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ABSTRACT

Mechanical damage to nerve fibers during scoliosis correction can result in severe neurological
disorders. It has been demonstrated that intraoperative neurophysiological monitoring during spinal
surgery reduces the risk of motor deficits or paraplegia. Despite significant advances in the technique
and application of IONM (intraoperative neurophysiological monitoring), data reporting the impact of
implementing intraoperative neurophysiological monitoring on scoliosis surgery intervention remains
very limited. Therefore, this review aims to investigate the correlation between the application of IONM
and the risk of neurologic deficits in scoliosis patients undergoing surgery. The database sourced from
PubMed (Jan 2010 to Jan 2022) was used to identify all studies evaluating the effectiveness and impact
of intraoperative neurophysiological monitoring during scoliosis surgery and reducing the risk of
postoperative complications. This systematic review included five studies. Multimodal IONM, with its
high sensitivity and specificity, provides an objective benchmark that surgeons can implement to review
surgical strategies to reduce the risk of permanent neurologic deficits. Multimodal IONM can be
considered the gold standard of IONM in scoliosis surgery to prevent neurological damage and provide
a more satisfactory result of surgical intervention.

Keywords: Intraoperative neurophysiological monitoring, neuromonitoring, neurological deficit,

scoliosis surgery, spinal cord compression.

Introduction

Scoliosis is a spinal deformity characterized by lateral
curvature and spine rotation. The causes of scoliosis are
varied and broadly classified as congenital, neuromuscular,
syndrome-related, idiopathic, and scoliosis due to secondary
etiology.! Although it can be caused by various factors, more
than 60% of all cases of scoliosis is considered idiopathic, of
which 80% occur in adolescence.? According to the
American Family Physician, women are ten times more
likely than men to develop the degree of curvature of the
scoliosis curve.®

Scoliosis patients can benefit from surgery as one of their
treatment options. The surgical intervention aims to halt the
progression of scoliosis, correct the deformity permanently,
and improve posture balance.* Currently, osteotomy,
scoliosis correction, and screw implantation are the main
options in treating scoliosis cases. However, this surgery is
not entirely exempt from the risk of neurological damage in
both the intra- and postoperative periods. Mechanical
damage caused by nerve fiber stretching during scoliosis
correction can result in severe neurological disorders.
Furthermore, the incidence of misplaced screw implantation

cases ranges from 20% to 30%, and 1% suffer nerve damage,
which leads to severe consequences such as paralysis.®

A monitoring system that provides real-time feedback on the
patient's nerve function during the surgical procedure is
required to  mitigate this risk.  Intraoperative
neurophysiological monitoring (IONM) is used to monitor
the functional modalities of a particular neural structure
(nerves, spinal cord, and parts of the brain) during surgery.
It has been demonstrated that intraoperative
neurophysiological monitoring during spinal surgery
reduces the risk of motor deficits or paraplegia.® The
procedure has recently proliferated, and more than 800,000
surgical procedures are implemented in the US each year to
reduce the incidence of neurological complications.”®
Despite significant advances in the technique and application
of IONM, data reporting the impact of implementing
intraoperative neurophysiological monitoring on scoliosis
surgery remains very limited. Therefore, this review aims to
investigate the correlation between the application of IONM
and the risk of neurologic deficits in scoliosis patients
undergoing surgery.
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Methods

The database sourced from PubMed (Jan 2010 to Jan 2022)
was used to identify all studies evaluating the effectiveness
and impact of intraoperative neurophysiological monitoring
during the surgical intervention process to treat scoliosis and
reduce the risk of postoperative complications. Excluded
literature included conference abstracts, book chapters,
editorial work, dissertations or theses, and unfinished
research. Laboratories and non-human studies, as well as
articles with unavailable full-text, languages other than
English, and irrelevant topics, were omitted. Every study
with intraoperative neurophysiological monitoring in
scoliosis patients is included. The following medical subject
headings were used for a literature search: (scoliosis) AND
(neuromonitoring).

Records identified through
PubMed database searching

(n=167)
\
Records after duplicates
removed
(n =166)
[
Titles and abstracts screened Records
= excluded
(n =169 (n = 151)
; Full-text
Full-text articles accessed articles
for eligibility - excluded
(n=15) (n=10)

Studies include in the
review
(n=5)

[ Included ] [ Eligibility ][ Screening ][Identification]

Figure 1. Flow Diagram of Study Selection

Results

The study selection is presented in Figure 1. We performed
a PubMed search. A total of 167 records were observed, with
166 remaining after duplicate removal. Title and abstracts
were screened, leaving 15 potential studies. Full-text paper
of each 15 studies was evaluated for eligibility criteria, and
10 were excluded due to insufficient data on intraoperative
neurophysiological monitoring. The remaining five studies
were included in this systematic review. There are two
retrospective studies and one study population in table 1,
which evaluate the application of intraoperative
neurophysiological  neuromonitoring during  scoliosis
surgery. These studies were conducted by Nassef et al.’;
George et al.1% Ajiboye et al.. Table 2, on the other hand,
includes one retrospective and one prospective study that
compares the implication of unimodal and multimodal

IONM. These studies include Bhagat et al.?; Kundnani et
al.®®

Discussion

Intraoperative neurophysiological monitoring (IONM) is a
monitoring procedure that applies electrophysiological
techniques to detect the functional status of the nervous
system during the operation.!* The application of IONM
correlates surgical intervention with neurophysiological
changes simultaneously (real-time), avoiding the possibility
of trauma and nerve damage and thus providing more
optimal postoperative results. 1ONM includes several
modalities, each specific for integrating certain neural
pathways. Some of the  modalities include
electroencephalography (EEG), electroneuromyography
(EMG), somatosensory evoked potentials (SSEP), brainstem
auditory evoked potentials (BAEP), and motor evoked
potentials (MEP).%

Clinically, IONM modalities can be applied individually in
surgical interventions, a technique known as unimodal
IONM. Each modality has drawbacks that limit its overall
sensitivity and specificity when applied as unimodal
IONM.* The combination of several IONM (multimodal)
modalities has been shown to increase the effectiveness of
monitoring neurological function while decreasing the rate
of negative findings compared to unimodal. Therefore,
multimodal IONM (MIONM) has the potential to
compensate for the limitations arising from the unimodal
application. Thus MIONM has been established as standard
practice in various spinal surgical.6:*”

In its implementation, the IONM modality is evaluated
based on considerations regarding the severity of the case or
what kind of operative action will be carried out.!® In the
case of scoliosis, both unimodal and multimodal IONM
facilitate the identification of the damage or deficit of nerve
function  throughout the  surgical intervention.
Somatosensory evoked potentials (SSEP) are a widely used
modality that is the primary mode of intraoperative
monitoring during scoliosis surgical procedures.’® In
addition, several studies have reported that applying IONM
during surgical intervention for scoliosis has significantly
improved neurological outcomes.

Nassef et al. (2021) published a case series involving 547
patients who underwent scoliosis surgery. This study
revealed that IONM was associated with reducing the
incidence of new neural deficits (NND) after correcting
idiopathic scoliosis. This is indicated by the difference in the
occurrence  of neurological deficits in  scoliosis
patients. Neurological injuries occurred in 3.3% and 8.1% of
patients that had surgery with and without IONM,
respectively.® In line with this, George et al. (2019) reported
a population study involving 32,305 scoliosis patients under
the age of 18 who had spinal fusion surgery. Patients
undergoing surgical intervention were diagnosed with
adolescent idiopathic scoliosis, congenital scoliosis, and
neuromuscular scoliosis. The publication shows a trend
towards lower rates of neurologic complications in IONM
surgery, where as many as 0.9% of patients with IONM had
neurological deficits and 1.4% of patients without IONM had
neurological deficits.
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Table 1. Comparison of Scoliosis Surgery Cases with and without Intraoperative Neurophysiological Monitoring

Number of Patient

Neurological Deficit

é;r;hslggg‘:‘gﬁ Methods/ With  Without  Total :v?ol\cli';/llity With Without
IONM IONM IONM IONM
e " %0 16 ST SEpME 2039 1561
ﬁ]%(;rt?:n(tatse:ripel/(ZI\(JJIlS?)/StUdy population/National 5,706 26,509 32.305 NI 52 (0.9%) ?fi%)
ggtt;?)ﬁeet al*}/2017/ retrospective/PearlDiver 1361 2,257 3,618 ﬁ/lSIEF?;; MG 24 (18%) 46 (2.0%)

IONM : Intraoperative Neurophysiological Monitoring, SSEP : Somatosensory Evoked Potential, MEP : Motor-Evoked Potential, EMG :

Electromyography, NI: Not Informed

Table 2. Sensitivity and Specificity of Various Intraoperative Neurophysiological Monitoring Techniques

Total Neurological . s e
Author/ Year Patient Deficit IONM Modality Sensitivity Spesificity
. SSEP 56.5 % 99.7 %
12
g%al%at etal 320 5 Unimodal -~ \ep 95.5 % 99.3%
Multimodal SSEP + MEP 100% 99.3 %
. . SSEP 51% 100%
13
/I;gllgnam etal 354 5 Unimodal NMEP 100% 96%
Multimodal SSEP + NMEP 100% 99%

SSEP : Somatosensory Evoked Potential, NMEP: Neurogenic motor-evoked potential, MEP : Motor-Evoked Potential

Moreover, IONM was significantly associated with
increased home discharge in postoperative patients.
Furthermore, Ajiboye et al. (2017) reported cases covering
3618 patients with surgical intervention for scoliosis. The
most commonly used IONM modality in this publication is
multimodal IONM, a combination of SSEP and EMG, while
the least used modality is unimodal, namely MEP.
According to the report, neurologic injury occurred in 1.8%
of patients undergoing surgery with IONM and 2.0% in
patients without IONM.?

The data presented above provide a whole picture of the
difference in the incidence of neurological deficits between
patients undergoing surgical interventional scoliosis
procedures with and without IONM. All of these studies
reported that patients with IONM had lower rates of
neurologic impairment than patients without IONM. It
occurred due to IONM's application of various physiological
principles, each with a specific implementation that aims to
improve patient outcomes.?® When the benefits of
intraoperative  neurophysiological ~ monitoring  are
demonstrated to be appropriate, neuromonitoring techniques
should be further developed and established as a standard
medical practice.

In clinical practice, IONM has not been fully integrated into
all scoliosis corrective procedures.®*! The high cost is one
factor that has become controversial in implementing IONM.
Another study also reported several cases of unimodal
IONM, which showed false positive and false negative
results in detecting neurological damage. These limitations
ultimately impact variations in the sensitivity and specificity
of IONM, so its effectiveness is often still debated.?! Several
studies argue about the magnitude of sensitivity and
specificity of each modality applied during scoliosis surgery.
Bhagat et al. reported the results of a study involving 320
(female = 251; male = 69) patients who underwent a total of
354 bone deformity surgeries. The overall incidence of
permanent neurologic deficits was 1.6% (5 of 320 patients),
and the condition for significant alerts in the study was 7.1%
(25 alerts of 354 operative episodes). Significant alerts occur

when there is a change in waves with specific criteria during
monitoring. In such circumstances, the operation monitoring
team will conduct a series of examinations, such as
correlating changes in the level of the operated spine, blood
pressure, anaesthetic level, temperature, and monitoring
leads. In response to the significant alert, surgeons must
intervene as soon as possible to prevent neurological
damage. In the study, SSEP monitoring was applied to 352
surgical procedures, where 13 true positives, 10 false
negatives, 1 false positive, and 328 true negative conditions
were found from all monitoring activities, resulting in a
sensitivity of 56.5% and specificity of 99.7%.

The study, on the other hand, used MEP monitoring on 316
patients and discovered 21 true positives, 1 false negative, 2
false positives, and 292 true negative conditions from all
monitoring activities. Thus, the MEP sensitivity and
specificity were 95.5% and 99.3%, respectively. The
specificity of SSEP (99.7%) was higher than MEP (99.3%);
however, the sensitivity of MEP (95.5%) was much better
than SSEP (56.5%). When the two modalities are combined,
the sensitivity increases to 100%, while the specificity
reaches 99.3%.'2 The study group of Kundnani et al.
involved 354 (female = 309; male = 45) patients who
underwent spinal surgery. The study reported that thirteen
cases showed a significant alert condition. All thirteen cases
were detected on monitoring using the NMEP modality,
whereas, in the use of SSEP, significant alerts were only
detected in 8 cases. Meanwhile, two patients showed
significant alert with SSEP + NMEP monitoring and had new
neurological deficits (0.56%). Monitoring with SSEP
revealed no false positive conditions, indicating a high
specificity value. Nonetheless, it was found that 5 patients
experienced false negative conditions (38%), resulting in
reduced SSEP sensitivity. In contrast to NMEP monitoring,
it was reported that there were no false negative cases but 2
false positive cases (15%). The specificity of SSEP (100%)
was higher than NMEP (96%); however, the sensitivity of
NMEP (100%) was much better than SSEP (51%).
Nevertheless, the application of the SSEP + NMEP modality
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combination showed better sensitivity (100%) and
specificity (99%) compared to unimodality.®

Although the sensitivity of unimodal IONM was low, the
specificity remained in a relatively high range of magnitudes.
Each IONM modality has a different and specific working
system. The SSEP monitors the dorsal column-medial
lemniscal pathway, which mediates tactile, vibrational, and
proprioceptive discrimination. In addition, MEP monitors
motor pathways, whereby transcranial electrical stimulation
elicits excitation of corticospinal projections at various
levels.'® Meanwhile, NMEP can be stimulated by
transcranial electrical impulses from the motor cortex, which
results in direct depolarization of pyramidal tract neurons
and subsequent spinal tract conduction. This results in the
use of NMEP to provide information on monitoring the
combination of motor and sensory functions of the spinal
tract?, since NMEP basically represents a monitoring of
both motor and somatosensory tracts.

The studies depict the overall IONM modality, which
provides high sensitivity and specificity when used in
conjunction with multimodal IONM. It arises as a result of
multimodal IONM mediating different neural pathways in
other vascular areas, so monitoring both can provide a more
comprehensive  assessment  of  spinal  function.®?
Furthermore, it should be emphasized that the use of IONM
necessitates multidisciplinary collaboration involving the
deliberation and monitoring of surgeons, anesthesiologists,
and neurologists. With the aim that the resulting assessment
can describe the patient's holistic condition so that false
negative and false positive cases can be prevented®.

This study has some limitations. First, we include
retrospective studies with the potential of inaccurate or
incomplete data (information bias). We aimed to reduce this
by meticulously designing the study to ensure proper data
extraction and analysis. Second, this review does not include
critical clinical information such as operative time, disease
severity, surgical complexity, intraoperative events, the
number of false positives and negatives, and information on
the type and severity of neurological complications.
Although these are genuine issues, the lack of evidence and
evidence-based reports in contemporary literature cannot be
overlooked.

Future research could, for instance, scrutinize the correlation
between disease severity and surgical complexity,
influencing the sensitivity and specificity of IONM in
scoliosis surgery.

Conclusion

Early detection through intraoperative neurophysiological
monitoring (IONM) has been shown to contribute to
identifying risk signs of neurologic deficits and
postoperative scoliosis sequelae. With its high sensitivity
and specificity, multimodal IONM provides an objective
benchmark that surgeons can implement to review surgical
strategies to reduce the risk of permanent neurologic deficits.
Multimodal IONM can be considered the gold standard
application of IONM in scoliosis surgery to prevent
neurological damage and provide more satisfactory result of
surgical intervention.
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