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Abstract

Purpose We show a systematic review of known complications during intraoperative neuromonitoring (IONM) using tran-
scranial electric stimulation motor evoked potentials (TES-MEP) on cervical spine surgery, which provides a summary of
the main findings. A rare complication during this procedure, cardiac arrest by cardioinhibitory reflex, is also described.
Methods Findings of 523 scientific papers published from 1995 onwards were reviewed in the following databases: CEN-
TRAL, Cochrane Library, Embase, Google Scholar, Ovid, LILACS, PubMed, and Web of Science. This study evaluated
only complications on cervical spine surgery undergoing TES-MEP IONM.

Results The review of the literature yielded 13 studies on the complications of TES-MEP IONM, from which three were
excluded. Five studies are case series; the rest are case reports. Overall, 169 complications on 167 patients were reported
in a total of 38,915 patients, a global prevalence of 0.43%. The most common complication was tongue-bite in 129 cases,
(76.3% of all complication events). Tongue-bite had a prevalence of 0.33% (CI195%, 0.28-0.39%) in all patients on TES-MEP
IONM. A relatively low prevalence of severe complications was found: cardiac-arrhythmia, bradycardia and seizure, the
prevalence of this complications represents only one case in all the sample. Alongside, we report the occurrence of cardiac
arrest attributable to TES-MEP IONM.

Conclusions This systematic review shows that TES-MEP is a safe procedure with a very low prevalence of complications.
To our best knowledge, asystole is reported for the first time as a complication during TES-MEP IONM.

Keywords Transcranial electric stimulation - Motor evoked potentials - Bradycardia - Asystole - Intraoperative
neuromonitoring

Introduction

P4 Martin Calder6n-Juérez

martin.calderon @ciencias.unam.mx Intraoperative multimodal neuromonitoring (IOMN) has
been demonstrated to be an accurate and safe procedure in
the early identification of spinal cord damage during cervical
spine surgery due to trauma, degenerative diseases, or spine
deformity [1-7]. There is a wide variety of methods for its
monitoring, such as continuous electromyography (EMG),
evoked EMG, urethral and anal sphincter EMG, compound
muscle action potential (CMAP), motor evoked potentials
(MEP), and spinal cord mapping [3, 5, 8-10].

Recently, several methods involving non-invasive tran-
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scranial stimulation of the human motor cortex have been
used for physiological research and therapeutic purposes
[11, 12]. The most common procedures are transcranial
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electrical stimulation, transcranial magnetic stimulation,
and direct transcranial stimulation [11, 13—18]. Intraopera-
tive neuromonitoring with transcranial electrical stimulation
motor evoked potential monitoring (TES-MEP) is a broadly
used procedure and standardized by guidelines regarding
anesthesia, equipment, performance, personnel, risk criteria,
and documentation in brain, spine, carotid, and aorta surgery
[7, 14,19, 20].

TES-MEP consists of the application of a high volt-
age electric stimulus through electrodes in the scalp. The
stimuli cause contralateral muscular contractions that can be
monitored by electromyography; in other words, it provokes
motor evoked potentials [11]. Despite its advantages, TES-
MEP presents some complications [7]; in brain and spine
surgery, they include mouth and tongue laceration, mandibu-
lar fractures, dental luxation, endotracheal cannula rupture,
bradycardia, asystole, and seizures (clinical and subclinical)
[14,21-23, 24].

In this work, we present a systematic review on IONM
complications during cervical spine surgery using TES-MEP
and describe an event of bradycardia and asystole mediated
by TES-MEP.

Case report
History and examination

We report the case of a 58-year-old man with a history of
hyperuricemia treated with allopurinol as the only previ-
ously known medical condition, who initially presented with
radicular symptoms such as pain in the left upper limb that
radiated to the left interscapulo-vertebral area. On neurologi-
cal examination, the patient showed left palmar weakness
and decreased tricipital deep-tendon reflex. A cervical spine
MRI was obtained and revealed a herniated foraminal disk
on the C6-7 level (Fig. 1). Symptoms did not improve after
medical treatment and physical therapy for three months.
His preoperative cardiac, pulmonary and renal evaluation
was normal, and was determined as ASA II preoperative
risk from the American Society of Anesthesiologists [25].
No pre-operative MEP by transcranial magnetic stimulation
(TMS) testing was performed. This technique is seldom per-
formed in cases of suspected unstable cervical spine due to
potential TMS-induced damage.

Operation and IONM

The patient consented to the performing of posterior cer-
vical foraminotomy under intraoperative neuromonitor-
ing. Neuromonitoring was implemented continuously until
the patient emerged from anesthesia. He was induced with
0.97 mg/kg of 2% lidocaine, 2 mg/kg of propofol, 1.5 ug/kg
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Fig. 1 Magnetic Resonance Image of the cervical spine showing a
left foraminal disc herniation (C6-7)

of fentanyl, and 0.60 mg/kg of rocuronium. Endotracheal
intubation, central venous and arterial line catheter and uri-
nary catheterization with a Foley catheter were executed,
and subdermal electrodes were placed for neurophysiologi-
cal monitoring, without complications. A soft bite block
was placed (four 4 X 4-inch absorbent pads with radiopaque
marker, rolled and moistened in saline solution) to prevent
the possibility of biting the tongue. The head was supported
and fixed with a Mayfield head holder with three pins placed
at 60 lbs, and the patient was carefully turned to the prone
position; for this maneuver, anesthesia was maintained with
an infusion of propofol and fentanyl. There were no unu-
sual events in the hemodynamic response. In this phase of
the procedure, the patient maintained a mean heart rate of
82 bpm, blood pressure 110/72 mmHg, arterial saturation
100%, and end-tidal carbon dioxide pressure (ETCO,) of
32 mmHg. Figure 2 depicts basal vital parameters.

IONM of the spinal cord and cervical roots was carried
out using Natus equipment, 32-channel XLTEK Protektor.
The integrity of the motor and sensory tracts of the spinal
cord was evaluated by TES-MEP and somatosensory evoked
potentials (SEPs), respectively.

The integrity of the nerve roots was monitored with
spontaneous electromyographic activity and TES-MEP of
the upper limbs by the administration of short trains of high-
voltage, low-duration pulses (50-75 ps) through the scalp to
activate the corticospinal tract. The constant voltage stimu-
lus was applied through subdermal electrodes placed at C-1
and C-2 (International System 10-20) overlying the primary
motor cortex; the cortical potentials were recorded with cup
electrodes (Grass Instruments, Quincy, Massachusetts) set
at Cpz, Cp3, and Cp4 and referenced to Fpz (International
System 10-20). Anodal stimulation was delivered in trains
of 3-7 pulses at 500-1000 pulses per second, with intensities
in the range of 300-700 V. The TES-MEP response was cap-
tured by needle electrodes inserted in the deltoids, biceps,
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Fig.2 Vital signs monitoring
before surgery. Electrocar-
diography, blood pressure,
capnography, oximetry, and
plethysmography are shown

and the first dorsal interosseous muscles, as well as in the
tibialis anterior and abductor hallucis muscles, bilaterally
after short duration high voltage anodal electrical stimulus
trains ((400 to 1000-V, pulse width=50 pS, N=3-7, inter-
val interpulse =1 to 5 ms). The motor responses were fil-
tered between 10 and 1500 HZ. SEPs of the four extremities
were also monitored to evaluate the afferent sensory tracts,
and the spontaneous electromyographic activity of the four
extremities was also observed. These stimuli were given by
two corkscrew electrodes (A-Gram, Glenn Rock, New Jer-
sey) inserted over the regions of the primary motor cortex
in C1 and C2 (international system 10-20), produced by the
same equipment of neuromonitoring.

Intravenous general anesthesia was maintained using con-
tinuous infusions of propofol (120 pg/kg/min) and fentanyl
(1.5 pg/kg/h). The use of inhaled anesthetics was purposely
avoided to optimize IONM. Only an initial dose of rocuro-
nium was used to facilitate intubation and initial surgical
exposure.

The surgical procedure started without complications.
Once the patient was positioned and the surgical incision site
marked and corroborated by fluoroscopy, an extensive anti-
septic wash with Iodine Povacrylex [0.7% available iodine]
and Isopropyl Alcohol, 74% (3 M™ DuraPrep”™ Surgical
Solution) of the posterior cervical region was performed,;
the skin was covered with sterile drapes, and antimicrobial
incise drape (3 M Ioban"").

During base line testing with TES-MEP performed by
125 mA, 1 ms duration and 500 Hz frequency 5 pulses trains,
before starting the decompression procedure, when the stim-
ulation and recording of TES-MEP and SEPs began to, an
episode of bradycardia and brief asystole was observed, it
was confirmed that the isoelectric line of the electrocardio-
gram (ECG) of the monitor coincided with flattening of the
plethysmography curve and abatement of the capnogram,
a few seconds later a return to spontaneous circulation was
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observed with normalization of the mentioned monitor-
ing parameters. After the anesthesiologist reported these
changes, the surgical procedure was aborted, before the start
of the planed surgery, and the stimulation and recording of
TES-MEP and SEPs were repeated to corroborate the cau-
sality of the phenomenon, which was repeated immediately
after stimulation. The surgical procedure was suspended,
and the patient was turned in the supine position and the
Mayfield head holder removed. The patient emerged from
anesthesia without complications, was extubated, sent to
the recovery room for 90 min, and was discharged from the
hospital the following day, after a cardiovascular evalua-
tion that included 24-h Holter monitoring, transesophageal
echocardiography, and speed- and incline-based test with
the Bruce Protocol that resulted normal. Figure 3 depicts the
event footage in the anesthesia monitor. Written informed
consent for publication of medical details was obtained from
the patient. He was lost to long follow-up after two monthly
follow up appointments.

Methods

Literature review

We followed the PRISMA-P recommendations [26]. The
literature search was conducted in the following databases:
CENTRAL, Cochrane Library, Embase, Google Scholar,
Ovid, LILACS, Pubmed, and Web of Science. The search
strategy was based on the medical subject headings (MeSH)
and keywords: "transcranial electrical stimulation," "motor
evoked potentials," "Transcranial Electric Motor Evoked
Potential Monitoring," "complication" "adverse effects, "
"Cervical spine surgery." The search was limited to pub-
lications in English, French, Spanish, and Japanese lan-
guages and to publications from 1995 onwards. In order to
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Fig.3 Panel a vital signs monitoring at the moment of transcranial
electrical stimulation. Asystole and flattening of the pulse wave and
capnography. Panel b heart electrical activity, blood pressure, pulse

broaden the search, we use the "related articles" function of
the search engines, and we examine the references of some
selected publications. We consulted experts on the subject
with the intention of identifying cases reported in gray lit-
erature, which our search would not have recognized.

Inclusion and exclusion criteria

Medical articles were included if they reported the presence
of complications and adverse events in patients undergo-
ing cervical spine surgery procedures in which transcranial
electrical stimulation was used for IONM with evoked motor
potentials. Articles that did not report the presence of com-
plications or adverse effects, those that describe surgical pro-
cedures other than cervical spine interventions, those that
report on direct transcranial stimulation and transcranial

Fig.4 Flowchart of systemic

wave, and ETCO, are reestablished spontaneously after electrical
stimuli suspension

magnetic stimulation, and those carried out in animals were
excluded.

Procedure

Titles and abstracts were carefully analyzed independently
by two investigators and selected as appropriate for inclusion
or exclusion. Covidence software (Veritas Health Innova-
tion Covidence systematic review software 2017, available
at https://www.covidence.org/home) was used to administer
the selection process. Figure 4 is a PRISMA flow chart of
the systematic literature review process. Univariate descrip-
tive statistics were carried out using Excel (Microsoft Office,
Version 2015) and SPSS (IBM SPSS Statistics for Windows,
Version 24.0) programs. The method used to calculate the

review of medical literature in
our study, following PRISMA
recommendations

Studies identified through
database searching

Additional studies identified
through other sources

Identification

Screening

Elegibility
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confidence interval of a proportion is the Wilson score
method without continuity correction [27].

Results

The initial search yielded 523 results. Thirteen articles met
the inclusion criteria and were carefully reviewed. Seven
studies are case series collected retrospectively; two of them
are case series [28, 29], three of them are multicenter case
series [5, 22, 23], and two are non-systematic reviews of the
literature coupled with unpublished anecdotal case reports
[7, 21]. Five studies are case reports [28—34]. One study is
a prospective study that evaluates a soft bite-lock device
[35] (Fig. 4).

Two of the retrospective review articles were elimi-
nated due to the vague description of the data because
they included multiple types of surgical interventions and
because they included verbal reports of isolated cases [7,
21]. The article evaluating a design was eliminated from this
analysis because it is focused on the creation of a device and
includes only two cases of minor abrasion of the tongue or
lips [35]. The bibliographic data of the ten articles that were
analyzed [5, 22, 23, 26-34] are shown in Table 1.

In these ten articles, 169 complications occurred in 167
patients, out of a total of 38,915 patients studied, which
provides an overall prevalence of complications of 0.43%
(95% CI10.37-0.50%). Complications and their global preva-
lence are shown in Table 2; the most frequent complica-
tion was tongue biting in 129 cases (76.3% of complica-
tions, prevalence 0.33%, 95% CI 0.28-0.39%). The rarest
are the potentially serious ones: a case of cardiac arrhyth-
mia (0.6% of complications, prevalence of 0.003%, 95%
CI 0.000-0.015%), a case of bradycardia (prevalence of

0.003%, 95% CI 0.000-0.015%), and a seizure (prevalence
of 0.003%, CI 95% 0.000-0.015%).

In two cases, the complication was attributed to local
irritation of the electrodes: one case of hair loss (prevalence
of 0.003%, 95% CI 0.000-0.015%), and one case of nasal
bleeding (prevalence of 0.003%, CI 95% 0.000-0.015%).
The argumentative cause of the complications is expressed
in Table 3; in 97% of cases, the cause is a muscle contracture
produced by transcranial electrical stimulation.

Discussion

IONM is a discipline in constant evolution that allows
identifying damage to nerve structures in reversible stages
[36], and that includes several techniques; for spine surgery,
EMG, MEP, somatosensory evoked potentials, and TES-
MEP monitoring is commonly used IONM [37].

Iatrogenic neurological injuries produced during cervical
spinal surgery have an estimated prevalence of 0.25-1.75%
[37]. Despite the low prevalence, the appearance of these
lesions can be devastating for the patient, their families,
and for the surgeons [1-5]. Monitoring with TES-MEP is
considered safe and valuable in preventing complications in
vertebral surgical procedures [1-5, 9, 13, 14, 38]. These data
have led to the adoption of neurophysiological monitoring as
a recommendation and standard treatment practice in many
centers around the world dealing with severe spinal disorders
in which surgical procedures could lead to damage of neural
structures [39, 40], it however, may be of limited value in
routine, non-traumatic or non-severe deformity cases [41],
since some authors consider that its utility, a least in anterior
cervical decompression and fusion remains a topic of debate
[41]. The ideal intraoperative neurophysiological monitor-
ing technique should have a very high sensitivity (a low

Table 1 Bibliographical data and study design of the 10 reported medical articles

Year First author Journal Design Number of Patients with
patients complications
2003 Ponder, B American Journal of Electroneurodiagnostic Technology Case report 1 1
2008 Mahmoud, M Pediatric Anesthesia Case report 1 1
2009 Duma, A Anesthesiology Case report 1 1
2010 Davis, S American Journal of Electroneurodiagnostic Technology Case report 2 2
2011 Schwartz, D Spine Case series 18,862 26
2011 Kuwahara, Y The Japanese Journal of Anesthesiology Case series 39 2
2012 Tamkus, A Anesthesia & Analgesia Case series 17,273 109
2013 Davis, S The Ochsner Journal Case report 1 1
2018 Yata, S Journal of Anesthesia Case series 92 7
2019 Yoshida, G Spine Case series 2643 17
Total 38915 167

The paper from Yata et al. [29] is a case series research that includes 186 patients, of these, only 92 underwent spine surgery
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Table 2 Complications,

Complication Number of  Percentage of Prevalence (%) CI

number, percentage and global cases cases (%)

prevalence 5% 95%
Tongue biting 129 76.3 0.33 0.28 0.39
Lips biting 27 16.0 0.07 0.05 0.10
Oral mucosa biting 3 1.8 0.008 0.003 0.023
Dental fracture 3 1.8 0.008 0.003 0.023
Arrhythmia 1 0.6 0.003 0.000 0.015
Hair loss 1 0.6 0.003 0.000 0.015
Epistaxis 1 0.6 0.003 0.000 0.015
Rupture of endotracheal tube 1 0.6 0.003 0.000 0.015
Tooth dislocation 1 0.6 0.003 0.000 0.015
Seizure 1 0.6 0.003 0.000 0.015
Bradycardia 1 0.6 0.003 0.000 0.015
Total 169 100 043 0.37 0.50

CI confidence interval. The paper from Yata et al. [29] is a case series research that includes 186 patients,
of these, only 92 underwent spine surgery; 7 of their patients sustained bite injuries, but they do not specify
what type of byte injury. We applied their percentages of 23% lip injury, 46% oral mucosa injury, and 31%
tongue injury to 7 complicated patients to make an inference of 2, 3, and 2 complications, respectively

Table 3 Etiology of complications found

Complication Number  Etiology Number of Percentage of Prevalence (%) CI

cases cases (%)

0.05(%)  0.95 (%)

Tongue biting 129 Muscular spasm 164 97 0.42 0.36 0.49
Lips biting 27
Oral mucosa biting 3
Dental fracture 3
Rupture of endotracheal tube 1
Tooth dislocation 1
Hair loss 1 Electrodes contact 2 1 0.005 0.001 0.019
Epistaxis 1
Arrhythmia 1 Unknown-cardiac 2 1 0.005 0.001 0.019
Bradycardia 1
Seizure 1 Unknown-neurological 1 1 0.003 0.000 0.015
Total 169 169 100 0.43 0.37 0.50

CI confidence interval. The paper from Yata et al. [29] is a case series research that includes 186 patients, of these, only 92 underwent spine sur-
gery; 7 of their patients sustained bite injuries, but they do not specify what type of byte injury. We applied their percentages of 23% lip injury,
46% oral mucosa injury, and 31% tongue injury to 7 complicated patients to make an inference of 2, 3, and 2 complications, respectively

false-negative rate) and high specificity (a low false-positive
rate), be easy to implement during surgical intervention, its
cost should be moderate, and should not produce adverse
effects or complications. There is a vast number of papers
regarding these three topics, as its briefly illustrated below.

Sutter [42], in a large retrospective and prospective cohort
of patients that underwent all-level spine surgery for degen-
erative, deformative, and neoplastic conditions, found for
IOMN, 93% sensitivity, 99.1% specificity, and positive and
negative predictive values of 82.3% and 99.7%, respectively.
Their prevalence of neurological complications related to the
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surgical procedure was 4.2%. This work also addresses that
the average time for IONM was 5 h and 5 min per patient,
which includes an average of 45 min for calibrating baseline
data and 15 min for electrode removal, they also registered
that an average of 15 min was also required for case prepara-
tion and data analysis.

Thirumala [37] has published a concise, systematic
review and meta-analysis of 7 neurophysiological monitor-
ing studies in spinal surgery of patients with idiopathic scoli-
osis and has found mixed results for the detection of compli-
cations in the surgical procedure associated with TES-MEP.
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Overall, Thirumala found a false-positive rate of 5.1% (95%
CI12.7-9.3%), 29.4% false-negative rate (95% CI 16.5-46.6),
70.6% sensitivity (95% CI 53.4-83.5%), 95.9% specificity
(95% CI190.7-97.3%). Although these results indicate that
in a third of the cases in which a complication occurs (95%
CI 16.5-46.6%), it is not detected by TES-MEP, the cost-
effectiveness of neurophysiological monitoring compared
to the costs of permanent care associated with paraplegia
has led to the routine adoption of the procedure in complex
spinal surgery [43].

Pastorelli et al. [38], in a study not included in the one by
Thirumala [37], retrospectively reviewed 40 patients who
underwent posterior spinal fusion and instrumentation for
scoliosis, who underwent monitoring with SEP and TES-
MEP. They did not find false negatives in the detection of
complications, but they reported 13.8% of false positives.
Also, Bhalodia et al. [1] have reviewed the efficacy of TES-
MEP undergoing cervical spine surgery and have found a
lesion of the CS5 root with a prevalence of 5.1%; the sensitiv-
ity and specificity they found to detect neurological lesions
was 100% and 99%, respectively.

Ney and Kessler [44] have reviewed another aspect of
neurophysiological monitoring, the longitudinal costs
related to long follow-up outcomes. They found that IONM
was significantly associated with increased spending during
index admission of $1,229 USD, but significantly decreased
spending after 12-months post-discharge of $1615 USD and
concluded that IONM “was associated with administrative
markers suggesting improved health outcomes after cervical
spine surgery without greater costs for the year”.

These data are focused on the accuracy (sensitivity,
specificity, and positive and negative predictive values) and
cost/benefit of IONM, but regardless of its virtuousness,
well-designed longitudinal studies assessing effectiveness
of IONM are lacking [44], the accuracy in detecting a pos-
sible injury to anatomical structures does not necessarily
translates in the possibility of avoiding them; no studies in
humans have directly measured the efficacy of operative and/
or anesthetic interventions in these cases [45].

As with any diagnostic procedure, the benefits of neuro-
physiological monitoring in spinal surgery must be evalu-
ated considering the potential risks [14]; the complications
related to the neurophysiological monitoring procedure are
a less explored topic. Intraoperative monitoring with TES-
MEP appears to be highly safe; after an extensive systematic
review of the literature, we have found an extremely low
prevalence of complications, 0.43% (95% CI 0.37-0.50%).

Most of these complications, which reached 97% in the
series reviewed, are traumatic events related to the muscu-
lar contraction of the electrical stimulus to induce the reg-
istration of motor potentials: bite of the tongue, lips, oral
mucosa, fracture, or dental dislocation, which occur with
a prevalence of 0.42% (95% CI 0.36-0.49%) and are not

complications considered serious by the authors. It is prob-
able that for this reason, they are reported below their true
index, as has been suggested [5]; Machii et al. [46] consider
that the most common adverse effect in their practice is a
moderate headache and postoperative neck pain. The most
commonly reported complication in this series is tongue bit-
ing, which occurred in 76.3% of complications and has a
prevalence of 0.33% (95% CI 0.28-0.39%).

Even though complications are so infrequent, it is recom-
mended to prevent them as much as possible, and for this,
the use of bilateral soft bite locks could be routinely used [7,
32, 47], since it has been suggested that rigid ones increase
the risk of injuries traumatic injuries to the tongue, lips or
teeth [23], or otherwise the use of specially designed anti-
bite devices [35]. Hair loss on the scalp and one with a nose-
bleed, both constitute 1% of complications with a prevalence
of 0.01% (95% CI 0.001-0.019%). No fatal complications
are documented in this series.

Reported potentially serious or fatal complications are
very rare: one case of endotracheal tube rupture during a
prolonged operation with the patient in the prone position
[30] (0.6% of complications, prevalence 0.003%, 95% CI
0.000-0.015%), one seizure episode [32] (0.6% of compli-
cations, prevalence 0.003%, 95% CI 0.000-0.015%), and
two cardiac complications: one patient with arrhythmia
and one patient with bradycardia [5, 31] (1% of compli-
cations, prevalence 0.01%, CI 95% 0.001-0.019%). In the
bite-related complications, this systematic review includes
a case of a ruptured endotracheal tube [30]. The surgical
team, particularly anesthesiologists, must be aware of, and
forewarned, that a complication of this type may occur, and
have a repair strategy in case it appears with compromising
patient positions for emergency re-intubation, for example,
patients in supine position with the head fixed on the May-
field head holder.

Ponder et al. [31], in a case report, reported a 59-year-
old man, also with heart disease history, who suffered an
episode of acute bradycardia immediately after TES-MEP
stimulation. Until this work, Ponder's report is the only one
in the reviewed literature that narrates a phenomenon of this
nature. They observed that repetitively and invariably, TES
was accompanied by a sudden and significant drop in heart
rate, which spontaneously returned to normal upon cessation
of stimulation, during an anterior cervical discectomy and
fusion, which was successfully completed.

The case reported in this study is that of a 58-year-old
male patient with no history of heart disease, who suffered
a serious, life-threatening complication: bradycardia and
asystole on repeated occasions immediately after TES-MEP
stimulation, in the prone position, with the head fixed on
the Mayfield head holder. There is a case similar to ours in
the literature; Morano and Tung [24] have reported a case
of bradycardia and asystole that required cardiopulmonary
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resuscitation in a patient who underwent a craniotomy for
a metastatic lesion of the frontal lobe in whom monitoring
was carried out with TES-MEP.

Cardiac arrhythmias, bradycardia, and bradycardia fol-
lowed by asystole are atypical findings associated with TES-
MEP. Cardiac arrhythmias must be differentiated from TES
artifacts that appear on electrocardiographic monitoring [7,
48]. The cause of cardiac arrhythmias, bradycardia, and
asystole associated with TES-MEP stimulation is not known
[21, 31, 48]. It is possible that the phenomenon is mediated
by vasovagal or optical vagus nerve reflex, due to a combi-
nation of inappropriate interactions of the sympathetic and
parasympathetic responses that follow TES-MEP [31, 49], or
that is mediated by deep-traveling indirect vagal stimulation
that stimulates the hypothalamus, brainstem, or autonomic
neurons of the reticular formation [7].

Even when uncommon, the serious or potentially fatal
complications that may be associated with IONM deserve a
special mention, specially related to cases where the severity
of the neurological condition is minor, as in the one reported
here: the worse outcome in a simple case with radiculopa-
thy, in absence of myelopathy may have been an irreversible
cardiac arrest.

There is a growing body of literature against the routine
use of IONM during “low-risk” procedures such as cervi-
cal decompressions [49—-52]. The possibility of a serious or
potentially fatal complication as the one described in this
paper adds to the other two reasons often cited by oppo-
nents of IONM for cervical anterior decompression and
fusion: increased health care cost and a lack of correlation
between IONM abnormalities and postoperative neurologi-
cal deficits [50]. These arguments may add to the practice of
some institutions to avoid “pre-defined list of indications for
monitoring”, and decide in which cases to use IONM upon
considering each case individually [42].

As occurs in other conditions, in contemporary medicine,
all the described possible complications perhaps should be
stated in the surgical informed consent, even when it might
be considered as hyper-informing patients ‘just to be safe"”
[53], since the informed consent requires that “The physician
must provide adequate information, with a minimum being
the diagnosis, the procedure with its risks, benefits, and the
alternatives” [54].

Conclusions

This systematic review shows that TES-MEP is a safe pro-
cedure with a very low prevalence of complications, which
does not reach 0.5%. Efforts should be made to prevent
bite-related complications by soft bite locks. Evidence does
not support a relation between TES-MEP and seizures or
heart-rhythm-related complications to emit a prophylaxis
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statement. To our best knowledge, asystole is reported for
the first time as a complication during TES-MEP in cervical
spine IONM; therefore, it should be considered in the broad
spectrum of associated complications.
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