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Background: Acupuncture has pain-relief effects, but no data are available on transcutaneous electrical acupoint stimulation (TEAS) 
for pain relief during transurethral removal of ureteral stents. This study aimed to evaluate the efficacy of TEAS in reducing pain 
during cystoscopic ureteral stent extraction.
Methods: This prospective, double-blinded, randomized controlled trial enrolled 122 patients scheduled for cystoscopic ureteral stent removal 
between June 2023 and March 2024. Participants were randomized into three groups: TEAS at Hegu (LI4) and Neiguan (PC6) (Group A, 
n=37), TEAS at Sanyinjiao (SP6) and Zusanli (ST36) (Group B, n=38), and sham TEAS (Group C, n=47). TEAS or sham TEAS were 
administered 30 minutes before the procedure. The primary endpoint was pain measured by visual analog scale (VAS) at stent removal (T2). 
Secondary endpoints included VAS at cystoscope insertion (T1) and 10 minutes post-procedure (T3), along with hemodynamic parameters.
Results: Baseline characteristics were comparable (p > 0.05). Both TEAS groups showed significantly lower VAS scores during stent 
removal (T2: median 0.00 [IQR: 0.00–2.50] for Group A and median 0.00 [IQR0.00–2.50] for group B vs 0.00 [IQR: 2.00–5.00] for Group 
C; p = 0.027) and at 10 minutes post-procedure (T3: median 0.00 [IQR: 0.00–0.00] for Group A and median 0.00 [IQR0.00–1.00] for group 
B vs 0.00 [IQR: 0.00–2.00] for Group C; p = 0.012). Repeated measures ANOVA with gender and age group as covariates revealed 
a significant Time × Gender interaction (F = 7.044, p = 0.006), indicating different temporal patterns of pain reduction between males and 
females. However, no significant interaction was found involving the Age Group factor or the three-way interaction with the treatment 
groups. No significant hemodynamic differences were observed. One patient in Group C withdrew due to severe pain.
Conclusion: TEAS effectively reduces procedural and post-procedural pain during cystoscopic ureteral stent extraction without 
affecting hemodynamic stability. Notably, the analgesic effect of TEAS demonstrated gender-specific temporal patterns (Time × 
Gender interaction, p = 0.006), being more pronounced in female patients, while remaining consistently effective across all age groups. 
These findings support TEAS as a valuable non-pharmacological analgesic adjunct in outpatient urological procedures, though further 
multicenter and heterogeneous population studies are warranted to validate its generalizability.
Keywords: transcutaneous electrical acupoint stimulation, TEAS, cystoscopic ureteral stent extraction, randomized controlled trial, 
pain management

Introduction
In urological practice, ureteral stents are inserted to maintain ureteral luminal patency, to protect ureteral anastomosis or graft, 
and to repair minor ureteric injuries.1 Cystoscopic ureteral stent removal is commonly conducted as a day-case procedure in an 
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outpatient surgical unit with local analgesics (2% lidocaine gel, 5mL) administered as a urethral meatal block.2 While efficient, 
this approach is associated with significant pain and anxiety for many patients, reported prevalence of pain is remarkably high, 
with one systematic review indicating it occurs in up to 32% of patients3 and other studies noting that over 50% may report 
moderate-to-severe pain,4 thereby highlighting the need for adjunctive non-pharmacological analgesic methods.5

Acupuncture, a treatment dating back at least 2500 years in China, has been reported useful in perioperative anesthesia 
and postoperative analgesia.6,7 Transcutaneous electrical acupoint stimulation (TEAS) enhances reproducibility and 
eliminates invasiveness compared to manual needling, while alleviating preoperative anxiety and postoperative pain.8,9

Although evidence for TEAS specifically in ureteral stent extraction is scarce, its efficacy has been demonstrated in 
other urological and surgical settings, showing reductions in intra-operative analgesic consumption and postoperative 
pain.10,11 The acupoints Hegu (LI4), Neiguan (PC6), Sanyinjiao (SP6), and Zusanli (ST36) were selected based on 
Traditional Chinese Medicine principles for pain relief and viscera regulation,12 and their combination at 2/100 Hz is 
supported by neurophysiological research for activating both central opioid and non-opioid pathways to produce broad- 
spectrum analgesia.13,14 Thus, we hypothesized that TEAS at LI4 combined with PC6, SP6 combined ST3 could alleviate 
pain during cystoscopic ureteral stent removal, providing a non-invasive analgesic alternative.

Materials and Methods
Trial Design and Patients
Our clinical trial was approved by the Institutional Review Board of the First Affiliated Hospital of Wenzhou Medical 
University (IRB00001052-13,003)(2022)-No.(199–01), which conforms to the provisions of the Declaration of Helsinki 
(as revised in Tokyo 2004). Written informed consent was obtained from all subjects. The trial was registered prior to 
patient enrollment at the Chinese Clinical Trial Registry (ChiCTR2300072451).

This was a prospective, single-center, double-blinded, randomized controlled clinical trial conducted in ethnic 
Chinese who undergoing Cystoscopic ureteral stent removal at The First Affiliated Hospital of Wenzhou Medical 
University. The study was completed between June 2023 to March 2024. Information regarding the study was provided 
to all patients. Due to the need for stimulation adjustment and visible muscle responses, the acupuncturists were not 
blinded, which is a common limitation in TEAS trials.

Inclusion criteria include the following:

(1) Aged 18–80 years;
(2) American Society of Anesthesiologists (ASA) classification levels I–III;
(3) Those undergoing cystoscopic ureteral stent removal and participate in the study voluntarily and signing informed 

consent.

Exclusion criteria include the following:15

(1) Local skin infection at the acupoints above;
(2) Upper limb or lower limb nerve damage;
(3) Participating in other clinical studies within the past 4 weeks;
(4) Inability to understand the visual analog scale (VAS) score;
(5) Application to a pacemaker, any device to assist the heart or lungs, Holter monitoring, or any implanted device 

sensitive to microwaves;
(6) Gravida, puerperant and patients with positive urine pregnancy tests;
(7) Combined with preoperative pain, using central analgesic drugs, addicted to or dependent on opioids;
(8) Considered not suitable for this study.

Figure 1 shows the trial flow chart for the patient screening, treatment allocation, intervention, outcomes assessment and 
data analysis.
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Figure 1 Flowchart of the trial This diagram illustrates the enrollment, allocation, intervention, and analysis process of the study. Patients scheduled for cystoscopic ureteral 
stent removal were assessed for eligibility. Those who met inclusion criteria were randomized into three groups: Group A (TEAS at LI4 and PC6), Group B (TEAS at SP6 and 
ST36), and Group C (sham TEAS). One patient in Group C was excluded due to intolerable pain requiring general anesthesia. Primary and secondary outcomes were 
assessed as scheduled.
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Randomized and Mask
Participants were randomly assigned (in a 1:1:1 ratio) into three groups to receive either TEAS on Hegu (LI4) and Neiguan 
(PC6) acupoints (Group A), TEAS on Sanyinjiao (SP6) and Zusanli (ST36) acupoints (Group B) or sham TEAS (Group C), 
with the help of a computer-generated table of random numbers by an independent statistician. The independent statistician 
created identical sealed envelopes before surgery containing three different groups. The acupuncturist opened the envelope 
and performed TEAS. Patients undergoing Cystoscopic ureteral stent removal and the physician who evaluated the levels of 
pain and recorded hemodynamic values were blinded to grouping. The evaluation was performed by one physician who 
received unified training. Due to the need for real-time adjustment of stimulation intensity and the visible muscle responses 
in active TEAS groups, the acupuncturists could not be blinded. However, the patients undergoing the procedure and the 
physician who evaluated all outcomes were fully blinded to the group assignments.

Cystoscopic Ureteral Stent Removal
Cystoscopic ureteral stent removal was performed under local anesthesia (2% lidocaine gel, 5mL) with the patient in the 
lithotomy position. A rigid cystoscope was introduced into the bladder, and the distal end of the stent was identified and 
grasped using forceps. The stent was gently withdrawn under direct visualization, and the bladder and ureteral orifices 
were re-examined to ensure complete removal. The procedure was completed without complications, and the patient was 
discharged home on the same day after meeting standard postoperative criteria.

Intervention
According to the theory of traditional Chinese medicine,12 acupoints Hegu (LI4) and Neiguan (PC6), Sanyinjiao (SP6) 
and Zusanli (ST36) were selected as the potential analgesic acupoints. For subjects allocated to the TEAS treatment 
group, TEAS (HANS-200A; Nanjing Jisheng Medical Technology Company, Nanjing, China) was administered 30 min 
before Cystoscopic ureteral stent removal procedure.

LI4 (Hegu at the dorsum of both hands between the thumb and index figure), PC6 (Neiguan at the palmar side of the 
forearm, 2 cun above the rasceta, between the palmaris longus tendon palmar tendon and the flexor carpi radialis muscle 
tendon), SP6 (Sanyinjiao at the tibial aspect of the leg, posterior to the medial border of the tibia, 3 cun superior to the 
prominence of the medial malleolus), ST36 (Zusanli at the lateral side of the lower leg, on the line of Dubi and Jiexi, 3 
cun below Dubi and one finger width lateral to the anterior border of the tibia),15,16 received self-adhesive cutaneous 
electrode pads of 4×4 cm (Shown in Figure 2). The “cun” in traditional Chinese medicine generally refers to “the same 
body size”. The distance between the radial ends of the first and second transverse patterns of the patient’s middle finger 
is “1 inch”. Four fingers, excluding the thumb, are placed side by side and generally refer to “3 cun”. The TEAS was 
administered using a HANS-200A device at a dense-disperse frequency of 2/100 Hz, alternating every 3 seconds, with 
a symmetric biphasic waveform. TEAS was applied bilaterally. The stimulation intensity was individually titrated to 
a strong but comfortable level, defined as the maximum tolerance threshold for each patient, which typically elicited 
visible muscle twitching without causing pain. The current was initiated at 0 mA and gradually increased in 1–2 mA 
increments until the target sensation was achieved. The mean stimulation intensity administered across the active TEAS 
groups was 12.6 ± 2.4 mA (range: 8–18 mA). The average duration of a typical operation was approximately 5 min.

For patients in the sham TEAS group, electrodes were attached to the same acupoints (LI4, PC6, SP6, ST36). The 
electrodes were connected to the HANS-200A device, which was turned on to display active output settings; however, 
the device was internally modified to deliver no electrical current, ensuring patients received no active stimulation while 
experiencing the same visual and auditory cues as the active groups.

Heart rate, mean arterial pressure and peripheral oxygen saturation were measured at the timepoints on the cysto
scopic insertion, the removal of the stent and the 10 mins within the end of the procedure, respectively. One patient, 
which was not included in the final statistical population, was unable to tolerate the procedure due to severe pain, then the 
procedure was rescheduled and successfully completed in the main operating room under general anesthesia.
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Endpoints
The primary endpoint was the visual analog scale (VAS) for pain at the timepoint of stent removal. The secondary 
endpoints were the VAS for pain at the timepoint of the Cystoscope Insertion and the VAS within 10min after procedure 
finished. The heart rate, blood pressure and peripheral oxygen saturation were also recorded.

Adverse Events
Adverse events (AEs) were followed by the investigators until 1 hour later after the procedure. Any adverse events, such as 
skin irritation, dizziness, or discomfort at the stimulation site, were to be immediately recorded and managed. The 
stimulation would be adjusted or terminated if any intolerable side effect occurred. Throughout the study period, patients 
were closely monitored for such events during the 30-minute TEAS session and for one-hour post-procedure. We report that 
no such TEAS-related adverse events were observed in our cohort, underscoring the safety of the intervention in this setting.

Figure 2 Acupoints selected in this trial (A) Transcutaneous acupoint electrical stimulation instrument (HANS200A) (B) Hegu (LI4) and Neiguan (PC6); (C) Sanyinjiao 
(SP6); (D) Zusanli (ST36).
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Sample Size
The sample size was calculated a priori using G*Power software (version 3.1.9.7). The calculation was based on the 
primary outcome of pain incidence during cystoscopic ureteral stent extraction. A previous systematic review reported 
a pain prevalence of 31% during this procedure.17 We hypothesized that TEAS could achieve a clinically significant 
reduction, corresponding to an absolute risk reduction of 20% (ie, reducing the pain incidence from 31% to 11% in the 
active groups). This translates to an effect size (Cohen’s w) of approximately 0.26. For a Chi-square test (aiming to detect 
this difference among three groups), with an α error of 0.05 and a desired power (1-β) of 80%, a total sample size of 93 
(31 per group) was required. Anticipating a potential dropout rate of 20%, we aimed to enroll a total of 111 patients. 
Ultimately, 122 patients were recruited, which exceeds the minimum required sample size and further strengthens the 
study’s power.

Statistical Analysis
Data were analyzed using SPSS 19.0 (IBM, Armonk, NY, USA). Continuous data were tested for normal distribution 
using the Shapiro–Wilk test. Normally distributed continuous variables are presented as means ± standard deviation and 
were analyzed using the one way-ANOVA. Continuous data with a skewed distribution were presented as medians 
(range) and were analyzed using the Kruskal–Wallis one way ANOVA or Mann–Whitney U-test, and the Bonferroni 
correction was used to adjust the p value for multiple comparisons. Categorical data were presented as frequencies and 
were analyzed using the Chi-square test. The p values <0.05 were considered statistically significant. To investigate the 
potential influence of gender and age on the primary pain outcome, a repeated-measures analysis of variance (ANOVA) 
was performed with VAS scores across time points (T1, T2, T3) as the within-subjects factor, and Group (A, B, C), 
Gender, and Age Group (young: ≤45 years; middle: 45–65 years; old: ≥65 years) as between-subjects factors. Mauchly’s 
test was used to assess sphericity, and the Greenhouse-Geisser correction was applied when the assumption was violated. 
The primary interactions of interest were Time × Gender and Time × Age Group. Partial eta squared (η2) was reported as 
the measure of effect size for significant effects.

Results
Patients
A total of 122 subjects were recruited between June 2023 to March 2024. Subjects were randomized, and 122 subjects were 
analyzed, including Group A (TEAS on LI4 and PC6, n=37), Group B (TEAS on SP6 and ST36, n=38), and Group C (sham 
TEAS, n=47). All patients were followed up 1 hour after procedure. As shown in Table 1, there were no significant intergroup 
differences in age, gender, body mass index (BMI), blood pressure, heart rate, peripheral oxygen saturation, duration of 
procedure, duration of ureteral placement or number of stents 30 mins before the procedure (T0) (Table 1).

Primary Endpoint: Pain Assessment (VAS Scores)
VAS at Cystoscope Insertion (T1): The median VAS scores were 1.00 (IQR: 0.00–3.00) for Group A, 1.00 (IQR: 
0.00–3.00) for Group B, and 2.00 (IQR: 1.00–5.25) for Group C. Although Group C exhibited higher pain scores, the 
Kruskal–Wallis test showed no statistically significant difference among the groups (H =5.542, p =0.063).

VAS at Stent Removal (T2): The median VAS scores were 0.00 (IQR: 0.00–2.50) for Group A, 0.00 (IQR: 0.00–2.50) 
for Group B, and 0.00 (IQR: 2.00–5.00) for Group C. A significant difference was observed among the groups 
(H =7.222, p =0.027). Post hoc analysis revealed that Group C had significantly higher pain scores compared to 
Group A (p =0.014) and Group B (p=0.047).

VAS 10 Minutes Post-Procedure (T3):
The median VAS scores were 0.00 (IQR: 0.00–0.00) for Group A, 0.00 (IQR: 0.00–1.00) for Group B, and 0.00 (IQR: 

0.00–2.00) for Group C. The Kruskal–Wallis test indicated a significant difference (H =8.860, p =0.012). Post hoc 
analysis showed that Group C had significantly higher pain scores compared to Group A (p =0.011) and Group 
B (p =0.020) (Table 2).
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Influence of Gender and Age on Pain Scores
A repeated-measures ANOVA was conducted to examine the effects of gender and age group on the trajectory of pain 
scores. The analysis revealed a statistically significant Time × Gender interaction (F =7.044, p =0.006, partial η2 =0.068), 
indicating that the pattern of pain reduction over the procedure differed between male and female patients. In contrast, the 
Time × Age Group interaction was not significant (F =0.061, p =0.964, partial η2 =0.001), suggesting that the temporal 
pattern of pain was consistent across different age strata. Furthermore, no significant three-way interactions (Time × 
Group × Gender or Time × Group × Age Group) were observed (all p > 0.05), indicating that the analgesic effect of 
TEAS relative to sham did not differentially vary by gender or age. The between-subjects analysis confirmed a significant 
main effect of Gender (F =7.506, p=0.007, partial η2 =0.065), with females experienced overall lower pain levels 
throughout the study period. (Figure 3), while the main effect of Age Group was not significant (p =0.148). Detailed 
results are presented in Table 3.

Table 1 Baseline Characteristics of the Patients

Characteristics Group A (n=37) Group B (n=38) Group C (n=47) p Value

Age (years) 52.38±13.68 52.16±11.85 53.62±13.74 0.857
Gender, n (%)

Male 20(54.05%) 28(73.68%) 27(57.45%) 0.167

Female 17(45.95%) 10(26.32%) 20(42.55%)
BMI (kg/m2) 23.67±3.11 24.47±3.11 23.72±4.44 0.562

Systolic pressure (mmHg) 141.81±26.2 134.50±18.5 145.12±21.02 0.095

Diastolic pressure (mmHg) 87.08±13.97 83.92±11.46 85.58±12.53 0.508
MAP (mmHg) 105.32±17.12 100.78±12.97 105.43±14.10 0.291

Heart Rate (per min) 88.46±16.75 84.11±12.55 86.14±15.80 0.470
Peripheral saturation (%) (P25,P75) 98(96, 98) 98(97, 99) 98(97, 99) 0.338

Duration of procedure(s) (P25,P75) 179(108, 329) 200(98.5, 402) 192(124, 473.5) 0.458

Duration of ureteral insertion(days)(P25,P75) 22(20, 30) 20.5(17.5, 23.75) 23.5(19, 32.75) 0.094
Number of stent

N=1 32(86.49%) 35(92.11%) 45(95.74%) –

N=2 5(13.51%) 3(7.89%) 2(4.26%) –

Note: Demographic and clinical characteristics of the three study groups. Data are presented as mean ± standard deviation or median 
(interquartile range) for continuous variables, and frequency (%) for categorical variables. No significant differences were observed among groups 
in age, gender, BMI, blood pressure, heart rate, peripheral oxygen saturation, procedure duration, duration of ureteral stent placement, or 
number of stents (all p >0.05), indicating comparable baseline characteristics.

Table 2 Visual Analog Scale (VAS) Pain Scores at Different Time Points

Group Median (IQR) Kruskal–Wallis Test Mann–Whitney U-Test

VAS T1 A(n=37) 1.00 (0.00, 3.00) H=5.542, p =0.063
B(n=38) 1.00 (0.00, 3.00)

C(n=47) 2.00 (1.00, 5.25)

VAS T2 A(n=37) 0.00 (0.00, 2.50) H=7.222, p =0.027* vs.GroupB: p =0.600
B(n=38) 0.00 (0.00, 2.50) vs.GroupC: p =0.047*

C(n=47) 2.00 (0.00, 5.00) vs.GroupA: p =0.014*

VAS T3 A(n=37) 0.00 (0.00, 0.00) H=8.860, p =0.012* vs.GroupB: p =0.730
B(n=38) 0.00 (0.00, 1.00) vs.GroupC: p =0.020*

C(n=47) 0.00 (0.00, 2.00) vs.GroupA: p =0.011*

Note: VAS scores (median with interquartile range) at cystoscope insertion (T1), stent removal (T2), and 10 minutes 
post-procedure (T3). The Kruskal–Wallis test revealed significant differences among groups at T2 (p =0.027) and T3 
(p =0.012). Post hoc Mann–Whitney U-tests showed that Group C had significantly higher pain scores compared to 
Groups A and B at T2 and T3. Bonferroni correction. * indicates statistical significance (p<0.05).
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Secondary Endpoints
Hemodynamic Parameters: No significant differences were observed in systolic blood pressure (SBP), diastolic blood 
pressure (DBP), or mean arterial pressure (MAP) among the groups at any timepoint (all p > 0.05). However, post hoc 
analysis revealed a significant difference in SBP at T2 between Group B and Group C (p < 0.05). Heart Rate (HR): Heart 
rates were comparable across all groups at T0, T1, T2, and T3 (all p > 0.05). Peripheral Oxygen Saturation (SpO2): 
SpO2 levels were similar among the groups at all timepoints (all p > 0.05) (Table 4).

Adverse Events
No severe adverse events were reported during the study. One patient in Group C experienced intolerable pain, requiring 
rescheduling of the procedure under general anesthesia. This patient was excluded from the final analysis.

Figure 3 Mean VAS Pain Scores by Gender Across Time Points in Three Treatment Groups Visual Analog Scale (VAS) pain scores are presented as means across three 
timepoint assessments. Panels show results for (Group (A) Treatment Group A, (Group (B) Treatment Group B, and (Group (C) Control Group. Within each panel, scores 
are shown for male (red line) and female (blue line) participants. The time × gender interaction was statistically significant (F= 7.044, p =0.006).

Table 3 Repeated Measures ANOVA of VAS Pain Scores with 
Gender and Age Group as Covariates

Source of Variation F df p Partial η2

Within-Subjects

Time × Gender 7.044 1.288 0.006 0.068
Time × Age group 0.061 2.456 0.964 0.001

Time × Group × Gender 0.951 2.456 0.404 0.018

Time × Group × Age group 0.747 4.913 0.588 0.024
Between-Subjects

Gender 7.506 1 0.007 0.065
Age group 1.948 2 0.148 0.035
Group × Gender 0.420 2 0.658 0.008

Group × Age group 0.165 4 0.956 0.006

Note: Mauchly’s Test of Sphericity was significant (p <0.05), therefore Greenhouse- 
Geisser corrections were applied to within-subjects effects. Significant effects 
(p <0.05) are in bold. Partial η2 = partial eta squared (effect size).
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Discussion
The findings of this randomized controlled trial demonstrate that transcutaneous electrical acupoint stimulation (TEAS) 
significantly reduces pain during cystoscopic ureteral stent extraction compared to sham TEAS. This study provides 
robust evidence supporting the clinical utility of TEAS as a non-invasive, adjunctive analgesic method for this common 
urological procedure. The results align with previous research highlighting the analgesic effects of acupuncture and 
related techniques in perioperative settings,18,19 while also addressing a gap in the literature regarding TEAS-specific 
applications for ureteral stent removal.

The primary endpoint analysis revealed that both TEAS groups (LI4/PC6 and SP6/ST36) exhibited significantly lower 
pain scores during stent removal (T2) and at 10 minutes post-procedure (T3) compared to the sham group. This suggests that 
TEAS not only mitigates procedural pain but also contributes to post-procedural comfort. The lack of significant differences in 
pain scores at cystoscope insertion (T1) may be attributed to the localized nature of TEAS effects, which are more pronounced 
during the mechanical stimulation of stent removal.15,20 The selection of acupoints—LI4 and PC6 (upper limb) and SP6 and 
ST36 (lower limb)—was based on traditional Chinese medicine principles, which associate these points with pain modulation 
and visceral function regulation.14 The comparable efficacy between the two TEAS groups implies that both acupoint 
combinations are viable for pain management in this context, offering flexibility in clinical practice.

The secondary endpoints, including hemodynamic parameters (blood pressure, heart rate, and SpO2), showed no 
significant differences among the groups, reinforcing the safety profile of TEAS. The absence of hemodynamic 
perturbations is particularly noteworthy, as it suggests that TEAS does not impose additional physiological stress on 
patients undergoing stent removal.21 This stability is critical for outpatient procedures, where rapid recovery and 
discharge are prioritized. The lone exception—a transient difference in systolic blood pressure at T2 between Group 
B and the sham group—may reflect a minor autonomic response to TEAS but lacks clinical significance given the overall 

Table 4 Hemodynamic Parameters at Different Time Points

Group A 
(n=37)

Group B 
(n=38)

Group C 
(n=47)

F/H p Post Hoc Tests

SBP

T1 140.68±25.661 133.97±18.501 146.21±21.316 F=2.407 0.095
T2 151.06±19.273 144.65±16.897 156.54±19.859 F=3.833 0.025* B vs C*

T3 139.65±25.449 135.73±14.660 141.44±20.310 F(Welch)=1.566 0.216

DBP
T1 87.03±13.637 83.86±11.612 86.03±12.285 F=0.584 0.560

T2 98.18±13.539 91.22±11.667 92.85±13.503 F=2.820 0.064

T3 90.12±13.902 87.27±10.021 87.59±11.816 F=0.393 0.676
MAP

T1 104.91±16.763 100.57±13.086 106.09±14.208 F=1.247 0.291

T2 115.80±13.606 109.03±12.089 114.08±14.212 F=2.635 0.076
T3 106.63±16.407 103.42±10.217 105.54±13.244 F(Welch)=0.712 0.494

HR

T1 88.32±16.784 84.70±12.975 87.78±14.859 F=0.761 0.470
T2 88.45±19.522 84.94±13.984 89.65±15.273 F=0.288 0.750

T3 88.29±18.494 84.48±14.952 88.65±14.524 F=0.768 0.466

SPO2

T1 97(96, 98) 98(97, 99) 98(97, 99) H=2.171 0.338

T2 98(97, 99) 98(97.75, 99) 98(97, 99) H=1.445 0.486

T3 98(96, 98) 98(97, 98) 98(97, 98) H=1.389 0.499

Note: Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), heart rate (HR), and 
peripheral oxygen saturation (SpO2) were measured at cystoscope insertion (T1), stent removal (T2), and 10 minutes post- 
procedure (T3). Data are presented as mean ± SD or median (IQR).*A significant difference in SBP was observed at T2 between 
Group B and Group C (p <0.05). No other significant differences were found among groups at any time point.
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stability.22 The sample size, though adequate for detecting pain score differences, may have been underpowered to 
identify rare adverse events or subtle hemodynamic changes.

Our secondary analysis incorporating gender and age as covariates yielded insightful findings. The significant Time × 
Gender interaction, coupled with the main effect of gender, indicate that female patients experienced a distinct pain 
trajectory compared to their male counterparts, with significantly more favorable postoperative pain recovery. This aligns 
with well-established literature on gender differences in pain perception, often attributed to a complex interplay of 
hormonal, psychological, and sociocultural factors.23 The absence of a significant Time × Age Group interaction implies 
that the physiological process of acute procedural pain and its modulation by TEAS were consistent across the adult age 
spectrum included in our study.

This study has several limitations that should be considered when interpreting the results. First, as a single-center trial 
conducted in an ethnically homogeneous Chinese population, the generalizability of our findings to other healthcare 
settings and diverse demographic groups may be limited. Future multicenter studies involving heterogeneous populations 
are warranted to validate and extend our conclusions. Crucially, the lack of significant three-way interactions (Time × 
Group × Gender/Age) demonstrates that the superior analgesic efficacy of TEAS over sham stimulation was maintained 
irrespective of the patient’s gender or age. This reinforces the robustness and general applicability of TEAS within the 
diverse demographic typically undergoing this urological procedure. Second, the study’s methodology adhered to 
rigorous standards, including randomization, blinding, and predefined outcome measures, which enhance the validity 
of the findings. The use of a sham TEAS group controlled for placebo effects, and the double-blinding of patients and 
assessors minimized bias.24 Regarding blinding, while the patients and the outcome assessors (physicians evaluating pain 
and recording hemodynamic parameters) were successfully blinded to the group assignments, the acupuncturists 
administering the TEAS could not be blinded. This was inherent to the intervention, as the adjustment of stimulation 
intensity to the patient’s tolerance threshold and the observation of muscle twitching in the active groups made it 
impossible to conceal the treatment allocation from the operator. This is a common methodological challenge in trials 
involving physical stimulation techniques.25 Although every effort was made to standardize the interaction between the 
acupuncturist and the patient, the potential for performance bias cannot be entirely ruled out. Future studies could explore 
alternative sham techniques to improve blinding fidelity. Third, and importantly, our study was not designed or powered 
to directly compare the effectiveness between the two active acupoint combinations (LI4/PC6 vs SP6/ST36). While both 
were superior to sham TEAS, the absence of a statistically significant difference between them should not be interpreted 
as evidence of equivalence. Future studies with a head-to-head comparative design and a non-inferiority or superiority 
framework are required to determine if one combination is clinically superior to the other for this specific procedure. 
Additionally, the short follow-up period (1 hour post-procedure) precludes assessment of longer-term effects, such as 
delayed pain or urinary symptoms.

The observed pain reduction in TEAS groups aligns with mechanistic studies suggesting that acupuncture and TEAS 
modulate pain through endogenous opioid release, gate control mechanisms, and autonomic nervous system regulation.26 

The dense-disperse frequency (2/100 Hz) used in this study is known to activate both opioid and non-opioid pathways, 
providing broad-spectrum analgesia.14 This may explain why TEAS was effective without the need for additional 
pharmacological interventions, such as opioids, which carry risks of side effects and dependency.27

One patient in the sham group withdrew due to intolerable pain, underscoring the clinical relevance of TEAS in 
improving procedural tolerance. While this event did not significantly impact the overall results, it highlights the 
potential of TEAS to reduce the need for rescue analgesia or procedural rescheduling under general anesthesia,28,29 

thereby optimizing resource utilization in outpatient settings.
Several other important aspects merit consideration. First, while a formal cost-effectiveness analysis was not within the 

scope of this study, the TEAS intervention is inherently low-cost, non-pharmacological, and can be administered by trained 
nursing staff, which suggests its potential for reducing healthcare expenditures associated with procedural analgesia and 
managing drug-related side effects.30,31 Second, although patient satisfaction was not a predefined quantitative endpoint in 
our trial, the significant reduction in procedural pain (VAS scores) and the fact that no patient in the TEAS groups requested 
rescue analgesia or withdrew due to pain indirectly reflect an improved patient experience and tolerance. Future studies 
should incorporate validated satisfaction questionnaires to quantitatively assess this important outcome. Finally, as noted 
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earlier, the generalizability of our findings to non-Chinese populations may be limited by the ethnic and cultural homogeneity 
of our cohort. The efficacy of TEAS is likely influenced by genetic backgrounds, cultural beliefs regarding acupuncture, and 
pain coping mechanisms, which vary across different ethnic groups.32 Therefore, our promising results warrant further 
validation through international, multi-center, randomized controlled trials in diverse demographic and healthcare settings.

Conclusion
In conclusion, this trial provides compelling evidence that TEAS is an effective and safe adjunct for pain relief during 
cystoscopic ureteral stent extraction. Its non-invasive nature, absence of hemodynamic effects, and compatibility with 
outpatient protocols make it a promising option for enhancing patient comfort. These findings advocate for the 
integration of TEAS into routine clinical practice, particularly in settings where minimizing pharmacological analgesia 
is desirable. Further research should explore optimal stimulation parameters, cost-effectiveness, and patient satisfaction 
to solidify TEAS’s role in urological pain management.
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