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Abstract

Aim This study systematically compared the efficacy of non-pharmacological interventions that may improve thirst
in intensive care unit (ICU) patients.

Background Thirst is among the most intense and distressing symptoms experienced by ICU patients. Recently,
various non-pharmacological interventions have been applied to alleviate thirst symptoms and have shown positive
effects. However, there is no consensus on which non-pharmacological intervention is the most effective, making it
difficult to choose interventions to alleviate thirst in ICU patients.

Design Systematic review and network meta-analysis based on PRISMA.

Methods Computer searches were conducted in eight Chinese and English databases to identify randomized
controlled trials published before October 12, 2024, on non-pharmacological interventions to improve thirst
symptoms in ICU patients. Two researchers performed literature screening and data extraction, and RevMan 5.3 and
Stata 15.0 software were used for literature quality assessment and data analysis.

Results 24 articles involving 2480 ICU patients and 14 types of non-drug interventions were included. The network
meta-analysis results revealed that compared with those in routine care, the degree of thirst in ICU patients was
significantly different significant for menthol lozenges, ice water injection, menthol water spray, ice saline water spray,
ice menthol water spray, and ice water spray (all P<0.05). According to the ranking results of the cumulative ranking
probability curve area (SUCRA), ice menthol water spray is the optimal solution for improving the degree of thirst in
ICU patients.

Conclusion Ice menthol water spray is the best non-pharmacological intervention for reducing thirst in ICU patients.
When patients experience thirst, such as in the ICU ward, medical staff can use ice peppermint water spray to relieve
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patients.

the patient’s thirst symptoms. Future research should focus on directly comparing the effects of different non-
pharmacological interventions and evaluating their cost-effectiveness.

PROSPERO (International Prospective Register of Systematic Reviews)registration number CRD42024614636.

Relevance to clinical practice The results of this study can provide a basis for medical staff to alleviate the thirst of
ICU patients, with the results particularly supporting the use of ice mint water spray to reduce the level of thirst in ICU

Keywords Thirst, Critically ill patients, Non-pharmacological interventions, Network meta-analysis

Introduction

Thirst is a subjective sensation caused by physiologi-
cal or behavioral factors and is characterized by a lack
of sufficient water and a desire to drink. It is an impor-
tant component of the body’s volume and fluid balance
regulation mechanism [1]. Patients in the intensive care
unit (ICU) are at high risk for discomfort due to factors
such as illness, treatment, and medication [2]. Research
shows that the incidence of thirst among ICU patients is
76.1%, making it one of the most intense and distressing
symptoms experienced by ICU patients [3]. A previous
study evaluated symptoms in 171 high-risk ICU patients
405 times, and the results revealed that thirst symptoms
were the most severe, with the incidence of moderate to
severe thirst reaching as high as 70% [4]. Some critically
ill patients still have painful memories of discomfort,
such as thirst, even after leaving the ICU [5].

However, most ICU patients are unable to communi-
cate normally with medical staff, and the staff may over-
look patients’ symptoms of thirst [6]. Persistent thirst
not only increases the body’s oxygen consumption and
metabolic burden on organs but also leads to bacterial
colonization in the oropharynx, secondary oral muco-
sal infections, and retrograde pulmonary infections [7].
Additionally, severe thirst lasting more than 24 h can
increase the risk of delirium in ICU patients by 4.95 times
[8], increasing the risk of accidental extubation, and is
considered a stressor second only to death [2]. Therefore,
medical staff must identify the thirst symptoms of ICU
patients early and take appropriate measures to alleviate
these symptoms early.

Currently, methods to alleviate thirst mainly include
spray methods (such as ice water spray, normal tempera-
ture water spray, ice menthol water spray, lemon water
spray, etc.), direct ingestion methods (such as ice water
injection, normal temperature water injection, etc.), and
physical stimulation methods (menthol lozenges, oral
ice cotton balls, etc.) [9]. Recently, multiple randomized
controlled trials (RCTs) have evaluated the effective-
ness of non-pharmacological interventions in alleviat-
ing thirst in ICU patients. However, most RCTs choose
routine care (such as using cotton swabs dipped in water
to moisten the lips) as a control, and only a few studies
have directly compared the differences between different

non-pharmacological interventions. Moreover, several
systematic reviews have only assessed the impact of a
single non-pharmacological intervention on improving
thirst levels [10-11], but there is no high-level evidence
comparing the effectiveness of two or more different
non-pharmacological interventions in alleviating thirst in
ICU patients. Therefore, medical staff are unclear about
which non-pharmacological interventions to choose to
alleviate patients’ thirst symptoms. Currently, ICU medi-
cal staff primarily rely on clinical experience to manage
thirst, and the interventions and processes lack system-
atic and standardized approaches [12].

Network meta-analysis (NMA) is a method that allows
the comparison of more than two interventions. It
enables indirect comparisons of the effects between dif-
ferent interventions on the basis of a common control,
merges the results of both direct and indirect compari-
son evidence, and quantitatively ranks the interventions
[13] to help obtain the optimal solution. Therefore, this
study compares and ranks the effects of non-pharmaco-
logical interventions in preventing thirst in ICU patients
through network meta-analysis, aiming to provide a
reference for ICU nurses to make reasonable choices
regarding oral moisturizing methods.

Methods

Research registration

This study was conducted in strict accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (Supplementary File 1). This research
protocol has been registered on the PROSPERO platform
with the registration number CRD42024614636.

Inclusion and exclusion criteria

Develop the inclusion criteria for the literature based on
the PICOS principle. ®Population: ICU patients; @Inter-
vention: Non-pharmacological interventions; ®Compari-
son: Routine care (using a cotton swab to moisten the lips
with water) or a different non-pharmacological interven-
tion from the intervention group; ®Outcome: Degree of
thirst, assessed using the numeric rating scale (NRS) or
the visual analog scale (VAS); ®Study: Randomized Con-
trolled Trial (RCT).
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The exclusion criteria were as follows: duplicate pub-
lications; inability to contact the authors to obtain the
full text or incomplete data; and studies that involved the
combined use of two or more different non-pharmaco-
logical interventions.

Search strategy

Computer searches were conducted on PubMed, Web of
Science, Embase, the Cochrane Library, Wanfang, CNKI
(Chinese National Knowledge Infrastructure), VIP (Chi-
nese Science and Technology Periodical), and the Chi-
nese Biomedical Literature Database, with the search
period extending from the establishment of the databases
to October 12, 2024 (Supplementary File 2, Table 1). The
search terms included “Intensive Care Units/intensive
care unit*/ICU/CCU/intensive care/critical* care*/criti-
cal* ill*/critical illness critical care nursing” and “thirst/
thirsts/xerostomia/xerostomias/hyposalivation*/asialia*/
mouth dryness/dryness, mouth” Both used a combina-
tion of subject terms and free terms for retrieval, while
tracing the references included in the research. Taking
the Web of Science as an example, the search strategy is
as follows:

#1 TS=(Intensive Care Units OR intensive care unit*
OR ICU OR CCU OR intensive care OR critical* care*
OR critical* ill* OR critical illness critical care nursing).

#2 TS=(thirst OR thirsts OR xerostomia OR xerosto-
mias OR hyposalivation* OR asialia* OR mouth dryness
OR dryness, mouth).

#3 #1 AND #2.

Literature screening and data extraction

Two researchers independently conducted literature
searches, imported all the retrieved literature into End-
note X9 software to remove duplicate entries, and then
each researcher read the titles and abstracts for initial
screening. They subsequently read the full texts of the
initially screened literature, excluding irrelevant articles
and those for which full texts or complete data could not
be obtained. Controversial articles, were resolved issues
through discussion or by a third researcher’s adjudica-
tion. The following information was extracted from the
included literature: authors, publication date, country,
sample size, age, intervention measures, intervention fre-
quency, assessment tools, etc.

Quality assessment

Two researchers independently conducted a quality
assessment of the literature using the standards for RCTs
outlined in the Cochrane 5.1.0 systematic review manual.
The evaluation content included: random sequence gen-
eration, allocation concealment, blinding of participants/
researchers, blinding of outcome assessors, completeness
of outcome data, selective reporting, and other sources of
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bias. Determine whether each of the above indicators is
classified as low risk, high risk, or unclear. If the literature
fully meets the evaluation criteria, the literature quality
grade is A; if it partially meets the evaluation criteria, the
literature quality grade is B; if it does not meet the evalu-
ation criteria at all, the literature quality grade is C. This
study ultimately included A and B level literature. In the
process of evaluating the quality of the literature, any dis-
agreements were resolved by consulting a third party.

Statistical analysis

RevMan 5.3 was used for literature quality evaluation,
heterogeneity testing, and traditional meta-analysis. An
<50% or P>0.05 indicated low heterogeneity in the
study, and a fixed-effects model was used for the meta-
analysis. An I?>50% or P<0.05, it indicated high het-
erogeneity, and a random-effects model was used for
the meta-analysis. Pain scores are quantitative data, so
the mean difference (MD) and 95% confidence interval
(95%CI) are used as effect sizes.

Stata 15.0 software was used to conduct a frequentist
network meta-analysis, and the inconsistency test model
was employed to assess the overall consistency among the
included studies. When P> 0.05, it indicates good consis-
tency between direct and indirect evidence. By ranking
the efficacy of 14 different non-drug interventions via
surface under the cumulative ranking (SUCRA), a larger
SUCRA value indicates that a particular intervention
may be more effective. Acomparison-adjusted funnel plot
was draw to reflect whether the included studies had lit-
erature has publication bias and small sample effects.

Results

Study search results

A total of 2,431 relevant studies were retrieved from 8
databases. All studies were imported into Endnote X9 to
remove duplicate studies, resulting in the elimination of
697 duplicates. After the titles and abstracts were read
according to the inclusion and exclusion criteria, 1,611
studies were excluded. The remaining studies were read
in full, and 99 studies that did not meet the requirements
were filtered out, leaving 24 studies for final inclusion.
Among them, 19 studies were published in Chinese [14—
32]; and 5 studies were published in English (33—37). The
specific process and results of the literature screening are
shown in Fig. 1.

Basic characteristics of the included studies

A total of 24 RCTs were included, with a total of 2480
cases, and the studies were published between 2017 and
2024. Among them, 4 studies [24, 26, 27, 36] were three-
arm studies, 1 study [29] was a four-arm study, and the
rest were two-arm studies. The interventions included:
ice water spray, normal temperature water spray, ice
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Table 1 Basic characteristics of the included studies

Sample size,n  Age,y Group *

Author Year Country Interv  Cont Interv Cont Interv Cont Intervention frequency As-
sess-
ment
tool

Bao, LY 2022 China 35 35 6769+ 13.54 68.11+£10.16 E A Intervene every 4 h, for 5 days. NRS

[14]

Tu,WY 2020 China 51 50 50.24+1343 4696+1329 E A Continuous nebulization for VAS

[15] 6h

Su,LH 2022 China 30 30 5367+11.21 5394+11.16 E A Continuous nebulization for VAS

[16] 6h

Yin, HX 2021 China 46 46 62.02+5.20 61.51+£5.22 E F Continuous nebulization for NRS

171 6h

Zhang, 2021 China 30 30 55.83+£14.78 59.17£11.04 B A Seven times a day, with an NRS

XX interval of one hour between

[15] each session. After seven

interventions each day, if the
patient indicates thirst, con-

tinue the intervention using

the same method.

Zhang, 2020 China 31 31 56.13+13.79 60.07+1324 B A 7 times a day, with a 1-hour NRS

XX interval between each session,

[19] for 2 days.

Zhang, 2022 China 41 41 68.11+6.73 6743+6.82 B A 7 times a day, with additional ~ NRS

KL [20] interventions possible based

on the patient’s condition, for
3 days.

Mei, 2024 China 30 30 718+7.7 713+95 B A Once per hour, 6 interventions. NRS

BG

[21]

Lin,R 2017 China 10 10 >18 >18 B A Intervene every 30 min, for NRS

[22] 6 h.

Luo,Q 2023 China 60 60 5492+ 1894 53.68+2001 B K 9 times a day, with a 2-hour NRS

[23] interval between each session,

for 2 days.
Li,YH 2022 China 60 60/60 59.67+1045 57.65+1093/ B H/M 7 times a day, with a 1-hour NRS
[24] 60.67+10.65 interval between each session,

for 2 days.

Wang, 2024 China 70 70 51.06+11.28 514141227 H C Intervene every 4 h, for 2 days. VAS

XY

[25]

Zhang, 2021 China 60/60 60 59.55+15.98/54.40+1452 5795+1622 H/I C Intervene based on the NRS

Q[26] patient’s thirst until the end of

the shift.

Wang, 2023 China 41/41 41 18-78/18-78 18-78 c/l A Intervention after the patient ~ VAS

L[27] self-reports thirst

Ma, JC 2024 China 31 31 58.58+14.73 61.65+1295 | B The intervention time is from ~ NRS

[28] 9 AM to 4 PM, with a 1-hour

interval between each inter-
vention, for 2 days.

Li,YL 2023 China 30/30/29 30 67.6+1229/ 64.7+13.18 B/I/D C When the thirst score is NRS

[29] 70.14+£12.85/ greater than a certain value,

69.97+11.34 intervene until the score is less
than 3.

Yan,LJ 2021 China 30 30 59.70+13.26 5097+14.19 J A Four times a day, for 3 days. NRS

[30]

Zhao, 2023 China 122 122 5589+16.81 5491+1638 G A When the patient’s thirst score  NRS

Z[31] is greater than 3, intervene

once every hour for 12 h.
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Table 1 (continued)
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Sample size,n  Age,y Group *

Author Year Country Interv Cont Interv Cont Interv Cont Intervention frequency As-
sess-
ment
tool

Zhang, 2021 China 38 38 57.82+13.89 60.24+1040 L A Once per hour, intervene 7 NRS

XX times.

[32]

Lian,R. 2024 China 28 28 52.82+1743 5589+1449 B A After extubation, interventions  NRS

[33] were performed once at 0.5 h,

2h,4h,and 6 h.
Can,S. 2023 Turkey 59 60 580+5.3 569+75 N A After extubation, interven- VAS
[15] tions were performed once at

30 min, 60 min, and 90 min.
Ma,F. 2023 China 69 70 112432 1121429 D B Interventions are performed NRS
Y. [35] at 0 min, 15 min, and 30 min

after the patient is awake, with

a 5-minute mouth closure

after each intervention.

Lin,R. 2022 China 47/49 49 5443+16.21 56.57+1332 B/C A Twice an hour, for 6 h. NRS

[36]

Gun- 2024 Turkey 55 55 53.20+10.29 5090+1452 B A Three times per hour, for 16 h. ~ NRS

gorS

[37]

Cont, control; Intery, intervention

*A, Routine care; B, Ice water spray; C, Normal temperature water spray; D, Ice menthol water spray; E, Ice saline water spray; F, Saline water spray; G, Glycerin ice
water spray; H, Lemon water spray; |, Menthol water spray; J, Oral ice cotton ball; K, Normal temperature water injection; L, Ice water injection; M, Glycerin saline

water spray; N, Menthol lozenges

saline water spray, saline water spray, ice menthol water
spray, menthol water spray, glycerin ice water spray, glyc-
erin saline water spray, lemon water spray, oral ice cotton
ball, menthol lozenges, ice water injection, normal tem-
perature water injection and routine care. The basic char-
acteristics of the included studies are shown in Table 1.

Quality assessment of the included studies
In 24 RCTs, 3 articles [23, 26, 31]were rated as Grade A,
whereas the rest were Grade B.

22 studies [14—20, 23-37] described specific random-
ization methods, whereas the remaining 2 studies [21, 22]
only reported randomization without detailing the spe-
cific methods.

10 Studies [18, 19, 23, 26-28, 31, 32, 36, 37] reported
using allocation concealment.

3 studies [23, 26, 31] implemented blinding for the
study subjects.

17 studies [14, 18, 19, 21, 23-34, 36] implemented
blinding for outcome assessors, as detailed in Fig. 2.

Results of traditional meta-analysis

The results of the direct comparative analysis showed that
ice water spray [MD -2.11, 95% CI (-2.70, -1.52)], oral ice
cotton ball [MD -1.80, 95% CI (-2.18, -1.42)], glycerin ice
water spray [MD -1.58, 95% CI (-1.83, -1.33)], ice water
injection [MD -3.47, 95% CI (-3.96, -2.98)], and menthol

lozenge [MD -4.60, 95% CI (-5.18, -4.02)] are superior to
routine care in alleviating thirst in ICU patients. Ice men-
thol water spray is significantly better than normal tem-
perature water spray [MD -3.43, 95% CI (-3.94, -2.92)],
ice water spray [MD -2.24, 95% CI (-2.63, -1.85)], and
menthol water spray [MD -2.32, 95% CI (-2.83, -1.81)]
(Table 2). Ice water spray is considerably better than
normal temperature water injection [MD -2.99, 95% CI
(-3.53, -2.45)], lemon water spray [MD -3.65, 95% CI
(-4.09, -3.21)], and glycerin saline water spray [MD -2.78,
95% CI (-3.20, -2.36)]. Ice saline water spray is signifi-
cantly better than saline water spray [MD -2.84, 95% CI
(-3.08, -2.60)]. Glycerin saline water spray is considerably
better than lemon water spray [MD -0.87, 95% CI (-1.21,
-0.53)].

Results of network meta-analysis

The dots in the figure represent the sample size of the
same intervention, with larger dots indicating a larger
sample size (Fig. 3). The lines indicate the number of
comparisons between the two interventions, with thicker
lines representing more comparisons. The connected
dots represent direct comparisons of interventions,
whereas the unconnected dots indicate indirect compari-
sons via network meta-analysis. In the included studies,
the sample sizes for ice water spray and routine care were
the largest, followed by those for normal-temperature
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Records identified from Databases (n = 2431):
PubMed (n=97) . Cochrane Library (n =
43) « Web of Science (n=242) . Embase
(n=670) « CNKI (n=211) « CBM (n=
812) . Wang Fang (n=224) . VIP (n=
132)

Identification

Records after eliminating duplicate literature

(n=1734)
g
=
3 v
Reports screened by title or/and abstract n Reports excluded:
(n=1734) " (n=1611)

Full-text articles excluded:

A 4 Not RCTs (n = 24)
Q . o Inappropriate intervention measures
a Full-text articles assessed for eligibility (n=36)
=° (n=123) Inappropriate outcome indicators
- (n=16)

Inappropriate study subjects (n=18)
Unable to access the full text (n=2)
Unable to extract data (n=3)

A4

Studies included in review
(n=24)

Included

Fig. 1 Schematic of the selection process for included studies

Random sequence generation (selection bias) _:l

Allocation concealment (selection bias) _ |

Blinding of participants and personnel (performance bias) - -
Blinding of outcome assessment (detection bias) _:I
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

omercies NN

0% 25% 50% 75%  100%

.Low risk of hias DUnclearrisk of hias .High risk of hias

Fig. 2 Bias risk of the included studies
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Table 2 Direct comparisons of meta-analysis results

Page 7 of 13

K I? P Model MD(95%Cl) P
Ice water spray cf. routine care 7 85 <0.01 Random effect -2.11(-2.70,-1.52) <0.01
Ice saline water spray cf. routine care 3 100 <0.01 Random effect -3.36(-7.94,1.02) 0.13
Normal temperature water spray cf. routine care 2 97 <0.01 Random effect -1.53(-3.54,0.48) 0.14
Menthol water spray cf. routine care 1 - - - -0.50(-1.03,0.03) 0.06
Oral ice cotton ball cf. routine care 1 - - - -1.80(-2.18,-1.42) <0.01
Glycerin ice water spray cf. routine care 1 - - - -1.58(-1.83,-1.33) <0.01
Ice water injection cf. routine care 1 - - - -3.47(-3.96,-2.98) <0.01
Menthol lozenges cf. routine care 1 - - - -4.60(-5.18,-4.02) <0.01
Ice water spray cf. normal temperature water spray 2 89 <00 Random effect -0.72(-1.69,0.25) 0.14
Lemon water spray cf. normal temperature water spray 2 95 <0.01 Random effect -0.79(-2.36,0.78) 032
Ice menthol water spray cf. normal temperature water spray 1 - - - -3.43(-3.94,-2.92) <0.01
Menthol water spray cf. normal temperature water spray 3 87 <00 Random effect -0.55(-1.33,0.22) 0.16
Ice water spray cf. normal temperature water injection 1 - - - -2.99(-3.53,-2.45) <0.01
Ice water spray cf. lemon water spray 1 - - - -3.65(-4.09,-3.21) <0.01
Ice water spray cf. glycerin saline water spray 1 - - - -2.78(-3.20,-2.36) <0.01
Ice menthol water spray cf. ice water spray 2 0 0.77 Fixed effect -2.24(-2.63,-1.85) <0.01
Ice saline water spray cf. saline water spray 1 - - - -2.84(-3.08, -2.60) <0.01
Glycerin saline water spray cf. lemon water spray 1 - - - -0.87(-1.21,-0.53) <001
Lemon water spray cf. menthol water spray 1 - - - -0.15(-0.54, 0.24) 045
Menthol water spray cf. ice water spray 2 98 <00 Random effect -1.15(-3.63,1.34) 037
Ice menthol water spray cf. menthol water spray 1 - - - -2.32(-2.83,-1.81) <001

B

A L G

Fig. 3 Evidence network diagram. (A) Routine care. (B) Ice water spray.
(C) Normal temperature water spray. (D) Ice menthol water spray. (E) Ice
saline water spray. (F) Saline water spray. (G) Glycerin ice water spray. (H)
Lemon water spray. (I) Menthol water spray. (J) Oral ice cotton ball. (K)
Normal temperature water injection. (L) Ice water injection. (M) Glycerin
saline water spray. (N) Menthol lozenges

water spray. The studies with direct comparisons between
ice water spray, ice saline water spray, and routine care
were the most numerous.

The inconsistency test model was used to test the
inconsistency of the 24 studies, and the results showed
that x*=6.01, P=0.739, with a P-value greater than 0.05,
indicating good consistency between direct and indirect
evidence (Fig. 4). Therefore, this study used the consis-
tency model to conduct a network meta-analysis.

The network meta-analysis results showed that ice
menthol water spray [MD -4.51, 95% CI (-6.84, -2.18)],
menthol lozenges [MD -4.60, 95% CI (-7.86, -1.34)], ice
water injection [MD -3.47, 95% CI (-6.72, -0.22)], men-
thol water spray [MD -2.18, 95% CI (-3.98, -0.39)], ice
saline water spray [MD -3.46, 95% CI (-5.35 -1.58)], and
ice water spray [MD -2.20, 95% CI (-3.30, -1.10)] were
more effective than routine care in alleviating thirst in
ICU patients (Table 3). Menthol lozenges were more
effective than normal temperature water injection [MD
-5.39, 95% CI (-10.13, -0.65)]. In addition, ice menthol
water spray is more effective than normal temperature
water spray [MD -3.33, 95% CI (-5.69, -0.97)] and ice
water spray [MD -2.31, 95% CI (-4.45, -0.17)] in improv-
ing thirst in ICU patients.

According to the results of the cumulative ranking
probability curve area (SUCRA), the ranking of non-
pharmacological interventions to alleviate thirst in ICU
patients is as follows (Fig. 5 and Table 4): ice menthol
water spray > menthol lozenge > ice saline water spray > ice
water injection>ice water spray>menthol water
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Fig. 4 Inconsistency Test Model Diagram. (A) Routine care. (B) Ice water spray. (C) Normal temperature water spray. (D) Ice menthol water spray. (E) Ice
saline water spray. (F) Saline water spray. (G) Glycerin ice water spray. (H) Lemon water spray. (I) Menthol water spray. (J) Oral ice cotton ball. (K) Normal
temperature water injection. (L) Ice water injection. (M) Glycerin saline water spray. (N) Menthol lozenges

spray > oral ice cotton ball > glycerin ice water spray > nor-
mal temperature water spray >lemon water spray >glyc-
erin saline water spray>saline water spray>routine
care > normal temperature water injection.

Assessment of publication bias

In the studies included in the network meta-analysis, in
addition to some with direct comparison subjects, there
are also many with indirect comparisons and those that
have not yet been compared with each other. Therefore,
it is necessary to make relevant adjustments for control
groups with different publication biases. By observing
the comparison-adjusted funnel plot to assess the related
risk, the comparison-adjusted funnel plot was drawn via
Stata 15.0 software. The results showed that all included
studies were symmetrically arranged around the central
line, with a roughly symmetrical distribution, indicating a
low possibility of publication bias in the included studies,
as shown in Fig. 6.

Discussion

We systematically reviewed the relevant literature and
included 24 RCTs, involving 14 non-pharmacological
interventions. We conducted a detailed comparison of
the effectiveness of these 14 non-pharmacological inter-
ventions in alleviating thirst in ICU patients. We found
that ice water spray, ice menthol water spray, ice saline
water spray, ice water injection, menthol water spray, and
menthol lozenge had positive effects on alleviating thirst
in ICU patients, particularly ice menthol water spray,
menthol lozenge, and ice saline water spray.

The results of traditional meta-analyses have shown
that ice menthol water spray is significantly superior to
ice water spray, normal temperature water spray, and
menthol water spray in alleviating thirst in ICU patients.
The results of the network meta-analysis indicate that ice
menthol water spray is more effective than normal tem-
perature water spray, ice water spray, and routine care in
improving thirst. Additionally, the SUCRA values show
that ice peppermint water spray had the highest likeli-
hood of being the best intervention (SUCRA =89.9),
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Fig. 5 SUCRA plot of the thirst of ICU patients for different non-drug interventions

Table 4 SUCRA scores of thirst for different non-drug
interventions

Treatment SUCRA  Probability Mean
of best, % rank
Routine care 14.9 0 12.1
Ice water spray 584 0 6.4
Normal temperature water spray 36.5 0 9.3
Ice menthol water spray 89.9 337 23
Ice saline water spray 78.1 6.2 3.8
Saline water spray 309 0.7 10.0
Glycerin ice water spray 44.8 1.9 8.2
Lemon water spray 359 0 9.3
Menthol water spray 574 0.2 6.5
Oral ice cotton ball 486 26 7.7
Normal temperature water injection 129 0.1 12.3
Ice water injection 736 15.1 44
Glycerin saline water spray 310 03 10.0
Menthol lozenges 87.1 39.1 2.7

indicating that ice menthol water spray is the most effec-
tive intervention for alleviating thirst in ICU patients.

Previous studies have also confirmed that ice menthol
water spray can improve the thirst symptoms of ICU
patients better than ice water spray, normal-temperature
water spray, and menthol water spray can [29].

Research has shown that, compared with normal tem-
perature stimulation, ice stimulation of the oropharynx
significantly alleviates patients’ thirst symptoms [38]. Ice
stimulation can activate cold-sensitive TRPMS8 receptor
potentials and other transient receptor potentials (TRP)
distributed in the oral cavity. These receptors inhibit
antidiuretic hormones to regulate or suppress thirst,
allowing patients to relieve thirst and increase comfort
without consuming large amounts of water [39]. Menthol
is a natural agent with antibacterial and cooling effects.
It acts on the oral mucosa, increasing neural discharge
from cold receptors, enhancing saliva production, and
hydrating the oral mucosa [40]. Ice menthol water spray
utilizes dual stimulation of low temperature and men-
thol to produce a lasting cold sensation on the trigemi-
nal nerve and glossopharyngeal region. This can activate
transient receptor potential channels in the oropharynx,
transmitting signals to the cerebral cortex that indicate
satisfaction with drinking, thereby alleviating thirst [41].
Additionally, ice menthol water spray is easy to obtain,
convenient to use, and highly feasible for widespread
application.

The results of the network meta-analysis and the
SUCRA indicate that in addition to ice menthol water
spray, menthol lozenge, and ice saline water spray can
also effectively alleviate thirst symptoms in ICU patients.
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This finding is consistent with previous systematic review
results [11]. However, considering that this study identi-
fied only one RCT comparing menthol lozenges, with a
small sample size and low statistical power, the applica-
tion effect may be exaggerated. Moreover, McIntyre et al.
[42] reported that 41% of ICU patients, especially those
with tracheal intubation, experience acquired swallowing
disorders. Therefore, healthcare professionals should not
only assess patients’ thirst symptoms but also accurately
evaluate their consciousness and swallowing abilities, as
well as their cough reflex and coughing conditions, to
avoid increasing the risk of aspiration when direct intro-
duction methods are used.

The ice saline spray is mostly a 0.45% sodium chloride
solution diluted with distilled water. It is atomized and
sprayed using oxygen propulsion. Continuously stimulat-
ing oropharyngeal receptors with cold, it can effectively
relieve bronchial spasms and alleviate symptoms such
as dryness in the oropharynx. In addition, 0.45% sodium
chloride solution is a hypotonic solution, and the osmotic
pressure of the moisture remaining in the oral cavity after
spraying most closely matches the physiological state,
which can better maintain moisture in the oral cavity
[43]. Moreover, it saves medical staff time in caring for
patients’ thirst, thereby improving work efficiency.

Limitations

This study has several limitations: @Among the included
studies, only 10 used allocation concealment, 3 imple-
mented blinding for the study subjects, and 17 imple-
mented blinding for the outcome assessors, which may
introduce bias in implementation and measurement,
thereby increasing the heterogeneity of the results. Addi-
tionally, this study only included A and B grade literature,
excluding low-quality studies, and some studies with
poor intervention effects may not have been published,
thus also introducing a certain degree of publication
bias.; @The results of the direct comparison meta-anal-
ysis showed high heterogeneity, which may have inter-
fered with the results; ®Few studies included in the
literature involved certain intervention measures, which
may increase the randomness of the results and reduce
their reliability; @®Some studies did not provide detailed
descriptions of the intervention time and frequency,
and the number of studies was insufficient to support
subgroup analyses of intervention time and frequency;
®Considering that combination therapies may interfere
with the specific efficacy of defined interventions, it was
not possible to evaluate and analyze the various types of
combination therapies.
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Conclusions

This study included 24 articles and evaluated the effec-
tiveness of 14 non-drug interventions in alleviating thirst
in ICU patients. Current evidence shows that ice menthol
water spray is the most effective at reducing thirst levels
in ICU patients. Clinical nurses can choose appropri-
ate and personalized non-drug interventions to improve
patients’ thirst symptoms on the basis of their thirst lev-
els, consciousness, and condition. However, this result
still requires validation with a large sample size. Future
research should conduct direct comparisons between
different intervention methods to address the shortcom-
ings of indirect comparisons and provide more evidence-
based support for this research field.

Relevance to clinical practice

This study supports the use of non-pharmacological
interventions by healthcare professionals to alleviate
thirst symptoms in ICU patients, particularly the use of
ice peppermint water spray, and highlights the efficacy
of different non-pharmacological interventions. This
study can help ICU nurses choose appropriate non-
pharmacological interventions to improve patients’ thirst
symptoms in clinical practice. However, before applying
non-pharmacological interventions, especially the direct
drinking method, healthcare professionals need to con-
duct a comprehensive assessment of patients’ conscious-
ness, swallowing ability, and cough reflex.
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