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Utility of intraoperative neuromonitoring during percutaneous cement discoplasty

Precision del neuromonitoreo intraoperatorio durante la discoplastia percutanea con cemento

Precisdo do neuromonitoramento intraoperatoério durante discoplastia com cimento percutaneo

Gaston Camino-Willhuber'*, Mariana Bendersky>>°, Carolina Vilte*°, Gonzalo Kido"’”, Matias Pereira-Duarte™®, Martin
Estefan"®, Julio Bassani"'®, Matias Petracchi”"", Marcelo Gruenberg”'?, Carlos Sola"".

En este estudio buscamos demostrar la utilidad de una herramienta (monitoreo) que utilizan los neurdlogos para detectar alteraciones en los nervios a través de un estimulo, debido a que el
paciente se encuentra dormido por la anestesia durante la cirugia, el monitoreo permite detectar si el cirujano esta préximo a un nervio a los fines de disminuir o evitar danarlo.

Conceptos clave

Que se sabe sobre el tema?

La Discoplastia percutanea es un procedimiento
relativamente nuevo, que consiste en rellenar con
cemento el espacio discal intervertebral en discos
con un avanzado desgaste y presencia de gas
intradiscal, a los fines de estabilizar el segmento y
asi disminuir el dolor lumbar en pacientes ancianos
con enfermedad degenerativa lumbar avanzada.
Durante el procedimiento de inyeccion de cemento
existe riesgo de dafiar el nervio intervertebral, por
lo que el monitoreo electrofisioldgico durante la
cirugia nos alertaria cuando estamos cerca de
irritar un nervio.

Que aporta este trabajo?

Este es el primer trabajo que evalua la utilidad del
monitoreo electrofisioldgico durante la Discoplastia
para detectar posibles dafios de los nervios
intervertebrales durante el procedimiento.
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Abstract:

Introduction: Percutaneous cement discoplasty is a minimally invasive procedure to treat
low back pain due to advanced degenerative disc disease in elderly patients.
Complications of this procedure has been described such as infection, vertebral fracture,
cement leakage and nerve injury. Intraoperative neuromonitoring is used to detect the
latter. The objective of this study was to assess the usefulness of neuromonitoring during
discoplasty to detect new neurological compromise. Methods: 100 consecutive patients
were included in this retrospective study, (30 males and 70 females, mean age of 76.3 +
5.71 years) with mechanical low back pain who underwent percutaneous cement
discoplasty. Results: Sensitivity to detect neurological injury was 82% (Cl 95% 66-98),
specificity was of 99% (Cl 95%98-100) with a positive predictive value of 0.95 (Cl 95%
85-100) and a negative predictive value of 0.97 (Cl 95% 95-99). In 5 patients neurological
compromise was not detected by neuromonitoring. Discussion: Our study showed high
sensitivity and specificity of neuromonitoring to detect neurological irritation during
percutaneous discoplasty. Intraoperative neuromonitoring resulted an effective assistance
during this minimally invasive procedure.

Keywords: scoliosis; back pain; spinal diseases.

Resumen:

Introduccion: La Discoplastia percutanea con cemento es un procedimiento
minimamente invasivo para tratar el dolor lumbar debido a la enfermedad degenerativa
del disco avanzada en pacientes ancianos. Se han descrito complicaciones de este
procedimiento como infeccién, fractura vertebral, fuga de cemento y lesion nerviosa. El
neuromonitoreo intraoperatorio se utiliza para detectar este ultimo. El objetivo de este
estudio fue evaluar la utilidad del neuromonitoreo intraoperatorio durante la Discoplastia
para detectar un nuevo compromiso neuroldgico. Materiales y Métodos: se incluyeron
en este estudio retrospectivo 100 pacientes consecutivos (30 varones y 70 mujeres, edad
media 76,3 + 5,71 afios) con lumbalgia mecanica sometidos a Discoplastia percutanea
con cemento. Resultados: La sensibilidad para detectar lesién neurolédgica fue del 82%
(IC 95% 66-98), la especificidad fue del 99% (IC 95% 98-100) con un valor predictivo
positivo de 0,95 (IC 95% 85-100) y un valor predictivo negativo. valor predictivo de 0,97
(IC 95% 95-99). En 5 pacientes no se detectdé compromiso neuroldgico mediante
neuromonitoreo. Discusion: Nuestro estudio mostré una alta sensibilidad y especificidad
del neuromonitoreo intraoperatorio para detectar irritacion neurolégica durante la
discoplastia percutédnea. El neuromonitoreo intraoperatorio resulté una ayuda eficaz
durante este procedimiento minimamente invasivo.

Palabras clave: escoliosis; dolor de espalda; enfermedades de la columna vertebral.

Resumo:

Introdugédo: A discoplastia percutdnea com cimento é um procedimento minimamente
invasivo para o tratamento da lombalgia por doenca degenerativa discal avangada em
pacientes idosos. As complicagdes desse procedimento foram descritas, como infecgao,
fratura vertebral, vazamento de cimento e lesdo nervosa. O neuromonitoramento
intraoperatério € usado para detectar o ultimo. O objetivo deste estudo foi avaliar a
utiidade do neuromonitoramento durante a discoplastia para detectar novos
comprometimentos neurolégicos. Métodos: 100 pacientes consecutivos foram incluidos
neste estudo retrospectivo, (30 homens e 70 mulheres, idade média de 76,3 + 5,71 anos)
com lombalgia mecénica, submetidos a discoplastia percutdnea com cimento.
Resultados: A sensibilidade para detectar lesdo neuroldgica foi de 82% (IC 95% 66-98),
a especificidade foi de 99% (IC 95% 98-100) com um valor preditivo positivo de 0,95 (IC
95% 85-100) e negativo valor preditivo de 0,97 (IC 95% 95-99). Em 5 pacientes, o
comprometimento neurolégico néo foi detectado por neuromonitoramento. Discussao:
Nosso estudo mostrou alta sensibilidade e especificidade do neuromonitoramento para
detectar irritacdo neurolégica durante a discoplastia percutanea. O neuromonitoramento
intraoperatorio resultou em uma assisténcia eficaz durante esse procedimento
minimamente invasivo.

Palavras-chave: escoliose; dor nas costas; doengas da coluna vertebral.
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NEUROMONITORING IN DISCOPLASTY

INTRODUCTION

Percutaneous cement discoplasty (PCD) has emerged as a
minimally invasive surgical option to treat mechanical low back pain
in elderly patients with advanced lumbar degeneration and
intervertebral vacuum phenomenon‘™. This procedure consists of
Polymethylmethacrylate (PMMA) injection through a cannulated
needle into a partial or total intervertebral vacuum acting as a spacer
and stabilizing the vertebral disc unit.

Complications associated with PCD have been reported®®,
including cement leakage, adjacent vertebral fracture, infection,
radicular injury secondary to cement leakage or during cannula
positioning. Two techniques help to improve the accuracy and safety
of percutaneous procedures like this, especially in deformity cases:
The first one involves a good quality biplanar fluoroscopy, aiding in
either planning the trajectory of the cannula or detecting a
mispositioned one. The second approach involves intraoperative
neuromonitoring (IONM), a combination of techniques with proven
utility in spine surgery to decrease the risk of neurological injury, and
above all in minimally invasive procedures in which direct
visualization is limited”®. In this kind of procedures, a tailor-made
IONM s required, usually adapting techniques first developed for
monitoring placement of lumbosacral screws. However, to our
knowledge, its usefulness in PCD has not been previously
evaluated.

The objective of this study is to assess the sensitivity and specificity
of intraoperative neuromonitoring to detect neurological compromise
in patients treated with PCD in our institution. We hypothesized that
neuromonitoring had good sensitivity and specificity in detecting new
neurological procedure-related events during percutaneous
discoplasty.

MATERIALS AND METHODS

A

Figure N°1. A) Correct extra pedicular entry point within the Kambin’s triangle, the cannula is usually placed closed to the superolateral corner of the pedicle in the AP

After approval of the study protocol (IRB 00010193) a retrospective
study was conducted. Patients with advanced degenerative disc
disease with or without degenerative scoliosis treated with PCD
were included in our study, indications for PCD were as follows:
Mechanical low back pain with visual analogue scale (VAS) of at
least 5 points and leg VAS score of less than 3, presence of partial
or total intervertebral vacuum phenomenon according to the
classification developed by the authors"'?, patients with mild or
without spinal stenosis based on Schizas's classification'”. We
excluded from this study cases with moderate or severe lumbar
spinal stenosis, patients with leg VAS score of 3 or more, presence
of prior neurological claudication, patients with incomplete
neuromonitoring record as well as patients with previously known
neurological deficit were also excluded. Variables such as age, sex,
number of discoplasties and levels treated, extrapedicular and
pedicular entry points were recorded.

Operative procedure

PCD can be divided in three main steps, first step consists of patient
positioning in prone position and cannula placement with
radioscopy, second step includes PMMA preparation and third step
involves PMMA injection into the disc space.

The procedure was performed under general anesthesia in all
cases, with the patient in a prone position, a Jamshidi cannula was
introduced  percutaneously in each intervertebral level,
extrapedicular access through the kambin’s triangle, defined by the
space limited by the inferior vertebra (base) the dura (height) and
the exiting nerve root (hypotenuse)''" (figure 1 and 2), this access
was preferred in all levels except for L5-Sacrum in which a pedicular
access was performed. For a more detailed description of the
technique, we recommend a technical note described by the
authors®. The procedures included in this study were performed by
three treating surgeons from the same institution.

B

view in order to avoid the exiting proximal nerve root (discontinued yellow line) B) Incorrect extra pedicular entry point outside the Kambin’s triangle with higher risk of

nerve injury due to nerve proximity.
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e 0 . ‘-
Figure N°2. A-B) X-ray and CT AP views of a severe scoliotic case C) Cannula positioning guided by radioscopy and neuromonitoring is especially challenging in severe

deformity cases D) Postoperative AP x-ray of PCD

Intraoperative neuromonitoring

The three steps are guided by intraoperative neurophysiological
monitoring. The anesthetic protocol is defined by the requirement for
electromyography (EMG) and motor evoked potentials (MEP)
monitoring, employing total intravenous anesthesia. Muscle
relaxants are used only for intubation and then avoided for the
remainder of the surgical procedure.

Small monopolar non insulated needle electrodes are placed in
target muscles dependent upon the spinal region being operated.
Additional recording electrodes are placed in the Abductor hallucis,
for the train-of-4 stimulation over the tibialis nerve, to determine the
level of muscle relaxants after positioning the patient and before the
beginning of the procedure.

Reference and return electrodes are placed on the patient’'s upper
thigh and near the surgical site, respectively.

All patients received somatosensory evoked potential (SSEP) and
transcranial MEP monitoring, which is considered “standard of care”
in our institution for these types of surgical procedures; nevertheless
the tailored Intraoperative neuromonitoring (IONM) approach mostly
refers to the following techniques: Free-run EMG is conducted
during the whole procedure, employing multiple simultaneous
channels of a NIM Eclipse ® neuromonitoring system (Medtronic),
looking for spontaneous denervatory activity or complex repetitive
discharges during the introduction of the cannula or the cement
injection. Continuous stimulation through the Jamshidi needle is
performed, employing a clamp stimulator, with a maximum intensity
of 10 mA, looking for a neural response indicating radicular
proximity. It is assumed that a low response threshold indicates
close proximity of the cannula to the nerve root.

During the injection of the cement, motor evoked potentials are
performed; to monitor central motor pathway function and to detect
unnoticed cement spills into the spinal canal.

Definitions of neuromonitoring response during PCD:

The stimulus intensity required to elicit a trace compound muscle
action potential from a

given target muscle had to be below 10 mA (usually thresholds are
below 5 mA) to ensure that there is no diffusion of the stimulus to
neighboring segments.

1) True positive: a positive response to free-run EMG or stimulation
confirmed as a) there was a coincidence between the side and the
exiting nerve root in the foramen in the extrapedicular access as well
as the closest nerve to the pedicle in the pedicular access. (e.g.

Right L3 nerve root in right L3-L4 extrapedicular access or left S1
nerve root in left side pedicular S1 access); b) a new postoperative
neurological symptom; c) a breach confirmed intraoperatively,
and/or on postoperative CT scans

2) False positive: positive response to free-run EMG or stimulation in
a radicular level not being intervened

3) True negative: no response to free-run EMG or stimulation
confirmed as a correctly positioned cannula on radioscopy and
absence of postoperatively neurological symptoms

4) False negative: no response to free-run EMG or stimulation but
neurological findings post operatively such as new radicular pain
related to the treated level without any other possible explanation.

Statistical analysis

Sensitivity, specificity, positive predictive values (PPVs), and
negative predictive values (NPVs) were determined using standard
Bayesian techniques. Data obtained from surgical records were
processed with IBM SPSS Statistics Version 21.0 (IBM Corporation,
Armonk, New York, USA).

RESULTS

A total of 137 patients (346 levels) were treated with PCD in our
institution from December 2015 to December 2019. In 11 cases
neuromonitoring was incomplete, in 6 cases neuromonitoring was
not used for personal decision of one of the treating surgeons, 12
cases with severe lumbar stenosis and 8 cases with known
neurological deficit were excluded from the analysis. After excluding
all those cases, we obtained usable data from a total of 100 patients
for the present study, (30 males and 70 females, mean age [+ SD]
76.3 £ 5.71 years). Electrophysiological testing was carried out on a
total of 233 levels treated (218 extrapedicular levels between L1-L4
and 15 L5-Sacrum pedicular levels)

SSEP only showed intraoperative changes in one patient, whose
results were also abnormal with the remaining techniques (EMG and
MEP). 3 levels were true positive, 18 lead to a reposition of the
cannula so finally the patient awoke with no new deficits (figure 3).
In five patients IOM detected neural damage but despite modifying
the surgical maneuver, the patients woke up with new neurological
signs or symptoms.
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Figure N°3. A-B) Free-run EMG in 8 simultaneous channels, stimulation through the annula yiel

-
ded a neural response in one of the myotomes explored (see arrow)

during cannula placement.

One level resulted in false positive, probably related to a technical
issue. 205 levels yielded true negative results. In five patients, IONM
failed to detect neural damage (false negative), 4 feminine/ one
masculine, mean age 75.8; 3 patients had radicular pain and 2
patients showed a new motor deficit, in all cases there was cement
leakage into the in the homolateral side (figure 4). Two of these
patients had poor basal responses, due to a preexistent

polyneuropathy. Apart from the pre-existing pathology, no other
variables were found, neither age nor sex nor the number of levels
intervened, that correlate with these results. None of those patients
had a preoperative electrodiagnostic evaluation, to evaluate possible
distal axonal degeneration due to severe chronic radiculopathy.

Figure N°4: 78 years old female treated with PCD at L4-L5 and L5-Sacrum levels, cement leakage at L5-Sacrum foramen is observed, not detected by IONM (False

negative), the patient underwent decompression surgery due to radicular pain.

Given those results, sensitivity was 82% (Cl 95% 66-98), specificity
was of 99% (ClI 95%98-100) with a positive predictive value of 0.95
(C1 95% 85-100) and a negative predictive value of 0.97 (Cl 95% 95-
99). Receiver operative characteristics (ROC) curve (figure 5)

analysis from these results showed and area under the curve of
0.85.
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Figure N°5: ROC curve with and area under the curve (AUC) or 0.85 showing good test utility.

DISCUSSION

According to our study, neuromonitoring showed a high sensitivity
(82%) and specificity (99%) in detecting new-radicular stimulation
when performing PCD. To avoid neural complications associated
with this approach, as in most percutaneous procedures, it is
recommended to add neurophysiological monitoring with free-run
and triggered EMG and transcranial motor evoked potentials. Free-
run EMG registers real-time muscle activity during the whole
procedure. Mechanical stimulation of a nerve root leads to complex
repetitive discharges in the EMG. Discrete threshold, triggered EMG
provides real-time feedback of the proximity of the roots, as
measured by the threshold required to depolarize them to elicit a
response. Worth mentioning that chronically compressed nerve
roots may have a higher stimulation threshold than uncompressed
ones. A commonly made incorrect assumption is that
neurophysiological abnormal findings are not related to any factor
other than the presence of disease. We know that other factors such
as age, previous neuropathy or technical issues such as morbid
obesity can influence those findings. Moreover, given the advanced
age of the patients undergoing this technique, and the fact that they
have long-standing radiculopathies with probable secondary distal
axonal degeneration, or comorbidities (e.g., diabetes), it would be
advisable to perform an EMG with nerve conduction studies prior to
the procedure in order to choose patients for whom the IONM will be
worthwhile. For example, in patients with axonal polyneuropathies,
the IONM is unlikely to detect any change in responses.

Regarding the role of neuromonitoring in preventing neurological
injury during spine surgery the literature is ambiguous, on one hand,
some studies suggest no benefit'>™ while other studies supports
evidence of it use”'*" most of these studies also estate the need
of improvement in protocols on how to manage intraoperative
alerts'™®. To our knowledge, this is the first study that analyses the
utility of neuromonitoring during percutaneous discoplasty. In fact,
neuromonitoring in PCD has only been mentioned in two previous
studies from the authors®, with no mention in other studies®®.
Recently, Lazary"® argued about the use of neuromonitoring during
PCD as they did not experience any nerve root injury during PCD in
their case series"®, contrary to our series, in which 5 from 100
patients suffered from nerve injury.

Another reason to consider neuromonitoring during PCD is the
variation of the kambin’s triangle anatomy described in the

literature'">®, variation of the nerve root ganglion position described
in cadaveric studies plays an important role as can be associated
with increased nerve root injury in this working access used in
minimally invasive surgery, ranging between 2 and 9% according to
some studies®?®. The presence of deformity (as seen in figure 2)
also make this access more challenging®. Even less frequent,
nerve root anomalies should also be considered when performing
procedures through the kambin’s triangle®”?. Those variations may
support the use of neuromonitoring to prevent nerve root injury.
Limitations

Our study has some limitations, first, we retrospectively reviewed a
consecutive case series, therefore, factors that could influence
nerve response in neuromonitoring such as peripheral
neuropathy®, Wallerian degeneration or medication were not
completely analyzed in our study, even though we excluded patients
with well recorded neurological deficits, however, due to the
retrospective nature of this study there might be a possibility that
some patients with undiagnosed neuropathy were included. On the
other hand, neuromonitoring was performed in all cases before,
during and after the procedure and cases with neurological deficit
were properly recorded. Another limitation is variability of the
treating surgeons, in this study three surgeons from the same
working group and institution performed the procedures, even
though this variation can affect the results, all treating surgeons
perform the technique in a similar fashion based on the step-by step
technique developed by the authors®, in addition, the
neuromonitoring was performed by the same neurologist (MB), this
factor can be considered as a strength.

As we previously mentioned, this is the first study that analyzed the
utility of neuromonitoring in PCD. More studies, with longer sample
size and prospective analysis are required to assess the real benefit
of PCD as a treatment option in elderly population, nevertheless, our
results can be helpful to improve the technique and decrease the
risk of neurological injury during this minimally invasive procedure.

CONCLUSION

Our study showed high sensitivity and specificity of neuromonitoring
to detect neurological irritation when performing percutaneous
cement discoplasty. Intraoperative neuromonitoring resulted an
effective assistance during this minimally invasive procedure.
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