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Background: Radiofrequency thermocoagulation (RFT) of the trigeminal ganglion is an excellent
treatment option for medically intractable trigeminal neuralgia. However, this procedure can
manifest abrupt changes in cardiovascular responses. With abrupt cardiovascular changes, a
sudden trigeminocardiac reflex can occur during RFT of the trigeminal ganglion.

Objectives: The primary endpoint of this study was to identify the critical point at which RFT
causes abrupt hemodynamic response changes. The secondary endpoint of this study was to
evaluate the occurrence of the trigeminocardiac reflex.

Study Design: Retrospective design.
Setting: An interventional pain management practice in The Republic of Korea (South Korea).

Methods: Forty patients who received trigeminal ganglion RFT under C-arm guidance due to
intractable facial pain were included. We checked and recorded the blood pressure and heart rate
at baseline (before RFT), immediately before and after entering the foramen ovale (FO), during
electrical stimulation, during thermal heating, and 30 minutes post-RFT. Also, we recorded the
presence or absence of the trigeminocardiac reflex during RFT.

Results: Heart rate during thermal heating increased more than 20% compared to baseline (87.6
beats/min vs 69 beats/min, P< 0.001). The mean arterial pressure showed an increase of more than
15% compared to baseline when the cannula entered the FO (106.4 mmHg vs 90.9 mmHg, P <
0.001) and during thermal heating (106.3 mmHg vs 90.9 mmHg, P < 0.001). Sudden bradycardia
was observed in 25% (10/40) of the patients. Among 10 patients who showed sudden bradycardia,
it was observed when the cannula entered the FO (15%, 6/40), during electrical stimulation (5%,
2/40), and during heating (5%, 2/40).

Limitations: This study included 40 patients who received trigeminal ganglion RFT, which is a
low number to clarify the real incidence of the trigeminocardiac reflex during RFT.

Conclusion: FO puncturing, electrical stimulation, and thermal heating demonstrated an abrupt
increase in heart rate and mean arterial pressure. The incidence of sudden bradycardia during
RFT of the trigeminal ganglion was 25%. Most cases of bradycardia were observed during FO
puncturing.
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rigeminal neuralgia (TN) is the most common
disabling cranial neuralgia among the elderly
population. The recently reported incidence
of TN in the Republic of Korea (South Korea) was

100.21/100,000; the men to women ratio was 1:2.14
(1). The characteristic clinical features of TN include a
recurring electric-like shock and stabbing pain in the
divisions of the trigeminal nerve (1,2).
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Carbamazepine has been advocated as an initial
treatment for TN. However, 10%-15% of TN cases
demonstrate a minimal response to this therapy, with
various side effects including hepatic toxicity, cardiac
conduction block, dizziness, skin rash, and loss of co-
ordination (1,3). Radiofrequency thermocoagulation
(RFT) of the trigeminal ganglion is an alternative op-
tion for patients whose pain is intractable or who show
serious adverse effects to medication. The reported
success rate of RFT ranges from 80% to 97%, although
symptoms of TN can recur even after RFT (4,5).

RFT targeting the trigeminal ganglion is chal-
lenging even for experienced pain physicians. Due
to technical difficulties, this procedure can manifest
abrupt cardiovascular response changes. RFT of the
trigeminal ganglion always requires puncturing the
foramen ovale (FO), electrical stimulation, and finally,
thermal heating. Among the procedure steps of RFT,
puncturing the FO and thermal heating can lead to a
significant increase in blood pressure and heart rate (6).
With abrupt hemodynamic changes, a sudden trigemi-
nocardiac reflex can occur during RFT of the trigeminal
ganglion. The trigeminocardiac reflex can cause serious
bradycardia or even sinus arrest (6-9). Uncontrolled
hypertension and sudden trigeminocardiac reflex can
lead to unwanted serious complications during RFT
(8,9).

The primary endpoint of this study was to identify
the critical point at which RFT causes abrupt hemo-
dynamic response changes. The secondary endpoint
of this study was to evaluate the occurrence of the
trigeminocardiac reflex.

METHODS

Patients

This study was designed retrospectively after the
approval of our institutional review board (2022-01-
082). Patients who received trigeminal ganglion RFT
under C-arm guidance due to intractable facial pain
in spite of taking medication and ultrasound-guided
nerve block were included. Patients were enrolled from
February 2018 through March 2022. Before RFT, all
patients were treated with carbamazepine (400 mg/d)
and ultrasound-guided supraorbital, infraorbital, or
mental nerve block.

A diagnosis of TN was made according to the beta
version of the Third Edition of the International Clas-
sification of Headache Disorders (ICHD3-beta) (10). A
magnetic resonance imaging study was conducted on

all patients to identify any vascular compression or tu-
mor around the trigeminal ganglion. Before inclusion,
patients with uncontrolled hypertension, medically in-
tractable arrhythmia, or secondary TN were excluded.
Patients who received trigeminal ganglion RFT for a
condition other than TN were also excluded.

We used Clinical Data Warehouse v 2.5 (CDW, Planit
Healthcare) to identify patients who received trigemi-
nal ganglion RFT under the diagnosis of TN using the
key words “trigeminal neuralgia and radiofrequency.”

Intravenous Anesthesia and Hemodynamic
Changes Monitoring

RFT was performed with the patient under light
sedation in order to avoid severe pain and anxiety dur-
ing the procedure. Initially, intravenous midazolam at
0.02 mg/kg and sufentanil 5 ug were used to maintain
light sedation so that the patient could cooperate and
answer during electrical stimulation. If patients com-
plained of severe pain during RFT of the trigeminal
ganglion, additional midazolam and sufentanil were
injected. Electrocardiography, pulse oximetry, and
blood pressure were measured during the entire RFT
procedure and for 30 minutes after the completion of
RFT. Oxygen (3 L/min) was supplied using a facial mask.

According to our previous experiences with RFT of
the trigeminal ganglion and a previous report on hemo-
dynamic changes during RFT (6), we assumed that the
critical points at which abrupt hemodynamic changes
are manifested are immediately before and after en-
tering the FO, during electrical stimulation, and during
thermal heating. Therefore, we routinely checked and
recorded the changes in blood pressure and heart rate
at baseline (before RFT), immediately before and after
entering the FO, during electrical stimulation, during
thermal heating, and 30 minutes after the completion
of RFT. Also, we recorded the presence or absence and
the timing of the appearance of the trigeminocardiac
reflex during RFT. A heart rate less than 50 beats/min
was considered to be bradycardia.

RFT Procedure

In order to facilitate visualization of the FO, the pa-
tient was placed supine with the neck extended and chin
up. If the patient was confirmed to be in supine with
neck extension, the FO was searched for using a C-arm
with caudal tilting 30°-35° and with a right or left side
ipsilateral oblique rotation of 15°-20°. After clear visual-
ization of the FO, skin infiltration with 1% lidocaine was
done 2-3 cm lateral to the angle of the lips.
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We used an RF cannula of 22G, 10 cm, and a 2-mm
or 5-mm active tip. After identifying the clear location
of the FO, the cannula was advanced into the center
of the FO using a tunnel view. When it was thought
that the cannula reached just in front of the FO in the
lateral view, nicardipine one mg or sufentanil 5 pg was
injected to minimize the increase in blood pressure.

After successfully entering the FO, the cannula was
advanced until the junction and beyond the petroclival
line in the case of maxillary (V2) and ophthalmic (V1)
division of the trigeminal nerve, respectively (Figs. 1A,
1B). In case of TN of the mandibular (V3) division, the
cannula was advanced 2-3 mm further just after enter-
ing the FO, but it was not advanced until the junction
of the petroclival line (Fig. 1C). If a patient had facial
pain of both the maxillary and mandibular divisions,
thermal heating was performed initially at the location
of the maxillary division. Subsequently, the cannula
was withdrawn slightly to perform additional thermal
heating at the mandibular division.

Once the cannula was determined to be in the
proper position according to the lateral view of the
C-arm, electrical stimulation ranging from 0.1 V-0.3 V
at 50 Hz was applied as the next step. We asked pa-
tients if the electrical sensory stimulation was felt at
the original site of the facial pain. If an inadequate or
weak electrical sensory stimulation was felt on the face,
the cannula was moved slightly under C-arm guidance
according to the effect of the stimulation. If success-
ful electrical stimulation was obtained in the maxillary
or mandibular area of the face, thermal heating was
performed once at 70°C-75°C for 60 seconds.

After finishing the RFT procedure, the patient was

moved to a recovery room and vital signs were moni-
tored. After resting for at least an hour, the patient
was checked for possible side effects of intravenous
anesthesia and RFT. If the patient was fully awake with
stable vital signs, that patient was discharged under
the aid of a guardian.

Statistics

Values are presented as the mean (SD) or number
of patients (%). A repeated measure of analysis of vari-
ance (ANOVA) was used to compare the mean values
of heart rate and mean arterial pressure between
baseline and critical points (before and after entering
the FO, during electrical stimulation, and during ther-
mal heating). Demographic data and the incidence of
bradycardia were analyzed using the y? test. P < 0.05
was considered to be statistically significant. Statistical
evaluations were performed using SPSS version 22.0
(IBM Corporation).

REsuLTs

Forty patients who received RFT of the trigeminal
ganglion were evaluated. Thirty patients and the re-
maining 10 patients received RFT using 5 mm and 2 mm
active tip, respectively.

Thirty-nine patients (39/40, 97.5%) reported pain
relief of 85%-100%, whereas one patient had only
minimal pain relief after RFT. There were no serious
cardiovascular or cerebrovascular complications.

The number of women patients was slightly higher
than men patients (Table 1).

Significant changes in heart rate and blood pres-
sure were found after entering the FO, during electri-

V2 (B),and V3 (C).

Fig. 1. Lateral fluoroscopic image showing the position of the radiofrequency cannula in the trigeminal division of V1 (A),
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cal stimulation, and during thermal heating (Figs. 2A,
2B).The heart rate during thermal heating showed
an increase of more than 20% compared to baseline
(87.6 beats/min vs 69 beats/min, P < 0.001, Fig. 2A). An
increase in heart rate was also observed after entering
the FO and during electrical stimulation; however, the
degree of increase was attenuated compared to that
after thermal heating (Fig. 2A).

The mean arterial pressure was increased by more
than 15% compared to baseline when the cannula en-
tered the FO (106.4 mmHg vs 90.9 mmHg, P < 0.001, Fig.
2B) and thermal heating (106.3 mmHg vs 90.9 mmHg,
P < 0.001, Fig. 2B). An increase in mean arterial pres-
sure was also observed during electrical stimulation,
although this was attenuated compared to the time
points of after entering the FO and during thermal
heating (Fig. 2B).

Sudden bradycardia was observed in 25% (10/40)
of patients. Among the10 patients who showed sudden
bradycardia, it was observed when the cannula entered

Table 1. Demographic data and affected trigeminal branch.

Age (years) 64.8 +13.7
Gender (M/W) 19 (38.8%)/21(42.9%)
Body mass index (kg/m?) 255+3.7
Trigeminal branch

V1 1(2.5%)

V2 17 (42.5%)

V3 14 (35.0%)

V1+V2 2(5.0%)

V2+V3 6 (15.0%)

Total 40 (100%)

Values are mean (SD) or number of patients.

(L2 1

Fig. 2. Changes in heart rate (A) and mean arterial
pressure (B) at baseline, before puncturing the foramen
ovale, after puncturing the foramen ovale, electrical
stimulation, heating, and 30 min after radiofrequency
thermocoagulation. * P < 0.001.

the FO (15%, 6/40), during electrical stimulation (5%,
2/40), and during heating (5%, 2/40) (Table 2). All pa-
tients who experienced bradycardia recovered after an
injection of atropine (0.4 mg) or temporary suspension
of the RFT procedure for 5-10 seconds.

DiscussioN

This study clearly demonstrates the possibility
of an abrupt increase in heart rate and mean arte-
rial pressure during FO puncturing, during electrical
stimulation, and during thermal heating. However,
cardiovascular changes during electrical stimulation
were more attenuated compared to those observed
during FO puncturing and thermal heating. A previous
study (6) also demonstrated that increases in heart rate
and mean arterial pressure during electrical stimulation
were not statistically significant compared to the values
of prestimulation. In this study, we used an opioid and
midazolam before and during the RFT to minimize an
abrupt increase in cardiovascular changes. Despite this,
thermal heating caused an increase in heart rate and
mean arterial pressure by at least 20% and 15%, respec-
tively, implying that more active measures should be
taken to prevent such dramatic cardiovascular changes.

Since most patients diagnosed with TN are elderly
(1), TN is often accompanied by serious comorbidities,
such as neurovascular or cardiovascular disease. In-
deed, a recent case report (11) described hemodynamic
management during gasserian ganglion rhizotomy in
a patient with an aneurysm of the anterior commu-
nicating artery. The patient was successfully managed
with the use of nicardipine (11). If a patient with TN
has a cerebral aneurysm as a comorbidity, inadequate
management of abrupt hemodynamic changes during
RFT can cause fatal complications.

An intravenous drip of sodium nitroprusside (0.5
pg/kg/min) during trigeminal ganglion compression
could prevent dramatic elevation of systolic blood pres-

Table 2. Incidence and timing of occurrence of sudden
bradycardia.

Bradycardia
Baseline 0 (0%)
Before foramen ovale puncturing 0(0%)

6/40 (15%)
2 /40 (5%)

After foramen ovale puncturing

Electrical stimulation

Heating 2 /40 (5%)
30 min after procedure 0 (0%)
Total 10/40 (25%)
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sure compared to a control group (7). However, such
use of sodium nitroprusside could not prevent brady-
cardia (7). Most RFT or compression of the trigeminal
ganglion is performed under intravenous sedation
anesthesia or even general anesthesia (12). We believe
that sedatives and opioids currently used during in-
travenous anesthesia may be insufficient to minimize
abrupt hemodynamic changes, suggesting that active
use of antihypertensive medications should be consid-
ered. Further study is required to identify the most suit-
able antihypertensive medications and actual dosage
to prevent abrupt hemodynamic changes. A previous
study (13) suggested that arterial hypertensive re-
sponses triggered by thermal heating of the trigeminal
ganglion and roots cannot be attenuated by elevating
doses of analgesic medication.

The RFT of the trigeminal ganglion causes serious
pain during FO puncturing and thermal heating. A
previous study demonstrated that FO puncturing can
result in the preferential stimulation of AS fibers and a
decrease in heart rate (14). In contrast to FO punctur-
ing, electrical stimulation and thermal heating during
RFT can cause stimulation of C-fibers with resulting
blood pressure and heart rate increases (14). When
the arterial hypertensive response occurs, the adrenal
gland plays a more critical role than the perivascular
sympathetic terminal, given that the levels of adrena-
line are higher than those of noradrenaline (6,14).

The incidence of sudden bradycardia as a mani-
festation of the trigeminocardiac reflex in this study
was 25%. Bradycardia occured most often when the
cannula entered the FO, but was also observed during
electrical stimulation and thermal heating, albeit with
a lower incidence. According to a previous study (6),
the incidence of bradycardia during RFT was 12.5%,
which is lower than that observed in our study. In this
previous study, the appearance of bradycardia was ob-
served during FO puncturing, but not during electrical
stimulation or thermal heating (6).

The trigeminocardiac reflex is a brainstem reflex
that can manifest as sudden bradycardia, asystole,
apnea, hypotension, and gastric hypermotility. When
the trigeminocardiac reflex is encountered upon ma-
nipulation around the vicinity of any trigeminal nerve,
at least a 20% decrease in mean arterial pressure and
heart rate is observed (8). The trigeminocardiac reflex

can be subtyped according to the location of the trig-
ger, which includes central and peripheral types. The
central trigeminocardiac reflex indicates that the trig-
ger stimulus is located in the intracranial course from
the trigeminal ganglion to the brainstem (8,9). The
peripheral trigeminocardiac reflex indicates that the
trigger stimulus is located in the trigeminal nerve any-
where along its course outside the trigeminal ganglion
(8,9).

The appearance of an abrupt vagal-mediated
response can be observed anywhere along the course
of the trigeminal nerve. Moreover, a trigeminal nerve-
mediated stimulus is related to coactivation of the sym-
pathetic and parasympathetic system, which is thought
to be less prominent in the central type trigeminal
cardiac reflex (8).

As a prevention and treatment option for trigemi-
nocardiac reflex, immediate interruption of the surgical
maneuver or needling seems to be enough to restore
the heart rate and blood pressure (6-8,14). However,
if bradycardia and hypotension seem to be intractable
even after ceasing the manipulation, the administra-
tion of anticholinergics should be considered. Bradycar-
dia and hypotension can result from not only excessive
vagal stimulation but also reduced sympathetic tone

(8).

Limitations

This study has several limitations. First, we included
only 40 patients with TN who received trigeminal gan-
glion RFT, which is a low number to be able to clarify
the real incidence of trigeminocardiac reflex during
RFT. Therefore, further study with a larger number of
patients is required. Second, hypotension can subse-
quently follow when bradycardia appears (7-9). How-
ever, we could not determine if hypotension followed
or not because the appearance of bradycardia was so
brief.

CONCLUSION

In conclusion, the periods of FO puncturing, elec-
trical stimulation, and thermal heating demonstrated
an abrupt increase in heart rate and mean arterial
pressure. The incidence of sudden bradycardia during
RFT of the trigeminal ganglion was 25%. Most cases of
bradycardia were observed during FO puncturing.
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