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Multimodal Intraoperative Neurophysiological Monitoring         
in Spinal Cord Surgery

ABSTRACT

Intraoperative neurophysiological monitoring (IONM) is the 
use of electrophysiological methods to monitor the functional 
integrity of critical neural structures during surgery. IONM 
can predict an increased risk of injury during surgery based 
on electrophysiological changes. The most commonly 
used electrophysiological modalities are evoked potentials 
(Somatosensory Evoked Potentials - SSEP and Motor Evoked 
Potentials - MEP) and electromyography (EMG) in spinal cord 

█    INTRODUCTION

Spinal surgeries carry a very high risk of injury to the spinal 
cord, spinal nerves and/or blood vessels. Neurological 
deficits, such as paralysis, muscle weakness, pain, 

bladder/bowel disturbances and sexual dysfunction, which 
emerge after these surgeries can seriously affect basic human 
functions and increase morbidity (1,3,11,14).

AIm: Intraoperative neurophysiological monitoring (IONM) monitors the functional integrity of critical neural structures by 
electrophysiological methods during surgery. Multimodality combines different neurophysiological methods to maximize diagnostic 
efficacy and provide a safety margin to improve the outcomes of spinal surgery. Our aim was to share our intraoperative monitoring 
experiences with patients who underwent surgery because of spinal cord pathologies between September 2013 and January 2015.  
mATERIAl and mEThODS: We had twenty-six cases. Location of the lesions, surgery, neurological findings, and electrophysiological 
findings intraoperatively and postoperatively were documented.      
RESUlTS: The combination of motor evoked potential (MEP), somatosensorial evoked potential (SSEP), free-run and trigger 
electromyography (EMG) were performed according to lesion localization. MEPs plus SSEPs were run in 23 patients and MEPs 
with triggered EMG were performed in 4 patients. In only one patient, optimal recording could not be elicited because of technical 
problems. MEP and SSEP changes were recorded in 12 and 3 patients respectively. Postoperative neurological deficits were 
observed in 2 patients. Deficits were transient in one case and permanent in the other. While baseline MEP responses were either 
absent or low amplitude (<50 microvolt) in 7 patients, following resection they were either visible or increased in amplitude. Surgery 
was ended in one patient with C7-T2 intramedullary tumour after the right distal MEP response disappeared.  
CONClUSION: Multimodal IONM is an important method to monitor the neural structures under risk in spine surgery and to keep 
the surgery within safety limits, especially for intramedullary spinal cord lesion surgery.        
KEywORDS: Spinal cord surgery, Evoked potentials, Multimodality, Intraoperative monitoring
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surgery. Multimodality is the combination of different modalities 
such as SSEP and MEP or MEP, SSEP and EMG, etc. This kind 
of combination maximizes the reliability of findings related to 
the neural structures under risk, which in turns keeps surgical 
maneuvers within safe limits and prevents iatrogenic damage. 
In this study, we aimed to share our intraoperative monitoring 
experiences with 26 patients who undertook surgery between 
September 2013 and January 2015 because of spinal cord 
pathologies.

█    mATERIAl and mEThODS
Patient Population

Multimodal IONM was performed during neurosurgery in 26 
cases, including 10 children and 16 adults between September 
2013 and January 2015. These patients consisted of 14 males 
(53%) and 12 females as sex distribution. The mean age of the 
patients was 33.2 years (median 42 years, range 4–71 years). 

monitoring 

Monitoring was performed using the Medtronic NIM-Eclipse 
spinal system version 3.5.353 for IONM. MEPs were recorded 
to assess the anterior motor pathways while SEPs were 
obtained to monitor the sensory pathways in the dorsal 
columns. Additionally, free-run electromyography (fEMG) and 
direct nerve root/rootlet stimulation were performed. IONM 
was performed by a single technician and 2 neurophysiologists 
(E.T, S.B). All surgical procedures were followed on the visual 
screen in the operating room during surgery. 

Total intravenous anesthesia (TIVA) consisting of propofol 
and analgesic drugs (remifentanil) was used in all cases. We 
avoided using volathile anesthetics because they reduce 
the tcMEP amplitude significantly more than propofol. In 
particular, this effect was considerably distinct in the patients 
who had preexisting neurologic deficiencies (10,19,23). A 
short half-life muscle relaxant was used only during tracheal 
intubation procedure. The elimination of the muscle relaxant 
was conformed by performing TOF (train of four). 

Monitoring was started immediately after anesthesia induction 
and continued until the termination of the surgical procedure, 
as recommended by the American Clinical Neurophysiology 
Society (2009) (15).

The selection of muscles to be monitored was based on level 
of the lesion. Disposable corkscrew (CS) electrodes were 
used for stimulation of MEPs and also for recording of cortical 
SSEPs.

We used 13 mm stainless still needle electrodes (Medtronic®) 
to record muscles’ responses for MEPs and EMG and to 
stimulate peripheral nerves for SSEP.

MEP stimulating electrodes were placed at C1/C2 for the lower 
extremities and C3/C4 for the upper extremities, according 
to international 10-20 system for EEG. MEP responses were 
recorded from the appropriate muscles the lower and upper 
extremities depending upon the level of the lesion. Double 
train stimulation was used for TcMEP. Each train consisted of 
5 pulses of 0.5 ms duration with interstimulus intervals (ISI) 

of 3 ms. Stimulation intensities ranged between 200-400 V. 
Stimulus duration was 50 ms. 

The SSEPs in upper extremities were obtained by stimulating 
median or ulnar nerves and recording cortically with an 
electrode montage of C3’-FPz/C4’-FPz, while those of the 
lower extremities’ were obtained by stimulating the tibial 
nerves recording from cortical Cz’-FPz. All stimulations were 
performed bilaterally with interleaving stimulation for upper 
and lower extremities.

SSEP recordings were set up with a sensitivity of 0.5 μV/
mm and a sweep speed of 100 msec; filter settings were set 
to 100-300 Hz; the stimulus frequency was 1.7 Hz, and the 
stimulation duration was 500 μs for the tibial nerve and 300 
μs for the median/ulnar nerve. The mean stimulus intensity 
was 20 and 30 mA for the median/ulnar and tibial nerves, 
respectively.

█    RESUlTS
The cases consisted of 14 males and 12 females, ranging in age 
from 4 to 71 (with a mean age of 33.2 years). The distribution 
of the types of surgeries in these series is shown in Figure 
1. The most common surgery was intradural intramedullary 
spinal cord tumour surgery (38%). 

We performed MEP, SSEPs and free running EMG in all 
patients. In addition, triggered EMG was applied in 4 of the 
cases. We could not elicit reliable recordings in only one patient, 
and that was due to technical problems. The most common 
monitored muscles for MEP were the abductor pollicis brevis 
(APB), abductor hallucis brevis (AHB), anterior tibialis (AT), and 
biceps brachii (BB). We observed MEP changes in 12 patients 
and SSEP changes in 3 patients. 

Changes in MEP responses that we observed electrophysi-
ologically consisted of either increased responses, or re-
sponses that remained at baseline, or the appearance of MEP 
responses that were not present at the baseline following tu-
mour resection. The surgery was ended in one patient with 
C7-T2 intramedullary tumour because the right distal MEP 
response disappeared. Fortunately, this patient had a tran-
sient postoperative neurological deficit that recovered in a few 
hours. 

SSEP changes that we observed in 3 patients were that the 
right SEP latency increased more than 10% in one. This 
patient showed paresthesia in the right upper extremity 
postoperatively. The other SEP change was that amplitudes 
decreased more than 50%. This change was seen in another 
patient who had intradural intramedullary tumour at C3-6. The 
surgeon was warned as soon as that was seen. The surgery 
process was halted for a few minutes. After 15 minutes the 
response came back. 

Triggered EMG was used to help the surgeon to identify 
functional nerve roots. Direct spinal stimulation was performed 
by the same neurosurgeon. We used monopolar and/or bipolar 
probe to stimulate and identify objectively nerve roots and 
non-nervous tissue like the terminal filum for tethered cord 
surgery. We preferred not to increase the stimulation intensity 
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more than 5 mA in order to prevent the current spread for 
monopolar stimulation. In addition, we paid attention to the 
stimulation of little rootlets of S3-4, which might cling the to 
the filum. In this situation, we should keep in mind that while 
the surgeon might point out to the absence of nerves in this 
kind of operative region, we may still get a response.

Postoperatively, we saw neurological deficits in two patients, 
one which had transient deficits and the other with permanent 
deficits. This latter already had paraparesia before surgery. 
She had intradural intramedullary tumour at the Thoracic 2 
level and we could not record any SSEP and MEPs responses 
at the beginning, during and at the end of surgery in this 
patient. 

█    DISCUSSION
It has been shown that the sensitivity and specificity is high 
for multimodal intraoperative monitoring with SSEPs and 
MEPs as compared to using only one modality (2,7,13). Feng 
et al., retrospectively reviewed 176 patients who underwent 
spinal surgery and were monitored with MEP or SSEP and 
MEP plus SSEP. Just using SSEP had specificity (92%) but 
no sensitivity. Therefore it could detect about half the cases of 
nerve injury. Just MEP monitoring had a high sensitivity (92%) 
and specificity (95%). Combining SSEP and MEP monitoring 
revealed the highest performance in terms of both sensitivity 
(93%) and specificity (99%)(2).

IONM can be used even in younger ages (17,22). The 
immature myelinated corticospinal fibers in these patients 
may desynchronize the conveyance of action potentials to 
the motor neurons. This often results in failure to elicit muscle 
MEPs. Even so, responses can always be obtained when no 
halogenated agents are administered and patients do not have 
severe neurological deficits (8,23). And also, using double 
train stimulation compensates the relative hyperpolarisation 
of motor neurons resulting in reliable MEP responses in this 
situation (5,6). It is only a worthy of notice feature that EEG 
cup electrode usage is recommended for young children. The 
CS electrodes could penetrate the fontanel during placement 

in whom the fontanel still exists. In our series, we used the 
double train stimulation technique to elicit MEPs in all patients 
and the stimulation intensity and duration were the same in 
both children and adults. 

The most frequently carried out surgery in our study was for 
intradural intramedullary spinal cord tumour (IMSCT) (38%). 
Surgically removing this kind of tumour is important, because 
a great majority of them are histologically benign. Furthermore, 
if they can be removed totally, especially for some tumours 
such as ependymoma, resection alone may provide a cure 
(16). Permanent neurological deficiency occurred in only 
one patient who already had deficits before surgery. The 
neurological deficit in the other patients recovered in a few 
hours. 

Monitoring of TcMEPs solely gives information about the 
anterolateral columns of the spinal cord, while the monitoring 
of SSEPs provides information from the posterior column-
lemniscal system. SSEP and MEP methods are complementary 
methods to monitor spinal cord integrity. Therefore, we 
performed the combination of MEP+SSEP, or MEP+SSEPs 
with the addition of free run and/or triggered EMG according 
to lesion level. 

The selection of appropriate muscles to record is an important 
issue in the monitoring of MEPs. To choose optimal recording 
muscles in the patients who already have severe paresis 
means modifications according paretic muscles must be made 
to avoid “non-monitorable” cases. On the other hand, the 
small hand muscle like APB is one of the optimal muscles to 
monitor the cortical spinal tract (CT) for the upper extremities. 
Other upper extremity muscles are the long forearm flexors 
or the forearm extensors (20). These muscles have a rich CT 
innervation, making them suitable to monitor the functional 
integrity of the CT. 

Abductor hallucis brevis is the optimal muscle for the lower 
extremities for the same reason. In the experimental studies, 
the highest amplitude of the excitatory postsynaptic potential 
(EPSP) in the alfa motoneuron pools for the lower extremities 
was found in the small and long flexors of the foot following 
CT stimulation (4). Based on these previous studies, our 
standard electrodes recording sites for MEPs were AHB and 
AT for the lower extremity recordings and APB for the upper 
extremity recordings. And we preferred to choose more than 
one muscle, because we could not record the D wave, which 
was our limitation. 

EMG monitoring consists of two main techniques: free run 
EMG and triggered EMG. Both techniques monitor muscles 
supplied by specific nerve roots in the upper and lower 
extremities. EMG recordings are obtained by inserting needle 
electrodes into the muscles. They allow recording of the 
muscle action potentials generated by nerve roots at risk 
during surgery (12). We used the triggered EMG technique to 
assist the accurate placement of pedicle screws in scoliosis, 
and to also identify functional nerve tissue in tethered cord 
and cauda equina lesion surgeries. 

We had some limitations in this study. One of them is 
related to the D wave, which is recorded directly from the 

Figure 1: The distribution of the cases based on diagnosis.
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