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Purpose: Intraoperative bradycardia is a recognized complication during radiofrequency (RF) rhizotomy for trigeminal neuralgia,
primarily related to the trigeminal—cardiac reflex. Dexmedetomidine is commonly used for its sedative and analgesic properties during
these procedures; however, its hemodynamic impact has not been well characterized. This study aimed to evaluate the association
between dexmedetomidine use and intraoperative bradycardia and to identify relevant clinical risk factors.

Patients and Methods: This retrospective observational study included 517 patients who underwent RF rhizotomy for trigeminal
neuralgia under monitored anesthesia care between August 2020 and December 2022. Patients were categorized into dexmedetomidine
(Dex) and non-dexmedetomidine (Non-Dex) groups. The primary outcome was intraoperative bradycardia, defined as a heart rate <60
beats per minute or the need for atropine. Secondary outcomes included atropine use, intraoperative heart rate distribution, and
anesthetic drug requirements. Multivariable logistic regression and age-stratified subgroup analyses were performed.

Results: Dexmedetomidine was administered in 331 patients (64.0%). Intraoperative bradycardia occurred more frequently in the Dex
group than in the Non-Dex group (59.8% vs 29.0%, p<0.001), with a higher incidence of atropine administration (18.1% vs 4.8%,
p<0.001). Dexmedetomidine use was independently associated with bradycardia (odds ratio [OR] 5.16; 95% confidence interval [CI]
2.57-10.39; p<0.001). Notably, dexmedetomidine significantly reduced intraoperative requirements for midazolam (median 0.038 vs
0.044 mg/kg/h; p<0.001) and propofol (median 0.73 vs 1.25 mg/kg/h; p<0.001). Younger age (OR 0.97 per year; 95% CI, 0.96-0.99;
p<0.001) and longer anesthesia duration (OR 1.04 per minute; 95% CI, 1.02—1.06; p<0.001) were additional predictors of bradycardia.
Age-stratified analyses revealed a more pronounced reduction in heart rate among younger patients (< 45 years) receiving dexmede-
tomidine, suggesting an age-dependent modulation of the bradycardic response.

Conclusion: Although dexmedetomidine use was associated with a higher incidence of intraoperative bradycardia, it provided
meaningful anesthetic benefits during RF rhizotomy, including significant sedative-sparing effects and reduced exposure to other
hypnotic agents. With appropriate monitoring and individualized dosing, particularly in younger patients, dexmedetomidine remains
a safe and valuable sedative option for trigeminal neuralgia procedures.
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Introduction

Radiofrequency (RF) rhizotomy, or RF ablation (RFA), is an established treatment for trigeminal neuralgia (TN) with
high success rates and significant pain relief for many patients.' > However, this procedure appears to be associated with
bradycardia in 12.5-25% of cases during the surgical procedure and anesthesia, primarily due to trigeminal-cardiac reflex
(TCR), which is characterized by sudden bradycardia due to enhanced parasympathetic activity. In addition, anesthetic
agents and techniques may also contribute to intraoperative bradycardia.*

Despite these hemodynamic challenges and potential TCR risks, previous literature has not comprehensively explored
anesthesia-related factors, including sedative medication selection, that might mitigate or aggravate these complications.
Prior studies on bradycardia during RF rhizotomy have largely focused on procedural or neurophysiological triggers,
such as foramen ovale puncture and thermal lesioning, with limited attention to the role of sedative choice or dosing
strategies in modulating hemodynamic responses. The expression and severity of the TCR may be influenced by
anesthetic depth, sedative class, and the degree of autonomic modulation. Furthermore, autonomic responsiveness and
vagal tone vary with age, and younger individuals may exhibit heightened parasympathetic reactivity that could amplify
bradycardic responses to both the TCR and sympatholytic agents.

Dexmedetomidine (DEX) is a highly selective a2-adrenergic agonist with significant analgesic,*’ sedative,® and sym-
patholytic properties.® It exerts its analgesic effect through activation of central a2-adrenergic receptors, particularly in the
spinal cord and brainstem.”'' This activation inhibits pain-related neurotransmitter release and enhances descending
inhibitory pathways.”'? Known for its opioid-sparing properties,'>*'* dexmedetomidine reduces postoperative opioid require-
ments and related side effects such as respiratory depression, nausea, and vomiting.'>~'” Compared with acetaminophen, it
provides greater postoperative analgesia and lowers opioid consumption.'® Furthermore, a systematic review and meta-
analysis have demonstrated dexmedetomidine as a viable opioid substitute in opioid-free anesthesia protocols,'” making it an
ideal anesthetic option during the RF rhizotomy procedures. Dexmedetomidine is particularly well-suited for the unique
biphasic sedation demands of RF rhizotomy. During the sensory stimulation phase, it provides cooperative sedation with
preserved airway patency and spontaneous respiration, allowing patients to remain responsive to verbal commands and report
paresthesia for accurate needle targeting. During the subsequent ablation phase, when deeper sedation is required, dexmede-
tomidine produces less respiratory depression than propofol or benzodiazepines at equivalent sedation depths, thereby
reducing the risk of airway compromise during the transition to unconsciousness. However, its sympatholytic profile carries
a distinctive risk of hemodynamic compromise that differs from the transient hypotension associated with propofol.

Nonetheless, clinicians must remain vigilant regarding potential hemodynamic adverse effects, particularly hypoten-
sion and bradycardia,'> which warrants investigation in the specific context of RF rhizotomy procedures for trigeminal
neuralgia. Dexmedetomidine, through its central sympatholytic action at the locus coeruleus, reduces sympathetic
outflow and may thereby amplify vagally mediated bradycardic responses triggered by trigeminal nerve manipulation.
Identifying anesthesia-related risk factors for bradycardia is of particular practical relevance in high-volume neurosurgi-
cal pain procedures, where individualized sedative selection and vigilant hemodynamic monitoring may substantially

improve patient safety.

Materials and Methods

Study Design

This retrospective observational study was conducted at Chiayi Chang Gung Memorial Hospital, a single center, between
August 2020 and December 2022. We reviewed the anesthesia records, and a total of 519 patients who underwent RF
rhizotomy were enrolled. Demographic and clinical data were collected from the hospital’s electronic medical and
anesthesia recording systems. This study was approved by the Institutional Review Board of the Chang Gung Memorial
Hospital, Taiwan (IRB No. 202401798B0). Given the retrospective and observational nature of this study, the require-
ment for individual informed consent was waived by the IRB. All patient data were de-identified prior to analysis to
ensure confidentiality. This study was conducted in accordance with the Declaration of Helsinki.
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Surgical Procedure

The surgical protocol comprised three sequential stages. The first stage involved localizing the trigeminal nerve using
intraoperative computed tomography (CT) and a navigation system (Brainlab AG, Munich, Germany). Subsequently, the
stimulation needle’s position was verified using sensory stimulation (50 Hz, 1 ms, 0-1 V) to elicit paresthesia, with
patient feedback ensuring proper targeting. Once needle placement was verified, RF rhizotomy was executed for
2-3 minutes, maintaining a tip temperature of 70°C to 90°C. A single surgeon performed all procedures.

Anesthesia Management

Sedation and analgesia were provided under monitored anesthesia care by a dedicated team of anesthesiologists. During the
first stage (CT-guided localization), sedation was initiated with either dexmedetomidine or midazolam at the discretion of the
attending anesthesiologist to maintain a Ramsay Sedation Scale (RSS) score of 2. Dexmedetomidine was administered
intravenously with a loading dose of 0.5-1.0 pg/kg over 10 minutes, followed by a maintenance infusion of 0.2—-1.0 pg/kg/h.
Alternatively, midazolam was administered as intermittent boluses of 1-2.5 mg until the target sedation level was reached.

Analgesia was provided using either alfentanil or fentanyl. Alfentanil was administered via a Target-Controlled
Infusion (TCI) system using the Scott model, targeting an effect-site concentration (Ce) of 30-80 ng/mL. Fentanyl was
administered in 50-pg boluses.

During the second stage (sensory stimulation test), supplementary sedation with midazolam or propofol boluses was titrated
to achieve an RSS score of 3, ensuring the patient remained cooperative and responsive to verbal commands. Additional
analgesics were administered as needed to maintain adequate pain control. Throughout the procedure, respiratory rate, chest
excursion, and oxygen saturation were continuously monitored. Airway patency was maintained via jaw thrust maneuvers when
necessary.

In the third stage (RF rhizotomy), prior to the onset of ablation, sedation was deepened to an RSS score of 6 (unresponsive
to stimuli) using additional sedative boluses. Atropine was administered if significant bradycardia (< 45 bpm) occurred.

Data Collection and Outcomes

Demographic and intraoperative data—including age, sex, anesthesia duration, heart rate and blood pressure changes,
and anesthetic drug usage—were collected from electronic medical and anesthesia records. The values of heart rate were
recorded every five minutes automatically by the anesthesia monitoring system or manually by nurses. The patients were
divided into two groups, which were the Dexmedetomidine (Dex) group and the Non-Dexmedetomidine (Non-Dex)
group depending on the administration of dexmedetomidine or not (Figure 1).

The primary outcome of this study was the occurrence of intraoperative bradycardia, defined as a heart rate of < 60
bpm or the administration of atropine during the procedure (Figure 1). This endpoint was selected to evaluate the
hemodynamic impact of sedative agents during RF rhizotomy under sedation.

The secondary outcomes included the incidence of atropine administration, intraoperative heart rate distribution, and
anesthetic drug requirements (propofol, midazolam, alfentanil, and morphine milligram equivalents). These parameters
were analyzed to further characterize the anesthetic and hemodynamic profiles associated with dexmedetomidine use.

Statistical Analyses
Continuous variables were assessed for normality using the Kolmogorov—Smirnov test and expressed as median with
interquartile range (IQR). Normally distributed data were analyzed using the independent ¢-test, while non-normally
distributed data were compared using the Mann—Whitney U-test. Categorical variables were presented as counts and
percentages and analyzed using the chi-square test or Fisher’s exact test, as appropriate.

The primary outcome, bradycardia, was defined as either a heart rate below 60 bpm or the administration of atropine
for hemodynamic support. Univariate logistic regression analyses were initially performed to identify potential predictors
of bradycardia. Variables demonstrating statistical significance (p < 0.05) or clinical relevance in the univariate analysis

were subsequently entered into a multivariable logistic regression model.
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Total patient enrolled
N =519

Excluded (n = 2)
m Missing data
m Equipment malfunction

[ Patients included

in analysis

N =517
Dex group Non-Dex group
n = 331 (64.0 %) n =186 (36.0%)

Prlmary outcome

Heart rate < 60 bpm Heart rate < 60 bpm
with or without atropine with or without atropine
n =198 (59.8%) n =54 (29.0%)

Figure | Study Flow Chart. A total of 519 patients were initially screened, and after applying exclusion criteria, 517 patients were included in the final analysis. Patients were
stratified into two groups based on dexmedetomidine administration: the Dex group (n = 331) and the Non-Dex group (n = 186). The primary outcome was intraoperative
bradycardia, defined as heart rate <60 bpm or the administration of atropine during the procedure.

To explore the interaction between age and dexmedetomidine on hemodynamic responses, subgroup analyses were
performed by stratifying patients into age groups (<45 years vs > 45 years). The distribution of intraoperative heart rates across
age and treatment subgroups was visualized using violin plots, which display both the probability density and individual data
points. Additionally, the relationship between age as a continuous variable and heart rate categories was examined using the
Mann—Whitney U-test. All statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). All
tests were two-tailed, and a p-value < 0.05 was considered statistically significant. Odds ratios (ORs) with 95% confidence
intervals (CIs) were reported for logistic regression analyses.

Results
Study Population

A total of 519 patients who underwent RF rhizotomy for trigeminal neuralgia under sedation were initially screened for eligibility
(Figure 1). One 89-year-old female patient was excluded due to missing body weight data, and another patient was excluded
because of equipment malfunction. After applying these exclusion criteria, 517 patients were included in the final analysis. In this
retrospective cohort of 517 patients undergoing trigeminal neuralgia procedures, 64.0% (n = 331) received dexmedetomidine.

Demographic Characteristics and Baseline Data

Demographic analysis (Table 1) showed a significant difference in gender distribution (p = 0.021), with 68.3% females in the non-
Dex group versus 58.0% in the Dex group. The median age (66.0 years [59.0-75.3] in non-Dex group vs 65.0 years [56.0-73.0] in
Dex group, p = 0.187) and median body weight (60.0 kg [52.0-70.0] vs 61.0 kg [53.0-70.0], p = 0.660) did not differ significantly
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Table I Demographic Characteristics of the Study Population Comparing Patients Who
Received Dexmedetomidine (Dex Group, n = 331) versus Those Who Did Not (Non-Dex

Group, n = 186)
Variables N (%)/Median (IQR)? Non-Dex Dex P-value
(n=186) (n=331)
Gender
Female 319(61.7%) 127(68.3%) 192(58.0%) 0.021*
Male 198(38.3%) 59(31.7%) 139(42.0%)
Age (years) 65.0(57.0-73.5) 66.0(59.0-75.3) | 65.0(56.0-73.0) 0.187
Body Weight (Kg) 61.0(53.0-70.0) 60.0(52.0-70.0) | 61.0(53.0-70.0) 0.660
Hypertension
None 369(71.4%) 133(71.5%) 236(71.3%) 0.960
Yes 148(28.6%) 53(28.5%) 95(28.7%)
Diabetes mellitus (DM)
None 476(92.1%) 169(90.9%) 307(92.7%) 0.446
Yes 41(7.9%) 17(9.1%) 24(7.3%)
Neuralgia 517(100.0%) 186(100.0%) 331(100.0%) -
Trigeminal neuralgia
None 507(98.1%) 182(97.8%) 325(98.2%) 0.752
Yes 10(1.9%) 4(2.2%) 6(1.8%)
Herpes Zoster
None 516(99.8%) 185(99.5%) 331(100.0%) 0.360
Yes 1(0.2%) 1(0.5%) 0(0.0%)
Pre-intervention VAS 8.0(7.0-8.3) 8.0(7.0-8.0) 8.0(7.0-8.0) 0.864
ECG abnormality®
None 455(88.0%) 163(87.6%) 292(88.2%) 0.845
Yes 62(12.0%) 23(12.4%) 39(11.8%)
Labetalol
None 513(99.2%) 184(98.9%) 329(99.4%) 0.621
Yes 4(0.8%) 2(1.1%) 2(0.6%)

Notes: *Data presented as n (%) or median (IQR). °If the patient had any type of AV block or bradycardia (<60/min)
identified in the preoperative examination, the ECG was classified as abnormal. *p < 0.05 indicates statistical significance.

Abbreviations: VAS, Visual Analogue Scale score used to assess pain intensity; ECG, electrocardiogram.

between groups. The prevalence of hypertension (28.5% vs 28.7%, p=0.960) and diabetes mellitus (9.1% vs 7.3%, p=0.446) was
comparable between groups. Preoperative VAS pain scores (median 8.0 [7.0-8.0] for both groups, p = 0.864) and postoperative
VAS scores (median 0.0 [0.0-2.0] for both groups, p = 0.296) were comparable (Table 2). The presence of abnormal preoperative

Table 2 Effects of Dexmedetomidine on Intraoperative Hemodynamics and Sedative Requirements

N (%)/Median (IQR)* Non-Dex Dex P-value
(n=186) (n=331)

Heart rate

=60 bpm 265(51.3%) 132(71.0%) 133(40.2%) <0.001*

<60 bpm without atropine 183(35.4%) 45(24.2%) 138(41.7%)

<60 bpm with rescue atropine 69(13.3%) 9(4.8%) 60(18.1%)
MME (mg/kg/hr) 0.27(0.19-0.35) 0.25(0.19-0.35) 0.27(0.19-0.35) 0.363
Midazolam (mg/kg/hr) 0.041(0.016-0.060) 0.044(0.030-0.063) | 0.038(0.000-0.058) | <0.001*
Propofol (mg/kg/hr) 0.93(0.52-1.40) 1.25(0.81-1.73) 0.73(0.32-1.19) <0.001*
Duration (min) 42(35-50) 40(35-47.3) 44(36-50) 0.011*
Post-intervention VAS 0.0(0.0-2.0) 0.0(0.0-2.0) 0.0(0.0-2.0) 0.296

Notes: *Data presented as n (%) or median (IQR). *p < 0.05 indicates statistical significance.
Abbreviations: MME, morphine milligram equivalent. VAS, Visual Analogue Scale score used to assess pain intensity.
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ECG was similar between groups (12.4% vs 11.8%, p = 0.845). Labetalol use was rare and comparable between groups (1.1% vs
0.6%, p=0.621).

Hemodynamic Changes and Anesthesia-Related Factors
The values of heart rate were recorded automatically every five minutes by the anesthesia monitoring system. The sudden
severe bradycardia would be rescued with atropine immediately, and thus the actual value of these heart rates may not be
captured in time by monitors or not be recorded by nurses exactly. These missing data of the exact lowest heart rate were
considered when interpreting the relationship between bradycardia and atropine use.

The incidence of intraoperative bradycardia (heart rate < 60 bpm) was significantly higher in the Dex group (59.8%,
n = 198) compared to the non-Dex group (29.0%, n = 54; p < 0.001) (Figure 1). Notably, 18.1% of patients in the Dex
group required atropine for bradycardia rescue, while only 4.8% did in the non-Dex group (p < 0.001) (Table 2).

Patients receiving dexmedetomidine required significantly lower doses of midazolam (0.038 [0.000—0.058] vs 0.044
[0.030-0.063] mg/kg/h; p < 0.001) and propofol (0.73 [0.32-1.19] vs 1.25 [0.81-1.73] mg/kg/h; p < 0.001). The median
morphine milligram equivalent (MME) was not significantly different between groups (0.27 [0.19-0.35] vs 0.25
[0.19-0.35] mg/kg/h, p = 0.363). The median anesthesia duration was significantly longer in the Dex group (44 minutes
[36-50] vs 40 minutes [35-47.3], p = 0.011).

Univariate and Multivariable Analysis of Factors Influencing Bradycardia
Table 3 revealed the risk factors associated with intraoperative bradycardia. The increased risk of bradycardia was
associated with male gender (OR 1.67; 95% CI, 1.17-2.38; p = 0.005), higher body weight (OR 1.02; 95% CI, 1.01-1.04;

Table 3 Univariate and Multivariable Logistic Regression Analyses of Factors Associated with
Intraoperative Bradycardia

Variables (Unit) N (%) Univariate Multivariable

OR (95% CI) | p-value | OR (95% CI) | p value
Gender-Female 319(61.7%) | |
Gender-Male 198(38.3%) 1.67(1.17-2.38) | 0.005* 1.07(0.68—1.68) 0.783
Age (years) 65.0(57.0-73.5) | 0.97(0.96-0.99) | <0.001* | 0.97(0.96-0.99) | <0.001*
Body weight 61.0(53.0-70.0) | 1.02(1.01-1.04) | 0.003* 1.02(1.00-1.04) 0.056
HTN-None 369(71.4%) | |
HTN-YES 148(28.6%) 0.82(0.56-1.21) 0.317 0.82(0.52-1.28) 0.376
DM-None 476(92.1%) | |
DM-YES 41(7.9%) 1.24(0.65-2.35) 0.512 1.55(0.73-3.28) 0.255
DEX-None 186(36.0%) | |
DEX-YES 331(64.0%) 3.64(2.48-5.35) | <0.001* | 5.16(2.57-10.39) | <0.001*
MME (mg/kg/hr) 0.27(0.19-0.35) | 0.99(0.88—I.11) 0.861 0.97(0.86-1.09) 0.611
Propofol (mg/kg/hr) 0.93(0.52-1.40) | 0.55(0.42-0.71) | <0.001* | 0.81(0.59-1.12) 0.206
N. of nerves treated® 2(1-2) 0.90(0.67—-1.21) 0.486 0.97(0.70-1.34) 0.847
Duration (min) 42(35-50) 1.04(1.03—1.06) | <0.001* | 1.04(1.02-1.06) | <0.001*
Normal ECG 455(88.0%) | |
Abnormal ECG 62(12.0%) 1.42(0.83-2.43) 0.197 1.87(1.02-3.40) 0.042%
Alfentanil-None 230(44.5%) | |
Alfentanil-YES 287(55.5%) 0.50(0.35-0.71) | <0.001* | 1.50(0.80-2.80) 0.208
Rescue midazolam-None 117(22.6%) | |
Rescue midazolam-YES 400(77.4%) 0.84(0.56-1.27) 0.404 1.87(1.00-3.47) 0.049%*
Labetalol-None 513(99.2%) | |
Labetalol-YES 4(0.8%) 1.05(0.15-7.53) 0.960 | 0.96(0.09-10.93) 0.976

Notes: *N. of nerves treated indicates the total number of trigeminal nerves treated during the procedure, including
unilateral or bilateral cases. *p < 0.05 indicates statistical significance.
Abbreviations: HTN, hypertension; DM, diabetes mellitus; DEX, dexmedetomidine; MME, morphine milligram equivalent.
Odds ratios (ORs) are presented with 95% confidence intervals (Cls).

6 https:

Drug Design, Development and Therapy 2026:20




Tang et al

Table 4 The Association of Age and Intraoperative Heart
Rate

Heart Rate P-value

260bpm (n=265) | <60bpm (n=252)

Age 67.2%12.1 62.3+14.2 <0.001*

Notes: Mann-Whitney U-test comparing age between patients with
intraoperative heart rate 260 bpm versus <60 bpm. Values are presented
as mean # standard deviation. * p < 0.05 indicates statistical significance.

p = 0.003), Dexmedetomidine use (OR 3.64; 95% CI, 2.48-5.35; p < 0.001), and longer anesthesia time (OR 1.04; 95%
CI, 1.03-1.06; p < 0.001). Conversely, the reduced risk of bradycardia was associated with older age (OR 0.97; 95% CI,
0.96-0.99; p < 0.001), higher propofol dosage (OR 0.55; 95% CI, 0.42—0.71; p < 0.001), and alfentanil use (OR 0.50;
95% CI, 0.35-0.71; p < 0.001).

Multivariable logistic regression identified dexmedetomidine use as the strongest independent predictor of bradycar-
dia (OR 5.16; 95% ClI, 2.57-10.39; p < 0.001). In addition, longer anesthesia duration (OR 1.04; 95% CI, 1.02—1.06; p <
0.001), and younger age were also independently associated with the occurrence of bradycardia. Gender (p = 0.783),
body weight (p = 0.056), hypertension (p = 0.376), diabetes (p = 0.255), MME (p = 0.611), propofol dosage (p = 0.206),
number of treatments (p = 0.847), alfentanil use (p = 0.208), and labetalol use (p = 0.976) were not independently
associated with bradycardia risk.

Association Between Age and Hemodynamic Effects of Dexmedetomidine During RF
Rhizotomy

The Mann—Whitney U-test (Table 4) revealed significantly higher mean age in patients with intraoperative heart rate > 60
bpm compared to those < 60 bpm (67.2+12.1 vs 62.3+£14.2 years, p < 0.001). Violin plots (Figure 2) were generated to
illustrate the distribution of intraoperative heart rate in these two groups, stratified by age (< 45 years and > 45 years). In
patients younger than 45 years, the Dex group demonstrated a wider and more inferiorly shifted heart rate distribution
compared with the non-Dex group. The density of values in the Dex group extended more prominently into the lower

heart rate range, whereas the non-Dex group showed a narrower distribution with a higher central tendency.

< 45 year-old > 45 year-old
1004 100
—~ 904 _ 904
c \/ c
‘E 80+ 'E 804
2 704 3 70
o 604 O 60
a a
o 50 o 504
- -
© 40 & 40-
£ 30- £ 30+ '
s 30 5 30
L)) L))
I 20+ T 20 [
10+ 10
0 1 I 0 I I
Non-Dex Dex Non-Dex Dex

Figure 2 Violin plot illustrating the distribution of intraoperative heart rates by dexmedetomidine use and age group. The plots display the probability density and individual
data points for heart rate distribution. In patients younger than 45 years, the Dex group demonstrated a wider and more inferiorly shifted heart rate distribution compared
with the Non-Dex group, with a more pronounced density in the lower heart rate range. In patients aged 45 years and older, both groups exhibited more compact
distributions, although the Dex group still showed a lower overall heart rate distribution.
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In patients aged 45 years and older, both groups exhibited more compact distributions relative to the younger cohort.
The Dex group still showed a lower overall heart rate distribution compared with the non-Dex group, though the degree
of separation between groups was less pronounced than in patients younger than 45 years.

Discussion

Bradycardia resulting from the trigemino-cardiac reflex (TCR) is an important consideration during radiofrequency (RF)
rhizotomy. This response is typically triggered by stimulation of the trigeminal nerve or its branches, leading to abrupt
hemodynamic changes including bradycardia, hypotension, or even asystole.

In a study of 40 patients, 25% experienced sudden decreases in heart rate: 15% during foramen ovale puncture, 5%
during electrical stimulation, and 5% during the heating phase.* A separate study involving 48 patients reported a 12.5%
incidence of bradycardia during foramen ovale puncture, accompanied by concurrent elevations in blood pressure and
heart rate.’

In this retrospective cohort study of 517 patients undergoing RF rhizotomy, we investigated the key factors associated
with significant bradycardia, particularly under deep sedation. Despite extensive research on the procedural aspects of
trigeminal interventions, the impact of anesthesia-related factors—particularly sedative medication selection—has not
been comprehensively explored. Our study addresses this knowledge gap by examining how different sedative and
analgesic agents influence hemodynamic stability during these procedures.

The use of dexmedetomidine was associated with a significant reduction in the dosage of midazolam or propofol.
Patients who received dexmedetomidine required markedly lower doses of midazolam (median 0.038 [0.000—0.058] vs
0.044 [0.030-0.063] mg/kg/h, p < 0.001) to achieve the adequate hypnotic depth, and the dosage of propofol was
significantly lower compared to the non-Dex group (0.73 [0.32-1.19] vs 1.25 [0.81-1.73] mg/kg/h; p < 0.001). This
hypnotic-sparing effect of dexmedetomidine may be particularly valuable in elderly patients or those with comorbidities
who are at higher risk for adverse events related to propofol and midazolam. Dexmedetomidine emerged as a significant
factor in our analysis, with administration associated with a fivefold increase in the risk of intraoperative bradycardia.
However, this medication also demonstrated substantial clinical benefits.

While our univariate analysis showed alfentanil was associated with reduced bradycardia risk (OR 0.50, 95% CI: 0.35-0.71,
p <0.001), this association was not maintained in the multivariable model (OR 1.50, 95% CI: 0.80-2.80, p = 0.208), suggesting
complex interactions between dexmedetomidine, opioids, and hemodynamic regulation.

In the univariate analysis, higher propofol dosage appeared to be associated with a reduced risk of bradycardia (OR
0.55; 95% CI, 0.42-0.71; p < 0.001). However, this association was attenuated and no longer statistically significant in
the multivariable model (OR 0.81; 95% CI, 0.59—1.12; p = 0.206). This finding likely reflects a confounding relationship
between propofol and dexmedetomidine use rather than a true protective effect. Specifically, patients receiving dexme-
detomidine required significantly lower doses of propofol as part of the sedative-sparing interaction. Therefore, the
inverse association between propofol dosage and bradycardia observed in the univariate analysis is best interpreted as
a surrogate marker for the absence of dexmedetomidine rather than an independent hemodynamic benefit of propofol.

The synergistic mechanism underlying our findings can be understood as a dual-pathway convergence on vagal output.
The TCR, mediated via afferent trigeminal signals to the brainstem vagal nucleus, produces parasympathetic-driven
bradycardia. Dexmedetomidine, through o2-adrenergic—mediated inhibition of sympathetic outflow from the locus coer-
uleus, diminishes the compensatory sympathetic response that would normally counterbalance vagal surges. The net effect
is an amplified and potentially sustained bradycardic response during trigeminal nerve manipulation. It should be noted that
the hemodynamic effects of dexmedetomidine are highly dependent on the administration rate, and the loading dose phase
may contribute disproportionately to the observed bradycardic events.

The patient age may act as a modifying factor influencing the cardiac response to dexmedetomidine. While both Dex
subgroups showed a substantial reduction in heart rate, the characteristics of the low-end distribution differed in the violin plot.
Specifically, the Dex subgroup in the younger cohort (< 45 years) exhibited extreme bradycardia, with the heart rate
distribution extending towards 0 bpm and displaying a very high density in the severely bradycardic range. This profound
lower tail may imply a more dramatic heart rate reduction or greater inter-individual variability in response to dexmedeto-
midine among younger patients. In contrast, although the older Dex subgroup (= 45 years) also had a low median heart rate
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(approximately 56 bpm), the violin plot shape in the bradycardic range appeared more centrally concentrated, suggesting that
while heart rate reduction occurred, the incidence of the most extreme low heart rates may have been comparatively less
variable. These visual distinctions indicate that the severity or the specific pattern of dexmedetomidine-induced bradycardia
could be age-dependent.

The results indicated that age may play a role in hemodynamic responses during trigeminal procedures. Younger
patients were more prone to developing transient bradycardia during RF rhizotomy, as shown in our results and
consistent with previous research.’ Conversely, elderly patients undergoing percutaneous balloon compression (PBC)
for trigeminal neuralgia are at a higher risk of severe TCR due to decreased physiological reserve and comorbidities.?'
This age-dependent susceptibility highlights the need for individualized anesthetic approaches based on patient demo-
graphics and treatment strategies, eg. RFA or PBC.

These findings highlight the importance of careful monitoring and potential prophylactic measures when administer-
ing dexmedetomidine, especially in younger patients undergoing procedures with potential for TCR activation. Our study
suggests that age-adjusted dosing protocols may be necessary to optimize safety while maintaining the beneficial
sedative-sparing effects of dexmedetomidine, particularly in procedures involving the trigeminal nerve where TCR
may compound bradycardic effects. Identifying these patient-specific and anesthesia-related factors that contribute to
hemodynamic events is essential for optimizing perioperative care and reducing the risk of complications during
trigeminal neuralgia procedures.

The sedative-sparing benefits of dexmedetomidine—including significant reductions in propofol and midazolam
requirements—must be carefully weighed against the increased risk of clinically significant bradycardia, particu-
larly in younger patients who demonstrate the most pronounced hemodynamic effects. These findings support
several practical considerations: dose titration strategies that favor lower loading doses in younger patients,
enhanced hemodynamic monitoring with continuous heart rate trending during the TCR-prone phases of the
procedure, and ensuring the immediate availability of atropine or glycopyrrolate. However, given the retrospective
nature of this study, these recommendations should be regarded as hypothesis-generating rather than prescriptive.

Several limitations of this study merit acknowledgment. The non-randomized assignment of dexmedetomidine,
based on the attending anesthesiologist’s discretion, introduces the possibility of confounding by indication. Although
multivariable adjustment was performed to mitigate this bias, residual confounding from unmeasured variables cannot
be fully excluded. Our composite definition of bradycardia—encompassing both heart rate < 60 bpm and atropine
administration—combines an objective physiological measurement with a clinical treatment decision that may vary
among individual anesthesiologists. This approach, while clinically pragmatic and inclusive, may introduce some
heterogeneity in outcome classification. Additionally, transient severe bradycardic episodes occurring between auto-
mated 5-minute recording intervals may not have been captured, potentially leading to underestimation of bradycardia
severity. This measurement limitation is inherent to retrospective analysis of routine anesthesia monitoring data. As
a single-center study, the internal consistency of anesthetic protocols and surgical technique (performed by a single
surgeon) enhances the internal validity of our findings. However, the generalizability of these results to centers with
different anesthesia practices, patient populations, or procedural protocols may be limited, and multicenter validation is
warranted.
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