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The influence of anaesthesia on intraoperative

neuromonitoring changes in high-risk spinal surgery

Nathan P Royan, Nancy Lu, Pirjo Manninen, Lakshmikumar Venkatraghavan

Abstract

Background: The use of intraoperative neuromonitoring is a well-established method of detecting neurologic injuries
during spine surgery.Anaesthesia, especially inhalational agents, influence motor evoked potential (MEP) monitoring.The
aim of our study was to compare the effect of balanced anaesthesia (BA) (intravenous plus inhalational anaesthesia)
and total intravenous anaesthesia (TIVA) on the incidence of intraoperative neuromonitoring changes, interventions
performed and neurological outcomes of patients following high-risk spinal surgery. Methods: After Research and Ethics
Board approval, a retrospective review of |55 patients who underwent spinal surgery with MEP was performed. Data
were collected on changes in MEP and/or somatosensory evoked potential, interventions performed and neurological
outcomes. Patients were divided into BA and TIVA groups and data were analysed. Results: A total of |52 patients
were eligible for the study (mean age 54 + 17, male: female 45:55). A BA technique was used in 62% and TIVA in 38%.
Desflurane (<0.5 minimum alveolar concentration [MAC]) was used in 85% BA cases. Intraoperative neuromonitoring
changes occurred in | 1.8% (18/152) of cases.There was no statistical difference in the incidence of monitoring changes
between BA (78%) and TIVA (22%) groups (P = 0.197). Anaesthetic or surgical interventions were performed in
|2 patients, with a resolution of changes in 50% (P = 0.455).All 5 patients with persistent MEP changes had worsening
of existing neurological deficits postoperatively; 8 had transient MEP changes, and 2 experienced worsening of existing
neurological deficits. Conclusions:We found that intraoperative neurophysiological monitoring can be performed with
both BA (MAC <0.5) and TIVA in high-risk spinal surgery with no statistical difference in the incidence of intraoperative
monitoring changes.
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INTRODUCTION

Intraoperative neurophysiological monitoring is a
well-established, safe and sensitive tool for detecting
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intraoperative injuries during spine surgery.*! Motor
and somatosensory evoked potentials (SSEP) are
monitored throughout the procedure, and any significant
change from baseline is noted as this may indicate a
compromise of the monitored pathway.

Anaesthesia, especially inhalational agents*® and
muscle relaxants,!®! are confounders for motor
evoked potential (MEP) monitoring as they have
deleterious effects on the amplitude of the waveform
signal.”! Total intravenous anaesthesia (TIVA) with no
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intraoperative muscle relaxants following intubation
has been suggested as the preferred anaesthetic
technique for these surgeries.!! However, there has
been a growing body of evidence on the ability to
perform intraoperative MEP monitoring with the use
of either inhalational anaesthesia alone!” or balanced
anaesthesia (BA) (intravenous [IV] anaesthesia
and inhalational anaesthesia).l’”! The potential
benefits include decreased patient movement,
increased haemodynamic stability and faster wake-up
times."! The possible difficulties with the addition
of inhalational agents may be the decrease in the
amplitude of the MEP waveform making monitoring
less accurate and an increased likelihood of false
positive results.l?l There is limited information
on whether a balanced technique of anaesthesia
leads to increased intraoperative neuromonitoring
changes. There is also a paucity of information on the
intraoperative anaesthetic and surgical interventions
performed on notification of an intraoperative
neuromonitoring change. The purpose of this study
was to compare the effect of BA (IV combined with
inhalational anaesthesia) versus TIVA on the incidence
of intraoperative MEP and/or SSEP changes during
high-risk spinal surgery, the surgical and anaesthetic
interventions performed in response to change, and
the neurological outcome of patients.

METHODS
Study design

Approval was obtained from the Research and Ethics
Board of our institution for the retrospective review
of medical records. No patient consent was deemed
necessary. We conducted a retrospective study of
155 patients between November 2011 and March
2014 who underwent spinal surgery at our institution
requiring MEP monitoring as determined by the
operating surgeon.

Data source collection

The electronic patient medical records were reviewed for
all the identified patients. The data collected included
patient demographics, pre-operative neurological
function, anaesthesia information (type, haemodynamics,
physiological variables and all interventions), surgical
data (procedure, blood loss, complications) and details
of neuromonitoring (monitoring techniques and events,
all changes) post-operative neurological outcomes and
any complications.

Methods

Perioperative anaesthesia care

All patients had general anaesthesia with full standard
monitoring (electrocardiogram, non-invasive blood
pressure, oxygen saturation, end-tidal carbon dioxide

and volatile concentration). Invasive arterial and/or
central venous pressure monitoring was sited at the
discretion of the anaesthesiologist.

Induction of general anaesthesia was with fentanyl
2-3 mcg/kg, propofol 2-3 mg/kg and rocuronium
0.6 mg/kg for intubation of the trachea with an
intubation technique selected by the anaesthesiologist.
Inhalational agents were used until the patients
were placed in the operative position selected by
the surgeons. The anaesthetic was then changed to
TIVA (propofol 75-160 mcg/kg/min and remifentanil
0.03-0.15 mcg/kg/min) infusions) with the optional
addition of a background inhalational anaesthetic,
either sevoflurane or desflurane (minimum alveolar
concentration [MAC] <0.5). Anaesthetic regimen was
titrated to Entropy (GE Healthcare, Finland) reading of
40-60. No further muscle relaxation was administered
unless requested by the surgeon during surgical
exposure. The patients were classified into two groups,
BA or TIVA, based on the anaesthetic management of the
patient during the major part of the surgical procedure
where MEP and SSEP monitoring was performed.

During maintenance anaesthesia, the primary aim
was for physiological stability with the maintenance
of mean arterial pressure (MAP) >80 mmHg,
temperature >35°C, oxygen saturation >95%, end tidal
carbon dioxide <35 mmHg and haemoglobin >90 g/dl.
Patients received additional analgesia with boluses of
fentanyl 25-50 mcg and hydromorphone 0.2-0.4 mg
depending on the surgical procedure. During the
closure of the surgical wound neuromonitoring of
MEP was stopped at the discretion of the surgeon and
neurophysiologist. At this time, TIVA was discontinued
and patients were changed to an inhalational anaesthetic
technique. Antiemetics (ondansetron 4-8 mg IV) were
given, and if required, neuromuscular blockade
reversed with neostigmine 2.5 mg and glycopyrrolate
0.4 mg.

In the absence of any surgical complications or other
contraindications, patients were woken in the operating
room with extubation of their trachea once they were
fully awake and stable. Patients were transferred to the
post-anaesthetic care unit once extubated or directly to
the intensive care unit if they remained intubated.

Neuromonitoring

All intraoperative neuromonitoring was performed
according to institutional guidelines by trained
neurophysiologists. Baseline MEP and SSEP were
obtained after positioning of the patient. For MEP,
multi-pulse transcranial electric stimulation was
achieved using either of two intraoperative machines,
the Cadwell Cascade TCS-1 (Cadwell, Kennewick,
Washington, USA) or the Natus Xltek Protektor 32 (Natus
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Medical Incorporated, Pleasanton, California, USA).
Each machine delivered a constant voltage to evoke a
compound muscle action potential (CMAP). A train
of 5 pulses, applied for 0.05-ms duration each, was
delivered at an interstimulus interval of 2 ms (500 Hz).
Stimulating electrodes were inserted along the motor
cortex at C3 and C4 (10-20 international system). The
ground electrode was located at the sternum. Stimulation
for the upper limbs started at 250 V and for lower limbs
at 300 V. Stimulation was then gradually increased until
a reproducible MEP was elicited and then fixed as the
baseline. The maximum output was limited to 500 V.
The MEP recordings were obtained with stainless steel
hollow bore subdermal 12-mm electrodes inserted into
various muscle groups. In the upper limb, CMAP was
recorded from the deltoids, biceps, triceps and first
dorsal interosseous muscles. In the lower limb, CMAP
was recorded from the quadriceps, tibialis anterior,
gastrocnemius and abductor hallucis. Baseline MEPs
were obtained either before skin incision or once
neuromuscular blockade given during intubation had
sufficiently resolved.

The SSEPs were elicited from all four limbs. Subdermal
electrodes were used, and in the upper limb, the ulnar
nerve was stimulated at 20 mA and in the lower limb,
the posterior tibial nerve was stimulated at 30 mA.
Pulse duration was 0.25 ms with a frequency of 2.79 Hz.
Recording electrodes were inserted along the sensory
cortex at C3 and C4 (10-20 international system).
Peripheral, subcortical and cortical responses were
recorded throughout the surgical procedure.

According to institutional guidelines, the criteria for
a significant MEP or SSEP change were a decrease
in amplitude of the CMAP by 50%. Changes were
classed as transient if amplitudes improved to >50% of
baseline after an intervention or spontaneously during
the procedure. They were considered to be persistent
when there was an absence of improvement to >50%
of baseline.

All intraoperative interventions in response to a change
in MEP and/or SSEP were divided into anaesthetic
and surgical interventions. Anaesthetic interventions
included induced hypertension (a further increase
in MAP to >80 mmHg), reduction or cessation of the
inhalational agent, and blood transfusion and the
surgical interventions included hardware change,
administration of methylprednisolone and a wake-up
test. Multiple anaesthetic and surgical interventions may
have been performed for each case, and all concurrent
interventions were classed as successful in the event of
a reversal of the monitoring change. Patients with an
intraoperative monitoring change were assessed for new
or worsening neurological deficits compared to their
pre-operative neurological function.

Data analysis

Data were analysed to determine the incidence of
intraoperative changes in neuromonitoring and the
differences between the BA and TIVA groups. In addition,
the success of the anaesthetic and surgical interventions
performed in response to change was analysed. Statistical
analysis was performed between the two groups, BA
versus TIVA, using descriptive statistics to characterise
baseline clinical characteristics, anaesthesia data, pre- and
post-operative neurological function. Continuous data
were presented as mean and standard deviation (SD)
or median with range. Chi-square, Fisher exact test
and odds ratio (OR) were used to compare categorical
non-parametric data as appropriate. Student’s {-tests
were utilised for parametric data. A P < (.05 was deemed
statistically significant for all data.

RESULTS

During the study, 155 patients underwent major
spinal surgery with MEP and SSEP monitoring. Of
the 155 patients, 3 patients were excluded from this
study (n = 1 lower limb MEP absent at baseline, n = 2
absent lower limb SSEP at baseline). The remaining
152 patients were eligible for the study. The mean (SD)
age of patients was 53.8 (17.23) with 45% (69) of patients
in the study male.

Patient characteristics and anaesthesia

The demographics, pre-operative neurological status
and surgical indications are shown in Table 1. There
was no difference between the two groups except for a
higher incidence of pre-operative sensory neurological
deficits in the TIVA group. Overall, 62% (n = 94) of the
patients had a BA technique and 38% (1 = 58) had TIVA.
The intraoperative conditions during monitoring are
shown in Table 2. In the BA group, desflurane was the
volatile agent used in 85% (80/94) of cases with a MAC
value of <0.3 in 38%, MAC 0.3-0.5 in 60% and 2% with
MAC >0.5. Sevoflurane was administered in 14 patients,
a MAC <0.3 in 5, MAC 0.3-0.5 in 8 and MAC >0.5in 1.
In the TIVA group, 93% of patients received propofol
and remifentanil infusions, and the remaining 4 patients’
propofol infusion with intermittent fentanyl boluses.

Incidence of monitoring changes

The incidences of monitoring changes are shown in
Figure 1. A significant change in either MEP and/or
SSEP monitoring was recorded in 11.8% (18/152) of the
cases. Among the patients with a monitoring change,
78% (14/18) received BA, and the remaining 22%
received TIVA (P =0.197) (OR = 2.36). In addition, there
were no differences in the intraoperative physiological
conditions under anaesthesia between the two groups
except for lower entropy values and end tidal CO,
concentration in the TIVA group [Table 2]. Eight patients
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Table 1: Patient characteristics

All patients (n=152) Group p
BA (1=94) TIVA (n=58)
Age* - 53.8417.23 52.9+£17.88 55.3£16.18 0.251
Gender, 1 (%)
Male:female 44 (47):50 (53) 25 (42):33 (57) 0.656
Total 69 (45):83 (55)
ASA (%)
-1 18 (19) 11 (19) 0.978
HI-IV 76 (81) 47 (81) 0.978
Pre-operative neurological status (%)
Sensory deficit 47 (50) 39 (67) 0.037
Motor deficit 33 (35) 24 (41) 0.438
Nil deficits 30 (32) 14 (24) 0.304
Other (gait/balance issues, bowel/bladder/cranial nerve dysfunction) 23 (24) 13 (22) 0.846
Surgical indication (%)
Intradural 21 (22) 15 (26) 0.620
Degenerative (myelopathy) 17 (18) 16 (27) 0.168
Deformity (scoliosis) 22 (24) 11 (19) 0.519
Vertebral tumour/metastases 8(9) 4(7) 0.720
Fracture 8 (9) 4 (7) 0.720
Other 18 (19) 8 (13) 0.507

*All other values n (%) except for age (mean and SD). BA=Balanced anaesthesia, TIVA=Total intravenous anaesthesia alone group, ASA=American Society of

Anesthesiology, SD=Standard deviation

Table 2: Intraoperative conditions (patients with a monitoring change) (#=18)

Intraoperative data BA (n=14) TIVA (n=4) P
Propofol infusion rate (mcg/kg/min) 106+22.97 135+17.32 0.017
MAC 0.32+0.13 - 0.107
Desflurane (n=11)
Sevoflurane (1=3)
Entropy 45.11£7.23 36+4.69 0.022
MAP 78+13.85 76.25+7 .41 0.407
Sa0,% 99.14+0.66 99.25+£0.9 0.399
ETCO, 33.5+2.07 31+0.82 0.017
Temperature 35.54+0.73 35.58+0.57 0.468
Lowest recorded Hb 112.21+20.23 107.75+18.08 0.348

Intraoperative blood loss

1157.14 (200-3700)

1337.50 (450-3300) 0.085

All values are mean and SD except mean and range for intraoperative blood loss. MAC=Minimum alveolar concentration, BA=Balanced anaesthesia, TIVA=Total
intravenous anaesthesia alone group, ETCO,=End tidal carbon dioxide, SD=Standard deviation, MAP=Mean arterial pressure, Hb=Haemoglobin

had only MEP changes, 5 patients had only SSEP changes
and 5 patients had changes in both MEP and SSEP. There
was no statistical difference between the two groups with
respect to MEP and SSEP changes.

Intervention with monitoring change and
outcome

Out of 18 patients who had intraoperative monitoring
change, 12 (66%) patients (BA 10, TIVA 2) (P = 0.569)

had anaesthesia and/or surgical interventions. The
interventions used are shown in Table 3. Overall, 6 of
the 12 patients (BA 4, TIVA 2) (P = 0.455) that received
an intervention had a recovery of their monitoring
changes. However, in 6 patients, the monitoring
changes remained persistent despite the interventions.
No intervention was documented in 6 patients, 3 of
these changes were transient, and 3 were persistent.
Induced hypertension (MAP >80) was attempted in
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Patients undergoing intraoperative
neuromonitoring (n = 152)

TIVA (n = 58)

v v
Patients with intraoperative monitoring changes (n = 18)
SSEP change MEP change MEP + SSEP SSEP change MEP change MEP + SSEP
only (n =4) only (n =5) change (n = 5) only (n=1) only (n = 3) change (n = 0)
Anaesthetic and Surgical Interventions
3P, 1T 1P, 4T 4P, 1T 1P 3T
New or worsening of neurological deficit
n =2 (sd) n=1 n=4 n=1(sd) n=2

Figure 1: Flowchart for monitoring changes. BA= Balanced Anaesthesia, TIVA= Total Intravenous Anaesthesia, MEP= Motor evoked potentials,
SSEP= Somatosensory evoked potentials, P= persistent monitoring change, T= transient monitoring change, sd= sensory deficit only

Table 3: Monitoring changes, interventions and outcomes

Patient  Anaesthesia Pre-operative MEP SSEP Interventions  New or worsening
group neurological deficit change change neurological deficit

1 BA Yes Persistent  Persistent  BP, IA, BT Yes

2 BA Yes Persistent Persistent BP, HW, MP Yes

3 BA Yes Persistent  Persistent = BT Yes

4 BA Yes Persistent - BP, IA Yes

5 BA Yes Transient Transient - No

6 BA Yes Persistent ~ Persistent  BP, IA Yes

7 BA No Transient - BT No

8 BA Yes Transient - BP No

9 BA Yes Transient - IA No

10 TIVA Yes Transient - - Yes

11 BA No Transient - BP, TA No

12 TIVA Yes Transient - HW No

13 TIVA Yes Transient - BT, HW, WU Yes

14 BA Yes - Persistent  BP No

15 BA No - Persistent - Yes (SD)

16 TIVA No - Persistent - Yes (SD)

17 BA Yes - Transient - No

18 BA Yes - Persistent - Yes (SD)

MEPs=Motor evoked potentials, SSEP=Somatosensory evoked potentials, BA=Balanced anaesthesia, TIVA=Total intravenous anaesthesia, BP=Increase
in blood pressure, IA=Decrease in inhalation al anaesthesia, BT=Blood transfusion, HW=Change in hardware, MP=Methylprednisolone, WU=Wake-up test,
SD=Standard deviation
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7 cases and in 3 cases there was a subsequent resolution
of the monitoring change. The dose of inhalational
anaesthesia was reduced or ceased in 5 cases and in
2 cases monitoring changes resolved. Blood transfusion
was performed in 3 cases and resulted in the resolution
of the MEP change in 1 case.

Surgical intervention was attempted in 3 of the 18 cases
where monitoring changes occurred. In one patient
this involved a hardware change and administration
of methylprednisolone and was unsuccessful in
resolving the change. In the two other patients, a
hardware change was implemented, and recovery
of MEP changes followed. In one of these patients,
additional interventions namely blood transfusion and
intraoperative wake-up test were also performed, and
there was the resolution of the monitoring change.

Neurological status and outcome
Preoperatively, 71% (n = 108) of the patients
presented with a neurological deficit and incidence
was similar between the groups [Table 1]. MEP changes
were recorded in 13 patients. All of the 5 patients
who had persistent MEP changes had pre-operative
neurological deficits that worsened postoperatively.
This was in comparison to the 8 patients that had
transient MEP changes where only 2 patients had
a new or worsening post-operative neurological
deficit (P = 0.021). Notably, all patients that awoke
from surgery with a new or worsening neurological
deficit following an intraoperative monitoring
change had a pre-existing neurological deficit
preoperatively [Table 3].

Isolated SSEP changes were recorded in 5 patients.
These changes were persistent in 4 cases and transient
in the remaining case. Pre-operative neurological
deficits were present in 3 of these patients. In these
patients, there were no new post-operative motor
deficits, but 3 of these patients had new post-operative
sensory deficits. There was no statistical relationship
between SSEP changes and neurological outcome.

DISCUSSION

In our study, we found that intraoperative
neurophysiological monitoring can be performed with
both BA and TIVA. We found no significant difference
in the incidence of intraoperative changes or the
interventions performed in the event of neuromonitoring
changes between the BA and TIVA groups. In total, a
significant change in MEP and/or SSEP was recorded
during 11.8% of all procedures, with BA being used in
78% of these cases. Interventions were performed in
66% (12) of the patients who had a monitoring change,
and the intervention was successful in the recovery of
the MEP change in 6 patients. Induced hypertension and

decreasing the concentration of the inhalational agents
were the most common anaesthesia interventions, and
a hardware change was the most common surgical
intervention.

The effect of anaesthetic agents on MEP monitoring
is well documented with the reduction of the MEP
waveform in a dose-dependent manner,*! which may
increase the difficulty in recording changes related to
nerve or spinal cord injury. To decrease the anaesthetic
depression of MEP, TIVA has often been recommended
as the effects of propofol may be less than inhalation
agents. The use of inhalational anaesthesia for MEP
monitoring has been documented to be successful with
lower concentrations (MAC <0.5).% A recent study
compared the use of desflurane/remifentanil and
propofol/remifentanil in patients with no pre-operative
neurological deficits and found that monitoring of MEP
was possible in all patients but in patients who had small
amplitude baseline waveforms desflurane produced a
greater reduction in amplitude.”!

In previous studies in patients undergoing scoliosis
surgery, the incidence of a significant intraoperative
monitoring change has been reported to occur from 3.6%
to 8.7%.13151 We recognised an increased incidence of
11.8% for intraoperative neuromonitoring changes. In
this study, we assessed patients undergoing high-risk
spinal surgery, where 71% of patients had pre-operative
neurological deficits. Of the patients who had a change in
monitoring, 78% (14/18) had pre-operative neurological
deficits. The presence of pre-operative neurological
deficits may impair the ability to effectively monitor
as baseline MEP and SSEP may be affected with poor
amplitude of the waveform.!" Notably, in previous
studies performed patients often have no pre-operative
deficits or information on pre-operative neurological
status is limited.

We observed that more patients receiving BA experienced
an MEP change more frequently but this did not achieve
statistical significance as the number of patients was
small. Moreover, we also postulate that the groups were
unmatched due to a possible anaesthetist bias towards
TIVA in patients with pre-operative sensory and motor
deficits. The incidence of fewer MEP changes in the
TIVA group that had significantly poorer pre-operative
neurological function also raises the question of the
contribution of BA to intraoperative MEP changes.

The anaesthetic interventions performed had limited
success in our study compared to other studies. In the
study by Samdani et al. 36 patients (5.3%) had an MEP
change, and there was a total of 47 different interventions
performed. The most commonly used (in 61 % of patients)
was the elevation of the MAP to at least 80 mmHg. The
interventions included were similar to our study and
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included a wake-up test and surgical correction. They
found that the interventions were successful in 94% of
patients (34/36) as compared to a success rate of 50%
in our study. The Samdani study was performed in
patients undergoing scoliosis surgery and there was no
documentation of pre-operative neurological function.
A pre-operative neurological deficit may predispose to
increased risk of post-operative injury or may simply
make an accurate assessment of neurological function
postoperatively more challenging. The former was
demonstrated in our study by the fact that all patients
that awoke from surgery with new or worsening
neurological deficits had a pre-operative neurological
deficit.? While anaesthesia interventions were not
exceedingly successful in these high-risk patients, the
utility of post-operative blood pressure management
following monitoring changes must not be questioned
due to the magnitude of the risk of spinal cord ischaemia
to patients.["718!

The assessment of the incidence of immediate
post-operative neurological deficits was defined as a
new deficit or worsening of pre-operative neurological
deficits. The question of true and false positive and
negative findings with MEP/SSEP monitoring can
difficult to define, and due to small sample size of our
study group, the role of the technique of anaesthesia
was difficult to interpret.'? False positives results
may arise from many sources including anaesthesia
effects especially anaesthetic fade or even technical
problems.[y When MEP changes are transient but result
in post-operative neurological deficits it is considered
that these were reversible signal changes (RSCs) in
the monitoring that occurred in the setting of actual
intraoperative injury.”! We propose that some RSCs
predict impending new deficits and that recovery after
a surgical or anaesthetic intervention increases the
likelihood of unaltered neurologic status.

Study limitations

The most important limitation in this study is the
retrospective study design, and as a result, we were
limited to the data recorded in the patient chart and
the data captured by the neurophysiology team at the
time of the operation. Second, there might be a selection
bias by anaesthetists in their choice of anaesthesia
in patients with poorer pre-operative neurological
function. TIVA was usually preferred in these patients.
Third, the implementation of multiple interventions
concurrently in the setting of a monitoring change
made an analysis of the outcome of anaesthetic and
surgical interventions challenging. Fourth, the analysis
of the neurological function of patients pre- and
post-operatively was impaired by the documentation
undertaken by the treating team and also the inter-rater
variability of the motor grading scale utilised.”” A

more thorough composite motor grading would have
allowed the availability of more information with
likely better accuracy. Finally, the small sample size
relative to the prevalence of intraoperative changes
limits the power of the study. Hence, finding a
statistically significant result when comparing BA and
TIVA for their incidence of monitoring changes was
unachievable. There is scope for a larger randomised
controlled trial comparing BA and TIVA alone
to establish whether the addition of inhalational
anaesthesia in the anaesthetic regimen does lead to
increased intraoperative monitoring changes.

CONCLUSION

We found that intraoperative neurophysiological
monitoring can be performed with both BA (MAC <0.5)
and TIVA in high-risk spinal surgery with no statistical
difference in the incidence of intraoperative monitoring
changes. The effect of anaesthetic agents on MEP is
dose-dependent. The role of the anaesthesiologist is
to be aware of monitoring changes and institute the
appropriate changes in anaesthesia and treatment to
ensure the best neurological outcome.
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