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Abstract

Background: Despite advances in neuroendovascular techniques, several
complications can occur by brain surgery. Among them, the most frightful
complication is the postoperative motor deficit. Motor evoked potential (MEP) as a
kind of intraoperative neurophysiologic monitoring (IONM) is a safe monitoring
method for detecting the motor deficit, but this could inadvertently cause harms. It
can cause excitotoxicity, electrochemical injury, thermal injury, bite
injuries, seizures, invasive electrode complications, unpredictable and unacceptable
movement-induced injury, and arrhythmia. The unpredictable and unacceptable can
cause injuries in site of rigid pin fixation of the head, cervical spine injuries,
excessive surgical field movement, and deterioration of surgical outcome. However,
risk factors associated with unpredictable and unacceptable movement remain
unclear. The aim of this retrospective study was to evaluate risk factors associated
with unpredictable and unacceptable movement in the patients who underwent
brain surgery with MEP monitoring under general anesthesia while using partial

neuromuscular blocker (NMB).

Methods: We recorded demographic data including age, sex, height, weight, body
mass index, diagnosed disease, performed surgical procedure, duration of
anesthesia, duration of surgery, underlying disease (e.g. hypertension, diabetes,
neurologic disease, respiratory disease), preoperative anticonvulsant infusion.
Laboratory data immediately after induction of anesthesia was also collected
including arterial blood gas analysis, hematocrit, hemoglobin, sodium, potassium,
glucose, ionized calcium, ionized magnesium, and lactate. We retrospectively

compare the data of patients with and without unpredictable and unacceptable


https://www.sciencedirect.com/topics/medicine-and-dentistry/epileptic-seizure
https://www.sciencedirect.com/topics/medicine-and-dentistry/cardiac-dysrhythmia

movement during surgery.

Results: The study was enrolled and analysis 768 patients, an unpredictable and
unacceptable movement was observed 278 patients (36.2%). The incidence of
unpredictable and unacceptable movement was significantly higher in patients in
normocalcemia group than in those in hypocalcemia group (P < 0.001). lonized
calcium (odds ratio [OR] 368.519, 95% confidence interval [CI] 25.391, 5348.585)
was independent risk factors for an unpredictable and unacceptable movement. Age
(odds ratio [OR] 0.987, 95% confidence interval [CI] 0.965, 0.992), height (odds
ratio [OR] 1.059, 95% confidence interval [CI] 1.033, 1.085), weight (odds ratio
[OR] 0.969, 95% confidence interval [CI] 0.952, 0.987), and neurologic disease
(odds ratio [OR] 0.205, 95% confidence interval [CI] 0.049, 0.911) were other

independent risk factors for an unpredictable and unacceptable movement.

Conclusion: Serum ionized calcium concentration was the risk factors associated
with unpredictable and unacceptable movement in the patients who underwent
brain surgery with MEP monitoring under general anesthesia while using partial

NMB.

Keywords: Motor evoked potential, Unpredicted movement, Brain surgery,
lonized calcium.
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INTRODUCTION

Despite advances in neuroendovascular techniques, several complications can
occur by brain surgery. Among them, the most frightful complication is the
postoperative motor deficit within or adjacent to the motor areas and pathways
caused by ischemia, embolization, and cell injury during surgery. If a motor
impairment occurs, postoperative recovery is delayed, the quality of life of the
patient is deteriorated, and personal, and social economic losses are also increased.
Therefore, for neurosurgeons and anesthesiologists, it is a major concern to
describe and monitor surgical lesion for maintaining structural and functional
integrity as well as achieving maximal cytoreduction in lesion, and modifying the
management of patients on the process of surgery. For example, microvascular
Doppler sonography, indocyanine green angiography, intraoperative digital
subtraction angiography, and intraoperative neurophysiologic monitoring (IONM)

are used for this purpose [1].

Motor evoked potential (MEP) as a kind of IONM is a relatively recent
introduction and its use and the awareness of the necessity are increased as a
valuable monitoring method to improve the outcome. It is known that MEP has
higher diagnostic accuracy than SSEP and about 90% accurate in predicting
postoperative motor deficit [2, 3]. MEP is a safe monitoring method for clinical
practice if it is performed by a specialist with proper care [4, 5], but this could

inadvertently cause harms. Safety issues correlate with MEP are excitotoxicity,
1
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electrochemical injury, thermal injury, bite injuries, seizures, invasive electrode
complications, unpredictable and unacceptable movement-induced injury,

and arrhythmia [6].

The incidence of unpredictable and unacceptable movement is relative low [7].
However, the results are so horrendous that they can cause injuries in site of rigid
pin fixation of the head, cervical spine injuries, excessive surgical field movement,
and deterioration of surgical outcome. Thus, there are many institutes that use
partial neuromuscular blocker (NMB) because full omission of the NMB may
cause a risk of unexpected patient movement. However, risk factors associated with
unpredictable and unacceptable movement remain unclear. If risk factors are
known in advance, the safety of the patient can be achieved and the outcome of the
surgery can be improved. Towards this purpose, the aim of this retrospective study
was to evaluate risk factors associated with unpredictable and unacceptable
movement in the patients who underwent brain surgery with MEP monitoring

under general anesthesia while using partial NMB.
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METHODS

Study design and inclusion criteria

This study was approved by the Institutional Review Board at Seoul National
University Bundang Hospital (Seongnam-si, South Korea, approval on January 1,
2018, B-1801-444-102). We retrospectively analyzed collected data for
consecutive patients of American Society of Anesthesiologists (ASA) physical
status classes I-1l, aged 19-74 years who underwent brain surgery with MEP
monitoring under general anesthesia while using partial NMB in Seoul National
University Bundang Hospital from January 2014 to August 2017. ‘Unpredictable
and unacceptable movement” was defined as a condition in which the patient’s
spontaneous movement or breathing is observed or as the case where the smooth
progress of the operation was difficult to proceed the operation smoothly due to the

movement of the microscopic field.

Anesthesia and MEP monitoring

The surgical and anesthetic procedures were consistent according to our
institutional protocol. As a premedication, all patients were received with
intravenous midazolam at 0.03 mg/kg at reception area. On arrival at the operating
room, standard monitoring with pulse oximetry, non-invasive blood pressure, and
electrocardiography was applied. The bispectral index (A-2000 BISTM monitor:

Aspect Medical Systems, Inc., Natick, MA, USA) was also monitored. Anesthesia
3



was induced with propofol (effect-site concentration: 4-6 mg/ml) or etomidate 0.2
mg/kg, continuous infusion of remifentanil (target effect-site concentration
controlled infusion 3 ng/ml; Orchestra infusion pumps: Fresenius Vial, Brezins,
France), and rocuronium (0.6 mg/kg) and maintained continuous infusion of
propofol (effect-site concentration: 3-4 mg/ml] and remifentanil (target effect-site
concentration controlled infusion 2-3 ng/ml). After endotracheal intubation, lungs
were mechanically ventilated with 50% oxygen and medical air and adjusted to

maintain an end-tidal carbon dioxide tension of 35-40 mmHg. The temperature was

measured with an esophageal stethoscope and maintained at least 35 °C. The

concentrations of propofol and remifentanil were adjusted to maintain
intraoperative systolic arterial pressure within 20% of baseline value and the BIS at
40-60. If necessary, phenylephrine (20-30 mcg) was administered or continuously
infused (0.25-0.5 mcg/kg/ min) to maintain systolic arterial pressure.
Intraoperative haemoglobin concentration was maintained above 10 g/dl.

After endotracheal intubation, no additional NMB was administrated to obtain
baseline signals of MEP. After obtaining baseline signals, continuous infusion of
rocuronium (0.3 mg/kg/hr) was started for partial neuromuscular blocking
according to our institutional protocol. If unpredictable and unacceptable
movement is detected, the continuous infusion rate of rocuronium was increased by
0.1 mg/kg/hr. In addition, to avoid movement of the microsurgical field during

critical surgical procedure, prior to major surgical procedure, the Stimulus intensity



and evoked potential responses was checked and no changes in the continuous
infusion rate of rocuronium were observed during major critical surgical procedure.

MEP stimulation were generated by multipulse transcranial -electrical
stimulation (Xltek Protector; Natus Medical Incorporated Excel-Tech Ltd,
Oakville , Ontario Canada) at sites 2 cm anterior to the C1 and C2 positions of the
international 10-20 system using 3~7 square-wave, monophasic, anodal, constant-
voltage electrical pulses of 0.5 msec duration with an interstimulus interval of 2~4
msec. MEP were recorded (32-channel Xltek Protector) from the bilateral upper
and lower extremities simultaneously with needles placed in bilateral abductor
pollicis brevis and abductor digiti minimi, tibialis anterior and abductor hallucis

muscles. MEPs were monitored and recorded within a 100 msec epoch after being

filtered (band-pass 10~1,000Hz) and amplified (X10,000). Stimulus intensity was

increased by 10~50 V increments from 100 V to a maximum of 300 V until evoked
potential responses were detectable in the lower extremities above a minimum of
approximately 0.1 mV. MEPs were monitored every 10 minutes throughout
surgery and more frequently during critical surgical manipulation. To prevention of
movement of the microsurgical field during critical surgical procedure, brief
surgical pauses (a few seconds) for monitoring of MEPs were coordinated between
the neurosurgery, anesthesia, and electrophysiology teams. Video monitoring was
also used to assist the electrophysiology team in timing stimulation in coordination

with surgery.



Data collection

The electronic medical records of enrolled patients were reviewed retrospectively.
We recorded demographic data including age, sex, height, weight, BMI, diagnosed
disease, performed surgical procedure, duration of anesthesia, duration of surgery,
underlying disease (e.g. hypertension, diabetes, neurologic disease, respiratory
disease), preoperative anticonvulsant infusion. Laboratory data immediately after
induction of anesthesia was also collected including arterial blood gas analysis,
hematocrit, hemoglobin, sodium, potassium, glucose, ionized calcium, ionized
magnesium, and lactate. When the unpredictable and unacceptable movement was
observed, the surgeon informed the anesthesiologist and neurophysiologic
specialist, and the anesthesiologist increased the sustained rate of rocuronium as
previously described. Therefore, when the elevation of the infusion rate of
rocuronium was ascertained in the patient’s electronic medical records, we

determined that an unpredictable and unacceptable movement was occurred.

Statistical analysis

We retrospectively compare the data of patients with and without unpredictable
and unacceptable movement during surgery. Values are mean * standard deviation
or number (percent). A statistical analysis was performed using IBM SPSS
Statistics version 21.0 (SPSS Inc., Chicago, lllinois, USA). For continuous
variables, values were compared using the independent t-test. Differences in

proportions were compared using chi-square test. Variables with P-values < 0.1 in
6



the primary test were selected and univariate binary logistic regression analyses
were conducted to identify the factors predictive of an unpredictable and

unacceptable movement. P-value < 0.05 was considered statistically significant.



RESULTS

The study was enrolled and analysis 768 patients, an unpredictable and
unacceptable movement was observed 278 patients (36.2%). Baseline
characteristics of the patient group, assorted according to the presence or absence
of an unpredictable and unacceptable movement, are presented in Table 1. Age was
significantly higher in patients without an unpredictable and unacceptable
movement than in those with (P < 0.001). Height was significantly higher in
patients with an unpredictable and unacceptable movement than in those without (P
< 0.001). The proportion of male patients was significantly higher in patients with
an unpredictable and unacceptable movement than in those without (P=0.001).
Laboratory data immediately after induction of anesthesia of the patient group,
assorted according to the presence or absence of an unpredictable and unacceptable
movement, are presented in Table 2. lonized calcium was significantly higher in
patients with an unpredictable and unacceptable movement than in those without (P

< 0.001).

Anticonvulsant might have an effect on the sensitivity of the neuromuscular
junction to muscle relaxants. Therefore, secondarily, patients were classified
according to the presence or absence of an unpredictable and unacceptable
movement except for patients who did not received a preoperative anticonvulsant
infusion. Baseline characteristics and laboratory data of the patient group received
a preoperative anticonvulsant infusion were compared according to the presence or

absence of an unpredictable and unacceptable movement but there was no
8



statistical difference with or without anticonvulsant infusion.

Lastly, according to the logistic regression analysis presented in Table 3, age
(odds ratio [OR] 0.987, 95% confidence interval [CI] 0.965, 0.992), height (odds
ratio [OR] 1.059, 95% confidence interval [CI] 1.033, 1.085), weight (odds ratio
[OR] 0.969, 95% confidence interval [CI] 0.952, 0.987), neurologic disease (odds
ratio [OR] 0.205, 95% confidence interval [CI] 0.049, 0.911), and ionized calcium
(odds ratio [OR] 368.519, 95% confidence interval [CI] 25.391, 5348.585) were

independent risk factors for an unpredictable and unacceptable movement.



Table 1. Baseline patient characteristics

No movement  Movement
(n=490, 63.8%) (n=278, 36.2%) @ o °
Age (year) 56.54+1163  52.18+12.08  .000*
Sex 0.001*
Male 162 (33.1) 127 (45.7)
Female 328 (66.9) 151 (54.3)
Height (cm) 160.04+8.87  163.18+8.80 .000*
Weight (kg) 62.88+11.39  63.19+1155  0.715
BMI (kg/m?) 24.46+336  2364+3.28  0.001*
Duration of surgery (min) 266.29+106.06 281.29+106.00 0.060
Duration of anesthesia (min) 338.31+114.20 351.45+117.91 0.130
Type of surgery 0.458
Vascular surgery 351 (71.6) 206 (74.1)
Tumor 137 (28.0) 72 (25.9)
Other 2(0.4) 0(0)
HTN 0.070
No 275 (56.2) 175 (62.9)
Yes 214 (43.8) 103 (37.1)

10




DM 0.082

No 438 (89.4) 259 (93.2)

Yes 52 (10.6) 19 (6.8)
Respiratory 0.359
disease

No 478 (97.6) 268 (96.4)

Yes 12 (2.4) 10 (3.6)
Neurologic 0.018
disease

No 473 (96.5) 276 (99.3)

Yes 17 (3.5) 2(0.7)
Preoperative 0.240
anticonvulsant
) ) No 29 (5.9) 11 (4.0)
infusion

Yes 461 (94.1) 267 (96.0)

Values are mean + standard deviation or number (percent). *, P-value was < 0.05.

11




Table 2. Laboratory data immediately after induction of anesthesia of total

enrolled patients

No movement

Movement

(n=490, 63.8%)  (n=278, 36.2%) ' value

lonized calcium

(mmol/L) 1.1240.59 1.1440.60 .000*
lonized magnesium

(mmol/L) 0.46+0.52 0.47+0.52 0.147
pH 7.40+0,38 7.40£0.35 0.342
pCO2 (mmHg) 36.40+4.29 36.47+4.19 0.836
pO2 (MmHg) 231.77+80.85  241.30£74.40  0.106
Hematocrit (%) 35.69+3.57 36.35+3.60 0.015
Na (mmol/L) 138.47+2.57 138.33+2.39 0.442
K (mmol/L) 3.68+0.40 3.73+£0.38 0.062
Hemoglobin (g/dI) 11.89+1.18 12.12+1.21 0.011
Glucose (mg/dl) 109.34+28.16 106.95+23.02 0.255
Lactate (mmol/L) 1.21+0.63 1.16+0.63 0.352

Values are mean * standard deviation. *, P-value was < 0.05.

12




Table 3. Logistic regression analysis of unpredictable and

unacceptable

movement
Dependent Independent
Exp (B) (95% C.1.) P-value
factor factor
Movement Age 0.987 (0.965-0.992) 0.002*
Height 1.059 (1.033-1.085) 0.000*
Weight 0.969 (0.952-0.987) 0.001*
Neurologic
) 0.205 (0.046-0.911)
disease 0.037*
Preoperative
anticonvulsant 2.095 (0.995-4.414)
infusion 0.052
lonized calcium  368.519 (25.391-5348.585) 0.000*

Exp(B) : the exponentiation of the B coefficient, C.I. : confidence interval

* P-value was < 0.05.
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DISCUSSION

This retrospective study found that concentration of age, height, weight, neurologic
disease, and ionized calcium were independent risk factors for an unpredictable and
unacceptable movement in the patients who underwent brain surgery with MEP

monitoring under general anesthesia while using partial NMB.

MEP is one kind of IONM and has higher diagnostic accuracy than
somatosensory evoked potential (SSEP) and can show positive findings when no
change in SSEP because receives some blood supply of motor pathway are a little
bit different from that of sensory pathway [8]. MEP is a reliable monitoring method
that improves the surgical outcome for brain tumor, cerebral aneurysm and
cerebrovascular surgery such as endarterectomy [9-11]. To strengthen the accuracy
of MEP results, it is most desirable not to use neuromuscular blocker because of
false negative results [12]. Notwithstanding, some institutes support the use of
partial neuromuscular blocker during MEP monitoring since an unpredictable and
unacceptable movement causes fatal injuries [13-15]. In previous studies, the
incidence of an unpredictable and unacceptable movement during MEP monitoring
with partial neuromuscular blocker or no neuromuscular blocker are 3.2% to 10%
[7, 8, 12, 16]. In our study, according to study’s definition, the incidence of an
unpredictable and unacceptable movement was about 38%. The reason for higher
incidences than previous studies is that our definition has a wide range of
inclusions and so much it included all the moves that were considered a little

dangerous. So, in fact, the adjustment of the continuous infusion rate of
14



rocuronium had already been finished before the main surgical procedure and in
the most critical surgical procedure, there were no an unpredictable and

unacceptable movement.

In this study, we used 0.6 mg/kg of rocuronium for intubation and no
additional NMB was used until obtaining baseline signals of MEP. After that,
continuous infusion of rocuronium (0.3 mg/kg/hr) was started for partial
neuromuscular blocking and infusion rate was adjusted depending on the
occurrence of an unpredictable and unacceptable movement. This allows almost
degree of neuromuscular block of all enrolled patients to maintain a train-of-four
(TOF) 2/4-3/4. According to previous studies [12, 14, 17-22], appropriate degree
of partial neuromuscular block has been reported variously from first evoked
response of TOF between 5% and 50% of baseline or one or two twitches in TOF
electrical stimulation to 0.5 twitch height of the second evoked response of TOF
stimulation compared with the baseline control twitch. Compared with above
previous studies, degree of partial neuromuscular block in our study was
considered to have maintained the middle degree of the block presented above. In
addition, although the comparison of SSEP and MEP is very limited, the degree of
partial neuromuscular blocking used in this study did not seem to affect negatively

the specificity or sensitivity based on our institute SSEP data [23].

In our study, ionized calcium was the best predictor of the occurrence of the
unpredictable and unacceptable movement during MEP in patient underwent brain

surgery. This is because calcium has astonishing numbers of regulatory functions

15



and especially in the neuromuscular junction it plays a significant role in triggering
of neuromuscular transmission [24]. Calcium channels are presented both in
presynaptic and postsynaptic membrane. Action potential arriving at presynaptic
membrane opens calcium channels and causes the influx of calcium ion. And
calcium triggers the release of neurotransmitter such as acetylcholine from synaptic
vesicles into the synaptic cleft. At the postsynaptic membrane, neurotransmitter
molecules union with membrane-bound receptor and binding of the
neurotransmitter to the receptor triggers a postsynaptic response. The postsynaptic

responses are excitatory or inhibitory. Receptors coupled to sodium or calcium

channels are excitatory and receptors coupled to chloride or potassium channels

are inhibitory [25-30]. If neurotransmitter molecule binds to receptor coupled to

calcium channels, it produces a depolarization of the postsynaptic membrane.

Several studies have investigated the overall impact of ionized calcium on
neuromuscular transmission and neuromuscular blockade. In previous in vivo and
in vitro animal experiments, calcium has been shown to emphasize the
desensitization of depolarizing agent [31], and to reduce affinity of the receptor for
tubocurarine and pancuronium [32, 33] in postsynaptic space. Hypercalcemia has
been antagonized tubocurarine and succinylcholine and hypocalcemia decreased
the twitch tensions of rats' phrenic nerve-hemidiaphragm [34]. In cats,
hypercalcemia also has been shown to antagonize the blocking effects of
atracurium and vecuronium [35]. In human case report, patients with

hypercalcemia due to hyperparathyroidism showed an upward tendency to

16
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increases the requirement for non-depolarizing muscle relaxants [36, 37]. In
comparison study with healthy patients, vecuronium requirement in patients with
hypercalcemia due to hyperparathyroidism was increased and the onset of
neuromuscular blockade was delayed [38]. In addition, calcium coadministered
with neostigmine for neuromuscular recovery enhanced neuromuscular recovery
from nondepolarizing neuromuscular blockade [39]. On the contrary, calcium
channel antagonists have enhanced the neuromuscular blockade. In animal studies,
high-dose verapamil induced neuromuscular blockade [40].In human healthy
volunteers. verapamil and amlodipine impaired neuromuscular transmission [41]
and pretreatment with nicardipine before intubation improves intubation conditions

and shortens the onset of action of rocuronium [42].

Overall, considering the results of the above, ionized calcium has the effect of
reversal of neuromuscular blockade and relative high concentration of ionized
calcium can be alter the effect of neuromuscular block agents and neuromuscular
transmission. Therefore, it is thought that ionized calcium can be it can affect the
results of MEP or may cause a jerky dangerous response than expected for MEP
stimulation in spite of partial neuromuscular blockade such as an unpredictable and
unacceptable movement in our study. And it is possible that serum ion calcium
concentration in patients with shallow neuromuscular blockade, administration of
ionized calcium may induce it is presumed that there is a possibility that false
negative or false positive results of MEP can be seen a patient who has taken a

calcium channel blocker for a long period of time or has hypercalcemia due to

17
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hyperparathyroidism. Or in patient with hypocalcemia, use of partial

neuromuscular blockade can interfere with accurate results of MEP.

As far as our knowledge, our study is the first study which evaluated the
predictors of an unpredictable and unacceptable movement during MEP monitoring.
Although it was retrospective study, it found that concentration of ionized calcium
could be an independent risk factor for an unpredictable and unacceptable
movement in the patients who underwent brain surgery with MEP monitoring
under general anesthesia while using partial NMB. Therefore, patients with high
ionized calcium should consider maintaining a slightly higher dose of muscle
relaxant to reduce the incidence of unpredictable and unacceptable movement
during MEP monitoring. Furthermore, prospective and randomized study and
effects of calcium on MEP will be needed for understanding the effect of ionized

calcium on MEP monitoring better.
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