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Purpose: Postoperative sore throat (POST) is highly prevalent following double-lumen endobronchial tube (DLT) intubation and
negatively impacts recovery. Cheek acupuncture, a micro-needle therapy, provides targeted analgesia through specific acupoint
stimulation. This study aimed to evaluate the efficacy of cheek acupuncture in mitigating POST in patients undergoing thoracoscopic
lung surgery with DLT intubation.

Patients and Methods: Eighty-cight patients were equally randomized to receive either cheek acupuncture (CA group) at bilateral
cervical, upper energizer, and upper cervical points for 30 minutes before surgery completion, or sham acupuncture at identical
acupoints (CT group). The primary outcome was overall POST incidence within postoperative 48 hours, and secondary outcomes
included POST severity, wound pain, rescue analgesic consumption, postoperative nausea and vomiting (PONV) incidence, time to
first flatus, postoperative pulmonary complications, adverse events, satisfaction scores, and hospitalization duration.

Results: The overall 48-hour postoperative POST incidence was 34.1% in the CA group versus 65.9% in the CT group (risk ratio: 0.517,
95% confidential interval: 0.326 to 0.821, P =0.003), with the most pronounced reduction observed during the 0—30 min interval (P < 0.05).
Moreover, POST severity was significantly reduced in the CA group at 30 min postoperatively (P < 0.05). Cheek acupuncture was also
associated with reduced early wound pain, rescue analgesic requirement, 48-hour PONV incidence, and improved overall anesthesia
satisfaction (P < 0.05), and no significant intergroup difference in time to first flatus or hospitalization duration was found (P > 0.05).
Conclusion: A single intraoperative session of cheek acupuncture reduces the incidence of early POST after DLT intubation for
thoracoscopic lung surgery, with a favorable safety profile.

Keywords: cheek acupuncture, microneedle therapy, postoperative sore throat, double-lumen endobronchial intubation, postoperative
nausea and vomiting, pain

Introduction

One-lung ventilation is essential for optimal surgical exposure in video-assisted thoracic procedures, with the double-
lumen endobronchial tube (DLT) remaining the preferred technique for achieving lung isolation. However, due to its
larger external diameter compared to conventional single-lumen tube, which exceeds that of standard single-lumen
endotracheal tube by approximately 30-40%, DLT intubation is associated with a significantly higher incidence and
intensity of postoperative sore throat (POST), with a reported incidence of up to 66%." Although POST frequently occurs
as a self-limiting complication, this prevalent complication can impair recovery and patient satisfaction.” Various non-
pharmacological interventions have been explored to reduce POST, but their efficacy remains inconsistent across studies,
highlighting the need for alternative approaches.
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Cheek acupuncture, a novel microneedle therapy developed by Wang Yongzhou et al, involves stimulating specific
cheek acupoints among 16 standardized points on each cheek, with their precise orientation determined by the anatomic
structure of the skull.’ Owing to its painless needling technique, ease of application, favorable safety profile, and
immediate onset, it demonstrates certain advantages over conventional acupuncture and pharmacotherapy in pain
management, with benefits including a lower incidence of adverse events. Thus, it may serve as an adjunctive therapy
to conventional analgesic treatments in clinical practice.* ® Cheek acupuncture theory is grounded in the concept of
a holographic microsystem, wherein the cheek region is postulated to somatotopically represent the entire human body.’
According to this theory, the cervical point, upper cervical point, and upper energizer point correspond somatotopically to
the neck and thoracic regions and are specifically indicated for sore throat and chest disorders, directly aligning with the
pathogenesis of POST and the anatomical site of thoracic surgery. However, despite this theoretical rationale, no
randomized controlled trial has specifically evaluated the efficacy of cheek acupuncture for POST following DLT
intubation in thoracic surgery.

This study aimed to evaluate the efficacy of cheek acupuncture in reducing POST following thoracoscopic lung
surgery with DLT intubation. The primary outcome was the overall incidence of POST within 48 hours postoperatively.
Secondary outcomes included the incidence and severity of POST at specified time points, wound pain intensity,
incidence of postoperative nausea and vomiting (PONV), time to first flatus, anesthesia satisfaction scores, local and
systemic complications and hospitalization duration.

Methods

This single-center, randomized, controlled study was approved by the Ethics Committee of Taizhou Central Hospital
(No. 2024L-06-19) on 1 July 2024. The study protocol was registered with the International Traditional Medicine
Clinical Trial Registry (https://itmctr.ccebtcm.org.cn/mgt/project/view/-1544155896240888245, No.
ITMCTR2025000052) on 10 January 2025 prior to the first participant recruitment. All participants provided written
informed consent, and the trial was conducted at Taizhou Central Hospital in accordance with the Declaration of
Helsinki. This study adhered to the Consolidated Standards of Reporting Trials (CONSORT) guidelines for reporting.
The detailed study protocol and statistical analysis plan are accessible within the methods section of the publication.

Patients scheduled for video-assisted thoracoscopic lung surgery with DLT intubation were screened for eligibility.
Inclusion criteria were age 18—65 years, body mass index (BMI) 18-28 kg/m?, American Society of Anesthesiologists
(ASA) physical status I or II, anticipated surgical duration of 1-3 hours, no significant organ dysfunction, no history of
hypertension or diabetes (or well-controlled comorbidities if previously diagnosed), and no anticipated difficult airway.
Exclusion criteria included requiring two or more intubation attempts, preoperative chronic pharyngeal pain, long-term
analgesic use, coagulation disorders or anticoagulant therapy, facial pathologies (eg, trigeminal neuralgia or facial spasm)
or localized infections at acupuncture sites, medical history of traumatic brain injury or epilepsy, psychiatric disorders or
communication difficulties, unplanned postoperative ICU admission, intraoperative blood loss exceeding 500 mL, or
allergy to trial medications.

The allocation sequence was generated with the PLAN procedure in SAS 9.4 (SAS Institute Inc.) by an independent
research assistant, using a block size of 4. Eighty-eight eligible patients were randomly assigned to either the cheek
acupuncture group (CA group) or the control group (CT group) with a 1:1 allocation ratio. To ensure allocation
concealment and blinding, the randomization sequence was kept confidential by an independent investigator (Xintong
Zou), who prepared sequentially numbered, opaque, sealed envelopes. Each envelope contained a card specifying the
group assignment and was affixed inside an opaque folder to prevent accidental disclosure. The envelopes were opened
30 minutes before the end of the procedure by the investigator Xianfen Zhu, who administered the corresponding
intervention and was not involved in follow-up. The outcome assessors remained blinded to group allocation throughout
the study.

Patients in the CA group received bilateral needling at three predetermined acupoints (Figure 1): the cervical point
(located at top edge of the root of the zygomatic arch), upper energizer point (located at the cross of the posterior
coronoid of the mandible and the lower edge of the zygomatic arch), and upper cervical point (located at osseous
transverse notch vertically above the cervical point). Following skin disinfection, sterile disposable thumbtack needles
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Figure | The selected acupoints for cheek acupuncture. (A) The left side; (B) The right side. (a) upper energizer point; (b) cervical point; (c) upper cervical point.

(0.20 mm x 1.3 mm) were inserted to the predetermined depth using a tapping technique, then secured with adhesive
dressing and retained for 30 minutes. In the CT group, patients underwent identical preparation with a non-invasive
technique. Sterile adhesive pads were applied to the same acupoint locations, and blunt needles were then inserted into
gel pads without skin penetration to simulate tactile sensation without active stimulation, remaining in place for an
equivalent 30-minute period.

All patients underwent preoperative fasting for 8 hours for solids and 2 hours for clear fluids. Upon arrival in the
operating room, standard monitoring was established. After preoxygenation with 100% oxygen for 3 minutes, anesthesia
was induced with intravenous propofol (2 mg/kg), sufentanil (0.5 pg/kg), and rocuronium (0.6mg/kg). DLT intubation
was performed using a lubricated Mallinckrodt tracheal tube (Covidien, MA, USA) under video laryngoscopy by an
experienced anesthesiologist who was not involved in follow-up. Tube size selection was based on preoperative
computed tomography measurements of bronchial width, as previously described.” Fiberoptic bronchoscopy confirmed
and adjusted DLT position as needed before positioning the patient laterally. Anesthesia was maintained with continuous
remifentanil, propofol and dexmedetomidine to keep bispectral index values between 40-60. Intermittent doses of
rocuronium (0.15 mg/kg) were administered to maintain muscle relaxation. During the one-lung ventilation, tidal volume
was set at 5—7 mL/kg ideal body weight, with ventilator parameters adjusted to maintain peak inspiratory pressure < 35
cmH,O and end tidal CO, between 35-45 mmHg. Postoperative analgesia was initiated 10 minutes before surgery
completion, consisting of sufentanil 2 pg/kg in 100 mL normal saline at 2 mL/h continuous infusion without bolus
dosing. Prophylactic ondansetron (4 mg) was administered intravenously to prevent postoperative nausea and vomiting
(PONV). Upon meeting extubation criteria, oropharyngeal suction was performed using a 12 F catheter with gentle
aspiration, and the DLT was carefully removed by the same anesthesiologist. Patients were then transferred to the post-
anesthesia care unit.

The primary outcome was the overall incidence of POST within postoperative 48 hours. POST has been defined as an
unpleasant feeling of discomfort or irritation experienced either at rest or swallowing. Secondary outcomes included the
following assessments: (1) Incidence of POST was assessed during five postoperative intervals (0-0.5, 0.5-6, 6-12,
12-24, and 24-48 hours). (2) POST severity was measured with throat pain scale (TPS) at 0.5, 6, 12, 24, and 48 hours
postoperatively, based on an established scoring system,® where 0 indicated no pain; 1, mild pain (less than a common
cold); 2, moderate pain (similar to a common cold); and 3, severe pain (worse than a common cold). (3) Surgical wound
pain was assessed using the Visual Analog Scale (VAS) at 6, 12, and 24 hours postoperatively, with 0 representing “no
pain” and 10 indicating “the worst pain imaginable”. Patients with VAS scores > 4 were administered intravenous
flurbiprofen 100 mg as rescue analgesia. (4) PONV incidence was calculated as the proportion of patients who
experienced at least one episode of nausea and / or vomiting during the observation period. (5) Time to first flatus
was recorded as the time interval (hours) between the completion of surgical suturing and the patient’s first flatus. (6)
Patient satisfaction with anesthesia was graded on a Likert scale (1-2: very dissatisfied, 3—4: dissatisfied, 5—6: neutral,
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7-8: satisfied, 9-10: very satisfied). (7) Postoperative pulmonary complications (atelectasis, pulmonary edema, pulmon-
ary effusion, pneumothorax, pneumonia, pulmonary thromboembolism, respiratory failure, or acute respiratory distress)
occurring within postoperative 48 hours were recorded. (8) Local complications (cheek infection, subcutancous hema-
toma, and nerve injury), systemic symptoms (dizziness and headache), and hospitalization duration were documented.

Sample size calculation was performed using PASS 2021 software (NCSS, LLC, Kaysville, UT, USA) with the
incidence of POST within postoperative 48 hours as the primary outcome. Preliminary data from 20 cases per group
showed POST incidences of 30% in the CA group versus 60% in the CT group. Based on a two-tailed o of 0.05 and 80%
power for detecting this difference, 40 patients per group (1:1 allocation) were required. Accounting for 10% dropout
rate, the final sample size was determined to be 88 participants.

Statistics followed the modified intention-to-treat principle, which included all participants who underwent laparo-
scopic surgery, received the intervention, and had no impairment in the assessment of the primary outcome in the
analysis. Statistical analyses were conducted using SPSS 26.0 (IBM Corp). The Shapiro—Wilk test was used to assess the
normality of continuous variables. Normally distributed continuous variables were expressed as mean + standard
deviation and compared using independent samples #-test, while non-normally distributed data were presented as median
(Q1, Q3) and analyzed with the Mann—Whitney U-test. Categorical variables were reported as frequencies (percentages)
and compared using the Chi-squared test or Fisher’s exact test, as appropriate. Longitudinal outcomes (POST incidence
and TPS scores) were analyzed using generalized estimating equations (GEE) with an autoregressive (AR1) correlation
structure, and both models included group, time, and their interaction as fixed effects. Repeated-measures ANOVA was
used to analyze VAS scores across postoperative time points. The assumption of sphericity was assessed using Mauchly’s
test, and the Greenhouse-Geisser correction was applied to adjust the degrees of freedom when sphericity was violated
(P < 0.05). For the comparison of two proportions, confidence intervals (CIs) were calculated using the Newcombe-
Wilson method. The Hodges-Lehmann method was used to estimate the median difference between groups along with its
95% CI. For the GEE model, model-based Wald-type ClIs were derived from asymptotic standard errors. A P value <
0.05 was considered statistically significant.

Results

Of the 103 potentially eligible patients, 10 were excluded for not meeting the inclusion criteria, and 5 declined to participate.
The remaining 88 patients were equally randomized into either the CA group or the CT group. All patients completed the study
and were included in the final analysis, and no data imputation was performed. Figure 2 presented the CONSORT flowchart of
the study. Demographic and clinical data were comparable between the two groups (P > 0.05, Table 1).

The overall 48-hour postoperative POST incidence was 34.1% in the CA group versus 65.9% in the CT group, with
a risk ratio (RR) of 0.517 (95% CI: 0.326 to 0.821, P = 0.003). GEE revealed significant main effects for group (Wald »°:
143.916, P < 0.001) and time (Wald y’: 258.147, P < 0.001). The group-by-time interaction effect was not statistically
significant (Wald °: 0.53, P = 0.911), indicating similar trajectory of POST resolution between the groups. Subgroup
analysis showed that after Bonferroni correction for multiple comparisons, the CA group had significantly lower POST
incidence at the 0—30 min interval (P < 0.05, Table 2), and significantly lower TPS scores only at 30 min postoperatively
(P < 0.05, Table 3). Nominal differences at other time points did not survive correction and should be considered
exploratory. The distribution of TPS scores also differed significantly between groups (P <0.05), with the CA group
showing higher proportions of scores 0 and 1 (P <0.05, Table 4).

Mauchly’s test indicated violation of the sphericity assumption (W = 0.258, approx. y° = 114.467, P < 0.001),
therefore, the Greenhouse-Geisser correction was applied (¢ = 0.555). There was a significant main effect of time (¥ =
384.003, P < 0.001) and a significant time-by-group interaction (¥ = 4.944, P = 0.006), indicating that VAS trajectories
differed between the two groups. Post-hoc comparisons showed that patients receiving cheek acupuncture demonstrated
significantly lower wound VAS scores at 30 minutes postoperatively and reduced requirement for rescue analgesia within
the 48-hour postoperative period compared to controls (P < 0.05, Table 5), despite comparable total sufentanil
consumption between groups.
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+ Not meeting inclusion criteria (n=10)
+ Declined to participate (n=5)
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!

l

Allocated to cheek acupuncture group (n=44)
+ Received allocated intervention (n=44)

«+ Did not receive allocated intervention (n=0)
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]

l

J Allocated to control group (n=44)
+ Received allocated intervention (n=44)
+ Did not receive allocated intervention (n=0)
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Lost to follow-up (n=0)

Discontinued intervention (n=0)

]

Lost to follow-up (n=0)

Discontinued intervention (n=0)

[ Analysis

Analysed (n=44)
+ Excluded from analysis (n=0)

|

Figure 2 The CONSORT flowchart.

Abbreviation: CONSORT, Consolidated Standards of Reporting Trials.

Analysed (n=44)
+ Excluded from analysis (n=0)

Compared with the CT group, the CA group exhibited a significantly lower incidence of PONV within the first
48 hours (P < 0.05). In contrast, the time to first flatus did not differ between the two groups (P > 0.05, Table 6). Patients
who underwent cheek acupuncture also reported higher anesthesia satisfaction scores (P < 0.05), whereas no statistically

significant difference was found in the duration of hospital stay (P > 0.05, Table 6).

Table | Demographic and Clinical Data

Variables CT Group (n = 44) | CA Group (n = 44) | t/y’ value | P
Age (yr) 544 +92 535+98 0.448 0.655 *
Gender (Male/Female) 18/26 19/25 0.047 0.829 F
Smoking history (n (%)) 10 (22.7) 12 (27.3) 0.242 0622 1
ASA physical status (n (%)) 0.434 %

[ 5(11.4) 2 (4.5)

Il 39 (88.6) 42 (95.5)

(Continued)
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Table | (Continued).

Variables CT Group (n = 44) | CA Group (n = 44) ttl)(2 value | P
BMI (kg/m?) 24.1 £2.38 24.1 £29 0.019 0.985 *
Procedure type (n (%)) 0.218 0.640 T
Radical resection for lung cancer 30 (68.2) 32 (72.7)
Lung wedge resection 14 (31.8) 12 (27.3)
Size of DLT (n (%)) 0.741 0.389 T
35# 17 (38.6) 21 (47.7)
37# 27 (61.4) 23 (52.3)
Procedure duration (min) 95.5 £ 34.6 96.1 £ 36.8 —0.084 0.934 *
Anesthesia duration (min) 130.6 + 335 129.9 + 38.0 0.098 0.922 *
Intraoperative consumption of agents
Propofol (mg) 613.9 £251.9 620.6 + 262.0 —0.123 0.903 *
Sufentanil (ug) 319 + 4.1 32.1 47 —0.276 0.783 *
Remifentanil (pg) 1227.8 + 503.7 1241.3 £ 524.0 —0.123 0.903 *
Dexmedetomidine (ug) 20.5 + 84 20.7 + 8.7 —0.123 0.902 *
Urine output (mL) 2484 + 107.1 271.7 + 1004 —1.054 0.295 *
Blood loss (mL) 1073 £ 71.7 113.4 £ 55.1 —0.448 0.660 *
Intraoperative infusion (mL) 615.1 2857 590.0 + 200.2 0.477 0.634 *
Chest tube retention time (h) 66.4 +29.8 71.3 £ 409 —0.644 0.521 *

Notes: Data were presented for the full analysis set population and expressed as mean * standard deviation, or as number (%).
* Compared by Student t test. T Compared by chi-square test.  Compared by Fisher’s exact test.
Abbreviations: DLT, double-lumen endobronchial tube; ASA, American Society of Anesthesiologists; BMI, body mass index.

Table 2 Generalized Estimating Equation Analysis of the Incidence of POST

Variables CT Group CA Group RD (95% CI) P Adjusted P * Time Main Effect Group Main Effect “Group * Time Effect
(n=44) (n=44)
B (95% CI) P B (95% CI) P B (95% CI) P
—1.32 (-2.20, -0.44) 0.003
0-30min 29 (65.9) 15 (34.1) —31.82 (-50.43, —9.32) 0.002 0.010 Reference Reference
30min—-6h 16 (36.4) 7 (15.9) —20.45 (-38.60, 0.43) 0.025 1.000 —1.22 (-1.81, -0.63) <0.001 0.21 (-0.67, 1.10) 0.637
6-12h 10 (22.7) 3(68) —15.91 (-32.20, 0.87) 0.031 0.124 —1.88 (—2.62, —1.15) <0.001 —0.07 (—1.40, 1.25) 0914
12-24h 3 (6.8) 1 (23) —4.55 (-17.61,7.77) 0.303 1.000 —3.27 (—4.49, -2.06) <0.001 0.17 (-2.12, 2.47) 0.883
24-48h 1(23) 0(0) ~227 (~1351, 7.96) 0312 1.000 —4.42 (~6.43, ~2.41) <0.001 0.09 (-0.69, 0.87) 0934 *

Notes: Data were expressed as as number (%).* P values were adjusted for multiple comparisons using the Bonferroni method. * Firth’s penalized maximum likelihood
logistic regression was used due to sparse data (CT group: 1/44; CA group 0/44). The analysis was performed using the logistf package (version 1.24) in R software (version
4.2.1). Standard errors and 95% confidence intervals were estimated using penalized likelihood methods.
Abbreviations: Cl, confidential interval; POST, postoperative sore throat; RD, risk difference.

Table 3 Generalized Estimating Equation Analysis of TPS Scores

Variables | CT Group | CA Group HL MD (95% CI) P Adjusted P * Time Main Effect Group Main Effect “Group * Time Effect
(n=44) (n=44)
B (95% CI) P B (95% CI) P B (95% CI) P
—0.64 (—1.02, -0.26) | 0.001
30min 1(0,2) 0, 1) -1.0 (-1.0, —1.0) 0.001 0.049 Reference Reference
6h 0, 1) 0(0,0) 0(0,0) 0.015 | 0.683 —0.77 (-0.96, —0.59) | <0.001 0.39 (0.13, 0.64) | 0.003
12h 0 (0, 0) 0(0,0) 0(0,0) 0.031 1.000 —-0.96 (—1.19, -0.72) | <0.001 0.48 (0.16,0.80) | 0.003
24h 0 (0, 0) 0 (0, 0) 0(0,0) 0.303 1.000 =1.11 (-1.34,-0.85) | <0.001 0.59 (0.24, 0.95) | 0.001
48h 0(0,0) 0(0,0) 0(0,0) 0312 | 1.000 —1.16 (—1.45,-0.87) | <0.00I 0.61 (0.24,0.99) | 0.001

Notes: Data were expressed as as median (QI, Q3). * P values were adjusted for multiple comparisons using the Bonferroni method.
Abbreviations: Cl, confidential interval; TPS, throat pain scale; HL MD, Hodges-Lehmann median difference.
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Table 4 TPS Severity Classification

Variable CT Group CA Group z value P
(n = 44) (n =44)
TPS severity classification (n (%)) —3.062 0.002 *
0 15 (34.1) 29 (65.9)
| 10 (22.7) 6 (13.6)
2 15 (34.1) 9 (20.5)
3 4 (9.1) 0 (0)
Notes: Data were expressed as number (%). * Compared by Mann-Whitney U-test.
Abbreviation: TPS, throat pain scale.
Table 5 Surgical Wound Pain
Variables CT group CA group Fiy? values P
(n = 44) (n =44)
Postoperative VAS scores 3.249 0.075 *
30 min 3.68 + 1.57 2.84 + 1.06 0.004 *
6h 1.91 £ 091 1.75 + 0.78 0.382 *
12 h 1.1l £0.78 0.98 + 0.73 0.401 *
24 h 0.57 £+ 0.73 0.55 + 0.589 0.872 *
48 h 0.25 + 0.49 0.14 + 0.35 0.212 *
Rescue analgesia (n (%)) 17 (38.6) 8 (18.2) 4.526 0.033 F

Notes: Data were expressed as mean *

tCompared by chi-square test.

Abbreviation: VAS, Visual Analog Scale.

Table 6 Incidence of PONV, Time to

Hospital Stay

standard deviation. *Compared by Repeated measures ANOVA.

First Flatus, Anesthesia Satisfaction Score and Length of

Variables CT Group CA Group 22ltiz value P
(n = 44) (n = 44)

PONV (n (%)) 19 (43.2%) 9 (20.5%) 5.238 0.022 *
Time to first flatus (h) 193 £25 19.8 + 3.4 0.867 0.388 T
Overall anesthesia satisfaction score 7 (6, 8) 8(7,9) —3.097 0.002 #
Satisfaction score distribution (n (%)) —1.636 0.102 %

Very Dissatisfied (1-2 points) 0 (0%) 0 (0%)

Dissatisfied (3—4 points) 0 (0%) 0 (0%)

Neutral (5-6 points) 18 (40.9%) 12 (27.3%)

Satisfied (7-8 points) 23 (52.3%) 25 (56.8%)

Very satisfied (9—10 points) 3 (6.8%) 7 (15.9%)
Hospital stay length (d) 6 (5 7) 7 (5 8) —-1.096 0273 *

Notes: Data were expressed as number (%), mean * standard deviation, or as median (Q1, Q3). PONYV, postoperative nausea and
vomiting. ¥ Compared by chi-square test. + Compared by Student t test.  Compared by Mann-Whitney U-test.

Safety analysis showed that in the CA group, two cases (4.5%) developed minor facial hemorrhage that resolved
spontaneously within hours without intervention. Neither group exhibited severe headache, dizziness, cheek infection,

nerve injury, or postoperative pulmonary complications.

Discussion

The primary findings of this study demonstrate that: (1) cheek acupuncture significantly reduced the overall incidence of
POST within postoperative 48 hours in patients undergoing video-assisted thoracoscopic lung surgery with DLT
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intubation, with the most pronounced efficacy observed during the initial 30-minute postoperative period; (2) the
intervention effectively alleviated surgical wound pain at 30 minutes postoperatively; and (3) cheek acupuncture
decreased the incidence of PONV within postoperative 48 hours without significant local or systemic complications.
These results suggest that cheek acupuncture may serve as a safe and effective adjunct for POST prevention in this
surgical population.

POST represents a prevalent and clinically significant complication after general anesthesia that may be distressing
for the patient. Endotracheal intubation remains a primary contributing factor due to mechanical trauma, sustained
mucosal irritation, and cuff-induced ischemia. These pathogenic mechanisms are further exacerbated by several DLT-
specific factors, including larger tube diameter, increased mucosal contact surface area, and frequent manipulation during
lung isolation. Supporting this, comparative studies consistently show higher POST incidence and severity with DLTs
compared to single-lumen tubes.” POST associated with tracheal intubation can be influenced by multiple factors, such as
patient characteristics (gender, smoking status), intubation conditions, tube size, and surgical variables (type and
duration).'®"" In our cohort, these risk factors were well balanced between study groups, and control patients exhibited
an overall POST incidence of 65.9% within the first 48 postoperative hours. Both this overall incidence and the

immediate postoperative rate were comparable to published data,''?

while later postoperative incidence appeared
lower than previously reported values.'>'* This reduction may reflect our protocol of routine endotracheal tube
lubrication, which likely reduces mucosal trauma during intubation and tube displacement. Although our inflation
protocol (minimum volume to prevent air leakage) reflects routine clinical practice and avoids overinflation-related
injury, the absence of cuff pressure monitoring may nevertheless confound POST risk. However, this limitation is
partially mitigated by uniform application of the same protocol across both groups, which likely yields non-differential
bias, as well as by the robust treatment effect observed despite this potential confounder. Future studies should
incorporate routine cuff pressure monitoring to strengthen causal inference.

Numerous studies have primarily investigated pharmacological approaches for preventing POST. Common pharma-
cological strategies include dexamethasone, ketamine, lidocaine, and magnesium, which have demonstrated variable
efficacy but may be associated with dose-dependent adverse effects such as delayed wound healing, sedation, or
cardiovascular events.'” Various non-pharmacological interventions have also been explored, including endotracheal
tube lubrication with water-soluble gel, thermal softening of DLTs before intubation,'®> DLT material optimization,'®
ultrasound-guided internal superior laryngeal nerve block,'” and refined intubation techniques.'®'? However, existing
research has reported inconsistent outcomes regarding the efficacy of these methods. Compared with both pharmacolo-
gical and non-pharmacological strategies, cheek acupuncture in our study achieved a significant reduction in POST
incidence (from 65.9% to 34.1%) with a favorable safety profile-only two cases of self-limiting minor cheek hemorrhage
were observed, and no systemic adverse events were reported. The observed effect size (an absolute risk reduction of
31.8%) is within the range of many existing interventions. Temporal analysis further revealed that this intervention
effectively decreased both the incidence and severity of POST within the first 30 minutes postoperatively, a finding of
particular clinical relevance given that the maximum incidence of POST (56.4%) has been reported to occur within the
first postoperative hour.? These findings collectively indicate that cheek acupuncture may serve as an effective approach
for mitigating POST in this patient population, particularly when administered as repeated or scheduled sessions.
Nevertheless, direct head-to-head comparisons are warranted to better define the role of cheek acupuncture in POST
prevention.

Clinically, cheek acupuncture has demonstrated efficacy in pain management across diverse pathologies, particularly
in reducing postoperative pain and improving recovery quality following radical resection of gastrointestinal cancers
without significant adverse effects.”*' However, the neurobiological mechanisms underlying its analgesic effects remain
incompletely understood. From a traditional Chinese medicine perspective, cheek acupuncture’s therapeutic actions are
interpreted through three theoretical frameworks: Da San Jiao, holography, and physical-mental integration. Modern
physiological studies suggest that its analgesic effects are achieved through multi-level neuromodulatory mechanisms
encompassing peripheral, spinal, and supraspinal pathways, principally involving the regulation of specific neurochem-
ical mediators. Notably, endogenous opioid release concurrently induces nociceptor desensitization and suppresses
proinflammatory cytokine production in both peripheral tissues and the spinal cord, whereas serotonin and
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norepinephrine modulate spinal nociceptive processing through phosphorylation of N-methyl-D-aspartate receptors.*>
Furthermore, the downregulation of inflammatory cytokine signaling constitutes a complementary analgesic mechanism
in acupuncture-mediated pain relief.>>** In rheumatoid arthritis models, cheek acupuncture exhibited superior immediate
analgesia compared to conventional body acupuncture, mechanistically linked to B-endorphin and cholecystokinin-8
modulation in cerebrospinal fluid,*> and also this technique displayed characteristic temporal effects due to elevated
hypothalamic 5-hydroxytryptamine (5-HT) and reduced norepinephrine/5-HT ratio.”® Furthermore, animal studies
indicated that adenosine, derived from adenosine triphosphate degradation following needle stimulation, may promote
analgesia through adenosine receptor activation.”’

Yi et al* demonstrated that cheek acupuncture cheek acupuncture produces a temporally specific analgesic response,
characterized by rapid onset (detectable within 5 minutes) and peak efficacy at 30 minutes post-stimulation. This distinct
temporal profile demonstrates a physiologically determined pattern of progressively increasing pain thresholds, suggest-
ing neurobiological mediation rather than cumulative therapeutic effects. Consistent with this profile, our study observed
reduced wound VAS at 30 minutes but not at subsequent time points. This transient effect may be explained by two
factors. First, the selected acupoints were primarily chosen to target POST, not surgical wound pain. Second, a single
intraoperative session may be insufficient for extended wound analgesia, suggesting that repeated or postoperative
acupuncture warrants further investigation. While traditional acupuncture, which contains more than 300 acupoints,
may pose practical constraints in thoracic procedures requiring lateral positioning, our study’s thumbtack needle
technique offers a potential solution. However, its comparative efficacy against standard cheek acupuncture (typically
using 0.18 mm x 30 mm needles) for POST and surgical wound pain remains to be established. Notably, cheek
acupuncture is well-tolerated, with minimal discomfort compared to traditional acupuncture, which frequently elicits
needling sensations such as soreness, numbness, distension, or pain. Our study further confirmed its favorable safety
profile, with only two instances of self-limiting minor cheek hemorrhage observed among all participants.

Our previous study demonstrated that cheek acupuncture targeting specific points (neck, dorsal, lumbar, middle
energizer, and pelvic belt) significantly reduced early (6h) PONV in patients undergoing laparoscopic gynecological
surgery, surpassing the efficacy of 5-HT receptor antagonist alone while accelerating gastrointestinal recovery.® Current
data further indicated that alternative point combinations (cervical, upper energizer, and upper cervical) effectively
decreased postoperative 48-hour PONV incidence, though without affecting flatus time, suggesting distinct point-specific
therapeutic profiles. The exact mechanisms underlying the antiemetic effect of cheek acupuncture remain unclear.
Although neuropeptide modulation (eg, enkephalins, substance P, f-endorphin) has been implicated in acupuncture’s
antiemetic action in general,?® direct evidence specifically linking cheek acupuncture to PONV reduction is lacking.
Therefore, while our findings demonstrate a clinical benefit, the mechanistic explanation remains speculative and requires
further investigation. Although the incidence of PONV was significantly reduced in the cheek acupuncture group, the
time to first flatus did not differ between groups. This finding appears inconsistent with our prior gynecological study,
where cheek acupuncture reduced both PONV and time to first flatus.”” Several factors may explain this discrepancy.
First, bowel recovery is influenced by multiple factors, including surgical manipulation and opioid consumption. Second,
the 48-hour observation period might have been insufficient to detect a significant difference in flatus time. Third, and
most importantly, the acupoint selection in this study was primarily designed for postoperative analgesia rather than
specifically targeting gastrointestinal motility. Further studies are needed to establish evidence-based protocols for
acupoint selection that balance analgesia and gastrointestinal recovery.

The current study has several limitations. Firstly, as a single-center randomized controlled trial with a relatively small
sample size, the generalizability of our findings requires validation through larger-scale multicenter studies. Additionally,
the 48-hour follow-up period may be insufficient to fully capture wound pain and PONV, and employing more frequent
(eg, hourly) assessments of POST within the first 6 postoperative hours may reveal additional time-specific effects not
identified by our current intervals. Secondly, while the endobronchial tube cuff was inflated to the minimum volume
necessary to prevent air leakage during ventilation, cuff pressure monitoring was not performed, which may represent
a potential confounding factor. Thirdly, although all cheek acupoints were selected by a single experienced acupuncturist
using fixed anatomical landmarks to ensure consistency, no objective method was available to independently verify
acupoint accuracy, which represents a potential limitation of the study. Fourth, the potential biological mechanisms
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underlying the effectiveness of cheek acupuncture in preventing POST were not explored. Finally, the acupoint selection,
needle retention duration, and optimal treatment frequency have not yet been standardized.

In conclusion, this single-center RCT suggests that cheek acupuncture is a promising adjunct for alleviating POST in
patients undergoing thoracoscopic lung surgery with DLT intubation, while concurrently reducing wound pain and
PONV with a favorable safe profile. However, cheek acupuncture did not significantly reduce time to first flatus or
hospital stay, a finding that may be attributed to the complex, multifactorial determinants of these outcomes. Given the
modest sample size and the absence of an active comparator, these findings should be considered preliminary. Larger,
multicenter trials with standardized acupoint protocols are warranted, and implementation barriers (eg, acupuncturist
training, workflow integration) require further attention.
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