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Purpose: Perioperative hypothermia is a common complication of general anesthesia, especially in older patients undergoing
transurethral resection of the prostate (TURP) or bladder tumors (TURB). Age-related thermoregulatory impairment increases
vulnerability to hypothermia, and large-volume irrigation during these procedures further elevates the risk. Preclinical and clinical
studies suggest that remimazolam may reduce perioperative hypothermia and shivering compared with volatile anesthetics. This study
compared remimazolam and sevoflurane on perioperative body temperature (BT) changes in older patients undergoing TURP or
TURB.

Patients and Methods: This prospective, randomized clinical trial enrolled 84 patients aged 65-85 years undergoing TURP or
TURB under general anesthesia. Patients were randomized to receive either remimazolam (n = 42) or sevoflurane (n = 42).
Preoperative tympanic temperature was measured immediately before induction, and intraoperative core BT was monitored with an
esophageal temperature probe. Postoperative BT was recorded using tympanic thermometry. The primary outcome was the incidence
of perioperative hypothermia (BT < 36.0°C). Secondary outcomes included intraoperative decrease in BT, incidence of profound
hypothermia (BT < 35.0°C), need for active warming in the PACU, postoperative nausea, vomiting and shivering, pain scores, and
perioperative hemodynamic variables.

Results: The change over time in BT in operating room was significantly different between 2 groups (P = 0.010). The remimazolam
group exhibited significantly smaller intraoperative reductions in core BT compared to the sevoflurane group (0.83 +0.38°C vs
1.08 +0.48°C, P=0.011). The incidence of profound hypothermia occurred in the sevoflurane group (17%) and was not observed in the
remimazolam group (0%) (P = 0.029). Significantly fewer patients in the remimazolam group required active warming in the PACU
(19% vs 40%, P = 0.032). Hemodynamic variables and postoperative shivering rates were comparable between the groups.
Conclusion: These findings suggest that remimazolam may offer thermoregulatory advantages in older surgical patients at high risk
for hypothermia.
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Introduction
Perioperative hypothermia is a common general anesthesia complication and is associated with numerous adverse
outcomes, including increased risks of surgical site infection, coagulopathy, delayed drug metabolism, prolonged
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hospitalization, and cardiovascular complications.' > Older patients are particularly vulnerable to hypothermia because of
their diminished thermoregulatory capacity, reduced metabolic rate, and decreased subcutaneous fat insulation.*>
Transurethral resection of bladder tumor (TURB) and transurethral resection of the prostate (TURP) are among the
most commonly performed urological procedures in older patients because of the high prevalence of bladder tumors and
benign prostatic hyperplasia in this age group.®’ Although minimally invasive, these procedures are often performed
under general anesthesia and involve continuous irrigation with large volumes of fluid. This can lead to significant
intraoperative heat loss, further compounding the risk of hypothermia in susceptible older patients.®®> Although spinal
anesthesia is widely used for transurethral resection surgeries, it may be technically difficult in older patients due to
vertebral deformities and degenerative changes.'® Previous work has also suggested potential advantages of general
anesthesia in older patients undergoing short transurethral procedures, reporting shorter induction and recovery times
compared to spinal anesthesia.'' In addition, transurethral resection requires large-volume irrigation fluid, and previous
study demonstrated that systemic absorption of irrigation fluid was significantly greater during spinal anesthesia than
during general anesthesia.'” In addition, other previous reports have demonstrated that bladder perforation is
a recognized complication of TURB performed under spinal anesthesia, largely due to obturator reflex.'® Although
obturator nerve block can reduce this risk, its efficacy is not absolute, and in cases of block failure, obturator jerks may
still occur, potentially leading to perforation. Therefore, general anesthesia was selected in the present study to minimize
technical difficulties, enhance patient safety, and allow direct comparison between remimazolam and sevoflurane.
Anesthetic agents also play a crucial role in thermoregulation. Most general anesthetics impair the central thermo-
regulatory response by reducing vasoconstriction and shivering threshold, making patients more prone to core tempera-
ture reduction.'* In contrast, midazolam exerts a relatively mild thermoregulatory suppression.'> Remimazolam, a novel
ultrashort-acting benzodiazepine, combines the cardiovascular stability of midazolam with a rapid onset and offset,
similar to propofol.'® Remimazolam undergoes organ-independent metabolism by tissue esterases, resulting in
a predictable onset and recovery profile even in older patients, with minimal accumulation.'” In contrast, volatile
anesthetics such as sevoflurane demonstrate an age-dependent reduction in the minimum alveolar concentration
(MAC), indicating increased pharmacodynamic sensitivity in older patients.'® In older patients, these pharmacodynamic
differences between two anesthetics may result in different perioperative thermoregulation during surgery compared to
younger adult patients. Although efficacy and safety of remimazolam have been demonstrated under procedural and
general anesthesia, its effects on intraoperative thermoregulation remain under explored. In animal experiments,
remimazolam suppressed shivering even after anesthesia, suggesting potential benefits in preventing postoperative
shivering.'” In addition, a randomized controlled trial in gynecologic laparoscopic surgery reported that remimazolam
use was associated with a significantly lower incidence of intraoperative hypothermia and postoperative shivering
compared with sevoflurane.”® Given its pharmacological profile, remimazolam may offer advantages in maintaining
core temperature in older patients during the surgery with a high hypothermia risk. We hypothesized that remimazolam
might be associated with a lower incidence of perioperative hypothermia and a reduced need for postoperative warming
interventions than sevoflurane in older patients. Therefore, this study aimed to compare the effects of remimazolam and
sevoflurane on intraoperative and postoperative thermoregulation in older patients undergoing TURB or TURP.

Materials and Methods

This prospective, randomized, controlled study was conducted at Gachon University Gil Medical Center from May 2023
to February 2025, following approval by the institutional review board of Gachon University Gil Medical Center
(GFIRB2023-073). This study was registered with the Clinical Research Information Service (CRIS) prior to patient
enrollment (registration no. KCT0008417). This study complies with the Declaration of Helsinki. Prior to the operation,
written informed consent was obtained from all patients. Patients aged 65 to 85 years classified as American Society of
Anesthesiologists (ASA) physical status 1 or 2 and scheduled for TURP or TURB under general anesthesia were eligible
for inclusion. Only individuals capable of reading and understanding the informed consent documents were enrolled. The
exclusion criteria were as follows: preoperative body temperature (BT) greater than 37.5°C or less than 36°C;
hemodynamic instability or respiratory failure; known hypersensitivity to study-related medications; anticipated difficulty
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with endotracheal intubation (eg, limited mouth opening, restricted cervical extension, or Mallampati class IV); morbid
obesity (body mass index >35 kg/m?); and total anesthesia duration (from induction to emergence) of less than 45 min.

The patients were randomized into 2 groups using a computer-generated randomization protocol: the remimazolam
and sevoflurane groups. No premedications were administered. Upon arrival at the preanesthetic room, the patients were
covered with a forced-air warming blanket, and after 5 min, the tympanic temperature and hemodynamic parameters
were measured.

Study Population, Randomization and Data Collection

A total of 84 older patients scheduled for TURB or TURP were randomized to receive either sevoflurane (sevoflurane
group, n = 42) or remimazolam (remimazolam group, n = 42). No patients were lost to follow-up or excluded from the
final analysis (Figure 1). Baseline characteristics included age, sex, body weight, height, type and duration of surgery,
volumes of intravenous and irrigating fluid, operating room temperature, and emergence time.

Anesthesia Induction

All patients underwent preoxygenation with 100% oxygen for 1 min. Standard monitoring, including electrocardiography,
noninvasive blood pressure measurement, and pulse oximetry, was performed. In the remimazolam group, patients received
intravenous administration of remimazolam at 6 mg/kg/h and fentanyl at 1 pg/kg. After loss of consciousness, rocuronium
was administered, a supraglottic airway (I-gel) was inserted. Endotracheal intubation was performed only when i-gel
placement failed or in patients with conditions known to make supraglottic airway insertion difficult, such as edentulous or
unstable dentition, cervical spine instability, high BMI, or upper airway abnormalities. An esophageal stethoscope with

[ Enrollment ] Assessed for eligibility (n = 86)

Excluded (n=2)
Not meeting inclusion criteria (n = 1)
Declined to participate (n = 1)

Y

A

Randomized (n = 84)

: ) .
[ Allocation )
Allocated to the sevoflurane group (n = 42) Allocated to the remimazolam group (n = 42)
¥ [ Follow-Up ] _
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)
- [ Analysis ]
Analyzed (n = 42) Analyzed (n = 42)
Excluded from analysis (n = 0) Excluded from analysis (n = 0)

Figure | Flowchart of patient allocation.
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temperature sensor was then placed. Anesthesia was maintained with remimazolam (1-3 mg/kg/h) and a continuous
infusion of remifentanil. In sevoflurane group, patients received propofol (1.5-2 mg/kg) and fentanyl (1 pg/kg) intrave-
nously. After loss of consciousness, rocuronium was administered, followed by I-gel insertion or endotracheal intubation, if
necessary. An esophageal stethoscope was then placed. Anesthesia was maintained using an infusion of sevoflurane and
remifentanil. Bispectral index (BIS) was continuously monitored using a BIS monitor (Covidien LLC, Mansfield, MA,
USA) placed on the forehead. The BIS score was maintained between 40 and 60 for all patients.

Temperature and Hemodynamic Monitoring

In the operating room, the tympanic temperature was recorded immediately before anesthesia induction. Core BT was
measured using an esophageal stethoscope at 5, 15, and 30 min after induction, and at the end of the operation. In the
postanesthetic care unit (PACU), the tympanic temperature was measured upon arrival and at 15, 30, and 45 min after
arrival and at discharge.

The following parameters were recorded in the PACU: vital signs, the presence of shivering, episodes of hypertension
or hypotension, postoperative nausea and vomiting (PONV), and numerical rating scale (NRS) pain scores. Active
warming was initiated if body temperature dropped below 35°C.

Hemodynamic parameters were recorded at the following time points: 5 min after arrival in the preanesthesia room;
immediately before induction; at 5, 30, 45, and 60 min after induction; at the end of the procedure; at 0, 15, 30, and
45 min after PACU arrival; and at PACU discharge.

Primary and Secondary Outcomes

The primary outcome measure was the incidence of perioperative hypothermia. Hypothermia was defined as core BT (an
esophageal or tympanic temperature) below 36.0°C at any point during the perioperative period. Secondary outcomes
included the difference in intraoperative core body temperature between the remimazolam and sevoflurane groups,
incidence of postoperative nausea and vomiting (PONYV), incidence of postoperative shivering, postoperative pain
intensity measured using the NRS in the PACU, and perioperative hemodynamic variables such as mean arterial pressure
and heart rate. These parameters were recorded at predefined time points before, during, and after the procedure.

Statistical Analysis

A previous study reported that the incidence of perioperative hypothermia in patients undergoing TURP or TURB was
approximately 54%.%' Assuming that a reduction of more than 50% in the incidence of hypothermia would be clinically
significant, we calculated the required sample size with a 2-sided a-level of 0.05 and a power of 80% (1-3 = 0.80). Based
on these assumptions, a minimum of 40 patients were required per group. To account for potential dropouts or protocol
violations, the total sample size was increased to 84 (42 per group).

All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS Inc., Chicago, Illinois,
USA) version 17.0. Continuous variables are expressed as mean + standard deviation (SD) and compared using the
independent #-test or Mann—Whitney U-test, as appropriate, based on the normality of distribution. Categorical variables
are presented as counts and percentages and compared using the chi-square test or Fisher’s exact test when the expected
frequencies were small. Changes in core BT over time were analyzed using repeated measures ANOVA. Interaction
effects between group and time were evaluated to assess the differences in temperature trends between the remimazolam
and sevoflurane groups. A P value < 0.05 was considered statistically significant.

Results
Baseline demographic and perioperative characteristics were not significantly different between the 2 groups (all P > 0.05)
(Table 1).

In the operating room, the change in BT over time differed significantly between the 2 groups (P = 0.010), and the
sevoflurane group showed a significantly lower BT at the end of the procedure than the remimazolam group. The BT decreased
significantly in both groups from before anesthesia induction (preoperative value) to 15 min after induction (P < 0.001)
(Figure 2). The mean difference from preoperative to the end of the procedure in BT (ABT) was significantly smaller in the
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Table | Patient Characteristics and Perioperative Clinical Data

Variables Sevoflurane (N = 42) | Remimazolam (N = 42) | P value
Age (yr) 737 £77 72.1x 54 0.183
Sex (M/F) 36/6 39/3 0.290
In preanesthetic room

Room temperature (°C) 20.8 + 1.05 21.1 £ 1.52 0.359

Body temperature (°C) 36.6 + 0.21 36.6 + 0.24 0.739
Type of procedure (n) 0.8I1

TURB/TURP 30/12 29/13
Weight (kg) 66.6 + 9.8 648 + 9.7 0.401
Height (cm) 163.5 £ 6.9 1649 £ 7.9 0.388
Emergence time (min) 79 £ 5.1 8332 0.074
Duration of anesthesia (min) 74.1 £ 35.1 71.8 £23.1 0.725
Operative time (min) 443 * 344 43.1 £222 0.836
Intravenous fluid (mL) 297 £ 175 281 £ 124 0.635
Irrigating fluid (L) 134 £ 154 132 = 10.1 0.922

Note: Values are mean * SD.
Abbreviations: TURB, transurethral resection of bladder tumor; TURP, transurethral resection of the prostate.

remimazolam group than in the sevoflurane group (0.83 £ 0.38°C vs 1.08 + 0.48°C, P = 0.011). Furthermore, the incidence of
profound hypothermia (body temperature 34.5-34.9°C) occurred only in the sevoflurane group (17%) and was not observed in
the remimazolam group (0%) (P = 0.029). A higher proportion of patients maintained intraoperative normothermia (=36.0°C)
in the remimazolam group (38% vs 21%) (Table 2). In addition, the changes in mean arterial pressure and heart rate over time
were not significantly different between the 2 groups (both P > 0.05) (Figure 3).
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Figure 2 Changes in core body temperature in the operating room during transurethral resection of the bladder or prostate in older patients. Error bars represent the
standard deviation. The change over time in body temperature was significantly different between 2 groups (P = 0.010). In both the sevoflurane and remimazolam groups,
body temperature decreased significantly 15 min after anesthesia induction (P< 0.001). *P <0.05, vs OPpre within the group; TP<0.05, vs sevoflurane group.
Abbreviations: OPpre, preoperative; IND5, INDI5, and IND30, 5, I5, and 30 min after anesthetic induction, respectively; OPend, end of the procedure.
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Table 2 Incidences of Hypothermia and Shivering During the Perioperative Period

Variables

Sevoflurane (N = 42)

Intra-operative period (in OR)

Normothermia (= 36.0°C) 9 (21%)
Mild hypothermia (35.5-35.9°C) 13 31%)
Moderate hypothermia (35.0-35.4°C) 13 (31%)
Profound hypothermia (34.5-34.9°C) 7 (17%)
ABT (°C) 1.08 + 0.48
Postoperative period (in PACU)
Hypothermia (< 36.0°C) on arrival 33 (79%)
Shivering (n) 1 (2%)
Needing rescue warming (n) 17 (40%)
Needing rescue medication (n) I (2%)

Remimazolam (N = 42) | P value
0.029
16 (38%)
14 (33%)
12 (29%)
0 (0%)
0.83 £ 0.38 0.011
26 (62%) 0.152
I (2%) 1.00
8 (19%) 0.032
0 (0%) 1.00

Note: Data are expressed as mean * SD or numbers of patients (%).
Abbreviations: OR, operating room; PACU, postanesthetic care unit; ABT, difference between preoperative and intraoperative
minimum body temperature.

In the PACU, the change in BT over time differed significantly between the 2 groups (P = 0.025), and the sevoflurane

group showed significantly lower BT upon arrival at the PACU and at 15 min after PACU arrival than the remimazolam

group. The BT increased significantly in both groups from PACU arrival to 45 min after arrival (P < 0.01) (Figure 4).

Upon arrival to the PACU, hypothermia (<36.0°C) was observed in 62% of patients in the remimazolam group and 79%

in the sevoflurane group, though this difference was not statistically significant (P = 0.152). Additionally, significantly

fewer patients in the remimazolam group required active warming in the PACU (19% vs 40%, P = 0.032). The incidence

of postoperative shivering was low and similar in both groups (2%). However, the need for rescue warming was

significantly lower in the remimazolam group (19%) than in the sevoflurane group (40%; P = 0.032). Only 1 patient

in the sevoflurane group required rescue medication for thermoregulation (P = 1.00) (Table 2).
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Figure 3 Changes in the mean arterial pressure and heart rate during transurethral resection of the bladder or prostate in older patients. Error bars represent the standard
deviation. The changes in mean arterial pressure and heart rate over time were not significantly different between the 2 groups (both P > 0.05).
Abbreviations: OPpre, preoperative; IND5, INDI5, and IND30, 5, I5, and 30 min after anesthetic induction, respectively; OPend, end of the procedure.
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Figure 4 Changes in core body temperature in the postanesthetic care unit (PACU) after transurethral resection of the bladder or prostate in older patients. Error bars
represent the standard deviation. The change over time in body temperature was significantly different between 2 groups (P = 0.025). In both the sevoflurane and
remimazolam groups, body temperature increased significantly from PACU arrival to 45 min after arrival (P< 0.01). Upon arrival at the PACU; PACUI5, PACU30, and
PCAUA4S: 15, 30, and 45 min after PACU arrival, respectively; discharge: at discharge from the PACU. *P<0.05, vs Arrival within the group; tP<0.05, vs sevoflurane group.

Discussion

This study demonstrated the effects of remimazolam and sevoflurane on perioperative thermoregulation in older patients
who underwent TURB or TURP. The key findings indicated that remimazolam anesthesia resulted in significantly better
preservation of the core BT throughout the perioperative period. Patients in the remimazolam group experienced
a smaller reduction in core BT intraoperatively, a lower incidence of profound hypothermia, and a decreased need for
postoperative active warming measures compared with those who received sevoflurane. These outcomes suggest that
remimazolam may offer meaningful thermoregulatory advantages in older surgical patients who are particularly vulner-
able to perioperative hypothermia and its associated complications.

Most anesthetic agents reduce the threshold for vasoconstriction and shivering in a dose- and drug-dependent manner,
thereby impairing the body’s ability to respond to cold stress and increasing the risk of hypothermia during anesthesia.”*~
** During general anesthesia, the core-to-peripheral thermal redistribution promotes redistribution hypothermia by
causing vasodilation and increasing peripheral heat loss, particularly during the early stages of anesthesia induction.?
Compared with volatile anesthetics, midazolam, an intravenous benzodiazepine, has been reported to exert a milder
influence on central thermoregulatory control, preserving the vasomotor tone to a greater extent.'”

Remimazolam is an ultra-short-acting benzodiazepine that is structurally related to midazolam and is designed to
offer rapid onset and recovery profiles.'® Previous studies have reported that remimazolam is associated with a higher
vasoconstriction threshold and shorter time to vasoconstriction onset, suggesting a potential advantage in preserving
thermoregulatory responses compared to other anesthetic agents.”® Although current evidence on the effects of remima-
zolam on thermoregulation remains limited and somewhat inconsistent, some clinical data indicate favorable outcomes.
For instance, during robotic or laparoscopic prostatectomy, remimazolam was shown to better preserve thermoregulatory
function than propofol, resulting in higher core BTs within 60 min after induction and a faster onset of vasoconstriction.*®
Similarly, in gynecologic laparoscopic surgery, remimazolam use was associated with a reduced incidence of intrao-
perative hypothermia and postoperative shivering compared with sevoflurane.?’ These findings support the hypothesis
that remimazolam may offer thermoregulatory benefits, possibly owing to its pharmacokinetic properties or differential
effects on central temperature regulation pathways. However, not all studies have consistently demonstrated these
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benefits. A study involving nasal procedures reported a higher incidence of hypothermia in patients receiving remima-
zolam than in those managed with inhalational anesthetics.?” This discrepancy may be attributed to differences in surgical
type, duration, ambient operating room temperature, or patient population, indicating that the thermoregulatory effects of
remimazolam may be context dependent.

In this study, the mean intraoperative decrease of BT (ABT) was significantly smaller in the remimazolam group than
in the sevoflurane group (0.83+0.38°C vs 1.08 +0.48°C, P=0.011), and profound hypothermia (<34.9°C) occurred
exclusively in the sevoflurane group. Additionally, a higher proportion of patients maintained normothermia (>36.0°C)
intraoperatively with remimazolam, and significantly fewer required active warming in the PACU. These findings not
only demonstrate a statistically significant difference but also have important clinical implications. Maintaining nor-
mothermia reduces the risk of surgical site infections, coagulopathy, delayed wound healing, and perioperative cardiac
events, particularly in older patients.'

Time-course analysis of the temperature change (Figure 2) further reinforced the superiority of remimazolam in
temperature preservation. Although both groups exhibited significant decreases in temperature following induction, the
remimazolam group consistently maintained higher core temperatures throughout the surgical procedure (P=0.010 for
interaction), suggesting a more stable thermoregulatory control. This observation supports the hypothesis that remima-
zolam causes less impairment of autonomic thermal defense mechanisms than sevoflurane.

Interestingly, despite differences in temperature trends and recovery profiles, both groups had similarly low inci-
dences of postoperative shivering (2%). This may be because of the relatively short operative time and anesthesia
(approximately 70 min), which limited the extent of hypothermia and allowed for prompt warming interventions.

This study had several limitations. First, the relatively short procedure time may have attenuated the differences in
thermoregulatory outcomes, especially in terms of complications, such as shivering or delayed recovery. Second, although
the study focused on older patients, a population at higher risk of hypothermia, the findings may not be directly general-
izable to younger or more diverse surgical populations. Third, prewarming was performed for only 5 minutes, which may
not be sufficient to fully prevent redistribution hypothermia. Previous evidence indicates that 15-30 minutes of prewarming
provides greater benefit in reducing perioperative hypothermia.?' Therefore, the relatively short prewarming duration in our
protocol should be considered when interpreting the results. Fourth, this study did not include a systematic assessment of
emergence delirium, which is an important concern in older patients. Although no patient required pharmacologic treatment
for agitation or confusion in the PACU, the lack of formal delirium evaluation represents a limitation and should be
addressed in future trials. This study was limited to a comparison of remimazolam- and sevoflurane-based general
anesthesia. We did not include a spinal anesthesia group, not only because spinal anesthesia is technically challenging in
older patients, but also because temperature measurement methods often differ between spinal and general anesthesia
studies, making direct comparison difficult. Another limitation is that patient-specific factors such as basal metabolic rate or
skin condition, which may also influence perioperative thermoregulation, were not included in our exclusion criteria. And
future studies could investigate their potential impact on perioperative body temperature regulation.

Despite these limitations, our results support the use of remimazolam as a favorable anesthetic option for older patients
undergoing procedures with a high risk of heat loss, such as those involving large-volume irrigation. Its ability to preserve core
temperature and reduce the need for postoperative warming may contribute to improved perioperative outcomes and a reduced
incidence of hypothermia-related complications. Future studies should explore the effects of remimazolam in longer and more
invasive procedures, including comparisons with other intravenous agents such as propofol or dexmedetomidine, and
investigate its potential benefits in broader clinical endpoints such as wound healing, recovery time, and patient satisfaction.
And future research directly comparing volatile-based general anesthesia, TIVA-based anesthesia, and spinal anesthesia would
be necessary to provide a more comprehensive understanding of perioperative thermoregulation in older patients.

Conclusion

In conclusion, remimazolam anesthesia resulted in significantly better preservation of the BT throughout the periopera-
tive period in older patients undergoing TURB or TURP. These findings suggest that remimazolam may offer meaningful
thermoregulatory advantages in older surgical patients who are particularly vulnerable to perioperative hypothermia and
its associated complications.

1818 ‘s Clinical Interventions in Aging 2025:20



Choi et al

Abbreviations

TURB, transurethral resection of bladder tumor; TURP, transurethral resection of the prostate; BT, Core body tempera-
ture; PACU, postanesthetic care unit; BIS, Bispectral index; PONV, postoperative nausea and vomiting; NRS, numerical
rating scale; SD, standard deviation; OR, operating room; ABT, difference between preoperative and intraoperative
minimum body temperature.

Ethics Approval

This study was conducted following approval by the institutional review board of Gachon University Gil Medical Center
(GFIRB2023-073). This study was registered with the Clinical Research Information Service (CRIS) prior to patient
enrollment (registration no. KCT0008417). This study complies with the Declaration of Helsinki.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This work was supported by the Gachon University research fund of 2023 (GCU-202309490001) and the research fund
of 2024 (GCU-202410230001).

Disclosure
No conflicts of interest are declared by the authors.

References

. Sessler DI. Mild perioperative hypothermia. N Engl J Med. 1997;336(24):1730-1737. doi:10.1056/NEJM199706123362407
Schmied H, Kurz A, Sessler DI, Kozek S, Reiter A. Mild hypothermia increases blood loss and transfusion requirements during total Hip
arthroplasty. Lancet. 1996;347(8997):289-292. doi:10.1016/50140-6736(96)90466-3
Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative maintenance of normothermia reduces the incidence of morbid cardiac events.
A randomized clinical trial. JAMA. 1997;277(14):1127-1134.
4. Ozaki M, Sessler DI, Matsukawa T, et al. The threshold for thermoregulatory vasoconstriction during nitrous oxide/sevoflurane anesthesia is
reduced in the elderly. Anesth Analg. 1997;84(5):1029-1033. doi:10.1097/00000539-199705000-00014
. Vaughan MS, Vaughan RW, Cork RC. Postoperative hypothermia in adults: relationship of age, anesthesia, and shivering to rewarming. Anesth
Analg. 1981;60(10):746-751.
6. Lin W, Pan X, Zhang C, Ye B, Song J. Impact of age at diagnosis of bladder cancer on survival: a surveillance, epidemiology, and end results-based
study 2004-2015. Cancer Control. 2023;30:10732748231152322. doi:10.1177/10732748231152322
7. Nakahira J, Sawai T, Fujiwara A, Minami T. Transurethral resection syndrome in elderly patients: a retrospective observational study. BMC
Anesthesiol. 2014;14:30. doi:10.1186/1471-2253-14-30
Blatteis CM. Age-dependent changes in temperature regulation - a mini review. Gerontology. 2012;58(4):289-295. doi:10.1159/000333148
. Cho J, Lee JM, Kim KM, Yon JH, Lee HS, Jun 1J. Effect of 10 minutes of prewarming and prewarmed intravenous fluid administration on the core
temperature of patients undergoing transurethral surgery under general anesthesia. Int J Med Sci. 2024;21(1):1-7. doi:10.7150/ijms.88943
10. Qu B, Chen L, Zhang Y, et al. Landmark-guided versus modified ultrasound-assisted Paramedian techniques in combined spinal-epidural anesthesia
for elderly patients with Hip fractures: a randomized controlled trial. BMC Anesthesiol. 2020;20(1):248. doi:10.1186/s12871-020-01172-x
11. Fredman B, Zohar E, Philipov A, Olsfanger D, Shalev M, Jedeikin R. The induction, maintenance, and recovery characteristics of spinal versus
general anesthesia in elderly patients. J Clin Anesth. 1998;10(8):623—630. doi:10.1016/s0952-8180(98)00099-3
12. Gehring H, Nahm W, Baerwald J, et al. Irrigation fluid absorption during transurethral resection of the prostate: spinal vs. general anaesthesia. Acta
Anaesthesiol Scand. 1999;43(4):458-463. doi:10.1034/1.1399-6576.1999.430415.x
13. Osman Y, Elawdy M, Taha DE, et al. Bladder perforation as a complication of transurethral resection of bladder tumors: the predictors,
management, and its impact in a series of 1570 at a tertiary urology institute. Int Urol Nephrol. 2023;55(9):2161-2167. doi:10.1007/s11255-
023-03638-6
14. Sessler DI. Temperature monitoring and perioperative thermoregulation.  Anesthesiology. 2008;109(2):318-338.  doi:10.1097/
ALN.0b013e31817f6d76
15. Kurz A, Sessler DI, Annadata R, Dechert M, Christensen R, Bjorksten AR. Midazolam minimally impairs thermoregulatory control. Anesth Analg.
1995;81(2):393-398. doi:10.1097/00000539-199508000-00032
16. Doi M, Morita K, Takeda J, Sakamoto A, Yamakage M, Suzuki T. Efficacy and safety of remimazolam versus propofol for general anesthesia:
a multicenter, single-blind, randomized, parallel-group, phase IIb/I1I trial. J Anesth. 2020;34(4):543-553. doi:10.1007/s00540-020-02788-6

N —

had

W

© ®

Clinical Interventions in Aging 2025:20 hetps: 1819


https://doi.org/10.1056/NEJM199706123362407
https://doi.org/10.1016/s0140-6736(96)90466-3
https://doi.org/10.1097/00000539-199705000-00014
https://doi.org/10.1177/10732748231152322
https://doi.org/10.1186/1471-2253-14-30
https://doi.org/10.1159/000333148
https://doi.org/10.7150/ijms.88943
https://doi.org/10.1186/s12871-020-01172-x
https://doi.org/10.1016/s0952-8180(98)00099-3
https://doi.org/10.1034/j.1399-6576.1999.430415.x
https://doi.org/10.1007/s11255-023-03638-6
https://doi.org/10.1007/s11255-023-03638-6
https://doi.org/10.1097/ALN.0b013e31817f6d76
https://doi.org/10.1097/ALN.0b013e31817f6d76
https://doi.org/10.1097/00000539-199508000-00032
https://doi.org/10.1007/s00540-020-02788-6

Choi et al

17.

18.

19.

20.

21.

22.
23.
24.
25.
26.

217.

Chae MS, Lee N, Koh HJ. Age-related response to remimazolam among older patients undergoing orthopedic surgery: a single-center prospective
observational study. Medicina. 2024;60(10):1616. doi:10.3390/medicina60101616

Cooter M, Ni K, Thomas J, et al. Age-dependent decrease in minimum alveolar concentration of inhaled anaesthetics: a systematic search of
published studies and meta-regression analysis. Br J Anaesth. 2020;124(1):e4—e7. doi:10.1016/j.bja.2019.09.036

Muroya K, Ueda K, Wada K, Kotoda M, Matsukawa T. Novel ultrashort-acting benzodiazepine remimazolam lowers shivering threshold in rabbits.
Front Pharmacol. 2022;13:1019114. doi:10.3389/fphar.2022.1019114

Lee C, Lee C, Lee H, Park J, Lim J, Kim H. The effect of remimazolam compared to sevoflurane on postoperative shivering in patients undergoing
laparoscopic gynecologic surgery under general anesthesia: a prospective randomized controlled trial. Medicina. 2023;59(3):578. doi:10.3390/
medicina59030578

Becerra A, Valencia L, Saavedra P, Rodriguez-Pérez A, Villar J. Effect of prewarming on body temperature in short-term bladder or prostatic
transurethral resection under general anesthesia: a randomized, double-blind, controlled trial. Sci Rep. 2021;11(1):20762. doi:10.1038/s41598-021-
00350-2

Rauch S, Miller C, Bréuer A, Wallner B, Bock M, Paal P. Perioperative hypothermia-a narrative review. Int J Environ Res Public Health. 2021;18
(16):8749. doi:10.3390/ijerph18168749

Sessler DI. Perioperative thermoregulation and heat balance. Lancet. 2016;387(10038):2655-2664. doi:10.1016/S0140-6736(15)00981-2

Kurz A. Effects of anesthesia on thermoregulation. Curr Anaesth Crit Care. 2001;12(2):72-78. doi:10.1054/cacc.2001.0328

Matsukawa T, Sessler DI, Sessler AM, et al. Heat flow and distribution during induction of general anesthesia. Anesthesiology. 1995;82
(3):662—673. doi:10.1097/00000542-199503000-00008

Lee C, Lee C, Lee J, Jang G, Kim B, Park S. Comparison of core body temperatures in patients administered remimazolam or propofol during
robotic-assisted and laparoscopic radical prostatectomy. Medicina. 2022;58(5):690. doi:10.3390/medicina58050690

Cho SA, Lee SJ, Kwon W, et al. Effect of remimazolam on the incidence of intraoperative hypothermia compared with inhalation anesthetics in
patients undergoing endoscopic nasal surgery: a prospective randomized controlled trial. /nt J Med Sci. 2024;21(13):2510-2517. doi:10.7150/
ijms.100262

Clinical Interventions in Aging Dovepress
Taylor & Francis Group

Publish your work in this journal

Clinical Interventions in Aging is an international, peer-reviewed journal focusing on evidence-based reports on the value or lack thereof of
treatments intended to prevent or delay the onset of maladaptive correlates of aging in human beings. This journal is indexed on PubMed Central,
MedLine, CAS, Scopus and the Elsevier Bibliographic databases. The manuscript management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published
authors.

Submit your manuscript here: https://www.dovepress.com/clinical-interventions-in-aging-journal

. Clinical Interventions in Aging 2025:20
1820 B X in O g


https://doi.org/10.3390/medicina60101616
https://doi.org/10.1016/j.bja.2019.09.036
https://doi.org/10.3389/fphar.2022.1019114
https://doi.org/10.3390/medicina59030578
https://doi.org/10.3390/medicina59030578
https://doi.org/10.1038/s41598-021-00350-2
https://doi.org/10.1038/s41598-021-00350-2
https://doi.org/10.3390/ijerph18168749
https://doi.org/10.1016/S0140-6736(15)00981-2
https://doi.org/10.1054/cacc.2001.0328
https://doi.org/10.1097/00000542-199503000-00008
https://doi.org/10.3390/medicina58050690
https://doi.org/10.7150/ijms.100262
https://doi.org/10.7150/ijms.100262
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Population, Randomization and Data Collection
	Anesthesia Induction
	Temperature and Hemodynamic Monitoring
	Primary and Secondary Outcomes
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Ethics Approval
	Author Contributions
	Funding
	Disclosure

