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Study Design: Retrospective case series.
Purpose: To evaluate the risks and causes of neurologic complications in three-column spinal surgery by analyzing intraoperative
neurophysiological monitoring (IONM) data.
Overview of Literature: Three-column spinal surgery, which may be required to correct complex spinal deformities or resection of
spinal tumors, is known to carry a high risk of neurologic complications. However, few studies reported a specific surgical procedure
related to a significant IONM signal change during surgery.
Methods: Multimodality IONM data, including somatosensory-evoked potentials (SSEP) and motor-evoked potentials (MEP), were
reviewed in 64 patients who underwent three-column spinal surgery from 2011 to 2015. Surgical procedures included posterior vertebral column resection, pedicle subtraction osteotomy, total en bloc spondylectomy, piecemeal spondylectomy, and corpectomy with
laminectomy (n=27) in three cervical, 34 thoracic, and 31 lumbar procedures.
Results: Significant IONM signal changes occurred in 11 of 64 (17.1%) patients. SSEP and MEP were changed in 11 patients. Postoperative neurologic deterioration occurred in 54.5% (6 of 11) of the patients, and two of them were permanent. There was no postoperative neurologic deterioration in patients without significant signal change. Suspected causes of IONM data changes are as follows:
adhesion/tethering, translation, contusion, and perfusion.
Conclusions: Based on the results of this study, to enhance neurologic safety in three-column spinal surgery, surgeons should pay
attention to protect the spinal cord from mechanical insult, especially when the spinal column was totally destabilized during surgery,
and not to compromise perfusion to the spinal cord in close cooperation with a neurologist and anesthesiologist.
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Table 1. Demographics of entire cohort
Characteristic

The surgical treatment of spinal deformities or tumors
continues to evolve with advanced surgical techniques of
three-column procedures, such as complex spinal osteotomies, circumferential decompression of the spinal cord,
or en bloc segmental resections of the vertebral column.
These surgical procedures often present significant neurologic complications. The incidence of neurologic deficits
in complex osteotomies was greater in simple spinal surgeries, such as single-level intervertebral fusions, at 0%–1%
[1-5]. The reported incidence of neurologic complications
during complex osteotomies for spinal deformity correction is 8%–27% [2,6,7]. In tumor resection surgeries,
the incidence increases from up to 23.8%–65.4% [1,5,8].
These incidences represent a significantly higher risk than
encountered during conventional spine surgeries, such as
simple decompression with or without instrumented posterior fixation.
To improve neurologic safety, intraoperative neurophysiological monitoring (IONM) is used to detect and
give a chance to reverse the related causes of neurologic
complications during spinal surgery [9-13]. Many studies provide alarm criteria of the IONM signal change and
confirm its reliability in detecting neurologic complications [14-17]. However, few of these studies reported a
specific surgical procedure related to a significant IONM
signal change during surgery. This study performed an indepth analysis of the interplay between the surgical procedure and a significant IONM signal change, especially in
three-column spinal surgery, to find a critical surgical step
associated with a high risk of neurologic complications
during surgery.

Materials and Methods
The Institutional Review Board of Seoul National University Hospital (IRB approval no., H-1703-156-840) and
the Ethics Committee exempted the study for obtaining
patient informed consent as this was a minimal risk study.
All included surgeries were performed on 64 patients who
underwent three-column spinal surgery from October
2011 to November 2015 by two spine-specialist orthopedic surgeons (H.K., B.S.C.) at one institution. Multimodality IONM data, including somatosensory-evoked
potentials (SSEP) and motor-evoked potentials (MEP),
were reviewed. Surgical procedures involving three col-

Age (yr)

Value
51.8 (4–80)

Sex
Male

37

Female

27

Diagnosis (cases)
Congenital kyphoscoliosis

8

Primary tumors

8

Metastasis

34

Adult deformity

7

Trauma

5

Infection

2

Surgical procedure (cases)
Total en bloc spondylectomy

12

Piecemeal spondylectomy

10

VCR

7

PSO

8

Corpectomy with laminectomy

27

Level (cases)
Cervical

3

Thoracic

34

Lumbar

31

Values are presented as mean (range) or number.
VCR, vertebral column resection; PSO, pedicle subtraction osteotomy.

umns included vertebral column resection (n=7), pedicle
subtraction osteotomy (n=8), total en bloc segmental
resection, such as spondylectomy and sagittal resection
(n=12), piecemeal spondylectomy (n=10), and corpectomy via laminectomy with or without costotransversectomy (n=27). There were three cervical, 34 thoracic, and
31 lumbar levels. There were 27 females and 37 males. The
mean age was 51.8 years. The diagnoses of the operated
patients were congenital kyphoscoliosis (n=8), primary
spinal tumor (n=8), metastatic spinal tumor (n=34),
adult spinal deformity (n=7), trauma (n=5), and infection
(n=2) (Table 1). The postoperative neurologic status of
all included patients was followed for 36 at least months
postoperatively. Patients received intravenous anesthetic
agents (4.5 µg/mL propofol and 1.7 ng/mL remifentanil)
compatible with IONM, and short-acting muscle relaxants were used for intubation but not during surgery.
IONM was performed by an electroneurophysiology
technologist under the supervision of a neurologist using
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the NIM-ECLIPSE Spinal System (Medtronic Sofamor
Danek, Memphis, TN, USA) and following a set of monitoring protocols. MEP recording followed the application
of transcranial electric stimulation. Transcranial anodal
motor cortex stimulation was performed via electrical
pulses through needle electrodes inserted over the C3’
and C4’ (1–2 cm anterior to C3 and C4 positions of the
international 10–20 system). Trains of five biphasic pulses
with an interstimulus interval of 1–2 ms were delivered
at a rate of 1 Hz. Stimulation intensity ranged from 200
to 350 V. Monitored muscles were flexibly determined
depending on the operation’s spinal level but generally
included bilateral deltoid, biceps, thenar, tibialis anterior,
gastrocnemius, and abductor halluces. Intraoperative
real-time monitoring of electromyogram (EMG) was also
performed at the same locations as those used in MEP
monitoring. SSEPs were obtained by stimulating the median nerve at the wrist and the posterior tibial nerve at the
ankle. A 200 μs square-wave electrical pulse was presented
sequentially to the bilateral median and posterior tibial
nerves at a rate of 2.31 Hz with stimulus intensity ranging from 20 to 40 mA. SSEP was recorded from needle
electrodes placed on the scalp at locations C3 and C4 and
Cz referenced to Fpz. The upper or lower extremities were
selectively monitored depending on the operation’s spinal
level. Baseline SSEP and MEP were obtained after anesthesia induction but before performing the surgical procedure. Peak-to-peak SSEP amplitude and latency were
continuously monitored. Because MEPs provoke patient
movement, trials were conducted only after confirmation
or when requested during surgery. The request of MEP
provocation was made by a surgeon in any recognition of
potential insult to neurologic structures during surgery.
Significant IONM signal changes were identified based on
previously reported criteria. The criteria used to indicate
an abnormal SSEP were either a >50% decrease in peakto-peak amplitude or a >10% increase in latency compared to the baseline. A reduction of more than 50% in
MEP baseline amplitude elicited by direct cortical stimulation was considered a significant change. Relevant EMG
activities reported to the surgeon included spikes, bursts,
and trains [2,5,15-17]. Abnormal monitoring results were
reported immediately by the electroneurophysiologist to
allow the surgeon to suspend the surgery and investigate
the cause in real-time. Technical and anesthetic variables
were assessed and subsequently excluded as the cause of
the significant change. Surgical variables, such as defor-
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mity correction and neural tissue adhesion or tethering,
were examined. Corrective steps were performed when
abnormal findings were found in these variables. Every
event of a significant signal change was documented on
the IONM record of each case in the context of surgical
procedure and with comments on the suspicious cause
through discussion with surgeons and neurologists.
The neurologic evaluation of each patient was conducted before surgery, within 24 hours postoperatively, and 36
months after surgery. The strength of the 10 key muscles
ranged from 0 to 5. A follow-up was conducted up to 36
months after surgery in the group with an immediate
postoperative motor deficit. Motor deficits that showed
improvement in 36 months were considered transient,
and motor deficits were considered permanent if they
persisted after 36 months.
Data were imported into IBM SPSS ver. 20.1 (IBM
Corp., Armonk, NY, USA) for analysis. Mann-Whitney
test was used to analyze statistical differences between the
two groups. Two-sided p-values <0.05 were considered
statistically significant. The calculation of test operating
characteristics (sensitivity and specificity) of the IONM
was based on previous related studies [12,21,22]. Accordingly, IONM outcomes were classified in one of four ways.
A true-positive event was defined as a signal degraded
to warning criteria values, correlating with a postoperative neurologic deficit (whether or not the signal was
recovered). A false-positive event was defined as a signal
degraded to warning criteria values without postoperative neurologic deficit. The outcome was classified as
true-negative when the signal remained consistent with
baseline values, and the patient’s postoperative neurologic
status was unchanged. Finally, a false-negative event was
defined as a signal that remained consistent with baseline
values throughout a surgical procedure, but the patient
demonstrated postoperative neurologic deficit.

Results
1. Main results
Significant IONM signal change occurred in 17.1% (11 of
64) of the patients (Table 2). Five patients had no postoperative neurologic deficits; another six patients (9.3%) had
a significant postoperative neurologic compromise. Of
the six patients with postoperative impairments, three patients were able to walk, with motor grade 3 to 4 bilateral

IONM, intraoperative neurophysiologic monitoring; MEP, motor-evoked potentials; SSEP, somatosensory-evoked potentials; EMG, electromyography; M, male; F, female; Gr, grade; NC, no change; BP, blood pressure; IV, intravenous; LE, lower extremity.

Independent walker
None
No
Lessen traction; IV steroid
Translation
NC
>50% decrease
Piecemeal spondylectomy, T6
M Metastasis (Gr 1)
44

>50% decrease

Independent walker

Permanent LE weakness Independent walker

None
Yes

No
Raise BP; IV steroid

Raise BP; IV steroid
Contusion

Contusion
NC

NC
NC
>50% decrease

M Synovial sarcoma (Gr 0) En bloc sagittal resection, C6–T1
39

Total en bloc spondylectomy, T12
M Metastasis (Gr 0)
55

Complete disappearance >50% decrease

Independent walker
None
Yes
Raise BP
Perfusion
Complete disappearance NC
M Metastasis (Gr 1)
68

Total en bloc spondylectomy, T9

NC

Independent walker
Transient LE weakness

Permanent LE weakness Assisted walker
No

Yes
Adhesion; tethering Decompress further

Adhesion; tethering Decompress further
NC

NC
>50% decrease
>50% decrease

Complete disappearance NC

M Metastasis (Gr 2)
62

Piecemeal spondylectomy, T5–6

M Kyphosis (Gr 3)
52

Corpectomy with laminectomy, T6–8

Independent walker
None
No
Lessen traction
Translation
NC
>50% decrease
Metastasis (Gr 0)
F
46

Total en bloc spondylectomy, L2

>50% decrease

Independent walker

Permanent LE weakness Wheelchair ridden

None
Yes

No
Raise BP; IV steroid

Raise BP; IV steroid
Contusion

Perfusion
NC

NC
NC
>50% decrease

Complete disappearance >50% decrease
Osteosarcoma (Gr 2)

Piecemeal spondylectomy, T5–8

F
61

Metastasis (Gr 1)

F
63

Corpectomy with laminectomy, T9–10 Complete disappearance NC
M Osteosarcoma (Gr 0)
55

Corpectomy with laminectomy, T4

Independent walker
Yes
NC

Adhesion; tethering

Remove instrumentation; IV
steroid

Transient LE weakness

Independent walker
Transient LE weakness
Yes
Raise BP; IV steroid
Perfusion
NC
M Metastasis (Gr 1)

Corpectomy with laminectomy, T9–10 Complete disappearance NC
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25

Surgical procedure
Diagnosis
(Nurick scale)
Age
Sex
(yr)

Table 2. Details of 11 patients with IONM signal change or loss

MEP

SSEP

EMG

Cause

Intervention(s)

Signal
recovery

Neurologic deficit

Final motor
recovery
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lower extremity weakness, and three patients were unable
to walk, with bilateral lower extremity motor grade 1. Of
the three patients who lost walking ability postoperatively,
one patient fully recovered at 18 months postoperatively,
and the other two required a walking aid. Overall, permanent motor deficits were seen in three of the 64 patients
(4.6%) (Table 2). All neurologic deficits were from spinal
cord dysfunction. The neurologic function did not deteriorate postoperatively in any patient who showed no
significant IONM signal change.
The most frequent modality of IONM showing a significant signal change was MEP (100%, 11 of 11), followed
by SSEP (45.4%, 5 of 11). No patient had only SSEP signal change, and all were combined with significant MEP
change. In four patients, signal changes were not reversed
at the end of the operation (irreversible-change group,
36.4%) despite intervention by increasing the mean arterial pressure (MAP), performing further decompression,
and/or checking patient and instrumentation positioning. In the remaining seven patients, the signal recovered
above the warning criteria and remained there until the
end of the operation (reversible-change group, 63.6%) after appropriate interventions. The incidence of postoperative neurologic deficit was 42.8% (3 of 7) in the reversiblechange group and 75% (3 of 4) in the irreversible-change
group. Permanent motor deficits occurred only in the
irreversible-change group; interestingly, the reversiblechange group showed significant recovery of neurologic
deficits during the follow-up period (Table 2).
Taken altogether, six of 11 patients showed both postoperative neurologic deficits and MEP changes. The sensitivity of MEP in predicting deficit was calculated at 100%,
and the specificity was measured at 91.4%. For SSEP
changes, the sensitivity was 83.3% and the specificity was
100%. For the combined MEP and SSEP changes, the sensitivity was 100% and the specificity was 91.4%. In three
patients with permanent neurologic deficits, the sensitivity of the combined MEP and SSEP changes was the same
(100%), but the specificity was slightly lower (86.9%)
(Table 3).
The presumed causes of IONM signal change were as
follows: adhesion/tethering (n=3), translation (n=2), perfusion (n=3), and contusion of the spinal cord (n=3). The
majority of them (8 of 11) were considered a mechanical insult to the spinal cord when the spinal column was
totally destabilized or associated with severe epidural
adhesion. However, three of them were not too related
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Table 3. Sensitivity and specificity of IONM in spine surgery involving three-column
Postoperative motor deficit
Sensitivity (%)
MEP
SSEP
Combined

Permanent motor deficit

Specificity (%)

100.0

91.4

83.3
100.0

Sensitivity (%)

Specificity (%)

100.0

86.9

100.0

66.7

100.0

91.4

100.0

86.9

IONM, intraoperative neurophysiologic monitoring; MEP, motor-evoked potentials; SSEP, somatosensory-evoked potentials.

to mechanical insult and were thought to be related to
compromised perfusion to the spinal cord according to
excessive intraoperative bleeding or interrupting vascular
supply to the spinal cord. The average MAP measured at
the time of signal change of the patients presumed to have
compromised perfusion of the spinal cord and the other
patients were 45.7 mm Hg and 68.5 mm Hg, respectively
(p<0.05). The average degree of MAP reduction in the
two groups was 47.6% and 23.7%, respectively (p<0.05),
compared to the MAP measured in a stable state during
surgery. The average estimated blood loss (EBL) was 3,275
mL and 3,150 mL, respectively (p=1).
The following interventions were performed to reverse
the data: raising blood pressure to at least 90 mm Hg with
blood transfusion, fluids, and/or vasopressors (n=6), instrumentation removal (n=1), lessening traction (n=2),
further decompression (n=2), and intravenous steroid
administration (n=7).
Corpectomy with laminectomy was the most common interventional procedure that induced IONM signal
change, which was done for the circumferential decompression of the spinal cord or the removal of metastatic
spinal tumor (45.5%, 5 of 11). However, based on the
entire cohort, the incidence of signal change/loss in each
procedure was lowest in corpectomy with laminectomy.
It occurred in 25% (3 of 12) of the total en bloc-spondylectomy cases and 30% (3 of 10) of the piecemeal-spondylectomy cases. The three total en bloc-spondylectomy
cases with IONM signal change had no neurologic change
postoperatively.
Ten patients of the IONM signal change groups were
diagnosed with either primary or metastatic spinal tumor.
The remaining one patient had post-tuberculosis thoracolumbar kyphosis complicated with compressive myelopathy. Thus, almost all patients (90.9%, 10 of 11) had tumorrelated problems (Table 2).
There were 19 patients with preoperative neurologic

A

B

Fig. 1. (A) Sagittal T2 weighted magnetic resonance imaging revealed a dark
bone lesion in T7, left epidural mass and paravertebral mass with left neural
foraminal encroachment. (B) Axial chest computed tomography scan revealed
an osteosclerotic bone lesion in T7 with paravertebral mass abutting descending thoracic aorta, left atrium and pulmonary veins.

deficits (motor weakness or myelopathic gait), and three
of them (15.8%) had IONM signal change. Postoperative neurologic deficits occurred in two of three patients
(66.6%) with signal changes. Of the patients without preoperative neurologic deficits (n=45), eight patients (17.8%)
had IONM signal change. Four of them (50%) had postoperative neurologic deficits.
2. Illustrative case
A 63-year-old woman was diagnosed with osteosarcoma
(Fig. 1). A posterior approach was performed first, and
a second anterior approach with a thoracic surgeon was
performed after 1 week. Preoperative neurologic examination was normal. Baseline MEP data were well-formed
and reliable. During en bloc resection of the T7 posterior
arch, bilateral lower extremity MEP signals were lost, and
the amplitude of the left lower extremity SSEP was decreased by more than 50%. There was no obvious impact
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on the spinal cord, and there was a rapid blood pressure
drop due to copious epidural bleeding during tumor tissue removal. At the time of signal loss, the patient’s MAP
was 36 mm Hg. It was reduced by 60% compared to stable
blood pressure (90 mm Hg) during surgery. After increasing the blood pressure, the SSEP signal recovered to 80%
of baseline until the end of the surgery, but the MEP signal did not recover (Fig. 2). The patient’s postoperative
neurologic examination revealed global weakness (grade
1) of the bilateral lower extremity. One week later, the
main mass with involved descending aorta was removed
by an anterior approach in cooperation with the thoracic
surgeon, and reconstruction with metal cage and anterior
instrument fixation were performed (Fig. 3). The patient’s
motor function gradually recovered, and self-ambulation
was possible without the aid 2 years after the surgery.

A

Discussion

B
Fig. 2. (A) Acute drop of motor-evoked potentials amplitudes. (B) Top: amplitude of the left lower extremity somatosensory-evoked potentials (SSEP, green
line) also decreased compared with the baseline data (red line); bottom: SSEP
signal was recovered after increasing mean blood pressure.

A

C

This study specifically reviewed 64 patients who underwent three-column spinal surgery with IONM and
observed significant signal changes in 11 patients. Six of
the 11 patients had postoperative neurologic deficits. The
sensitivity of the IONM signal change was 100%, and
the specificity was 91.4%. These results redemonstrated
its usefulness and are comparable to other similar stud-

B

D

E

F

Fig. 3. (A–D) Tumor was resected, including T6, 7, 8 vertebral body and reconstructed with a woven vascular graft and metal cage, respectively. (E,
F) Postoperative anteroposterior and lateral radiographs showing posterior instrumentation, T3–5, T9–10 and anterior cage, T6–8.
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ies reporting the usefulness of IONM in various spinal
surgeries [19,20,23-25]. In addition, this study demonstrated surgical causes related to the significant IONM
signal change. The IONM events usually occurred when
the spinal column was totally destabilized during surgery,
increasing the risk of mechanical insult, such as contusion, translation, or tethering with or without epidural
adhesion. However, it also occurred without any recognizable mechanical insult, while compromise of perfusion
to the spinal cord was suspected, especially in excessive
intraoperative bleeding or diminished vascular supply of
the spinal cord. Many studies have reported that MEP is
a sensitive marker for impending neurologic deficit due
to spinal cord ischemia during spinal surgery and emphasized maintaining adequate blood pressure during surgery
[12,21,26,27]. The average MAP measured at the time of
signal change/loss of the patients presumed to have compromised perfusion was 45.7 mm Hg, statistically significantly lower than other patients (68.5 mm Hg, p<0.05).
However, there was no statistically significant difference
in EBL during surgery (p=1). Therefore, it can be argued
that it is important to maintain proper blood pressure
regardless of blood loss during surgery. It reinforces the
opinion of previous related studies, and intraoperative
MAP should be maintained to at least 60 to 65 mm Hg to
minimize neurologic deficit [12,21,26].
In this study, 11 patients had significant signal changes
that identified them as being at risk for neurologic injury
during surgery. Immediate notification and close cooperation of the surgeon and the anesthesiologist, before permanent neurologic injury occurs, can result in adequate
intervention, such as mechanical adjustment, administration of dexamethasone, and maintenance of adequate
blood pressure. It is hard to prove the effectiveness of each
intervention in each case; however, the IONM doubtlessly
provides a motive to assess and avoid the potential cause
of increasing neurologic complication risk by monitoring the neuroelectrophysiologic function of the spinal
cord and detecting a significant change. In comparison to
cases with the recovery of the IONM signal showing no
permanent neurologic deficit, permanent neurologic deficits occurred in three patients, all with irreversible signal
change until the end of the operation. Although it is not
an absolute prognostic factor, recovery of the signal during surgery can be expected to have a favorable neurologic
prognosis.
In this study, IONM signal change events were more
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common in tumor resection cases than deformity correction cases. Compared to 4.5% (1 of 22) of the patients
without tumors, 23.8% (10 of 42) of the tumor patients
had events and 14.3% (6 of 42) of the tumor patients had
postoperative neurologic deficits (true-positive events).
Several reasons were considered for the higher incidence
rate of signal change or postoperative neurologic injury
in tumor-related surgery. First, in surgical treatment for
metastatic tumors, preoperative neurologic deficits are
frequently present already, and there is often a high risk of
neural tissue damage during tumor removal due to severe
adhesion from preoperative radiation therapy. Second, in
primary tumors where en bloc resection is usually performed with curative intention, significant structural instability is accompanied by the complete disconnection of
the proximal and distal vertebral column to the segment
of tumor location. Perfusion of the spinal cord is also
likely diminished during circumferential dissection, 360°
around the tumor to secure surgical margin.
There are several limitations to this study. First, this
study has a relatively small number of subjects and is retrospective. However, given the rarity of three-column spinal surgery, these numbers are large enough to be meaningful even in retrospect. Second, sensory deficits were
not checked, and this study focused only on postoperative
motor function. Third, IONM data measurement may not
have been accurate in patients with preoperative paralysis,
as MEP response amplitudes in weak muscles are lower
and more highly variable [28]. In addition, only patients
who had significant change or loss of IONM signal were
analyzed. This is an initial trial, and a comparison study to
a control group would be required to increase credibility.

Conclusions
This study encompasses three-column spinal surgeries
from the cervical spine to the lumbar spine. There were 11
cases (17.1%) of significant IONM signal change during
surgery. The events usually occurred when the spinal column was totally destabilized during surgery in relation to
mechanical insult such as contusion, translation, or tethering with or without epidural adhesion. However, it also
occurred without recognizable mechanical insult, while
compromise of perfusion to the spinal cord was suspected, especially in excessive intraoperative bleeding, or 360°
dissection of the spinal cord with devascularization. Based
on the results of this study, to enhance neurologic safety
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in three-column spinal surgery, surgeons should pay attention to protect the spinal cord from mechanical insult,
especially when the spinal column was totally destabilized
during surgery, and not to compromise perfusion to the
spinal cord in close cooperation with a neurologist and
anesthesiologist.
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