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ABSTRACT
Objective: To evaluate the role of intraoperative neurophysiological monitoring (IONM) in reducing the postoperative neurologic deficit
following corrective surgery of scoliosis.
Study Design: Observational Study.
Place and Duration of the Study: Spine Surgery Department, Combined Military Hospital, Rawalpindi, from December 2022 to May
2023.
Methodology: The study included 170 cases of scoliosis operated under multimodal IONM. Decreased amplitude of ≥50% in SSEP or
70-80% in MEPs were considered warning signs. Cases were divided into two groups: Group 1 (signal drop) and Group 2 (no signal
drop). Group 1 was subdivided into Group 1a (true positive), Group 1b (false positive) and Group 1c (intermediate positive). Group 2
was subdivided into Group 2a (true negative) and Group 2b (false negative).
Results:  Evoked potential changes were observed in 27 (15.9%) cases. This includes transient drop of signals in 16 (9.4%) and
sustained drop of signals in 11 (6.5%) cases. Among sustained signal drop, 9 (5.29%) cases had exhibited postoperative neurological
deficit whereas 2 (1.17%) cases did not show postoperative neurological deficit (false positive). Multimodal IONM in the current study
shows sensitivity of 100%, specificity of 98.6%, positive predictive value of 92.6%, and negative predictive value of 100%.
Conclusion:  Multimodal  IONM reduces  the  incidence  of  postoperative  neurological  deficit  in  corrective  surgery  of  scoliosis  by  effec-
tively detecting neurologic injury during surgery. Monitoring events alert surgical team to exercise immediate corrective measures
which likely results in recovery of lost signals and predict the favorable outcome.
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INTRODUCTION

Surgical correction of scoliosis is a complex spinal surgery that
involves extensive manipulation of the vertebral column and
accompanying neural structures. The procedure carries a great
risk of complications among which the most feared one is post-
operative  neurological  (sensory/motor)  deficit.1  Literature
reports about 23% patients with adult spinal deformity surg-
eries experience some kind of neurological deficit postopera-
tively.2 Risk factors include excessive spinal cord stretching,
compression or stretching of the nerve roots, ischaemia of the
cord and implant-induced direct  injury to  the spinal  cord or
nerve  roots.3  The  permanent  neurological  deficit  can  be
avoided by early detection of  damage at a reversible stage
allowing surgeon to take prompt corrective measures.4
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In order to minimise postoperative neurological deficit, intraop-
erative neurophysiologic monitoring (IONM) was introduced in
late 1970s and has become the standard practice in complex
spinal surgeries, especially when instrumentation and defor-
mity correction are to be done.2

Intraoperative  neurophysiological  monitoring  apprises  real
time neurologic status of the central nervous system, nerve
roots  and  peripheral  nerves  of  anaesthetised  patients.5  It
rapidly identifies neural injury and alert surgical team to inter-
vene and reverse an otherwise permanent deficit.6 Currently
most  frequently  used IONM modalities  includes  transcranial
motor  evoked potentials  (TcMEPs)  which  assess  integrity  of
motor component of nervous system,7 somatosensory evoked
potentials (SSEPs) which assess integrity of sensory component
of nervous system from peripheral nerves to somatosensory
cortex,8 spontaneous electromyography (s-EMG) and triggered
electromyography  (t-EMG)  monitor  individual  nerve  root
trauma and pedicle breach during placement of screws,9 brain-
stem auditory  evoked potentials  (BAEPs)  and visual  evoked
potentials (VEPs). The modalities mentioned can be used indivi-
dually however, the multimodality approach is widely accepted
for broader picture of various components of nervous system
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monitoring.2  In  2009,  Quraishi  et  al.  conducted  prospective
study on 102 cases of adult spinal deformity surgery under multi-
modality  IONM  (MIONM)  technique.  They  have  reported  an
overall sensitivity of MIONM of 100% and specificity of 84%.10

The present study was designed to ascertain the usefulness of
IONM in early detection of signal loss during corrective surgery
of  scoliosis  and  to  assess  the  improvement  of  neurological
signals after prompt corrective interventions.

METHODOLOGY

This observational study was conducted at the Department of
Spine Surgery, Combined Military Hospital, Rawalpindi, from
December 2022 to May 2023. Formal permission was obtained
from the Ethical Review Committee of the Combined Military
Hospital,  Rawalpindi  (IRB  Serial  No.  391  dated  2  December
2022) prior to initiation of the research. A total number of 170
cases of corrective surgery of scoliosis operated under IONM
from February 2015 to December 2021 were included in the
study. After getting informed verbal consent from the patients
on phone calls to participate in the study, data of patients and
IONM findings were retrieved from database of the department
and internal memory of neurophysiologic workstation (Xltek
protector 32 IOM system), respectively.

Inclusion criteria include age ranges between 4 to 21 years,
either gender, scoliosis curve in the range of 60 - 120 degrees.
The patients with neurologic deficits prior to the surgery or any
neuromuscular junctional disease affecting impulse transmis-
sion were excluded from the study.  Multimodality  approach
(including SSEP, TcMEP, and s-EMG) was adopted for monitoring
of cases. All the surgeries were performed under total intrave-
nous anaesthesia (TIVA) which was maintained with propofol
infusion at 100 μg/kg/min and infusion of dexmedetomidine
hydrochloride 0.8 μg/kg/hr. Bispectral index (BIS) was kept in
the range of 30-45 with dose adjustments of these anaesthetic
agents.  In  order  to  facilitate  intubation,  muscle  relaxant
atracurium (0.5 mg/kg) was used once only at the time of induc-
tion. Effect of muscle relaxants on neurophysiological response
was ruled out by conducting train of four (TOF). Baseline record-
ings of SSEPs and MEPs were obtained before giving incision to
the patient.

All the surgeries were monitored with neurophysiologic work-
station  (Xltek  protector  32  IOM  system; Natus Medical Inc.,
Oakville, Canada). The cortical SSEPs were elicited bilaterally
by stimulation of posterior tibial and median nerves through
surface electrodes using a 500 microsecond square wave elec-
trical pulse at a rate of 3.9 hertz (Hz). The intensity of stimulus
was kept in the range of 20 - 35 mA and bypass filter set at 30 to
500 Hz. Recording of cortical potentials was obtained through
sub-dermal corkscrew electrodes applied on the scalp at points
Fpz,  Cz,  C3,  and  C4  according  to  the  international  10  -  20
system.  Either  ≥50%  decrease  in  the  amplitude  or  ≥10%
increase in the latency of signals were considered alarm sign.
Bilateral TcMEPs were recorded from the targeted muscles of
upper  and  lower  limbs  as  per  individual  requirements.

Frequently  monitored  muscles  of  the  upper  limbs  include
brachioradialis and abductor pollicis brevis and of the lower
limb include illiopsoas, adductor magnus, quadriceps femoris,
tibialis anterior, extensor hallucis longus and abductor hallucis.
The response was triggered through sub-dermal corkscrew elec-
trodes applied on the scalp corresponding to the motor cortex at
points C1-C2 and C3-C4 stimulating montage according to the
international 10 - 20 system with stimulus intensity ranging 250
to 400 volts and anodal pulse train between 6 to 9 at an interval
of 1 to 10 milliseconds. Responses were recorded from needle
electrodes  applied  at  targeted  muscles.  A  complete  loss  of
signals or decrease in signal amplitude by 70 to 80% was consid-
ered neurophysiological warning. Spontaneous EMG activities
were continuously monitored throughout the surgery in both
upper  and  lower  limbs.  Observation  of  sustained  high-
frequency neurotonic EMG activities leads to the initiations of
formal warnings to the surgical team.

Based on IONM interpretations, cases were divided into two
main groups, Group 1 (signal drop; n=27) and Group 2 (no signal
drop; n=143). Group 1 is subdivided into Group 1a (true posi-
tive; n=9) in which sustained signal drop was observed which
persisted even after exercising all the corrective measures and
resulted in new postoperative neurological deficit, Group 1b
(false  positive;  n=2)  in  which  sustained  signal  drop  was
observed which persisted even after exercising all the correc-
tive measures but no new postoperative neurological deficit
was observed in the patient and Group 1c (intermediate posi-
tive/rescued cases; n=16) in which transient signal drop was
observed which was restored by prompt corrective measures
without any new postoperative neurological deficit. Similarly,
Group 2 is subdivided into Group 2a (true negative; n=143) in
which neither signal drop nor postoperative neurological deficit
was observed and Group 2b (false negative; n=0) in which no
signal drop was observed during the entire course of surgery
but  the  patient  developed  new  postoperative  neurological
deficit.

The data were analysed using IBM Statistical Package for the
social sciences (SPSS) version 23.00. Numerical variables were
reported as Mean ± SD whereas categorical  variables were
presented as numbers and percentages. To determine signifi-
cance of  sustained signal  drop,  Fisher’s  exact  test  and Chi-
square test were applied. A p-value of <0.05 was considered
statistically significant.

RESULTS
The study was conducted on 170 cases out of which 71 (41.8%)
were males and 99 (58.2%) were females. The age of patients
ranges between 4–21(14.6±3.76) years. Out of the 170 studied
cases, 79 (46.5%) were diagnosed cases of congenital scoliosis,
83 (48.8%) idiopathic scoliosis, and 8 (4.7%) cases were of neuro-
muscular scoliosis. As per the warning criteria mentioned earlier,
changes in evoked potentials (signal drop) were observed during
the surgery in 27 (15.9%) cases. These changes were either tran-
sient drop of signals in 16 (9.4%) cases or sustained drop of
signals in 11 (6.5%) cases (Figure 1, Table I).
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Table I: Frequency of evoked potential changes among different groups of scoliosis.

 Groups Type of Scoliosis Total
Congenital Idiopathic Neuromuscular

Group 1 1a 8 (10.1 %) 1 (1.2 %) 0 9 (5.3%)
1b 2 (2.5%) 0 0 2 (1.2%)
1c 9 (11.4%) 5 (6%) 2 (25%) 16 (9.4%)

 Group 2 2a 60 (75.9%) 77 (92.8%) 6 (75%) 143 (84.1%)
2b 0 0 0 0

Table II: Summary of patients with evoked potential changes and neurological deficits.

Patient No. Age
(years)

Gender IONM Changes Recovery Post-op Deficit
TcMEP SSEP s-EMG

1. 10 F Lt QF,TA, AH Lt N Complete N
2. 20 F Rt AM,QF,TA,AH Rt N Complete N
3. 9 F Both AM,QF,TA,AH Both N Complete N
4. 13 F Both AM,QF,TA,AH Both Rt AH Partial Bilateral LLW. Power 3/5
5. 13 M Rt TA, AH N N Complete N
6. 10 F Lt QF,TA,AH Lt N N Lt LLW. Power 3/5
7. 18 M Lt AM,QF,TA,AH Lt N Complete N
8. 5 F Lt QF,TA, EHL,AH N N Complete N
9. 12 M Lt QF,TA,AH N N Complete N
10. 11 F Both TA,AH N N Complete N
11. 5 F Both AM,QF,TA,AH N N Complete N
12. 6 F Rt QF,TA,AH Rt N Complete N
13. 4 M Rt AM,QF,TA,AH N N Complete N
14. 13 F Both AM,QF,TA,AH N N Complete N
15. 5 F Lt AM,QF,TA,EHL Lt N Complete N
16. 16 F Rt AM,QF,TA,AH N N Complete N
17. 13 F Both AM,QF,TA,AH N N Complete N
18. 21 M Lt QF* N N Partial N
19. 17 F Lt AH* N Lt AH Partial N
20. 9 M Both AM,QF,TA,AH Both N Partial Rt LLW. Power 3/5
21. 13 F Both QF,TA,EHL,AH Both N N Bilateral LLW. Power 2/5
22. 15 F Lt AM,QF,TA,AH Lt N Partial Lt LLW. Power 3/5
23. 18 M Both AM,QF,TA,AH Both N N Bilateral LLW. Power 3/5
24. 16 M Both AM,QF,TA,AH Both Lt QF Complete N
25. 14 F Both AM,QF,TA,AH Both N N Bilateral LLW. Power 2/5
26. 16 M Both AM,QF,TA,AH LT N N Bilateral LLW. Power 3/5
27. 18 M Rt QF,TA, EHL, AH N N N Rt LLW. Power 3/5
* False positive case. AM, Abductor magnus; QF, Quadriceps femoris; TA, Tibialis anterior; EHL, Extensor hallucis longus; AH, Abductor hallucis; Lt, Left; Rt,
Right; M, Male; F, Female; N, No; LLW, Lower limb weakness.

Table III: Comparison of IONM findings of the current study with the study conducted by Yoshida et al.

Variable Yoshida et al.17 Current Study
Spinal deformity cases (n) 1009 170
Surgical Technique Posterior corrective fusion Posterior corrective fusion
Anesthesia TIVA (Propofol + Fantanyl) TIVA (Propofol + Dexmedetomidine)
TcMEP Alarm criteria ≥70% amplitude reduction ≥70% amplitude reduction
IONM findings Signal alert, n (%) 57 (5.65) 27 (15.9)

Rescued cases, n (%) 35 (61.4) 16 (59.26)
No improvement, n (%) 22 (38.6) 11 (40.74)

Timing of signal alert Rod de-rotation (%) 36.8 25
Tapping for screws (%) - 16
Pedicle screw insertion (%) 12.3 25
Compression/distraction (%) 7 15
Decompression (%) 5.3 12
Others / surgery unrelated (%) 10.5 -

Postoperative neurological deficit (%) 2.2 5.29
Efficacy of TcMEP Sensitivity (%) 93.3 100

Specificity (%) 91 98.6
PPV (%) 35 81.81
NPV (%) 99.6 100

Out of 11 cases of sustained signal drop, 9 (5.29%) cases
had  exhibited  post-operative  neurological  deficit  (true  posi-
tive), whereas 2 (1.17%) cases did not show any postopera-

tive  neurological  deficit  (false  positive).  Sustained  signal
drop  was  significantly  higher  (p=0.039)  in  the  cases  of
congenital  scoliosis  as  compared  to  idiopathic  scoliosis.
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Among 27 cases of  evoked potential  changes,  12 (7.1%)
cases shown isolated TcMEP changes whereas 15 (8.8%)
cases had both TcMEP and SSEP changes. None of the cases
has shown isolated SSEP changes. Total of 3 (1.76%) cases
have exhibited high frequency neurotonic s-EMG activities in
various isolated muscles during corrective measures. Details
of  evoked  potential  changes  and  neurological  deficits  in  all
cases  are  presented  in  Table  II.  The  efficacy  of  multimodal
IONM in current study calculated using two by two contin-
gency revealed sensitivity of 100%, specificity of 98.6%, posi-
tive  predictive  value  of  81.81%  and  negative  predictive
value of 100%.

Figure 1: Intraoperative neurophysiological monitoring showing tran-
scranial motor evoked potential data of 18-year patient of congenital
scoliosis  mentioned at  serial  27 of  Table II.  (A)  Baseline data of
TcMEPs (arrows) in the right lower limb. (B) Complete loss of TcMEPs
(arrows) during the surgery while de-rotating rod.

DISCUSSION

Corrective surgery of scoliosis without postoperative neuro-
logical  deficit  always  remained  challenge  to  the  surgical
team.11 Previously, to assess the gross motor functions of
the  patient  during  the  surgery,  surgeons  were  used  to
perform the Stagnara wake-up test in which intraoperative
anaesthesia is reduced and patient is asked to move his/her
limbs.12 Application of IONM in complex spinal surgeries has
become  an  essential  adjunct  but  its  efficacy  is  still  debat-
able since it has never been tested in clinical trials.13 Never-
theless, multimodal IONM has been reported to have the
highest reliability in spine deformity surgeries in reducing
postoperative  neurological  deficit.14  Findings  of  the  current
study  are  comparable  to  similar  studies  reporting  IONM
efficacy  in  spinal  surgeries.15  In  the  present  study,  signal
change was observed in  significant  number of  cases which
identified  these  cases  as  being  at  risk  of  postoperative
neurologic  deficit.  Immediate  warnings  were  issued  to  the
surgical team which led to the exercising prompt corrective
measures  (mechanical  adjustments).  At  the  same  time
administration  of  dexamethasone  and  maintenance  of
adequate blood pressure was also ensured by close coopera-
tion  of  anaesthesiologists.  These  corrective  measures
reversed  adverse  surgical  events  in  significant  number  of
cases explaining the crucial role of IONM in enhancing the
safety  and  success  of  surgical  procedures  involving  the
nervous tissue.

In the present study, 5.29% cases have developed new post-
operative neurological deficit that is notably higher than the
study conducted by Nassef et al. where they reported 3.3%
incidence  of  new  neurologic  deficit  in  cases  of  idiopathic
scoliosis  operated under multimodal  IONM.16  The difference
may be explained by almost half of the cases of congenital
scoliosis in the sample of the current study which carries a
greater risk of complications. Moreover the post-operative
neurologic  deficit  in  isolated  cases  of  idiopathic  scoliosis  in
the  current  study  was  only  1.2%  (Table  I).  In  another
prospective multicenter study, Yoshida et al. evaluated the
role of IONM in monitoring of various high-risks spinal surg-
eries.17  Comparison  of  IONM  findings  in  spinal  deformity
cases of their study with the current study is presented in
Table  III.  Stephen  et  al.  retrospectively  studied  IONM
Changes in paediatric coronal spinal deformity surgery in 97
cases out of which they observed signal change of MEPs and
SSEPs  in  27  (27.8%)  cases.  By  exercising  corrective
measures and careful perioperative monitoring and manage-
ment signal recovery to some degree occurred in all patients
(100%  recovery  in  20  cases  while  reaming  cases  have
shown recovery between 25 – 75%). None of the patients in
their  study  had  displayed  postoperative  neurological  deficit
which signifies the importance of IONM.18

In  another  study,  the  data  of  IONM on  37  paediatric  3-
column osteotomies was presented. The authors observed
signal  alerts  in  21  (57%)  cases.  Corrective  measures
restored complete recovery of signals in 16 (43.5%) patients
whereas 5 (13.5%) displayed partial recovery of signals with
associated  postoperative  neurological  deficits  however  all
regained full function within 3 months of surgery.19 Another
study evaluated the efficacy of multimodality IONM in severe
thoracic deformity corrected by posterior vertebral column
resection.  The  study  observed  monitoring  events  in  27
(32.9%) cases. Only 5.1% of these events were reported to
be caused by hypotension while  remaining all  the signal
change events were due to surgical maneuvers. Prompt surg-
ical interventions caused complete recovery of signals in 18
(21.9%) cases whereas 9 (11%) cases in which monitoring
data did not return to the baseline had postoperative neuro-
logic deficit.20

Although multimodality IONM has expanded surgical scope
by enabling the expansion of surgical procedures for more
complex surgeries that might otherwise carry higher risks of
neurological deficit, the procedure carries certain limitations.
The most important limitation is  false positives and false
negatives results.  The monitoring signals may not always
accurately  reflect  the  actual  neurological  status,  leading  to
potential  misinterpretations.  Other limitations include skil-
l-dependent  interpretation  of  data  because  variability  in
expertise may impact the reliability of the monitoring results
and  cost-effect  as  financial  benefits  in  terms  of  reduced
complications  are  not  always  clear.  Balancing  the  benefits
against the costs is an ongoing debate.21
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The current study has certain limitations, one of them is in
terms of TIVA protocol.  The drug ramifentanil  (commonly
used agent) was not used in TIVA due to budget constraints
and unavailability. Instead, dexmedetomidine was used in
all  cases  along  with  propofol  which  has  suppressive  effect
on evoked potentials. However, the depth of anaesthesia
was  strictly  monitored  through BIS  to  avoid  suppressive
effect of  anaesthesia on evoked potentials.  Cost effect and
unaffordability  of  the  patients  also  limited  the  selection  of
modalities to monitor as per existing standard practice.

CONCLUSION

Multimodal  IONM reduces  the  incidence of  postoperative
neurological deficit in corrective surgery of scoliosis by effec-
tively  detecting  neurologic  injury  during  the  course  of
surgery. Monitoring events alert surgical team to exercise
immediate corrective measures which likely results in the
recovery of lost signals and predict the favourable outcome
in high-risk spinal surgeries.
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