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Abstract

For high-risk spinal surgeries, intraoperative neurophysiological monitoring (IONM) is used to detect and prevent intraopera-
tive neurological injury. The motor tracts are monitored by recording and analyzing muscle transcranial electrical stimulation
motor evoked potentials (mTc-MEPs). A mTc-MEP amplitude decrease of 50-80% is the most common warning criterion for
possible neurological injury. However, these warning criteria often result in false positive warnings. False positives may be
caused by inadequate depth of anesthesia and blood pressure on mTc-MEP amplitudes. The aim of this paper is to validate
the study protocol in which the goal is to investigate the effects of depth of anesthesia (part 1) and blood pressure (part 2)
on mTc-MEPs. Per part, 25 patients will be included. In order to investigate the effects of depth of anesthesia, a processed
electroencephalogram (pEEG) monitor will be used. At pEEG values of 30, 40 and 50, mTc-MEP measurements will be
performed. To examine the effect of blood pressure on mTc-MEPs the mean arterial pressure will be elevated from 60 to
100 mmHg during which mTc-MEP measurements will be performed. We hypothesize that by understanding the effects
of depth of anesthesia and blood pressure on mTc-MEPs, the mTc-MEP monitoring can be interpreted more reliably. This
may contribute to fewer false positive warnings. By performing this study after induction and prior to incision, this protocol
provides a unique opportunity to study the effects of depths of anesthesia and blood pressure on mTc-MEPs alone with as
little confounders as possible.

Trial registration number NL7772.
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1 Background

For complex and high risk spinal surgeries, intraopera-
tive neurophysiological monitoring (IONM) is used, with
the aim of detecting and preventing intraoperative neuro-
logical injury [1]. For monitoring in spinal surgery, it is
advised to monitor both sensory tracts, using somatosen-
sory evoked potentials (SSEPs), and motor tracts, using
muscle recorded transcranial electrical stimulation motor
evoked potentials, mTc-MEPs [1-4].

The most common warning criterion for possible
surgically induced structural neurological injury, is an
mTc-MEP amplitude decrease of 50-80% from the base-
line value [2, 4-8]. Therefore, an mTc-MEP amplitude
decrease of 50-80% warrants immediate exploration of
possible causal factors. However, these warning criteria
often result in false positive warnings [2]. This can be due
to technical issues, but also other factors may influence
mTc-MEP amplitudes, including direct effects of anes-
thetic drugs on neuronal transmission, as well as indirect
effects of blood pressure, blood oxygen levels and body
temperature resulting in false positive decreases in mTc-
MEPs [9-15]. In clinical practice, decreasing the concen-
tration of intravenous anesthetic drugs and elevating blood
pressure often help to restore the mTc-MEP amplitude.

It is known that for optimal recording of mTc-MEPs,
total intravenous anesthesia (i.e. induction and mainte-
nance of general anesthesia with intravenous infusions
of propofol and an opioid) provides more reliable mTc-
MEPs than volatile anesthesia (maintenance of anesthesia
by administration of a volatile drug through the anesthetic
breathing circuit) [16]. However, mTc-MEPs are still very
sensitive to the suppressive effects of propofol anesthesia
[10, 16—19]. Given the intra- and inter-individual vari-
ability in the relationship between blood and effect-site
propofol concentrations, and actual clinical effect, it is
scientifically important to study the relationship between
depth of anesthesia (actual clinical effect) and mTc-MEP
characteristics.

Currently, in clinical practice, depth of anesthesia is often
objectively assessed by the use of processed electroencepha-
logram (pEEG) monitors [20]. pEEG monitors acquire the
EEG signal recorded by electrodes placed on the forehead
(and thus reflecting the electrical activity of the frontal lobe),
and use a mathematical algorithm to analyze this signal and
generate output [20]. For most pEEG systems, the output is
indexed to a range of values from O to 100, where 0 indi-
cates no detectable cortical electrical activity (i.e. maximum
drug effect) and where 100 indicates a completely conscious
patient (i.e. no drug effect measurable) [20]. For optimal
anesthesia depth it is recommended that to maintain pEEG
values between 40 and 60 [21].
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It could be argued that a conventional [IONM EEG mon-
tage would provide you with even more information about
the depth of anesthesia and its effects on mTc-MEP moni-
toring. In this study protocol we deliberately choose to
measure depth of anesthesia with a pEEG monitor instead
of a conventional IONM EEG montage, as this is strongly
recommended by international guidelines [22]. Even
though there is some debate concerning the usefulness
(validity) of depth of anaesthesia monitoring in detect-
ing and preventing awareness, their role in hypnotic drug
effect titration is well established [23, 24]. In this study,
our goal is to standardize the intraoperative hypnotic drug
effect. The only validated and clinically convenient way to
achieve this is by using a widely available pEEG monitor.
(e.g. BIS, entropy or qCON monitor) [25]. Even though a
IONM EEG montage would add some useful information,
there is currently no known method of using this informa-
tion to guide anesthetic drug titration.

Another major factor influencing mTc-MEP is cerebral
and spinal cord perfusion [26, 27]. Perfusion of any tissue
is influenced by vascular resistance and blood pressure. At
present there are no clinically available methods to directly
assess cerebral and spinal cord perfusion. Indeed, besides
global measurements of cardiac output, there are no clini-
cally available methods of directly monitoring perfusion
of any tissue. Instead, in clinical practice anesthesiologists
use blood pressure measurements as an indirect surrogate
of perfusion. Hypotension can occur after induction of
anesthesia. It is generally recommended that hypotension
should be managed by a combination of optimizing hyp-
notic and analgesic drug dose, and by optimizing intra-
vascular volume status and vascular tone. The latter is
done by administration of fluids and vasopressors such
as noradrenaline. Noradrenaline increases blood pressure,
but also increases vascular resistance and therefore might
even decrease tissue perfusion [10, 28, 29]. It is currently
unknown what the exact effects of vasopressor-induced
elevation of blood pressure is on mTc-MEPs in humans.

We hypothesize that by understanding the effects of
depth of anesthesia and blood pressure on mTc-MEPs,
the mTc-MEP monitoring can be interpreted more reli-
ably, resulting in fewer false positive findings. Therefore,
the aim of this study protocol is to investigate the effects
of depth of anesthesia and blood pressure on mTc-MEPs.

In addition to depth of anesthesia and blood pressure,
mTc-MEP measurements are also influenced by other
parameters including blood loss, pain and manipulation/
movements of the patient. Therefore, in order to investi-
gate the effects of different depths of anesthesia, defined
by pEEG, and different blood pressures, defined by the
mean arterial pressure (MAP), on mTc-MEP measure-
ments with as few as possible confounding parameters,
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it should be investigated after anesthetic induction and
before surgical incision.

The goal of this paper is to validate this study protocol.
In a review by Dwan et al. it was shown that after compar-
ing study protocols with the published results, discrepancies
were often found in which at least one primary outcome
was changed, introduced or omitted in 50% [30]. Moreover,
statistically significant and positive outcomes are more likely
to be published, introducing publication bias [31, 32]. Pub-
lishing research protocols therefore reduces publication bias,
prevents selective publication and increases the transparency
of research.

We think that, especially in the field of IONM, the
research quality of studies has to be raised to a higher level.
By publishing this study protocol we aim to contribute to
this.

2 Methods/design
2.1 Study design

This research protocol describes two prospective observa-
tional studies that will be performed in two parts, in patients
that undergo spinal surgery with mTc-MEP monitoring.
Study measurements will be performed after anesthetic
induction and prior to the surgical incision. In part 1 we
will examine the effects of depth of anesthesia, quantified by
PEEG, on mTc-MEP characteristics. In part 2 we will exam-
ine the effects of blood pressure and noradrenaline induced
increases in blood pressure, on mTc-MEP characteristics.
Patients will either participate in part 1 or part 2.

2.2 Study setting

This study will involve patients undergoing spinal surgery
with IONM. Eligible patients will be informed about one of
the two prospective observational studies at the outpatient
clinics or per mail. The studies will be performed at the
University Medical Center Groningen at the Neurosurgery,
Neurology, Anesthesiology and Orthopedic Departments.

2.3 Inclusion criteria

In order to be eligible to participate in this study, patients
must meet all of the following criteria:

— >12 years.

— Demonstrated spinal pathology for which surgery with
the use of mTc-MEP monitoring has been planned.

— Signed and dated informed consent document prior to
any study-related procedures.

2.4 Exclusion criteria

A potential subject who meets any of the following criteria
will be excluded from participation in this study:

— Patient refusal.

— Existing motor weakness in the left or right tibialis
anterior, gastrocnemius, or abductor hallucis muscles.

— History of epilepsy.

— Contra-indications to IONM such as presence of a
pacemaker or implantable cardioverter-defribillator.

— Patients with history of stroke or cranial lesions,
increased intracranial pressure, heart failure and long-
standing hypertension.

2.5 Study objectives and hypotheses
2.5.1 Part 1: depth of anesthesia

2.5.1.1 Primary objective To determine the effect of depth
of anesthesia, quantified by pEEG, on the characteristics of
mTc-MEP measurements in spinal surgery.

Hypothesis Lighter depth of anesthesia, defined by higher
values of pEEG will:

(a) Reduce the threshold voltage required to evoke an mTc-
MEP.

(b) Increase the mTc-MEP amplitude and the mTc-MEP
area under the curve (AUC).

2.5.1.2 Secondary objective 1 To determine if a combina-
tion of pEEG and propofol concentration (estimated effect-
site concentration and measured plasma concentrations)
and/or actual MAP during mTc-MEP registrations, better
enable prediction of mTc-MEP characteristics than pEEG
alone.

Hypothesis

(a) pEEG values alone enable better prediction of mTc-
MEP characteristics than propofol concentrations
alone..

(b) pEEG alone is as good as a more complex model
involving pEEG, propofol concentrations and MAP, at
enabling prediction of mTc-MEP characteristics.
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2.5.2 Part 2: Blood pressure

2.5.2.1 Primary objective To determine the effects of
increasing the MAP with a vasopressor infusion on the char-
acteristics of mTc-MEP measurements in spinal surgery.

Hypothesis A Higher MAP will:

(a) Reduce the threshold voltage required to evoke an mTc-
MEP.

(b) Increase the mTc-MEP amplitude and the mTc-MEP
AUC.

A range of alternative hypotheses will also be explored.
These include:

(a) There is a biphasic relationship between MAP and mTc-
MEP amplitude and AUC (with an initial improvement
and a subsequent decrease at higher noradrenaline
doses and MAP values).

(b) The MAP at which optimal mTc-MEP amplitudes and
AUCs are found is age-dependent.

2.5.3 Secondary objective 1

To determine if a combination of MAP, with pEEG and/or
propofol concentration (estimated effect-site concentration,
or estimated or measured plasma concentrations) enables
better prediction of mTc-MEP characteristics than the MAP
on its own.

Hypothesis

(a) Within the specified range of pEEG (40-60), MAP has
a greater effect on mTc-MEP characteristics than depth
of anesthesia (pEEG).

(b) MAP is as good as a more complex model involving
MAP, propofol concentrations and pEEG, at predicting
mTc-MEP characteristics.

2.6 Muscle recorded transcranial electrical
stimulation motor evoked potentials

Intraoperative mTc-MEPs will be performed according to
a standard procedure using a custom-made constant volt-
age stimulator (NIM-Eclipse E4 IONM system, Medtronic
BV, The Netherlands). Transcranial electrical stimuli will be
applied at locations Cpl1-Cpl2 (1 cm posterior and 1 cm lat-
eral to C1 and C2), a modification of the international 10-20
system. Muscle motor evoked potentials will be recorded
using surface electrodes (3M® ECG) on at least the left and
right tibialis anterior (TA), the left and right gastrocnemius
(GAS) and the left and right abductor hallucis (AH) muscles.
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For each muscle recording site, an mTc-MEP threshold
will be determined. The mTc-MEP threshold is defined
as the voltage required to obtain an amplitude of at least
50 uV. Besides this, stimulation settings will be optimized
to achieve supramaximal stimulation. A pulse train will con-
sist of 5 square wave stimuli with either a pulse duration of
0.075 ms with an inter stimulus interval (ISI) of 1.5 ms or a
pulse duration of 0.300 ms with an ISI of 3 ms. Depending
on the height of amplitude and the amount of muscles that
will be elicitable one of these two settings is chosen. If the
pulse duration of 0.075 ms will be chosen the ISI will be
optimized as well, ranging from 1 to 4 ms.

2.7 Anesthetic management

All patients will be screened by an anesthesiologist before
surgery. On arrival at the operating room, an IV cannula and
an invasive arterial cannula will be inserted in the hand or
forearm. Fluid administration will consist of a continuous
IV infusion of crystalloid solution of 500 cm*h. All patients
will receive total intravenous anesthesia with propofol and
remifentanil administered using target-controlled infusion
(TCI) pumps. Muscle relaxants will only be given prior to
intubation to avoid the negative effects of muscle relaxation
on the muscle responses. To be able to study the effects of
MAP and depth of anesthesia alone, parameters that might
influence the mTc-MEP measurements will be kept stable
and in between certain ranges:

— Propofol will only be administered per TCI pump (i.e. no
manual boluses will be administered). The target effect-
site concentrations will be selected by the responsible
clinician on the basis of the pEEG values as per standard
practice in our hospital.

— Remifentanil will be administered at effect site concen-
tration of 4 ng/ml, using the Minto PKPD model [33, 34].

— Ketamine use will not be administered during the study.

— In part 1, vasopressor infusions will be used to maintain
the MAP at 70-100 mmHg.

— In part 2, propofol infusion rates will be adjusted to main-
tain the pEEG between 40 and 60.

— The ventilation will be adjusted to maintain normocar-
bia (end-tidal CO, 4-5.0 kPa; or PaCO, 4.5-5.5 kPa) to
avoid the confounding influences of excessive anesthesia
and hypocarbia on mTc-MEPs.

— Core body temperature will be kept close to 37 Celsius,
with the use of a routinely used forced air patient warm-
ing system.

— The EV1000 monitor (Edwards Lifesciences, USA) will
collect data concerning cardiac output, pulse pressure
variation and stroke volume variation. The latter will be
kept below 12% during the study procedure.
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Data of all abovementioned parameters will be continu-
ously measured and the data will be collected. Other anes-
thetic considerations specifically for either part 1 or part 2
are explained below at the study procedures.

2.8 Study procedures

This research protocol describes two prospective observa-
tional studies that will be performed in two parts. In part 1
we will examine the effects of depth of anesthesia, quanti-
fied by pEEG, on mTc-MEP characteristics. In part 2 we
will examine the effects of blood pressure, quantified by the
MAP, on mTc-MEP characteristics.

Patients that will undergo spinal surgery with the use of
mTc-MEPs are eligible for these studies. Patients will either
participate in part 1 or part 2. This will not be randomized.

Anesthetic induction

v

Fig.1 Schematic overview
study design part 1: effects

2.8.1 Part 1: effect of depth of anesthesia on mTc-MEP
characteristics in spinal surgery

After induction of anesthesia and positioning the patient in
prone position, and before the onset of the spinal surgery, the
effect-site (brain) propofol concentrations will be adjusted
to achieve pEEG values according to Fig. 1.

Although models exist to predict the time course of
clinical effects of propofol through its interaction with the
GABA 4 receptor, there remains uncertainty over the accu-
racy of these models, and of the likelihood of longer-term
structural changes following propofol interactions with the
receptor. If there are long term effects, then path-dependent
differences may exist. Patients will therefore be randomized
over two different protocols. One group will start with
decreasing propofol concentrations and one group will start
with increasing propofol concentrations resulting into the

of depth of anesthesia on
mTc-MEP characteristics in
spinal surgery. pEEG processed 100 PEEG
electroencephalogram, Propofol
. 50
Ce propofol effect site con- 1 40
centration, mTc-MEP muscle 1 30
recorded transcranial electri- 0
cal stimulation motor evoked > > >
potential 8.0 Propofol Ce (ug/ml) /
0.0
° ° °
or
100 pEEG
50
40 [
30 I
0
> ) »
8.0 Propofol Ce (ug/ml)
0.0
D ° °
LA .
Time 20 min 45 - 60 min

= mTc-MEP stimuli
©® = mTc-MEP threshold

® = Blood sample
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pEEG values as can be observed in Fig. 1. These predefined
pEEG values are not in conflict with the current standard
care since pEEG ranging from 30 to 60 are common values
during spinal surgery. Once a stable pEEG level has been
reached, mTc-MEPs will be registered for 5 min and the
following will be determined: a voltage threshold to evoke
mTc-MEPs and three mTc-MEP measurements, for the left
and right TA, GAS and AH muscles. We will perform three
mTc-MEP measurements per stable pEEG level to address
for the pre-existing variability between mTc-MEPs and aver-
age the measurements per stable pEEG level. There will be
at least 1 min in between each mTc-MEP measurement to
avoid facilitation.

A decrease of the hypnotic component of anesthesia
without adequate analgesia (anti-nociception) could lead
to increased nociception, increased sympathetic nervous
system outflow and blood pressure rise [35]. In this study,
however we shall suppress the effects of noxious mTc-MEP
stimulation by administering remifentanil at an effect site
concentration of 4 ng/ml, using the Minto PKPD model.
Based on a previously published study by this research group
[36] and the remifentanil package insert, this level of anal-
gesia is enough to ensure adequate anesthesia (combined
effect of hypnosis and analgesia) even when hypnotic drug
effect is decreased to low hypnotic levels. This will limit
the sympathetic outflow and ensure hemodynamic stability.

In order to determine if a combination of pEEG and
propofol concentration (estimated effect-site concentration,
or measured plasma concentrations) and/or actual MAP dur-
ing mTc-MEP registrations, better predict mTc-MEP char-
acteristics than the pEEG on its own, in total three blood
samples will be taken (10 ml per blood sample) immediately
after each of the series of mTc-MEP recordings to meas-
ure the propofol plasma concentrations. Propofol Ce val-
ues and MAP values will be collected directly after each

Table 1 Participant timeline

mTc-MEP measurement as well. See Table 1 for the par-
ticipant timeline.

2.8.2 Part 2: effect of blood pressure on mTc-MEP
characteristics in spinal surgery

After induction of anesthesia and positioning the patient in
prone position, and before the start of spinal surgery, the
propofol infusion will be adjusted to achieve a target pEEG
value of 40. After induction of anesthesia, to achieve a pEEG
value of 40, the MAP is often 60 mmHg or lower. A slow
intravenous infusion of noradrenaline will be started to
slowly increase the MAP. Every 2 min, while increasing the
infusion rates, mTc-MEPs will be performed for the left and
right TA, GAS and AH hallucis muscles (Fig. 2). At MAP
levels of 60 mmHg, 80 mmHg and 100 mmHg an mTc-
MEP threshold will be measured for the abovementioned
muscles. The noradrenaline infusion rate will be adjusted to
achieve a gradual MAP increase over 30 min, until the MAP
is approximately 100 mmHg. MAPs will be measured con-
tinuously using an invasive arterial cannula, which will have
already been inserted for clinical care. In the event that the
MAP after induction is greater than 60 mmHg but lower than
80 mmHg, we will accept that value, and use noradrenaline
as necessary to increase the MAP to 100. In the event that
the MAP is spontaneously > 100 mmHg immediately after
induction, the patient will be withdrawn from the study, and
further care passed on to the responsible anesthesiologist.

Due to the inadequacy of blood pressure to predict tissue
perfusion directly, this study will also collect other calcu-
lated hemodynamic parameters generated by an EV1000
monitor consisting of cardiac output, pulse pressure varia-
tion and stroke volume variation.

In order to determine if a combination of MAP, with
pEEG and/or propofol concentration (estimated effect-site

Before hospi- Day 1 of hospi- Day 2: proce- Day 2: pro- Day 4/7
tal admission  tal admission ~ dure cedure
Before surgi-  After surgi-
cal incision  cal incision
1 Approach, information provision X
2 Informed consent X X
3 Inclusion in part 1 or 2 X X
4 Pre-operative neurological examination X
5 mTc-MEP measurements at different pPEEG and MAP values X
6 Taking blood samples for propofol blood concentrations X
7 Collecting propofol Ce, MAP/pEEG values immediately after X
mTc-MEP measurements
8 Post-operative neurological examination X

mTc-MEP muscle recorded transcranial electrical stimulation motor evoked potential, pEEG processed electroencephalogram, MAP mean arte-

rial pressure
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Fig.2 Schematic overview Anesthetic induction
study design part 2: effects of
blood pressure on mTc-MEP +

characteristics in spinal surgery.
MAP mean arterial pressure, 120 MAP (mmHg) 100
mTc-MEP muscle recorded 80
transcranial electrical stimula-
tion motor evoked potential
N 60
40
> > >
20 Noradrenaline (ml/hr)
2.5
° ° °
LA v
Time 20 min 30 min

= mTc-MEP stimuli
® = mTc-MEP threshold

® = Blood sample

concentration, or estimated or measured plasma concentra-
tions) better predict mTc-MEP characteristics than the MAP
on its own, in total three blood samples will be taken (10 ml
per blood sample) at MAP values of approximately 60, 80
and 100 mmHg, to measure the propofol plasma concen-
trations. Propofol Ce values and pEEG values will be col-
lected directly after each mTc-MEP measurement as well.
See Table 1 for the participant timeline.

2.9 Sample size calculation
2.9.1 Part1: pEEG

Very little is known about the quantitative relationship
between depth of anesthesia, propofol plasma concentration,
and mTc-MEP. There are insufficient data available on which
to base a sample size calculation. A pragmatic sample size
of 25 patients has therefore been chosen. This study should
be regarded as a hypothesis-generating study.

2.9.2 Part2: MAP

Although hypotension and hypoperfusion are well known
causes of deterioration in mTc-MEP signals, and vasopres-
sors are routinely used to increase the blood pressure when
mTc-MEP signals deteriorate, very little is known about
the quantitative relationship between vasopressor adminis-
tration and mTc-MEP. Therefore, there is insufficient data
available on which to base a sample size calculation. A

pragmatic sample size of 25 patients has therefore been
chosen. This study should be regarded as a hypothesis-
generating study.

2.10 Recruitment

The surgeon, neurophysiologist and anesthesiologist evalu-
ate whether the patient is eligible for inclusion in one of
these studies, following the above mentioned in- and exclu-
sion criteria. Eligible patients will receive a written descrip-
tion of the study at their visit at the outpatient clinic or per
mail. All candidates who have been sent the written infor-
mation and consent form will be visited on the ward before
their operation and asked if they have read and understood
the information and whether they still have questions about
the study. The researcher will ask the patient to sign the
informed consent form and then co-sign the consent form.

2.11 Data management

IONM data will be exported from the NIM-Eclipse E4
IONM system (Medtronic BV, The Netherlands) as csv file.
After performing simple statistics using python, calculating
the peak-peak amplitude and AUC, data will be recorded in
Microsoft Access. Anesthesiology data and the neurologi-
cal examination data will be recorded in a web-based data
capture system (REDCAP).
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2.12 Statistical methods

For the statistical analyses of both the primary and second-
ary outcomes, a linear mixed effects model will be used to
account for the repeated mTc-MEP measurements. Below,
per outcome and per part of the study, the linear mixed
effects models will be more precisely specified.

2.12.1 Part 1: pEEG

2.12.1.1 Primary outcome For the primary outcome of part
1, a linear mixed effects model will be fitted in which pEEG
target (categorical variable with values 30, 40 or 50) will
be included as a fixed effect and a random intercept will be
used to account for the between-subject variability in the
mTc-MEP measurements. Independent normal distributions
with mean zero and constant variance will be used to repre-
sent the within-subject errors.

2.12.1.2 Secondary outcome For the secondary out-
come, additional terms for MAP and propofol concentra-
tions (effects site and blood concentration) will be added
to the fixed effects structure of the model specified for the
primary outcome. The specification of the random effects
structure and the residual covariance structure will not
change,

2.12.2 Part 2: MAP

2.12.2.1 Primary outcome For the primary outcome of part
2, a linear mixed effects model will be fitted in which the
MAP (continuous variable) will be included as a fixed effect
and a random intercept as well as a random slope for MAP
will be used to account for the between-subject variability
in the mTc-MEP trajectories. An unstructured covariance
matrix will be used for the covariance structure of the ran-
dom effects. Independent normal distributions with mean
zero and constant variance will be used to represent the
within-subject errors.

2.12.2.2 Secondary outcome For the secondary out-
come, additional terms for pEEG and propofol concentra-
tions (effects site and blood concentration) will be added
to the fixed effects structure of the model specified for the
primary outcome. The specification of the random effects
structure and the residual covariance structure will not
change.
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2.12.3 Subgroup analysis

Due to the neurophysiological differences at different ages,
a subgroup analysis to adjust for age may be performed if
applicable.

2.13 Data monitoring

Monitoring activities will be performed according to the
Monitoring Plan. We will arrange 1 kick off meeting before
the actual start of the study and 1 monitoring visit during the
study. Monitoring will be performed in compliance with Good
Clinical Practice and applicable national regulations.

Monitoring of the main case report form data will be done
based on source data verification of a sample of case report
forms (an estimated sample size of 10%). Main focus of the
monitoring to be executed is related to the enrolment crite-
ria, the informed consent procedure, safety parameters and
the primary endpoint. Exact details will be documented in the
monitor plan. Further activities will involve checks of the Site
File, study specific procedures.

No close out visit will be performed. After the monitor-
ing visit, the site will be instructed on how to prepare their
documentation in such a way that it is ready for long-term
archiving. The applicable documents will be archived over a
period of 15 years.

2.14 Harms

Due to the study protocol the total anesthesia time will be
prolonged by approximately 30—60 min. This represents an
increase in duration of the anesthesia of approximately 10%.
Although the safety of anesthesia has improved substantially
during the last decades, anesthesia is not risk free. While the
risks of some complications may correlate with the duration
of anesthesia, most published statistics describe the risk per
episode of anesthesia. Currently, the published incidence of
anesthesia related morbidity ranges from 0.06% for periph-
eral nerve injury to 1% for pulmonary complications while
the incidence of anaesthesia related mortality ranges from
0.008 to 0.02% [37, 38]. Based on these statistics, the fact that
our patients do not suffer from pre-existing cardio-respiratory
problems, and the modest relative increase in anesthesia dura-
tion, we do not expect that prolongation of general anaesthesia,
necessary for the execution of this study, will cause harm to
our patients. We shall however regularly re-evaluate the study
conduct to minimize the risk as far as possible.



Journal of Clinical Monitoring and Computing (2021) 35:967-977

975

3 Discussion

The goal of this study is to investigate the effects of depth
of anesthesia, defined by pEEG, and different blood pres-
sures, defined by the mean arterial pressure (MAP), on mTc-
MEP measurements. We hypothesize that by understand-
ing the effects of depth of anesthesia and blood pressure on
mTc-MEPs, the mTc-MEP monitoring can be interpreted
more reliably. This may contribute to fewer false positive
warnings.

While it is thought that excessively deep anesthesia may
impair mTc-MEP signals, and thereby may cause a false
positive decrease of an mTc-MEP amplitude, few studies
have investigated the influence of anesthetic depth on mTc-
MEPs [17, 29]. Some studies have investigated the effect of
increasing the target propofol effect site concentration (Ce)
on mTc-MEP amplitude and thresholds. They found that
higher propofol Ce values were associated with lower mTc-
MEP amplitudes and higher voltage thresholds [17, 18].
However, due to hysteresis, large inter-individual pharma-
cokinetic variability (causing inaccuracy in the pharmacoki-
netic models in the target controlled pumps) and pharmaco-
dynamic variability, there can be a significant discrepancy
between the propofol Ce and actual clinical effect [39]. Fur-
thermore, the number of patients included in these studies
was small, variability in the estimated propofol Ce was large
and the relation between the mTc-MEP amplitude and the
clinical hypnotic drug effect was not measured [17, 18].

Only a few studies have investigated the effects of blood
pressure on mTc-MEP, most of which were performed in
animal experimental models [12, 14, 15, 26, 27, 40-42]. Two
studies showed that hypotension is associated with decreased
mTc-MEP amplitude and increased voltage threshold [15,
43]. One of these studies showed that increasing the MAP
above 85 mmHg the mTc-MEPs were restored to baseline in
20% (6/30) of the patients [15]. However, again the sample
size was small. Moreover, the intervention of increasing the
blood pressure was performed during surgery. This makes
it difficult to interpret what other factors in this multifacto-
rial process influenced the mTc-MEP amplitudes for both
the patients in which the mTc-MEP amplitudes did restore
as well for the patients in which the mTc-MEP amplitudes
did not restore.

Therefore, since we will perform this study after anes-
thetic induction and prior to incision, this study protocol
provides a unique opportunity to investigate the effects of
depth of anesthesia and blood pressure on mTc-MEPs in
patients undergoing spinal surgery with as little confound-
ers as possible.

Author contributions SED, GD, ARA, SMM and RIMG designed
and prepared the first draft of the protocol. DP designed the statistical

analyses. All authors critically reviewed the protocol procedures, sub-
stantially revised it, and approved the final version of this manuscript.

Funding This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Data availability Not applicable.Consent for publica-
tion Not applicable.

Compliance with ethical standards

Conflict of interest ARA: The research group/department to which he
belongs has received Grants and Funding from The Medicines Compa-
ny, Carefusion/Becton Dickinson. He has performed sponsor-initiated
phase 1 studies (payment to institution) for The Medicines Company
and Rigel; and he has performed paid consultancy work (payment to
institution) for Johnson & Johnson, Carefusion, The Medicines Com-
pany, Philips and Ever Pharma. He is an editor of the British Journal
of Anaesthesia.

All other authors report no conflicts of interest or competing interests
in any concept discussed in this article.

Subjects can leave the study at any time before start of surgery or after
surgery for any reason if they wish to do so without any consequences.
The investigator can decide to withdraw a subject from the study for
urgent medical reasons. Data collected during surgery will still be used
if a patient decides to withdraw after surgery. When patients decide to
withdraw before surgery, all already collected data will be destroyed.
No financial rewards are provided for participating in this study.

Ethical approval This study will be conducted in accordance with the
Declaration of Helsinki and in compliance with the Medical Research
Involving Human Subjects Act. Ethical approval has been granted from
the Institutional Ethics Committee of the University Medical Center
Groningen on 3 January 2019 (METc nr METc 2018.630, ABR nr
NL68223.042.18).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Fehlings MG, Brodke DS, Norvell DC, Dettori JR. The evidence
for intraoperative neurophysiological monitoring in spine surgery:
does it make a difference? Spine (Phila Pa 1976). 2010;35:S37-46
(cited 2018 May 21). https://insights.ovid.com/crossref?an=00007
632-201004201-00006.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://insights.ovid.com/crossref?an=00007632-201004201-00006
https://insights.ovid.com/crossref?an=00007632-201004201-00006

976

Journal of Clinical Monitoring and Computing (2021) 35:967-977

10.

11.

12.

13.

14.

15.

16.

MacDonald DB, Skinner S, Shils J, Yingling C, American
Society of Neurophysiological Monitoring. Intraoperative
motor evoked potential monitoring—a position statement by
the American Society of Neurophysiological Monitoring. Clin
Neurophysiol. 2013;124:2291-316 (cited 13 May 2018). http://
www.ncbi.nlm.nih.gov/pubmed/24055297.

Deletis V, Sala F. Intraoperative neurophysiological monitoring
of the spinal cord during spinal cord and spine surgery: a review
focus on the corticospinal tracts. Clin Neurophysiol. 2008;248—
64. https://ac.els-cdn.com/S1388245707006037/1-s2.0-S1388
245707006037-main.pdf?_tid=4974142a-5d0d-4881-9209-
90cf3c282be3&acdnat=1525852852_6be5628e8a8edbdcfe7d
42¢13a88f104.

Sala F, Palandri G, Basso E, Lanteri P, Deletis V, Faccioli F, et al.
Motor evoked potential monitoring improves outcome after sur-
gery for intramedullary spinal cord tumors: a historical control
study. Neurosurgery. 2006;58:1129-43 (cited 28 May 2019) .
http://www.ncbi.nlm.nih.gov/pubmed/16723892.

Macdonald DB. Overview on criteria for MEP monitoring. J Clin
Neurophysiol. 2017;34:4—11 (cited 14 Nov 2018). https://insights.
ovid.com/pubmed?pmid=28045852.

Journée HL, Berends HI, Kruyt MC. The percentage of amplitude
decrease warning criteria for transcranial MEP monitoring. J Clin
Neurophysiol. 2017;34:22-31 (cited 3 July 2019). http://www.
ncbi.nlm.nih.gov/pubmed/28045854.

Langeloo D-D, Journée H-L, de Kleuver M, Grotenhuis JA. Cri-
teria for transcranial electrical motor evoked potential monitoring
during spinal deformity surgery. Neurophysiol Clin Neurophysiol.
2007;37:431-9 (cited 9 Oct 2018). http://www.ncbi.nlm.nih.gov/
pubmed/18083499.

Dulfer SE, Drost G, Lange F, Journee HL, Wapstra FH, Hoving
EW. Long-term evaluation of intraoperative neurophysiological
monitoring-assisted tethered cord surgery. Child’s Nerv Syst.
2017;33:1985-95.

Macdonald DB. Intraoperative motor evoked potential monitor-
ing: overview and update. J Clin Monit Comput. 2006;20:347-77.
https://doi.org/10.1007/s10877-006-9033-0 (cited 5 Dec 2018).
Sloan TB, Heyer EJ. Anesthesia for intraoperative neurophysi-
ologic monitoring of the spinal cord. J Clin Neurophysiol.
2002;19:430-43 (cited 3 July 2019). http://www.ncbi.nlm.nih.
gov/pubmed/12477988.

Banoczi W. Update on anesthetic and metabolic effects during
intraoperative neurophysiological monitoring IONM). Am J
Electroneurodiagn Technol. 2005;45:225-39 (cited 17 June 2019).
http://www.ncbi.nlm.nih.gov/pubmed/16457049.

Lieberman JA, Feiner J, Rollins M, Lyon R, Jasiukaitis P. Changes
in transcranial motor evoked potentials during hemorrhage are
associated with increased serum propofol concentrations. J Clin
Monit Comput. 2018;32:541-8 (cited 17 June 2019). http://www.
ncbi.nlm.nih.gov/pubmed/28856576.

Oro J, Haghighi SS. Effects of altering core body temperature on
somatosensory and motor evoked potentials in rats. Spine (Phila
Pa 1976). 1992;17:498-503 (cited 18 May 2019). http://www.
ncbi.nlm.nih.gov/pubmed/1621147.

Haghighi SS, Oro 1J. Effects of hypovolemic hypotensive shock
on somatosensory and motor evoked potentials. Neurosurgery.
1989;24:246-52 (cited 17 June 2019). http://www.ncbi.nlm.nih.
gov/pubmed/2918975.

Yang J, Skaggs DL, Chan P, Shah SA, Vitale MG, Neiss G,
et al. Raising mean arterial pressure alone restores 20% of
intraoperative neuromonitoring losses. Spine (Phila Pa 1976).
2018;43:890—4 (cited 17 June 2019). http://www.ncbi.nlm.nih.
gov/pubmed/29049087.

Malcharek MJ, Loeffler S, Schiefer D, Manceur MA, Sablotzki A,
Gille J, et al. Transcranial motor evoked potentials during anes-
thesia with desflurane versus propofol—a prospective randomized

@ Springer

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

trial. Clin Neurophysiol. 2015;126:1825-32 (cited 13 May 2018).
http://www.ncbi.nlm.nih.gov/pubmed/25541524.

. Cordella R, Orena E, Acerbi F, Beretta E, Caldiroli D, Dimeco F,

et al. Motor evoked potentials and bispectral index-guided anaes-
thesia in image-guided mini-invasive neurosurgery of supraten-
torial tumors nearby the cortico-spinal tract. Turk Neurosurg.
2018;28:341-8 (cited 16 May 2019). http://www.turkishneurosur
gery.org.tr/summary_en_doi.php3?doi=10.5137/1019-5149.
JTN.20023-17.1.

Nathan N, Tabaraud F, Lacroix F, Mouliés D, Viviand X, Lansade
A, et al. Influence of propofol concentrations on multipulse tran-
scranial motor evoked potentials. Br J Anaesth. 2003;91:493-7
(cited 9 May 2018). http://www.ncbi.nlm.nih.gov/pubmed/14504
148.

Daniel JW, Botelho RV, Milano JB, Dantas FR, Onishi FJ, Neto
ER, et al. Intraoperative neurophysiological monitoring in spine
surgery. Spine (Phila Pa 1976). 2018;43:1154-60 (cited 2 July
2019). http://www.ncbi.nlm.nih.gov/pubmed/30063222.
http://www.ncbi.nlm.nih.gov/pubmed/28786839.

Johansen JW. Update on bispectral index monitoring. Best Pract
Res Clin Anaesthesiol Bailliere Tindall. 2006;20:81-99 (cited
1 Oct 2018). https://www.sciencedirect.com/science/article/pii/
S$1521689605000613?via%3Dihub.

Nimmo AF, Absalom AR, Bagshaw O, Biswas A, Cook TM,
Costello A, et al. Guidelines for the safe practice of total intra-
venous anaesthesia (TIVA): Joint Guidelines from the Associa-
tion of Anaesthetists and the Society for Intravenous Anaesthesia.
Anaesthesia. 2018;74(2):4-12.

Struys MMREF, Sahinovic MM, Lichtenbelt BJ, Vereecke HEM,
Absalom AR. Optimizing intravenous drug administration by
applying pharmacokinetic/pharmacodynamic concepts. Br J
Anaesth. 2011;107:38-47.

Scheeren TWL, Kuizenga MH, Maurer H, Struys MMRF, Hering-
lake M. Electroencephalography and brain oxygenation monitor-
ing in the perioperative period. Anesth Analg. 2019;128:265-77.
Sahinovic MM, van den Berg JP, Colin PJ, Gambus PL, Jensen
EW, Agusti M, et al. Influence of an “Electroencephalogram-
Based” monitor choice on the delay between the predicted propo-
fol effect-site concentration and the measured drug effect. Anesth
Analg. 2020;131(4):1184-92.

Fehlings MG, Tator CH, Linden RD. The relationships among the
severity of spinal cord injury, motor and somatosensory evoked
potentials and spinal cord blood flow. Electroencephalogr Clin
Neurophysiol. 74:241-59 (cited 17 June 2019). http://www.ncbi.
nlm.nih.gov/pubmed/2471626.

Kuchiwaki H, Inao S, Andoh K, Ishiguri H, Sugita K. Changes
in spinal cord function evaluated by evoked potentials and spinal
cord blood flow from a lateral retraction post-cervical laminec-
tomy. Acta Neurol Scand. 1990;82:183-90 (cited 17 June 2019).
http://www.ncbi.nlm.nih.gov/pubmed/2270746.

Shils JL, Sloan TB. Intraoperative neuromonitoring. Int Anesthe-
siol Clin. 2015;53:53-73 (cited 3 July 2019). http://www.ncbi.
nlm.nih.gov/pubmed/25551742.

Nunes RR, Bersot CDA, Garritano JG. Intraoperative neurophysi-
ological monitoring in neuroanesthesia. Curr Opin Anaesthesiol.
2018;31:532-8 (cited 3 July 2019). http://www.ncbi.nlm.nih.gov/
pubmed/30020157.

Dwan K, Altman DG, Blundell M, Gamble CL, Williamson PR.
Comparison of protocols and registry entries to published reports
for randomised controlled trials. Cochrane Database Syst Rev.
2010. https://doi.org/10.1002/14651858.mr000031.pub2.

Simes RJ. Publication bias: the case for an international registry of
clinical trials. J Clin Oncol. 1986;4:1529-41 (cited 20 Aug 2020).
https://pubmed.ncbi.nlm.nih.gov/3760920/.

Chan AW, Hrébjartsson A, Haahr MT, Ggtzsche PC, Altman
DG. Empirical evidence for selective reporting of outcomes in


http://www.ncbi.nlm.nih.gov/pubmed/24055297
http://www.ncbi.nlm.nih.gov/pubmed/24055297
https://ac.els-cdn.com/S1388245707006037/1-s2.0-S1388245707006037-main.pdf?_tid=4974142a-5d0d-4881-
https://ac.els-cdn.com/S1388245707006037/1-s2.0-S1388245707006037-main.pdf?_tid=4974142a-5d0d-4881-
http://www.ncbi.nlm.nih.gov/pubmed/16723892
https://insights.ovid.com/pubmed?pmid=28045852
https://insights.ovid.com/pubmed?pmid=28045852
http://www.ncbi.nlm.nih.gov/pubmed/28045854
http://www.ncbi.nlm.nih.gov/pubmed/28045854
http://www.ncbi.nlm.nih.gov/pubmed/18083499
http://www.ncbi.nlm.nih.gov/pubmed/18083499
https://doi.org/10.1007/s10877-006-9033-0
http://www.ncbi.nlm.nih.gov/pubmed/12477988
http://www.ncbi.nlm.nih.gov/pubmed/12477988
http://www.ncbi.nlm.nih.gov/pubmed/16457049
http://www.ncbi.nlm.nih.gov/pubmed/28856576
http://www.ncbi.nlm.nih.gov/pubmed/28856576
http://www.ncbi.nlm.nih.gov/pubmed/1621147
http://www.ncbi.nlm.nih.gov/pubmed/1621147
http://www.ncbi.nlm.nih.gov/pubmed/2918975
http://www.ncbi.nlm.nih.gov/pubmed/2918975
http://www.ncbi.nlm.nih.gov/pubmed/29049087
http://www.ncbi.nlm.nih.gov/pubmed/29049087
http://www.ncbi.nlm.nih.gov/pubmed/25541524
http://www.turkishneurosurgery.org.tr/summary_en_doi.php3?doi=10.5137/
http://www.turkishneurosurgery.org.tr/summary_en_doi.php3?doi=10.5137/
http://www.ncbi.nlm.nih.gov/pubmed/14504148
http://www.ncbi.nlm.nih.gov/pubmed/14504148
http://www.ncbi.nlm.nih.gov/pubmed/30063222
https://www.sciencedirect.com/science/article/pii/S1521689605000613?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1521689605000613?via%3Dihub
http://www.ncbi.nlm.nih.gov/pubmed/2471626
http://www.ncbi.nlm.nih.gov/pubmed/2471626
http://www.ncbi.nlm.nih.gov/pubmed/2270746
http://www.ncbi.nlm.nih.gov/pubmed/25551742
http://www.ncbi.nlm.nih.gov/pubmed/25551742
http://www.ncbi.nlm.nih.gov/pubmed/30020157
http://www.ncbi.nlm.nih.gov/pubmed/30020157
https://doi.org/10.1002/14651858.mr000031.pub2
https://pubmed.ncbi.nlm.nih.gov/3760920/

Journal of Clinical Monitoring and Computing (2021) 35:967-977

977

33.

34.

35.

36.

37.

38.

39.

randomized trials: comparison of protocols to published articles.
J Am Med Assoc. 2004;2457-65 (cited 20 Aug 2020). https://
pubmed.ncbi.nlm.nih.gov/15161896/.

Minto CF, Schnider TW, Egan TD, Youngs E, Lemmens HIM,
Gambus PL, et al. Influence of age and gender on the pharmacoki-
netics and pharmacodynamics of remifentanil I. Model develop-
ment. Anesthesiology. 1997;86:10-23 (cited 20 Aug 2020). https
://pubmed.ncbi.nlm.nih.gov/9009935/.

Minto CF, Schnider TW, Shafer SL. Pharmacokinetics and phar-
macodynamics of remifentanil. Anesthesiology. 1997;86:24-33
(cited 20 Aug 2020). https://pubmed.ncbi.nlm.nih.gov/9009936/.
Gruenewald M, Ilies C. Monitoring the nociception—anti-nocice-
ption balance. Best Pract Res Clin Anaesthesiol. 2013;27:235-47.
Sahinovic MM, Eleveld DJ, Kalmar AF, Heeremans EH, De Smet
T, Seshagiri CV, et al. Accuracy of the composite variability index
as a measure of the balance between nociception and antinocicep-
tion during anesthesia. Anesth Analg. 2014;119:288-301.

Saied NN, Helwani MA, Weavind LM, Shi Y, Shotwell MS, Pan-
dharipande PP. Effect of anaesthesia type on postoperative mortal-
ity and morbidities: a matched analysis of the NSQIP database. Br
J Anaesth. 2017;118:105-11.

Li G, Warner M, Lang BH, Huang L, Sun LS. Epidemiology of
anesthesia-related mortality in the United States, 1999-2005.
Anesthesiology NIH Public Access. 2009;110:759-65 (cited 11
Dec 2018). http://www.ncbi.nlm.nih.gov/pubmed/19322941.
Sahinovic MM, Struys MMRF, Absalom AR. Clinical pharma-
cokinetics and pharmacodynamics of propofol. Clin Pharmacoki-
net Pharmacodyn Propofol Clin Pharmacokinet. 2018;57:1539-58
(cited 3 July 2019). https://doi.org/10.1007/s40262-018-0672-3.

40.

41.

42.

43.

Othman Z, Lenke LG, Bolon SM, Padberg A. Hypotension-
induced loss of intraoperative monitoring data during surgical
correction of Scheuermann kyphosis: a case report. Spine (Phila
Pa 1976). 2004;29:E258-65 (cited 17 June 2019). http://www.
ncbi.nlm.nih.gov/pubmed/15187651.

Saponaro-Gonzélez A, Pérez-Lorensu PJ, Rivas-Navas E, Fernan-
dez-Conejero 1. Suprasegmental neurophysiological monitoring
with H reflex and TcMEP in spinal surgery. Transient loss due to
hypotension. A case report. Clin Neurophysiol Pract. 2016;1:54-7
(cited 17 June 2019). http://www.ncbi.nlm.nih.gov/pubmed/30214
960.

Zuckerman SL, Forbes JA, Mistry AM, Krishnamoorthi H,
Weaver S, Mathews L, et al. Electrophysiologic deterioration in
surgery for thoracic disc herniation: impact of mean arterial pres-
sures on surgical outcome. Eur Spine J. 2014;23:2279-90 (cited
17 June 2019). http://www.ncbi.nlm.nih.gov/pubmed/24898311.
Lieberman JA, Feiner J, Lyon R, Rollins MD. Effect of hemor-
rhage and hypotension on transcranial motor-evoked potentials in
swine. Anesthesiology. 2013;119:1109-19 (cited 13 May 2018).
http://www.ncbi.nlm.nih.gov/pubmed/23770600.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://pubmed.ncbi.nlm.nih.gov/15161896/
https://pubmed.ncbi.nlm.nih.gov/15161896/
https://pubmed.ncbi.nlm.nih.gov/9009935/
https://pubmed.ncbi.nlm.nih.gov/9009935/
https://pubmed.ncbi.nlm.nih.gov/9009936/
http://www.ncbi.nlm.nih.gov/pubmed/19322941
https://doi.org/10.1007/s40262-018-0672-3
http://www.ncbi.nlm.nih.gov/pubmed/15187651
http://www.ncbi.nlm.nih.gov/pubmed/15187651
http://www.ncbi.nlm.nih.gov/pubmed/30214960
http://www.ncbi.nlm.nih.gov/pubmed/30214960
http://www.ncbi.nlm.nih.gov/pubmed/24898311
http://www.ncbi.nlm.nih.gov/pubmed/23770600

	The influence of depth of anesthesia and blood pressure on muscle recorded motor evoked potentials in spinal surgery. A prospective observational study protocol
	Abstract
	1 Background
	2 Methodsdesign
	2.1 Study design
	2.2 Study setting
	2.3 Inclusion criteria
	2.4 Exclusion criteria
	2.5 Study objectives and hypotheses
	2.5.1 Part 1: depth of anesthesia
	2.5.1.1 Primary objective 
	2.5.1.2 Secondary objective 1 

	2.5.2 Part 2: Blood pressure
	2.5.2.1 Primary objective 

	2.5.3 Secondary objective 1

	2.6 Muscle recorded transcranial electrical stimulation motor evoked potentials
	2.7 Anesthetic management
	2.8 Study procedures
	2.8.1 Part 1: effect of depth of anesthesia on mTc-MEP characteristics in spinal surgery
	2.8.2 Part 2: effect of blood pressure on mTc-MEP characteristics in spinal surgery

	2.9 Sample size calculation
	2.9.1 Part 1:  pEEG
	2.9.2 Part 2: MAP

	2.10 Recruitment
	2.11 Data management
	2.12 Statistical methods
	2.12.1 Part 1: pEEG
	2.12.1.1 Primary outcome 
	2.12.1.2 Secondary outcome 

	2.12.2 Part 2: MAP
	2.12.2.1 Primary outcome 
	2.12.2.2 Secondary outcome 

	2.12.3 Subgroup analysis

	2.13 Data monitoring
	2.14 Harms

	3 Discussion
	References




