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Update on neuromonitoring procedures applied during surgery
of the spine — observational study
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Abstract

Introduction: Motor evoked potentials (MEPs) are currently considered as a more useful method for
neurophysiological intraoperative monitoring than somatosensory evoked potentials in cases of surgery
applied to patients with adolescent idiopathic scoliosis. The non-invasive approach is preferred to mod-
ify MEP recordings, criticizing, in many cases, the fundamentalism for neurophysiological monitoring
based only on needle recordings. The aim of the review is to provide our own experience and practical
guidelines with reference to neuromonitoring innovations.

Material and methods: Recordings of MEPs with surface electrodes instead of needle electrodes in-
cluding nerve instead of muscle combinations during neurophysiological monitoring associated with
surgical interventions to the spine have become more relevant for pediatric purposes, avoiding the an-
esthesiology-related influences. Observations on 280 patients with Lenke A-C types of spine curvature
are presented before and after the surgical correction.

Results: The MEPs recorded from nerves do not undergo fluctuations at different stages of scoliosis
corrections and the anesthesia effect more than MEPs recorded from muscles. The use of non-invasive
surface electrodes during neuromonitoring for MEP recordings shortens the total time of the surgi-
cal procedure without diminishing the precision of the neural transmission evaluation. The quality
of MEP recordings during intraoperative neuromonitoring from muscles can be significantly influenced
by the depth of anesthesia or administration of muscle relaxants but not those recorded from nerves.
Conclusions: The proposed definition of “real-time” neuromonitoring comprises the immediate
warning from a neurophysiologist about the changes in a patient’s neurological status during scolio-
sis surgery (especially during pedicle screws’ implantation, corrective rods’” implantation, correction,
distraction and derotation of the spine curvature) exactly during the successive steps of corrective
procedures. This is possible due to the simultaneous observation of MEP recordings and a camera
image of the surgical field. This procedure clearly increases safety and limits financial claims resulting
from possible complications.

Key words: spine surgery, neuromonitoring, spinal cord neural transmission, health care and safety
management.

Introduction cation of nerve impulse transmission in the structures
of the spinal cord during spinal surgery, not affecting

Intraoperative neuromonitoring is a clinical neuro-  the aseptic nature of the surgical field. It is also often
physiology procedure, most often equated with verifi-  used to assess the neuronal function of the supraspinal
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centers in neurosurgery and surgical reconstructive pro-
cedures in the peripheral nervous system.

Currently, “neuromonitoring” is also more and more
often used in terms of the use of comparative clini-
cal neurophysiology examinations to reliably quantify
the progress of treatment, including rheumatology, neu-
rology, neurosurgery, orthopedics and rehabilitation.

The main aim of classical intraoperative neuromon-
itoring, since the development of its methodological
principles of stimulation and recordings, was reducing
the risk of possible neurological complications associat-
ed with spine surgery, most often in patients with idio-
pathic scoliosis [1, 2].

The success of spondyloorthopedic treatment in
cases of patients with spinal deformities depends on
many factors, including the lack of iatrogenic impact
of the surgery itself in relation to nerve structures.

The procedure of neuromonitoring includes verifica-
tion of the nerve impulse transmission in the motor and
sensory pathways of the spinal cord as well as the spinal
roots using neurophysiological procedures with electri-
cal or magnetic stimuli.

According to the report of the Scoliosis Research
Society from 1974, in about 100 out of 8,000 patients,
the treatment was accompanied by complications relat-
ed to changes in sensory and motor neural transmission
of the spinal cord pathways.

In 2010 Carl et al. [3] presented a study of 700 spine
cases treated surgically and identified a 14% incidence
rate of perioperative adverse events, which resulted in
a final 3.2% complication rate.

Data from PubMed in 2020 provide the incidence
rate of perioperative adverse events in scoliosis patients
at 8.2%. The development of surgical techniques re-
duced the incidence of complications. One of the most
popular methods of verifying non-invasive treatment
until the end of the 1980s was the Vauzelle and Stag-
nara wake-up test.

During this test, the integrity of the spinal cord mo-
tor pathways is verified. Apart from the negative psy-
chological aspects in relation to the patients tested with
this method, its effectiveness is not unequivocal [4].

The method of somatosensory evoked potentials
(SEPs), from the very beginning of its clinical application
for verification of the afferent pathways’ transmission,
was burdened with the instability of the recording pa-
rameters (both amplitude and latency) at the succes-
sive stages of the surgical procedures and the influence
of the level of anesthesia on their fluctuations. In some
cases, the inability to record SEPs came from a reduction
in the responsiveness of nerve structures to stimulation
with an electrical stimulus resulting from the possible
process of ischemia [5].
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In 1980, Merton and Morton, during a neurosurgi-
cal operation, successfully introduced the technique
of intraoperative recording of motor evoked potentials
(MEPs) using transcranial stimulation, first with an elec-
trical stimulus and then with a magnetic stimulus, which
turned out to be effective enough to overcome the skep-
ticism of surgeons regarding its usefulness [6].

Intraoperative neuromonitoring at the beginning
of the 215t century is not only a standard in which sur-
geons see the potential benefit of increasing the safety
of the patient’s treatment; it is also a strong point of ar-
guments of hospital administrators in negotiations with
lawyers representing the patient [7].

The introduction of neuromonitoring procedures to
many countries in Europe was justified by the statistics
of the decrease in iatrogenic perioperative complica-
tions. Since 2010, in accordance with the recommen-
dations of the American Society of Neurophysiological
Monitoring, clinical neurophysiologists have more and
more often supported surgeons in performing this pro-
cedure [8].

In pediatric spine surgery, including the correction
of juvenile or adolescent idiopathic scoliosis, during
neurophysiological monitoring more and more attention
is paid to enhancing the precision of the measurement
of nerve impulse transmission in the spinal cord path-
ways, and, on the other hand, reducing the risk of inva-
siveness of the applied stimulation and recording meth-
ods. A novelty in this issue is the possibility of recording
potentials using surface electrodes instead of the stan-
dard needles.

Recordings of MEPs with surface electrodes instead
of needle electrodes including muscle and nerve com-
binations during neurophysiological monitoring associ-
ated with surgical interventions to the spine begin to
make sense because of anesthesiological influences and
pediatric purposes. The occurrence of complications af-
ter implantation of subcutaneous needle electrodes for
transcranial stimulation or recording from muscles in
the form of ecchymoses, bruises or rare infections was
reported [9].

Especially in children, in 16% of patients, in whom
MEP recordings using needle electrodes were made, red-
dening of the skin was observed, with the accompany-
ing symptom of increased pain, sometimes lasting up to
6 months after the surgery [10].

Darcey et al. [9] demonstrated a significant percent-
age of the nerve damage during direct contact with
a needle electrode inserted into the muscle for purpose
of neurophysiological neuromonitoring.

Tamkus and Rice [11] demonstrated the occurrence
of complications in the form of burns from puncture nee-
dle electrodes used for recording during neuromonitor-
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ing, when intraoperative magnetic resonance procedures
were used in parallel. The same authors also indicated
a significant risk of needle stick injuries in neurophysi-
ologists and other workers in the operating room during
electrode implantation and removal after surgery.

The quality of MEP recordings during intraoperative
neuromonitoring from muscles can be significantly in-
fluenced by the depths of anesthesia or muscle relaxant
administration, but not those recorded from nerves [12].

It refers to both the phenomena of the decrease
of neuronal transmission along ascending and descend-
ing tracts at spinal and supraspinal levels as well as
the transmission of acetylcholine released at the level
of the neuromuscular junction. The influence of the lat-
ter can be omitted by recording MEPs directly from
nerves additionally to the recording from muscles during
surgical procedures.

There is a common agreement on the practical sig-
nificance of MEPs recorded following transcranial elec-
trical stimulation during surgical procedures, especially
when the MEP recording station is located far beyond
the exposed spine.

The aim of the study is to review the practical useful-
ness of MEPs in clinical diagnostics and present the pos-
sibilities for modifications increasing non-invasiveness,
safety and diagnostic precision.

Material and methods
Participants

Our preliminary results on the possibilities to modify
or improve the MEPs recorded pre- and intraoperatively
are based on observations performed in 280 sessions in
patients undergoing the surgical correction of idiopath-
ic scoliosis (267 girls aged 8-18 years and 13 boys aged
13-17 years) (Table I).

The experiences of using “real-time monitoring” in
35 cases of patients allowed for evaluation of the utility
of this method with respect to the total duration of sur-
gical procedures.

Neuromonitoring procedures

Preoperative neurophysiological studies included
recordings of MEPs following transcranial magnetic
stimulation while recordings were performed bilater-
ally from peroneal nerves and anterior tibial muscles
(Fig. 1A, B, D, E).

Motor evoked potentials were recorded using the
8-channel KeyPoint Diagnostic System (Medtronic A/S,
Skovlunde, Denmark). Standard disposable Ag/AgCl sur-
face electrodes with an active surface of 5 mm? were used.

The active electrode was placed on the muscle belly
and the reference electrode on its distal tendon according
to the guidelines of the International Federation of Clin-
ical Neurophysiology — European Chapter. When record-
ings were obtained from the muscle and while recorded
from nerves, the active electrode was placed more proxi-
mally than the reference electrode (Fig. 1D, E).

The ground electrode was located on the leg, near
the knee. The recorder’s low-pass filter was set to 20 Hz,
the high-pass filter to 10 kHz, the time base at 10 ms/D,
and the amplification of signals was set between 200
and 5,000 pV. A bandwidth of 10 Hz to 1,000 Hz and
digitalization at 2,000 samples per second and channel
were used during recordings.

The resistance between the surface of the electrode
and the skin was decreased with electroconductive gel.
The examination was performed in an air-conditioned
room with a controlled temperature of 22°C, in a supine
position. The MEPs induced with a magnetic field were
induced transcranially with a single, biphasic, 5 ms pulse
to evaluate the efferent transmission of neural impulses
from the spinal motor centers to nerves above their ana-
tomical passage and the respective effectors innervated
by them.

Motor evoked potentials were induced using a C-100
circular coil, with 110 mm diameter, connected to
a MagPro X-100 pulse generator (Medtronic, Denmark).
The maximum limit of the magnetic field stimuli was
2.4 T on the skin surface. The stream of the magnetic
field elicited with the coil at the strength 70-80%

Table I. Demographic and anthropometric characteristics as well as scoliosis type and curvature magnitude based

on X-rays of the patients treated surgically

Variable Age [years] Height [cm]  Weight [kg] BMI Lenke’s scoliosis type* Cobb’s angle*
Patients A=112 Primary
B =108 42-85
267 FE13 M 8-18 138-179 42-78 18.5-29.3 (C=60 56.1+6.8
N =280 14.7 2.3 154.2 £2.9 53.7 7.6 23.4+3.2 Secondary
32-42
37.3+2.6

*Ovadia D. Classification of adolescent idiopathic scoliosis (AlS). J Child Orthop 2013; 7: 25-28, DOI: 10.1007/511832-012-0459-2.

F - female, M — male, N — number.

Reumatologia 2023; 61/1
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Fig. 1. Photographs presenting principles of MEP methodology recorded pre- (A, B, D) and intraoperatively
(C, E=G). Preoperative evaluation of the patient’s neurological health status includes MEP bilateral record-
ings with the bipolar surface electrodes (D) from proximal and distal muscles as well as the peroneal nerve
branches along their anatomical passage at the knee area following the transcranial magnetic stimulation
of the motor cortex (A). “Hot spots” for the intraoperative bipolar electrical stimulation (C) are marked on
the head (B) exactly in the same places for evoking preoperatively the maximal MEP amplitudes. Intraoper-
atively MEPs are recorded with pairs of surface or needle electrodes (secured with sterile tape) from nerves
or muscles of lower extremities (E). The neuromonitoring device in the operating theatre (F, left side) is far
from the operative area (G, exposed dorsal aspect of the spine from cervical to lumbosacral levels in one

of the patients undergoing scoliosis correction).

of resting motor threshold (RMT; 0.84-0.96 T) excited
all neural structures up to 3-5 cm deep.

The final averaged recording was obtained from at
least 3 stimulations performed using a single magnetic
pulse with a strength of 60-75% of the maximal stim-
ulus output. The parameters of amplitudes and laten-
cies of MEPs recorded from nerves and muscles were
output measures. The amplitude was measured from
peak to peak of the signal, the latency from the stim-
ulus application marked by the artefact in the record-
ing to the onset of the positive inflection of potential,
the duration from the onset of the potential to its end
with reference to the isoelectric line [13].
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The patients did not report the stimulation as pain-
less, but they felt the small spread of current to the low-
er extremities; they were always awake and cooperative.

Intraoperative recordings were performed with
the ISIS system (Inomed Medizintechnik, Emmending-
er, Germany) (Fig. 1 C). Motor evoked potentials were
induced as a result of transcranial electrical stimulation
or magnetic field stimulation in areas of the cortical
motor fields for innervation of the thumb and selected
muscles of the lower extremity (Fig. 1 B) by a sequence
of 4 to 6 pulses (duration of a single pulse 500 us) with
a maximum intensity of 200 mA via bipolar screw elec-
trodes or less frequently needles (Fig. 1 C) [14].
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The recorded potentials were characterized by a vari-
able amplitude from 500 to 5,000 pV and latencies in
the range from 17 to 40 ms depending on the conduction
distance. Potentials did not require averaging. The fol-
lowing standard settings were entered for the MEP mea-
surements: filters hardware high-pass [Hz] 30; software
high-pass [Hz] 0.5; software low-pass [Hz] 2,000; stimu-
lation frequency [Hz] 0.5-2.4 ms intervals.

Transcranially induced MEPs evoked extensive de-
polarization of the motor and sensory centers of the ce-
rebral cortex. Stimulation with a magnetic field at 1.5 T
or the electrical stimuli at 200 mA, due to the strength
and influence of both magnetic and electric fields,
should not be performed in patients with pacemak-
ers and other electronic implants, episodes of epilepsy
during treatment, significant disturbances in the vas-
cular system, or symptoms of increased intracranial
pressure. Neuromonitoring procedures in infants and
pregnant women are not recommended.

Before starting the surgery, after implanting
the stimulating (Fig. 1 C) and recording (Fig. 1 D, E) elec-
trodes in the supine position of the patient, the elec-
trodes’ impedances should be checked, the correct val-
ues for needle electrodes should be in the range from
0.1t0 5.0 kQ, indicating correct connections with the re-
corder amplifier.

The impedance of the stimulating electrodes dis-
tributed with the 10-20 system, inserted under the skin
over the skull, should be around 0.8 kQ, and the surface
disposable bipolar recording electrodes from muscle

groups or nerves along their anatomical passage should
be in the range from 10 to 40 kQ.

After the patient was transferred to the operating
table in the prone position (in the case of posterior ac-
cess to the spine) or in the position on the side (in
the case of the anterior approach), the MEPs with ref-
erence amplitude and latency values were recorded as
0's (reference values) for comparison with those which
were recorded in the subsequent stages of the surgery

(Fig. 1G).
Amplitudes (in uV) and latencies (in ms) of MEPs
were the outcome measurements undergoing

the analysis. All results of MEPs obtained in 280 pa-
tients intraoperatively were also obligatorily com-
pared to those preoperatively recorded following
the magnetic stimulation, aiming to verify the neuro-
physiological status of the neural efferent impulses’
transmission.

Statistical analysis

Statistical data were calculated with Statistica 13.3
software (StatSoft, Krakéw, Poland). Descriptive statis-
tics included minimal and maximal values (range), mean
and standard deviations (SD) for measurable values.

The Shapiro-Wilk test was conducted to assess
the normality of distributions, as well as Leven’s test to
measure the homogeneity of variances in some cases.
The comparison of results from neurophysiological stud-
ies was performed with a dependent Student’s t-test
(paired difference t-test). Values at p < 0.05 were con-
sidered to be statistically significant.

Table 1l. Comparison of the results from MEP recordings performed pre- and intraoperatively in patients with
scoliosis. Cumulative data from the left and right sides are presented (mean values and standard deviations are
presented). Bold letters indicate significant differences at p <0.05

Measured parameter Peroneal nerve

Tibialis anterior muscle p-value (difference)

preoperatively vs. intraoperatively after
correction

recorded recorded
Amplitude Latency Amplitude Latency Amplitude Latency
[uv] [ms] [uv] [ms] [uv] [ms]
Patients’ preoperative MEPs 2742532 25.7+33 1280.14#83.5 289431 0.01 0.03
Patients’ MEPs intraoperatively before  285.3 +48.2 26.0 +3.6 13243 +100.7 29.2+2.7 0.009 0.03
correction
Patients’ MEPs intraoperatively after 820.2 £45.7 24.1+3.8 17829 +88.2  28.1+2.8 0.01 0.03
correction
p-value (difference) MEPs 0.06 0.06 0.06 0.07 NA NA
preoperatively vs. intraoperatively
before correction
p-value (difference) MEPs 0.04 0.05 0.04 0.06 NA NA

MEP — motor evoked potential recording, NA — non-applicable.

Reumatologia 2023; 61/1
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Bioethical standards

This study was conducted according to the guide-
lines of the Declaration of Helsinki. Approval was also
received from the Bioethical Committee of the Universi-
ty of Medical Sciences in Poznan, Poland (including stud-
ies on healthy people) no. 942/21. Informed consent was
obtained from all the subjects involved in the study. All
data generated or analyzed during this study are includ-
ed in this published article.

Results

Our preliminary observations on 280 scoliosis pa-
tients lead to the conclusion that MEPs recorded from

nerves do not undergo fluctuations at different stages
of scoliosis corrections and the anesthesia effect more
than MEPs recorded from muscles (Fig. 2 B and Table II).

Mean amplitudes of MEPs recorded from peroneal
nerves (274.2 uV) in comparison to those recorded from
tibialis anterior muscles (1,280.1 puV) were about 4 times
smaller. The mean latencies recorded from peroneal
nerves (25.7 ms) were about 3 ms shorter than those re-
corded from tibialis anterior muscles (28.9 ms).

The results of the amplitude and latency parame-
ters’ analysis in the potentials recorded before and af-
ter the correction of scoliosis indicated the usefulness
of non-invasive surface recording, with the principle
of its precision in determining the neural transmission
in the spinal pathways (Fig. 2 A).

muscle and nerve recordings after scoliosis correction
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Fig. 2. Examples of intraoperative MEP recordings from two patients (A and B) undergoing surgical cor-
rection of idiopathic scoliosis. The arrangement of recording sites from muscles and nerves bilaterally pre-
sented in B is common for all examples. Calibration bars for amplifications (in uV) and time bases (in ms)
are the same for each MEP recording. Following the transcranial electrical stimulation of supraspinal motor
centers, similar parameters of latencies can be observed in MEPs recorded both with the needle (a, NE) and
the surface (b, SE) electrodes except the lower amplitudes, but the shape of potentials remains unchanged
(A). Comparison of the amplitudes in MEP recordings with surface electrodes (SE) especially from nerves
before (a) and after (b) intensifying the level of relaxation convinces about the resistance to anesthetic

conditions (B).

Reumatologia 2023; 61/1



Spinal surgery neuromonitoring principles

27

Motor evoked potential amplitudes recorded with
surface electrodes (SE) had values less than half lower
than those recorded with needle electrodes (NE). The av-
erage amplitude recorded from tibialis anterior muscles
with the SE method was 364 uV, while the correspond-
ing amplitude with the NE method was 792 uV (at p =
0.01); no differences in latencies of MEPs recorded with
two methods were detected (at p = 0.06).

The immediate improvement of the efferent neural
transmission in spinal pathways following scoliosis sur-
gery has been expressed in the increase of the MEP am-
plitude parameter recorded for comparison before and
after surgery at p = 0.04 (Table II).

No significant differences of the MEP latency pa-
rameter have been found. We observed that the use
of non-invasive surface electrodes during neuromon-
itoring for MEP recordings shortens the average total
time of pediatric surgical procedures from 5.5 hours to
4.5 hours at p = 0.04.

Discussion

The increase of the MEP recordings’ latency at
2-3 ms during the preparation of the surgical field with
cauterization of muscles, observed in 35 out of 288 ana-
lyzed cases, may indicate the “warming effect” and reac-
tion of the spinal cord structures, which is transient af-
ter cooling with 0.9% NaCl (at the temperature of 36°C).

It should be remembered that during prolonged
neurosurgical procedures, natural, gradual attenua-
tion of the signals may occur, more in children than
adults, and the origin of these changes remains unex-
plained [12]. The gradual decrease of MEP amplitudes
at 10-30% bilaterally may occur during the correction
of pathological lateral spinal curvature and the derota-
tion of the spinal deformity.

The difference of 50% decrease between the refer-
ence value and the amplitudes recorded uni- or bilat-
erally (during pedicle screws’ implantation, corrective
rods’ implantation, correction, distraction and derota-
tion procedures of the spine curvature) is critical, indi-
cating the blockade of the efferent spinal pathways neu-
ral transmission.

The proposed definition of “real-time” neuromoni-
toring comprises the immediate warning from a neuro-
physiologist about the changes in the patient’s neuro-
logical status during scoliosis surgery (especially during
pedicle screws’ implantation, corrective rods’ implanta-
tion, correction, distraction and derotation of the spine
curvature) exactly during the successive steps of correc-
tive procedures (Fig. 3).

This is possible due to the simultaneous observation
of MEP recordings and the camera image of the surgical

field. We observed that this procedure shortened the av-
erage total time of the analyzed 35 surgical scoliosis cor-
rections by about half an hour.

According to the assumptions of Malhotra et
al. [8], neuromonitoring should be used in every sur-
gery in which the surgeon foresees a real iatrogenic
risk of the applied procedures for the nervous struc-
tures in the central and peripheral systems, and in
the optimization of successive stages of surgical pro-
cedures.

The success of neuromonitoring during surgical op-
erations is largely influenced by the understanding and
meaningful cooperation between the team consisting
of the surgeon, the neurophysiologist and the anesthe-
siologist 6, 15].

The use of surface electrodes during neuromonitor-
ing for MEP recordings reduces the total time of surgery,
both in terms of implantation and removal of needle
electrodes instead.

In patients undergoing lateral curvature correction
by about 30-40 degrees, it should be expected that
the MEP recording method with surface electrodes is
sufficiently precise when the amplitudes of record-
ing in the preoperative examination conditions are
in the range of 200-2,000 pV. It is also expected that
the costs of SE neuromonitoring against NE may be re-
duced about eight times.

The method of intraoperative MEP recording from
nerves versus muscles following transcranial electrical
stimulation in patients undergoing scoliosis surgery is
resistant to the anesthetic conditions such as the depth
of anesthesia or relaxants’ administration.

Real-time neuromonitoring shortens the average
time of surgery by about half an hour, and decreases
the number of questions from the neurophysiologist
to the surgeon and vice versa, resulting in an increase
of the surgeon’s attention to the applied procedures to
the spine.

Real-time neuromonitoring also increases the con-
fidence of the surgeon in the patient’s health status
during the surgery, and provides the possibility of exter-
nal expert participation in the monitoring session.

Conclusions

Considering the issue of health care management,
the above presented intraoperative neuromonitoring
methods significantly affect the safety of the performed
spondylo-orthopedic procedures.

Since the use of neuromonitoring not only be-
fore and after the treatment, but, what is very import-
ant, intraoperatively, it has been found that the safety
of the pediatric patient has greatly increased.

Reumatologia 2023; 61/1
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Fig. 3. Examples of “real-time neuromonitoring” bilateral MEP recordings from muscles and nerves of lower
extremities during certain steps of the scoliosis surgery. Preparation of the surgical field with cauterization
of muscles (A), pedicle screws’ implantation (B), corrective rods’ implantation, correction, distraction and
derotation of the spine curvature (C). Calibration bars for amplifications (in uV) and time bases (in ms) are
the same for each MEP recording.

From the point of view of the Hospital Manage-
ment Board, the procedure clearly increases safety
and limits financial claims resulting from possible

complications.

The authors declare no conflict of interest.

Reumatologia 2023; 61/1

References

1. Charalampidis A, Jiang F, Wilson JRF, et al. The use of intra-
operative neurophysiological monitoring in spine surgery.
Global Spine J 2020; 10 (Suppl 1): 1045-114S, DOI: 10.1177/
2192568219859314.

2. Malhotra NR, Shaffrey Cl. Intraoperative electrophysiological

monitoring in spine surgery. Spine (Phila Pa 1976) 2010; 35:
2167-2179, DOI: 10.1097/BRS.0b013e3181f6f0d0.



Spinal surgery neuromonitoring principles

29

. Carl A, Kaufman E, Lawrence J. Complications in spinal defor-
mity surgery: issues unrelated directly to intraoperative tech-
nical skills. Spine (Phila Pa 1976) 2010; 35: 2215-2223, DOI:
10.1097/BRS.0b013e3181fd591f.

. lorio JA, Reid B Kim HJ. Neurological complications in adult
spinal deformity surgery. Curr Rev Musculoskelet Med 2016;
9:290-298, DOI: 10.1007/512178-016-9350-y.

. de Haan R Kalkman CJ. Spinal cord monitoring: somatosenso-
ry- and motor-evoked potentials. Anesthesiol Clin North Am
2001; 19: 923-945, DOI: 10.1016/50889-8537(01)80017-1.

. Deletis V, Sala F. The role of intraoperative neurophysiology in
the protection or documentation of surgically induced injury
to the spinal cord. Ann N Y Acad Sci 2001; 939: 137-144, DOI:
10.1111/j.1749-6632.2001.tb03620.x.

. Dormans JP. Establishing a standard of care for neuromoni-
toring during spinal deformity surgery. Spine (Phila Pa 1976)
2010; 35: 2180-2185, DOI: 10.1097/BRS.0b013e3181eba84f.
. Malhotra NR, Shaffrey Cl. Intraoperative electrophysiological
monitoring in spine surgery. Spine (Phila Pa 1976) 2010; 35:
2167-2179, DOI: 10.1097/BRS.0b013e3181f6f0dO0.

. Darcey TM, Kobylarz EJ, Pearl MA, et al. Safe use of subdermal
needles for intraoperative monitoring with MRI. Neurosurg
Focus 2016; 40: E19, DOI: 10.3171/2015.12.FOCUS15555.

10.

11.

12.

13.

14.

15.

Sanders A, Andras L, Lehman A, et al. Dermal discolorations
and burns at neuromonitoring electrodes in pediatric spine
surgery. Spine (Phila Pa 1976) 2017; 42: 20-24, DOI: 10.1097/
BRS.0000000000001658.

Tamkus A, Rice K. Risk of needle-stick injuries associated with
the use of subdermal needle electrodes during intraoperative
neurophysiologic monitoring. J Neurosurg Anesthesiol 2014;
26: 65-68, DOI: 10.1097/ANA.0b013e31829b677c.
Soghomonyan S, Moran KR, Sandhu GS, Bergese SD. Anesthe-
sia and evoked responses in neurosurgery. Front Pharmacol
2014; 5: 74, DOI: 10.3389/fphar.2014.00074.

Garasz A, Huber ). Review on methodology and interpretation
of results of motor evoked potentials induced with magnetic
field or electrical stimuli recorded preoperatively or intraoper-
atively. Issue Rehabil Orthop Neurophysiol Sport Promot 2021;
34:33-42, DOI: 10.19271/IRONS-000131-2021-34.
Kaczmarek AM, Huber J, Daroszewski B et al. Intraoperative
neuromonitoring during surgical correction of Sprengel’s
deformity. Issue Rehabil Orthop Neurophysiol Sport Promot
2020; 33: 53-57, DOI: 10.19271/IRONS-000128-2020-33.
Horikoshi T, Omata T, Uchida M, et al. Usefulness and pitfalls
of intraoperative spinal motor evoked potential recording by
direct cortical electrical stimulation. Acta Neurochir (Wien)
2000; 142: 257-262, DOI: 10.1007/s007010050033.

Reumatologia 2023; 61/1



