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An unexpected increase of entropy in a sleepwalking disorder
patient during propofol and remifentanil anesthesia
-a case report-

Yoon Ji Choi', Koo Kwon’, Go Eun Bae’, Seung Zhoo Yoon’, Hye Won Lee’, and Hae Ja Lim’

Department of Anesthesiology and Pain Medicine, 'Tnje University Seoul Paik Hospital, >Asan Medical Center, University of Ulsan
College of Medicine, *Korea University College of Medicine, Seoul, Korea

We report a case of increased values of entropy parameters Response Entropy (RE) and State Entropy (SE) during in-
travenous general anesthesia in a sleepwalking patient. An ASA class II, 64-year-old woman with stress incontinence
underwent mid-urethral sling surgery. Prior to surgery, the patient had been administered paroxetine, valproic acid and
clonazepam for the treatment of sleepwalking disorder. After 10 min of target-controlled infusion of propofol and remi-
fentanil, entropy values increased up to 94 (RE) and 88 (SE) for 10 min. The target effect-site concentrations of anesthet-
ics increased from 4 to 7 pg/ml propofol and 4 ng/ml remifentanil, at which point values fell back to adequate anesthesia
levels. Episodes of recall or of explicit memories did not occur during the anesthesia. In conclusion, sleepwalking patients
with long-term use medications may need increment of anesthetic dose caused by the anesthetic drug metabolism acti-

vation or impairment or immaturity of inhibitory circuits in brain. (Korean ] Anesthesiol 2014; 67: 270-274)
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Sleepwalking, also known as somnambulism, is a series of
complex motor behaviors that result in walking or exerting large
movements during deep sleep. This condition is thought to be
caused by various factors including drugs [1,2], stress, psychic
conditions, sleep deprivation and genetic susceptibility. Sleep-
walking occurs in 2-14% of children. Onset occurs commonly
before 10 years of age and it is usually outgrown. However, up
to 25% of patients continue sleepwalking into adulthood. The
prevalence of sleepwalking in adults is 1.6-2.4% [3]. Occasional,

benign episodes of sleepwalking require no active treatment.
However, patients who experience recurrent sleepwalking with
a risk of injury to self or others require immediate pharmaco-
logical treatment. Commonly recommended medications are
benzodiazepines (particularly clonazepam), tricyclic antidepres-
sants, and selective serotonin reuptake inhibitors.

During general anesthesia, as the brain becomes increasingly
saturated with anesthetics, both electroencephalograph (EEG)
and frontal electromyograph (fEMG), which measure brain and
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facial muscle activities, respectively, change from irregular to
more regular patterns. The entropy module is a computed de-
vice that monitors the depth of anesthesia using data acquisition
of EEG and fEMG signals, and provides measurements of the
irregularity of EEG and fEMG using an entropy algorithm [4].
The entropy module provides two different entropy parameters,
the State Entropy (SE) and the Response Entropy (RE). The
value of SE is calculated from the measurement of the entropy of
the EEG, which is related to cortical activity; SE has a frequency
rate of 0.8-32 Hz and displays a range of 0-91. The value of RE
is calculated from the measurement of the entropy of the EEG
and the fEMG and has a frequency rate of 0.8-47 Hz. Further-
more, the entropy module has recently been used to evaluate the
effects of anesthetic agents during general anesthesia.

In this report, we present a case of increasing EEG entropy
during intravenous general anesthesia in a sleepwalking patient.

Case Report
Patient

We present the case of a 64-year-old female patient (American
Society of Anesthesiologists physical status class II) with stress
incontinence who underwent a mid-urethral sling operation.
The patient was diagnosed with sleepwalking 2 years prior to the
operation and was prescribed clonazepam (0.5 mg/day), valproic
acid (150 mg/day) and paroxetine (20 mg/day). The patient was
taking these medications for the 2 year period prior to surgery.
The patient’s psychiatrist reccommended stopping the prescribed
medication in the morning of the operation day and restarting
after surgery. Routine preoperative investigations were within
normal limits (146 cm, 52.1 kg; hemoglobin levels [Hb]:12.3 g/dl).
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Surgery

EEG, electrocardiography, end-tidal CO, partial pressure,
pulse oximetry, and noninvasive blood pressure were monitored
throughout surgery. Entropy of EEG was determined using an
entropy module (M-Entropy™; Datex-Ohmeda, Helsinki, Fin-
land). At the beginning of surgery, the values of RE and SE were
94 and 90, respectively.

Intravenous anesthesia was provided using target-controlled
infusion (TCI) of propofol and remifentanil. The infusions of
propofol and remifentanil were prepared using fresofol 2% injec-
tion, 50 ml vial (Fresenius Kabi, Austria) and U]tivaTMinjection,
1 mg vial (GlaxoSmithKline, Belgium), respectively. Remifentanil
1 mg was diluted into 50 ml of normal saline (20 pug/ml solution).
Both infusions were prepared in 50 ml syringes. A commercial
TCI pump (Orchestra® Base Primea, Fresenius Vial, France) was
used for the target effect-site TCI of propofol and remifentanil.
The pump used the models of Marsh and colleagues for propofol
[5] and Minto and colleagues for remifentanil [6]. The TCI de-
vice was adjusted to deliver target effect-site concentrations of
3.5-7 pg/ml propofol and 3.5-4 ng/ml remifentanil depending
on the condition of the patient. Initial target effect-site concen-
trations of propofol and remifentanil were 3.5 pg/ml and 3.5 ng/ml,
respectively.

After induction of anesthesia, RE and SE were maintained
within the range of the anesthetic (Fig. 1). The laryngeal mask
airway was introduced 3 min after the start of anesthetic drug
infusion. Mechanical ventilation was maintained using oxygen
with air (FiO, 0.5) at a constant tidal volume (10 ml/kg) and
frequency (10 breaths/min). There was a sudden increase of RE
from 32 up to 94 and SE from 32 up to 88, 10 min after the start
of anesthetic drug infusion. Target effect-site propofol concen-
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Fig. 1. Mean arterial blood pressure and EEG response entropy (RE) and state entropy (SE) (A) and target controlled infusion rate of propofol and

remifentanil (B) during general anesthesia.
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tration was increased from 3.5 to 7 pug/ml for 5 min, and then
decreased to 5 pg/ml. Target effect-site remifentanil concentra-
tion was increased from 3.5 to 4 ng/ml. We suspected that the
sudden increase in entropy may have been due to blockage of
the intravenous line. Drug infusion line was connected using 3
way stopcock directly to the angio-cath; However, we failed to
find a blockade in the intravenous line and concluded that pro-
pofol and remifentanil were being infused in a satisfactory man-
ner. In addition, there were no nociceptive stimuli at this time
because surgeons were in the process of preparing the surgical
procedure. There were no signs of patient movement or arousal.
Both RE and SE were maintained at approximately 90 for 10
min. After this time, RE and SE both suddenly decreased from
94 and 88 to below 10, and the operation started.

During the operation, target effect-site concentrations of pro-
pofol and remifentanil were maintained at 4 ug/ml and 4 ng/ml,
respectively. Entropy values of RE and SE gradually increased
during the operation to reach levels of consciousness (84 and
80) at the end of surgery. Propofol and remifentanil infusion was
discontinued 5 min after the end of operation.

The total dose of propofol and remifentanil delivered was
600 mg and 400 pg, respectively, during the 50 min of operation
time. Heart rate and mean blood pressure stayed within 20% of
baseline values throughout the surgery (Fig. 1). The patient was
transferred to the post-anesthesia care unit 10 min after cessa-
tion of propofol and remifentanil infusion, and the last values of
RE and SE were 95 and 86.

Post-surgical follow-up

The patient was questioned about awareness during the op-
eration at three times points (immediately after surgery, prior to
discharge at 72 h post-surgery, and 1 month post-surgery) using
the modified Brice questionnaire (Table 1) [7,8]. Answers were
consistent across all three time points. Therefore, we conclude
that there was no clear recall or explicit memories during general
anesthesia.

Discussion

Here, we report of the use of an entropy module to measure
the sedation in an adult sleepwalking patient with drug medica-
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tion during intravenous anesthesia. The SE and RE values pro-
vided by the entropy module can provide reliable information
about the level of sedation during surgery. Several studies sug-
gest that SE and RE are useful parameters for determining the
anesthetic effects of propofol, of the combination of propofol
and remifentanil, and of sevoflurane.

Anesthetic requirement varies with a patient’s age, clinical
conditions, disease, and administration of other drugs. In this
case, the patient was diagnosed with sleepwalking 2 years prior
to the operation and has been administered benzodiazepines,
valproic acid and selective serotonin reuptake inhibitors. There-
fore, the patient’s disease or possible drug interactions might
have been responsible for an increase in anesthetic requirement
and caused the unexpected increase in EEG entropy that oc-
curred 10 min into surgery.

Psychiatric drugs usually given in combination with other,
non-psychiatric drugs, or with each other, can often have an ef-
fect on peripheral or central neurotransmitter systems and ionic
balances. Benzodiazepine-like clonazepam is known to increase
blood concentrations of propofol by 25% through a decrease in
the metabolic, rapid, and slow distribution clearance pathways
of propofol; a decrease in mean arterial blood pressure would
cause pharmacokinetic alterations of propofol and increase the
blood propofol concentrations even further. Valproic acid may
have significantly reduced the required dose of propofol due to
its inhibitory action on the metabolic enzymes responsible for
the metabolism of propofol [9]. Finally, propofol is known to
inhibit norepinephrine and serotonin transporter protein func-
tions in a drug-dependent manner. Therefore, selective sero-
tonin reuptake inhibitors may be expected to alter the response
of norepinephrine and serotonin transporter proteins to propo-
fol. The psychiatric medications taken by our patient would be
expected to decrease the anesthetic requirement.

Furthermore, our patient has been exposed to psychiatric
medications for a period of 2 years. Propofol is metabolized
primarily by glucuronidation through UDP-glucuronosyl-trans-
ferase 1A9. The cytochrome (CYP) enzymes CYP2B6, CYP3A4
and CYP1A2 play an important role in the liver metabolism of
propofol, which is performed by oxidation of propofol via ring
hydroxylation [10,11]. Under long-term use of psychiatric medi-
cations, the metabolism of the anesthetic drug can be changed
such as transcriptional activation leading to increased synthesis

Table 1. Self-reported Awareness Levels during Anesthesia as Assessed by the Modified Brice Questionnaire

1. What was the last thing you remember before surgery?

2. What is the first thing you remember once you woke up?

3. Did you have any dreams while you were asleep for surgery?
4. Were you put to sleep gently?

5. Did you have any problems going to sleep?

Application of ECG patch and blood pressure check
Being in the PACU

No

Yes

No

ECG: electrocardiogram, PACU: post-anesthesia care unit.
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of CYP 450 enzyme proteins. As a result, blood levels of the
medication decrease, generally over the first 3 months of expo-
sure to the medication [12]. This case also can be explained in
the same way.

The measured EEG signal is primarily generated by corti-
cal pyramidal cells and is the result of complex cortico-cortical
and cortico-subcortical interactions. As such, diseases involv-
ing these structures or their connections may be expected to
influence the EEG signal. For example, the EEG of patients
with Alzheimer’s disease or multi-infarct dementia has a lower
bispectral index than the EEG of normal ‘awake” adults, which
correlates with the level of cognitive impairment in these pa-
tients [13]. Sleepwalking disorder may involve similar altera-
tions within brain structures or connections. In support of this
hypothesis, single photon emission computed tomography (CT
scans) performed in patients during sleepwalking episodes re-
veal a persistent deactivation of thalamocortical arousal system
and the thalamocingulate pathway as a dissociated state with
concomitant motor arousal and sleep of mind. Furthermore, Ol-
iviero and colleagues [14] suggested that functional abnormality
of arousal circuits that widely project to the cortex could lead to
changes in cortical excitability in adult sleepwalkers, even dur-
ing wakefulness. The authors reported that adult sleepwalkers
had reduced levels of short interval intracortical inhibition, re-
duced cortical silent period duration, and reduced short latency
afferent inhibition during wakefulness. Their results suggested
that sleepwalkers may have an impairment of inhibitory circuits
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that represents the immaturity of some neural circuits, synapses
or receptors in the brain [14]. Therefore, the aforementioned
changes may lead to drug resistance and EEG changes. This
possibility is supported by the finding that patients who pres-
ent with autism spectrum disorder as a result of deficient neural
development have greater propofol requirements for anesthesia
during ordinary dental treatment compared with intellectually
impaired patients [15].

Finally, monitoring the sedation does not always coincide
with a clinically-monitored level of consciousness. Cardiac pac-
ing devices, electromagnetic systems, endoscopic shaver devices,
forced-air warming devices and wire-reinforced EMG tubes can
all have effects on the measured entropy value. However, in this
case, the use of machinery or even the nociceptive stimuli that
can affect the EEG or the entropy values may not be given dur-
ing preparation of the surgical procedure.

In conclusion, sleepwalking patients with long-term use of
psychiatric medications may need the increment of anesthetic
requirement. It may be caused by the activation of the anesthetic
drug metabolism leading to increased synthesis of CYP 450
enzyme proteins or an impairment or immaturity of inhibitory
circuits due to somnambulism. Therefore, anesthesiologists may
wish to consider a possible change in anesthetic requirement
depending on the type of disease and prescribed medications.
Furthermore, anesthesia depth monitoring through the use of
devices such as an entropy module is recommended for the
safety of patients.
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