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ABSTRACT

Objectives: The whole surgical team
carries out the important tasks of
neuromonitoring during craniotomy to
prevent neurological damage. We
examined the role of the anesthesiologist
in intraoperative neuromonitoring in light
of experience between 2005-2008.

Methods: We gathered the files of
patients who underwent craniotomy with
neuromonitoring from November 2005 to
2008. The neuromonitoring data were
analyzed, details of demographic
characteristics, neuromonitoring methods,
and anesthesia were recorded.

Results: During 3-year period, 204
patients who underwent craniotomy were
monitored with the following techniques:
SSEP with phase transformation (n:16),
motor cortex localization (n:31),
corticospinal tract localization (n:51),
direct cortical and subcortical stimulation
(n:27), motor speech center (Broca)
localization (n:3), cranial nerve (n:60),
MEP (n:84), SEP (n:92), EEG (n:24),
BAEP (n:35), and cranial nerve monitoring
(303 cranial nerves). Total intravenous
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anesthesia with propofol and remifentanil
was used in all patients. Patients having
EMG and MEP were not given muscle
relaxants after anesthesia was induced.
The dosages of intravenous anesthetic
agents were reduced during subcortical
stimulation and EEG monitoring.

Conclusion: If anesthesiologists guide the
use of anesthetic agents (depending on
the neuromonitoring method used) and

inform the team of changes in the
patient's hemodynamic status, the
information gained through

neuromonitoring can be obtained and
interpreted more accurately.

Keywords: Anesthesia; craniotomy;
neuromonitoring.

OZET

Amac:. Kraniyotomi operasyonlarinda,

norolojik hasarin dnlenmesi icin kullanilan
néromonitérlemede tim ekibe dnemli
gorevler dismektedir. Bu calismada,
2005-2008 tarihleri arasinda vyapilan
intraoperatif néromonitérleme
uygulamalarnimizin 1siginda anestezistlerin
roll irdelenmeye galisiimistir.

Yontemler: Bu cgalismada, 2005 kasim-
2008 arahk tarihleri arasinda,
néromonitérieme ile kraniyotomi
operasyonu geciren hastalara ait dosyalar

ve néromonitérieme kayitlari
incelenmistir. Bu hastalarin demografik
Ozellikleri, uygulanan néromonitérleme
yontemleri ve anestezi detaylan
kaydedilmistir.

Bulgular: 3 yillik periyodda, kraniyotomi

operasyonu gegiren 204 hastaya: faz
dontsimllt SSEP (n:16), direkt kortikal
stimtlasyonla motor korteks lokalizasyonu
(n:31), subkortikal stimtlasyonla
kortikospinal trakt lokalizasyonu (n:51),
direkt kortikal ve subkortikal stimulasyon
(n:27), motor konusma merkezi (Broca)
lokalizasyonu (n:3), kranial sinir (n : 60),
MEP (n :84), SSEP (n:92), EEG (n: 24),
BAEP (n:35) ve kraniyal sinir
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monitérlemesi (303 kraniyal sinir)
yapilmistir. Tim hastalara propofol ve
remifentanil ile total intravenoz anestezi
uygulanmistir. EMG ve MEP vyapilan
hastalara anestezi indiksiyonunu takiben
kas gevsetici ajan  kullanilmamigtir.
Subkortikal stimulasyon ve EEG
monitorizasyonu sirasinda intravenoz
anestezik ajan dozlari azaltilmistir.

Sonuc: Anestezi doktorlarinin; ndroloji
ekibinin uygulayacagi noéromonitorleme
ybntemine gore, anestezik ajanlarin
kullanimini ydnlendirilmesi ve hastanin
hemodinamik durumunundaki
degisikliklerden noroloji ekibini haberdar
etmesi, néromonitérlemede daha dogru
bilgi elde edilmesine ve elde edilen
bilgilerin dodgru olarak yorumlanmasina
yardimci olacaktir.

Anahtar Sozciikler:
kraniyotomi; néromonitérleme.

Anestezi;

INTRODUCTION

Intraoperative neuromonitoring (IONM)
procedures are used frequently to track
the status of the nervous system, which is
at risk of hypoxic, ischemic and
mechanical trauma during surgery (9,27).

IONM helps identify changes in the
nervous system during the early
intraoperative period and helps the

surgeon prevent irreversible damage and
determine  surgical margins. IONM
methods can be categorized into two main
groups: monitoring techniques, which
include electroencephalography (EEG),
sensory and motor evoked potentials
(SSEP, MEP), and electromyography
(EMG), and mapping techniques, which
include cortical and subcortical stimulation
and brainstem mapping (9,19).

To acquire accurate and adequate
information from the surgical area and
evaluate the information properly during
IONM, different applications of anesthesia
can be used, depending on the method of
neuromonitoring (4). Since the results of
IONM applications in some ways guide,
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perhaps even limit the surgical attempt,
the anesthesia team undertakes highly
significant tasks to acquire information
from the patient and ensure the reliability
of the interpretations. These tasks start

with the induction of anesthesia and
continue throughout surgery.
Unfortunately, all studies currently

available in the literature focus only on
the agents to be used in anesthesia (5-
7,28), and the role of the anesthesia team
during neuromonitoring, as part of the
team in the operating room, has been
referred to in only one publication (19).
The objective of this study was to
determine the role of the anesthesia team
during craniotomy operations done with
neuromonitoring. We also outlined points
to consider for the use of anesthesia
based on applications done in our clinic
over a 3-year period (November 2005 -
November 2008) as well as those reported
in the literature.

MATERIALS AND METHODS

Upon receiving approval from the local
ethics committee, we collected the files of
patients who underwent elective
craniotomy with neuromonitoring at
Yeditepe University School of Medicine
over a 3-year period (November 2005 -
November 2008) and we reviewed the
neuromonitoring records kept by the
neurology team. We recorded the
demographic  characteristics of the
patients, the surgical diagnoses, details of
the anesthesia procedures used (agents,
perioperative  hemodynamic changes,
body temperature, the number of patients
not given muscle relaxants, changes in
the dosage of anesthetic agents during
EEG), neuromonitoring methods, and
adverse effects. Data are presented as
mean values with the standard deviation
(SD).

RESULTS

The following procedures were used for
204 patients during craniotomy whose
preoperative electrophysiological
evaluations were done in our clinic: SSEP
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with phase transformation (n:16), motor

cortex localization with direct cortical
stimulation (n:31), corticospinal tract
localization with subcortical stimulation

(n:51), direct cortical and subcortical
stimulation (n:27), motor speech center
(Broca) localization (n:3), cranial nerve

monitoring (n:60), MEP monitoring
(n:84), SSEP monitoring (n:92), EEG
monitoring (n:24), BAEP monitoring

(n:35), and cranial nerve monitoring (303
cranial nerves). The ISIS monitoring
system was used for recording and the
Osiris neurostimulator was used for alerts
(both units from Inomed, Teningen,
Germany). The demographic
characteristics of the patients appear in
Table 1.

Table 1. Demographic Charactheristics (n:204)

Of these patients, 27% had a diagnosis
of major motor deficits, sensory deficits,
or both, that interfered with their daily
activities preoperatively.

Of the total 204 patients, 176 (86%)
monitored peroperatively were operated
on in the supine position. The remaining
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28 (14%) were operated on in the sitting
position.

The heart rate, non-invasive blood
pressure and oxygen saturation were
monitored for all patients and anesthesia
was induced with thiopental sodium and
remifentanil (93%) or fentanil (7%). After
anesthesia induction, muscles were
relaxed with sis-atracurium (89%) or
rocuronium (11%), and an endotracheal
intubation was done. The anesthesia was
maintained in all patients with a propofol
(75-200 mcg/kg/min) and remifentanil
(0.15-0.25 mcg/kg/min) infusion and an
oxygen-air mixture. Patients were
ventilated mechanically to keep the end-
tidal carbon dioxide values at 25-30
mmHg. Venous pressure for all patients
operated on in the sitting position (n: 28)
was tracked through a central vein
catheter placed in the subclavian vein and
the air inlet was monitored with
perioperative transesophageal
echocardiography. The invasive blood
pressure, end-tidal carbon dioxide level,
esophageal temperature (84%) or rectal
temperature (31%), and skin temperature
were tracked. The mean arterial pressures
were stable (76 + 7 mmHg)
intraoperatively. Neither bolus dosage
anesthetic agents nor muscle relaxants
were administered during the recording.
Muscle relaxants were not given to
patients having either EMG or MEP
monitoring after anesthesia was induced.
Propofol dosages for patients having EEG
or cortical or subcortical stimulation were
reduced (n:32) or discontinued (n:19) just
before stimulation. No problems related to
anesthesia were noted during the
recording of signals. All but 3 patients
were successfully extubated. These 3 were
either taken to the operating room already
intubated or had a tracheostomy
preoperatively.

An analysis of adverse effects showed
no skin hematoma or skin infection as a
result of the needle electrodes. Eight of 27
patients having a needle electrode for
vocal cord stimulation experienced a sore
throat. Treatment with steam inhalation
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and anti-inflammatory lozenges was
necessary for 2 of these 8 patients. None
of the patients had dysphonia due to
neuromonitoring. One  patient who
underwent posterior fossa surgery needed
a tracheostomy on the second day due to
dysphagia. All patients were discharged
from the hospital without any problem.

DISCUSSION

During the study period, total of 204

patients were given total intravenous
anesthesia using by propofol and
remifentanil and signals were recorded

with neuromonitoring techniques. With
these procedures, the surgeon could be
notified about changes in neurologic
function early and patients were released
with no residual neurological sequelae.

Patients undergoing anesthesia for a
craniotomy who are not monitored
neurologically are vulnerable to
neurological damage during surgery (4,9).
Intraoperative neuromonitoring (IONM)
was first used in 1898 for the facial nerve.
Intraoperative SSEP and EEG were first
used in 1966 and 1967, respectively, and
since then IONM has come into regular
use for all craniotomy operations (17).
With neuromonitoring today, procedures
that could damage the nervous system
can be done more safely (17).

To carry out IONM, a needle is inserted
into or surface electrodes are placed on
the patient after the induction of
anesthesia. All electrodes are sterilized
and prepared under the supervision of the
neurological team before use. These
electrodes may be any of the following:
electrodes placed in peripheral nerves
(typically the median nerve and posterior
tibial nerve) and into the scalp for SSEP
monitoring to track the structural and
functional integrity of sensory pathways;
needle or threaded electrodes inserted
into the scalp for MEP monitoring to track
the structural and functional integrity of
motor pathways; subdermal electrodes
inserted into extremities; needle
electrodes inserted into relevant muscles
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for cranial nerve monitoring; tampon
electrodes inserted into the external ear
pathway to protect the integrity of the
brainstem and auditory pathways during
the recording of auditory evoked
potentials of the brain stem; and a sterile
electrode inserted into the area of a lesion
after the surgical incision during
electrocorticography. Anesthesiologists
and the neurology team, who are all
present for the insertion of the electrodes,
must act together during preparation of
the patient, the induction of anesthesia,
and anesthesia maintenance before the
craniotomy, all of which is done at an
intensive tempo. The working area and
times generally overlap before the long
surgical attempt. But for the benefit of the
patient, the preparatory period, which is
prolonged by neuromonitoring, can be
shortened by starting the IONM
preparations as soon as possible after
anesthesia is induced and with the
approval of the anesthesiologist. Care
must be taken not to dislodge the
catheters or fixations during the insertion
of the electrodes, especially when areas,
such as the forearm and face, which may
be used by the anesthesia team for
catheterization and catheter fixation, are
also being used by the neurology team
(Figure 1).

Figure 1. Intraoperative neuromonitoring.

Furthermore, if vocal cord stimulation is to
be done during posterior fossa surgery, it
is crucial to correctly insert the needle
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electrodes into the vocal cord and mouth
and secure the fixations during
endotracheal intubation (or afterwards by
the anesthesiologist) (Figure 2).

Figure 2. The lower cranial nerve monitoring using
by needle electrodes for brainstem lesion

The period can also be shortened if the
needle electrodes are handed properly to
the anesthesiologist performing the
intubation, marked immediately, and by
working as a team.

If the patient is moved for any reason,
the anesthesia team must notify the
neurology team of any possible problems
with respect to the safety of the
electrodes fixed before the patient was
placed in the surgical position and from
which base values were recorded after
positioning. In addition, because the
electrodes fixed on the patient, the
connected cables, the mobile systems
carrying these cables, and the monitors
are located in the same area with the
anesthesia team, all equipment must be
placed so that it does not block access to
the patient and enables the
anesthesiologist to work freely. The
placement of equipment must also allow
the neurology team to move easily and
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gain quick control of the electrodes and
connections whenever necessary.

Depending on the neuromonitoring
techniques to be used during surgery, a
number of choices must be made with
regard to the anesthetic agents
administered to the patient.

Motor Evoked Potential (MEP)
Monitoring

Studies of the agents used during MEP
monitoring show that all anesthetic agents
affect MEP signals negatively, but with the
use of inhalation agents, especially those
used in high alveolar concentrations, the
MEP responses disappear (23,35). With
the use of etomidate, ketamine and
nitrous oxide, increasing the amplitude
during the recording of evoked potentials
is not favored for patients undergoing
craniotomy (34).

A decrease in the MEP amplitude with
inhalation agents at 1 MAC levels, such as
halothane, sevoflurane and isoflurane, is
observed in patients having a partial
neuromuscular blockade. However, the
negative effect of halothane on the MEP
response at a 0.5 MAC level is less than
the effects of isoflurane and sevoflurane
(8). This effect is related to the depth of
neuromuscular blockage (26). The general
opinion is to keep the MAC level of the
inhalation agents below 0.5. Administering
intravenous anesthesia with propofol and
opioids is always the first choice.
Depending on the dose, however, propofol
decreases the MEP amplitude but does not
affect the latency (18). Studies in the
literature that compared the effects of
propofol to the effects of inhalation agents
such as isoflurane and nitrous oxide on
the multipulse stimulation concluded that
propofol provides better conditions for
recording (20).

Opioids have limited effect on the MEP,
and are commonly used to supplement
anesthetic agents during motor
monitoring. They also have only minimal
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effects on myogenic potentials when used
as a low-dose, continuous infusion (15).
However, most of the reported results are
limited to the authors’ experience and
only a few publications mention the
depressing effects of alfentanyl, fentanyl,
remifentanil and sufentanil (12,21).
Nevertheless, fentanyl, sufentanil and
remifentanil are commonly used during
and after surgery.

Sekimoto and colleagues concluded
that, although the inhalation agent added
during intravenous anesthesia with
propofol and fentanyl causes hypotension,
it affects MEP signals positively (26).
Nonetheless, the general opinion among
published studies is that, when MEP
signals are monitored preoperatively,
intravenous anesthesia should be done
with propofol and opioids (especially
remifentanil due to its wide range of
dosing) and muscle relaxants should not
be used after the induction
(19,24,25,28,30). It has also been
reported that dexmedetomidin, which is
often used as an anesthetic agent, can be
used safely as a component of total
intravenous anesthesia during
neuromonitoring (1,31). Since a stable
anesthesia depth is recommended during
neuromonitoring, infusion of the drugs
through target-controlled devices may
help (12).

When a patient’s MEP responses from
motor cortex stimulation are to be
monitored, a muscle relaxant should not
be used after anesthesia is induced. These
patients are given an anesthetic drug
more often (22). Each of the stimulations
may cause the patient to move; therefore,
safety precautions (such as securing the
airway and immobilizing arms and legs
with a safety belt) must be taken. To
avoid injuring the tongue during direct
stimulation of the masseter muscle during

stimulation of the motor cortex or
motorways, the inner mouth must be
prepared and the teeth and tongue

protected. A recent report describes new
stimulation techniques that prevent
movement during MEP stimulation without
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interrupting the operation, especially
during critical procedures such as
microsurgery, and we use these

techniques in our clinic (33). Thus, the
patient can be safely stimulated and the
responses are received while the operation
is being performed. This technique,
however, should not be used for patients
with a cardiac pacemaker.

A decrease in the MEP responses or an
increase in the stimulation threshold may
occur due to a decrease in the patient’s
body temperature (29). On the other
hand, hyperthermia may cause a decrease
in latency or an increase in rate. The
patient’'s body temperature must be
tracked during surgery because of its
affect on MEP and SEP responses, and the
neurology team must be notified about
critical limits. Care must be taken to keep
the patient’'s body temperature at the
base value + 2-2.5 degrees C (13).

Somatosensory Evoked Potential
(SSEP) Monitoring

Inhalation agents have negative effects
on SSEP, which is used to track the
evoked potentials of auditory pathways
(2). All halogenated inhalation agents
decrease the latency and amplitude in a
dose-dependent manner (11,16). In
addition, cortical SSEP is more sensitive to
these agents. It is possible to record
cortical SSEP at levels of 0.1-1.0 MAC with
halothane, enflurane or isoflurane. While
desflurane and sevflurane allow SSEP
recording, they increase the depressant
effects of nitrous oxide volatile agents.
Intravenous anesthetic agents (properidol,
barbiturates, benzodiazepines, etomidate,
and propofol) typically depress the SSEP
but do so less than inhalation agents (11).
Etomidate and ketamine increase the

cortical SSEP amplitude. Propofol is
preferred since it preserves the
somatosensorial potentials better in

comparison to all other anesthetic agents
(6,7,11). Clinically unimportant changes
can occur in the SSEP latency and
amplitude after the administration of
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opioids. Unlike MEP, SSEP is affected only
minimally or not at all by muscle relaxants
(23,24). When intraoperative motor tract
stimulation is to be done, the use of a
muscle relaxant may affect the recording
negatively.

Although it is affected less by the use of
muscle relaxants, SSEP is affected by
changes in the patient’s body
temperature, the anesthesia depth, and
changes in blood pressure. Stable and
deep anesthesia, control of heart rate and
blood pressure, and stable hemodynamics
are essential during SSEP monitoring.
Minor changes in the blood pressure may
rapidly change the signal; thus, the
perfusion pressure must be kept stable
(12,16). Most studies show a relationship
between the local cerebral blood flow and
cortical evoked responses. Cortical SSEP
remains steady with blood pressure as low
as ~20 ml/min/100g. But when the
pressure drops to 18 or 15 ml/min/100g,
SSEP is disrupted, even lost. The literature
notes that the SSEP information acquired
during this induced hypotension may be
confused with motor function loss in the
legs (10). Therefore, rapid changes in the
blood pressure must be avoided and bolus
dosages of the drugs can be administered
to increase the depth of anesthesia. To
keep the body temperature stable, the
patient must be warmed actively (base
temperature + 2-2.5 degrees C).

Any hypoxemia occurring during the
anesthesia may corrupt evoked potentials.
Changes in the carbon dioxide level can
decrease spinal cord and cortical blood
flow, consequently changing the cortical
SSEP. A further decrease in carbon dioxide
levels (PaCO, 20 mmHg) may cause
vasoconstriction and ischemia and, again,
changes in the SSEP. Therefore, existing
evoked potentials must be considered
once hyperventilation is started (14).

Although they are used together in most
cases, MEP and SSEP can be monitored
separately.
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Notifying the neurology team about the
additional anesthetic doses to be
administered is crucial to ensure that the
data is interpreted accurately and the
surgical team is not misled.

Electroencephalography (EEG)

Inhalation agents decrease the EEG
amplitude and reduce the post-initial wave
interval in a dose-dependent fashion.
While this effect is more apparent for

cortically generated waves, it is more
noticeable on subcortical, spinal and
peripheral evoked potentials. Inhalation

anesthetics cause burst suppression on
EEG, although this phenomenon is
diminished with propofol (10). Bursts are
very slow negative waves. With isoflurane
and sevoflurane, the bursts begin and end
with an abrupt DC shift, whereas with
propofol the burst onset and end are
smooth Etomidate and ketamine
increase the EEG amplitude (3). Rapid
changes in the dept of anesthesia and the
use of volatile agents or bolus doses of
intravenous agents must be avoided
during surgery, especially during excision
in the surgical area. During intraoperative
EEG recording and before the surgical
lesion is reached, the anesthesiologist
may need to stop the drug infusion or,
especially, decrease the propofol dose. In
such cases, the remifantanil dose may be
increased to prevent the patient’s waking.

Electrocorticography

Electrocorticography is used to
determine the area of seizure activity.
When surgery is done with general
anesthesia, all the volatile agents,
intravenous hypnotics, and
benzodiazepines affect spikes negatively
(32). Therefore, before the Ilesion is
excised, the doses of anesthetic agents
must be decreased and the patient should
be under surface anesthesia, if possible.
However, the patient’s reflexes, such as
moving, straining and couching, must be
suppressed with muscle relaxants. Studies
show that methohexital, etomidate and
alfentanil increase spikes (3,10,32), but
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our knowledge regarding this subject is
insufficient. To ensure safety, precautions
must be taken in case the patient
experiences seizures during direct cortical
stimulation.

Complications related with
Neuromonitoring

In the postoperative period, side effects
related to neuromonitoring were rarely
seen in our patients and any effects were
due to traumatic results related to the
needle electrodes. None of the patients
complained about these effects, and none
of the patients had hematoma or infection
in the areas where the needle electrodes
were inserted. In our series, no crucial
complications resulted from needle
electrodes being fixed on vocal cords. But
it’s difficult to determine whether the sore
throat experienced by some patients was
due to intubation, the transesophageal
echocardiography probe used
preoperatively, or needle electrodes fixed
to the vocal cords.

Total intravenous anesthesia is the ideal
type of anesthesia to wuse during
neuromonitoring. However, balance
anesthesia may be administered based on
the joint decision of the surgeon and
anesthesiologist, and nitrous oxide must be
avoided (34). During such anesthesia,
agents must be administered after the
bolus dose as infusion and with stable
doses. Rapid boluses must be avoided as
much as possible and the neurology team
must be notified. In addition, a
neuromuscular block must be used during
endotracheal intubation.

During the 3-year period, all of the
patients in our clinic were given total
intravenous anesthesia with propofol and
remifentanil or fentanil. Hemodynamics
were controlled during neuromonitoring
and there were no problems in
neuromonitoring due to anesthesia. All
patients were extubated after surgery
without problems except 3 patients who
were intubated before surgery. Drug
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doses were titrated to keep the patients
hemodynamically stable during anesthesia
and the neurology team was notified
during the administration of additional
bolus doses. Patients were occasionally
warmed when required; otherwise, their
body temperatures were kept stable.

Neuromonitoring methods are being

used more often to protect the
neurological status of patients during
surgery. Consequently, there is an

increase in the number of people in the
operating room, the amount of equipment
used, and even the number of surgical
attempts as a result of the developments
introduced by the technology.
Neuromonitoring is being used
increasingly in neurosurgery to ensure the
best outcome possible without harming
the patient. Since the techniques are not
the sole responsibility of a single team, all
teams in the operating room must work
together to help the patient. The
anesthesia team must work with the
neurology and surgery teams in total
harmony. Communication among these
teams, especially the monitoring personnel,
is essential. For the neurophysiologist and
the anesthetist, there is a learning curve to
master all the tricks of this complex
technology and its surgical and anesthetic
applications.
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