 
−22.47 + 11.46 × dose, the regression model showed a linear trend, Pearson’s goodness-of-fit test χ2 = 0.001 (p = 1.000), 
according to the Probit probability and dose confidence limit table: ED50 1.96 mg/kg (95% CI 1.87–2.05 mg/kg), ED95 
2.10 mg/kg (95% CI 2.03–2.39 mg/kg).The orders in Dixon’s up-and-down method of the non-anxious group is exhibited 
in Figure 2. The dose-effect curve of propofol inhibiting visceral pain response of the non-anxious group during abortion 
when oxycodone is combined is showed in Figure 3.

PAS≥8: The probit model fitted according to probit probability unit regression analysis was as follows: probit (p) = 
−22.47 + 9.27 × dose, the regression model showed a linear trend, Pearson’s goodness-of-fit test χ2 = 0.001 (p = 1.000), 
according to the probit probability and dose confidence limit table: ED 50 2.42 mg/kg (95% CI 2.30 ~ 2.53 mg/kg), ED 
95 2.60 mg/kg (95% CI 2.50 ~ 2.95 mg/kg). The orders in Dixon’s up-and-down method of the anxiety group is exhibited 
in Figure 4. The dose-effect curve of propofol inhibiting visceral pain response of the anxious group during abortion 
when oxycodone is combined is showed in Figure 5.

Hemodynamic indicators, VAS and Ramsay score of patients are expressed as mean±SD. A significant decline in SBP 
(mean decline of ~10 mmHg) and DBP (mean decline of ~6 mmHg) was observed at T2. There was no significant 
difference in postoperative analgesia (VAS) and sedation (Ramsay score) between the two groups (Table 2).

As for adverse events, no significant difference was observed in incidence rate of overall adverse events between the 
anxiety and non-anxiety groups (Table 3).

Figure 1 Flow diagram showing the inclusion of the participants.
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Discussion
Anxiety is a common mental health issue that greatly affects the quality of life and daily functioning of adults around the 
world.26,27 A recent cross-sectional, multi-center study revealed substantial variation in the prevalence of preoperative 
anxiety among Chinese surgical patients across different healthcare institutions. Using the internationally accepted APAIS 
scale, the prevalence was found to be 7.8%, whereas the newly developed PAS-7 scale, designed specifically for Chinese 
surgical patients, reported a higher prevalence of 15.8%.28 This discrepancy may be attributed to cultural factors. Chinese 

Table 1 Overview of the General Characteristics of Patients in the Two Group

Group Number of Cases Age(yr) Weight (kg) BMI(kg/m2) PAS ASA(I/II)

Anxious 20 30.10±6.32 52.88±4.54 20.84±1.75 9.00±0.80 13/7
Non-anxious 19 28.74±6.10 52.37±5.89 20.98±1.85 2.84±1.54* 14/5

Notes: Data are expressed as mean±SD or number of patients. LSD-t was used to quantitative data. p<0.05 was considered 
statistically significant. BMI, body mass index; ASA, American Society of Anesthesiologists. The asterisk (*) indicates that the PAS 
score of the non-anxious group was lower than that of the anxious group, and this difference was statistically significant.

Figure 2 Dixon’s up-and-down method plots for the non-anxious group.

Figure 3 The dose-effect curve of propofol inhibiting visceral pain response during abortion in the non-anxious group when oxycodone is combined.
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patients tend to have reservations about negative psychological feelings and are more likely to express anxiety-related 
physical discomfort. Therefore, routine preoperative screening for anxiety using tools like the PAS-7 is recommended to 
guide initial propofol dosing. The PAS-7 scale, which incorporates somatic anxiety into its assessment, was chosen for this 
experiment to better capture the unique characteristics of anxiety expression in Chinese patients.29 By utilizing this 
culturally appropriate tool, we aimed to ensure a more accurate assessment of preoperative anxiety in our study population.

Figure 4 Dixon’s up-and-down method plots for the anxious group.

Figure 5 The dose-effect curve of propofol inhibiting visceral pain response during abortion in the anxious group when oxycodone is combined.

Table 2 Hemodynamic Indicators, VAS and Ramsay Score of Patients From Two Groups

Index Group T1 T2 T3 T4 T5 T6

HR(bpm) Non-anxious 78.79±10.11 79.95±11.20 76.05±8.95 76.74±9.47 76.89±9.84 75.95±9.93

Anxious 79.80±10.32 76.75±9.40 75.25±11.17 76.00±10.56 73.10±10.75 73.25±10.30

SBP(mmHg) Non-anxious 110.84±7.22 100.16±9.94 105.89±12.97 110.26±9.46 108.26±10.32 105.95±9.44
Anxious 111.50±10.15 102.40±15.67 107.65±15.06 108.05±12.69 107.90±12.17 108.05±11.29

(Continued)
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Studies have shown that anxiety and interactional relationship between visceral pain, anxiety can lead to the deterioration 
of the visceral pain, visceral pain itself can also aggravate anxiety.30–34 Previous research on contractions pain suppression of 
stream of people surgery, propofol is often choose anesthetic sedative drugs. Propofol on GABA receptor, stabilize the 
neurons, inhibition of emotional stress reaction.35,36 Recently, Le Yu37 et al made a new discovery about the anti-anxiety 
mechanism of propofol: propofol maintained synaptic E-I balance by acting on GABAAβ3, inhibited the excessive activation 
of PVNCRH neurons, and thus relieved pain-related anxiety disorders. In this study, patients undergoing abortion surgery 
were categorized into anxious and non-anxious groups based on their PAS-7 scores. The median effective dose (ED50) and 
95% effective dose (ED95) of propofol for alleviating visceral pain were calculated for both groups. The results showed that 
the required doses of propofol were significantly higher in the anxious group. This increased requirement in anxious patients 
may be linked to a heightened central nervous system arousal and a reduced pain threshold, necessitating a higher dose to 
achieve the same level of sedation and analgesia, rather than a difference in drug metabolism. These findings have important 
implications for clinical anesthesia practice, as they emphasize the need to assess preoperative anxiety and adjust anesthetic 
doses accordingly to achieve effective pain control and reduce the risk of postoperative complications. By acknowledging the 
relationship between anxiety and visceral pain, as well as its influence on anesthetic requirements, anesthesiologists can better 
adapt their management strategies to meet the individual needs of patients.

Oxycodone was utilized as a treatment for visceral pain in both the anxious and non-anxious groups due to its unique 
mechanism of action. Specifically, oxycodone acts on both μ and κ opioid receptors, providing rapid onset of analgesia 
with minimal side effects and no ceiling effect on pain relief.38 κ receptors are mainly distributed in the smooth muscle, 
so the visceral analgesic effect of oxycodone induced by uterine smooth muscle contraction is more significant. Choose 
oxycodone analgesia, can meet the needs of stream of people surgery anesthesia and quick outcome. In the first stage of 
Labor, pain is mainly caused by uterine contractions. Zhong H Y39 and others randomized controlled trial showed that 
epidural oxycodone suitable for labor analgesia. Additionally, oxycodone has been shown to reduce postoperative 
visceral pain in patients undergoing laparoscopic gastrointestinal surgeries when used as part of a multimodal analgesia 
regimen,40 further underscoring its efficacy in managing visceral pain.

Previous studies have highlighted the benefits of using oxycodone in combination with propofol for maintaining 
hemodynamic stability and minimizing adverse reactions during surgical procedures. For instance, one study found that 

Table 3 Comparison of Adverse Events Between the Two Groups[n(%)]

Group Hypotension Respiratory Depression 
(SpO2<90%)

Nausea and 
Vomiting

Recovery 
Agitation

Delayed 
Recovery

Anxious 3(15.00) 3(15.00) 0(0.00) 2(10.00) 0(0.00)
Non-anxious 3(15.79) 1(5.26) 0(0.00) 1(5.26) 0(0.00)

Notes: Data are expressed as n(%). Analysis of adverse events was performed using the chi-square test or Fisher’s exact test.

Table 2 (Continued). 

Index Group T1 T2 T3 T4 T5 T6

DBP(mmHg) Non-anxious 66.53±6.99 60.32±9.49 66.00±12.77 67.79±10.34 66.53±7.84 65.63±7.10

Anxious 65.05±11.90 58.90±13.14 64.85±13.07 65.35±12.00 63.60±7.47 63.85±7.07
SpO2(%) Non-anxious 99.53±0.61 97.89±3.97 98.84±1.07 97.89±4.51 98.79±1.18 98.89±0.94

Anxious 98.95±0.89 96.10±7.01 98.35±2.30 98.85±1.35 99.10±0.45 98.65±0.93

VAS Non-anxious 0.21±0.63 0.16±0.50
Anxious 0.05±0.22 0.20±0.70

Ramsay score Non-anxious 1.95±0.23 1.89±0.46

Anxious 1.95±0.39 1.95±0.22

Notes: Data are expressed as mean±SD. Comparison of hemodynamic between T1 and T2 was performed using the t-test (p <0.05 was considered 
statistically significant). 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heartrate. SpO2, peripheral capillary oxygen saturation.
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a combination of oxycodone 0.05 mg/kg and propofol effectively maintained hemodynamic stability in patients undergoing 
painless stomach procedures.41 Similarly, another study demonstrated that a dose of 0.08 mg/kg oxycodone hydrochloride 
could be safely and effectively used during negative pressure suction, significantly reducing postoperative uterine contraction 
pain in dysmenorrhea patients.42 In the present study, a combination of oxycodone 0.10 mg/kg and propofol was used, and no 
significant hemodynamic fluctuations were observed. While a statistically significant drop in blood pressure was observed at 
induction (T2), a common effect of propofol, these changes were transient and clinically manageable in both groups, with no 
significant differences in the magnitude of change between them. Additionally, there was no significant difference in the 
incidence of postoperative visceral pain between anxious and non-anxious patients. While animal studies have suggested that 
oxycodone may have anxiolytic effects, with stronger effects observed in male rats compared to females,43 the long-term 
impact of oxycodone on anxiety and other mental health outcomes remains unclear and requires further investigation. 
Therefore, while oxycodone may provide short-term relief from anxiety, anesthesiologists should be mindful of its potential 
long-term effects and consider individual patient factors when selecting anesthetic agents.

This study offers important insights into the use of propofol combined with oxycodone for managing anxiety and 
visceral pain during gynecological abortion surgeries. However, it has several limitations that must be acknowledged. First, 
the lack of blinding for the anesthesiologist administering the drugs and assessing the primary outcome introduces 
a potential for observer bias, as their knowledge of the patient’s anxiety group could consciously or unconsciously influence 
the assessment of “significant movement.” Second, the single-center design and relatively small sample size, while 
appropriate for an initial dose-finding study using Dixon’s method, limit the generalizability of our findings to broader 
populations and different clinical settings. Third, and relatedly, the study was not powered to detect differences in rare 
adverse events; therefore, the conclusion that the safety profile is comparable between groups should be interpreted with 
caution, as we may have lacked the statistical power to identify true differences. Finally, the primary endpoint, though 
clinically relevant, was inherently subjective. Despite being assessed by a single experienced anesthesiologist to ensure 
consistency, the definition of “significant movement” lacks objective quantification and is susceptible to interpretation.

Conclusion
This dose-finding study determined that the combination of 0.10 mg/kg oxycodone and propofol provided effective 
suppression of visceral pain responses during artificial abortion. Anxious patients required significantly higher propofol 
doses (ED50 2.42 mg/kg vs 1.96 mg/kg). The similar postoperative pain, sedation scores, and adverse event profiles 
between groups suggest the regimen’s safety within our cohort. These findings, from a single-center study, underscore the 
importance of preoperative anxiety assessment for individualized dosing. Future large-scale, multicenter studies are 
warranted to validate these dosing guidelines.

Abbreviations
Group A, anxious group; Group N, non-anxious group; ED50, the median effective dose; ED95, the 95% effective dose; 
95% CI, 95% confidence intervals; ASA, American Society of Anesthesiologists; PAS-7, the perioperative anxiety scale-7; 
PACU, post anesthesia care unit; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; 
HR, heart rate; SpO2, peripheral capillary oxygen saturation; VAS, visual analog scale; PONV, postoperative nausea and 
vomiting; SD, standard deviations; LSD-t, the least significant difference t-test; BMI, body mass index; STAI, the state-trait 
anxiety inventory; VAS, anxiety visual analog scale; SAS, self-rating anxiety scale; SAS, self-rating anxiety scale.
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