intra-peeling.qxp_Layout 1 9/15/10 8:43 AM Page 324

RESEARCH • RECHERCHE

Intraoperative spinal cord and nerve root
monitoring: a survey of Canadian spine surgeons
Lissa Peeling, MD*
Stephen Hentschel, MD†
Richard Fox, MD‡
Hamilton Hall, MD§
Daryl R. Fourney, MD*

Background: Intraoperative spinal cord and nerve root monitoring is used to identify
an insult to the neural elements with the goal of preventing injury. There are 2 major
categories of monitoring: evoked potentials (somatosensory evoked potentials and
motor evoked potentials) and electromyography. The availability of intraoperative
neuromonitoring and the indications for use vary widely. In this study, we aimed to
document the current practices and opinions of Canadian spine surgeons with regards
to intraoperative spinal monitoring.
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Methods: We surveyed members of the Canadian Spine Society about the availability and use of various types of intraoperative neuromonitoring modalities for surgical
procedures.
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Results: We distributed 105 surveys and received 95 responses (90%). Somatosensory evoked potentials were the most commonly available form of intraoperative neuromonitoring, although it was available to only 65.3% of respondents. Surgeons in
either full-time or part-time academic practice used monitoring more frequently than
those in private practice (p < 0.001), but this association was not based on surgeon
preference after controlling for availability. Years of practice and training background
(orthopedic or neurosurgical) did not influence the use of monitoring. Canadian spine
surgeons overwhelmingly reported that they use intraoperative neuromonitoring to
reduce the risk of adverse operative events, rather than because of liability concerns.
Most respondents believed that monitoring should be used in the correction of major
deformity and scoliosis.
Conclusion: The availability of spinal monitoring in Canada is variable. Most surgeons believe that it is an important adjunct to improve patient safety.
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Contexte : La surveillance intraopératoire de la moelle épinière et des racines
nerveuses sert à déterminer l’atteinte des éléments nerveux afin de prévenir des
lésions. Il y a 2 grandes catégories de surveillance : les potentiels évoqués (potentiels
évoqués somatosensoriels et potentiels évoqués moteurs) et l’électromyographie. La
disponibilité de la neurosurveillance intraopératoire et les indications de son utilisation varient énormément. Au cours de cette étude, nous voulions documenter les pratiques et les opinions courantes des chirurgiens canadiens spécialistes du rachis en ce
qui a trait à la surveillance intraopératoire de la moelle.
Méthodes : Nous avons sondé les membres de la Société canadienne du rachis au
sujet de la disponibilité et de l’utilisation de diverses méthodes de neurosurveillance
intraopératoire durant les interventions chirurgicales.
Résultats : Nous avons distribué 105 questionnaires et reçu 95 réponses (90 %). Les
potentiels évoqués somatosensoriels constituaient la forme la plus répandue de neurosurveillance intraopératoire, même si 65,3 % seulement des répondants y avaient accès.
Les chirurgiens de pratique universitaire à temps plein ou à temps partiel utilisaient la
surveillance plus souvent que ceux qui exerçaient en pratique privée (p < 0,001), mais ce
lien n’était pas basé sur la préférence du chirurgien compte tenu de la disponibilité. Le
nombre d’années de pratique et la formation (en orthopédie ou en neurochirurgie)
n’avaient pas d’effet sur l’utilisation de la surveillance. Les chirurgiens canadiens spécialistes du rachis ont déclaré par une majorité écrasante qu’ils utilisent la neurosurveillance intraopératoire afin de réduire le risque d’événements indésirables au cours de
l’intervention plutôt qu’à cause de préoccupations liées à la responsabilité. La plupart
des répondants sont d’avis qu’il faudrait utiliser la surveillance dans les interventions de
correction d’une malformation majeure et d’une scoliose.
Conclusion : La disponibilité de la surveillance de la moelle au Canada est variable.
La plupart des chirurgiens croient qu’il s’agit d’un outil d’appoint important pour
améliorer la sécurité des patients.
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s current methods of complex spinal surgery are
applied to ever more challenging clinical scenarios,
new or worsened neurologic deficits are becoming
a greater inherent risk to patients. A recent study performed by Delank and colleagues1 found a low incidence of
iatrogenic paraplegia following surgery for scoliosis
(0.55%), short spinal fusion (0.14%) and cervical discectomy (0.07%). Although the incidence is low, spinal cord
damage or nerve root injury may result in unfavourable
surgical outcomes.
In 1991, a joint position statement from the Scoliosis
Research Society and the European Spinal Deformity Society advocated the use of somatosensory evoked potentials
(SSEPs) to limit neurologic damage during the correction
of spinal deformities.2 Somatosensory evoked potentials
were first used in the 1970s and were thought to detect not
only injury to the posterior sensory columns but also to the
entire spinal cord. It was later shown that injury to the more
sensitive lateral and anterior columns could occur in the
presence of normal intraoperative SSEPs. Somatosensory
evoked potentials have limited use in patients with preexisting abnormal spinal cord function.3 Despite the more
localized functional monitoring provided by this modality,
its use alone has been estimated to reduce the incidence of
paraplegia by 60% in orthopedic spine surgery.4
Motor evoked potentials (MEPs) monitor the descending motor pathways, mainly represented by the corticospinal tracts, and may thus allow more accurate prediction of motor deficits. Transcortical MEPs are very
sensitive, more so than SSEPs, in detecting ischemic injury
due to the higher metabolic demand from the numerous
synaptic junctions within the anterior horn grey matter.5 A
number of studies have evaluated the efficacy of MEP in
detecting impending neurologic dysfunction and have
found sensitivities of 100% and specificities of 97% in cases
of spinal deformity correction, especially when the threshold-level approach to determining injury detection is used.6–9
This high sensitivity can result in a number of false positives, increasing the chance of unnecessary interruptions of
the surgical procedure.10 The complexity of the operation
may also be increased with this form of monitoring because
the anesthetic needs are more specialized, often requiring
total intravenous anesthesia to maintain a stable concentration of anesthetic agent to optimize the MEP results.11
Transcranial electrical stimulation, the most common
method used to generate MEPs, results in patient movement
and therefore requires constant communication between the
surgeon, anesthesiologist and neurophysiologist. Other risks
of MEP monitoring include seizures, tongue and lip injury
(especially if the bite block is improperly placed), C3 and C4
stimulation affecting respiration, and intraoperative awareness because of the specialized anesthetic requirements.12
The criteria for detecting an impending neurologic
deficit by MEP varies by institution. There is a lack of
defined criteria for the prediction of mild deficits versus

A

complete neurologic deficits.10 The inter- and intrauser
variability regarding the interpretation of intraoperative
recordings is higher with MEP than SSEP.7
The addition of spontaneous electromyography (EMG)
provides real-time examination of the corticospinal tracts and
other descending pathways.13 Electromyography can be used
in 3 different ways: evoked, spontaneous and combined.
Spontaneous EMG is primarily used to monitor nerve root
activity, but it can also show subtle signs of cord damage.
Evoked EMG is most often used to determine if breach of
the pedicle wall has occurred by stimulating the pedicle screw
directly or by stimulating the canal made for the screw.14–19
Although there is no class I evidence,20 there is growing
consensus that multimodal intraoperative monitoring is very
helpful in spine surgery. To appropriately power a welldesigned study, high patient enrolment would be required to
prove the hypothesis that intraoperative monitoring reduces
the incidence of neurologic injury secondary to the very low
risk of injury. Combining SSEP, MEP and EMG provides
the maximum information about spinal cord and nerve root
integrity, including both the ascending and descending
tracts and the anterior and posterior spinal arteries.21 Multimodal intraoperative monitoring provides a higher specificity and sensitivity for detecting neurologic injury than any
modality used in isolation.3,10,20–28
Although intraoperative neuromonitoring is an attractive
option to maximize the safety of spinal procedures and limit
the risk of iatrogenic neurologic injury, the availability and
type of monitoring varies among centres. In Canada, this is
mostly owing to a lack of suitably trained technologists and
neurophysiologists.29 Other factors that may influence the use
of monitoring include surgeon experience, training background and resource availability. The objectives of this questionnaire study was to assess what types of intraoperative
neuromonitoring are available and to evaluate which modalities are used in different spinal procedures. We surveyed only
actively practising spine surgeons (orthopedic and neurosurgical) in Canada. This study was not intended to establish or
propose standards of care, but rather to evaluate the availability and use of spinal neuromonitoring in Canada.

METHODS
The questionnaire (Appendix 1, available online at www
.cma .ca/cjs) was sent to all members of the Canadian
Spine Society (CSS) by email. Members who did not
respond were sent a follow-up questionnaire by regular
mail. The CSS is composed of orthopedic and neurologic
surgeons who practice in Canada and devote more than
half of their practise to the treatment of spinal disorders.
Background questions included the type of residency
training (orthopedics v. neurosurgery), years in practice and
current practice type (full-time academic, part-time academic and private practice). Members were asked which
monitoring modalities they use for which indications, who
Can J Surg, Vol. 53, No. 5, October 2010
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EMG

Scoliosis or major deformity

42

36

15

Spinal cord tumours

30

19

6

Cervical or thoracic instrumentation

19

13

7

Thoracic discectomy

17

15

3

Cervical stenosis

16

13

3

Intradural extramedullary tumour

15

16

8
12

Lumbar (below L2) instrumentation

6

5

11

7

7

Metastasis with spinal cord compression

8

7

3

Lumbar stenosis

3

4

4

Lumbar discectomy

1

1

4

Cervical discectomy

EMG = electromyography; MEP = motor evoked potentials; SSEP = somatosensory
evoked potentials.
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Table 1. Indications for spinal monitoring

100

Symptomatic
SC compression

In total, 105 surveys were distributed, and 95 responses
were received (90.5%). Most replies were to the online survey (60%) rather than the mailed survey (40%). The majority of respondents were orthopedic spine surgeons (73.7%).
Most respondents (69.4%) were in either full-time (42.1%)
or part-time (27.3%) academic practice, whereas the rest
(30.6%) identified themselves as being in private practice.
There were 15 surgeons in practice for less than 5 years, 21
in practice for 5–10 years, 34 in practice for 10–20 years
and 25 in practice for more than 20 years.
Residency training (orthopedics or neurosurgery) and
years in practice did not influence the use of monitoring
(p = 0.15 and p = 0.58, respectively). Full-time or parttime academic practice significantly correlated with use
(p < 0.001). After controlling for the availability of monitoring, private-practice spine surgeons were equally likely
to use some type of spinal monitoring. The only factor
found to significantly affect the use of intraoperative monitoring was availability (p < 0.001).
Respondents were asked to indicate the types of intraoperative neuromonitoring available at their institutions:
SSEP, MEP, EMG or none. Somatosensory evoked potential was the most widely available type of spinal monitoring
(65.3%), followed by EMG (44.2%) and MEP (28.4%).
One-third of respondents did not have any type of intraoperative neuromonitoring available to them (34.7%).
Overall, 62.1% of respondents reported that they use at

Reduction of
major deformity

RESULTS

least some form of electrophysiologic monitoring during
some spinal procedures, whereas 37.9% reported that they
never use intraoperative neuromonitoring.
According to the respondents, most monitoring is performed and interpreted by electrophysiologists (78.0%),
followed by surgeons (16.9%), neurologists (11.9%) and
anesthesiologists (6.9%).
When asked “What is the main reason you use spine
monitoring?” the overwhelmingly response was “to reduce
the operative risk” (83.1%). Other responses included “liability risks” (11.9%) and “everyone else is using it” (5.0%).
None of the respondents indicated that monitoring was
used because of hospital policy.
Those who reported using spinal monitoring were asked
to indicate the modality they use in different cases. The
results are shown Table 1. Intraoperative neuromonitoring
was most often selected for scoliosis and deformity correction, intradural tumours, instrumentation in the cervical and
thoracic spine, cervical stenosis and thoracic discectomy.
Monitoring was rarely performed for lumbar decompression.
All respondents were asked, “Do you think intraoperative spinal cord and nerve root monitoring should be a
standard of care in Canada?” Only 4.2% believed that
monitoring should be a standard of care for all cases,
whereas 20% responded “not at all.” Most (75.8%) chose
“yes, for selected cases.” These respondents were asked to
indicate the categories of cases they felt monitoring should
be used (Fig. 1). The most common responses were for
“reduction of a major deformity or scoliosis” (89.9%) and
“spinal cord tumours” (59.7%). Seventy-two percent of
orthopedic surgeons and 76% of neurosurgeons felt that
deformity and scoliosis reduction was an indication for
monitoring, whereas only 40% of orthopedic surgeons and
72% of neurosurgeons felt that spinal cord tumours would
be appropriate cases to standardize the use of monitoring.
Proportion of positive responses, %

performs it and why they use monitoring (e.g., liability risks,
hospital policy, reduce operative risk for the patient). A final
question was whether or not respondents believed monitoring should be a standard of care for various types of cases.
We compiled the data in Excel, and analyses (χ2 tests
and multivariate analysis) were carried out using SPSS for
Windows (SPSS 13.0, SPSS Inc.).

Indications for neuromonitoring
Fig. 1. Case selection for neuromonitoring. SC = spinal cord.
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The respondents’ opinions regarding “standard of care”
were not related to residency training background
(p ≤ 0.93), type of practice (p ≤ 0.37), number of years in
practice (p ≤ 0.84), availability (p ≤ 0.46) or use of intraoperative neuromonitoring (p ≤ 0.92).

DISCUSSION
Currently, there are no well-established North American
practice guidelines about the use of intraoperative spinal
cord and nerve root monitoring. The purpose of this study
was to evaluate the availability and use of various modalities of neuromonitoring for spinal procedures in Canada.
Availability varies widely across Canada, with 62.6% of
respondents indicating that some form of intraoperative
spinal monitoring was available at their institutions. The
most widely available neuromonitoring modality was SSEP
(65.3%). In a survey of 139 spine surgeons mostly from the
United States, Magit and colleagues30 also reported that
SSEP was the most commonly used neuromonitoring
modality, which was available to 95% of respondents.
Spontaneous and evoked EMG was available to 67%
and 61% of respondents, respectively, in the American survey;30 however, only 44.2% of Canadian spine surgeons
reported that intraoperative EMG was available at their
institutions. Transcranial and spinal MEP was available to
41% and 58% of respondents in the American survey and
only 28.4% in the Canadian survey.
These differences may be because of the critical shortage
of clinical neurophysiologists and suitably trained technologists in Canada.29 At the senior author’s centre, a neurophysiology staff member is often not available for spine cases, and
a simplified surgeon-driven monitor (NIM-Spine, Medtronic
Inc.) is used to obtain spontaneous and evoked EMGs and
transcranial MEPs. Of the respondents to our surgvey,
16.9% reported that the surgeon was responsible for carrying
out the intraoperative neuromonitoring at their centre.
We found that the availability of monitoring was the
only independent predictor of its use. Other factors such as
practice setting (private or academic), training background
(orthopedics or neurosurgery) and years in practice did not
influence the use of monitoring. Magit and colleagues30 also
found no significant differences between the use of intraoperative neuromonitoring and varying years of experience
or orthopedic versus neurosurgical training. However,
fellowship-trained surgeons were significantly more likely to
use monitoring (93%) than non–fellowship trained surgeons
(63%). Interestingly, the availability of spinal monitoring
was also associated with surgeon self-reported satisfaction.30
One of the unique features of our survey was that we
asked spinal surgeons who use monitoring to describe the
main reason why they use it. Overwhelmingly, the response
was to reduce the operative risk for the patient (83.1%). Liability risks were less of a concern (11.9%).
We anticipated that some respondents would not have

monitoring available at their institution, and therefore we
only asked users of monitoring which modalities they used
for different surgical indications. Previous questionnaires30
have been designed to assess surgeon preference for different procedures regardless of their institutional availability,
but this introduces significant bias because preference may
be largely based on what type of monitoring is available. We
found that intraoperative neuromonitoring was most often
selected for scoliosis and deformity correction, intradural
tumours, instrumentation in the cervical and thoracic spine,
cervical stenosis and thoracic discectomy. Spinal monitoring
was rarely performed for lumbar decompression (Table 1).
We wanted to know, independent of availability,
whether respondents believed that spine monitoring
should be a “standard of care” in Canada. This is a loaded
term that is often discussed but poorly defined. There may
be several reasons why intraoperative neuromonitoring is
chosen by the surgeon. This ranges from availability, to
preference, to past experiences, to the interpretation of
data regarding its usefulness. We purposefully did not
define the concept of standard of care for the purposes of
this survey. Thus, the results cannot be used to establish a
standard of care for spinal monitoring in Canada. At best,
they reflect what the spine surgeon community believes
would be ideal to maximize the safety of surgical procedures, if the resources were made available to them.
Most respondents indicated that intraoperative monitoring should be a standard of care for scoliosis or deformity cases and intramedullary spinal cord tumours. A literature review on these topics reveals a large volume of case
series and cohort studies, many of which support the use of
both unimodal and multimodal monitoring for both
pathologies to help reduce the development of new-onset
neurologic deficits.7–9,24,27,31–33 However, there remains no
class I evidence to strongly support the use of monitoring.
Also, inconsistencies in the injury-detection criteria among
various modalities and institutions make it difficult to apply
the data obtained from these studies in practice.
There were some limitations to our survey, particularly
with regards to selection bias, with all the responses coming from the CSS. The possibility of selection bias raises
the question of whether the results are applicable to the
Canadian spine community in general. According to the
CSS, almost all orthopedic spine surgeons in Canada are
CSS members. However, just over 10% of Canadian neurosurgeons are CSS members. The validity of the use of
intraoperative neuromonitoring for intradural tumours can
also be questioned because the replies may reflect the fact
that the CSS has fewer neurosurgeons relative to orthopedic surgeons, and it is neurosurgeons who perform most
of these cases. When the question was broken down to
compare the responses from orthopedic surgeons and neurosurgeons, a large discrepancy was found. More neurosurgeons than orthopedic surgeons felt that intraoperative
neuromonitoring should be a standard of care for spinal
Can J Surg, Vol. 53, No. 5, October 2010
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cord tumour cases, which likely reflects the practice pattern in Canada.

CONCLUSION
In Canada, SSEP is the most commonly available form of
intraoperative neuromonitoring, although it was available
to only about two-thirds of respondents to our survey.
Canadian spine surgeons overwhelmingly use intraoperative neuromonitoring to reduce the risk of adverse operative events, rather than for liability concerns. There were
no significant differences in the use of spinal monitoring
between orthopedic spine surgeons and neurosurgeons,
and duration of practice also had no effect. Most respondents indicated that spine monitoring should be used for
the reduction of major deformity and scoliosis, although a
standard of care was not defined.
Competing interests: None declared. Although CSS members were
included in this survey, the results do not represent a consensus statement of the Society.
Contributors: Drs. Peeling, Hentschel, Fox and Fourney designed
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