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Aim. To assess the application of intraoperative neurophysiological monitoring (IONM) for spinal surgeries in 
accordance with the Federal Center of Traumatology, Orthopedics and Endoprosthesis (Cheboksary, Russian Federation)
Material and methods. A total of 366 spinal surgeries, Federal Center of Traumatology, Orthopedics and Endoprosthesis 
from 2009 to 2015 . From 2009 to 2013, the wake-up test was used as a control method in 116 (65 .9%) cases .
Results. Application of IONM revealed time-dependent risks and facilitated a reduction in the incidence of postoperative 
neurologic complications by 3-fold (from 2 .6% to 0 .8%) . In the second half of 2013, IONM was introduced for use 
in clinical practice . Since then, 250 surgeries were performed with IONM . Of these, the wake-up test was required 
in 9 (3 .6%) patients . Clinical implementation of IONM extended the benefits of surgery to patients with severe 
pathologies . The number of surgeries for congenital pathologies increased by 10-fold (from 1% to 10%) and by 2 .6-fold 
for degenerative diseases . IONM possibility allows control of intraoperative neurologic complications among patients 
with spinal injuries (5%) and neuro and muscular scoliosis .
Conclusions. The application of IONM minimized the need for the wake-up test and significantly decreased the 
incidence of neurological complications caused by injury to the spinal cord and spinal roots during execution of spinal 
manipulations .
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Цель исследования: провести анализ применения интраоперационного нейромоторинга (ИОНМ) при опера-
тивных вмешательствах на позвоночнике в условиях ФГБУ «ФЦТОЭ» Минздрава России .
Материалы и  методы. В  ФГБУ «ФЦТОЭ» Минздрава России (г . Чебоксары) за период с  2009 по 2015 г . было 
проведено 366 операций на позвоночнике, требующих интраоперационного контроля функциональной целост-
ности нервной системы пациента . Методом контроля за период 2009–2013 гг . служил wake-up-тест, который 
проводился у 116 (65,9 %) пациентов . 
Со второй половины 2013 г . под контролем ИОНМ было прооперировано 250 человек, при этом проведение 
wake-up-теста потребовалось у 9 (3,6 %) пациентов . 
Результаты. Применение ИОНМ позволило вовремя выявить риски и сократить послеоперационные невроло-
гические осложнения в  3  раза (с 2,6 до 0,8  %) . Внедрение в  практику ИОНМ дало возможность значительно 
расширить структуру оперированных пациентов за счет более сложной патологии . Количество операций при 
врожденной патологии увеличилось в  10 раз (с 1  до 10  %), дегенеративных заболеваний — в  2,6 раза . Появи-
лась возможность контроля интраоперационных неврологических осложнений у  больных с  травмами позво-
ночника (5 %) и нейромышечным сколиозом .
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Выводы и  заключение. Применение ИОНМ позволило минимизировать количество wake-up-тестов, а  также 
значительно сократить неврологические осложнения, вызванные повреждением спинного мозга и спинальных 
корешков в ходе манипуляций на позвоночнике .

Ключевые слова: интраоперационный нейромониторинг, wake-up-тест, неврологические осложнения, мотор-
ные вызванные потенциалы, тест N . Root, тест Screw Integrity, N . Proxy .

introduction

Surgery is widely used to treat spinal 
pathologies, and is the gold standard for correcting 
spinal deformities [1], but despite improvements 
in surgical techniques, the risk of neurological 
complications remains [2] . The introduction of 
osteotomy procedures, procedures with high 
correction potential that enable radical elimination 
of all components of a deformity, minimally 
invasive surgical techniques, and manipulation of 
the dural sac and roots to surgical practice does not 
reduce, and often increases, the risk of iatrogenic 
neurological complications [3, 4] . The frequency 
of neurological complications is estimated to range 
from 0 .37% to 10% depending on the method of 
surgical treatment [5] . The complications can be 
caused not only by direct mechanical damage, strain 
or compression of neural structures, but also by 
disorders of the vascular supply of the spinal cord 
[6, 7] . Intraoperative neurophysiological monitoring 
(IONM) helps to prevent such complications [8], 
and the development low-trauma surgical methods 
is increasingly relevant, particularly direct lateral 
interbody fusion (DLIF, XLIF), which is prerequisite 
for the implementation of IONM [9, 10] .

Prior to the implementation of IONM the 
primary monitoring of neurological complications 
was the awakening test, also known as the Stagnara 
wake-up-test, which was first described in 1973 . 
During the wake-up-test, the anesthesiologist 
interrupts the administration of anesthetics and 
muscle relaxants, partially wakes the patient to a 
state in which he/she can execute commands and 
asks the patient to move the feet . If motor function is 
not impaired, then anesthesia and surgery continue . 
Otherwise, an immediate change of surgical 
approach should be considered . As the test takes 
15–20 min and requires repeated administration of 
anesthetics, application more than once during the 
intervention is problematic . Consequently, the test 
is performed after completing the basic corrective 
manipulations, which significantly reduces its 

effectiveness because evaluation of the functional 
integrity of individual muscle groups and nerve 
trunks is not possible . The use of the wake-up-
test does not enable full assessment of neurological 
status [5] . Intraoperative recovery of consciousness 
can also lead to complications such as accidental 
extubation, and air embolism . Pediatric patients are 
not able to execute the anesthesiologist’s commands 
during the wake-up-test because of difficulties in 
verbal communication and their mental status [11] . 
IONM is becoming the world standard for control 
of neurological complications during surgical 
interventions that may affect neural structures [12] .

Intravenous anesthesia with propofol as a 
hypnotic and phentanyl as an analgesic is the 
most compatible with IONM if combined with 
ventilation using an oxygen-air inhaled anesthetic 
mixture, the dose of which is controlled by the 
maximum alveolar concentration (MAC) . If muscle 
relaxants are necessary, drugs with a medium-
duration of action are used . To ensure reliable data 
and to avoid false-negative results during IONM-
guided surgery, the depressor effect of anesthetics 
on induced activity should be considered . The 
effects vary from reduction of cortical excitability 
and delay of axonal transmission in corticospinal 
tracts to reduction of synaptic transmission at the 
level of spinal alpha-motoneurons [7, 13, 14] .

The effect of general anesthesia and brain 
sedation were assessed using the bispectral index 
(BiS) which is calculated from data provided by 
continuous electroencephalography (EEG) . This 
index enables consistent maintenance of sedation 
depth, reduces the risk of premature recovery 
from anesthesia, and reduces the consumption of 
anesthetics .

In assessing IONM results obtained in pediatric 
patients, the maturation of the corticospinal 
tracts should be considered . The functional 
characteristics of the motor pathways only start to 
mature at 12–14 years of age . Myelination of the 
pathways to the muscles of the lower extremities 
is completed earlier, at 11–12 years of age, and 
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myelination of the pathways to the muscles of 
the upper extremities is completed by 12–17 
years of age . The final maturation of the central 
motor pathway is completed only in the second 
decade of life [15, 16] . The small size of muscles 
in children also requires care when installing the 
needle electrodes .

Aim. The study aim was to evaluate the use 
of IONM for spinal surgery at the Federal State 
Budgetary Institution the Federal Center of 
Traumatology, Orthopedics and Endoprosthesis 
(Cheboksary), the Ministry of Health of the Russian 
Federation .

materials and methods

Patient population
The Federal State Budgetary Institution the 

Federal Center of Traumatology, Orthopedics 
and Endoprosthesis of the Ministry of Health of 
the Russian Federation, Cheboksary, Russia (the 
Center) performed 176 spinal surgeries between 
2009 and 2013 . Of these, 116 (65 .9%) were at 
risk of neurological complications, and the wake-
up-test was used for intraoperative monitoring of 
the nervous system . The underlying diseases were 
scoliotic spinal deformity of the third (51%) and 
fourth (32%) degree, degenerative spinal diseases 
(10%), kyphotic deformity (6%), and congenital 
malformations (1%) . IONM was introduced in 
the second half of 2013 and was used in 250 
procedures, including 70 men and 180 women 
from 2 to 71 years of age . Seventeen (6 .8%) were 
pediatric patients younger than seven years of 
age .

The underlying diseases included congenital 
spinal malformations in 10% of patients, 
degenerative diseases 26%, cerebrospinal injuries 
in 5%, third and fourth degree scoliotic spinal 
deformity in 22% and 33% of patients, respectively, 
and kyphosis in 3% . All patients enrolled in the study 
gave voluntary informed consent for the medical 
procedures, examinations, surgical interventions, 
and participation in scientific research before 
hospitalization (Order No . 125 of 12/30/2013 “On 
the introduction of forms of documents for legal 
coverage of the diagnostic and treatment process 
in the Federal State Budgetary Institution the 
Federal Center of Traumatology, Orthopedics and 
Endoprosthesis”) .

Intraoperative monitoring
The IONM was performed using the NIM-

Eclipse System (Medtronic, Dublin, Ireland) and 
included six tests .

1 . A test for muscle relaxants using train-of-
four (TOF) monitoring was used to measure the 
degree of the neuromuscular blockade (NMB) . 
This test enabled avoiding false negative results 
resulting from paralytic effects of the agents . NMB 
monitoring was performed by stimulation of a 
nerve and recording the motor evoked potentials 
in the innervated muscle .

2 . Motor evoked potentials (MEP) were recorded 
in the corresponding muscles during cranial 
electrotherapy stimulation of the motor cortex . To 
record MEP, electrodes were placed under the scalp 
along lines spaced a finger width apart and drawn 
forward (i .e ., towards the nose) from points C3 and 
C4 and the corresponding projections of the motor 
cortex .

3 . Control of proximity to the nerve (N . Proxy) 
allowed monitoring the correct channel of the 
pedicle screw . A loop was attached to the surgeon’s 
instrument, and a 1–12 mA electrical stimulus 
was applied . When the instrument passed over the 
vertebral arch, an isoline was recorded on the device 
monitor . With proximity of the conductor to the 
neural structures, an EMG response appeared and 
the amplitude increased with the strength of the 
stimulus . The surgeon then changed the direction 
of instrument movement until the EMG response 
disappeared .

4 . The pedicle screw integrity test verified the 
accuracy of pedicle screw installation during spinal 
fixation procedures . An electrical stimulus was 
applied using a flexible bougie, with the instrument 
in the Screw Integrity mode . The absence of an 
EMG response or its appearance following a strong 
stimulus indicated the correct mounting of the 
screw in the pedicle and the absence of defects 
of the pedicle canal walls . The presence of the 
EMG response was indicated proximity to the 
neural structures, because of lack of bone tissue in 
the pedicle . This was often seen at the deformity 
apex on the concave side and occurred because 
of the anatomical and morphological features of 
the vertebrae in this region . On registration of 
a high-amplitude EMG response, control of the 
screw position was performed using an electro-
optical converter (EOC) . If the screw was not in 
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the correct position, it was removed if it did not 
carry a strategic load or the trajectory was changed, 
in some cases the pedicle screw was replaced by 
another fixing element such as a hook, or tape .

5 . The N . Root test of the spinal roots was done 
using automatic electrical stimulation . Intact nerve 
roots that innervated the relevant muscles produced 
an EMG response after receiving a stimulus of < 2 mA .

6 . For EMG recording, needle electrodes were 
mounted on the muscles corresponding to the 
myotomes innervated by the spinal cord segments at 
the level of the surgical intervention . The electrodes 
were mounted prior to draping the patient and 
creating the sterile surgical field .

surgery

Premedication consisted of atropine, seduxen 
(relanium) or dormicum, and diphenylhydramine 
administered intravenously five min prior to 
general and endotracheal anesthesia . Patients were 
intubated orotracheally intravenous administration 
of the muscle relaxant suxamethonium chloride . 
After intubation, the patients were transferred 
to mechanical ventilation . Phentanyl, propofol, 
sevoflurane in a MAC of 0 .3% to 0 .5% were 
administered as supportive anesthesia .

The surgical procedures involved access to the 
dorsal structures of the spine by both open and 
minimally invasive techniques using specialized 

retractor systems . The dorsal bony structures of 
the spine were skeletonized, and the hardware 
support elements (pedicle screws) were installed . 
Depending on the procedure, the next stage 
was decompression, osteotomy, or corrective 
procedures . The achieved result was stabilized by 
the installation of a spinal system . The dorsal phase 
of the surgical intervention was completed by the 
formation of spondylodesis along the hardware, the 
wound layers were tightly closed . Depending on the 
stage of the surgery, the muscle relaxant (TOF) test, 
test of nerve proximity, the proximity screw test, 
and EMG were performed . The N . Root test was 
performed for the patients with degenerative spine 
diseases . During surgery, transcranial stimulation 
of the motor cortex (MEP) was used to monitor 
the status of the pyramidal tract .

Results and Discussion

Of the 116 patients surgical patients monitored 
with the wake-up-test, three (2 .6%) were not able 
to move their legs during recovery, which indicated 
the development of intraoperative neurological 
complications . Postoperative therapy resulted in an 
increase in strength and sensitivity in the legs, and 
complete recovery was achieved by all three patients .

With implementation of IONM, the patient 
population changed because the underlying diseases 
that were treated included increasingly complex (Fig . 1) .

Fig. 1. The nature of the underlying disease of the patients with surgical treatment with intraoperative neuromonitoring 
and the wake-up-test on the nosology (%)

Kyphosis

IONM

Scoliosis of the III degree

Scoliosis of the VI degree

Neuromuscular scoliosis

Trauma

Degenerative diseases

Congenital malformations
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Since the second half of 2013, the number of 
surgeries for congenital pathologies increased by 
10  times, or from 1% to 10% of cases, and increase 
by 2 .6 times the degenerative diseases increased by 
2 .6 times . Control of intraoperative neurological 
complications became possible in patients with spinal 
traumas (5%) and neuromuscular scoliosis . The 
number of patients with surgical treatment of the spinal 
kyphosis decreased from 6% to 3%, and the wake-up-
test was performed only in patients with Scheuermann’s 
disease . With the availability of IONM, more complex 
kyphoses were treated, including osteodysplasia and 
Marie–Strumpell disease, and patients with Schwab 
group 3 or 4  deformities requiring osteotomies, all of 
which are accompanied by a high risk of neurological 
complications . In all 250 patients, IONM began with 
the MEP test, and the dynamic evaluations were 

performed throughout surgery (Table 1) .
In most patients, normal MEP values were 

recorded initially and during the surgery, which 
indicated the integrity of motor pathways, and did 
not require changes in the surgical procedure . The 
absence of the MEP occurred in 15 patients with 
the failed back surgery, and the consequences of 
cerebrospinal injury, fourth degree kyphoscoliotic 
deformity of the thoracic spine, congenital 
malformation of the spine with neurological 
disorders (paraparesis and plegia) . In the 
postoperative period, the neurological symptoms 
persisted, which indicated deep motor pathway 
lesions . Worsening of neurological symptoms 
occurred in two (0 .8%) patients, and was considered 
as a postoperative complication . During the follow-
up treatment improvement was seen (Table 2) .

Table 1 
results� of� the� test� of� the�mEP� test

Motor evoked potentials Number of patients (n) Proportion, %
Norm 204 81 .6
Absence 15 6
Initially normal value of the motor evoked potentials with the decrease 
in angle by more than 70% during the surgery

14 5 .6

Motor evoked potentials in pediatric patients under seven years of age 17 6 .8
Total 250 100

Table 2
comparative� characteristics� of� neurological� complications� of� patients� with� the�wake-up-test� and�

with� intraoperative� neuromonitoring

№ Gen- 
der Age Underlying disease

Amount of 
deformity, 

Cobb angle, °
Neurological complication Control 

test

1 m 16 Juvenile idiopathic scoliosis of the 
4 degree, Lenke type 3a

160 Vascular myelopathy with 
flail legs, the pain sensitivity 
disorder on the conduction 
type from the level of D5 

Wake-
up-test

2 m 18 Juvenile idiopathic scoliosis of the 
4 degree, Lenke type 3b

130 Flail legs and pain sensitivity 
disorder on the conduction 
type from the level of D5

Wake-
up-test

3 m 15 Left-sided lower thoracic scoliosis of the 
4 degree due to osteochondrodystrophy 
with the upper thoracic compensatory curve

96 Moderate right-sided flaccid 
monoparesis

Wake-
up-test

4 m 19 Idiopathic infantile right-sided thoracic 
kyphoscoliosis of the 4 degree, complicated 
by lower spastic paraparesis 2–3 degree, 
with the segmental sensory disorders due 
to the spinal deformity, myelopathy

136 Lower spastic paraplegia with 
total disorder of the superficial 
and deep sensitivity from 
the level TH9–TH10 and the 
pelvic disorders on the type of 
retention of urine and stool

IONM

5 m 3 Congenital malformation of the spine due 
to the damage of the formation, fusion of 
the vertebrae Th12 . Kyphosis at the thoraco-
lumbar transition level with the dislocation 
L1, the spinal stenosis . The neutral malfor-
mation of the cervical spine . The lower spas-
tic paraparesis of the moderate severity with 
the reference on the right . Residual encepha-
lopathy, arrested psychoverbal development

69 Lower flaccid paraplegia IONM
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Decreases of up to 70% in motor response 
were seen in 14 patients with initially normal 
MEP values, and as the cause in each case was 
transient disturbance of motor nerve conduction, 
the initial operative plan was changed . Prompt 
administration of glucocorticoids, diuretics, and 
a decrease in corrective actions in five patients, 
resulted in normalization of MEP and allowed 
continuing the surgery . The wake-up-test was 
required in nine (3 .6%) patients and was positive 
in all . All nine patients in that group had a severe 
deformity of the spine that required complex 
surgical correction . In the postoperative period, 
neurologic complications were not observed . It 
should be noted that prior to the introduction of 
IONM the wake-up-test was performed in 65 .9% 
patients .

Pediatric patients under seven years of age with 
surgical treatment of the spine and spinal cord 
malformations were evaluated separately . Initially, 
normal MEP amplitudes were recorded in the 
abdominal rectus and oblique abdominal muscles . 
Reduced amplitudes, in some cases to the isoline, 
were recorded in the muscles of femur and tibia . 
Reduction of MEP amplitude was associated with 
the degree of maturation of the corticospinal tract 
and the depressor effect on the motor cortex of 
the Sevoran inhalation anesthetic . Withdrawal of 
Sevoran resulted in the restoration of normal MEP . 
The BiS optimal index for correct estimation of the 
IONM parameters was 33–50 .

Given the hands-free method used by surgeons 
to position transpedicular support elements on 
anatomical landmarks, N . Proxy test of proximity 
to neural structures was an important element . The 
test results indicated that the surgeon’s positioning 
needed correcting . In addition to the MEP test, 
The N . Root test was used for the 34 patients with 
degenerative diseases of the spine . At the baseline 
and at completion of surgery, normal MEP levels 
in these patients confirmed the integrity of the 
corticospinal tract . The N . Root test allowed 
determining the distance of the lesion from the 
spinal roots . The test results were correlated with 
the clinical picture . The intact roots responded to 
stimuli of up to 2 mA in 22 (64%) patients, in 
eight patients (23 .5%) with paresis the required 
stimulus strength increased to 6–10 mA . In the 
four patients (12 .5%) with plegia no response was 
observed even with a maximum stimulus strength 

of 15 mA . The screw integrity test was performed 
after installing the pedicle screws . In our practice, 
an EMG response was obtained in three patients 
(1 .2%) following a stimulus of 6 mA, which 
indicated the dangerous proximity of the screw to 
the neural structures and required use of the EOC 
to correct . A similar situation was observed at the 
deformity apex on the concave side and was the 
result of the anatomical and morphological features 
of the vertebrae in that region . In one patient, an 
incorrectly positioned screw was removed as it did 
not carry a strategic load . In the second patient, 
the conduction trajectory was changed, and in the 
third patient the pedicle screw was replaced by 
another locking element (tape) .

summary and Conclusions

The success of surgical intervention depends 
on the coordinated work of all members of the 
surgical team, the surgeon, the anesthesiologist, 
the neurophysiologist . The introduction of IONM 
enabled to significant expansion of the patient 
population because of the ability to treat more 
complex pathologies . Thus, 2 .6 times increase in 
the use of IONM in the patients with degenerative 
spine diseases was associated with the ability to 
control the extent of lesions of the nerve roots . 
IONM, with the use of the NIM-EclipseSystem, 
allows multiple intraoperative assessments of the 
functional integrity of motor pathways and spinal 
roots from the time of the establishing the channel 
for the pedicle screw until the completion of 
surgery . The use of wake-up-tests is minimized, 
which is significant because performing them than 
once during the surgery is impossible, or dangerous 
for the patient . Many complex surgical procedures 
for congenital malformations, severe spine 
deformities, osteotomy of type 3 and 4 deformities 
is not possible without IONM . It should be noted 
that the IONM in pediatric practice requires an 
individual approach . The small size of the muscles 
and the depressor effect of inhalation anesthetics 
should be considered . Application of IONM 
enabled prompt identification of risks and reduced 
postoperative neurological complications by three 
times, from 2 .6% to 0 .8%) . It allowed expanding the 
range of surgical procedures performed improving 
the quality of treatment of patients with spinal 
disorders .
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