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Postoperative thirst affects 70% of surgical patients, causing discomfort and potential complications, 
especially in orthopedic patients. Current relief strategies remain suboptimal. This trial evaluated the 
efficacy and safety of mini-mint ice cubes (1 cm³, 20% mint) for early postoperative thirst relief. 282 
patients were randomized to three groups: mini-mint ice cubes, room temperature water or absolute 
fasting. Primary outcome was thirst intensity at PACU discharge, measured by Numerical Rating 
Scale. Secondary outcomes included PACU stay, oropharyngeal discomfort, satisfaction, 24-hour 
postoperative quality of recovery (QoR-15), postoperative nausea and vomiting (PONV), delirium and 
adverse events. Mini-mint group had lower thirst (median [IQR]: 3 [1–5]) vs. water (4 [2–5], median 
difference: -1, 95% CI: -2 to 0; P = 0.004); vs. absolute fasting (7 [5–9], median difference: -4, 95% CI: -5 
to -3; P < 0.001), shorter PACU stay (35 [30–43] min) vs. water (40 [33–45] min, P = 0.014); vs. absolute 
fasting (40 [35–55] min, P < 0.001), less oropharyngeal discomfort (12.9% vs. absolute fasting 27.2%, 
P = 0.015), higher satisfaction (4 [4–5]) vs. water (4 [4–5], P = 0.003) and absolute fasting (3 [2–4], 
P < 0.001), higher QoR-15 (124 [119–130]) vs. water (119 [114–125], P < 0.001) and absolute fasting 
(117 [111–123], P < 0.001). PONV, delirium, and hypoxemia showed no intergroup differences; cough 
occurred only in the water group (6.4%). Mini-mint ice cubes safely and effectively alleviate early 
postoperative thirst in orthopedic patients under general anesthesia, conferring clinically meaningful 
benefits compared to absolute fasting. Compared to room temperature water, the improvement is 
modest with uncertain clinical relevance. 

Clinical trial registration number: ClinicalTrials.gov (ChiCTR2400089335, 6/9/2024).
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Postoperative thirst remains one of the most prevalent yet frequently underestimated distressing symptoms 
following general anesthesia1. Reports indicate that up to 70% of surgical patients experience moderate to 
severe thirst during recovery in the post-anesthesia care unit (PACU)1,2. This symptom extends beyond mere 
discomfort and often induces anxiety, agitation, and may precipitate delirium, potentially leading to prolonged 
hospitalization3–7. Factors contributing to postoperative thirst include preoperative fasting, prolonged oral 
opening due to mechanical ventilation, and the perioperative administration of anticholinergic medications8–10.

Although Enhanced Recovery After Surgery (ERAS) guidelines advocate for early postoperative oral 
hydration11, clinical implementation remains suboptimal, particularly in orthopedic populations. This 
discrepancy may arise from legitimate concerns regarding aspiration risks in elderly patients, who often present 
with comorbidities such as dysphagia and cognitive impairment, as well as diminished protective airway 
reflexes12,13.

Contemporary strategies for alleviating thirst, such as early fluid intake, ice cubes, mentholated popsicles, 
aroma Gargling, chewing gum, and the application of wet gauze, have proven effective1,14–19. Notably, recent 
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pilot studies have highlighted the significant efficacy of 1  cm³ mini-mint ice cubes with 20% concentration 
in alleviating thirst in critical care and palliative care settings20,21. The high-concentration mint component 
may provide additional benefits by activating transient receptor potential melastatin 8 (TRPM8) receptors 
and stimulating salivary flow22, while the small size of the ice cubes minimizes the risk of aspiration. Despite 
these promising findings, the application and assessment of these strategies in surgical populations remain 
inadequately explored in the literature. Orthopedic procedures, among the most prevalent surgical interventions 
worldwide, are likely to see an increase in postoperative thirst-related complications due to an aging population23. 
Furthermore, existing protocols in PACU often impose restrictions on oral intake without evidence-based 
justification, potentially extending patient discomfort. Therefore, optimizing components of enhanced recovery, 
such as identifying the optimal type, timing, and dosage of oral intake—holds considerable clinical importance.

To address this, we designed this triple-arm randomized controlled trial to investigate whether mini-mint ice 
cubes can safely and effectively alleviate thirst in orthopedic surgery patients during early PACU recovery. We 
hypothesized that mini-mint ice cubes would demonstrate superior thirst relief compared to room temperature 
water or absolute fasting.

Materials and methods
Study design
This study was a single-center, triple-arm, assessor-blinded randomized controlled trial, conducted and reported 
in accordance with CONSORT guidelines24. The protocol was approved by the Institutional Review Board of 
Jianyang People’s Hospital (reference number JYL2024003Z) on March 22, 2024 and registered with the Chinese 
Clinical Trial Registry (reference ID ChiCTR2400089335) on September 6, 2024, prior to initiating patient 
enrollment. The study was conducted in accordance with the Declaration of Helsinki, and all participants 
provided written informed consent prior to enrollment.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) aged ≥ 18 years; (2) American Society of Anesthesiologists (ASA) 
physical status classification I–III; (3) scheduled for elective non-spinal orthopedic surgery under general 
anesthesia. Exclusion criteria included: (1) known allergy to ice or mint; (2) inability to communicate due to 
mental illness, dementia, or hearing impairment; (3) presence of gastrointestinal obstruction or dysphagia 
symptoms. Withdrawal criteria included surgical cancellation or postoperative transfer to the intensive care unit 
(ICU) for safety reasons. All included patients were assessed for frailty using the FRAIL scale, which assesses five 
domains: fatigue, resistance, ambulation, illness, and weight loss. Each item is scored 1 if present and 0 if absent. 
Total scores range from 0 to 5: 0 indicates robustness; 1–2, pre-frailty; and 3–5, frailty25.

Randomization, blinding, and intervention
Patients were randomly assigned to three parallel groups: the mini-mint ice cubes group, the room temperature 
water group, and the absolute fasting group, at a 1:1:1 allocation ratio. Both the room temperature water and 
absolute fasting groups were controls. Two prespecified co-primary comparisons were: (1) mini-mint ice 
cubes group vs. room temperature water group; (2) mini-mint ice cubes group vs. absolute fasting group. An 
independent researcher generated the randomization sequence using Stata (version 15.0, Stata Corp LLC) 
with block randomization (block size = 6). Group assignments were sealed in sequentially numbered opaque 
envelopes. Enrollment was performed the day before surgery by a dedicated researcher who was masked to 
group assignments and not involved in any other trial procedures.

In the mini-mint ice cubes group, patients initially sucked three mini-mint ice cubes, with additional 
sets (each containing 3 cubes) provided based on individual preference, no upper limit on the total dosage. 
Preparation method20: Water was mixed with concentrated mint syrup to achieve a 20% mint concentration, 
then frozen in 1 cm³ (1 mL volume) silicone trays to form mini-mint ice cubes. In the room temperature water 
group: 10 mL of room temperature water (from the hospital water dispenser) was administered via a 10 mL 
syringe initially, with additional amounts provided based on patient preference (maximum 0.5 mL/kg)26.

All thirst-relief interventions were implemented only after evaluation and approval by the attending 
anesthesiologist in the PACU. The following requirements had to be met: full consciousness after extubation, 
stable vital signs, adequate recovery of cough and swallowing reflexes, and absence of nausea or vomiting. 
To minimise bias, envelopes containing the intervention assignment were opened only after the initial thirst 
assessment. Trained PACU nurses administered the interventions. Patients were positioned with the head 
elevated at 15°–30°. Additional interventions were permitted if no discomfort occurred after the initial 
administration. Interventions were paused for 10 min if coughing, nausea, or vomiting developed, followed by 
re-evaluation. No fluids were administered within 10 min prior to PACU discharge to prevent transport-related 
vomiting. Nurses truthfully recorded pre-intervention thirst intensity, intervention time, the volume of water/
number of ice cubes used, and adverse events including the incidence of coughing and hypoxemia (SpO2 < 92%) 
during the intervention period. Any adverse event that occurred was immediately reported to the attending 
anesthesiologist, who managed it in accordance with clinical standards. PACU-related outcome measures were 
assessed by experienced, fully blinded researchers at the time of PACU discharge. Intervention-administering 
nurses and the participants could not be blinded due to the distinct nature of the interventions.

Anesthesia management
All patients received standard anesthesia management. No pre-anesthetic medications were administered. 
Patients consumed 200 mL of oral nutritional liquid 2–4  h before surgery. Ultrasound-guided nerve block 
and, when necessary, radial artery cannulation were performed in the pre-anesthesia holding area by the same 
attending anesthesiologist. Upon entering the operating room, standard monitoring was initiated, including 
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electrocardiogram (ECG), non-invasive or invasive blood pressure, pulse oxygen saturation (SpO2), and heart 
rate (HR). General anesthesia was induced with etomidate (0.2–0.4  mg/kg), sufentanil (0.2–0.4  µg/kg), and 
cisatracurium (0.2–0.3 mg/kg). Following endotracheal intubation or laryngeal mask insertion, anesthesia was 
maintained with sevoflurane (1–2%) and remifentanil (0.05–0.2 µg/kg/min), targeting a bispectral index (BIS) 
of 40–60. All anesthetic agents were discontinued at the end of the procedure. During the operation, mean 
arterial pressure (MAP) was maintained within ± 20% of baseline; forced-air warming blankets and additional 
muscle relaxants were used as needed. Bradycardia (defined as HR < 50 beats per minute) was treated with 
atropine (0.3–0.5 mg). All patients received intravenous dexamethasone (10 mg) and ramosetron (0.3 mg) for 
antiemesis. Following surgery, patients were transferred to the PACU for extubation, with a sufentanil-based 
patient-controlled intravenous analgesia (PCIA) pump: background infusion 0.04 µg/kg/h, bolus dose 0.01 µg/
kg; lockout time 20 min.

Extubation timing was determined by the attending anesthesiologist in the PACU. Residual neuromuscular 
blockade was routinely antagonized with neostigmine (30  µg/kg) and atropine (10  µg/kg) in the absence of 
contraindications. Extubation was performed carefully after confirming a train-of-four (TOF) ratio > 0.9, 
adequate spontaneous ventilation, and patient compliance. PACU discharge required an Aldrete score ≥ 9. 
After transfer to the ward, patients initiated oral intake as tolerated under physician guidance and received oral 
celecoxib (100–200 mg) every 12 h for enhanced analgesia.

Outcomes
The primary outcome was thirst intensity at PACU discharge, measured using a numerical rating scale (NRS; 
0 = no thirst, 10 = worst imaginable thirst). This validated tool had been widely used for evaluating the intensity 
of subjective symptoms such as pain and thirst in clinical research27. Secondary outcomes included: (1) length 
of PACU stay; (2) incidence of oropharyngeal discomfort at PACU discharge; (3) incidence of postoperative 
nausea and vomiting (PONV) during PACU stay; (4) patient satisfaction score at PACU discharge (5-point 
Likert scale28: 1 = definitely dissatisfied, 2 = somewhat dissatisfied, 3 = neutral, 4 = satisfied, 5 = very satisfied). 
(5) incidence of PONV within 24 h after surgery, assessed within 24 ± 2 h postoperatively; (6) postoperative 
quality of recovery at 24 h, assessed using the 15-item Quality of Recovery Questionnaire (QoR-15) at the same 
assessment time as (5). This instrument is validated with excellent reliability, high responsiveness, and clinical 
feasibility in surgical populations29; (7) time of bowel function recovery (flatus or stools); (8) incidence of 
delirium during the postoperative days 1–3 or until discharge, assessed daily between 5 pm and 7 pm using the 
3-minute Diagnostic Confusion Assessment Method (3D-CAM)30; (9) postoperative hospital length of stay. All 
follow-up and assessments were conducted by trained staff who were masked to group assignments.

Sample size calculation
The primary endpoint of this study was to compare the thirst scores at PACU discharge between: (1) mini-mint 
ice cubes group vs. room temperature water group, and (2) mini-mint ice cubes group vs. absolute fasting group. 
Based on a pilot trial, the absolute fasting group was expected to have a mean thirst score of 6, with standard 
deviation (SD) = 2.5. Assuming a 30% reduction in the mini-mint ice cubes group vs. absolute fasting and 20% 
reduction vs. room temperature water group, 94 patients per group were required to achieve 80% power (two-
sided, α = 0.025) with a 10% dropout rate, calculated using PASS software (version 15.0, NCSS, USA).

Statistical analyses
Continuous variables were presented as mean (SD) or median (interquartile range [IQR]) based on the Shapiro-
Wilk test. Comparisons among the three groups were performed using one-way analysis of variance (ANOVA) 
or Kruskal-Wallis test. Categorical variables were presented as n (%) and compared using the Chi-square test or 
Fisher’s exact test. Median difference (MD) for the primary outcome was estimated using the Hodges–Lehmann 
method based on the Mann-Whitney U test. The analysis was conducted by intention-to-treat (ITT) principle, 
and a per-protocol (PP) analysis was also performed.

In sensitivity analyses, post-hoc adjusted analyses for the primary outcome were conducted using a 
generalized linear model (GLM) to estimate regression coefficient (β) with 95% confidence interval (CI). The 
model was specified with a Gaussian family and identity link function. Baseline thirst intensity was included as a 
covariate, and additional potential confounders were incorporated into the model if they yielded a P-value < 0.2 
in univariable analyses. Subgroup analyses were further conducted using the GLM, stratified by age (< 65 vs. ≥ 65 
years), gender, ASA Classification, type of surgery (limb fractures vs. other surgeries), and intubation approach 
(laryngeal mask airway vs. endotracheal intubation). Post-hoc analyses were not alpha-adjusted and were treated 
as exploratory. A two-tailed P < 0.05 was considered statistically significant. All analyses were performed using 
SPSS (version 24; IBM Corp., Armonk, NY, USA) and GraphPad Prism (version 10.2.3; GraphPad Software, 
Boston, MA).

Results
Between October 8, 2024 and December 20, 2024, 338 patients were screened for eligibility. 56 patients were 
excluded (22 refused participation, 18 had hearing impairment, 11 had dementia, 5 had ice allergy). A total of 
282 patients were enrolled, with 279 included in the final analysis (93 in the mini-mint ice cubes group, 94 in 
the room temperature water group and 92 in the absolute fasting group). Three patients dropped out after group 
allocation for the following reasons: one in the mini-mint ice cubes group and one in the absolute fasting group 
were transferred to the ICU after surgery, and one in the absolute fasting group had surgery cancelled due to 
hypertension (Fig. 1).
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Clinical characteristics
Patient characteristics, intraoperative and recovery period data are presented in Table 1. In this cohort, the mean 
thirst intensity in the PACU before intervention was 6.0 ± 2.6, with 82.1% (229 cases) experiencing moderate to 
severe thirst (NRS ≥ 4). The mean time to intervention after extubation was 12.2 ± 4.3 min.

Primary outcome
Thirst intensity at PACU discharge in the mini-mint ice cubes group (3 [1–5]) was significantly lower than in the 
room temperature water group (4 [2–5]; MD, −1; 95% [CI], −2 to 0; P = 0.004) and the absolute fasting group (7 
[5–9]; MD, −4; 95% [CI], −5 to −3; P < 0.001) (Table 2). Results of the per-protocol analysis were consistent with 
the primary analysis (see supplement table S1 and table S2).

Changes in thirst intensity before and after the intervention are illustrated in Fig. 2. The mean reduction in 
thirst intensity was 3.4 ± 1.9 in the mini-mint ice cubes group, 2.2 ± 2.0 in the room temperature water group. 
In contrast, the absolute fasting group exhibited a mean increase in thirst intensity of 1.0 ± 1.7. The difference 
between the mini-mint ice cubes group and the room temperature water group was significant (P < 0.001), as was 
the difference between the mini-mint ice cubes group and the absolute fasting group (P < 0.001).

Secondary outcome
Secondary outcomes are presented in Table 2. The length of PACU stay in the mini-mint ice cubes group (35 
[30–43]) was significantly shorter than that in the room temperature water group (40 [33–45]; MD, −5; 95% 
[CI], −5 to 0; P = 0.014) and the absolute fasting group (40 [35–55]; MD, −5; 95% [CI], −10 to −5; P < 0.001). 

Fig. 1.  CONSORT Flowchart of patient enrollment and inclusion in analysis. ITT: intention-to-treat; PP: per-
protocol.
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Regarding the incidence of oropharyngeal discomfort at PACU discharge, the mini-mint ice cubes group had 
a significantly lower rate than the absolute fasting group (12 [12.9%] vs. 25 [27.2%]; relative risk (RR), 0.40; 
95%[CI], 0.19 to 0.85; P = 0.015), but exhibited no significant difference compared with the room temperature 
water group (12 [12.9%] vs. 14 [14.9%]; RR, 1.09; 95%[CI], 0.70 to 1.70; P = 0.694). Patient satisfaction scores at 
PACU discharge were significantly higher in the mini-mint ice cubes group (4 [4–5]) compared with the room 
temperature water group (4 [4–5]; MD: 0; 95% CI: 0 to 1; P = 0.003) and the absolute fasting group (3 [2–4]; 
MD: 1; 95% CI: 1 to 1; P < 0.001). Additionally, QoR-15 score at 24 h after surgery was higher in the mini-mint 
ice cubes group (124 [119–130]) than in the room temperature water group (119 [114–125]; MD: 4; 95% CI: 2 
to 7; P < 0.001) and the absolute fasting group (117 [111–123]; MD: 7; 95% CI: 4 to 9; P < 0.001). No significant 
differences were observed in other secondary outcomes among the three groups.

Adverse events
Adverse events related to interventions are also shown in Table 2. No hypoxemia was observed in any group, 
while coughing occurred only in the room temperature water group (6 [6.4%]).

Other outcomes
Table 3 shows the estimated changes in thirst intensity derived from the adjusted GLM. Consistent with our 
hypotheses, the mini-mint ice cubes group exhibited a significantly greater reduction in NRS thirst scores during 
subsequent PACU assessments compared with both the room temperature water group and the absolute fasting 
group (P < 0.05). The model was adjusted for confounding factors including gender, hemoglobin level, coronary 

Parameters Mini-mint ice cubes group (n = 93)
Room temperature water group
(n = 94)

Absolute fasting group
(n = 92) P value

Age (yr) 63 [55–73] 63 [55–75] 63 [56–74] 0.977

Male sex 48 (51.6) 52 (55.3) 45 (48.9) 0.680

Body mass index (kg/m2) 24.4 [21.5–26.7] 24.5 [21.9–26.6] 24.8 [22.6–27.1] 0.400

ASA classification

0.899II 52 (55.9) 51 (54.3) 53 (57.6)

III 41 (44.1) 43 (45.7) 39 (42.4)

Smoking within 1 month 24 (25.8) 32 (34.0) 23 (25.0) 0.316

FRAIL scale 0 [0–1] 0 [0–1] 0 [0–1] 0.999

Hemoglobin (g/L) 129 [119–143] 127 [114–139] 129 [118–141] 0.358

Albumin (g/L) 41.6 [39.4–44.2] 40.9 [38.5–42.9] 41.4 [38.5–43.9] 0.148

Comorbidity

Chronic pulmonary disease 6 (6.5) 10 (10.6) 12 (13.0) 0.319

Hypertension 36 (38.7) 41 (43.6) 31 (33.7) 0.381

Diabetes mellitus 9 (9.7) 15 (16.0) 8 (8.7) 0.240

Coronary artery disease 27 (29.0) 27 (28.7) 22 (23.9) 0.681

chronic pharyngitis 4 (4.4) 4 (4.5) 2 (2.2) 0.612

Type of surgery

0.498
Limb fractures 55 (59.1) 60 (63.8) 52 (56.5)

Joint surgery 28 (30.1) 25 (26.6) 24 (26.1)

Arthroscopy 10 (10.8) 9 (9.6) 16 (17.4)

Intubation approach

0.977Laryngeal mask airway 71 (76.3) 73 (77.7) 71 (77.2)

Endotracheal intubation 22 (23.7) 21 (22.3) 21 (22.8)

Duration of surgery (min) 100 [75–122] 90 [65–125] 90 [70–120] 0.453

Sufentanil dose (µg/kg) 0.46 [0.37–0.54] 0.44 [0.37–0.54] 0.46 [0.40–0.53] 0.740

Cisatracurium dose (mg) 14 [12–20] 14 [10–18] 14 [12–19] 0.399

Atropine use 36 (38.7) 45 (47.9) 31 (33.7) 0.135

Intraoperative fluid infusion (mL) 700 [600–1000] 700 [500–925] 700 [600–975] 0.629

Intraoperative blood loss (mL) 50 [20–60] 50 [20–80] 40 [10–80] 0.216

PCIA use 78 (83.9) 76 (80.9) 69 (75.0) 0.310

Neostigmine use 83 (89.2) 84 (89.4) 82 (89.1) 0.999

Extubation time (min) 10 [6–19] 15 [8–20] 10 [6–15] 0.057

Intervention time (min) 12 [10–12] 12 [10–12] NA 0.876

Thirst intensity before intervention 6 [5–8] 7 [4–8] 5 [4–8] 0.283

Table 1.  Baseline characteristics, intraoperative and recovery period data. ASA: American society of 
Anesthesiologists; joint surgery: includes joint replacement and repair (e.g., hip or knee arthroplasty); PCIA: 
patient-controlled intravenous analgesia. Data are presented as n(%) or median [interquartile range].
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artery disease, atropine use, PCIA use, intervention time, and pre-intervention thirst intensity. In all subgroups 
except for ASA Classification III subgroup and the ‘other surgeries’ subgroup, the mini-mint ice cubes group still 
demonstrated a significant reduction in NRS thirst scores relative to the room temperature water group and the 
absolute fasting group (P < 0.05) (see Supplementary Table S3).

Consumption of mini-mint ice cubes and room temperature water
As shown in Fig. 3, the consumption of mini-mint ice cubes was 3 [3–6] [mean (SD): 4.4 (1.9)], while water 
intake in the room temperature water group was 10 [10–20] mL [mean (SD): 16.3 (9.2) mL].

Discussion
In this study, we explored the application of 1 cm³ mini-mint ice cubes for the first time to alleviate postoperative 
thirst in patients undergoing orthopedic surgery. Our findings demonstrate that mini-mint ice cubes represent 
a safe and highly effective non-pharmacological intervention, as they significantly reduced postoperative thirst 
compared with both room temperature water and no intervention in patients who received general anesthesia 
for orthopedic procedures.

Fig. 2.  Thirst intensity assessed at two time points. T0: Thirst intensity before intervention; T1: Thirst intensity 
at PACU discharge. PACU: post-anesthesia care unit.

 

Parameters Mini-mint ice cubes group (n = 93) Room temperature water group (n = 94)
Absolute fasting group
(n = 92) P value

Primary outcome

Thirst intensity at PACU discharge 3 [1–5] 4 [2–5] 7 [5–9] <0.001

Secondary outcomes

Length of PACU stay (min) 35 [30–43] 40 [33–45] 40 [35–55] <0.001

Oropharyngeal discomfort at PACU discharge 12 (12.9) 14 (14.9) 25 (27.2) 0.025

PONV in the PACU 2 (2.2) 2 (2.1) 2 (2.2) 1.000

Patient satisfaction score at PACU discharge 4 [4–5] 4 [4–5] 3 [2–4] <0.001

PONV for 24 h after surgery 5 (5.4) 9 (9.6) 11 (12) 0.284

QoR-15 score at 24 h after surgery 124 [119–130] 119 [114–125] 117 [111–123] <0.001

Time of bowel function recovery (flatus or stools) (h) 10 [4–18] 12 [5–20] 10 [5–17] 0.831

Postoperative delirium 5 (5.4) 4 (4.3) 5 (5.4) 0.917

Length of hospital stay after surgery (d) 5 [4–7] 5 [4–7] 5 [4–7] 0.662

Adverse events

Cough 0 (0.0) 6 (6.4) NA 0.013

Hypoxemia 0 (0.0) 0 (0.0) 0 (0.0) NA

Table 2.  Primary and secondary outcomes. Corresponding effect estimates and 95% confidence intervals are 
detailed in the results section. PACU: post-anesthesia care unit; PONV: postoperative nausea and vomiting; 
QoR-15: 15-item quality of recovery Questionnaire. Data are presented as n(%) or median [interquartile 
range].
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The innovation of this study lies in the utilization of unique 1 cm³ mini-mint ice cubes with a 20% mint 
concentration, which substantially reduces the actual required dosage (a mean of 4.4 ice cubes per patient). This 
dosage is lower than both the 10–20 mL of 0.05% mint concentration ice lollies employed in previous studies17,18 
and the mean volume required by patients in the room temperature water group of the present study (16.3 mL per 
patient). Furthermore, benefiting from the miniature cube design, the risk of coughing was significantly lower 
in the mini-mint ice cubes group compared with the room temperature water group (0 vs. 6 cases). Although we 
did not directly measure nursing workload in this study, these outcomes theoretically reduce the nursing burden 
associated with feeding assistance and patient monitoring. Second, the intervention protocol featured high 
flexibility, allowing patients to adjust intake according to individual needs without strict restrictions on volume 
or frequency. This approach was more in line with actual clinical needs than previous studies17–19. Furthermore, 
we report for the first time that the earliest safe intervention time in this cohort was 12 min, with a mean water 
intake of 16.3 mL (0.26 mL/kg) in the room temperature water group—much lower than the reference value 
in our study design26. This discrepancy may be related to the physiological characteristics of older adults, who 
typically consume less fluid than younger individuals despite similar thirst intensity and plasma osmolality, 
suggesting more rapid achievement of fluid satiety. Our data also indicate that despite severe preoperative thirst, 
patients preferred repeated small-volume intake over a single large-volume administration.

A recent study exploring aromatic gargle solutions in spinal surgery patients demonstrated that 60 mL 
doses effectively alleviated postoperative symptoms including thirst, halitosis, and sore throat19. While our 
current research focuses on a different population of orthopedic surgical patients, the findings align with these 
conclusions. Moreover, our mini-mint ice cubes intervention offers potential advantages in dosage precision, 
patient compliance, and overall comfort.

The meta-analysis revealed that while both mint and ice demonstrated intrinsic thirst-relieving properties14,31, 
the synergistic effects observed in mini-mint ice cubes surpass those of ice alone, even in elderly populations 
where pure ice interventions show diminished efficacy32. Although a statistically significant difference was 
observed between the mini-mint ice cubes group and room temperature water groups, the clinical significance 
of the difference remains debatable. While it did not meet the minimum clinically important difference of 1.7 
points on the NRS established in pain research33, the absolute reduction to a median NRS score of 3 (borderline 
mild to moderate severity) may still hold meaningful clinical relevance. This threshold reduction may translate 
to fewer nursing interventions and improved patient cooperation during critical recovery phases.

Additionally, the intervention’s multimodal benefits extended beyond thirst relief, significantly alleviating 
post-intubation sore throat, improving patient satisfaction and reducing PACU length of stay. This is of particular 
clinical significance in high volume surgical centers. The effect may be attributed to the combined actions of 
high-concentration mint and ice, including: rapid thirst relief via activation of oropharyngeal thermoreceptors; 
cooling and analgesic effects of menthol; physiological responses to cold stimulation; and psychological 

Fig. 3.  Distribution of mini-mint ice cubes consumption and room temperature water intake in intervention 
groups.

 

Parameters Estimate

95% Confidence interval

P valueLower bound Upper bound

mini-mint ice cubes group Reference

room temperature water group 1.135 0.658 1.613 <0.001

absolute fasting group 3.956 0.692 7.221 0.018

Table 3.  Adjusted GLM coefficients for NRS thirst at PACU discharge. Estimates are reported on the original 
scale (Gaussian family, identity link function), representing the absolute mean difference in thirst intensity 
reduction between each group and the reference group (mini-mint ice cubes group). Positive values indicate 
a smaller reduction in thirst intensity relative to the reference (i.e., a poorer thirst-relieving effect). The model 
was adjusted for sex, hemoglobin, coronary artery disease, Atropine use, patient-controlled intravenous 
analgesia use, intervention time, and pre-intervention thirst intensity. GLM: generalized linear model; NRS: 
numerical rating scale; PACU: post-anesthesia care unit.
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enhancement of subjective comfort22,34. Furthermore, the application of mini-mint ice cubes improved the 
24-hour postoperative QoR-15 score. The potential mechanism may be linked to the very early application of 
mini-mint ice cubes and subsequently the positive sustained effects of high-concentration menthol: sucking the 
mini-mint ice cubes may exert effects by slowly releasing menthol, which alleviates postoperative oropharyngeal 
discomfort and anxiety, mitigates sleep fragmentation induced by these symptoms, and improves sleep quality 
through a mild sedative effect—ultimately accelerating overall physical recovery22,35–37.

There are several limitations to our study. First, the external validity of the trial is slightly weakened by the 
inclusion population and single-center design. Given that the study scope was limited to patients undergoing 
non-spinal orthopedic surgery, caution is advised when extrapolating the results to other surgical populations, 
particularly elderly patients with impaired swallowing function. However, considering the anxiolytic and sleep-
improving properties of mint, this intervention may offer potential advantages in populations at high risk of 
cognitive impairment. Second, we only administered the intervention short-term in the PACU, future studies 
could extend its application to the general ward and investigate its impacts on long-term postoperative recovery. 
Third, participant blinding was impractical, as patients could readily distinguish between mint ice cubes and 
water, introducing potential bias. To mitigate this, researchers and nursing staff received rigorous training to 
ensure equal treatment for all groups. Fourth, atropine is a well-recognized additional risk factor for postoperative 
thirst. A primary reason for its relatively frequent administration in the present study was the unavailability of 
sugammadex at our institution, which necessitated the routine co-administration of neostigmine with atropine 
for neuromuscular blockade reversal. This may partially explain why the incidence of severe thirst reached 82.1% 
in our study population. On the other hand, strict clinical criteria for intraoperative atropine administration 
for bradycardia were predefined in the study protocol. Consequently, the three intervention groups were well-
balanced with respect to overall atropine exposure. To account for its potential confounding effect on the 
primary outcome, we additionally performed a supplementary analysis using the GLM. In clinical practice, it is 
necessary to reduce the use of medications that induce postoperative thirst.

In conclusion, mini-mint ice cubes provide a simple, safe, and efficient intervention for orthopedic surgery 
patients undergoing general anesthesia. Although a statistically significant difference was observed compared 
with room temperature water, the improvement is modest and of uncertain clinical relevance. In contrast, relative 
to absolute fasting, mini-mint ice cubes exert a significant thirst-relieving effect with clinically relevant benefits.

Data availability
The data analysed in the current study are available from the corresponding author for reasonable request.
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