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(57) ABSTRACT 

A combination referential and differential ampli?er circuit 
for a medical signal monitoring system includes a plurality 
of electrode inputs, including at least one reference electrode 
input, a plurality of medical signal ampli?ers, and switching 
means for selectively coupling each of the plurality of 
electrode inputs to each of the inputs of the plurality of 
medical signal ampli?ers. Each electrode input may be 
selectively coupled to several ampli?er inputs. The output of 
a medical signal ampli?er With the ampli?er inputs thereof 
coupled to electrode inputs, neither of Which is a reference 
electrode input, produces a differential ampli?er signal out 
put. A medical signal ampli?er With the inputs thereof 
coupled to electrode inputs, one of Which is the reference 
electrode input, produces a referential signal output. Thus, a 
combination of differential and referential electrophysi 
ologic signal channels may be provided. 
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COMBINATION REFERENTIAL AND 
DIFFERENTIAL AMPLIFIER FOR MEDICAL 

SIGNAL MONITORING 

FIELD OF THE INVENTION 

[0001] The present invention pertains generally to medical 
monitoring methods and devices for analyzing and display 
ing electrophysiologic signals, and more particularly to 
systems and methods for amplifying electrophysiologic sig 
nals detected at electrodes placed on a subject to provide 
ampli?ed electrophysiologic signals to such a medical moni 
toring device. 

BACKGROUND OF THE INVENTION 

[0002] Medical monitoring involves monitoring the body 
of a subject to determine the state of health of the subject and 
to detect, identify, and diagnose changes or abnormalities in 
the state of the body Which may be indicative of problems, 
or for treatment evaluation. Medical monitoring may 
involve, for example, monitoring the motion of a subject’s 
body, temperature or chemical changes of the subject’s 
body, and/or audible or electrical signals re?ected or gen 
erated by the subject’s body. For eXample, electroencepha 
lography (EEG) is a form of medical monitoring Wherein the 
electrical potentials of the subject’s brain are monitored by 
attaching electrodes to the subject’s scalp. In electromyo 
graphy (EMG), electrical activity generated in the subject’s 
muscles is monitored using surface and/or needle recording 
electrodes. Medical monitoring may take place When a 
subject is at rest, in motion, or during the performance of a 
medical procedure. In some cases, medical monitoring 
involves monitoring the response of a subject to a stimulus. 
For eXample, evoked potential (EP) monitoring may be used 
to detect the electrical response of a subject’s nervous 
system to audible, visual, or electrical stimuli. Medical 
monitoring involving stimulus and response detection may 
be used in combination With EMG and various other medical 
monitoring methods as Well. 

[0003] Monitoring of the various physiologic signals gen 
erated by a subject’s body is typically performed using 
dedicated devices and/or systems. For eXample, EEG moni 
toring may be performed using a dedicated EEG monitoring 
system, by attaching electrodes to a subject to detect the 
electrical potential of the subject’s brain, amplifying and 
?ltering the signals received from the electrodes for the 
desired frequency range of interest for EEG analysis, and 
providing the ampli?ed and ?ltered signals to an EEG 
analysis system including softWare for further manipulating 
the EEG signals for analysis and a display on an EEG system 
monitor. Similarly, EMG monitoring may be performed 
using a dedicated EMG monitoring system, by placing 
electrodes on the subject to detect electrical activity gener 
ated in the subject’s muscles, amplifying and ?ltering the 
signals detected by the electrodes for the desired frequency 
range of interest for EMG signals, and providing the ampli 
?ed and ?ltered signals to an EMG analysis system includ 
ing softWare for further manipulating the EMG signals for 
analysis and display on an EMG system monitor. Other 
signals of interest, e.g., vital signs, may be monitored in a 
similar manner, With a separate dedicated system provided 
for each type or modality of monitored signal of interest. 
Each such dedicated monitoring system may include or be 
connected to a system for providing stimulus to a subject, 
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and for analyZing the particular detected signal of interest in 
response to the stimulus provided. 

[0004] US. patent application Ser. No. 09/295,167, 
entitled “Medical Signal Monitoring and Display,” by Wim 
van Drongelen, and assigned to the assignee of the present 
application, describes a medical signal monitoring system 
and method providing the capability for an operator of the 
system to display and analyZe physiologic signals of various 
types, frequencies, and modalities. Such a system may be 
provided With data from various physiologic signal acqui 
sition systems, including systems for acquiring electrophysi 
ologic signals from electrodes positioned on a subject. The 
system may further be connected to auditory, visual, and/or 
electrical stimulator systems, for controlling the providing 
of stimulation to a subject, While analyZing the physiologic 
signals received in response to the stimulus provided. Such 
a system includes an operator-friendly user interface Which 
alloWs an operator of the system to designate and control, 
display, and analyZe the physiologic signals received by the 
system and stimulus provided thereby. Such an integrated 
system provides a full range of diagnostic capability in a 
single device for use in a doctor’s of?ce, operating room, 
intensive care unit, or emergency department. 

[0005] In a typical application of a medical signal moni 
toring system, a plurality of electrodes may be attached to 
the body of a subject. Electrophysiologic signals, picked up 
by the electrodes, are carried by leads to a signal ampli?er 
Which may be part of or separate from the medical moni 
toring system. The ampli?ed signals may, for eXample, be 
?ltered, digitized, and provided to the medical monitoring 
system for analysis and display. In this manner, several 
electrophysiologic signals, e.g., EEG and EMG signals, 
produced by a subject may be monitored continuously or 
periodically. 

[0006] Electrophysiologic signals to be displayed and ana 
lyZed by a medical signal monitoring system are typically 
derived from the signals picked up by electrodes placed on 
a subject’s body in one of tWo Ways, as either differential or 
referential electrophysiologic signals. Differential electro 
physiologic signals are derived from the difference betWeen 
the signals detected at tWo electrodes placed in a desired 
position on the subject. Differential electrophysiologic sig 
nals are typically derived by connecting the signals provided 
from each of tWo electrodes positioned on a subject to each 
of the tWo inputs of a differential ampli?er. The output of the 
differential ampli?er is an analog differential physiologic 
signal, Which may be ?ltered for a desired frequency range 
of interest and converted, by an analog-to-digital converter, 
to a digital differential physiologic signal Which is provided 
to a medical signal monitoring system for analysis and 
display. Referential electrophysiologic signals are derived 
from the signal detected at an electrode placed in a desired 
position on the subject With reference to a reference elec 
trode placed on the subject. Multiple referential physiologic 
signals may be determined in this Way by employing mul 
tiple electrodes positioned on the subject and by detecting 
the signals detected at each of these multiple electrodes With 
reference to a single reference electrode. Ampli?ed referen 
tial physiologic signals may be ?ltered and digitiZed for 
analysis and display on a medical signal monitoring system. 
Selected differential physiologic signals may be obtained by 
combining multiple referential physiologic signals Which 
are obtained using the same reference signal. This may be 
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achieved by subtracting one digitized referential signal from 
another digitized referential signal to obtain the desired 
differential signal. 

[0007] Typical medical signal monitoring systems are 
designed to employ electrodes positioned on the subject for 
either differential or referential signal detection, and include 
the appropriate ampli?er and analysis circuitry and softWare 
for the type of signal (differential or referential) to be 
processed. For example, the Spirit signal monitoring system, 
made by Nicolet Instrument Corp., alloWed a user to de?ne 
up to four differential channels of, e.g., EEG signals. Cross 
point sWitching devices Were employed in the system to 
connect selected electrode input signals to the inputs of 
selected differential ampli?er circuits to de?ne differential 
signal channels of interest. Any combination of electrode 
inputs could be coupled by the sWitches to the ampli?er 
channels. Some more advanced medical signal monitoring 
systems provide both differential and referential electro 
physiologic signal detection. Such a system may alloW an 
operator to select Whether the input signals provided from 
electrodes to the system are to be interpreted as differential 
or a referential signal inputs. The medical signal monitoring 
system then ampli?es and analyZes the signals received in 
such channels in an appropriate manner for the type of 
channel (differential or referential) selected. 

[0008] What is desired is a medical signal monitoring 
system Which receives and analyZes electrophysiologic sig 
nals from a plurality of electrodes positioned on a subject, 
Which alloWs an operator of the system to select Whether the 
signal received from each electrode is to be ampli?ed in a 
differential or referential mode, and in Which a signal 
received from any given electrode may be ampli?ed in a 
combination of differential and referential signal channels. 
Thus, What is desired is a medical signal monitoring system 
Which provides a user selectable combination of ampli?ed 
differential and referential electrophysiologic signals from a 
set of electrode input signals. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a medical signal 
monitoring system and method Which provides a selectable 
combination of referential and differential medical signals 
for analysis and display. A system and method in accordance 
With the present invention employs a combination referential 
and differential ampli?er circuit. A combination referential 
and differential ampli?er circuit in accordance With the 
present invention includes a plurality of electrode inputs, a 
plurality of medical signal ampli?ers, and a sWitching 
device for selectively coupling each of the plurality of 
electrode inputs to the plurality of medical signal ampli?ers 
in a manner so as to provide simultaneously a combination 
of referential and differential electrophysiologic signals for 
analysis and display on a medical signal monitoring system. 

[0010] A combination referential and differential ampli?er 
circuit in accordance With the present invention includes a 
plurality of electrode inputs. Each of the electrode inputs is 
adapted to be coupled to an electrode positioned on a subject 
for detecting electrophysiologic signals of the subject. At 
least one of the plurality of electrode inputs to the combi 
nation referential and differential ampli?er circuit is a ref 
erence electrode input. The reference electrode input to the 
combination referential and differential ampli?er circuit 
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may be buffered in a conventional manner, to prevent 
unbalance betWeen the referential signal, Which Will employ 
the electrophysiologic signal input to the reference electrode 
input of the combination referential and differential ampli 
?er circuit, and other electrode input signals, Which Will be 
paired With the reference input signal. Thus, a single buff 
ered reference electrode input signal may be used in com 
bination With many other electrode input signals to de?ne 
multiple referential signal channels. 

[0011] Acombination referential and differential ampli?er 
circuit in accordance With the present invention also 
includes a plurality of medical signal ampli?ers. Each of the 
plurality of medical signal ampli?ers may be implemented 
in a conventional manner as a differential ampli?er circuit 
including tWo ampli?er inputs. The output of each of the 
plurality of medical signal ampli?ers is the ampli?ed dif 
ference betWeen the signals provided at the inputs to each of 
the medical signal ampli?ers. The medical signal ampli?ers 
employed in the combination referential and differential 
ampli?er circuit are preferably selected to operate in the 
frequency range of the type of electrophysiologic signals to 
be ampli?ed, e.g., EEG, EMG, EP signals, etc., and to 
provide suf?cient ampli?cation for the given signal level of 
the signals of interest. 

[0012] A sWitching device is provided betWeen the plu 
rality of electrode inputs and the plurality of medical signal 
ampli?ers in a combination referential and differential 
ampli?er circuit in accordance With the present invention. 
The sWitching device is employed for selectively coupling 
each of the plurality of electrode inputs of the combination 
referential and differential ampli?er circuit to the ampli?er 
inputs of the plurality of medical signal ampli?ers. The 
ampli?er output of medical signal ampli?ers With the ampli 
?er inputs thereof coupled via the sWitching device to 
different electrode inputs, neither of Which is the reference 
electrode input, produces a differential ampli?er signal out 
put. The ampli?er output of medical signal ampli?ers With 
the ampli?er inputs thereof coupled via the sWitching device 
to different electrode inputs, one of Which is the reference 
electrode input, produces a referential signal output. Thus, a 
combination referential and differential ampli?er circuit in 
accordance With the present invention may be employed to 
provide a combination of user-de?ned differential and ref 
erential electrophysiologic signals for display and analysis 
by a medical signal monitoring system. 

[0013] In accordance With the present invention, the 
sWitching device preferably enables a single electrode input 
to be coupled simultaneously to the input of any of the 
plurality of medical signal ampli?ers, in combination With 
any other electrode input, including the reference electrode 
input. Thus, in accordance With the present invention, a 
single electrophysiologic electrode input signal may be 
employed to generate a variety of different differential and 
referential electrophysiologic signals for analysis and dis 
play. 

[0014] In accordance With the present invention, the 
sWitching device may preferably be implemented as a solid 
state integrated circuit cross-point sWitching device, Which 
may be controlled by an operator to provide the desired 
sWitching device functionality. The sWitching device may 
preferably be controlled by control signals provided from 
the system processor of an integrated medical signal moni 
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toring system With Which a combination referential and 
differential ampli?er circuit in accordance With the present 
invention is employed. The system processor may prefer 
ably generate a graphical user interface, Which may be used 
by an operator to select Which electrode inputs of the 
combination referential and differential ampli?er circuit are 
to be coupled to Which medical signal ampli?ers of the 
ampli?er circuit. Thus, the graphical user interface may be 
used by an operator to de?ne various referential and differ 
ential electrophysiologic signal channels from the available 
electrode inputs. The medical signal monitoring system 
processor preferably controls the sWitching device of the 
combination referential and differential ampli?er circuit to 
implement automatically the desired combination of differ 
ential and referential signal channels in response to the 
operator selections. 

[0015] Further objects, features, and advantages of the 
invention Will be apparent from the folloWing detailed 
description taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 
[0017] FIG. 1 is a schematic block diagram of an exem 
plary medical signal monitoring system employing a com 
bination referential and differential ampli?er circuit in 
accordance With the present invention. 

[0018] FIG. 2 is a schematic block diagram of an exem 
plary combination referential and differential ampli?er cir 
cuit in accordance With the present invention. 

[0019] FIG. 3 is a screen display shoWing an exemplary 
graphical user interface generated by a medical signal moni 
toring system processor Whereby an operator of the system 
may de?ne a combination of differential and referential 
signal channels from a plurality of available electrode 
inputs, and Wherein the medical signal monitoring system 
processor controls a combination referential and differential 
ampli?er circuit in accordance With the present invention to 
implement automatically the selections made by the operator 
using the graphical user interface. 

In the draWings: 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] The present invention provides a system and 
method for providing a user selectable combination of 
ampli?ed differential and referential electrophysiologic sig 
nals for analysis and display by a medical signal monitoring 
system. The present invention Will be described herein With 
reference to the exemplary incorporation thereof into an 
integrated medical signal monitoring system Which may be 
used for monitoring and analyZing a variety of electrophysi 
ologic signals, as Well as for providing electrical and other 
stimulus to a subject and detecting and analyZing the sub 
ject’s response thereto. Such an integrated medical signal 
monitoring system is described, for example, in US. patent 
application Ser. No. 09/295,167, entitled “Medical Signal 
Monitoring and Display,” ?led on Apr. 20, 1999, by Wim 
van Drongelen, and assigned to the assignee of the present 
application, the disclosure of Which is incorporated herein 
by reference. It should be understood, hoWever, that the 
present invention may also be incorporated in, and used in 
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combination With, other and/or more basic medical signal 
monitoring systems Which are only designed to monitor a 
single type or modality of electrophysiologic signal. 

[0021] A basic hardWare con?guration for an exemplary 
medical signal monitoring system 10 incorporating and 
employing a combination referential and differential ampli 
?er circuit in accordance With the present invention is 
illustrated in, and Will be described in detail With reference 
to, FIG. 1. The medical signal monitoring system 10 may be 
implemented using a conventional computer system having 
conventional computer peripheral devices. For example, the 
monitoring system 10 may be implemented on a conven 
tional personal computer processor 12. Due to the large 
number of computations performed by the processor 12, a 
computer employing a fast processor, such as a Pentium 800 
MHZ processor, or faster, is preferred. It should be under 
stood that the present invention may be implemented using 
other types of general purpose or special purpose program 
mable computers or processors 12. 

[0022] The processor 12 is preferably provided With con 
ventional computer peripherals. For example, the processor 
12 preferably includes conventional input devices such as, 
for example, a keyboard 14 and mouse 16. Other types of 
input devices, such as a microphone for voice recognition 
control of the system, may be employed. Conventional 
output devices Which may be employed With the processor 
12 include a computer monitor 18, printer 20, and speaker 22 
for providing audio output from the processor 12. The 
processor 12 preferably is also provided With conventional 
computer memory 24, including a large disk storage capa 
bility. 

[0023] The monitoring system 10 receives physiologic 
signals from a subject 26 via a combination referential and 
differential ampli?er circuit 28 in accordance With the 
present invention. The combination referential and differen 
tial ampli?er circuit 28 Will be described in more detail 
beloW. It should be noted that the ampli?er circuit 28 may 
be separate from or included as part of the medical signal 
monitoring system 10. The ampli?er circuit 28 may be 
connected to the subject 26 by, for example, electrodes 30 
placed on the subject 26. The electrodes 30, Which may be 
conventional electrodes as are Well knoWn in the art, pick up 
electrophysiologic signals of the subject 26 and provide the 
signals, via the leads 32, to the ampli?er circuit 28. The 
ampli?er circuit 28 ampli?es the signals received from the 
electrodes 30, may provide some preliminary ?ltering of the 
signals, and then provides the ampli?ed and preliminarily 
?ltered signals to the monitoring system 10 for analysis and 
display. In a dedicated EEG, EP, or EMG system, the 
ampli?er circuit 28 may ?lter the electrode signals to a 
relatively narroW band of interest. HoWever, for an inte 
grated system, as described in the above-referenced US. 
patent application Ser. No. 09/295,167, Wherein electro 
physiologic signals across a broad frequency range are 
displayed and analyZed, a broad band of frequencies should 
be passed by the ampli?er circuit 28 to the monitoring 
system 10 (e.g., at least broad enough to include the EEG 
and EMG bands). The signals provided to the monitoring 
system 10 from the ampli?er circuit 28 are, therefore, 
preferably essentially broad band signals. The signals pro 
vided by the ampli?er circuit 28 to the system 10 are 
preferably converted to digital signals, using conventional 
analog-to-digital converter technology, before being pro 
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vided to the system 10. This reduces susceptibility to noise 
artifacts on the cable connecting the ampli?er circuit 28 to 
the medical signal monitoring system 10. 

[0024] The medical signal monitoring system 10 may also 
control the providing of stimulation signals to the subject 26 
via one or more stimulator systems 34. Various different 
types of stimulator systems 34 may be employed, including 
stimulator systems for providing electrical, auditory, and/or 
visual stimulation. The stimulator systems 34 may be con 
nected to the subject 26 via, for example, conventional leads 
36 and electrodes 38 positioned on the subject 26 for 
providing electrical stimulation to the subject 26. The stimu 
lator system 34 preferably provides a signal back to the 
monitoring system 10 indicating the time at Which a stimu 
lation signal is provided to the subject 26. This signal alloWs 
the monitoring system 10 to synchroniZe the stimulation 
signals provided to the subject 26 With response signals 
received from the ampli?er circuit 28 for proper analysis and 
display of the relationship betWeen the stimulus and 
response signals. 

[0025] It should be understood that each of the hardWare 
components illustrated in FIG. 1 may be implemented in a 
conventional manner, using conventional commercially 
available hardWare. Also, the various hardWare systems 
illustrated in FIG. 1 may be connected together in a con 
ventional manner, using conventional leads, cabling, con 
nectors, etc. Alternatively, the various hardWare systems 
illustrated in FIG. 1 may be connected together via a 
netWork bus topology, such as, for eXample, an IEEE 1394 
high-speed serial bus topology. In the latter case, the stimu 
lus signals provided by the stimulator device 34 and the 
response signals detected by the ampli?er circuit 28 may be 
time frame synchroniZed in the manner described in co 
pending US. patent application Ser. No. 09/320,613, 
entitled “Time Frame Synchronization of Medical Monitor 
ing Signals,” ?led on May 26, 1999, by William J. LutZ, and 
assigned to the assignee of the present application. 

[0026] An exemplary combination referential and differ 
ential ampli?er circuit 28 in accordance With the present 
invention Will noW be described in detail With reference to 
FIG. 2. Note that conventional ?lter and analog-to-digital 
converter circuitry may be included as part of the combi 
nation referential and differential ampli?er circuit 28, as 
described above. For clarity, such conventional circuitry is 
not illustrated in FIG. 2, and Will not be described in further 
detail herein. 

[0027] A combination referential and differential ampli?er 
circuit 28 in accordance With the present invention includes 
a plurality of electrode inputs 40, a sWitching device 42, and 
a plurality of medical signal ampli?ers 44. 

[0028] The plurality of electrode inputs 40 are adapted to 
be coupled to electrodes 30 for detecting the electrophysi 
ologic signals of a subject 26. At least one of the plurality of 
electrode inputs 40 is a reference electrode input 40R. Of 
course, more than one of the plurality of electrode inputs 40 
may be a reference electrode input. For eXample, multiple 
reference electrode inputs may be provided for obtaining 
referential signals With different reference inputs from dif 
ferent parts of a subject’s body. A conventional pre-ampli 
?er/buffer circuit 46 is preferably coupled betWeen the 
reference input 40R and the sWitching device 42. The buffer 
circuit 46 should be designed for the signals to be detected 
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by the medical signal monitoring system 10 With Which the 
combination referential and differential ampli?er circuit 28 
is employed to prevent unbalance betWeen ampli?ed refer 
ential electrophysiologic signals produced by the ampli?er 
circuit 28, Which employ the reference electrode input 40R, 
and other electrode input signals Which Will be paired With 
the reference electrode input 40R. Buffering of the reference 
electrode input 40R assures that the common mode Will not 
be adversely affected When the reference input 40R is 
coupled to several ampli?ers along With other electrode 
inputs 40, as Will be discussed in more detail beloW, to de?ne 
multiple referential signal channels using the same reference 
signal. Other ones of the plurality of electrode inputs 40 may 
also be pre-ampli?ed/buffered, as necessary or desired. 

[0029] The plurality of medical signal ampli?ers 44 may 
preferably be implemented in a conventional manner using 
conventional discreet or integrated solid state differential 
ampli?er circuits 44. Appropriate medical signal ampli?ers 
44 are preferably selected for the desired signal strength and 
frequency range of the electrophysiologic signals to be 
ampli?ed by the combination referential and differential 
ampli?er circuit 28. Each of the plurality of medical signal 
ampli?ers has tWo ampli?er inputs 48 and 49, and an 
ampli?er output 50. The signal provided on the ampli?er 
output 50 of each medical signal ampli?er 44 is the ampli 
?ed difference of the signals provided at the medical signal 
ampli?er inputs 48 and 49. The analog signals provided on 
the medical signal ampli?er outputs 50 may be ?ltered 
and/or converted to digital signals in a conventional manner, 
before being provided to the medical signal monitoring 
system 10 for analysis and display. 

[0030] The sWitching device 42 is coupled betWeen the 
plurality of electrode inputs 40 and the ampli?er inputs 48 
and 49 of the medical signal ampli?ers 44. The sWitching 
device 42 provides a means for coupling selectively each of 
the plurality of electrode inputs 40 to each of the ampli?er 
inputs 48 and 49 of the plurality of medical signal ampli?ers 
44. The ampli?er output 50 of a medical signal ampli?er 44 
With the ampli?er inputs 48 and 49 thereof coupled to 
different electrode inputs 40, neither of Which is a reference 
electrode input 40R, provides a differential electrophysi 
ologic signal output. The ampli?er output 50 of a medical 
signal ampli?er 44 With the ampli?er inputs 48 and 49 
thereof coupled to different electrode inputs 40, one of 
Which is the reference electrode input 40R, provides a 
referential electrophysiologic signal output. Thus, by con 
trolling the sWitching device 42 in an appropriate manner, a 
combination referential and differential ampli?er circuit 28 
in accordance With the present invention may be used to 
provide a combination of differential and referential elec 
trophysiologic signals for analysis and display by a medical 
signal monitoring system 10. Differential and referential 
electrophysiologic signals provided by the combination ref 
erential and differential ampli?er circuit 28 may be pro 
cessed for display and analysis by the medical signal moni 
toring system 10 in a conventional manner. Various 
differential electrophysiologic signals may be derived from 
referential electrophysiologic signals provided by the com 
bination referential and differential ampli?er circuit 28 by 
montaging referential signals employing the same reference 
input together in a knoWn manner. 

[0031] Preferably, the sWitching device 42 alloWs any one 
of the electrode inputs 40, 40R to be coupled simultaneously 
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to any ampli?er input 48, 49 of any of the medical signal 
ampli?ers 44 coupled to the switching device 42. Thus, a 
single electrode input signal provided on a single electrode 
input 40 to the combination referential and differential 
ampli?er circuit 28 may be employed in one or more 
differential and/or referential signal channels. HoWever, 
caution should be exercised When coupling non-buffered 
electrode inputs 40 to more than a feW signal channels. 
Capacitance coupled into the circuit by the sWitching device 
42 can adversely affect the common mode for non-buffered 
inputs 40 coupled to many ampli?ers 44. Buffered reference 
inputs 40R may be used in a large number of referential 
signal channels Without adverse effects. 

[0032] The sWitching device 42 may be implemented 
using a conventional solid state integrated circuit cross-point 
sWitching device. A cross-point sWitching device includes a 
plurality of solid state sWitches Which may be operated by 
command signals, e.g., provided on a command signal line 
52 from the medical signal monitoring system processor 12, 
to couple any one of the plurality of electrode input lines 40 
to any one of the ampli?er inputs 48 and 49 of the plurality 
of medical signal ampli?ers 44. The siZe of the cross-point 
sWitching device 42 required to implement a combination 
referential and differential ampli?er circuit 28 in accordance 
With the present invention Will depend upon the number of 
electrode inputs 40 and medical signal ampli?ers 44 desired. 
For example, a combination referential and differential 
ampli?er circuit providing eight electrode inputs 40, includ 
ing at least one reference electrode input 40R, and eight 
output signal channels (eight medical signal ampli?ers 44) 
Would include 128 sWitching devices for selectively cou 
pling any one of the electrode inputs 40, 40R to any one of 
the ampli?er inputs 48 and 49 of the plurality of medical 
signal ampli?ers 44, to provide a combination of referential 
and differential electrophysiologic signal channels. A pre 
ferred combination referential and differential ampli?er cir 
cuit providing 44 electrode inputs, including 4 buffered 
reference electrode inputs, and 16 output signal channels, 
Would preferably employ 1408 sWitches, Which may be 
implemented using several integrated circuit cross-point 
sWitching device circuit chips. 

[0033] A medical signal monitoring system 10, including 
a combination referential and differential ampli?er circuit 28 
in accordance With the present invention, preferably pro 
vides an easy-to-use graphical user interface Which alloWs 
an operator to identify Which of the combination referential 
and differential ampli?er circuit electrode inputs 40, 40R are 
to be coupled to Which of the ampli?er inputs 48 and 49 of 
the plurality of medical signal ampli?ers 44 via the sWitch 
ing device 42. In other Words, such a graphical user interface 
preferably alloWs an operator to de?ne easily a plurality of 
differential and referential electrophysiologic signal chan 
nels from a plurality of available electrode inputs. 

[0034] An exemplary graphical user interface 60 Which 
may be provided by and employed in a medical signal 
monitoring system, such as the integrated medical signal 
monitoring system described in the above-referenced US. 
patent application Ser. No. 09/295,167, to alloW a user of 
such a system to de?ne the signals Which are to be detected 
in each of several differential and referential signal channels, 
is illustrated in FIG. 3. Such a graphical user interface may 
be generated in a conventional manner by the system 
processor 12 of the medical monitoring system 10, and 
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displayed on a system display or monitor 18. An operator 
may interact With such a user interface 60 in a conventional 
manner using the system keyboard 14, mouse 16, or another 
user input device. 

[0035] The exemplary graphical user interface 60 includes 
a variety of menu selections 62 for each channel, Which 
alloW a user to identify, e.g., the —/+ inputs for each channel, 
i.e., to identify the signal source (electrode input 40, 40R,) 
for each ampli?er input 48, 49 for the plurality of medical 
signal ampli?ers 44 in the combination referential and 
differential ampli?er circuit 28, and to identify the channel 
as a referential or differential signal channel. The graphical 
user interface 50 may also alloW the operator to identify a 
label for each channel, loW- and high-frequency cutoff for 
each channel, ampli?er gain, loW-frequency cutoff slope, 
Whether audio signals are to be produced from the signal 
detected on the de?ned channel, etc. Characteristics of each 
channel thus de?ned are displayed in a WindoW 64 provided 
on the graphical user interface 60. The graphical user 
interface 60 may be used to de?ne neW differential or 
referential electrophysiologic signal detection channels for 
an integrated medical signal monitoring system 10 in accor 
dance With the present invention, or to edit previously 
de?ned channels. The system processor 12 provides control 
signals to the sWitching device 42, e.g., on a line 52, to 
control the sWitching device 42 in the manner described 
above to implement the combination of differential and 
referential signal channels de?ned by the operator using the 
graphical user interface 60. Thus, in accordance With the 
present invention, the operator of a medical signal monitor 
ing system 10 is provided With an easy and convenient Way 
for deriving a combination of differential and referential 
electrophysiologic signals for analysis and display on the 
system 10 from a set of electrode input signals. 

[0036] It should be understood that the present invention 
is not limited to the particular exemplary applications and 
embodiments illustrated and described herein, but embraces 
all such modi?ed forms thereof as come Within the scope of 
the folloWing claims. 

What is claimed is: 
1. A medical signal monitoring apparatus including a 

combination referential and differential ampli?er circuit, 
comprising: 

(a) a plurality of electrode inputs adapted to be coupled to 
electrodes for detecting electrophysiologic signals of a 
subject, Wherein at least one of the plurality of elec 
trode inputs is a reference electrode input; 

(b) a plurality of medical signal ampli?ers, each of the 
medical signal ampli?ers having a ?rst ampli?er input, 
a second ampli?er input, and an ampli?er output; and 

(c) sWitching means for selectively coupling each of the 
plurality of electrode inputs to each of the ?rst and 
second ampli?er inputs of the plurality of medical 
signal ampli?ers, such that the ampli?er output of a 
medical signal ampli?er With the ?rst and second 
ampli?er inputs thereof coupled to different electrode 
inputs neither of Which is a reference electrode input 
produces a differential ampli?er signal output, and such 
that the ampli?er output of a medical signal ampli?er 
With the ?rst and second ampli?er inputs thereof 
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coupled to different electrode inputs one of Which is the 
reference electrode input produces a referential signal 
output. 

2. The medical signal monitoring apparatus of claim 1 
Wherein the sWitching means for selectively coupling each 
of the plurality of electrode inputs to each of the of the ?rst 
and second arnpli?er inputs of the plurality of medical signal 
arnpli?ers includes a cross point sWitching device having the 
plurality of electrode inputs coupled to an input side thereof 
and the ?rst and second inputs of the plurality of medical 
signal arnpli?ers coupled to an output side thereof. 

3. The medical signal rnonitoring apparatus of claim 1 
comprising additionally a buffer circuit coupled betWeen the 
reference electrode input and the sWitching means. 

4. The medical signal rnonitoring apparatus of claim 1 
comprising additionally a system processor for generating a 
graphical user interface for alloWing an operator to select 
Which of the plurality of electrode inputs Will be coupled to 
Which of the plurality of medical signal arnpli?ers thereby to 
de?ne a combination of differential and referential signal 
channels and for controlling operation of the sWitching 
means in response to the operator selections made using the 
graphical user interface. 

5. The medical signal monitoring system of claim 1 
Wherein the plurality of electrode inputs are adapted to 
receive and the plurality of medical signal arnpli?ers are 
adapted to amplify electrophysiologic signals selected from 
the group of electrophysiologic signals consisting of EEG, 
EMG, and evoked potential signals. 

6. A method for controlling a medical signal rnonitoring 
apparatus to obtain a selectable combination of referential 
and differential rnedical signals, comprising the steps of: 

(a) attaching a plurality of electrodes to a subject for 
detecting electrophysiologic signals of the subject, 
Wherein at least one of the plurality of electrodes 
attached to the subject is a reference electrode; 

(b) providing a plurality of medical signal ampli?ers, each 
of the medical signal arnpli?ers having a ?rst arnpli?er 
input, a second arnpli?er input, and an arnpli?er output; 
and 

(c) selectively coupling each of the plurality of electrodes 
to selected ones of the ?rst and second arnpli?er inputs 
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of the plurality of medical signal arnpli?ers, such that 
the arnpli?er output of a medical signal arnpli?er With 
the ?rst and second arnpli?er inputs thereof coupled to 
different electrodes neither of Which is a reference 
electrode produces a differential arnpli?er signal out 
put, and such that the arnpli?er output of a medical 
signal arnpli?er With the ?rst and second arnpli?er 
inputs thereof coupled to different electrodes one of 
Which is the reference electrode produces a referential 
signal output. 

7. The method of claim 6 Wherein the step of selectively 
coupling each of the plurality of electrodes to selected ones 
of the ?rst and second arnpli?er inputs of the plurality of 
medical signal arnpli?ers includes the steps of coupling the 
plurality of electrodes to the input side of a cross point 
sWitching device, coupling the ?rst and second arnpli?er 
inputs of each of the plurality of medical signal arnpli?ers to 
an output side of the cross point sWitching device, and 
controlling the cross point sWitching device to selectively 
couple each of the plurality of electrodes to selected ones of 
the ?rst and second arnpli?er inputs of the medical signal 
arnpli?ers. 

8. The method of claim 7 comprising additionally the step 
of coupling a buffer circuit betWeen the reference electrode 
and the cross point sWitching device. 

9. The method of claim 6 comprising additionally the 
steps of generating a graphical user interface for alloWing an 
operator to select Which of the plurality of electrode inputs 
Will be coupled to Which of the plurality of medical signal 
arnpli?ers thereby to de?ne a combination of differential and 
referential signal channels and selectively coupling each of 
the plurality of electrodes to selected ones of the ?rst and 
second arnpli?er inputs of the plurality of medical signal 
arnpli?ers automatically in response to the operator selec 
tions made using the graphical user interface. 

10. The method of claim 6 Wherein the plurality of 
electrodes are adapted to receive and the plurality of medical 
signal arnpli?ers are adapted to amplify electrophysiologic 
signals selected from the group of electrophysiologic signals 
consisting of EEG, EMG, and evoked potential signals. 


