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Short communication

Abreviations 

 IONM : Intra Operative Neurophysiologic Monitoring; SSEP: So-
mato Sensory Evoked Potential, NMEP: Neurogenic Mixed Evoked 
Potential; D-Wave: Direct Wave.

Abstract
Introduction

The aim of our study is to assess the importance of IONM by 
showing the sensitivity of the multimodality IONM associating 
SSEP and NMEP in the detection of spinal cord injury during spine 
surgery, and the correlation between the modifications of those 
potentials and neurological post-operative deficit.

Patients and Methods

We conducted a prospective study from April 2014 To April 2015. 
133 IONM were realized and analyzed. The patients’ average age 
was 13.16 y/o, with 99 girls; all patients had SSEP monitoring, and 
86 had SSEP monitoring associated to NMEP (64.66%). D wave 
was recorded for 70 patients (52.63%) and pedicle screw testing 
was performed in 44 patients (33.08%). 

Results

13 intra-operative alerts occurred. An IONM alert was defined 
as a reduction in amplitude of at least 50% for SSEP and NMEP 
compared with baseline. When data met these warning criteria, all 
technical and anaesthetic variables were quickly checked before 
informing the surgeon. 8 were “true-positive” alerts, 4 were “false-
positive” and 1 was “false-negative”.1 patient with VACTERL, who 
has had several intervention and a severe kyphoscoliosis with Cobb 
angle superior to 90° in a context of VACTERL Syndrome presented 
an alert with persistent postoperative neurological deficit and his 
case is reported to illustrate our purpose.

Conclusion

The surgical correction of spine deformations is essential to 
improve the quality of life of children with spinal deformations. 
Neurophysiologic IOM is crucial during children’s spine surgery. 
The multimodality monitoring associating SSEP and NMEP 
increases the sensitivity and the specificity of the detection of the 
spinal cord lesion and makes it possible to predict the occurrence 
of neurological lesions. The speed at which the spinal cord lesion is 
detected allows a fast readjustment of the surgical action to avoid 
the appearance of a persistent neurological deficit.

Keywords: Intra Operative Monitoring; Somato Sensory Evoked 
Potentials; Neurogenic Mixed Evoked Potentials; Neurological 
Deficits; Spine Deformations 

Introduction
During spine surgery, the worst fear is the occurrence of spinal 
cord lesions. Those lesions can cause post-operative neurological 
deficit that could engage functional prognosis.

The IONM helps to reduce the incidence of neurological 
complications during spine surgeries [1]. It consists of a permanent 
surveillance of spinal cord functions. A lot of techniques are used: 
Somatosensory evoked potential; neurogenic mixed evoked 
potentials; continuous electromyography; D-waves recording; 
pedicle screws testing. 

Intraoperative alerts allow on-time diagnosis of spinal cord lesions. 
Alerts are to be interpreted according to operating times and do 
not lead systematically to an interruption of the intervention.

Using spinal electrodes displaced along the medullary canal allows 
determining the lesional level (NMEP and D Waves).

IONM indications are vertebral, thoracic and thoraco-lumbar 
deviations.

The monitoring of L1 to L4 spinal roots is barely reliable. It does 
not have indications for herniated lumbar disc surgery. In lumbar 
arthrodesis, the testing of intra-pedicle screws can be of an 
interesting contribution.
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The objective of our work is to assess the importance of IONM 
of spinal cord by showing the sensitivity of the IONM associating 
SSEP and NMEP in the detection of spinal cord lesions and the 
correlation between the modifications of those potentials and 
postoperative deficits through an illustrative case.

Methodology
We conducted a prospective study. We analyzed the IONM per-
formed in spine surgery in children between April 2014 and April 
2015 in the department of pediatric surgery of La Timone Univer-
sity Hospital in Marseille. Our patients had a multimodality neu-
rophysiologic IONM associating SSEP, NMEP, D-Wave recording, 
pedicular screw testing according to the indication. Anesthesia 
consisted of a continuous perfusion of propofol, sufentanil (for in-
traoperative anesthesia), and curare boluses; preceded by a short 
induction with sevoflurane. Blood pressure, temperature, diure-
sis, electrocardiogram, and oxygen saturation were continuously 
monitored. 

IOM was performed using the device Keypoint 4-channel 
workstation (Alpine, Biomed, Natus, CA, USA).

Statistical analysis was done using Excel 2010 version.

Results
133 IOM were performed and analyzed. The average age of the 
patients was 13.16 years. There were 99 girls. The patients profited 
all from the monitoring of the SSEP. The NMEP were associated 
with the monitoring of the SSEP for 86 patients (64.66%), 
Recording of D-wave was done for 70 patients (52.63%), pedicle 
screws testing was realized in 44 patients (33.08%). The indication 
of the used technique depended on the pathology and on the level 
of the spinal lesion. An IONM alert was defined as a reduction 
in amplitude of at least 50% for SSEP and NMEP compared with 
baseline. When data met these warning criteria, all technical and 
anaesthetic variables were quickly checked before informing the 
surgeon. 13 intraoperative alerts were signaled. Among these 
alerts, 8 were “true positive” (alert during IONM with r without 
persistent postoperative neurological deficit), 4 were “false positive” 
(alerts due to technical problems during the monitoring), 1 “false 
negative” (associated with the installation of a pedicle screw), 1 
alert was “true negative” (no alert during IONM but presence of a 
postoperative neurological deficit).

26 patients had at least two spine surgeries, 2 patients had 
intraoperative Stagnara wake-up test.

Illustration
For illustrative purpose we presented the case of alert which has 
occurred during a spine surgery for severe kyphoscoliosis in a 
context of a VACTERL syndrome (Figures 1, 2).

VACTERL syndrome is an association typically defined by 
the presence of at least three of the following congenital 

Figure 1: Face radiography before surgery

Figure 2: Profile radiography before surgery
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Figure 3: Face radiography after surgery

Figure 4: Profile radiography after surgery

malformations: vertebral malformations, anal atresia, cardiac 
malformation, tracheo-esophageal fistula, renal abnormalities, 
and limbs abnormalities. Spine abnormalities are very frequent 
and clinical signs of scoliosis can be the first demonstration of 
vertebral abnormalities. The most frequent vertebral abnormalities 
are hemi vertebrae, butterfly vertebrae and wedge vertebrae. The 
VACTERL syndrome has a genetic origin. The changes involved 
are very heterogeneous. The differential diagnosis is very large 
due to the wide number of malformations associated to that 
syndrome. The diagnosis is clinical on the basis of the association 
of malformations described above. The treatment is based on 
the individual treatment of each malformation. The prognosis is 
primarily related to the severity of the cardiac affection when it 
exists and the development of the surgical techniques during these 
last few years has considerably improved that prognosis. Morbidity 
in VACTERL syndrome is associated to the cardiac affection. 
The patients presenting a VACTERL syndrome do not have any 
cognitive deficit. In fact the highlighting of a cognitive deficit 
strongly suggests another diagnosis.

Clinical Case
Our patient, a 16 years old boy, presented a severe kyphoscoliosis, 
in a context of a VACTERL syndrome; he had four spine surgeries. 
During the last intervention an osteotomy and an irreversible 
arthrodesis were considered. At the time of the reduction of 
the deformation, 4 hours 30 minutes after the beginning of the 
intervention, a brutal disappearance of the NMEP on the left, an 
important reduction of the amplitude of NMEP superior to 50% 
and an increase of the NMEP latencies on the right side superior 
to 10% occurred (figure 5). The cortical SSEP were not recorded 
during the period of alert but they were constant the rest of the 
time (Figure 6). At the same time the hemodynamic and metabolic 
constants were normal. The surgeon was immediately informed. 
NMEP reappeared 22 minutes after the rods ablation. A minimal 
correction has been made in regards of that prior warning. The 
patient couldn’t walk properly during post-operative period and 
an amyotrophy was noted. He was transferred in a rehabilitation 
center, where the neurological evaluation had revealed a 
hypoesthesia in the area of the left femoro-cutaneaous nerve, and 
an amyotrophy with an overall muscular testing between 3+ and 
4; the deficit was more marked on his ankles and foot muscles (left 
side), with muscular quotations between 3- and 3. The functional 
independence, of 94/126, was measured by the Functional 
Independence Measurement scale (FIM); the patient was confined 
to bed since the intervention, and he carried diapers because 
he could not go to the toilets without assistance. He was able to 
walk without technical assistance but in a slow motion and with 
fatigability. After 17 days of rehabilitation, the patient recovered his 
abilities to walk without assistance and was sent back home.
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Figure 5: NMEP evolution during intervention

1:25 PM: left and right NMEP at the beginning

1 :31 PM : Disparition of NMEP on the left and important decrease of amplitude of NMEP on the right 

2:46 PM: Reapparition of NMEP on left and right

4:05 PM: NMEP after correction  

Discussion
Continuous monitoring of the spinal operation during orthopedic 
procedures on the spine is essential to reduce the rate of neurological 
malformations, particularly those due to spinal cord lesions 
during surgeries [1, 2, 3]. Spine surgery is very often responsible 
for spinal cord lesions. Those lesions can be detected by the alerts 
occurred during the intraoperative monitoring of the cord by 
continuous recording evoked potentials (Figure 5). It has been 
shown in the literature part that the alerts are more frequent on 
additional surgeries than during first ones. The scoliosis surgeries 

are particularly risky, with the severe vertebral deviations (Cobb 
angle superior to 90°). The risk is also more important in case of 
double surgical approach (posterior and anterior ways). At last, 
the secondary scoliosis runs more the risk of facing neurological 
complications than the idiopathic scoliosis [3, 12-13]. Those 
severity factors were found in our patient. The scoliosis severity 
associated to a severe kyphosis, the secondary character (VACTERL 
Syndrome) and the significant number of spine surgeries that the 
patient underwent is in accordance with the data in the literature 
section.
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Surgical correction of spine deformities is essential to improve the 
quality of life of the patient. (Figure 1 to 4).

The IONM allows the supervision of the integrity and stability of 
the spinal-cord all along the intervention. It can help to detect signs 
of spinal cord lesion, to correct the gesture and to avoid the post-
operative repercussions [2, 3, 8, 14].

Our case illustrates the interest of associating IONM with the 
recording of SSEP and NMEP in the detection of the signs of 
spinal cord lesion during spine surgery. The alert given on the 
modifications of the NMEP allowed the surgeons to make a 
correction less important than the one initially considered, but 
which doesn’t involve new intraoperative alerts. The patient 
however presented a persistent postoperative neurological deficit 
which would certainly have been more serious if there was no 
monitoring; the NMEP were indeed negative on the left, with the 
alert reaching its maxima [8, 14].

It has been demonstrated that, to be maximally effective, IONM 
has to be multimodal, combining techniques assessing motor tracts 

Figure 6: SSEP during the intervention

Beginning of the intervention

End of the intervention

and techniques assessing somatosensory pathways [15].

This was not realized during that intervention, but the NMEP 
potentially allow determining the lesional level by moving the 
stimulation electrode [8].

Conclusion
The IOM is crucial during children’s spine surgery. The multimo-
dalitary monitoring associating SSEP and NMEP increases the sen-
sitivity and the specificity of the detection of the spinal cord lesion 
and makes it possible to predict the occurrence of neurological le-
sions. The speed at which the spinal cord lesion is detected allows a 
fast readjustment of the surgical action to avoid the appearance of 
a persistent neurological deficit [16].

Limitation
For this specific case we did not move the epidural electrode along 
the spinal cord, during recording of NMEP and D-wave recording. 
As a consequence we did not determine the exact lesional level. 
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