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ARTICLE INFO ABSTRACT

Article hisiory: Thin paper reviews the exduting depth of ansesthesia (DoA) monitors and their algorithme and

HRecaived 10 February 2014 also proposss tn improve their from four aspects. An ideal DoA monitor sheuld he

Received in mevised form 15 Merch 2014 ahble to suggest a personalised drug doanges, to prediet and provide early wamings when dosages

Acospred 15 April 2014 ate inapproguiste, to be portable and hiphly cost—effoctive. The limitations of the existing DoA

Availahls caline 20 Juns 2014 menitors sommenly include unsatisfisd data filtering techniques, tima dalay for the monftoring

responses, and inflexible and low noise immunity problems. The latest research resulis show that

their pesformanes can be improved using up—to—date camputing technology and seurophysiology.

3 The findings in Chineas mariret review ahow that neither the imported nor the Chiness domestic

K'J’Wﬁ x DoA monitors are widely utilised at hospitals, but the demand for DeA monitors in very high.

it Clearly there i » high demand which encourages the development of a bettes DoA monitor and its

T mass praduction in China.

Electrvencephbalograph

(CFAM)E, Bispectral (BIS) monitor, Nacotrend monitor,

L Introduction Patient State Analyser 4000, Score of Neonatal Acute

The aneathesia depth is reflected in the change of the
partial pressure of the anaesthetics in the brain,. It is
exiremely important to assess the depth of anesthesia
{DoA) accurately since a precise assessment is helpful for
avoiding various adverse reactions such as intraoperative
awareness with recall (underdosage), prolonged recovery
and an increased risk of postoperative complications for
o potient (overdosage). An evidence shows that the DoA
monitoring using electroencephalograph (EEG} improves
potient treatment sutcomes by reducing the incidences
of intra—operative awareness, minimizing anaesthetic
drug consumption and resulting in faster weke—up and
recovery(23l. For an accurate DoA assessment, intensive
ressarch has been conducted in finding “an ultimote
index”, and varicus monitors were developed to sssess the
DoA, including central function analyzing monitor
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Physialogy (SNAP) monitar, Auditory evoked potential (AEP)
monitor, Entropy—Module, Cerebral State monitor (CSM), and
Index of Consciousness (IoC) monitor., With the advanced
DoA monitors, the incidences of awareness have been
reduced from 19%—29% in 19803 to about 0.1% in 201051
Generally, the limitations of the existing DoA monitors
include unsatizfied data filtering technicues, time delay
and inflexible and low noise immunity problems. The
latest research results show that there are still many
improvements that can be done with the exiating DoA
monitors, Several important factors need to be considered
carefully when designing new monitors as follows: avoiding
or reducing the problems of the exciting DoA monitors using
the lutest techniques; adding the functions of personalised
drug dosage suggestion and the prediction of the DaA and
early warning. New DoA monitors should be portable and
highly cost—effective, so that they can alse serve as devices
which are compatible with other monitors in clinical use.
Electrocardiogram (ECG} monitors are still the main
monitors used in clinical in China nowndays. DoA monitors
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are rarcly used. The imported DoA menitors are hard to he
promoted, due to iis high cost and langnage problems.

As the awareness of the significance of monitoring the
DoA, the demand for DoA monitors will increase evidently
in the fallowing years. Therefore, the development and zales
of DoA monitors will be promising in China. Rather than to
impart DoA monitors from oversea, the domestic designed
and produced DoA monitors can better meet the needs of the
Chinese market.

Following the introduction secticm, we briefly described
the existing DoA moniters and provided the comparizan of
different DoA algorithms. The lateat DoA techniques were
dizcussed and a feasible procedure of developing DoA
monitors was proposed. Then, we addressed Chinese market
Teview on using DoA monitors. Finally, a conclusion was
drawn.

2, Exigting DoA monitors
2.1, Review of evisting DoA monitors

Determining the DoA using EEG signals iz based on the
changes in signal characteristics related to increasing
concentrations of anacsthetics in the blood, An intravenons
agent propefol, for example, induces a continuum of
nenrophygiological changes, which reflect on the spectral
properties of EEGall. However, the EEG signals are the
signatures of nerral activitieal?], and their high nonlinearity
and nonstationarity make the EEG signals hard to be
assessed, In addition, individual patients have differences
in variability and various factors, for instance, the degree
of stimulation and pain induced by surgery and the use
of concomitant analgesic drugs. Therefore, developing an
accurate DaA index is indeed a challenging work,

The BIS index (A-2000 BIS monitor; Aspect Medical
Systems [ne., Newlon, MA) is a single index derived from
a set of time domain and frequency domain measures®l. Tt
is calculated from the following four parameters: () burst
suppression ratio {BSR); (ii) quazi suppression index; (iii)
relative P ratio and @v) synch fast slow. BIS is presented as
a numerical index ranging from 100 fawake) to 0 (acelectric
EEG). Values below 50 indicate that the patient is almost
certainly unconscicus. Although the BIS monitor has
received some critical press, it is an important reference or
benchmark when developing a new TioA index.

The Nacatrend Monitor was produced by Monitor Technik
in 2000, Switzerland. Compared to the BIS, the Narcotrend
seems to perform hetter during emergence as it regaing its
baseline value upon discontinuation of the drug effect¥].
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The Danmeter company designed the first generation of
AEP monitor in 2001 and then AEP-Monitor/2. The new
version applied autoregressive models with exogenous input
to detect the AEP and added spectral EEG parameters to
build DoA index(sl. In 2002, Physiometrix introduced the
PSA—4000, which also displays a dimensionless number: the
Patient State Index (PSD). While the PSI is hased on gimilar
principles to the BIS (i.e., composite index based on spectral
and bispectral parameters), it differs in that it focuses on
the power shift of apecific frequency components between
the frontal cortex and posterior lobes. In the same year, the
SNAP monitor, the first Personal Digital Asaistent (PFDA)—
hased DoA monitor, was intraduced by Nicolet Biomedical
Monitors. It assesses high and low frequency EEGs and
outputs a SNAP index that ranges from 0 to 99 (awakei6]
The Morpheus medical company introduced the Index of
Consciousness (IoC) monitor whose main algorithm is the
symbolic dynamics method, which divides an EEG signal
into a finite number of partitions with certain symbols and
uses the alternations of symbola to determine the dynamics
of the EEG, Entropy index menitoring prodused by Datex—
Ohmeda in 2003 was based on the acquisition and proceasing
of raw EEGs and facial electromyography gignals by using
entropy alporithma to produce two parameters: stale entropy
(SE) and response entropy (RE)11], In 2004, Danmmeter
devised the CSM. Its cerebral state index {CSI) is calenlated
uging a fuzzy logic combination of four sub parameters of
the EE( signals in time domain and frequency domain(12l
Besides, central function analysing monitor (CFAM)4]
which analyses EEG spectrum and amplitude is rarely used
hecause of the limitations of the early technologics,

2.2, Comparizon, of differens DoA monizors

In Mugizza's research, a detailed comparison of different
DoA monitors was reportedi®]. They discussed the advantages
and disadvantages of different monitors according to their
algorithms at full length (See the summary in Table 1). Thus
the repetitions details need not be given in this paper.

In this paper, we analyae the performance of different
DoA monitors in clinical use and the functions of the latest
models.

2.2.1.BiS

According to DoA moenitors industry reportsll3] and
siatistica, up to August 2013, 904% of the famcus brands have
BIS modules and more than 3 400 papers published are
related to the BIS index. The BIS monitors are still the most
popular manitor in the market. The newest BIS models have
four electrodes to obtain two channels of EEG signals. The
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DoA monitors

Database included in the

development of algorithm or

Features or methods included
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Burst -IJ"lIlI‘.":'.‘-iHII

I|I|II‘:\ 1':!l|'1|li|1ill[l

L in algorithm analvsis analysis
for imlerence i 3
BIS Yes |Fi.-||:"|'11'il| .![Iill}'ﬁiﬁ_ beta—ratio Moy Yes Woel g hied sum of
.-IJJJ|'|ill'xIr]1t:EL*|'.-
Nareotrend Yes SEF. median fr., _-=|||-|'li'.|J Yes Yes Claszification [unction
entropy. relative ©, 0, a. B with plaosibility
AR model analysis
PsA 4000 Yes Several lrequency domain Yes Yes Plausibility analysis
leatures extracted [rom power with sUrrogate 1|'-.tii|:_',
spectrum aganinst BSR and
arousil parnmeters
AEP-Monitor/2  No; index based on previous AEP. ARX madel Yes Yes Modulation of index
studies of the d|.:.,>’u[i||h||l based on SNR and
EMG
Entropy module No: index baszed on previous Multiscale analysis, entropy,  No Yes Entrapy, no inlerence
stuclies of the algorithm spectral entropy algorithm
CSM No: index bazed on previous ol poo—p power ratios No Yes Fuzzy logic inference
studies of the algorithm syslem
Lol No: index bazed on previous  Symbaol dynamics analveis No Yes Fuzzy logic inference
studies of the algorithm system
filier results are impraved by camparing the signals of two  2.2.4. Narcoirend monizor

channels. However, Nguyen—Ky ¢ al. claimed thai there
were still some problems existing in the BIS monitors[14],
including being redundantll5l; not responsive to some
anacsthetic agents[16l; nat robust across patients7 and
time delaylldl. In addition, the estimator requires averaged
estimates at several levels of the sstimation process.
Stationary assumplions are imposed on a larger segment
of the data!¥] and performance is poor when poor signal
quality{2L

2.2.2. AEP-Monitor/2

The AEP-Monitor/2 applies the autoregressive maodel
with exogeneous input (ARX) model instead of moving time
averaging (MTA) (pld version) to caleulate the middle latency
auditory evoked potentials (MLAEP). As a result, the time
delay for dats collection decrenses from 45-120 & 10 2—6 s,
However, the limitations of the AEP—Monitorf2 are that the
quality of signals from the passive electrode iz not good; it is
only suitable for the patients who are more than 2 years old;
it cannot be used for patients who have hearing impaired
or severe neurological dysfunction; it cannot be applied for
car—nosc—throat surgeries; and not convenient in clinical
use.

2.2.3. CSM

The Danmeter CSM monitor equips with Danmeter Neuro
sensors (the same as AEP). It is portable and able to connect
with UPS000 monitor by wireless and it ean be applied in
intensive care unit {ICU) and infants” surgeries. However,
some cases reveal that the CSI cannot reflect the real states
of a patient.

The advantage of uaing the Narcotrend monitor is that its
sensors are cheap. The disadvantages are that the monitor
takes too large space to be applied in some small ICU or
operating roome; and the information obiained from the
monitor is too complex to be understood timely.

2.2.5. Entropy modules

The latest E-Entropy modules can be used for the
monitors with a newer version software than L-ANEO3(A) or
L-CANE03(A). The SE and RE can present different useful
information. SE reflects the hypnotic effect of drugs on the
cerchbral cortex and RE serves as analgesic parameters.
However, some reacarches reveal that BIS was seen to
reapond better with SE and RE in some cases(zl] and the
increase of the difference between SE and RE showa that the
motor only responses to noxious simulation but not directly
indicates the analgesia per sei2ZL

2.2.6. SNAP 2

The SNAP 2 can detect the useful information in low
frequency band and predict the recovery of consciousness
by high frequency band at the same time. But it can only
analyse and present cne channel raw EEG data and does not
equip with pacdiatric sensors as BIS monitors,

2.3. Pmblems of existing DoA algorithne

Although the BIS monitor is the most popular one, it atill
received many criticisms, Other monitors based on different
DoA algorithms improved the performance with different
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aspects. However, they are not widely used because of other
various limitations. According to the review of exiating
DoA momitors, the following research gape in the field are
identified:

2.3.1. Unsatisfied filtering results

The filtering results were not satisfied with existing
methods and it is hard to accurately evaluate the denoiging
results with EEG signals. Electromyography (EMG),
ECG and electrovculography (EOG) cannot be removed
efficiently by existing filtering methodal23], In addition, all
exisling moniiors were suscepiible io electromagnetic (EM)
interferencels], Therefore, an efficient denoising method is
urgently needed, especially in the case of denoising poor

quality signals.

2.3.2. Time delay

The BIS and other existing monitors showed a long time
delay after a change in a state of conscionsness. The burst—
suppression ratio (BSH), one important parameter for all the
existing momitors, normally only represents a portion of the
isoelectric EEG of 60 5 (Table 24, thus existing monitors are
hard to aveid time delay.

Tahle 2

Susceptibility 1o EM interference and time delay|5].

DiaA monitors Susceptibility 10 EM Estimated time delay
interference

Bls Maoderate 63s/6ls

Narcotrend Maderute 00 s /26 =

Entropy module  High Data not available

CsM Maoderate 1068/55 s

2.3.3. Inflexible

Most of DoA algorithms (e.g., entropy algorithms) lack
a mechanism for displaying the probability distribution.
Since there is a wide variation in responses to the
anacathetic agents among individualz, the same effect—site
concentrations, even if being accurately approximated, do
nui therefore induce similar EEG changes to all patients24].
The BIS monitor received criticisms, such as non—responsive
to some anaesthetic agentsl16] and not robuat acroas
patients(17l. In addition, it is not reasonable to attempt to
measurs DoA changes with a single, complex parameter,
bt rather using multiple parameters that properly deseribe
all the phases of the continuum from awake to very deep
anaesthesia statel24]. Although most of the existing DoA
algorithms used different multiple parameters to estimate
DoA, the parameter pelections were not flexible and they
were limited in some aspects, Therefore, the existing DoA
algorithms are not robust with the changes of agents or
patients.
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3. Discusgion of the Intest DoA algorithms
3.1. Latest ressarch in Dad

EEG changes during the induction of anaesthesia are
nonlinear and need, therefore, to be proceased with
nonlinear methods, The methods based on nonlinear
dynamica theory and information theory, like entropy
algorithm, have been proposed to process EEG datali1.25-30)
The approximate entropy can serve as an index of degree
of conseious states or DoA[3], Hewever, compared with the
sample entropy, it is more proper for long time series and
less sensitive to the transform of complexityi32], Multi-scale
eniropy (MSE) is alsc able to present the different states of
patients using the distribution of complexity in different
time scalesi33].

The detrended moving—average (DMA) method is used
to quantify correlation properties in nonstationary signals
with underlying trends, It has been proposed to study the
sealing properties of a time series(3435]. The isomap—based
estimation is designed to assess nevmophysialogical changes
during anaesthesia and offers potentials for the development
of more advanced systems for the DoA monitering24,

Empirical-mode decomposition (EMD) was proposed to
explore the structure of EEG recordings36.37), The method
can break a complicated signal into a series of oscillatory
intringic mode funetions MFs) embedded in the original
signali?l, 1i ef af have successfully eatablished an approach
centering on Hilbert—Huang transform (HHT} and EMD to
analyze the EEG data for the DoA messurement{?7). Ensemble
empirical-mode decompogzition (EEMD), an adaptive
time—frequency analysis method, is particularly suitable
for extracting useful information from noisy nonlinear or
nonstationary data. Unfortunately, since the EEMD is highly
compute—intensive, the method daes not apply in real-
time applications on top of commercial-off-the—shelf
computers, Aiming at this problem, a parallelized EEMD
method was developed using general-purpose computing on
the graphics pracessing unit (GPGPU), namely, G—EEMDI[3]
The multivariate empirical mode decomposition (MEMD)
can efficiently eliminate the noiges among EMD, EEMD and
complementary ensemble empirical mode decomposition
(CEEMIRZ),

Az one of the most popular choices in the time—frequency—
transformations, wavelet transformation normally includes
integral wavelet and orthonormal wavelet trunaformations.
The former one is usually used for time—frequency analysis
(TFA) and the later one enjoya a great popularity in the
research of multi-resolution analysis (MRA}, In 2001, wavelet
decomposition of the EEG was adopted to assess the hypnotic
state of anesthetized patients undergaing surgery, The
resulta show that the technique could differentiate clearly
between the anesthetized state and the awake “baseline”
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statelE], Gifani o 4l claimed the DoA could be discriminated
precisely using the detrended fluetuation analysis (DFA)
on different scales of wavelet coefficients and quantifying
the relative drift hetween the lines generated by DFABR9.
In 2006, wavelet entropy (WE) was designed to characterize
the dynamical properties of EEGe and the results show that
the WE measure distinguished the awake and asleep state
in anmeathesia with a high accuracy of 95%(40). Stationary
wavelet transform (SWT) was used to analyze a single—
channel (frontal) EEG signal to obtain a wavelet-based
anaesthetic value for central nervous system monitoring
(WAVCNS). The results show WAVCNS offers faster tracking
of tranzitory changes at induction and emergence, with an
avernge lead of 1530 5 compared with the BIS. In addition
the WAVCNS regains its pre induction haseline value when
patienta are responding to verbal command after emergence
from anaesthesial4l]. Through wavelet analysis technicque,
a sieady—atate index waa developed to obtain steady—state
information of the system response (inputs—putput) which
is useful for modelling the drugs combined effecti4zl Based
on the features extracted using wavelet analysis, a radial-
basis function (RBF) network ia trained to calculate the
index for DoA assessment(43], Nguyen-Ky et al proposed
a double wavelet—based de—noising algorithm to denoise
the raw data and proposed to sssess Do based on discrete
wavelet transform (DWT) and power speciral density (P5I)
function[204445], The result shows that the proposed index
reflected the patient’s transition from consciousness to
uncanscicueness with the induetion of anassthesia in real
timel#6l. They also applied the wavelet tranaform on EEG
gignals to obdain a new index (amely WATD which shows the
conscious level of a patient. In 2012, Liang e of applied the
Hurst exponent and wavelet transform in mubtiscale rescaled
range analysis (MRRA) algorithms and received a satisfactory
Tesult47].

Variational Bayesian framework was used to extract high
order spectral features of EEG signals. The results show
that betier clasgification can be achieved with higher order
spectral features in two third of anacsthetic agents[4€],
In 2007, Rezek et ol presented an autoregressive class of
polyspectral models in the variation Bayesian frameworkf19],
Their resulta showed that the estimated higher order
spectrs significantly improved DoA assesament, A Bayegian
dynamical model for quantifying probability of response
and probability of correct response simultaneously was
applied to trinary behavioursl data from 10 human subjects
undergoing general anaesthesia. This method served as
an example of responses to auditory stimuli at varying
levels of propofol anacsthesia ranging from light sedation
o deep anaesthesia in human subjectsi9). Kortelainen et
al. developed an algorithm bazed on Bayesian information
criterion (BIC) for the assesament of the switch—like change
in the signal characteristics ccenrring just bhefore the
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awakening(st], The result shows it detected the sudden
change in the EEG related to the moment of awakening with
a precigion comparable to careful visusl inspection. Baged
on Bayesian method, the MAF was applied to de—noise the
wavelet coefficients based on a shrinkage function and the
new Bayesian threshold shown better performance than the
larger posterior mode (LPM) one, The effect of sample n and
variance r on the maximum posterior probability (MPP) is
gtudied. Compared with the BIS index, the new BDoA index
could estimate the patieni’s hypnotic state in the case of
poor gignal qualityl4s]

To develop a reliable denoising method, the component
of the noise should be analysed firstly. The external
{(environmental) noise and the physiological noise are
the two main noige gources of EEG signals. The external
noise is normally composed by AC power line noize and
electromagnetic noise from the equipment and recording
rooms. The physiclogical noise, such as EMG, ECG, EOG
and skin potentials, is difficult to avoid during the recording
procesal51L Based on previous studies, there is no accurale
description (traits and magnitude) of the noise in EEG
signals; but three types of noise, including Gauvsaian white
naise, spiking noise and specific frequency noise, can be
summed upld431-53], To obtain high quality denoised EEG
gignals, extermnal environmental noige ghould be eliminated
using efficient methods during daia recording processisi,
Algorithms hased on known EMG, ECG and EOG data (e.g.,
adaptive filtering(54] and blind acurce separation(ss]) are
developed to remove these interferences from EEG signals.
The cther types of noise are eliminated using advanced
denoiging methods {eg., signal averaging, filtering.
Normally, the frequencies below 0.01 Hz (caused by sweating
and drifts in electrade impedance} and those above 100 Hz
{caused by contraction of muscles) are filtered outfs1l. The
noise from electricity lines (50 or 60 Hz) can be eliminated
by notch filters. Although most of the existing DoA monitors
have artefact detection and remaoval modules, the denoising
results are not satisfied by researchers,

To eliminate the EMG, AC pawer ling, electrode distorhance
and other disturbances, the wavelet transform noise
rejection methods including wavelet decomposition and
reshape, wavelet threshold values and wavelet max—module
method were applied in EEG gignal denoigingsé], The neweat
outcomes include an adaptive threshold technique to remove
gpikes and low—frequency naise from raw EEG data and the
results revealed the output EEG signal is almost noiselesa
when uging the hard thregholdi44) 4 new Bayesian wavelet
threshold based on the maximum a posterior {map) is applied
to de—noise the wavelet coefficientsis] and it performed
better than the wavelet threshold based on LPMI57). The
experiments also proved that the de—noising algorithm did
not filter out any important information regarding the DoA.
However, these methods are mainly based on the Fourier
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transform, and their denoising results of EEG signals
(which is not cyele or steady) are not that good38], While the
Hilhert—Huang tranaform (T shows better performance in
EEG aignal denoising, the empirical-mode decomposition,
one importart part of HHT, is highly compite—intensive and
may lead to time delay in some casea.

To reduce the time delay, an adaplive window length
technique in T Nguyen—Ky & al’s paperi#] was applied
to compute the optimum length of the sliding window
and the results show that the new index can reflect the
changes hetween consciousness and unconsciousness
during emergence from anmesthesia in nearer to real time.
Correspondingly, there is a remarkable time lag with the
BIS index. In T Nguyen—Ky et al's later studyl¥), a new
index BDoA was proposed based on the MPP values, which
performed better in detecting the anaestheaia states” change
fram awake to light, moderate and deep anaesthesia than the
BIS index.

To enhance the flexibility and robustness of & DoA index,
a novel technology using the speetral features of EEG was
presented for separating the anaesthetic effects of propofel
and an ultrashori—acting opicid, remifentanil. The results
show that the feature 22t is able to detect the impacts
of propofol and claasify whether remifentanil has been
eoadministered or not. Az g result, the determination of the
clinieal state of the patient becomes more acouratel241

The latest DoA algorithms are summarized in Table 3.

Table 3

Summary of latest DoA algorithms.

Algorithms Derivative algorithms Relerenee

Entropy Entropy [ LE25-30]
‘.pp[:lxilmlll-1'ILItup_\ [31]
_"i.-nuph- entropy 142]
Multi—zcale entropy |33]

DMA MDMA 120]

|=|Jl[].lp—J'Je].-r-ll estimation l.-mla'.||J—lr;l~.:'|J estimation 124]

EMD |‘:Ill|li|iI'EIJ—JIH?llv |36.37]
decomposition
EEMD 137]
G-EEMD 13
MEMD 132]
CEEMD 142|

Wavelst Wavelet [38.42)
DFA [ 39]
Wavelet entropy {40
WAVENS |41
HBF [43]
W |20.44-46]
MERA [47]

Bayesian Bavesian 45|
Variation Bavesian | 19.45]
BIC 150]
MAP [45]
mre [45]
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3.2, Improving DoA monitors

When designing new DoA monitors, several important
factors need to be considered carefully as follows,

3.2.1. Avoiding or reducing the problems in exciting oA
monitors

According to the latest review, a new DoA monitor should
avoid or reduce the unsatisfied filtering and time delay
problems, so that the new product can detect the changes
of patient’s anaesthesia stages timely and it is still able to
perform well even the quality of EEG signals is poor.

3.2.2. Suggesiing of drug dosage
The flexibility and robust of a new DoA monitor should be

improved. The monitor can accurately asscas the impact
of different types of druge and suggest the dosage of
anaesthetic agents.

3.2.3. Predicling and early warning

With adwmnced prediction algorithms, new monitors should
be able to predict the trend of DoA index in the following
period and provide ealy waming when inconsistent.

3.2.4. Portable und high cost—effective

Comsidering the space limitations of an operating room,
a new DoA monitor could alse setve as modules which are
compatible with other monitors in clinical use. All the alder
generation of monitars have EEG modules which can pressnt
two to four channels of EEG patterns. However, because of
the complexity of EEG patterns, they are difficult o use for
timely diagnosis and are not popular. A new monitor should
presert useful irformation suceinetly. Although some latest
monitors {eg., CSM and SNAP2) are portable and convenient
in some extent, further improvements for their compatibility
and more functions are still needed to be added in. Besides,
high cost—sffective is alao a significant factor for promoting
the use of DoA monitors.

4, Chinese DoA market review
4.1, Increase awareness iowards the DoA moniioring

With the advanced DoA monitors, the incidence of
awareness has been reduced from 1%—2% in 1980s to
shout 0.1% in 201051 However, since DoA monitors are
not widely used in clinical in China and most of the
DoA aseessments depend on anassthetists” empirical
experience, the incidences of intracperative awareness 1n
China (0.729%—2.00%) is much higher than the international

average(59]. The intraoperative awareness is considered
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a3 major medical causality in developed countries.
However, there are cinrently no clear regulations to define
the intraoperative awareness in China nowadays. As the
increase of Chinese people’s awareness to health and
medical knowledpe, the intraoperative awareness causes
an increasing number of medical disputes inevitably.
Accurately assessing the DoA is becoming & significant issue
to be addressed in the near future in China,

4.2. Chinese DoA Mearket

DoA monitors are widely used in general anaeathesia.
According to statiatics, on average, there were recently
about 90 million cases of surgeries with general annesthesia
{not including sye surgeries) per year in Chinal®. Taking
Shanghai as an example, there are 530 000 cases in 2005, 380
000 cases in 2009 and 1.26 million cases in 2012595601 The
number of eases increases yearly. 1t is predicted that the
annual amount will reach 155 million during the period from
2014 to 2018. It is better to allocate one DoA monitor in every
eperating room, so the demand of DoA monitors for each
hospital will be more than one, According to the data from
Chinese National Bureau of Statistics(s], by the end of 2011,
there were 1 399 third—grade hoapitals, 6 468 second—grade
hoepitals and 5 636 first—grade hoapitala in China. Only a
few third—grade clasa—A hospitals have been equipped with
DoA monitors. There is potentially 2 large market demanding
DoA monitors in China,

4.3, Exisiing DoA products and vendors in Ching

Although the demand for DaA monitors in China keepa
increasing, the available products in China are very limited.
There are only about 20 companies serving as agents to
sell the imported DoA mounitors according to a market
review. Because of the high price and various barriers
to get into hospitals, the imported DeA monitors are not
easy to be promoted in Ching, There are no improvements
in Chinese manufactured DoA monitors because most
of the key techniques are adopted from overseaslssl. In
China, the price negotiation during purchasing process 18
complex and unreasonable. Chinese products are not widely
used in China either. According to China Food and Drug
Adminizstration, only eight types of products have obtained
the nationsl preduction license. Seven out of eight DoA
monitors are baged on the techniques imparted. One is from
hispectral algorithma; three from CSI algorithma, two from
IoC. algorithms and ene by nonlinear algorithms (Entropy
modules). Totally, 10 types of monitcra are produced by eight
companies. Two of them cobtained the national production
license in 2010, one in 2011, six in 2012 and one in 2013, On
average, the selling of each produet is around 60 per year.
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This indicates the sales of Chinese DoA monitors are not

goad.
4.4. The prospect of Chinese Dod monitors

Though the market of DoA monitors in China is not satisfied
by investora recently, the prospect of Chinese TioA monitors
will be exciting becanse of the increasing awsreness towards
the DoA monitering and the fact that the demand is much
greater than the supply. Another important factor is that
the reaearch and development costs for DoA monitors are
high but the cost of the production is low. So the market of
DoA monitors will be lucrative once the mass production
ie in action. Based on a markel review, the market price of
Chinese domestic DoA monitors is from 230 000 RMB to
380 000 RMB per unit. The price of imported DoA monitors
is about €12 000 but the import tariffs are high. Supposed
the profit for one new Chinese domesiic monitor is 50 000
RMB, there are sround 10 000 third—grade and second—grade
hospitals and 50% of them weuld demand setup two monitors
on average, The Chiness market copacity will be 500 million
RMB approximately.

5. Concipslon

This paper conducts a comprehensive review ahout existing
DeA monitors and their algorithma in China. The results
ghow that the limitations of existing DeA monitors include
() EMG and other high—frequency electrical artifacts are
common and interfere with EEG interpretation. {ii) Data
processing time produces a lag in the computation of the
depth—of—anacsthegia monitoring index. (il The EEG effects
of anaesthetic drugs are not good predictors of movement
in response to surgical stimulus because the main site of
action for anaesthetic drugs to prevent movement is the
gpinal cord. The currently available monitoring algorithms
do not account for all anaesthetic drugs, including ketamine,
nitrous oxide and halothane. The use of DeA monitoring in
children is not as well understood as in adults.

Efforts in solving or angwering the above questions should
be encourazed and promoted. In particular, the review
suggests improving the existing DoA monitors in four
aspects. They are drug desage indication, prediction and
early warning, and portable and high cost—effective,

The review on Chinese domestic market also reveals that
the demand for DoA monitors is much higher than the
gupply. However, there are various barriers for imported
DoA monitors, and Chinese monitors have not vet been
widely accepled. The market of using DoA monitors will be
lucrative onee mass production is in operation.
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