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BACKGROUND Trigeminocardiac reflex (TCR) is a brainstem reflex caused by stimulation of the trigeminal nerve, which results in bradycardia,
hypotension, and asystole. TCR can occur during any neurosurgical procedure. Initially, it is managed via the immediate removal of the stimulus from
the trigeminal nerve. If asystole persists after intravenous atropine or glycopyrrolate, chest compression or transcutaneous cardiac pacing may be
considered. The authors present the first case of TCR that was successfully managed with transcutaneous cardiac pacing.

OBSERVATIONS A 51-year-old man presented with aneurysmal subarachnoid hemorrhage. Although he had no history of cardiac disease and there
were no abnormal findings on electrocardiography, transient asystole due to TCR occurred during craniotomy. The patient’s heart rate spontaneously
recovered after the immediate discontinuation of the procedure. The authors completed aneurysm clipping with transcutaneous cardiac pacing because
intravenous atropine was not effective in preventing TCR. There were no complications associated with intraoperative asystole or transcutaneous
cardiac pacing, and the patient was discharged without neurological deficits.

LESSONS TCR can be appropriately managed with the immediate discontinuation of intraoperative procedures. Furthermore, transcutaneous cardiac
pacing may be considered for persistent TCR with poor response to intravenous atropine or glycopyrrolate.

https://thejns.org/doi/abs/10.3171/CASE21198
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Trigeminocardiac reflex (TCR) is a brainstem reflex caused by stimula-
tion of the trigeminal nerve, which results in bradycardia, hypotension, and
asystole.1 TCR may occur during not only ocular, craniofacial, and skull
base surgeries2 but also neurointerventional treatments3 and supratentorial
cerebral aneurysm surgeries.4–6 Initially, it is treated via immediate removal
of the stimulus from the trigeminal nerve.2 Next, if bradycardia and hypoten-
sion persist, intravenous atropine or glycopyrrolate should be administered.3

Moreover, if asystole persists, chest compression and transcutaneous car-
diac pacing may be considered.7 Herein, we present the first case of TCR
occurring during emergency surgery for a ruptured cerebral aneurysm that
was successfully managed with transcutaneous cardiac pacing.

Illustrative Case
A 51-year-old man presented to our emergency department due

to sudden-onset headache. Computed tomography (CT) and CT
angiography revealed subarachnoid hemorrhage (Fig. 1A; World

Federation of Neurosurgical Societies grade 1, Fisher group 3) due
to a ruptured anterior communicating artery aneurysm (Fig. 1B;
largest diameter, 7 mm). Moreover, he had no history of cardiac dis-
ease, and there were no abnormal findings on electrocardiography
upon admission (Fig. 2).

On the second day of hospitalization, the patient underwent right
frontotemporal (pterional) craniotomy under general anesthesia. For
preinduction, he received dexmedetomidine, and anesthesia was
maintained with remifentanil, propofol, and rocuronium. Transient
asystole lasting for a few seconds occurred when the dura was
detached from the skull. However, the patient’s heart rate spontane-
ously recovered after immediate discontinuation of the procedure.
Despite provision of a bolus infusion of atropine sulfate and infiltra-
tion anesthesia of the dura with 1% lidocaine, TCR still occurred
after dural manipulation. Therefore, craniotomy was performed with
transcutaneous cardiac pacing (Fig. 3A). Because mechanical
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stimulation of the internal carotid artery (ICA) also decreased the
patient’s heart rate and activated transcutaneous cardiac pacing (Fig.
3B), utmost caution was taken during surgery. The aneurysm could be
successfully clipped with a straight Sugita II mini clip (Fig. 3C; no. 100,
8 mm). No changes in pulse rate or blood pressure were observed
during the subsequent procedures, including dural closure.

There were no perioperative complications associated with intra-
operative asystole or transcutaneous cardiac pacing. The postoper-
ative period was uneventful. The patient was discharged without
neurological deficits on day 21. No aneurysm recurrence or neuro-
logical sequelae were observed during 4 years of follow-up (modi-
fied Rankin scale score of 0).

Discussion
Observations

TCR is a brainstem reflex caused by stimulation of the trigeminal
nerve.1 The term “TCR” was introduced in 1988.8 Moreover, in 1999,
TCR was defined as hypotension with a mean arterial blood pressure
decrease (>20%) and bradycardia (<60 beats/minute).9 The oculo-
cardiac reflex, a subtype of TCR,1,8 occurs during ocular surgery, with
an incidence rate of 90%.2 About 8%–18% and 11% of patients who
undergo skull base2 and cerebellopontine angle (CPA) surgeries,9

respectively, experience TCR.
Transient asystole attributed to TCR is not rare. That is, it is observed

in 2.4% and 2.3% of patients who undergo CPA9 and supratentorial
cerebral aneurysm surgeries, respectively.6 Furthermore, some studies
have reported transient asystole due to TCR during not only endoscopic
transsphenoidal surgery10,11 and endovascular treatments3,12 but also

FIG. 1. CT scan upon admission revealed subarachnoid hemorrhage
(A). Preoperative three-dimensional CTangiography showed a 7-mm
saccular aneurysm in the anterior communicating artery (B, arrowhead).

FIG. 2. Electrocardiography upon admission showed no abnormal findings.
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skin flap elevation.13 Therefore, the risk of TCR should always be con-
sidered by all neurosurgeons or anesthesiologists.

When TCR develops, the stimulus must be removed from the trigemi-
nal nerve immediately.2 If bradycardia and hypotension are persistent,
intravenous atropine or glycopyrrolate should be administered.3 Moreover,
local anesthetic infiltration may be effective.14 If asystole or atropine-resis-
tant bradycardia is persistent, chest compression and transcutaneous car-
diac pacing can be considered.7 Furthermore, alternative treatment
modalities such as endovascular treatment instead of craniotomy should
be considered. The outcome of endovascular coiling for ruptured cerebral
aneurysms is not inferior to that of neurosurgical clipping.15,16 Thus, we
considered switching the procedure to coil embolization in this case. How-
ever, transcutaneous cardiac pacing, in addition to the administration of
intravenous atropine, infiltration anesthesia with lidocaine, and minimal
mechanical stimulation of the ICA, facilitated complete neurosurgical clip-
ping. On the basis of our experience, the vibration caused by intraopera-
tive pacing must not be disregarded in microsurgery, because it poses
some risks.

Factors correlated with TCR, such as hypoxemia, hypercapnia,
light general anesthesia, and use of b-blockers, calcium channel
blockers, and remifentanil,2,9,14,17 should be eliminated if possible.
However, in this case, the only associated factor was the use of remi-
fentanil, which is widely used in neurosurgical anesthesia because of
its rapid metabolism.18 Thus, its risks and benefits may require cau-
tious consideration.

Most defibrillators in the operating room have a transcutaneous
cardiac pacing function. Pacing pads can be easily applied even
when the patient is under general anesthesia,19 and transcutaneous
cardiac pacing can be an option for atropine-resistant bradycardia
in the emergency department.20 The authors of a previous report
used transcutaneous cardiac pacing as a prophylactic for TCR
occurring during sphenopalatine ganglion implantation.7 However, to
the best of our knowledge, there is no report about TCR occurring

during neurosurgery that was successfully managed with intraopera-
tive transcutaneous cardiac pacing. Hence, further studies must be
conducted to validate our results.

Lessons
TCR can occur in any neurosurgical procedure. The most appro-

priate treatment for TCR is the immediate discontinuation of intrao-
perative procedures. Furthermore, transcutaneous cardiac pacing
may be an option for persistent TCR with poor response to intrave-
nous atropine or glycopyrrolate.
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