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Description
FIELD OF THE INVENTION

[0001] The currentinvention relates to the field of med-
ical anesthesia. More particularly it relates to the field of
electronic monitoring of a patient undergoing anesthesia,
especially for use during and after surgical operations.
The invention more specifically relates to an electronic
subsystem of the instrument used to monitor a patient’s
state of awareness, more specifically still to the subsys-
tem whereby electroencephalograph signals are reliably
acquired from one or more electrodes attached to the
patient’s head.

BACKGROUND OF THE INVENTION

[0002] Traditionally in the administration of anesthesia
it has been the practice for an anesthesiologist to use
only clinical signs from the patient to estimate the depth
ofthe patient’s anesthesia before and during surgical pro-
cedures requiring anesthesia. In recent years, however,
it has become possible and practicable to manipulate
certain transduced bodily signals, in particular electro-
encephalographic (EEG) signals, to produce an indica-
tion of how anesthetized or alternatively how awake a
patient is.

[0003] The crude EEG signals are acquired via gel or
other conducting electrodes attached to one or more pre-
determined standard locations on the patient’'s head. A
modular system will then have a module for collecting
and transmitting such signals to an analysis unit Such a
module is intended not only to assure that the actual elec-
trodes attached to the patient’s head form a separate and
potentially non-reusable module themselves but also to
assure that the signals sent to the analysis unit are rep-
resentative of the electrical activity in the patient’s head
and not of the ambient electrical activity in the place
where the system is being used, in most cases an oper-
ating room.

[0004] The operating room (OR) in a typical hospital
is a particularly harsh electromagnetic environment for
patient electronic monitoring, especially for EEG signals.
The OR signal acquisition environment exacerbates con-
ditions that minimize the signal-to-noise ratio of acquired
EEG data. The most significant source of OR noise in
therecorded datais the electro-cautery device commonly
known as "the BOVI".

[0005] The BOVI has operating frequencies from 0.5
MHz to 2 MHz. Open circuit voltages of up to 3000 volts
are drawn down during cutting when the device delivers
up to 300 watts into a 100Q load. This cauterizing dis-
charge produces a large amplitude modulated RF signal,
which couples to the EEG pre-amplifier through the signal
leads and the preamplifier enclosure. Coupling modali-
ties include direct radiation of the EM field to the patient-
connected lead wires and coupling of the EM field to the
pre-amplifier circuitry inside the shielded enclosure.

10

15

20

25

30

35

40

45

50

55

Leadwire coupled radiation introduces artifact into the
amplifiers common mode and normal mode signal path-
ways.

[0006] Since the BOVI generates noise well above the
0.5 to 100 Hz EEG frequency band, it would superficially
seem that the BOVI should not be a problem. In practice
this is not the case. Prior art.EEG monitoring equipment
displays substantial electromagnetic artifact during cau-
tery operation. The prior art amplifiers saturate or block
for the period that the BOVI is in use plus up to an addi-
tional minute while the high pass filter elements (.1 - .5
Hz typical) recover from significant BOVI induced offsets.
[0007] In order to understand how the BOVI corrupts
the EEG signal, we must first understand what is actually
happening during its use. When the BOVI is first switched
on, a very large transient is produced followed by steady
state BOVI EM field. This is the case when the BOVI is
not cutting. Most EEG amplifiers will display the turn-on
transient of the BOVI and then settle down with little or
no artifact present. When cutting starts, however, the 0.5
- 2 MHz BOVI signal is amplitude modulated at greater
than 75%, during tissue ablation, with frequency compo-
nents in the EEG passband and corresponding to the
sampling frequency and its harmonics. Depending on in-
put filter characteristics, these very large out of band sig-
nals leak through the passive input filter stage and a sig-
nificant signal is present at the input of the pre-amplifier.
Typical EEG amplifiers do not respond linearly to the
presence of these high frequencies. More specifically,
their slew rates are different in the positive and negative
direction. They act much the same way that the detector
does in an AM radio, stripping out the carrier and leaving
the carrier envelope. In this case, the carrier envelope
contains energy in a broad range of frequencies associ-
ated with the BOVI during the ablation of tissue, some of
which lies in the EEG passband and some of which ends
up in the passband as a result of aliasing.

[0008] In addition, it is not sufficient to be somewhat
more resistant to BOVI. BOVI artifact reduced to below
the threshold of the artifact detectors will nevertheless
corrupt the EEG signal and its processed results. The
improvement must be substantial, such that BOVI does
not influence a computed EEG index or parameter. Re-
sidual artifact after only a modest improvement will either
1) increase the latency of the EEG index when detected
and rejected, or 2) increase the signal variability and the
unreliability of the EEG index when not detected.
[0009] A generally accepted method for circuit protec-
tion necessary to meet IEC601-2-26 includes the use of
gas filled spark gaps, which shunt & dissipate most of
the energy that would threaten preamplifier the integrity.
This approach has the limitation that it requires additional
circuitry for current limiting and signal recovery to be
placed between the shunt and the preamplifiers input cir-
cuitry. This is necessary since this type of shunt limits
voltages to 50 volts or greater which can significantly
extend amplifier signal recovery time and still cause per-
manent damage to the amplifier. The added circuit com-
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plexity and area increases the physical size, cost and
exposure to electromagnetic fields.

[0010] There has thus been demonstrated a need for
an economical device for preventing the corruption of
EEG signals to be used for anesthesia and other medical
monitoring by electro-cautery and defibrillator devices. It
is the principal object of the current invention to provide
such a system.

[0011] The disclosure US 5,038,782 describes an
EEG system comprising pre-amplifiers and using optical
fibers.

SUMMARY OF THE INVENTION

[0012] The patient module that is the current invention
is an 8 channel EEG pre-amplifier whose signal acquisi-
tion and processing characteristics are optimized for use
in the operating room and intensive care unit (ICU). This
preamplifier uses superior techniques to suppress EMI
and thereby virtually eliminates BOVI and other artifacts.
This elimination has been demonstrated experimentally.
The acquired signals will be transformed and analyzed
targeting a variety of spectral and temporal properties to
measure the patient’s level of awareness. The frequency
band of interest is from 0.5 Hz to 100 Hz and the dynamic
range of the amplifiers is from 0.25 p.Volts to 1400 p.Volts.
The patient module includes the following features es-
sential for superior OR and ICU signal acquisition per-
formance:

1) Optimized multistage input filter

2) Optimized input stage circuit topography

3) Ultra-isolation

4) Oversampling

5) Multiplexer inter-sample charge dump

6) High Performance, low frequency enhanced
shielding.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Figure 1 depicts the passive and active filters for the
signal channel and the reference channel.

Figure 2 shows the multiplexer inter-sample charge
dump.

Figure 3 portrays the general configuration of the
patient module in relationship to the analyzing instru-
ment.

Figure 4 shows the configuration of high-perform-
ance low-frequency-enhanced shielding.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0014] The optimized multistage inputfilterand pream-
plifier shown in Figure 1 has the following properties.
There are both passive and active elements to the filter-
ing. Input elements form a multistage R1- C1- L1-X -
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Ctg1- R3 - C4 passive filter optimized for 90 Hz EEG
signal bandwidth with isolation and suppression of RF
frequencies between .5 and 2 MHz. The input stage of
the filter circuit is the same for all EEG signals including
the reference. Reference designations, as such, are the
same. The common mode choke comprises separate
windings for each channel and the reference coil is wound
on a torroidal core. Core material selection is made to
optimize performance in the 0.5 to 2.0 MHz frequency
range. The windings are referred to by L1 - (channel des-
ignation). The input filter design takes into consideration
the effects of skin contact impedance and the patient
cable’s distributed capacitance which are designated as
R1 and C1 accordingly The inductive portion of this net-
work (L1- X) consists of a common mode choke that pro-
vides high source impedance to RF signals that equalizes
their magnitude across all channels through transformer
action. RF components are further attenuated by the ca-
pacitive component of TS1. TS1 is device that bypasses
RF energy and provides protection from ESD by absorb-
ing and dissipating voltages greater than a specified val-
ue. As used, this device also provides protection to the
patient and EEG amplifier meeting IEC601-2-26 "Partic-
ular requirements for the safety of electroencephalo-
graphs" when used with defibrillators. This is in accord-
ance with the "Rationale for Defibrillator Test Voltages".
The use of this device, a Transorb, manufactured by AVX
is unique in that the manufacturer does not specify this
device for ultra-low leakage applications, such as, with
EEG amplifiers. A thorough review of the manufacturer’s
specifications and analysis of an idealized model of this
part reveals that the leakage current levels, when used
with low differential offset (<10 millivolt) electrodes, are
un-measurable. R3 - C4 provides additional filtering of
undesirable RF signals.

[0015] The anti-aliasing filter utilizes R1- C1& R3 - C4
of the passive input filter, an active filter stage comprising
R4 - C6 and an output filter stage comprising R6 - C7.
Forthe per channel 2500 Hz sampling rate, alias rejection
is greater than 40 dB. A processed signal bandwidth of
50 Hz and 50 X oversampling insures high signal quality
and rejection of aliasing terms.

[0016] Circuit complexity and size are reduced with the
use of an AVX Transorb. This devices uses the inherent
patient contact resistance as the current limiting element
with the voltage limiting properties of the Transorb for
circuit protection when used as described in "Rationale
for Defibrillator Test Voltages". The use of the Transorb,
available in 1206 and 805 surface mount packages sig-
nificantly reduces the component count, cost and circuit
interconnect area further reducing exposure to EM fields.
A traditional surge suppressor consists of a substantially
larger spark gap or gas filled tube with additional current
and voltage limiters to reduce the residual voltage to lev-
els safe for the preamplifier circuitry.

[0017] In order to minimize the degradation of com-
mon-mode rejection performance associated with the de-
creased leakage reactance of the isolated power supply,



5 EP 1 229 830 B1 6

we must hold to an absolute minimum the leakage path-
ways between the patient signal ground and earth
ground. The PSA Preamplifier signal pathways will con-
sist of high dielectric strength opto-isolators and power
is supplied through a low leakage capacitance; medical
grade isolated power supply as shown in Figures 3 and 4.
[0018] There are two important terms associated with
this undesired leakage. The first, and easiest to manage,
is resistance. The resistive leakage through the isolated
power supply and the opto-isolators is much greater than
50MQ and will have no impact on amplifier performance.
The second is the total leakage capacitance Cys between
the patient and earth ground. This leakage capacitance
is defined as the sum of the coupling capacitance in the
isolation supply, the leakage capacitance in the opto-iso-
lators and the stray (leakage) capacitance between the
amplifier’s signal ground and the ambient (earth) ground.
Ahigher leakage capacitance between the amplifiers sig-
nal ground and earth ground means that the amplifiers
will be presented with a higher common mode signal to
reject. The amplifier is limited in its ability to reject these
signals by differences in patient contact resistance and
differences in the preamplifier’s signal + and signal - gain.
A design feature of the preamplifier is the use of a com-
mon reference, which nearly eliminates passband gain
sensitivity to the tolerance of reference amplifier's com-
ponents.

[0019] The patient module power consumption is less
than one watt, which permits the selection of an isolation
supply with a very low leakage capacitance (5-10) pF.
The combined leakage capacitance of the opto-isolators
is approximately 1.4pF. By placing the isolation supply
in the patient module, the common mode supply lead
leakage capacitance is eliminated leaving only an enclo-
sure leakage term of approximately 20pF. The combined
leakage between the patient and earth ground at less
than 30pF results in a approximately 90MQ impedance
at 60 Hz [Z = 1/(2rfCy)]. This is only slightly larger than
that which can be achieved by using battery power (appx.
130MQ).

[0020] As previously discussed the patient module da-
ta pathways utilize ultra high isolation, low leakage ca-
pacitance opto-isolators driven by balanced differential
drivers through twisted, shielded leads. This provides ex-
ceptional transmission characteristics with the potential
to drive a cable in excess of 500 feet while keeping EMI
well within accepted limits.

[0021] The multiplexerinter-sample charge dump (Fig-
ure 2) consists of a low charge injection 8 channel mul-
tiplexer coupled to an analog switch that dumps the re-
sidual charge from the previously selected channel to
ground. This occurs during the 500-microsecond period
after the previous channel has been switched off and
prior to the next channel being switched on. During pe-
riods of high signal artifact, residual charge from the pre-
vious channel can bleed through to the next channel.
This simple technique improves the crosstalk rejection
by about 40 dB by dumping residual charge to ground.
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[0022] Additionally, isolation of common mode defibril-
lator voltages is easily accomplished with the use of opto-
isolators for the data pathways and a medical grade iso-
lated power source. The selection and design of signal
and power isolation components is constrained by the
requirement that leakage reactance (due to capacitance)
must be as large as possible to minimize common mode
leakage currents. This is no longer a safety issue, since
achieving less than 10nAmps leakage for a CF applied
part and greater than 5kV dielectric strength are not dif-
ficult to achieve. The challenge is to keep common mode
leakage currents to less than about 10nAmps at 60 Hz.
Opto-isolators have typical leakage capacitance of 1pF
whereas; an isolated power source has a leakage capac-
itance proportional to the amplifiers power requirements,
which may exceed 50pF.

[0023] Radiated electromagnetic fields and changing
electrostatic fields couple to the preamplifier input circuit-
ry through all practical shields. The object is to provide
the best shielding for all environmental conditions that
the amplifier will be exposed to. All properly applied me-
tallic shields offer a significant degree of protection
against electrostaticfields. Under certain conditions, volt-
age fields in excess of 10,000 volts per meter can exist
between OR room staff and earth ground. Electronic
equipment also has an associated time varying electric
field, which can couple to sensitive electronic circuitry.
The greatest coupling to the preamplifier circuitry exists
to patient leadwires. This can not be completely eliminat-
ed. Portions of the patient sensor circuitry remains ex-
posed but sensor design places these short leads close
to the patient, which minimizes gradient field potentials
on the leadwires. Low sensor contact resistance is also
a mitigating factor. Voids in the intended faraday shield-
ing surrounding the amplifier also provide a coupling
pathway for electrostatic fields. The use of multi-layer
printed circuit boards with optimized (minimized) input
circuitry topography reduces parasitic coupling effects.
[0024] A significant potential problem remains with
cautery. Most shield coatings are not effective at less
than 100 MHz. The coatings utilized with the preamplifier
shielding of the current invention as shown in Figure 4
provides protection to less than 10 MHz, further reducing
BOVI artifact.

Claims

1. Apatient module for acquisition of EEG signals com-
prising
a plurality of opto-isolators;
at least one pre-amplifier and caracterized in that
said patient module comprises:

a. at least two optimized multistage input filters;
b. an optimized input stage circuit topography;
c. an ultra-isolation sub-module;
d. an oversampling sub-module;
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e. a multiplexer inter-sample charge dump; and
f. a high-performance low frequency enhanced
shielding system.

The patient module of Claim 1 in which the at least
two optimized multistage input filters comprise a sig-
nal filter and a reference filter.

The patient module of Claim 2 in which the signal
filter and the reference filter each comprise an active
element and a passive element.

The patient module of Claim 3 in which the passive
filter element for each of the signal filter and the ref-
erence filter comprise a resistance element, a ca-
pacitance element, and an inductance element op-
timized for 90 Hz signal bandwidth with isolation and
suppression of frequencies between 0.5 MHz and 2
MHz.

The patient module of Claim 4 in which the induct-
ance element for each of the signal filter and the
reference filter comprise separate windings on a
common mode choke.

The patient module of Claim 5 in which the common
mode choke is wound on a toroidal core.

The patient module of Claim 4 in which the passive
filter element for each of the signal filter and the ref-
erence filter additionally comprises a device that by-
passes RF energy.

The patient module of Claim 7 in which the device
that bypasses RF energy is a Transorb.

The patient module of Claim 4 in which the passive
filter element for each of the signal filter and the ref-
erence filter additionally comprises an anti-aliasing
filter.

The patient module of Claim 1 in which the multiplex-
er inter-sample charge dump comprises a low
charge injection multiplexer coupled to an analog
switch.

The patient module of Claim 1 in which the high-
performance low frequency enhanced shielding sys-
tem comprises an EMC barrier and a dielectric bar-
rier.

The patient module of Claim 1 in which the optimized
input stage circuit topography comprises multi-layer
printed circuit boards with minimized input circuitry.

The patient module of Claim 1 additionally compris-
ing a medical grade isolated power supply.
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Patentanspriiche

Ein Patientenmodul zum Erfassen von EEG-Signa-
len, der folgendes umfasst:

eine Vielzahl von Optoisolatoren;
mindestens einen Vorverstarker,

und dadurch gekennzeichnet, dass der Patienten-
modul folgendes umfasst:

a. mindestens zwei optimierte Mehrstufen-Ein-
gabefilter;

b. eine optimierte Eingabestufe-Schaltungsto-
pographie;

c. einen Ultra-Isolation-Untermodul;

d. einen Uberabtastungs-Untermodul;

e. eine Multiplexer-Zwischen-Abtastwert-La-
dungsableitung; und

f. ein verbessertes Hochleistungs-Niederfre-
quenz-Abschirmungssystem.

Der Patientenmodul nach Anspruch 1, in dem min-
destens zwei optimierte Mehrstufen-Eingabefilter ei-
nen Signalfilter und einen Bezugsfilter umfassen.

Der Patientenmodul nach Anspruch 2, in dem der
Signalfilter und der Bezugsfilter jeweils ein aktives
Element und ein passives Element umfassen.

Der Patientenmodul nach Anspruch 3, in dem das
passive Filterelement fir jeweils den Signalfilter und
den Bezugsfilter ein Widerstandselement, ein Kapa-
zitanzelement und ein Induktanzelement umfassen,
die flr eine Signalbandbreite von 90 Hz, mit der Iso-
lation und der Unterdriickung von Frequenzen zwi-
schen 0,5 MHz und 2 MHz, optimiert sind.

Der Patientenmodul nach Anspruch 4, in dem das
Induktanzelement fir jeweils den Signalfilter und
den Bezugsfilter getrennte Wicklungen auf einer
Gleichtaktdrossel umfassen.

Der Patientenmodul nach Anspruch 5, in dem die
Gleichtaktdrossel auf einen Ringkern aufgewickelt
wird.

Der Patientenmodul nach Anspruch 4, in dem das
passive Filterelement fiir jeweils den Signalfilter und
den Bezugsfilter zusatzlich eine Vorrichtung um-
fasst, die die HF-Energie tberbruckt.

Der Patientenmodul nach Anspruch 7, in dem die
Vorrichtung, die die HF-Energie Uberbrickt, ein
Transorb ist.

Der Patientenmodul nach Anspruch 4, in dem das
passive Filterelement fiir jeweils den Signalfilter und
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den Bezugsfilter zusatzlich einen Anti-Aliasing-Filter
umfasst.

Der Patientenmodul nach Anspruch 1, in dem die
Multiplexer- Zwischen- Abtastwert- Ladungsablei-
tung einen an eine Analogschaltung gekoppelten
Niedrigladung-Injektionsmultiplexer umfasst.

Der Patientenmodul nach Anspruch 1, in dem das
verbesserte Hochleistungs-Niederfrequenz-Ab-
schirmungssystem eine EMC-Barriere und eine Di-
elektrikum-Barriere umfasst.

Der Patientenmodul nach Anspruch 1, in dem die
optimierte  Eingabestufe-Schaltungstopographie
Mehrschichten-Leiterplatten mit einer minimierten
Eingabeschaltung umfasst.

Der Patientenmodul nach Anspruch 1, der zusatzlich
eine fir medizinische Anwendungen geeignete iso-
lierte Stromversorgung umfasst.

Revendications

Module pour patient destiné a une acquisition de si-
gnaux d’EEG comprenant

une pluralité de coupleurs optiques ;

au moins un préamplificateur, et caractérisé en ce
que ledit module pour patient comprend :

a. au moins deux filtres d’entrée a étage multi-
ples optimisés ;

b. une topographie de circuit a étage d’entrée
optimisé ;

c. un sous module d’ultra-isolation ;

d. un sous module de suréchantillonnage ;

e. un dissipateur de charge inter-échantillon de
multiplexeur ; et

f. un systéme de protection basse fréquence
amélioré a performance élevée.

Module pour patient selon la revendication 1, dans
lequel les au moins deux filtres d’entrée a étage mul-
tiples optimisé comprennent un filtre de signal et un
filtre de référence.

Module pour patient selon la revendication 2, dans
lequel le filtre de signal et le filtre de référence com-
prennent chacun un élément actif et un élément pas-
sif.

Module pour patient selon la revendication 3, dans
lequel I'élément de filtre passif pour chacun parmi le
filtre dé signal et le filtre de référence comprend un
élément de résistance, un élément de capacité, et
un élément d’inductance optimisé pour une bande
passante de signal 90 Hz avec une isolation et une
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12,

13.

10
suppression de fréquences entre 0,5 MHz et 2 MHz.

Module pour patient selon la revendication 4, dans
lequel I'élément d’inductance pour chacun parmi le
filtre de signal et le filtre de référence comprend des
bobinages séparés sur une bobine d’arrét en mode
commun.

Module pour patient selon la revendication 5, dans
lequel la bobine d’arrét en mode commun est enrou-
Iée sur un noyau torique.

Module pour patient selon la revendication 4, dans
lequel I'élément de filtre passif pour chacun parmi le
filtre de signal et le filtre de référence comprend de
plus un dispositif qui détourne une énergie RF.

Module pour patient selon la revendication 7, dans
lequel le dispositif qui détourne une énergie RF est
un Transorb.

Module pour patient selon la revendication 4, dans
lequel I'élément de filtre passif pour chacun parmile
filtre de signal et le filtre de référence comprend de
plus un filtre anti-repliement.

Module pour patient selon la revendication 1, dans
lequel le dissipateur de charge inter-échantillon de
multiplexeur comprend un multiplexeur a injection
de charge faible couplé a un commutateur analogi-
que.

Module pour patient selon la revendication 1, dans
lequel le systéeme de protection basse fréquence
amélioré a performance élevée comprend une bar-
riere CEM et une barriére diélectrique.

Module pour patient selon la revendication 1, dans
lequel la topographie de circuit a étage d’entrée op-
timisé comprend des cartes a circuit imprimé multi-
couche dotées d’une circuiterie d’entrée optimisée.

Module pour patient selon la revendication 1 com-
prenant de plus une alimentation électrique isolée
de qualité médicale.
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