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Trigeminocardiac Reflex: an Overview

Breve resena del reflejo trigémino cardiaco

TUMUL CHOWDHURY, MP- DM FRCPC, T THOMAS ROSEMANN, 2 AND BERNHARD SCHALLER, MP- 2

ABSTRACT

Background: Trigemino-cardiac reflex is a unique brain stem reflex that manifests as negative cardio-respiratory perturbations.
This reflex is largely reported in skull base surgeries/interventions; however, in recent times, it has been also linked with many
neurosurgical, neurointerventional procedures, non-neurosurgical and non-surgical conditions. This reflex presents with many car-
diovascular changes that can create catastrophic complications, worse outcome as well as diagnostic dilemmas. Therefore, this
narrative review intends to elaborate on its mechanisms, definition, pathophysiology, manifestations, diagnosis and management.

Key words: Trigeminocardiac reflex - Bradycardia - Asystole - Brainstem - Autonomic reflex

RESUMEN

Introduccion: El reflejo trigémino cardiaco es un reflejo tnico del tallo cerebral que se manifiesta como perturbaciones cardiorespi-
ratorias, y ocurre principalmente en cirugias o intervenciones de la base del craneo. Sin embargo, recientemente se lo ha vinculado a
muchos procedimientos de neurocirugia e intervenciones neurolégicas y condiciones no relacionadas a neurocirugia y no quirargicas.
Este reflejo presenta muchas alteraciones cardiovasculares que pueden provocar complicaciones adversas, empeorar la evolucién y
producir problemas diagndsticos. Esta resena intenta profundizar su definicién, mecanismos, fisiopatologia, manifestaciones, diag-

néstico y manejo.
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INTRODUCTION

The trigeminocardiac reflex (TCR) is one of the most
powerful brain stem reflexes related to the stimula-
tion of any of the sensory divisions of the trigeminal
nerve. First described as Kratschmer’s reflex in cats
and rabbits, (1, 2) TCR is now being increasingly stud-
ied. This reflex has been given many names includ-
ing trigeminodepressor, trigeminovagal, oculocardiac
reflex, ete. (1, 3) The response may be elicited by the
stimulation of any part of the sensory branches of the
fifth nerve along their intracranial or extracranial
courses. (1, 4, 5) In addition, the recent inclusion of
the Gasserian ganglion variant and the chronic vari-
ant are also a part of the TCR. (6) The TCR causes
a wide array of manifestations that include from hy-

potension to hypertension, bradycardia to asystole,
bradypnea to apnea and gastric motility changes.
Importantly, in the beginning, this reflex was mainly
highlighted in neurosurgical procedures (especially,
skull base operations), but now it has been explored
in many other domains, (7-25) not being limited to the
boundaries of the intraoperative period but investi-
gated in many other non-neurosurgical/surgical proce-
dures. This reflex presents with many cardiovascular
perturbations and may create catastrophic complica-
tions and diagnostic dilemmas for other physicians,
so it becomes imperative to understand and know the
mechanism, definition, pathophysiology, predisposing
factors, manifestations, diagnosis and management
of the TCR. Therefore, the present narrative review
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aims to provide a better understanding of TCR and
various related facts that are important to physicians.

DEFINITION AND DIAGNOSIS

The TCR is an autonomic reflex that is governed by
the brainstem. It involves the three major anatomic
components: the sensory division of the fifth nerve,
the brainstem nuclei, and the vagus nerve. As a result
of the stimulation of the trigeminal nerve (anywhere
along its course) it incites and commonly manifests
as a sudden development of cardiac perturbations
(mainly negative) including bradycardia, asystole, and
hypotension. (6, 26) As this reflex is mainly reported
and studied intraoperatively under general anesthe-
sia, the other classically described symptoms (apnea,
gastric hypermotility) may not have been appreciated
so far, as most of the studies are done during opera-
tions. (27-39) The classical definition of the TCR is
suggested as a reduction in mean arterial blood pres-
sure and heart rate by more than 20% of its baseline
values and should coincide with the stimulation of the
trigeminal nerve. (40) The subtle TCR manifestations
cannot be recorded by this definition; however, it must
be noted that apparent events of TCR usually occur
with significant hemodynamic changes. (12) Impor-
tantly, sometimes, few episodes of the TCR can occur
without preceding warning signs; for example, a sud-
den intense stimulation of the central part of the fifth
cranial nerve may produce asystole without warning
signs of bradycardia or hypotension. (12) As TCR epi-
sodes produce similar hemodynamic changes as those
elicited by various other common factors including
(18) physiological, anesthetic, bleeding, venous air
embolism, anaphylaxis, and position related factors,
our group has also developed a more valid definition of
the TCR (9) based on two major (plausibility, revers-
ibility) and two minor (repetition, prevention) crite-
ria. The definition established on these criteria can be
used to eliminate other causes as well. (9)

ETIOPATHOGENESIS AND TYPES

The TCR is predominantly investigated and reported
during the intraoperative period. In the beginning of
TCR research, it was commonly described in neuro-
surgical procedures. (1) Thereafter, it was also report-
ed during maxillo-facial, (3) ophthalmic, (4) nasal, (7)
dental (8) and other surgeries. (9)

The TCR is a complex brainstem reflex that in-
cludes cranial nerves, ganglion, and various nuclei.
The afferent pathway is formed by the fifth nerve,
central relay center, brain stem nuclei and the effer-
ent connections are through the tenth nerve. When
there is a stimulus (physiological, or pathological)
around the sensory division of the fifth nerve, signals
are relayed to the sensory nucleus of the trigeminal
nerve via the Gasserian ganglion (Fig 1). The afferent
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. The common outcome of this reflex is a nega-
tive cardiovascular perturbation that is due to the
stimulation of the depressor fibers of the vagus nerve
that end in the myocardium. (32-33) This is the sim-
plistic elaboration of this reflex arc; however, multi-
ple nuclei and connecting fibers also constitute this
reflex pathway. Though the exact mechanism is still
unknown, many nuclei described include the sensory
nucleus of the trigeminal nerve, the trigeminal nucle-
us caudalis, the parabrachial nucleus, the rostral ven-
tro-lateral medulla oblongata, the dorsal medullary
reticular field and the paratrigeminal nucleus. As the
TCR is an autonomic reflex, the imbalance between
parasympathetic and sympathetic outflows is mainly
responsible for the end result of the TCR. Usually,
there is a co-activation of both the parasympathetic
and sympathetic nervous system. Three common
manifestations of the TCR include bradycardia (para-
sympathetic activation), vasoconstriction (sympathet-
ic activation) and apnea (modulated by the trigeminal
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showing the mechanism of
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system within the brainstem). (6) However, the rapid
and transient bradycardia but more prolonged and
slightly delayed recovery of hypotension can be partly
explained by the fact (33) that parasympathetic fib-
ers primarily innervate the atria and the conducting
tissues, whereas sympathetic fibers are more widely
distributed throughout the heart. It has been suggest-
ed that the myelinization status of the nerve may not
be a major risk factor, and phenotypic heterogeneity
could be the basis of susceptibility for simultaneous
autonomic nerve activation. (33)

Anatomically, the occurrence of the TCR may be
either due to (a) a peripheral or (b) to the central
stimulation of the fifth nerve. (34-35). Commonly, the
reflex can be elicited by stimulation of any of the three
divisions of the fifth cranial nerve, that is, ophthal-
mic, maxillary or mandibular nerves. The role of the
Gasserian ganglion has also been highlighted recently
and thus creates a new subtype of TCR. (1) The ana-
tomical basis of this classification does not provide the
exact nature of TCR variants; therefore, our group
suggested and elaborated the physiological, embryo-
logical and functional basis of TCR classification. (29,
31, 32, 41-46)

Few studies have suggested that during percuta-
neous radiofrequency thermocoagulation, a pressor
rather than a depressor response usually occurs. (36)
In our center, we also often encounter pressor re-
sponses during Gasserian ganglion rhizolysis or ther-
mocoagulation. However, on the other hand, the bal-
loon compression of a trigeminal ganglion produces
intense bradycardia and even, asystole. Sometimes,
other forms of arrhythmias, including ventricular fi-
brillation and cardiac arrest have been reported dur-
ing the same procedure. Why is it so? We don’t know
the exact mechanism. Whether or not the stretch or
compression of the Gasserian ganglion incites selec-
tive trigeminal pathways that eventually causes nega-
tive chronotropic response is a matter of further in-
vestigation. However, it can be partly explained by the
fact that the TCR triggered by peripheral stimulation
via the spinal nucleus of the trigeminal nerve to the
Kolliker-Fuse nucleus is different from the TCR trig-
gered by central stimulation via the nucleus of the
solitary tract to the lateral parabrachial nucleus (37).

INCITING FACTORS

First of all, any surgical procedure in and around the
area of distribution of any of the trigeminal nerve
branches can incite the TCR. Some of the reported
surgical procedures are ophthalmic surgery, (28) cran-
iofacial surgery, (27) skull-base surgery, (31) dental
surgery, (27) trigeminal rhizolysis (38) and any other
procedure on the head. Interestingly, some of the re-
ported TCR episodes were not related to major sur-
gery at all, but to relatively minor procedures such
as suturing of the skin, skull pin fixation, and scalp
nerve block. (16-18) Therefore, the perioperative phy-
sician should be cognizant about these facts. Almost

all of the literature related to the TCR describes it as
an acute intraoperative phenomenon; however, recent
articles have also highlighted the chronic form of this
reflex. This chronic presentation of the TCR often
produces some debilitating symptoms, which impose
difficulty in diagnosing this phenomenon. Various
inciting factors have been reported for predisposing
TCR episodes directly or indirectly. These factors
include hypercapnia, hypoxemia, the depth of anes-
thesia (lighter), younger age group (with high rest-
ing vagal tone), narcotics, preoperative use of beta-
blockers and calcium-channel blockers, and acidosis.
(1, 2, 7, 20) Some intraoperative factors such as light
plane of anesthesia, hypercarbia, hypoxia and acidosis
are correctable, therefore, these need to be promptly
managed. (1, 2, 6, 7, 11) Recent work by our group
highlighted the importance of anesthetic depth in the
context of TCR occurrence and have suggested that
the lighter depth of anesthesia is a potential risk factor
for the incidence of TCR episodes. Importantly, there
is a stronger link between lighter depth of anesthesia
and more episodes of asystole than with deep plane of
anesthesia. This study further highlighted that there
is almost 4.5-fold pooled risk of asystole in the light
anesthesia subgroup of the TCR. In another report by
Chowdhury et al., TCR episodes were aborted by bo-
luses of propofol. (25) The authors postulated a surro-
gate concept of the depth of anesthesia related to TCR
occurrence. (25) Whether or not increasing depth with
volatile agents would result in a similar abolition of
the reflex as seen in the case with propofol is a matter
of further investigation.

SYMPTOMATOLOGY

The classical symptoms include a triad of negative
cardiovascular changes, apnea and gastric hypermo-
tility. However, as mentioned earlier, all symptoms
may or may not be present in patients. Cardiovascu-
lar responses are the commonest ones. These include
bradycardia, asystole, non-fatal as well as fatal ar-
rhythmias. A non-specific feature may include elec-
trocardiographic changes such as T wave inversion
and shortening of the QT interval (33-39) following
the occurrence of the TCR. In a review of coronary
spasm in neurosurgical patients, the authors high-
lighted that the majority of coronary spasms were
the result of TCR episodes which were usually mani-
fested as ST segment-T wave abnormalities without
the evidence of echocardiographic abnormalities, and
substantial derangements in cardiac biomarkers. (3)
Furthermore, the existence of both major subtypes
of TCR (peripheral and central) in the same patient
was also reported and thus suggested that both types
can co-manifest in the same patient. (16) Why in some
patients, fatal arrhythmias and cardiovascular pertur-
bations happen and in others, only few mild, trivial
changes occur is a matter of investigation. However,
the explanation would be understood on the basis of
fine yet differential anatomical, physiological and ge-
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netic balance of sympathetic and parasympathetic in-
nervations.

MANAGEMENT (PREVENTION AND TREATMENT)
Most of the preventive strategies were reported for a
peripheral variant (oculocardiac) of the TCR. (1, 2, 6,
7, 11) Few studies highlighted the regular use of anti-
cholinergic premedications. (47-50) However, it is now
clear that premedication with anticholinergic agents
such as atropine and glycopyrrolate do not always
prevent the occurrence of TCR. Stratification of risks
on the basis of type of surgical procedures, incidenc-
es, preoperative and intraoperative risk factors and
amendments in the anesthetic and surgical techniques
can be regarded as preventive steps. Recently, the use
of topical anesthetics has also been proposed to pre-
vent the TCR. (48) But local anesthetics differentially
block the various nerve fibers and hence would not be
useful in many other cases. More so, use of local anes-
thetics near the brainstem area could lead to devasting
complications (complete brainstem anesthesia).
Concerning TCR management, one of the first
and most important steps is to inform the surgeon
so that cessation of the stimulus can be immediately
done. Most of the times it reverses the phenomenon.
Administration of anticholinergics such as atropine or
glycopyrrolate may be required in some cases where
bradycardia is severe or persists despite termination
of the stimulus. (35, 38) However, atropine only blocks
cholinergic fibers but does not totally prevent either
bradycardia or hypotension in animals, possibly be-

cause their trigeminal depressor response includes
both activation of vagal cardioinhibitory fibers and
inhibition of adrenergic vasoconstriction after elec-
trical stimulation of the spinal trigeminal tract and
trigeminal nuclear complex. (51) In most of the previ-
ously published cases, however, the patient responds
to the above treatment. But, at times, the TCR may
be refractory to the conventional methods of treat-
ment. In such rare situations, use of vasopressors
such as epinephrine and other immediate cardiac life
support may be required. (52) A recent report of our
group highlighted that the light plane of anesthesia
is an independent risk factor for TCR episodes, but
also the use of atropine was lesser in the deep plane of
anesthesia group to abort TCR episodes. (14) In this
report, the second step of treatment includes assess-
ment of the depth of anesthesia. Therefore, the algo-
rithm of TCR management should also incorporate
this pivotal step.

A prophylactic measure for TCR prevention has
been suggested with local anesthetic infiltration or
block of the nerve/nerves which convey afferent stim-
uli. (43) However, the use of lidocaine has been also
challenged. (20)

Because the TCR may occur without prior signals,
the vigilant role of the anesthetist and knowledge of
the TCR cannot be overemphasized.

Arasho and colleagues (49) categorized the man-
agement of patients with TCR that should also incor-
porate depth of anesthesia assessment (20) as follows
(Figure 2):

MABP and ECG

TCR
Stop the procedure for
some time

Continue with the
procedure

Persistent
bradycardia/hypotention

Give atropine 0.6 mg/iv and
repeat the same dose if no
response

Epinephrine 6 pg/iv

Surgery in the territory of
trigeminal nerve

Check of some risk factors
for TCR

Continuous monitoring of

Continue with the

Fig. 2. Algorithm to treat the
TCR

procedure
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1. Risk factor identification and modification

2. Depth of anesthesia assessment

3. Prophylactic treatment with either vagolytic agents or peripheral
nerve block in case of peripheral manipulations of the nerve.

4. Careful cardiovascular monitoring during anesthesia, especially in
those with a risk factor for TCR.

5. Treatment of the condition when it occurs: cessation of the
manipulation, and administration of vagolytic agents and adrenaline.

CLINICAL RELEVANCE

A review by Chowdhury et al. revealed that the TCR
is a common cause of cardiac emergencies in elective
neurosurgical interventions. (8) Most of TCR epi-
sodes were transient and did not significantly affect
the neurological outcomes postoperatively. However,
other studies highlighted the pathological nature of
the TCR and noted functional consequences after
intraoperative TCR episodes. As the TCR may take
place without prior hemodynamic changes, (34) it is
important to identify warning signs that may precede
the TCR and to better understand the influence on
clinical outcome of such a response. The results of a
prospective study suggest that serum biomarkers of
ischemia may be useful as surrogate markers to pre-
vent the occurrence of TCR. (44) A recent study also
supported that intraoperative TCR episodes were
linked to adverse functional outcome in pituitary
surgeries. They measured hormone levels before and
after pituitary surgery and found inadequacy of pi-
tuitary hormones in the TCR group. (12) The role of
electrophysiological monitoring during the TCR has
also been suggested by Gharabaghi et al. (45) Their
preliminary results indicate that intraoperative moni-
toring of auditory evoked potential changes related to
the TCR predict postoperative hearing function and
serve as a valuable prognostic tool. Further studies
may, however, be needed to evaluate the possible role
of electrophysiological monitoring in the detection
and prevention of TCR, but it underlines that the in-
traoperative occurrence of TCR can have a substan-
tial impact on the postoperative functional outcome.
In their work on TCR, on the other hand, Schaller
and colleagues have suggested that the TCR may be
an “oxygen-conserving reflex”, (6) so that especially
the duration of bradycardia and hypotonia might be
necessary depending on which of the two sides the
pendulum strikes.

It is, in general, believed that appropriate detection
and management of the TCR depends on the tumor
characteristics, surgical maneuver, and changes in au-
ditory evoked potentials, which in turn will lead to the
successful clinical application of this entity. (45) There
is another school of thought where the possible role of
serum biomarkers in the occurrence of the TCR is be-
ing considered by investigators. Schaller and colleagues
(46) believe that serum biomarkers on ischemia may be
useful as surrogate markers to prevent the occurrence

of the TCR. The same authors also suggest that radio-
logical indicators of potential anoxic cerebral damage
may also be of clinical importance. (46, 53-77) From dif-
ferent studies it seems that reflex-evoked coactivation
of cardiac autonomic outflows appears to be the norm
rather than the exception. (77) Although coactivation
of cardiac vagal and sympathetic outflows can be physi-
ologically appropriate, it is apparent that there can also
be pathological outcomes (i.e. generation of arrhythmi-
as), because it does not simply reflect the summation
of opposing influences. Paton has proposed that this
cardiac autonomic coactivation may allow greater car-
diac output during bradycardia (increased ventricular
filling time and stronger contraction) than activation
of the sympathetic limb alone. (77) This may be impor-
tant when pumping blood into a constricted vascular
tree, such as is the case during the peripheral TCR and
the diving response. This knowledge has opened the
door for some first clinical cardiac studies.

VIEW TO THE FUTURE

The TCR has certainly its place in perioperative medi-
cine. Current knowledge also indicates that the TCR
is also linked to a substantial part of neurological dis-
orders. Beyond this there is only rare literature. But it
seems that the TCR also plays a role in cerebral precon-
ditioning (e.g. oxygen-conserving reflex). Altogether,
the TCR is - without doubt - an important physiological
reaction in mammalians.

Not yet published personal observations of the sen-
ior author suggest some links of the TCR to certain car-
diological diseases. Its importance remains a question
for further research.

Despite the importance and strength of the TCR
there is still little information about the cellular mech-
anisms and brainstem pathways that constitute this re-
flex. (6) Stimulation of trigeminal fibers evokes a pow-
erful excitatory and polysynaptic pathway to cardiac
vagal neurons, (6) and this pathway is endogenously
modulated and differentially enhanced, and depressed,
by serotonin (5-HT1A and 5-HT2, respectively) recep-
tors. Inasmuch as such or still more detailed knowledge
may open the door for therapeutic use of the TCR in
different neurological or cardiac disorders, is not yet
clear.

CONCLUSION

The TCR is a ubiquitous phenomenon in mammals
and can present from a mild physiological change to
severe pathological cardiovascular perturbations. As
newer reports related to the TCR are coming from dif-
ferent surgical and more non-surgical conditions, it is
imperative for all physicians to know about this unique
reflex in detail. This will certainly help the better un-
derstanding of the TCR and develop not only future di-
agnostic but also therapeutic models to manage various
neurological and also cardiac disorders. But the better
knowledge of the TCR may also allow to better under-
stand the physiological function of the heart.
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