
D
ow

nloaded
from

https://journals.lw
w
.com

/ejanaesthesiology
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3K9cXKIf43BLrA50741H

Vlxm
W
C
xAC

7PrxkD
3w

w
+SXD

6g=
on

09/04/2019

Downloadedfromhttps://journals.lww.com/ejanaesthesiologybyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3K9cXKIf43BLrA50741HVlxmWCxAC7PrxkD3ww+SXD6g=on09/04/2019

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.

References
1 Spies CD, Kip M, Lau A, et al. Influence of vaccination and surgery on HLA-

DR expression in patients with upper aerodigestive tract cancer. J Int Med
Res 2008; 36:296–307.

2 Haining WN, Evans JW, Seth NP, et al. Measuring T cell immunity to
influenza vaccination in children after haemopoietic stem cell
transplantation. Br J Haematol 2004; 127:322–325.

3 Holvast A, van Assen S, de Haan A, et al. Studies of cell-mediated immune
responses to influenza vaccination in systemic lupus erythematosus.
Arthritis Rheum 2009; 60:2438–2447.

4 Xiao W, Mindrinos MN, Seok J, et al. A genomic storm in critically injured
humans. J Exp Med 2011; 208:2581–2590.

DOI:10.1097/EJA.0000000000000171

Anaesthesia and orphan disease: marked
attenuation of motor evoked potentials by
high-dose dexmedetomidine in a child with
Angelman syndrome undergoing scoliosis
surgery

A case report with pharmacokinetic analysis

Hideaki Ishii, Andrey B. Petrenko, Toshiyuki Tobita,
Kenta Furutani and Hiroshi Baba

From the Division of Anaesthesiology, Niigata University Graduate School of
Medical and Dental Sciences, Niigata, Japan

Correspondence to Hideaki Ishii, Division of Anaesthesiology, Niigata University
Graduate School of Medical and Dental Sciences, 1-757 Asahi-machi, Chuo-ku,
Niigata 951-8510, Japan
Tel: +81 25 227 2328; fax: +81 25 227 0790; e-mail: hishii@med.niigata-u.ac.jp

Published online 17 April 2013

Editor,

Intraoperative neurophysiological monitoring with myo-

genic motor-evoked potentials (MEPs) and somatosen-

sory-evoked potentials provide important information for

assessing spinal integrity during scoliosis surgery. How-

ever, several anaesthetic agents can produce a suppres-

sive effect on these monitored variables. We report a

paediatric patient scheduled for scoliosis surgery in whom

the use of propofol had to be avoided because of her

principal illness. The patient had Angelman syndrome

which is a clinical manifestation of a partial defect of

the paired autosomal chromosome 15 characterised

by disorders of genetic coding for the b3 subunit of the

g-aminobutyric acid type A receptor.1 This syndrome is

clinically manifested by mental retardation, ataxia of gait

and seizures.2 It is also known to have profound implica-

tions for anaesthesia, because of the observed vagal

hypertonia that can cause extreme bradyarrhythmia.1

The effects of anaesthetic drugs, especially those acting

through enhancement of g-aminobutyric acid type A

receptor function, can be unpredictable in these

patients.1,3,4 Marked insensitivity to propofol can greatly

weaken the depth and shorten the duration of hypnosis.

The use of ketamine is inadequate because of the risk

of repeated seizures in these patients. Our patient exhib-

ited an attenuated MEP amplitude as a result of high-

dose dexmedetomidine administered as a sole hypnotic

agent.

The 13-year-old, 150-cm, 54-kg female was scheduled

for posterior spinal fusion with instrumentation from T4

to L4 for symptomatic thoracolumbar scoliosis. Seizure

control was achieved with valproic acid (300 mg d�1) and

no adverse effects were observed. The a2-adrenoceptor

agonist dexmedetomidine was chosen as a sole hypnotic

agent, and informed consent was obtained from her

parents for administration of dexmedetomidine and

perioperative blood sampling to measure its concen-

trations. The study was approved by the Ethical Com-

mittee of Niigata University Graduate School of Medical

and Dental Sciences, Niigata, Japan (Ethical Committee

approval number 1159 on 13 December 2010). Total

intravenous anaesthesia (TIVA) was induced and

maintained by dexmedetomidine and remifentanil.

For induction, dexmedetomidine was infused at a low

dose (0.5 mg kg�1) over 20 min to confirm the absence

of abnormal haemodynamic responses to this drug.

Remifentanil infusion was started at a dose of

0.3 mg kg�1 min�1. Although bispectral index (BIS)

values may be unpredictable in patients with abnormal

brain function, her BIS value measured immediately

after the induction was 49. Subsequently, to ensure a

constant depth of anaesthesia, the dexmedetomidine

dose was adjusted to maintain her BIS values between

40 and 50. The dexmedetomidine dose varied from 0.5 to

6.0 mg kg�1 h�1, whereas the remifentanil dose varied

from 0.2 to 0.5 mg kg�1 min�1. When the dose of dexme-

detomidine was increased to 3.0 mg kg�1 h�1 at approxi-

mately 1 h after the start of TIVA, her BIS value

markedly decreased to 28. Simultaneously, the ampli-

tude of MEPs obtained from the muscles of both upper

and lower extremities (abductor pollicis brevis, tibialis

anterior, abductor hallucis) decreased to 20% of baseline.

After excluding surgical factors, we concluded that high-

dose dexmedetomidine was a possible cause of this

attenuation. MEPs gradually reappeared after discon-

tinuation of dexmedetomidine and fully recovered to the

baseline values after 30 min. It should be noted that,

despite the use of high-dose dexmedetomidine, no bra-

dycardia was observed in our patient. However, we did

observe two brief episodes of hypotension (SBP of

75 mmHg), which were successfully managed by ephe-

drine (4 mg) administration. Upon completion of surgery

that lasted for 5 h 40 min, the wake-up test could not be

performed because of the patient’s mental retardation.

During the procedure, a total of 20 arterial blood samples

were collected for estimation of the dexmedetomidine

concentration. The values of the measured dexmedeto-

midine concentration (Cm) were obtained by performing

liquid chromatography-tandem mass spectrometry at the

Central Research Laboratories of Maruishi Pharmaceuti-

cal Co. Ltd. (Osaka, Japan). The values of the predicted

dexmedetomidine concentration (Cp) were calculated
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using Excel_PkPd (Version 1.42 Lite) software [available

at: http://home.hiroshima-u.ac.jp/r-nacamura/Excel_PkP

d.html (accessed on 3 May 2013)].

Four pharmacokinetic sets for dexmedetomidine have

been reported to date (Table 1).5–8 However, no studies

have evaluated their accuracy for assessing the pharma-

cokinetics of dexmedetomidine in adolescents. To this

end, we measured the actual dexmedetomidine concen-

trations in our patient, and compared the obtained values

with the predicted concentrations calculated using simu-

lation analyses based on each of the four available phar-

macokinetic models for dexmedetomidine.5–8 At each

time point wherein Cm and Cp were available, the

prediction error was calculated as follows: prediction error

(%)¼ [(Cm�Cp)/Cp]� 100. The bias of the system was

expressed as the median prediction error. The precision

of the system was assessed by the median absolute

prediction error. The typical accepted maximum values

were 10 to 20% for bias and 30% for precision. The

median prediction error and median absolute prediction

error for each of the four pharmacokinetic models are

summarised in Table 2. We found that the Potts and Diaz

models were the most clinically acceptable, whereas the

Petroz and Dyck models were not appropriate. To

illustrate these findings, the Cp of dexmedetomidine

at the decrease in MEP amplitude were 3.4 and

2.0 ng ml�1 for the Potts and Dyck models, respect-

ively, and the Cm of dexmedetomidine in our patient at

this time point was 3.6 ng ml�1. Thus, the Potts model

was the closest to the Cm and the most accurate,

whereas the Dyck model was the least accurate among

the four models. To our knowledge, there have been no

previous studies comparing Cp with Cm at the point

when high-dose dexmedetomidine attenuated the

MEP amplitude in the absence of propofol. More-

over, our simulation analysis was validated by the

calculations of bias and inaccuracy relative to the actu-

ally measured concentrations of dexmedetomidine.

Although some controversy still remains, the results of

several studies imply that dexmedetomidine may sup-

press the amplitude of MEPs. For example, when used as

a hypnotic adjunct to propofol-based TIVA, dexmede-

tomidine was reported to significantly attenuate the

amplitude of MEPs.9,10 By contrast, dexmedetomidine

did not interfere with intraoperative neurophysiological

monitoring during scoliosis surgery in adolescents.11

Using the Petroz model,7 Mahmoud et al.9 reported that

dexmedetomidine administered at clinically relevant

target plasma concentrations (0.6 to 0.8 ng ml�1) as a

hypnotic adjunct to propofol-based TIVA could signifi-

cantly attenuate the amplitude of MEPs in patients aged

10 to 25 years. In the latter study, the target plasma

concentrations of 0.4 ng ml�1 dexmedetomidine and

2.5 mg kg�1 propofol exhibited a minimal effect on the

MEP amplitude. Tobias et al.10 suggested that the inter-

action between propofol and dexmedetomidine might

result in an increased depth of anaesthesia and cause a

marked attenuation of the MEP amplitude. In our

patient, dexmedetomidine administered alone at a Cp

of 0.8 ng ml�1 did not attenuate the MEP amplitude.

Thus, to cause attenuation of the MEP amplitude,

the concentration of dexmedetomidine administered

without propofol may need to be higher than that when

dexmedetomidine is used in combination with propofol.
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Table 1 Pharmacokinetic variables calculated using Excel_PkPd software based on four available simulation models for dexmedetomidine
in our patient (female, 13 years old, 150 cm height, 54 kg body weight)

Parameters Potts et al.5 Diaz et al.6 Petroz et al.7 Dyck et al.8

V1 (l) 28.466 [V1std� (Wt/70)] 23.760 [0.44�Wt] 43.740 [0.81�Wt] 7.990
V2 (l) 52.611 [V2std� (Wt/70)] 64.951 [Cl2/k21] 53.946 [Cl2/k21] 13.803 [Cl2/k21]
V3 (l) 187.690 [Cl3/k31]
Cl1 (l min�1) 0.537 [Clstd� (Wt/70)0.75�

(PMAN/((PMAN þ TDEV50N)�60))]
0.522 [k10�V1] 0.700 [k10�V1] 0.260 [k10�V1]

Cl2 (l min�1) 0.958 [Qstd� (Wt/70)0.75�
(PMAN/((PMAN þ TDEV50N)�60))]

0.876 [k12�V1] 1.618 [k12�V1] 2.260 [k12�V1]

Cl3 (l min�1) 1.990 [k13�V1]
k10 (min�1) 0.019 [Cl1/V1] 0.022 0.016 0.032 [(0.791�Ht � 92.7)/799]
k12 (min�1) 0.034 [Cl2/V1] 0.037 0.037 0.283
k13 (min�1) 0.249
k21 (min�1) 0.018 [Cl2/V2] 0.013 0.030 0.164
k31 (min�1) 0.011
ke0 (min�1) 0

When available, the calculation formulas are indicated in square brackets below the corresponding parameter. Cl1, clearance at central compartment; Cl2, clearance at
rapid peripheral compartment; Cl3, clearance at slow peripheral compartment; Ht, height (cm); k, rate constant between central and peripheral; N, Hill coefficient; PMA,
postmenstrual age in weeks; Q, inter-compartment clearance (l min�1); compartments; std, parameter value standardized for a body weight of 70 kg; TDEV50, maturation
half-life of the age-related change in clearance (weeks); V1, volume of distribution at central compartment; V2, volume of distribution at rapid peripheral compartment; V3,
volume of distribution at slow peripheral compartment; Wt, weight (kg).

Table 2 Median prediction error and median absolute prediction
error calculated for each of the four available pharmacokinetic
models for dexmedetomidine

Variable

Potts

et al.5
Diaz

et al.6
Petroz

et al.7
Dyck

et al.8

MDPE (%) 19.7 20.2 56.2 62.4
MDAPE (%) 19.7 20.2 56.2 63.0

MDAPE, median absolute prediction error; MDPE, median prediction error.
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Using the Potts model5 and based on the BIS values,

Kunisawa et al.12 reported that, when used alone as a

sedative for paediatric cardiac catheterisation, dexmede-

tomidine was required at a high dose of 1–15 mg kg�1 h�1,

with a mean calculated Cp of 4.1 ng ml�1.

The BIS-guided anaesthetic management carried out in

our patient was used to ascertain the depth of anaesthesia

appropriate for the incurred surgical stress. We found that

the required dose of dexmedetomidine administered in

the absence of propofol was higher than that usually

required when dexmedetomidine is used in combination

with propofol. Also, as indicated above, our patient was

taking valproate to control her epilepsy. Although no

interactions between valproate and dexmedetomidine

have been described to date, the possibility of an inter-

action being involved in the observed attenuation of

MEPs cannot be completely discarded, and therefore

requires further investigation.

In conclusion, high-dose dexmedetomidine was found to

be useful for anaesthesia during intraoperative neurophy-

siological monitoring in a patient with Angelman syn-

drome undergoing scoliosis surgery. In this patient, the

conventional anaesthetics propofol and ketamine could

not be administered based upon the information available

at that time. It is also suggested that high-dose dexmede-

tomidine causing deeper levels of anaesthesia (as indicated

by low BIS values) may be accompanied by a decrease in

the MEP amplitude. Accurate simulation analysis based

on adequate paediatric pharmacokinetic data sets should

be available to prevent attenuation of the MEP amplitude

caused by high-dose treatments with dexmedetomidine.
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