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Abstract: Objective: To evaluate the effect of temperature protection on anesthesia recovery quality in patients undergoing
general anesthesia surgery. Methods: A systematic search was conducted in databases for RCTs on the effect of temperature
protection on recovery quality in general anesthesia, and literature was included for meta-analysis. Differences between the study
group and the control group in awakening time, extubation time, stay in recovery room, agitation, and shivering were analyzed.
Results: 13 studies were included. The awakening time in study group was lower than that in the control group (MD = -8.08
min, 95% CI: -8.57 to -7.60), extubation time in study group was lower than that in control group (MD = -11.99 min, 95% CI:
-12.89 to -11.09), stay in recovery room of study group was shorter than that of control group (MD = -7.13 min, 95% CI: -8.13 to
-6.13). Incidence of agitation in study group was lower than that in control group (OR = 0.36, 95% CI: 0.22 to 0.61), incidence
of shivering in study group was lower than that in control group (OR = 0.29, 95% CI: 0.18 to 0.45). Conclusion: Temperature
protection has a good effect on improving recovery quality in general anesthesia surgery and provides a guarantee for safety.
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1. Introduction

General anesthesia involves the infusion of anesthetic drugs into the body through respiratory tract, intravenous, or other
routes, aiming to achieve muscle relaxation, sedation, analgesia, and suppression of intraoperative stress, thereby ensuring
the successful completion of surgical procedures "', Due to factors such as intraoperative bleeding, exposure, environment,
and irrigation, patients under general anesthesia are prone to developing hypothermia **. Hypothermia not only affects
the patient’s internal environment, increases the risk of intraoperative infection and the need for blood transfusion, but also
impairs the normal breakdown of anesthetic drugs, leading to delayed emergence or agitation, and reducing the quality of
anesthetic recovery . Poor quality of anesthetic recovery may exacerbate cardiovascular burden, triggering aspiration
and hypoxemia”. Temperature protection is a nursing method that maintains normal core body temperature through
thermal insulation measures during the perioperative period, thereby preventing hypothermia in patients. Temperature

protection can regulate patients’ perioperative body temperature and prevent the adverse effects of hypothermia'®.
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Currently, temperature protection is used in general anesthesia surgery, but its impact on the quality of anesthetic recovery
is controversial. Some researchers support that temperature protection can improve the quality of anesthetic recovery in
patients undergoing general anesthesia surgery . However, other researchers believe that temperature protection methods
such as air insulation have limited effects on the quality of anesthetic recovery and do not produce significant results
% Therefore, this study conducts a meta-analysis on the impact of temperature protection on the quality of anesthetic
recovery in patients undergoing general anesthesia surgery, aiming to provide evidence-based support for the application
of temperature protection.

2. Materials and methods

2.1. Literature search

This study adhered to the PRISMA 2020 statement. By searching RCTs on the impact of body temperature protection
on the quality of anesthesia recovery in patients undergoing general anesthesia surgery in Chinese and English databases
such as CNKI, VIP, Wanfang, Cochrane Library, PubMed, Wiley, and Embase, with a search timeframe from the

29 ¢,

establishment of the databases to February 2026. The search terms included “body temperature protection,” “warming,”

LR INT3

“general anesthesia,” “anesthesia recovery,” “Body temperature protection,” “Warming,” “General anesthesia,” and
“Anesthesia recovery.” The search was conducted using a combination of subject headings and free-text terms. The CNKI
search formula was (subject = “body temperature protection” + “heat preservation” + “intraoperative heat preservation”
+ “active heat preservation” + “air warming” + “warming blanket” + “body temperature management”) AND subject =
“general anesthesia” + “general anesthesia” AND text = “anesthesia recovery” + “recovery quality” + “recovery period”
OR text = “extubation time” OR text = “PACU” + “anesthesia monitoring unit,” with the document type set to “research
paper”; PubMed search formula ((“anesthesia, general’[MeSH] OR “general anesthesia”[All Fields]) AND (“Regulation,
Body Temperature”[MeSH Terms] OR “Active Warming”[All Fields] OR “temperature protection” [All Fields] OR
“Intraoperative Warming”’[ All Fields] OR “Temperature Management”[All Fields] OR “Inflatable Warming Blankets”[All
Fields] OR “forced-Air Warming”[All Fields]) AND (“Delayed Emergence from Anesthesia”’[MeSH Terms] OR
“awakening”[All Fields] OR “emergence”[All Fields] OR “recovery”[ All Fields] OR “Anesthesia recovery” [All Fields])
OR (“Airway Extubation”’[MeSH Terms] OR “extubation”’[All Fields] OR “extubation time”[All Fields]) OR (“Length of
stay”’[MeSH Terms] AND “PACU”[AIl Fields] OR “PACU stay”[All Fields]) OR (“emergence delirium”[MeSH Terms]
OR “agitation”[All Fields] OR “restlessness”[All Fields]) OR “shivering”[MeSH Terms]) AND (“randomized controlled
trial”’[Publication Type] OR “randomized controlled trials as topic”[MeSH Terms] OR “randomized controlled trial”[All
Fields] OR “randomised controlled trial’[All Fields] OR ((“random allocation”[MeSH Terms] OR (“random”[All Fields]
AND “allocation”’[All Fields]) OR “randomized”[All Fields] OR “random allocation”’[ All Fields] OR “random”[All Fields]
OR “randomisation”[All Fields] OR “randomize”[All Fields] OR “randomizations”[All Fields] OR “randomizing”[All
Fields] OR “randomizes”[All Fields]) AND “controlled”’[All Fields] AND (“studies”[All Fields] OR “study”’[All Fields]
OR “studys”[All Fields])) OR “RCTs”[All Fields] OR “prospectively”[All Fields] OR (“prospective”[All Fields])).

2.2. Methods

2.2.1. Inclusion criteria and exclusion criteria

Inclusion criteria: (1) All were RCTs; (2) The study subjects were patients undergoing general anesthesia surgery, not local
anesthesia or regional anesthesia, aged > 18 years, with a surgery duration of < 6 hours "'"’; (3) Intervention strategies:
The control group received conventional interventions, including passive cotton blankets, surgical bed blankets, and other
conventional insulation measures, without receiving any active insulation measures; the study group adopted temperature
protection, with temperature protection measures being active warming, using warming devices such as warming blankets
and air warming devices, with a core body temperature of > 36°C, and the lowest temperature monitoring time point

was upon entering the resuscitation room, where core body temperature was monitored; (4) Outcome indicators: Time to

-184-



2026 Volume 11, Issue 4

recovery, time to extubation, duration of stay in the resuscitation room, agitation, and shivering.

Exclusion criteria: (1) Literature for which the full text cannot be obtained; (2) Duplicate literature; (3) Literature
with incomplete data or data that cannot be converted; (4) Other types of research, such as animal experiments, systematic
reviews, mechanistic studies, conferences, etc.

2.2.2. Literature screening and data extraction

Two individuals independently handle the literature screening task and verify the screening results. For controversial
literature, a third individual collaboratively evaluates it. After eliminating duplicate literature, the initial screening is
conducted by reviewing the titles and abstracts, followed by a full-text reading to determine which literature to include.
Data is independently extracted by two individuals and stored in Excel. In case of any questionable data, it is resolved
through consultation with the third individual. The extracted information mainly includes the first author, year, sample size
(study group/control group), research subjects, and intervention methods (divided into control group intervention and study
group intervention, i.e., the insulation methods and equipment used).

2.2.3. Quality evaluation

The quality of the included literature was assessed using the Cochrane Bias Tool (RoB) version 1.0, encompassing 7 items
across 6 domains: randomization method, allocation concealment, incomplete data, blinding, selective reporting, and other
biases. The assessment results were categorized into three types: high risk, unclear, and low risk. In the randomization
method item, if a specific random allocation method such as random number table was used, it was considered low risk; if
the randomization method was not specifically described, it was considered unclear; otherwise, it was considered high risk.
In allocation concealment, if methods such as sealed envelopes or central randomization were used, it was considered low
risk; if researchers could predict patient allocation, it was considered high risk. In incomplete data, if the overall dropout
rate was < 5% or withdrawal due to outcome-related factors, it was considered low risk; if the overall dropout rate was
> 20% or there was an imbalance between groups, it was considered high risk. In blinding of patients and caregivers, if
blinding was successfully implemented, it was considered low risk; if blinding was not implemented and the outcome
was subjective, it was considered high risk; otherwise, it was considered unclear. In the blinding of outcome assessment,
if the assessment personnel were blinded to the allocation and the outcome was objective, it was considered low risk; if
blinding was not implemented and the outcome was subjective, and the assessment personnel participated in the nursing
intervention, it was considered high risk; otherwise, it was considered unclear. The selective reporting item assessed the
completeness of reporting of the primary outcome, while other biases mainly assessed whether the study had other biases
such as baseline imbalance. If there was a baseline imbalance, it was considered high risk; if baseline characteristics were
similar, it was considered low risk.

2.2.4. Statistical methods

All data were analyzed using RevMan 5.3. Dichotomous variables were combined using logarithmic forms, with OR as
the effect measure, and continuous variables were analyzed using MD as the effect measure, listing the estimates and
95% Cls. Heterogeneity analysis was conducted using the Cochrane Q test. P < 0.10 and I’ > 50% indicated significant
heterogeneity. If there was no significant heterogeneity, a fixed-effects model could be used; otherwise, a random-effects
model could be applied for analysis. Subgroup analysis was conducted to explore possible factors. Sensitivity analysis
was performed using the one-by-one exclusion method, where each original study was sequentially excluded and meta-
analysis was redone to observe changes in OR values and 95% Cls. If the direction of effect and significance remained
unchanged after excluding any study, the results were considered robust. Funnel plots and Egger’s test were used to
analyze publication bias in the studies. The quality of evidence was assessed using the GRADE evidence level. If no data

were available, authors were contacted via email for information. If no response was received, the study was excluded.
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3. Results

3.1. Literature screening process and results
A total of 394 articles were initially retrieved, and 13 articles were included after screening, as shown in Figure 1.

Literatures were obtained from databases (n=394) CNKI (n=92),
Wanfang (n=84), VIP (n=48), PubMed (n=83), Wiley (n=24), Embase
(n=27). and Cochrane Library (n=36)

|

After removing duplicates, 370

documents were obtained

|

Reading titles and abstracts for initial

Read titles and abstracts to exclude
literature (n=346)

Read the full text and rescreen the
literature (n=24)

screening (n=370)

Excluding low-quality ones (n=1)
Other types (n=9)

hd

Final included ]ileramteJ

Incomplete data (n=1)
(n=13)

Figure 1. Literature screening process

3.2. Literature characteristics and quality evaluation
The overall quality of the 13 articles is good, all of which are medium to high-quality. The risk of bias in the articles is
shown in Figures 2 and 3, and the basic characteristics are presented in Table 1.

Table 1. Basic characteristics of literature

S 1 Control Out
First author Year al.np ¢ Research subject Research group intervention .on ro gr.oup utcome
size intervention measure
Multi-mode body t tu .
Cho J ¥ 2024 24/25 transurethral surgery i-moce body tempetatire routine care B3. ®

protection

Patients undergoi 1
ahents undergomg corplex Inflatable warming blanket for

Chen Lanping ™ 2024 76/76 trauma surgery un.der general body temperature protection routine care ©)
anesthesia
. . Multi-mode enhanced . Q. @,
Xu Peng ! 2020  200/200 general anesthesia patient u m oce e.:n ance routine care 0.2 @
insulation )
Zhang Zhengt Multi-mode enhanced bod
ang I 5]eng M 2023 60/60 general anesthesia patient (irmode erance . o routine care D, @
temperature protection
Michele C'® 2024 20/20 Total hip arthroplas Preoperative forced air heating routine care 3
p arthroplasty + whole-body blanket
Patient: d i ti . . . N N N
Pan Y 2025  40/40 atients undergoing resection temperature blanket insulation routine care 0, 6. @
for endometrial cancer ®
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S 1 Control Out
First author Year al.np € Research subject Research group intervention .on ro gr.oup utcome
size intervention measure
Luo MJ™ 2025 3131 Patients .undergoing Multi-mode cont.inuous active routine care ®. @. ®
laparoscopic gastrectomy warming
Han Xinping " 2022 43/43 laparoscopic surgery air heating routine care @, %\ @,
. G 1 thesia abdominal . .
Huang Weibo 290 2022 41/40 eneral anestesia abdomina inflatable thermal blanket routine care D. . @
surgery
Jae LBV 2021 61/59 General anesthesia elective Forc'ed air h?ater f9r war@ing routine care ®. @
surgery during the induction period
G logical 1 i . . . .
Lee S 2020 25/26 yrecologicd’ laparoseopic Air heating device routine care
surgery
23] . . . traditional
Chen R 2026 59/59 thoracoscopic surgery Closed-loop heating device
management
Shim J &4 2024  32/34  Percutaneous nephrolithotomy Forced air heater routine care @, @

Note: (D Time to regain consciousness; (2 Time to extubate; 3) Duration of stay in resuscitation room; @ Shivering events; ) Agitation
events
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Figure 2. Percentage of risk of bias in included studies
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Figure 3. Bias risk assessment diagram of included literature

3.3. Outcome indicators meta-analysis

3.3.1. Time to regain consciousness, extubation time, and duration of stay in the resuscitation room

Four studies reported on the time to recovery (344 cases in total), with the study group exhibiting a shorter time to recovery
compared to the control group, and the difference being statistically significant (MD = -8.08 min, 95% CI: -8.57 to -7.60),
with no significant heterogeneity (I’ = 4%), as shown in Figure 4A. Four studies reported on the time to extubation (332 cases
in total), with the study group exhibiting a shorter time to extubation compared to the control group, and the difference being
statistically significant (MD = -11.99 min, 95% CI: -12.89 to -11.09), with no significant heterogeneity (I = 0%), as shown
in Figure 4B. Eight studies reported on the duration of stay in the resuscitation room (355 cases in total), with the study
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group exhibiting a shorter duration of stay in the resuscitation room compared to the control group, and the difference
being statistically significant (MD = -7.13 min, 95% CI: -8.13 to -6.13), with significant heterogeneity (I’ = 93%), as

shown in Figure 4C.

Experimental Control Mean Difference Mean Difference
_Study or Subgroup  Mean SO0 Total Mean SD Total Weight IV, Fixed, 95% C1 IV, Fixed, 95% Cl
REE2022 1625 282 B0 2434 311 B0 198%  -200}947,-7.01) -
2020 1646 295 200 2431 398 200 G42%  -TAS18.45-729] L
BRER 2022 186 244 43 3086 326 43 157% -000[1022,-7.79) -
EiRE2022 4468 2137 41 5605 2801 40 02% -11.37[2234,-050
Total [95% CI) 344 343 1000%  -B.08[-8.57, -7.60] L]
Heterogeneiy: Chi= 311, di=3 (P = 0.38); F= 4% = = : P P
A Testforoverall efflect 2= 32.89 (F < 0.00001) Favours [axperimental] Favours [control]
Expenmental Control Mean Difference Mean Difference
Study of Subgroup  Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fisced, 95% C
Luo MJ2025 1181 807 31 2268 644 31 48% -1087[14.98 -6.76
SREEI0I2 2425 A11 60 3632 552 60 224% 1207 F12.97,-1017) —-
2020 28435 539 200 363 552 200 F2I% -1205[1311,-10.89] |
EiEg0I2 4772 M1 41 5890 2800 40 07%  -11.35[(22.11,-0.39)
B Towl@swcn 332 33 100.0% -11.99[-12.89,-11.09] *
Heterogenelty: Chi = 0.32, df= 3 (P = 0.06); F= 0% 20 _1‘-0 5 1=0 2;‘0
Testfor overall effect: 2= 26.11 (P = 0.00001} Favours [experimental] Favours [control
Expenmental Control Mean Difference Mean Difference
5 i Mean SD a Mean AN i il IV, Fixed, 955 IV, Fixed, 95% C1
Chen R2028 4485 1225 58 482 13 58 48% -1.35[5.91,3.21] -1
Cho J2024 361 BE 24 3O B X5 521% -0.B0 [5.18, 358 T
Jag H201 4177 1137 B #8112 1061 58 64% 065 [-3.28, 4.58] -
Michele ©2024 7084 1438 20 10376 3BT 10 0.3% -32092[5019,-1569)
Pan Y2025 32 5B 40 3TE 49 40 188% 360 [-5.91,-1.29] -
Shim J2024 4529 621 32 4829 TT4 M 8T% -4.00 [-7.38, -0.62) =
B2 E2024 6086 973 TE 2437 M3 TE  36% -2341[28.68,-18.14] —
BRI 022 2508 278 43 3484 3T 43 521%  -GT76[11.14,-B3f ]
¢ Total {95% CI) 155 56 100.0%  TAI[LA3, 647 +
Heterogenaity, Chi*= 100,65, df= 7 (P < 0,00001); "= 93% o g % =
Testfor overall efect 2= 13.99 (F < 0.00001)

Favours [experimental] Favours [control]

Figure 4. Forest plots of wake-up time, extubation time, and recovery room stay time for two groups

3.3.2. Restlessness and shivering during the anesthesia recovery period
Four studies reported the incidence of agitation events, and eight studies reported the incidence of shivering events. The
incidence of agitation and shivering in the study group was lower than that in the control group, with statistically
significant differences (OR = 0.36, 0.29, 95% CI: 0.22-0.61, 0.18-0.45). There was no significant heterogeneity (I’ = 7%),

as shown in Figure 5.

Favours [experimental]

Experimental Control (Odds Ratio (Odds Ratio
_H, Fi cl M-H, Fixed, 95% CI
Luo MJ2025 9 N ] 3 173% 0.08 [0.01, 0.69]
Pan Y2025 1] 40 2 40 4.9% 018 [0.01, 4.09]
@m2020 0 200 38 00 B8.0% 047 [0.26, 0.85] ——
SRR 2022 1 43 5 43 87%  018[002 162 - -
Total (95% CI) 314 314 100.0% 0.36 [0.22, 0.61] -
Total events s 54 ) ) ) )
A Heterogeneity Chi®= 324, df=3 (F=036);F=7% 0 b1 0'1 1 ‘IID 160
Testfor overall effect Z= 3.80 (P = 0.0001) Favours [experimental] Favours [control]
Experimental Control Odds Ratio Odds Ratio
—Study or Subgroup _Events  Total Events Total Weight M-H, Fixed, 95% CI M:H, Fixed, 95% CI
Jas H2021 5 61 5 59 6.0% 0.96 [0.26, 3.52] _
Lee S 1 25 8 26 Q6% 009[001,08Y] —
Luo MJ2025 1 Ell 1 3 123% 007[001,059 ————
Pan Y2025 1 40 8 40 948% 010[0.07, 086 -
Shim J2024 4 32 12 3 120%  0.26[0.07 093] e —
wHE2020 10 200 24 200 294%  0.39[0.18 083 —
2022 2 43 B 43  7.3% 030008 1.58 —
Effiz022 4 4 1 40 128% 0.29 [0.0F, 0.99] I
Total (95% CI) 473 473 100.0%  0.29[0.18, 0.45] s
Total events 28 o4 . ) ) )
Heterogeneity: Chi*=7.54, df=7 (P=0.37), "=7% T f ! !
B Test for overall effact Z= 5.40 (P < 0.00001) 0.01 01 10 100

Favours [control]

Figure 5. Forest plots of agitation and shivering events (A: agitation; B: shivering)
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3.3.3. Subgroup analysis

Due to heterogeneity, subgroup analysis was conducted on the duration of stay in the recovery room based on surgical type
and type of temperature protection measures. Subgroups were divided based on surgical type into laparoscopic
surgery, trauma, and orthopedic surgery, and based on temperature protection measures into air warming group, inflatable
thermal blanket group, and multi-modal thermal management group. In the laparoscopic surgery subgroup (5 studies), the
I’ for the duration of stay in the recovery room was 0%; in the trauma and orthopedic surgery subgroup (2 studies), the I’
was 6%, with all I’ values < 50%. Surgical type can be considered as the source of heterogeneity for the duration of stay in
the recovery room; whereas in the air warming group (3 studies), inflatable thermal blanket group (2 studies), and multi-
modal thermal management group (2 studies), the I* values were 93%, 98%, and 92%, respectively, with all I values >
50%. Temperature protection measures do not contribute to the heterogeneity in the duration of stay in the recovery room,
as shown in Figure 6.

Expenmental Control Mean Differance Mean Differance
Study or Subgroup Mean S0 Total Mean SD Total Woeight IV, Random, 95% CI IV, Random, 95% CI|
3.6.1 laparoscopy surgery
Chen R2026 4485 12125 59 462 13 58 181% -1.36 [5.91,3.21] e
Chion J2024 6.1 B6 4 369 B9 5 1821% -0.80 [-5.18, 3.50] e
Pan Y2025 342 56 a0 are 449 40 19.4% =360 [-5.91,-1.28] -
Shim J2024 4529 B 37 49729 774 34 188% -4.00 |-7.38,-00632] -
BEFTF 2022 508 278 43 z4m4 3T o Mot estimable
Subtotal {%5% Cl) 188 158 T4.5% -3.02 [-4.65, -1.39] .

Hetarogenelty: Tau®= 0.00; Ch*=2.07, df= 3 (P = 0.56), = 0%
Testfor overall effect: 2= 363 (P = 0.0003)

3.6.3 Trauma and orthopaedic surgery

Michele G2024 7084 1436 20 10376 367 20 A0% -3202[5010.-1568
T 2024 BOBE 979 76 8427 213 76 175% -23.41 [26.68,-16.14] ——
Subtotal {95% CI) 26 96 25.5% -24.46 [-30.31,-16.62] -

Heterogeneity: Tau?= 2.78, Chif= 1.07, df= 1 (P = 0.30), F= 6%
Testfor overall effect: 2= 8.20 (F < 0.00001)

Total (95% CI) 294 254 100.0%  -B.58[14.91,.2.25] -

Helerogeneity Tau®= §2.37; Chi* = B4 67, 6= 5 (P = 0.00001); F= 92%
A Testfor overall effect: 2= 266 (P = 0.008)

Test for subaroun diferences: Chi"= 47 85 d7= 1 (P < 0.00001).F= 97.9%

20 -0 0 10 20
Favours [experimental] Favours [control]

Expenimental Control Mean Difference Mean Difference
Study of Subgroup  Mean S0 Total Mean SD_Total Weight IV, Randoin, 95% Cl IV, Random, $5% C1
3.7.1 forced air warming
Jag H2021 T 1137 81 4142 1061 59 155% 065 [-3.28, 4.58] T
Shim J2024 4529 61 32 4929 T4 34 159% -4.00 [-7.38,-0.62] =
BhEiE2022 508 278 43 3484 37 43 169%  -9T76[11.14, -B36] -
Subtotal (95% CI) 136 136 48.3% -4.57 [110.92, 1.78] -

Hatarogenaity Taw®= 28.03, Chi*= 3019, df= 2 (P = 0.00001), F= 93%
Test for overall effect: 2= 1 41 (P = 0.18)

3.7.2 air_heated blankets

Pan Y2015 Mr 56 40 3FE 49 40 166% 360 [591,-1.29] -
52024 6086 979 76 9427 M3 76 144% -2341[-2068,-18.14] —
Subtatal (95% CI) 116 16 309% 1336 [32.77, 6.05] e

Heterogeneity, Tau®= 181 81, Chf= 4555 df=1 (P = 0,00001); 7= 8%
Testfor overall effect 2= 1.35 (F=0.18)

3.7.3 Multimodal warming

ChoJ2024 361 BE 24 368 6.9 25 151% -0.80 [-5.18, 2.58] -1
Michele C2024 7084 1436 20 10376 367 20 56% -320892[-5019,-1568
Subtotal (95% CI) 44 45 20, -15.73[-47.13,15.67] e —

Hetarogenaity Tauw®= 474 53, Chi*= 1248 df=1 (P = 0.0004); F= 92%
Test for overall effect: 2= 1098 (P =033)

Total (95% C1) 206 207 1000% .11 [-13.07,-3.15] -
Heterogeneity Taw®= 37.33; Chi®= 0417, df=6 (P = 0.00001); F=94% k t +

B testtoroveral effect 2= 3.20 (P = 0.001) -0 25 5 6l
Testfor subaroun diferences: ChiF=1.11. df= 2 (P = D.57). F= 0% Favaurs [experimental] Favours [control]

Figure 6. Subgroup analysis (A: subgroup analysis by surgical type, B: subgroup analysis by warming method)

3.4. Sensitivity analysis

The sensitivity analysis results indicated that the meta-analysis outcomes exhibited good robustness. The effect size
values for time to wakefulness, extubation time, duration of stay in the resuscitation room, shivering, and agitation did
not significantly differ when analyzed using both random-effects and fixed-effects models, suggesting that the pooled
results of the studies were generally reliable. After eliminating any study one by one, the direction and significance of the

-189-



2026 Volume 11, Issue 4

pooled effect sizes for each outcome indicator remained unchanged. The pooled effect size ranges for time to wakefulness,
extubation time, duration of stay in the resuscitation room, agitation, and shivering were -7.91 to -8.28, -11.84 to -12.05,
-4.59 t0 -8.39, 0.12 to 0.46, and 0.30 to 0.37, respectively, indicating good robustness (all P < 0.05).

3.5. Publication bias

Regarding the analysis of biases for the outcome indicators, including time to consciousness (Figure 7A), extubation time
(Figure 7B), duration of stay in the resuscitation room (Figure 7C), shivering (Figure 7D), and agitation (Figure 7E),
although some funnel plot points deviate from the median, there was no publication bias as determined by the Egger test
(P> 0.05). See Figure 7 and Table 2.
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Figure 7. Funnel plot
Table 2. Egger test results
Factor Egger test
Wake-up time 0.308
Extubation time 0.271
Duration of stay in the recovery room 0.839
Shivering 0.082
Agitation 0.091
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3.6. GRADE evidence level results

According to the GRADE evidence level assessment, among the five outcome indicators, the quality of evidence for
recovery time and agitation is moderate, mainly due to the lack of blinding, while the other three indicators have high-

quality evidence.

4. Discussion

This study, through meta-analysis, reveals that the study group exhibited shorter recovery time, extubation time, and
duration of stay in the resuscitation room, as well as lower incidences of shivering and agitation compared to the control
group. This indicates that temperature protection is effective in enhancing the quality of anesthesia recovery in patients
undergoing general anesthesia surgery. The analysis in this study confirms the hypothesis that, compared to conventional
passive interventions, active temperature protection can prevent shivering and cerebral vasospasm caused by hypothermia,
reduce the risk of cerebral hypoxia in patients, protect the nervous and cardiovascular systems during the perioperative
period, alleviate damage to brain functional areas, and shorten extubation time **. Additionally, temperature protection
can maintain the normal metabolic rate of general anesthetic drugs in the body, avoiding increased recovery time due to
residual anesthetic drugs **. The data from this study support clinicians in incorporating active temperature protection
measures during general anesthesia surgery to ensure the quality of anesthesia recovery for patients.

However, there is heterogeneity in the analysis of duration of stay in the recovery room in this study, which may be
due to differences in the types of surgeries, warming methods, duration of surgery, and types of anesthetic drugs among
different studies. The warming methods included in this study are air warming, inflatable warming blankets, and multi-
mode warming, and different warming methods may also contribute to heterogeneity. In terms of surgical types, Chen
et al. " studied patients undergoing complex trauma surgery, Pan et al."'” included patients undergoing endometrial

. . . 16
cancer resection, while Michele "%

conducted a trial on total hip replacement surgery. The difficulty, operational process,
and duration of different surgeries vary, which may be the cause of heterogeneity. Patient comorbidities and types of
anesthetic drugs may also be potential factors contributing to heterogeneity. However, due to the wide variety of general
anesthetic drugs and the fact that patients in different studies may have various comorbidities, subgroup analysis was not
conducted. Taking into account the influence of these factors, this study conducted a subgroup analysis on indicators with
heterogeneity and found that surgical type may be the source of heterogeneity. This study has certain limitations. On the
one hand, although all included literature are of medium to high quality, there are only 13 articles, and some studies did
not provide means and standard deviations. Some data were estimated through indirect methods, which may affect the
precision of the effect size. On the other hand, although the Egger test showed no publication bias, due to the small sample

size and the exclusion of results from gray literature such as conference abstracts, there may still be potential bias.

5. Conclusion

In summary, body temperature protection can enhance the quality of anesthesia recovery in patients undergoing general
anesthesia surgery. It is recommended to adopt multiple modes of insulation measures, such as air warming and inflatable
warming blankets, for body temperature protection. However, the surgical procedures and intervention strategies included
in the literature reviewed in this study vary. More high-quality studies can be conducted in the future to better analyze the
advantages of body temperature protection and the differences in its effects across different surgeries.
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