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Brain and heart connections: The trigeminocardiac 
reflex!

Gyaninder P. Singh, Tumul Chowdhury1

Abstract

Trigeminocardiac reflex  (TCR) is a well‑established neurogenic reflex although its exact mechanism and clinical 
significance remain unclear. This reflex may be incited by stimulation of the trigeminal nerve anywhere along its course 
starting from the peripheral distribution to the central nucleus. It usually manifests as bradycardia, asystole, hypotension, 
apnoea and gastric hypermotility; though other clinical manifestation such as tachycardia and hypertension may also 
occur. Diving reflex (DR) shares many similarities with TCR in both clinical manifestation and mechanism of action and 
is often considered as a modified or subtype of TCR. DR is an important physiological adaptation to withstand hypoxia 
during apnoea in many animal species including humans and thus belongs to a group of oxygen‑conserving reflexes. 
Although TCR is a physiological reflex having protective function, an exaggerated response may have fatal consequences. 
Surgeries or stimulation involving head, neck and face region (area supplied by trigeminal nerve) are particularly prone 
to provoke this reflex. Vigilant and continuous monitoring for early identification of warning signs and communication 
with surgeon to interrupt the stimulus immediately is enough to cease the reflex in most of the cases. However, failure 
to identify and treat in time may have deleterious consequences and thus TCR has gained much attention and awareness 
in recent years. Over the last two decades, our knowledge on TCR has expanded but we still remain far from complete 
elucidation of pathophysiology, mechanism and clinical significance of this unique ‘brain and heart connection’ called TCR.
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is a well‑known brainstem reflex and manifests during 
surgeries or stimuli involving the area of trigeminal 
sensory nerve innervations. It is considered as one of the 
most powerful autonomic reflexes in humans. This reflex 
is thoroughly investigated in various animal models and 
is usually considered as an oxygen‑conserving reflex. 
Although literature highlights mainly the acute and 
mild nature of the TCR phenomenon, an exaggerated 
TCR response may be pathological and is often harmful 
or rarely fatal. Therefore, it is imperative to understand 
the mechanism, classification, manifestation, clinical 
significance and management of this reflex. In this 
review, we discuss in depth the present understanding 
and current status of our knowledge about this unique 
reflex.

INTRODUCTION
There exists a complex bidirectional interaction between 
the brain and heart. This has developed a new concept of 
field of neurocardiology. One of the unique examples of 
such connections is the trigeminocardiac reflex (TCR) that 
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DEFINITION AND HISTORICAL ASPECT
The TCR is considered as a brainstem reflex which 
presents as sympathetic and parasympathetic imbalance. 
These, in turn, manifest as sudden onset of dysrhythmias 
(bradycardia and asystole), hypotension, apnoea and 
gastric hypermotility following the stimulation of the 
sensory branches of the trigeminal nerve along its course. 
The classic definition includes a decrease (heart rate and 
blood pressure) of 20% from the baseline values. This 
definition mainly includes clinically relevant episodes 
of the TCR phenomenon.

In the latter half of the 19th  century, Kratschmer’s 
experiments on animals helped establish the mechanism 
and pathways of respiratory and cardiovascular reflexes 
upon stimulation of nose and larynx using natural 
stimuli such as cold air, tobacco smoke, carbon dioxide, 
ammonia and chloroform.[1‑4] He observed the reflex 
closure of the glottis and cardiovascular responses to 
stimulation of nasal and laryngeal mucosa. Kratschmer 
was first to describe cardiac arrhythmias on upper airway 
stimulation.[3] In 1908, Dagnini independently described 
slowing of heart rate on application of pressure on the 
eyeball which was termed as the oculocardiac reflex.[5,6] 
Kumada et al.[7] described a similar autonomic ‘trigeminal 
depressor responses’ after low‑frequency electrical 
stimulation of the spinal trigeminal nucleus or peripheral 
trigeminal branches in anaesthetised or decerebrated 
rabbits indicating that both central and peripheral part of 
the trigeminal pathway can elicit the reflex. Interestingly, 
anaesthesiologists, Shelly and Church, coined the term 
‘Trigeminocardiac reflex’ to describe the occurrence of 
bradycardia on stimulation of regions supplied by the 
branches of trigeminal nerve.[8]

EPIDEMIOLOGY
The TCR may be observed during various surgical 
procedures involving head, neck and face including 
skull base, ocular, maxillofacial surgery and dental. 
Depending on the type of the procedure, the incidence 
of the TCR varies from 5% to 90%. Various factors 
are linked with the occurrence of TCR episodes and 
include higher resting vagal tone (younger age group), 
hypercarbia, hypoxaemia, light general anaesthesia and 
drugs (opioids, β‑blockers and Ca‑channel blockers). In 
addition, various types of stimuli including mechanical, 
thermal, electrical, infection and biochemical can 
provoke the TCR response. However, the mechanical 
stretch is considered to be the most powerful stimulus to 
incite the TCR phenomenon. Strikingly, Chowdhury and 
West have shown that even slight skin traction during 
the scalp closure can produce asystole.[9] Similarly, 
chemical stimulation[10] or inflammation[11] may also 
predispose to TCR. Drugs  (opioids, β‑blockers and 

Ca‑channel blockers) cause decrease in heart rate and 
blood pressure as they inhibit the sympathetic nervous 
system, block sympathetic response of the heart or cause 
peripheral arterial vasodilatation and thereby predispose 
to TCR.[12,13] A precedent transient ischaemic attack 
of <6 week has been found to be a predisposing factor 
of intraoperative TCR in subsequent surgery.[14] All the 
above factors probably sensitise the trigeminal nerve, 
thereby making it more prone to trigger TCR following 
various stimuli.[10,15]

CLINICAL SUBTYPES
TCR has been described to occur during stimulation of 
any branch of the trigeminal nerve or the nerve itself 
along its course. Schaller et al. classified TCR into various 
subtypes based on the region of the trigeminal pathway 
stimulated.[16] These subtypes include central, peripheral 
and ganglionic TCR.[12,15,17‑19]

•	 Peripheral TCR results from stimulation of any 
peripheral branch of the trigeminal nerve, namely, 
ophthalmic, maxillary or mandibular nerve. 
Oculocardiac reflex is a common phenomenon 
during surgery of orbit around the eyeball due to 
stimulation of the ophthalmic branch. Stimulation of 
area innervated by maxillary or mandibular division 
of trigeminal nerve may elicit similar response called 
maxilla‑mandibular cardiac reflex. These reflexes 
are a part of the broader term called TCR. Diving 
reflex  (DR) which is a well‑recognised and one of 
the most powerful autonomic reflexes is a peripheral 
type of TCR (modified TCR). This reflex is inherited 
from diving birds and amphibians and persists in 
human.[20‑26] Activities such as washing the face with 
cold water or plunging into cold water can provoke 
TCR (decrease heart rate)[27,28] through the stimulation 
of trigeminal nerve branches over the face

•	 Central TCR is provoked by stimulation of the 
central  (intracranial) part of the trigeminal nerve 
along its from gasserian ganglion to brainstem 
nuclei. This reflex is usually elicited during 
intracranial surgery near the brainstem and was 
first described by Schaller et al. in 1999[29]

•	 Ganglionic TCR is another subtype of TCR which 
results from direct stimulation of gasserian ganglion. 
The clinical manifestations of gasserian ganglion 
stimulation are different from the other two subtypes 
and is considered as a separate subtype.

PATHWAY
Like other reflexes in the body, TCR also has an afferent 
and an efferent pathway. The receptors are located 
in the head, neck and face region innervated by the 
trigeminal nerve. Stimulation of these receptors by any 
stimuli  (mechanical, chemical or electrical) or direct 
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stimulation of trigeminal nerve or ganglion sends 
neuronal signals to the sensory nucleus of the trigeminal 
nerve. This forms the afferent path of the reflex. The 
sensory nucleus of trigeminal nerve is linked to reticular 
formation through polysynaptic connections which seems 
to be endogenously modulated by serotonergic (5‑HT) and 
cholinergic receptors.[16,30,31] The short internuncial fibres 
located in the reticular formation connect the afferent to 
the efferent pathway. The efferent pathway is primarily 
formed by neurons located in dorsal vagal nucleus and 
nucleus ambiguous, the fibres of which innervate the heart 
and other viscera through the vagus nerve [Figure 1].[32] 
The central circuit of this reflex lies within the brainstem 
as animal studies have shown that the cardiac response 
can be seen even in decerebrate animals.[33]

However, the above pathway of the TCR does not 
always explain the different clinical manifestations 
seen with different clinical subtypes. In experimental 
models, other areas of the brainstem have also been 
found to be involved in TCR which include parabrachial 
nucleus, rostral ventrolateral medulla oblongata, dorsal 
medullary reticular field and paratrigeminal nucleus.[34‑36] 
There is also marked variation in the afferent pathway of 
the various subtypes of TCR leading to different reflex 
arcs and clinical manifestations. There are evidence that 
in peripheral TCR the impulses are relayed through the 
spinal nucleus of the trigeminal nerve to the Kolliker‑Fuse 
nucleus,[37,38] while in central TCR, the impulses are 
relayed through the nucleus of solitary tract to lateral 
parabrachial nucleus.[39] In addition, it has been found 
that peripheral TCR activates both parasympathetic 
and sympathetic mediated response[40] in contrast to 
the central TCR which predominantly activates the 
parasympathetic mediated vagal cardioinhibitory 
response.[41,42] This further supports the difference in 
reflex arc in the two subtypes.

CHRONIC TRIGEMINOCARDIAC REFLEX: 
A NEW ENTITY

Most of the available literature on TCR describes the 
acute form of TCR either occurring during the surgery 

or in immediate perioperative period. However, few 
reports describe late manifestation of TCR symptoms 
i.e.,  days, week, months or years after the injury. 
Recently, Chowdhury et al. first defined chronic TCR in 
such cases.[43,44] The chronic TCR is defined as episodes 
persistent beyond 24 h of primary insult or intervention. 
In chronic TCR, the continuous/repetitive stimulation 
of trigeminal nerve can lead to vague and non‑classical 
symptoms  (nausea and dizziness) and there may be 
difference in reflex activity between the young and 
middle‑aged population.[45] Interestingly, in most of 
the chronic form of TCR, the ophthalmic branch was 
involved.[43,46,47] In two cases, the TCR manifested several 
days after the clipping of intracranial aneurysm.[48] 
Another patient reported to have symptoms of TCR one 
month after the orbital fracture which improved only 
after cessation of stimulus following repair of orbital 
floor.[43] Yang and Oh described a case of chronic TCR, 
40 years later caused due to stimulation by intraorbital 
foreign body.[46] Matturri et al. have reported the death 
of an infant, hours after the submersion of face in 
water which triggered DR  (modified TCR).[49] These 
reports highlight the importance of this hitherto 
underdiagnosed entity and have generated interest 
in research in this relatively newer concept of chronic 
TCR.

CLINICAL PRESENTATIONS
The TCR usually presents with sudden onset 
bradycardia or asystole, hypotension, apnoea 
and gastric hypermotility. However, the clinical 
presentations may be varied depending on the location 
of trigger point  (clinical subtypes)  [Table  1]. The 
peripheral subtypes of TCR manifest as bradycardia 
along with hypotension, normotension or even 
hypertension (DR). In contrast to this, the central TCR 
manifests as bradycardia and hypotension. The direct 
stimulation of trigeminal ganglion may manifest as 
any combination of brady‑ or tachycardia and hypo‑ or 
hypertension and was referred to as a different 
subtype by Chowdhury et  al. known as ganglion 
Gasseri type. These varied presentations of the TCR 
are due to co‑activation of parasympathetic and 
sympathetic nervous system. In the central TCR, the 
parasympathetic overactivity leads to bradycardia and 
hypotension. A strong sympathetic activity may even 
cause hypertension as in DR. The gasserian ganglion 
has mixed fibres including sensory (from V1, V2 and 
V3), motor (to V3) as well as sympathetic fibres from 
carotid plexus. This complexity of sympathetic and 
parasympathetic fibres in gasserian ganglion explains 
different types of presentation during ganglionic 
stimulation ranging from bradycardia and hypotension 
to tachycardia and hypertension depending on the 
fibres involved.[50‑52]Figure 1: Trigeminocardiac reflex pathway
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TRIGEMINOCARDIAC REFLEX AS AN 
OXYGEN‑CONSERVING REFLEX

TCR (or DR) is a physiological reflex, which has been 
described to have a role in conserving body oxygen, 
thereby increasing survival under hypoxic/anoxic 
conditions. This reflex has been phylogenetically 
inherited from diving birds and amphibians. In response 
to diving (hypoxic environment), the DR is initiated due to 
stimulation of V1 (ophthalmic) division of trigeminal nerve 
which innervates the forehead, cornea and nasal mucosa. 
This results in bradycardia and apnoea (parasympathetic 
mediated) and peripheral vasoconstriction and increase 
in blood pressure (sympathetic mediated). Bradycardia 
decreases oxygen demand of the heart, and peripheral 
vasoconstriction limits the blood supply to peripheral 
non‑vital organs while maintaining blood flow to 
important organs such as brain and heart.[22,53‑55] 
All these effects help reduce oxygen consumption 
during apnoea  (hypoxic state) and thus have a direct 
oxygen‑conserving effect. Several reports describe 
survival and complete recovery in humans following 
periods of prolonged  (over an hour) submersion in 
water.[56‑59] DR is thought to have an important role in 
survival of such individuals.

CLINICAL SIGNIFICANCE
TCR is physiological reflex which usually has a protective 
and purposeful function. However, sometimes, an 
exaggerated TCR response may lead to potentially harmful 
complications such as sudden asystole or apnoea.[13] 
Due to these potentially life‑threatening complications, 
TCR has gained enormous attention particularly 
during surgical procedures such as neurosurgical, 
neurointerventional, ocular, dental and oro‑maxillo‑facial 
surgeries. Common neurosurgical procedures where 
TCR has been reported include cerebellopontine 
angle  (CPA) surgeries, trans‑sphenoidal surgeries, 
microvascular decompression  (MVD), aneurysmal 
clipping, percutaneous intervention procedures 
for trigeminal neuralgia and neurointerventional 
procedures.

Schaller et al. in 1999 first reported TCR (central TCR) 
during CPA surgery and the reported incidence was 
11% with all cases experiencing sudden bradycardia 
and hypotension.[29] In another study, Schaller et  al. 
reported 18% incidence of TCR episodes in patients 
undergoing MVD for trigeminal neuralgia.[60] During 
trans‑sphenoidal pituitary surgery, the TCR has 
been reported to occur in 10% cases.[39] In these cases, 
TCR occurred during lateral tumour dissection near 
cavernous sinus and was more common with tumour 
invading or compressing cavernous sinus, which 
suggests that TCR is elicited by V1 and V2 division of Vth 
cranial nerve passing through cavernous sinus. Although 
rare, Spiriev et  al.[61] suggested that the TCR episode 
can occur during aneurysm clipping. Importantly, 
various percutaneous procedures for trigeminal 
neuralgia  (glycerol rhizolysis, balloon compression or 
radiofrequency ablation) are associated with occurrence 
of TCR.[52,62‑67] The incidence varies with the type of 
stimulus (chemical, mechanical compression or thermal) 
used during the procedure. Highest incidence is reported 
during percutaneous balloon compression. Besides these 
neurosurgical procedures, where TCR is more commonly 
reported, there are numerous case reports/series in 
literature which highlight the occurrence of TCR during 
other neurosurgical as well as neuroradiological[68,69] 
procedures.

Another important clinical significant aspect of the 
TCR phenomenon is the effect of TCR on the functional 
outcome. In skull base tumour surgeries, the TCR 
episodes were linked with bad outcome (hearing loss, 
hormone normalisation, tinnitus, etc.). Chowdhury and 
Schaller recently reported the acute non‑surgical cases 
related to the TCR and noted four cases with 100% 
mortality.[70] In addition, the role of the TCR in various 
sleep disorders was also highlighted recently.[71,72]

MANAGEMENT OF TRIGEMINOCARDIAC 
REFLEX

Surgery in an area innervated by trigeminal nerve has a 
high risk of provoking TCR. Factors which are known to 

Table 1: Clinical subtypes of trigeminocardiac reflex and their clinical manifestations
Clinical subtype Trigger point Heart rate Blood pressure Respiration Gastric motility
Peripheral Stimulation of V1, 

V2, V3 innervated 
area

Bradycardia Hypotension or 
normotension 
(hypertension in 
diving reflex)

Apnoea Increased

Central Stimulation of 
intracranial part of 
trigeminal nerve

Bradycardia Hypotension Apnoea Increased

Ganglionic Direct stimulation of 
gasserian ganglion

Bradycardia 
or tachycardia

Hypotension or 
hypertension

Apnoea Increased
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potentiate TCR such as hypoxia, hypercarbia, acidosis and 
light plane of anaesthesia should be corrected beforehand 
to prevent occurrence of this reflex. Infiltration of local 
anaesthetic or peripheral nerve block of the afferent 
nerve may be used as prophylaxis against peripheral 
TCR.[73,74] The gentle and smooth manipulation during 
surgery reduces the risk of TCR. The surgeon should 
inform and alert the anaesthesiologist while approaching 
the trigeminal nerve or its branch. A close monitoring of 
the heart rate and blood pressure allows early detection 
of the event and immediate interruption of stimulus by 
the surgeon. This usually causes cessation of reflex and 
restores the heart rate and blood pressure to normal 
without use of drugs.[12]

However, if bradycardia and hypotension do not respond 
to interruption of stimuli, anticholinergic  (atropine 
or  g lycopyrrola te )  should  be  adminis tered 
intravenously.[42] Since TCR also has a sympathetic 
component and symptoms may occur due to decreased 
sympathetic tone rather than increased vagal stimulation, 
use of epinephrine rather than vagolytic agent will be 
efficacious in such cases.[12,75] TCR refractory to all forms 
of treatment requiring cardiopulmonary resuscitation 
has been described.[13,75]

FUTURE PROSPECTS
The DR  (a peripheral subtype of the TCR) is an 
oxygen‑conserving reflex and has a protective role. Based 
on the existing knowledge, it seems that this reflex may 
have neuroprotective role by the activation of multilevel 
endogenous neuroprotective mechanisms.[76] Similar to 
the DR, which protects an organism against hypoxia 
during diving, this reflex may also have protective action 
against various pathological conditions including brain 
ischaemia, stroke and traumatic brain injury. Future 
research to evaluate the TCR for prevention of brain 
hypoxia may provide a treatment option for ischaemic 
brain conditions such as for inducing tolerance to hypoxia 
during stroke and similar conditions. In addition, the 
recently recognised chronic form of the TCR needs 
further evaluation to understand this under‑reported 
yet more debilitating form of TCR.

CONCLUSION
Since its first description, there has been a constant 
increase in our knowledge about this important 
neurogenic reflex  –  ‘the brain and heart connection.’ 
However, we still lag far behind in understanding the 
exact mechanism and clinical significance of TCR. There 
exist substantial gaps in our knowledge about this reflex. 
Further clinical and experimental research will help 
improve our knowledge and unwind the mysteries about 
this reflex and its role in other diseases.
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