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Trigeminal Cardiac Reflex Caused by Onyx Embolization of 
Intracranial Dural Arteriovenous Fistula

ABSTRACT

protocol with special reference to incidence was reviewed 
retrospectively. 

1. Arterial Supply of Dura Mater

Anterior meningeal branches of the anterior and posterior 
ethmoidal and internal carotid arteries and a branch of the 
middle meningeal artery supply the dura mater in the anterior 
cranial fossa (1). Middle and accessory meningeal branches 
of the maxillary artery, a branch of the ascending pharyngeal 
artery branches of the internal carotid and a recurrent branch 
of the lacrimal artery supply the dura mater of the middle 
cranial fossa. In the posterior fossa, the dura mater is supplied 
by the meningeal branches of the occipital, the posterior 
meningeal branches of the vertebral artery, and sometimes 
small branches of the ascending pharyngeal artery (1, 33). 

█    INTRODUCTION
Trigeminocardiac reflex (TCR) has been described as a 
reflexive response of bradycardia, hypotension and gastric 
hypermotility following a mechanical stimulation in the 
distribution of the trigeminal nerve (3,5,6,14,37,38,39). TCR 
may be seen during intracranial operations, ophthalmic 
surgery, microcompression of the trigeminal ganglion and 
radiofrequency lesioning of the trigeminal ganglion (3,7,10-
14,25,26,29,31-36,39) Induced TCR during corrections of 
craniofacial and maxillofacial deformities has been described 
(16,25,36) until recently, TCR was described as a complication 
of Onyx embolization for dural arteriovenous fistula (DAVF) 
(2,19-22,24,27) To determine the nature and extent of TCR 
during Onyx embolization for DAVFs, a consecutive series 
of Onyx embolization under a standardized anesthetic 
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2. Nerve Innervation of Dura Mater

The dura mater of the anterior and middle cranial fossa, as 
well as superior aspect of the tentorium, receives sensory 
innervation from the intracranial branches of all divisions of 
the trigeminal nerve. Sensory innervation of the dura mater 
of posterior cranial fossa is by the branches of cervical spinal 
nerves C2 and C3, and possibly a small component from 
the vagus nerve. There is increased sensitivity to pain in the 
dura mater along the superior sagittal sinus and the tentorium 
(1,3,40-42). 

3. Intracranial Dural Arteriovenous Fistula

Dural arteriovenous fistulae are abnormal connections be-
tween dural arteries and venous sinuses, accounting for 
10–15% of all intracranial arteriovenous shunts. It is believed 
that these connections are secondary to trauma or dural sinus 
thrombosis (19). These connections are called DAVF because 
of the dural sinus in which the arteriovenous shunts exist (19). 

The clinical symptoms of DAVFs can be secondary to intrace-
rebral hemorrhage (ICH). The symptoms are ocular symptoms, 
bruits, hemihypesthesia, hemifacial spasm, trigeminal neu-
ralgia and headaches due to increased intracranial pressure 
(18,19). The venous drainage pattern of DAVFs determines 
their risk of hemorrhage, and this characteristic underlies the 
classification system of Cognard et al. (Table I) (8).

4. Natural History of Intracranial Dural Arteriovenous 
Fistula

Aggressive/non-aggressive behavior was 1/8.8 for fistulae 
located into the transverse or sigmoid sinus (4,9,20). Aggressive 
behavior was found in 40%, 30%, and 70% of Merland type 
IIa, IIb, and IIa+b fistulae, respectively, and in 80% and 95% 
of types III and IV, respectively (20). Bleeding was seen in 20% 
of type II lesions, and in 40% and 66% of types III and IV, 
respectively. The Toronto group demonstrated an annual risk 
of 6.9% for non-hemorrhagic neurological deficit, 8.1% for 
hemorrhage, and an annual mortality rate of 10.4% among 
118 patients of DAVFs with leptomeningeal reflux (43). These 
reports support the need for active and curative treatment of 
DAVFs when associated with leptomeningeal and/or cortical 
venous reflux. Conservative management is recommended 
for DAVFs without venous drainage. A high hemorrhagic 
risk of 10%–40% and significant morbidity and mortality 
are seen in dural transverse sinus arteriovenous fistula with 
cortical venous drainage (15). In the presence of associated 
spinal perimedullary drainage, these fistulae may present with 
brainstem ischemia and myelopathy (20). 

5. Shift to Onyx Embolization

Dural arteriovenous fistulas can be treated using transarterial 
or transvenous embolization. Onyx is a non-adhesive liquid 
embolic agent and does not polymerize. This property allows 
the surgeon far greater latitude in varying the rate of injection 
and the amount of the agent delivered in a single injection. 
The ethylene vinyl alcohol copolymer precipitates, whereas 
dimethyl sulfoxide can diffuse under aqueous conditions and 
occlude mechanically the feeders (19). If the microcatheter is 
placed sufficiently distally, longer reflux of Onyx around the 
tip of the microcatheter can be achieved more safely in the 
external carotid artery territory as compared with the pial 
arteries. This long reflux may create sufficient proximal flow 
to enable better distal penetration (19). Our initial experience 
with the use of Onyx for embolization of intracranial DAVFs 
is encouraging, with complete obliteration with transarterial 
Onyx embolization in 62.5% (21) and transvenous Onyx 
embolization in 100% (22). 

6. Anesthetic Technique

All patients were placed under a standardized anesthesia 
protocol. Patients fasted for at least six hours prior to proce-
dure. Electronically recorded routine monitoring (Spacelabs, 
Redmond, WA, uSA) during the endovascular procedure 
included electrocardiogram (ECG), heart rate (HR), arte-
rial blood pressure, and pulse oximetry (oxygen saturations 
>96%). Distinct intraprocedural episodes of more than 20% 
decrease of HR compared with baseline values before the 
stimulus, and the number of such episodes requiring inter-
ventional therapy were evaluated from a blinded anesthesia 
record retrospectively. Anesthesia was induced with propofol 
(2mg/Kg), remifentanyl (3 μg/Kg) and atracurium (0.5 mg/Kg). 
After the trachea was intubated, the lungs were mechanically 
ventilated with a mixture of air and oxygen (FIO2 =0.5) (34). 
Anesthesia was maintained with remifentanyl (0.1 μg/Kg/min) 
and propofol (6 mg/Kg/h); additional boluses of remifentanyl 
and atracurium were administered when necessary. 

7. Trigeminal Cardiac Reflex in Transarterial Onyx 
Embolization

TCR was seen upon Onyx injection via the middle meningeal 
artery during embolization of DAVF. The TCR rate is 7.7% 
(95% CI, 2 to 21%) in patients treated with intraarterial Onyx 
embolization (23). The phenomenon of bradycardia during 
Onyx injection resolved upon cessation of injection. This 
response of bradycardia was reproducible. 

Table I: Cognard Classification of DAVF (1995)

I. Venous drainage into dural venous sinus with antegrade flow

IIa. Venous drainage into dural venous sinus with retrograde flow

IIb. Venous drainage into dural venous sinus with antegrade flow and CVR

IIa+b. Venous drainage into dural venous sinus with retrograde flow and CVR

III. Venous drainage directly into subarachnoid veins (CVR only)

IV. Type III with venous ectasias of the draining subarachnoid veins
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After intravenous administration of atropine, the response was 
no longer reproducible, and the procedure could be completed 
(27). The reflex bradycardia seen during Onyx injection is 
not likely attributable to other factors. Studies of anesthesia 
monitoring in patients treated with Onyx embolization for 
intracranial aneurysms showed no changes in HR or blood 
pressure following dimethyl sulfoxide (DMSO) and Onyx 
injections, nor were any arrhythmias observed (27,28). We 
consider that this response was a TCR and the reflex was 
reproducible during pushing Onyx via the pedicle of the 
middle meningeal artery, so the reflex probably began from 
the dura mater. Penfield and McNaughton (30) showed the 
nervous innervation of the dura mater and a rational pathway 
from the dura to the vagal motor nucleus (3,27). We think that 
direct distraction by the dilated middle meningeal artery due 

to formation of Onyx plug produces an injection pressure, 
which induces neuronal signals via the Gassarian ganglion 
to the sensory nucleus of the trigeminal nerve, forming the 
afferent pathway of the reflex arc. When dural stimulation 
causes TCR, the treatment of hemodynamic instability is to 
stop the procedure and administer an anticholinergic drug. 
Atropine extinguished the TCR in our patient. Anticholinergic 
drugs are not given prophylactically due to risk of refractory 
arrhythmias (3,27). 

8. Trigeminal Cardiac Reflex in Transvenous Onyx 
Embolization

Cavernous DAVF treatment is primarily transvenous coiling 
(17). Our experience encouraged us to use Onyx in the 
treatment of cavernous DAVF. The slow injection of the 
agent might have been the key factor that enabled casting 

Figure 1: A 47-year-old man presented with right trigeminal neuralgia. A) Axial T1- weighted non-enhanced MRI showed flow-void 
signals at the cerebellopontine angle. B) Subtracted angiography of the right common carotid artery showed a Cognard type IV petrosal 
DAVF, which was supplied by the middle meningeal artery and dural branches arising form the right ascending pharyngeal artery, occipital 
artery and internal carotid artery and drained via the dilated petrosal vein. The middle meningeal artery was selectively catheterized with 
a microcatheter (Marathon, MTI-EV3, Irvine, CA, USA) through a guiding catheter. Embolization was undertaken with Onyx-18 (MTI-EV3, 
Irvine, CA, USA) using “push- reflex-push” technique. C) The fluoroscopic image was obtained while his heart rate decreased down to 
40 bpm. We had to cease Onyx injection and atropine was administered transvenously. D) unsubtrated image showed the Onyx cast 
after embolization. E) Postembolization angiogram showed that the fistula was nearly complete occluded. His trigeminal neuralgia 
disappeared on the next day after treatment.
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Figure 2: A 54-year-old man presented with right CN III palsy. A) Subtracted angiography of the right common carotid artery, lateral 
view, showed a dural cavernous fistula, which was supplied by the dural branches arising form the external carotid and internal carotid 
arteries and drained via the inferior petrosal sinus. B) Subtracted angiography of the left common carotid artery, frontal view, showed 
the dural suppliers arising form left carotid artery. Two 6- French sheaths were placed in the left femoral artery and right femoral vein. A 
5-French catheter was placed in the right carotid artery, allowed acquisition of roadmaps, and angiographic monitoring of the procedure. 
A second 5-French guiding catheter was positioned in the right jugular vein. A microcatheter (Echelon10, MTI-EV3, Irvine, CA, USA) 
was navigated coaxially via the right inferior petrosal sinus approach. The microguidewire (Silverspeed10, MTI-EV3, Irvine, CA, USA) 
was then carefully introduced and advanced to the cavernous portion, followed by the microcatheter (20). Then, under biplane road 
mapping, all embolizations were performed with a combination of detachable coils and Onyx-18 using realtime digital subtraction 
fluoroscopic mapping. Patency of the right internal carotid artery was checked frequently during the intermittent injection of the embolic 
material. C) Unsubtrated image showed the coils prior to Onyx injection. D) unsubtrated image showed the Onyx cast after coil delivery. 
E) The angiogram was obtained to record his heart rate decreased down to 40 bpm two times during treatment. After intravenous 
administration of atropine, the response was no longer reproducible, and the procedure could be completed. F) After embolization, 
the unsubtrated image, lateral view, demonstrated the Onyx cast. G) Postembolization angiogram of the right carotid artery reveals 
complete embolization of the fistula. H) 7-month follow-up angiogram confirmed the complete obliteration and his CN III palsy recovery 
completely. 
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of the sinus, with filling of its interstices and blocking of the 
minute fistulous communications (17,22). The TCR seen in 
our patients developed when a minimal amount (possibly 0.25 
–0.3 mL) of DMSO might have entered the cavernous sinuses 
(CS). This amount of DMSO within the CS may cause sufficient 
mechanical stimulation on the adjacent trigeminal nerve to 
elicit the TCR. DMSO has the ability to diffuse rapidly through 
tissues. It may provoke the TCR via chemical irritation of the 
trigeminal nerve (particularly ophthalmic and maxillary divisions 
in the lateral wall of the CS) because of its neurotoxicity (22). 
Rapid intravascular administrations of DMSO have also been 
shown to be associated with histotoxicity. So, DMSO should 
be injected slowly to allow it to dissipate gradually in the CS, 
and thereby reduce its potential toxic or irritant effect on the 
trigeminal nerve (22). 

We think that neurotoxicity of DMSO on the ophthalmic nerve 
within the CS or on the trigeminal nerve innervation of the dura 
mater causes and sends neuronal signals via the Gassarian 
ganglion to the sensory nucleus of the trigeminal nerve. This 
forms the afferent pathway of the reflex arc (24). 

This pathway continues along the short internuncial nerve 
fibers in the reticular formation to connect with the efferent 
pathway in the motor nucleus of the vagus nerve and causes 
bradycardia (27). This phenomenon of bradycardia was not 
observed in transvenous GDC and NBCA embolization of 
cavernous DAVF (44,45). TCR was observed in 33.3% (95% 
CI, 4 to 78%) of the patients treated with intravenous Onyx 
embolization (23,27).

█    CONCLUSION
TCR may occur during transarterial Onyx embolization of 
DAVF, leading to a significant decrease in the heart rate under 
a standard anesthetic protocol. TCR may also occur due to 
chemical stimulus of DMSO in transvenous Onyx embolization 
of dural cavernous sinus fistula. A slow rate of injection may 
give DMSO enough time to dissipate in the blood stream. 
This slow injection is important for the prevention of toxicity. 
This study confirms that the reflex was blunted by the 
anticholinergic effects of atropine and there was no harm to 
the patients if stopped immediately. 
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