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Carotid-cavernous ﬁstulas (CCFs) are vascular shunts that allow blood to ﬂow from the carotid artery or its branches into the
cavernous sinus. Endovascular embolization is the treatment modality of choice. The trigeminocardiac reﬂex (TCR) is a vagally
mediated reﬂex that can lead to hemodynamic instability. It can be activated during embolization procedures due to the proximity
of vagal eﬀerent neurovascular structures within the cavernous sinus. This case report describes the intraoperative management of
recurrent, profound bradycardia due to TCR during endovascular CCF embolization.

1. Introduction
The trigeminocardiac reﬂex (TCR) is a well-described
brainstem reﬂex known to complicate neurosurgical, maxillofacial, and oral surgery [1]. It elicits from stimulation of
any sensory branch of the trigeminal nerve and can manifest
as either a tachyarrhythmia or bradycardia, with asystole, an
extreme presentation [2, 3]. The overall incidence of TCR is
11% but is higher in the case of trigeminal nerve stimulation
from the arterial side [1]. Intravenous atropine administration has been recommended to blunt TCR [1]. In this case
report, we present a novel strategy to prevent the cardiovascular eﬀects associated with TCR activation in a patient
undergoing endovascular embolization of a cavernous carotid ﬁstula (CCF). Written authorization was obtained
from the patient for submission of this case report for
potential publication.

2. Case Description
A 61-year-old Caucasian male with past medical history
signiﬁcant for well-controlled hypothyroidism and obesity

(BMI 34) presented for endovascular embolization of a
right-sided CCF. Diagnostic angiogram demonstrated
connections from dural branches of the right internal carotid
artery and middle meningeal branch of right external carotid
artery (ECA) to an indirect ﬁstula of the right cavernous
sinus. Venous drainage was enabled predominantly through
the right superior ophthalmic vein.
Preoperatively, the patient was hemodynamically stable
(blood pressure and heart rate were 139/90 mmHg and 67
beats/min, respectively) with an ECG demonstrating
normal sinus rhythm. Physical examination revealed an
abducens nerve palsy. Standard American Society of Anesthesiologists monitors were applied in the operating
room and femoral arterial access was established by the
surgeon. Anesthesia induction was uneventful using 50 μg
of fentanyl, 180 mg of propofol, and 50 mg of rocuronium
to facilitate intubation performed with video laryngoscopy.
To optimize neuromonitoring conditions, anesthesia was
maintained using a combination of inhaled sevoﬂurane,
infusions of propofol (80–150 μg/kg/min), and dexmedetomidine (0.03–0.05 μg/kg/h), as well as intermittent fentanyl administration.
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Vascular access for embolization was attempted by the
neurosurgical team, ﬁrst via the right femoral vein, planning
for a transvenous approach through the right inferior petrosal sinus. This attempt was, however, unsuccessful. An
attempt through the right superior ophthalmic vein also
failed. The interventional team ﬁnally opted for a transarterial approach from the femoral artery to the right middle
meningeal artery branch of the ECA. Once the site of the
ﬁstula was reached, an angiogram was performed using
110 mL of Omnipaque. This resulted in profound bradycardia that progressed to asystole. The injection was stopped
and normal sinus rhythm returned spontaneously after
approximately 40 seconds. We hypothesized that the profound bradycardia was triggered by activation of the TCR
with the Omnipaque injection. Before the next injection, the
patient was pretreated with glycopyrrolate 0.2 mg IV, and
the depth of anesthesia increased by increasing the inspired
sevoﬂurane concentration. During the second attempt, the
patient again became asystolic, which resolved spontaneously after 10–15 seconds. It was felt that direct stimulation
of either the dura or the trigeminal nerve in the cavernous
sinus was responsible for activation of the TCR with subsequent asystole. After discussing management options, it
was decided to prophylactically inject 0.5 mL of lidocaine 1%
directly into the middle meningeal branch of the ECA
through the indwelling catheter before the next angiography
sequence. This successfully prevented the development of
bradycardia during angiography. The angiogram was
completed which demonstrated complete ﬁstula occlusion.
It was postulated that the combination of the contrast itself
(being viscous and thrombogenic), along with the brief
period of hypotension during asystole, resulted in thrombosis of the vessels feeding the ﬁstula. The patient was
extubated neurologically intact and transported to the
neurocritical care unit for recovery and postoperative
monitoring. On postoperative day (POD) 1, his only
complaints were of a minor headache and right-sided
perioral numbness. The patient was discharged home on
POD 2 with improvement of his symptoms, all of which
resolved a few days later. Repeat diagnostic angiogram
performed four months after procedure demonstrated no
residual CCF.

3. Discussion
TCR is manifested as a sudden onset of dysrhythmias,
hypotension, and apnea. TCR has been described during
intracranial, maxillofacial, ophthalmic surgery, microcompression, endovascular treatment of intracranial dural
arteriovenous, and carotid-cavernous ﬁstulas as well as
radiofrequency lesioning of the trigeminal ganglion [1]. It
can also be associated with hypermotility of the gastrointestinal tract [2].
TCR can also occur during treatment of abnormal
vascular shunts such as CCFs. CCFs allow blood to ﬂow
either directly or indirectly from the carotid artery, or its
branches, into the cavernous sinus. Endovascular embolization is considered to be the treatment of choice due to its
good outcomes and minimal risk proﬁle [4].
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The risks associated with TCR activation should always
be considered when an intervention is performed in the
territory of the trigeminal nerve. First and second divisions
of the trigeminal nerve and other important neural and
vascular structures, including the internal carotid artery,
oculomotor nerve, trochlear nerve, and abducens nerve,
traverse the cavernous sinus (Figure 1). TCR is associated
with activation of sensory ﬁbers of the trigeminal nerve
with subsequent transmission via the Gasserian ganglion to
the sensory nucleolus. After a number of intermediate
connections, a signal transmits to the dorsal motor nucleus
of the vagal nerve with simultaneous activation of cardioinhibitory parasympathetic and sympathetic vagal
neurons which results in bradycardia, vasodilatation, and,
frequently, hemodynamic instability [2, 5]. It has been
demonstrated that TCR can cause severe bradycardia and
asystole during endovascular embolization of a CCF, especially during ethylene vinyl alcohol (Onyx) and dimethyl
sulfoxide (DMSO) injection [6, 7]. Onyx is a nonadhesive
liquid embolic agent made up of an ethylene vinyl alcohol
copolymer dissolved in DMSO with suspended micronized
tantalum powder to provide contrast for visualization
under imaging [1, 8]. Direct application of DMSO on the
trigeminal nerve can result in mechanical irritation and
neurotoxicity [9]. In our case, TCR occurred after the
Omnipaque injection, before any injection with Onyx/
DMSO. Omnipaque (Iohexol) is a second-generation
nonionic, water-soluble, radiocontrast agent used in radiological imaging procedures. Reported adverse eﬀects
include headache, nausea, vomiting, seizures, meningeal
and radicular irritation, myoclonic spasms, rhabdomyolysis, prolonged reversible paraplegia after intrathecal injection, and acute anaphylaxis after intra-arterial injection.
Direct toxic eﬀects have not been described [10]. It has been
previously demonstrated that the TCR can be associated
with thermal and electrical stimuli, mechanical stretch,
higher resting parasympathetic tone, light plane of anesthesia, hypercapnia, and hypoxemia [5, 11] as well as with
the use of several medications, including opioids (alfentanil
and sufentanil), beta blockers, and calcium channel
blockers [11, 12]. Mechanical stimulation of the dura mater,
innervated by the branches of the trigeminal nerve or direct
stimulation of the trigeminal nerve divisions in the cavernous sinus, was likely responsible for the initiation of
TCR in our case.
Meuwly et al. concluded that hemodynamic instability is
more pronounced when TCR is triggered during high-risk
procedures under a light plane of anesthesia. The authors
recommend careful monitoring of anesthesia depth during
high-risk surgery [11]. Other factors predisposing activation
of TCR include hypoxia, hypercapnia, and acidosis. If the
reﬂex occurs during a surgical procedure, cessation of
manipulation, administration of anticholinergic drugs (atropine or glycopyrrolate), and epinephrine, as well as increasing the depth of anesthesia using intravenous and/or
volatile anesthetics have been recommended [5]. Table 1
summarizes the preventive and therapeutic measures.
In our case, administration of glycopyrrolate and
deepening the anesthetic with sevoﬂurane failed to abolish
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Figure 1: The trigeminocardiac reﬂex arc via branches of the trigeminal nerve in the cavernous sinus. TCR could also be initiated by
stimulation of the dura mater supplied by branches of the trigeminal nerve.
Table 1: Prevention and treatment of trigeminocardiac reﬂex.
Awareness of occurrence during high-risk surgery
Increasing the depth of anesthesia with intravenous or volatile agents before surgical stimulation
Prophylactic nerve blocks were appropriate
Gentle manipulation and traction around the nerve
Avoidance of hypoxia and hypercapnia
Close monitoring of heart rate and blood pressure
Cessation of stimulation if the reﬂex is triggered
Treatment with vagolytic agents (atropine or glycopyrrolate)
If unresponsive to vagolytic agents, epinephrine is administered
Prophylaxis or treatment with intravascular lidocaine through an indwelling catheter during endovascular procedures.

the TCR. Considering that the intra-arterial catheter was in
close proximity of the ophthalmic and the maxillary divisions of the trigeminal nerve in the cavernous sinus, we
administered lidocaine through this catheter. Previous
studies have demonstrated the eﬃcacy of topical local anesthetic application and local anesthetic nerve blocks in
preventing TCR [11]. Topical lidocaine has been shown to
suppress the reﬂex during open craniotomy for microvascular decompression of the trigeminal nerve [13]. The
occulocardiac reﬂex, a type of trigeminocardiac reﬂex, has
been shown to be blunted with peribulbar block with
bupivacaine in patients undergoing ophthalmic surgery [14].
Campbell et al. have suggested that local anesthetic inﬁltration and nerve blocks during maxillofacial surgery can
prevent TCR [15].
Lidocaine is a local anesthetic that can be used locally or
regionally to produce a temporary loss of sensory, motor,

and autonomic function. It is also used as an antiarrhythmic
agent. Lidocaine binds to sodium channels within neurocellular membranes. This temporarily blocks sodium inﬂux
into the cell preventing membrane depolarization [16].
Although all cellular membranes are aﬀected, sensory nerve
ﬁbers are usually aﬀected ﬁrst because they are much thinner
and can be easily penetrated [16, 17]. Lidocaine also blocks
potassium and calcium channels, as well as G-proteincoupled acetylcholine, glutamate, and opioid receptors [16].
Lidocaine has an excellent safety proﬁle when limited to a
dose of less than 4.5 mg/kg depending on the site of injection
and rate of absorption. In our case, injection of only 5 mg
through the arterial catheter in the cavernous sinus completely prevented TCR without any adverse eﬀects. To our
knowledge, this is the ﬁrst case reporting the eﬃcacy of
intra-arterial lidocaine in blunting TCR during endovascular
neurosurgery.
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In conclusion, after several failed attempts to prevent
TCR, injection of 5 mg of intra-arterial lidocaine through an
indwelling catheter was successful in preventing a recurrence
of TCR and was associated with no adverse eﬀects. When the
potentially devastating complications associated with TCR are
compared to the good safety proﬁle of intra-arterial lidocaine
administration, this approach can be recommended for use
during surgical procedures where there is a risk of TCR
activation.
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