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ABSTRACT

Background: Long Latency Responses (LLR) in tongue muscles are a scarcely described phenomenon, the
physiology of which is uncertain.
Objectives: The aim of this exploratory, observational study was to describe tongue-LLR elicited by direct
trigeminal nerve (DTNS), dorsal column (DoColS), transcranial electric (TES) and peripheral median
nerve (MNS) stimulation in a total of 93 patients undergoing neurosurgical procedures under general
anesthesia.
Methods: Bilateral tongue responses were derived concurrently after each of the following stimulations:
(1) DTNS applied with single monophasic or train-of-three pulses, <5 mA; (2) DoColS applied with a
train-of-three pulses, <10 mA; (3) TES consisting of an anodal train-of-five stimulation, <250 mA; (4)
MNS at wrist consisting of single or train-of-three monophasic pulses, <50 mA. Polyphasic tongue
muscle responses exceeding the latencies of tongue compound muscle action potentials or motor evoked
potentials were classified as LLR.
Results: Tongue-LLR were evoked from all stimulation sites, with latencies as follows: (1) DTNS: solely
ipsilateral 20.2 + 3.3 msec; (2) DoColS: ipsilateral 25.9 + 1.6 msec, contralateral 25.1 + 4.2 msec; (3) TES:
contralateral 55.3 + 10.2 msec, ipsilateral 54.9 + 12.0 msec; (4) MNS: ipsilateral 37.8 + 4.7 msec and
contralateral 40.3 + 3.5 msec.
Conclusion: The tongue muscles are a common efferent in brainstem pathways targeted by trigeminal
and cervical sensory fibers. DTNS can elicit the “trigemino-hypoglossal-reflex”. For the MNS elicited
tongue-LLR, we propose the term “somatosensory-evoked tongue-reflex”. Although the origin of the TES
related tongue-LLR remains unclear, these data will help to interpret intraoperative tongue recordings.
© 2022 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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The tongue is innervated by the hypoglossal nerve and is a
striate muscle consisting of four intrinsic, intertwined sectors
involved in complex, finely tuned movements contributing to
airway patency, chewing, swallowing and speech. Various causes,
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Abbreviations

cOMEP = corticobulbar motor evoked potentials
DCS = direct cortical stimulation

DTNS =  direct trigeminal nerve stimulation
DoCol = dorsal column

DoColS = dorsal column stimulation

MNS =  median nerve stimulation

SoTR =  somatosensory-evoked tongue reflex
TES = transcranial electric stimulation

TN = trigeminal nerve

Tongue-LLR = tongue long latency response

e.g. a paresis, contribute to functional impairment of the tongue
resulting in obstructive sleep apnea, dysphagia or dysarthria.

Intraoperative neurophysiological monitoring (IONM) of tongue
function is of special interest in neurosurgical procedures near the
hypoglossal nerve, its nuclei and the corticobulbar pathways.
Standard monitoring methods employed are the recording of
electromyographic activity (EMG) and of compound muscle action
potentials (CMAP) elicited by direct hypoglossal nerve stimulation
from intrinsic tongue or genioglossus muscles for localization
within the surgical site [3—7]. Corticobulbar motor evoked poten-
tials (coMEP) of the tongue are elicited by transcranial (TES) and
direct cortical stimulation (DCS) in order to monitor the cortico-
bulbar pathways [1,8—11]. Preserved tongue-coMEP have been
found to be a positive predictor of tongue movement [12]. Tongue-
coMEP have also been proposed as aids in rostral control in cervical
spine surgery [13].

During the intraoperative routine derivation of tongue-coMEP
and tongue-EMG for various neurosurgical procedures in adult
patients, we fortuitously observed that both TES and median nerve
stimulation (MNS) elicited time-locked late polyphasic responses in
the tongue. Multiple reflex circuits in the oropharyngeal region
involving the trigeminal and hypoglossal nerves have been
described in animals [14,15]. In humans, a trigemino-hypoglossal
silent period following palatal mucosa stimulation was described
[16]. Moeller et al. observed a “late EMG response of the tongue
elicited by transcranial stimulation” of approximately 40 msec la-
tency and classified it as a symptom of hemilingual spasm [17].
Long latency responses have been reported in the cricothyroid
muscles elicited by transcranial magnetic stimulation in healthy
subjects and by DCS of the caudal opercular part of the inferior
frontal gyrus in patients undergoing awake craniotomies; these
have been postulated to be part of the articulatory network
[11,18,19].

We conducted prospective, exploratory, observational studies to
characterize the occurrence of tongue-long latency responses (LLR)
elicited by direct trigeminal nerve (DTNS) and dorsal column
stimulation (DoColS), as well as TES and MNS, in an intraoperative
setting and to obtain reference values for their eventual application
in intraoperative neurophysiological monitoring.

2. Methods
2.1. Study design and patients

In total, data of 93 adult patients undergoing various neuro-
surgical procedures for supratentorial and infratentorial tumor
removal, trigeminal neuralgia and for cervical intramedullary le-
sions were analyzed. Data were collected in prospective, explor-
atory, observational studies, which were approved by each site's

567

Brain Stimulation 15 (2022) 566—575

hospital ethical committee (site 1: E 9/07, Frankfurt University,
Germany; site 2:701-16, LMU Miinchen; site 3: N.710-14122020,
Niguarda Hospital, Italy). Patients gave informed consent to use
their data.

2.2. Intraoperative methodology

2.2.1. Anesthesia

Muscle relaxants were applied only for intubation. At sites 1 and
2, total intravenous anesthesia was performed with propofol and a
medium acting opioid (remifentanil). At site 3, inhalational agents
(Sevoflurane), not exceeding 0.5 minimum alveolar concentration,
were titrated to achieve continuous theta activity in the EEG cor-
responding to a Bispectral Index of 30—45.

2.2.2. Neurophysiological recording and stimulation techniques

The routine IONM methodology in skull base and brainstem
surgery consisted of auditory evoked potentials (AEP), bilateral
median nerve somatosensory-evoked potentials (SEP), MEP, EMG
and direct cranial nerve stimulation. Muscle responses were bilat-
erally recorded with stainless steel subdermal needle electrodes
from hand muscles (abductor pollicis brevis muscles (APB)), facial
(orbicularis oculi and oris, nasal, mentalis muscles), masseter and
tongue muscles; the vocal cords, throat (levator veli palatini mus-
cles) and limb muscles were added according to surgical needs. For
stimulation and recording, commercially available, neurophysio-
logical monitoring devices (ISIS IOM system, Inomed, Emmendin-
gen, Germany (Site 1 and 2) or the NIM Eclipse System, Medtronic,
USA (Site 3)) were employed. These multichannel systems allow
simultaneous recording of motor responses.

2.2.3. Direct trigeminal nerve stimulation

In the cerebello-pontine angle (CPA) cistern, the exposed roots
of the motor and sensory trigeminal nerve (TN) were stimulated
with a probe. Two techniques were employed:

a) At site 2, single pulse constant current stimulation was per-
formed with a bipolar concentric probe of 2 mm diameter
(Inomed Co., Emmendingen, Germany) at a 3 Hz repetition rate,
maximum intensity of 0.5 mA and a pulse width of 0.2 msec.

b) At site 3, stimulation was performed both with a monopolar
probe (1.6 mm in diameter; Spes Medica srl, Genova, Italy) with
the return electrode placed at Pz, and with the above described
bipolar concentric probe. A train of 3 monophasic pulses of
0.1-0.2 msec individual pulse width, an interstimulus interval
(ISI) of 2 msec at a train repetition rate 0.5—1 Hz and an intensity
of maximum 3 mA was applied.

The train stimulation technique was used according to the
methodology described for the blink reflex (BR) [20,21]. This fol-
lows the rationale that stimulation of sensory afferents under
conditions of anesthesia would likely elicit reflex responses with a
train stimulation modality rather than with single pulses.

2.2.4. Dorsal column stimulation

DoColS was applied with the bipolar concentric probe (see de-
tails above). In one patient, a double train with an intertrain interval
of 60 msec was applied, as is typically proposed for spinal cord
mapping [22]. In the other two, a train of 3 cathodal pulses, 0.2—-0.4
msec duration, 2 msec ISI, a train repetition rate of 0.5—1 Hz, with
an intensity of 3—10 mA was used (slightly modified as described in
Ref. [22]).
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2.2.5. Transcranial electric stimulation

For TES, corkscrew electrodes (Inomed Co., Emmendingen,
Germany) were placed at C1, C2, C3, C4 and Cz, allowing stimulating
electrode montages for interhemispheric and hemispheric stimu-
lation [23]. MEP were evoked with an anodal train of 4-5
consecutive pulses of individual pulse width of 0.5 msec, with an ISI
of 2—4 msec, a train repetition rate of 0.5 Hz and a stimulation
intensity of maximum 250 mA. To distinguish peripherally elicited
CMAP from true corticobulbar MEP (coMEP), a single pulse TES
(same pulse width and stimulating electrode montage) was applied
before the train stimulation [9,24]. This method diverges from
current literature and was used due to technical constraints.

2.2.6. Median nerve stimulation

MNS was performed with subdermal needle electrodes at the
wrist, using monophasic pulses of 0.2—0.5 msec and a maximum
intensity of 50 mA, resulting in a CMAP of the corresponding APB
>0.5 mV.

2.3. Recordings of tongue muscle responses

Pairs of stainless-steel needle electrodes (24 mm length, Spes
Medica srl., Italy) were placed at an angle of 20—30° in the lateral
aspect of each side of the tongue. These needles are most frequently
inserted into the superior longitudinal or transverse muscle and
were intended to representatively record activity from all intrinsic
and genioglossus muscles (hereafter, “tongue muscle”). Tongue
muscle responses were recorded with a sweep length of 100—200
msec and a hard-ware filter setting of 0.5—2000 Hz with a sampling
rate of 20000 Hz. For MEP, a sweep length of 200 msec and a hard-
ware filter setting of 0.5—2000 Hz with a sampling rate of 20000 Hz
was applied.

For DTNS, TES and MNS, muscle recordings were set to obtain
concurrent responses from ipsilateral masseter, bilateral tongue,
facial and throat and APB muscles, corresponding to a minimum of
9 multichannel derivations. In DoColS, muscle recordings were set
to concurrently obtain responses from bilateral tongue and limb
muscles according to the level of surgery.

2.4. Study conduct

2.4.1. DTNS

Data (sites 2 and 3) were collected during intraoperative CPA
procedures. At the surgeon's discretion, DTNS was performed to
identify the TN within the CPA cistern. The occurrence of tongue-
LLR was described.

2.4.2. DoColS
Data (site 3) were collected in intramedullary spinal cord sur-
gery while stimulating the exposed dorsal aspect of the spinal cord.

2.4.2.1. TES elicited tongue-LLR. During supra- and infratentorial
neurosurgical procedures performed at site 1, studies concerning
the frequency and relation to TES-stimulation paradigms of facial,
pharyngeal, and tongue muscle coMEP, as well as tongue-LLR eli-
cited by TES were prospectively and systematically conducted and
data collected.

2.4.2.2. Tongue-LLR elicited by TES and median nerve stimulation.
During infratentorial neurosurgical procedures at site 2, the la-
tencies and duration of tongue-LLR elicited by TES were prospec-
tively and systematically collected and described to confirm the
data obtained at site 1. MNS-triggered tongue-LLR were studied in
those patients in whom TES-triggered tongue-LLR were present.
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3. Data analysis

Descriptive statistical analysis was performed on patients’
characteristics. Late responses were those that had the features of a
reflex response with polyphasia and latency far exceeding the
range of tongue coMEP or the peripheral CMAP. As reference value,
we chose the latency of 4.1 + 0.6 msec, which results from stimu-
lating the hypoglossal nerve near the root exit zone on the brain-
stem, as this would be the most proximal site of “peripheral”
stimulation [25]. Data were analyzed for latency, duration and side
of occurrence. Three consecutive responses were used to calculate
the means. Data of ipsi- and contralateral responses were each
grouped (TES, MNS).

1) DTNS: We analyzed data only from those patients in whom the
stimulation of the trigeminal nerve clearly elicited a masseter
muscle CMAP (<5 msec; [26]) and tongue-LLR were observed.

2) DoColS: As tongue-LLR we considered polyphasic long latency
responses that followed DoColS of the spinal cervical level C4 —
C6.

3) TES: Polyphasic tongue muscle responses that extended beyond
tongue-coMEP latency ranges of 11.5 msec [13] were considered
late responses. At site 1, analysis focused on TES-parameters
(intensity, stimulation montages and ISI) and the frequency of
tongue-coMEP and tongue-LLR. At site 2, analysis focused on the
characteristics of tongue-LLR (latency, duration).

4) MNS: As tongue—LLR, we described tongue responses by MNS,
that showed polyphasic morphology and a minimum onset la-
tency of 30 msec.

4. Results
4.1. Tongue-LLR elicited by trigeminal nerve stimulation

Tongue-LLR following direct trigeminal stimulation (DTNS)
were studied in 13 patients (eight patients from site 3: 5 male, age
52.5 + 14.8, median age 55 years, age range 18—68 years) under-
going neurosurgical treatment of lesions within the infratentorial
compartment (Table 1). DTNS of the TN sensory root resulted only
in tongue-LLR with a mean latency of 20.2 msec (Fig. 1A, Table 2),
whereas the stimulation of the motor root elicited CMAP strictly in
the masseter muscle (Fig. 1B). Responses were strongly ipsilateral
in all patients.

4.2. Tongue-LLR elicited by dorsal column stimulation

Tongue-LLR were observed in 3/3 patients during DoCol stim-
ulation at the cervical levels C4 — C6. The patients (one male, age
58.7 + 12.7 years, median age 61 years, age range 45—70 years)
underwent neurosurgical removal of a cervical intramedullary
cavernous angioma (one patient) or ependymoma (2 patients). The
mean latencies of ipsilateral tongue-LLR were 25.9 + 1.6 msec; the
latencies of contralateral tongue-LLR were 25.1 + 4.2 msec (Fig. 2).

4.3. Tongue-LLR elicited by TES

Data of 66 patients (site 1, 38 female, mean age 52 + 13.9, age
range 19—79 years) undergoing various neurosurgical procedures
(see Table 3 for patients’ characteristics) were analyzed. Contra-
lateral tongue-coMEP were elicited in 42/66 (63.6%) patients with a
stimulation intensity of 110.6 + 28.1 mA; tongue-LLR were
observed in only 16/66 (24.2%). Interestingly, the average stimula-
tion intensity required in order to elicit tongue-LLR was only

89.1 + 32.3 mA. Data were grouped, as no statistical difference
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Table 1
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Characteristics of 13 patients with tongue-LLR elicited by direct trigeminal nerve stimulation.

Location Pathology

Cerebello pontine angle

Microvascular decompression for trigeminal neuralgia

Epidermoid
Petroclival Meningioma
Petrosal Meningioma
Pontine Cavernoma

Vestibular schwannoma

N= N = NS

existed between contralateral and ipsilateral responses following
right and left hemispheric as well as interhemispheric stimulation.
Overall, midline interhemispheric stimulation (C1-anodal/C2-
cathodal and C2-anodal/C1-cathodal) elicited tongue-LLR in 12/66
(18.2%) patients with both an ISI of 2 and 4 msec. Lateral inter-
hemispheric (C3-anodal/Cz-cathodal and C4-anodal/Cz-cathodal)
stimulation elicited tongue-LLR with an ISI of 2 msec in 13/66
(19.7%) patients and with an ISI of 4 msec in 14/66 (21.2%) patients.
The mean latencies obtained with an ISI of 2 msec were
50 + 10 msec, for an ISI of 4 msec 52 + 12 msec, with no statistical
difference.

Masseter L

300 pV/DIv

Oculi L

Mentalis L

24 36 t[ms)

Masseter L

300 pV/Div

Oculi L

Mentalis L

Oris L

Genlo L

Genio R

0 12 24 36 48 t[ms)

Fig. 1. A and 1 B Concurrent recordings of left sided masseter, orbicularis oculi,
mentalis, orbicularis oris and bilateral tongue (indicated as “genio”) muscles following
left direct trigeminal nerve stimulation (0.2 mA; 0.2 msec pulse width, bipolar
concentric probe). Stimulation of (A) the left sensory root of the trigeminal nerve
eliciting late responses in the ipsilateral tongue; and (B) motor root of the trigeminal
nerve eliciting CMAP in the masseter muscle.
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4.4. Tongue-LLR elicited by TES and median nerve stimulation

Data of 11 patients (site 2; 8 female, mean age 51.1 + 11.8, 31-72
years) undergoing neurosurgical procedures for microvascular
decompression (trigeminal neuralgia (three patients), hemifacial
spasm (one patient)), tumor resection within the vicinity of the CPA
(vestibular schwannoma in three patients, and an epidermoid) as
well as petroclival meningioma, foramen magnum meningioma
and cervical intramedullary hemangioblastoma (one each) were
eligible for analysis. TES elicited contralateral tongue-LLRs with a
mean onset of 55.3 msec and ipsilateral tongue-LLR of
54.9 msec (Table 4, Fig. 3). Left hemispheric TES elicited ipsilateral
tongue-LLR in all 11 patients and contralateral in 10/11 (91%) pa-
tients; right hemispheric TES elicited ipsilateral responses in 10/11
(91%) patients and contralateral in 9/11 (82%) patients; the results
indicated no significant statistical differences. We observed no
habituation.

In 10 patients, MNS was performed at each wrist and elicited
ipsilateral tongue-LLR with a mean onset 37.8 + 4.7 msec and
contralateral  tongue-LLR with a mean onset of
40.3 + 3.5 msec (Table 5, Fig. 4A and B). Left MNS elicited ipsilateral
tongue-LLR in 7/10 patients but contralateral tongue-LLR in only 5/
10 patients. Right MNS elicited ipsi- and contralateral tongue-LLR in
9/10 patients.

4.5. Summary of results

This is the first comprehensive presentation and analysis of the
multiple occurrence of polyphasic tongue-LLR, under conditions of
anesthesia, elicited by DTNS, DoColS, TES and MNS. We found that
tongue-LLR latencies vary according to the stimulation site: the
longest at more than 50 msec by TES, more than 30 msec for MNS;
the shortest following stimulation of the sensory root of the TN at
20 msec. Comprehensive overviews of the stimulation sites, long
latency responses and reflexes in the tongue are provided in
Table 6.

5. Discussion

Our data demonstrates four types of tongue-LLR obtained
intraoperatively in different patient cohorts at three hospitals,
recorded with various neurophysiological devices [2]. The common
end-organ, the tongue muscle, is neither indicative for the same
origin of the responses and their underlying reflex arches, nor for
the involvement of identical brainstem nuclei.

5.1. Trigeminal stimulation elicited tongue-LLR

It is our understanding that this is the first description of
tongue-LLR elicited by DTNS in humans, most probably due to a
polysynaptic brain stem reflex, with the afferent arc provided by
the sensory fibers of the TN and the efferent arc provided by the
hypoglossal nerve motor fibers. This may correspond to the
trigemino-hypoglossal reflexes elicited by activation of trigeminal
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Table 2
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Trigeminal nerve stimulation elicited masseter muscle CMAP and tongue-long latency responses.

n=13 masseter CMAP ipsilateral tongue-LLR

latency [msec] latency [msec] duration [msec] amplitude [uV]
mean/stdev 3.0+ 06 202 +33 214 +73 158.4 + 90.2
median 3 19.2 224 145
range 1.9-4 16.8—-27.4 12.3-33.1 57.7-350

CMAP = compound muscle action potential; LLR = long latency response; stdev = standard deviation.

afferents described in humans and animals [27—29]. Trigemino-
hypoglossal projections are the essential players in the coordina-
tion of mastication, swallowing and breathing [30]. In the cat,
anatomical and neurophysiological methods confirmed fiber-
connections between the spinal trigeminal nucleus and the juxta-
trigeminal reticular formation, from which region interneurons
connect to the hypoglossal nucleus [31]. Studies in rats also support
the assumption of neuronal fiber connections between spinal tri-
geminal nucleus, receiving facial nociceptive fibers, and hypoglos-
sal motor nuclei [32]. Stimulation of the upper trigeminal branch
(V1) mediates the BR without any related activity within the tongue
muscles. However, in the awake human subject mucosal stimula-
tion (lingual nerve, mandibular trigeminal branch (V3)) results in
an R1-like response of 12.5 msec latency within the genioglossus
muscle, for which the term “tongue reflex” was coined [29]. The
latency of this tongue reflex was 8 msec shorter compared to the
tongue-LLR in our study (12.5 vs. 20 msec), which could be an effect
of anesthesia. It is also possible to speculate that different sensory
fibers are activated, and the latency of 20 msec is a result of the
involvement of slow conducting C-fibers within the sensory tri-
geminal root. It is also interesting that the recording of tongue-LLR
was not accompanied by cardiovascular reactions, which may
indicate a conduction via vagal or glossopharyngeal efferents.

An inhibitory reflex elicited by palatal stimulation in healthy
subjects and patients with brainstem lesions leading to suppression
of tongue muscle activity with a latency of 30 msec and a duration
of 30 msec has been termed “trigeminal hypoglossal silent period”
[16]. Comparable inhibitory reflexes are also reported in animals
[14,33,34]. As we observed the trigemino-hypoglossal reflex under
anesthesia without muscle preinnervation, we do not consider an
inhibitory reflex as an underlying mechanism.

5.2. Dorsal column stimulation elicited tongue-LLR

The technique of DoColS for determination of the dorsal raphe
[35,36] or for spinal cord mapping [22] was introduced for safe

train 1 train 2
i !
*
WM«W«WMWWWWWM«WWMMWWW%M
e i A
24.8 msec
*
4% s
24.6 msec
*
MNWWM«MWMWJ‘WMMWW
T
24.6 msec
| 0.02mv
20 msec

Fig. 2. Left ipsilateral tongue long latency responses following double train stimulation
(3 mA, train of three pulses, 0.4 msec duration, interstimlus interval 2 msec, intertrain
interval 60 msec) of the left cuneate tract of the dorsal columns at C5 level. The first
train stimulus artifact is incompletely suppressed and only the last pulse is visible (*).

resection of intramedullary spinal cord tumors (imSCT). Our new
findings indicate the occurrence of reflex responses rostral to the
stimulation site.

Hypoglossal nerve injury related to an anterior cervical dis-
cectomy at cervical levels 3 and 4 not only induced an ipsilateral
tongue atrophy but also hypesthesia of the ipsilateral lower face
(V3), sparing other trigeminal functions [37]. In cats, there are
supporting data about reflex arches connecting upper cervical
roots, DoCol and hypoglossal motor nuclei: stimulation of high
cervical roots, C2 and C3, elicits activity in hypoglossal nerve
[38,39]. In the rat, muscle afferents mediating via C1 to C4 termi-
nate within the intermedius nucleus of the medulla, further pro-
jecting to the hypoglossal nucleus [39]. In human, perihypoglossal
nuclei, nucleus of Roller and nucleus intercalatus might have the
same connections and might explain our observations, although
the involvement of the spinal trigeminal nucleus cannot be ruled
out. Future studies are needed to describe the DoColS related
tongue-LLR.

5.3. TES elicited tongue-LLR

To date, there is only one published description in humans of
TES-elicited tongue-LLR [17] as well as a series of observations by J.
Sarnthein (personal communication, 2021). Nevertheless, trans-
cranial magnetic brain stimulation and DCS of the frontal opercu-
lum elicited LLR in laryngeal muscles in humans [40,41]. These
cricothyroid-LLR have latencies of about 55 msec, which are com-
parable to the tongue-LLR we have reported. Because the tongue-
LLR are so large and prominent, we assume that our reported LLR
are generated in the tongue itself. Further evidence that the
observed responses are not far-field activity is the fact that in some
patients we recorded tongue LLR purely unilaterally.

Deletis et al. proposed an underlying pathway between the
caudal opercular part of inferior frontal gyrus serving as premotor
cortex for laryngeal muscles to the laryngeal representation area of
M1, essential for initiation of the laryngeal motor program [41]. As
this study was performed in awake human subjects and patients,
recordings in tongue-muscles were not performed. We assume that
tongue-LLRs are distinctly different from cricothyroid-LLRs, the
latter playing an important role in human vocal control [11].

Moller and Osburn reported TES-elicited late and polyphasic
EMG responses recorded from the tongue in a patient with a
hemilingual spasm undergoing neurosurgical microvascular hy-
poglossal nerve decompression [17,42]. Neural activity reverber-
ating between chains of interneurons and hypoglossal motor
neurons, necessary for exceeding the discharge threshold of motor
neurons, was proposed as underlying mechanism [17]. Indeed, TES
might elicit trigeminal sensory afferents and mediate tongue-LLR
via multiple and complex reflex pathways of trigemino-
hypoglossal projections. The morphology of the tongue-LLR
closely resembles the R2 component of the BR and the laryngeal
adductor reflex (LAR). In general anesthesia, only technical refine-
ment with multipulse stimulation enables eliciting the R1
component of the BR, but only rarely the R2 component, which
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Table 3
Characteristics of 66 patients with TES elicited tongue-LLR (study site 1).
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Supratentorial (n = 40) location

pathology

o

frontal

parietal

sella region
temporal
intraventricular
intrinsic brain tumor
meningioma
metastasis
craniopharyngeoma
neurocytoma
sarcoma

—_ =N = = NN ON
w oo

Infratentorial (n = 23) location

pathology

cerebello pontine angle
petroclival

IVth ventricle
tentorium

Cerebral peduncle
meningioma

vestibular schwannoma
ependymoma
epidermoid
microvascular decompression
cavernoma

pilocytic astrocytoma

— = NN DO =W U

Cerebral aneurysm surgery (n = 3) location

—_

middle cerebral artery
anterior cerebral artery 1
vertebral artery 1

habituates during repeated stimulation [20]. However, the LAR,
entirely mediated by the vagal nerve, can be reliably elicited with
one pulse or double pulse stimulation under general anesthesia, its
ipsilateral R2 latency is 59 msec and contralateral slightly longer
with 61 msec [43]. The LAR is now widely used for monitoring of
the vagal nerve and its brainstem pathways [44—47]. We empha-
size that TES and MNS elicited tongue-LLR did not habituate, which
would be a strong indicator against a polysynaptic reflex. On the
other hand, a life-sustaining reflex might be more resistant against
anesthesia and habituation. When observing tongue-LLR, patients
do not show any evidence of emerging from anesthesia, such as
episodes of tachycardia, elevation of blood pressure or face
respective pharyngeal muscle activity, which would make a vagal
nerve mediated reflex activity less likely. In awake humans, painful
stimulation of the protruded tongue elicited a rapidly habituating
tongue muscle reflex activity with a latency of 25—40 msec and
lasting for approximately 15—50 msec duration (Table 6) [48], most
likely mediated by trigeminal afferents.

TES directly activates face, pharyngeal, neck and shoulder
muscles. Such TES related masseter contraction might lead to jaw
closure and timely retropulsion of the tongue, resembling the
“tongue-jaw reflex” [14]. As neither masseter coMEP nor CMAP was
observed when we recorded tongue-LLR, we consider the tongue-
jaw reflex an unlikely explanation.

In an intubated patient, the oro-pharyngeal space is narrowed
by the airway-tube, a gauze (used as bite-block), anteflexion of the
head, receding of the tongue and the blockade of the lower airway.
The “negative airway pressure related genioglossus reflex” could be
considered as a possible causal mechanism (Table 6) [49]: TES

Table 4
Tongue responses elicited by transcranial electric stimulation in 11 patients.

related contractions of the pharyngeal muscles might induce a brief
negative airway pressure within the upper pharyngeal space,
which results in a propulsion of the tongue by contraction of the
genioglossus muscle. This reflex persists during sleep, although it
has an earlier onset latency (23 vs. 26 msec) and shorter duration
(16 vs. 23 msec) compared with wakefulness [50]. As this reflex is
essential for airway patency and therefore life sustaining, it is more
likely to be present during anesthesia compared to other poly-
synaptic brainstem reflexes or even speech related complex motor
responses. This “negative upper airway pressure reflex” or “genio-
glossus-reflex” is either trigeminally (nasopharyngeal space) or
vagally mediated (laryngeal space) [51]. As the genioglossus reflex
is suppressed by local anesthetics, superficial mechanoreceptors or
chemoreceptors might play the essential role [49].

We acknowledge that the underlying pathways of the TES-
related tongue-LLR are currently unknown and that studies are
needed to further understand the mechanism of the TES-related
tongue-LLR.

5.4. Median nerve stimulation elicited tongue-LLR

Trigeminal sensory, facial and hypoglossal motor nuclei are
connected for the conduction of voluntary and reflex activity of
complex oro-facial and pharyngeal movements. For this newly
described tongue-LLR elicited by electrical stimulation of periph-
eral median nerve, we propose the term “somatosensory-evoked
tongue response” (SoTR). This might be analogous to median nerve
elicited BR, which is enhanced when stimulating the median nerve
with a hand position close to the face and is interpreted as

Contralateral tongue coMEP contralateral tongue-LLR

ipsilateral tongue-LLR

latency amplitude stim. Intensity latency duration amplitude stim. Intensity latency duration amplitude
[msec] [uv] [mA] [msec] [ms] [uv] [mA] [msec] [msec] [uv]
mean 14.1 + 1.9 206.6 +298 106.9 + 32.3 553 +10.2 369+145 658 +622 98.0+ 124 549 + 12 57 +79.2 96.5 + 95.4

coMEP = corticobulbar muscle evoked potential; LLR = long latency response; stim. = stimulation.
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Fig. 3. Left hemispheric TES (C3-anodal — Cz-cathodal, 150 mA stimulation intensity;
double train stimulation with first one pulse and then a train of five pulses, intertrain-
interval 60 msec) elicited concurrent motor evoked potentials from right abductor
pollicis brevis (Apb) and bilateral tongue long latency responses (“genio”) without
eliciting tongue coMEP.

“defensive” of the peripersonal space [52,53]. This also resembles
human behavior of touching the face when experiencing facial
pain. Currently, we know neither the physiological role nor the
exact reflex circuits of the SoTR, though it may be related to
oropharyngeal pain or food-intake. The long latency implies a
complex circuitry located within the brainstem where cutaneous
afferents of peripheral sensory nerve fibers targeting the cuneate
nucleus are likely connected via trigeminal spinal nuclei to the
hypoglossal motor nuclei.

6. Future perspectives

From the standpoint of intraoperative neuromonitoring,
tongue-LLR elicited by DTNS or cervical DoColS can serve as an
additional tool for the assessment of both trigeminal sensory and
hypoglossal motor nerve integrity. As such, we recommend using a
sweep-length of at least 100 msec for recording. Future studies are
needed to evaluate whether the recording of tongue-LLR may
become a new method to assess the central connection of the tri-
geminal root in brainstem surgery as mutual adjunct to trigeminal
somatosensory-evoked potentials or trigeminal nerve potentials.
Further investigation into the SoTR is necessary, but in future, this
might play a role in IONM of the cervicomedullary junction and in
the assessment of the integrity of the hypoglossal pathway in neck
surgery. TES elicited tongue-LLR should not be mistaken as coMEP,
which are of shorter latency and duration with less polyphasic
morphology. Whether their intraoperative alteration or loss is
indicative for postoperative, neurological sequelae must be deter-
mined in future studies.

Table 5
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Fig. 4. A and 4B Somatosensory-evoked tongue reflex in bilateral tongue muscles
(“genio”) elicited by right median nerve stimulation (train of 3 pulses, 0.2 msec pulse
width, 50 mA stimulation intensity) (A) and concurrent recording of compound muscle
action potential of right abductor pollicis brevis muscle (B).

7. Conclusion and significance

Here, we provide evidence that the common target organ
“tongue” is involved in multiple polysynaptic brainstem mediated
pathways (Fig. 5). For the first time, we describe the “somatosen-
sory-evoked tongue reflex” elicited by transcutaneous MNS. Hy-
poglossal motoneurons seem to respond via polysynaptic
connections to trigeminal and cutaneous afferents from the hand.
The TES related and very robust tongue-LLR remains unclear and
might be trigeminally mediated. Another hypothesis could be its
involvement in the negative airway pressure reflex mediated by the
vagal nerve. We propose that our data will aid the interpretation of
intraoperative recordings in the tongue muscle and may expand
the role of such recordings in the neuromonitoring of brainstem
and cervical cord surgeries.

Median nerve stimulation elicited ipsi- and contralateral tongue-LLR - “somatosensory-TR”.

Amount of responses Ipsilateral tongue-LLR responses Contralateral tongue-LLR responses

16/20 MNS 14/20 MNS

Latency [msec] Duration [msec] Amplitude [pV] Latency [msec] Duration [msec] Amplitude [pV]
Mean 378 +4.7 51.1 £ 225 126.3 + 99.6 403 £ 3.5 37.8 £ 125 446 + 614
Min 29.30 25 6 33 14 3
Max 433 102 360 46 64 233

MNS = Median nerve stimulation, LLR = long latency response.
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Table 6
Comprehensive overview over Tongue-LLR and tongue related brainstem responses in humans.

Stimulation site Type of stimulation Author Conditions  Recording site  Latency ipsi Latency contra  Coined term
[msec mean] [msec; mean]
TN, mucosal afferents Mucosal ES Maisonobe, 1998 awake Tongue 12.5 No response Mucosal trigeminal—
hypoglossal reflex*
TN, CPA Direct nerve ES This study anesthesia  Tongue 20 No response Trigemino —
hypoglossal reflex
Dorsal column Direct ES This study anesthesia  Tongue 26 25 To be termed
Median nerve Transcutaneous ES This study anesthesia ~ Tongue 38 40 Somatosensory
elicited tongue
response
Various montages$ Transcranial ES This study anesthesia  Tongue 54 55 TES-elicited tongue
LLR
Transcranial ES Maller, 2009 anesthesia ~ Tongue 40 Not reported Related to
hemilingual spasm
Transcranial ES Sarnthein, pers. anesthesia  Tongue 51 (lateral TES) To be termed
communication 54 (midline TES)
Pharynx Negative airway Eckert, 2007 awake Genioglossus 26 Genioglossus reflex
pressure asleep
Pharynx Negative airway White, 1998 awake Genioglossus 59 Genioglossus reflex
pressure 48%
Tongue Tongue ES Braztlavsky, 1974  awake Genioglossus 25-40 25-40 Exteroceptive reflex

§ C3/C4 and C1/C2 and vice versa, as C3/Cz and C4/Cz, * The term “tongue-reflex” was also used; & local anesthesia, grey shaded rows: this study; TN = trigeminal nerve, CPA =
cerebello-pontine angle, ES = electrical stimulation, LLR = long latency response

DTNS
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nerve Stimulation

Fig. 5. Schematic map of the proposed brainstem circuits underlying the tongue responses from DTNS, DoColS, TES and MNS. DTNS of the trigeminal motor root (magenta) activates
the masseter muscle, but DTNS of the sensory fibers (blue) recruits a relatively short latency connection to the XII nucleus mediating the “trigemino-hypoglossal-reflex”. DoColS
(violet) may parallel the MNS pathways in SoTR, but may possibly recruit the V nucleus spinalis, adjacent to the cuneate nucleus. TES: The brainstem reflex-circuits involved in TES-
elicited tongue-LLR are largely unknown. Two hypotheses are illustrated: 1. Direct activation of the trigeminal cutaneous afferents (blue), reverberating within complex reflex
pathways projecting to XII nucleus; 2. Induction of the negative upper airway pressure reflex (orange), i.e. a contraction of the pharyngeal wall inducing a genioglossus reflex for
airway patency mediated by the vagal nuclei. MNS (yellow) is involved in the “somatosensory-evoked tongue reflex” (SOTR), possibly mediated via premotor nuclei to the XII
nucleus. Abbreviations and color scheme: DTNS = direct trigeminal nerve stimulation; DoColS = dorsal column stimulation; LLR = long latency response; TES = transcranial electric
stimulation; MNS = Median Nerve Stimulation; blue = sensory trigeminal mediated; magenta = motor trigeminal mediated; orange = glossopharyngeal/vagal mediated via the
solitary nucleus; violet = dorsal column afferents via trigeminal mediated connections (dotted line) or nucleus intercalatus (solid line), yellow = pathways related to the
somatosensory-evoked tongue reflex” (SoTR).
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