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INTERACTIVE MRI SYSTEM AND SUBJECT ANXIETY RELIEF
DISTRACTION SYSTEM FOR MEDICAL USE

CROSS-REFERENCE

The present Application is a continuation-in-part of United States Patent
Application No. 12/487,573, titled “Interactive MRI System”, filed June 18, 2009,
which claims the benefit of United States Provisional Application No. 61/160,128,
titled “MRI System”, filed on March 13, 2009, which is incorporated in this
disclosure by reference in their entirety. Each of the above-identified patent

applications is incorporated herein by reference in its entirety.
BACKGROUND

Many medical procedures cause increased anxiety in subjects due to the
unfamiliarity with the location where the procedure is being conducted and noise and
other environmental factors. For example, magnetic resonance imaging ("MRI")
systems and functional magnetic resonance imaging (“fMRI”) systems are widely
used for diagnosing the physical condition of subjects. They are also used as a
research tool for determining the effect of various stimuli on brain activity. For
research purposes, it is desirable that audio and/or video stimuli can be provided to a
subject undergoing MRI. It is desirable to distract a subject from the MRI process,
which can be claustrophobic. Thus, for even routine MRI, it is desirable that audio
and/or visual stimuli be provided. MRI systems that can provide such stimuli are

known. See, for example U.S. Patent No. 5,877,732.

However, existing systems that can provide stimuli suffer from one or more
deficiencies, such as inability to be used with high power MRI systems such as those
operating at 7 Tesla, discomfort for the subject, and limited capability of the interface

system in providing input to the subject and receiving output from the subject.

Additionally, for example, orthopedic arthroscopic procedures (i.e., knee
scope removing arthritic tissue, spurs, etc) often leave the subject awake with a
combination of local and axial blocks administered instead of general anesthetics.
Being awake in the operating room, with the noises of saws, suction, and other
surgical instruments, in addition to the anxiety building feel of the room can cause

emotional discomfort to many subjects. Standard earphones and visual display

J:\K-Space\19415-2\01_Application.doc

PCT/US2010/027136



10

15

20

25

30

WO 2010/105153

19415-2

eyewear do not provide sufficient blocking of operating room noise and can increase
subject anxiety and fear by not being adjustable by the subject while the medical

procedure is performed.

Accordingly, there is a need for a system that overcomes one or more of these

deficiencies of existing systems.
SUMMARY

The invention satisfies this need. The invention is a system for medical use to
distract a subject and reduce anxiety comprising a) an interface comprising a
microprocessor for receiving a video input and an audio input, and for receiving
subject generated sound input and subject generated control input; b) one or more
visual displays for receiving from the interface the video input and for displaying to
the subject visual images; ¢) a sound suppression circuit in the interface for
suppressing sound emanating from a medical device proximate to the subject by
generating a sound suppression signal; d) a sound transmission system wearable by
the subject, wherein the sound transmission system receives the audio input and the
sound suppression signal from the interface; e) a microphone system for receiving
subject generated sound for transmission to the interface as subject generated sound
input; f) a subject controllable input device for providing subject inputs to the
interface; and g) a subject monitor receiver in the interface for receiving physiological
information about a subject. The system is sufficiently shielded that it can be used in

a medical procedure room.

In one embodiment of the invention, the invention is a system for use in an
MRI device used with a subject comprising a) an interface comprising a
microprocessor for receiving a video input and an audio input, and for receiving
subject generated sound input and subject generated control input; b) a visual display
for receiving from the interface the video input and for displaying to the subject visual
images, the video display comprising left and right displays and first adjustment
means for adjusting the distance between the left and right displays, each display
comprising i) an OLED for receiving the video input and transmitting video images;
ii) a prism receiving the video images from the OLED; and iii) second adjustment
means for adjusting the distance between the prisms and the OLED; c) a sound

suppression circuit in the interface for suppressing sound emanating from the MRI
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device by generating a sound suppression signal; d) a sound transmission system
wearable by the subject, wherein the sound transmission system receives the audio
input and the sound suppression signal from the interface; e) a microphone system for
receiving subject generated sound for transmission to the interface as subject
generated sound input; f) a subject controllable input device for providing subject
inputs to the interface; and g) a subject monitor receiver in the interface for receiving
physiological information about a subject. The system is sufficiently shielded that it

can be used in an MRI room.
DRAWINGS

These and other features, aspects, and advantages of the present invention will
become better understood with reference to the following description, accompanying

claims, and appended drawings wherein:

Iiig. 1 is a block diagram showing components of a system having features of

the present invention;
Ilig. 2 is a block diagram of an interface unit for use in the system of Iig. 1;
Ilig. 3 is a top down schematic view of the interface unit of Fig. 2;
Ilig. 4 is a side schematic view of the interface unit of Iig. 2;

Iiig. 5 is a block diagram of an audio/video interface of the interface unit of
Fig. 2;
Ilig. 6 is a schematic view of an audio/video display device for use with the

system of Iig. 1;

Ilig. 7 is a perspective view of an audio/video device useful in the system of

Fig. 1;

Ilig. 8 shows an audio video device of I'ig.7 on a subject;

IFig.9 is a wiring diagram of the audio/video device;

Ilig. 10A is a perspective view of a video display for use in the system of Fig.
L

Iiig. 10B is a side elevation view of the display of F'ig. 10A;

IFig. 10C schematically shows the video display of Iig. 10A;
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Iiig. 11 shows a speaker system for use in the system of Fig. 1;

IFig. 12 shows a microphone for use in the system of Iig. 1;

Ilig. 13A is a top plan schematic view of a call button for use in the system of
Fig. 1;

Ilig. 13B is a front schematic view of the call button of Iig. 13A;

Iiig. 13C shows components of the call box system of I'ig. 13A;

Iig. 14 is a goggle based audio/visual display and response unit 1400 using a

low-profile design for reducing subject anxiety;

Iig. 15 is a diagram of an anxiety relief distraction system 1500 for medical

use according to according to another embodiment of the present invention;

Iig. 16 is a frontal view of the goggle unit of Fiig. 14, having one or more
excessive subject head movement sensor according to one embodiment of the present

invention;

Ilig. 17 is a block diagram of how individual visual displays can be adjusted

according to one embodiment of the present invention;

Iig. 18 is a diagram of a remote eye tracking camera for tracking eye

movement of a subject according to one embodiment of the present invention;
Iig. 19is a close up view of an individual visual display unit of Fig. 15;
Iig. 20 is a diagram of a MRI head unit used in some medical procedures;

Iiig. 21 is a diagram of an automatic noise cancellation sensor according to one

embodiment of the present invention.
DETAILED DESCRIPTION

According to one embodiment of the present invention, there is provided a
device for performing interaction with a subject during a medical procedure, such as,
for example, in Magnetic Resonance Imaging (MRI) or functional Magnetic
Resonance Imaging (fMRI) devices. According to another embodiment of the present
invention, there is provided a system for performing MRI or fMRI on a subject.
According to another embodiment of the present invention, there is provided a

method for performing MRI or fMRI on a subject. In one embodiment, the method
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comprises providing a device according to the present invention and using the device

to perform magnetic resonance imaging on a subject.

In the following description, specific details are given to provide a thorough
understanding of the embodiments. However, it will be understood by one of
ordinary skill in the art that the embodiments may be practiced without these specific
detail. Well-known circuits, structures and techniques may not be shown in detail in
order not to obscure the embodiments. For example, circuits may be shown in block

diagrams in order not to obscure the embodiments in unnecessary detail.

Also, it is noted that the embodiments may be described as a process that is
depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a sequential process, many of the
operations can be performed in parallel or concurrently. In addition, the order of the
operations may be rearranged. A process is terminated when its operations are
completed. A process may correspond to a method, a function, a procedure, a
subroutine, a subprogram, etc. When a process corresponds to a function, its
termination corresponds to a return of the function to the calling function or the main

function.

Moreover, a storage may represent one or more devices for storing data,
including read-only memory (ROM), random access memory (RAM), magnetic disk
storage mediums, optical storage mediums, flash memory devices and/or other

machine readable mediums for storing information.

Furthermore, embodiments may be implemented by hardware, software,
firmware, middleware, microcode, or a combination thereof, When implemented in
software, firmware, middleware or microcode, the program code or code segments to
perform the necessary tasks may be stored in a machine-readable medium such as a
storage medium or other storage(s). A processor may perform the necessary tasks. A
code segment may represent a procedure, a function, a subprogram, a program, a
routine, a subroutine, a module, a software package, a class, or a combination of
instructions, data structures, or program statements. A code segment may be coupled
to another code segment or a hardware circuit by passing and/or receiving
information, data, arguments, parameters, or memory contents, Information,

arguments, parameters, data, etc. may be passed, forwarded, or transmitted through a
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suitable means including memory sharing, message passing, token passing, network

transmission, etc.

In the following description, certain terminology is used to describe certain

features of one or more embodiments of the invention.

As used herein, except where the context requires otherwise, the term

k13

“comprise” and variations of the term, such as “comprising,” “comprises” and
“comprised” are not intended to exclude other additives, components, integers or
steps. Thus, throughout this specification, unless the context requires otherwise, the
words “comprise”, “comprising” and the like, are to be construed in an inclusive
sense as opposed to an exclusive sense, that is to say, in the sense of “including, but

not limited to”.

As used herein the terms fMRI-compatible and MRI-compatible refer to
devices that are intended for use during fMRI and MRI procedures, respectively, such
that neither the data recorded by the device nor the data recorded by the procedure are
reasonably considered as detrimentally affected by the joint usage of fMRI or MRI in

practice.

As used herein the term organic light emitting diode (OLED) refers to all
variations, including transparent, flexible, solid, etc., of a light-emitting diode
comprising an emissive electroluminescent layer that is composed of a film of organic
compounds formed between two electrodes, where at least one of the electrodes is

transparent.

An MRI-compatible device does not guarantee fMRI-compatibility. Examples
of methods to make devices fMRI-compatible include, but are not limited to, use of
non-ferromagnetic materials, such as plastic, to reduce attractive forces between the
device and the superconducting magnet of the MRI scanner, and shielding to reduce
electromagnetic interference that could corrupt the data measured device and corrupt

the signal-to-noise ratio or contrast-to-noise ratio of the data.

As depicted in the Figures, all dimensions specified in this disclosure are by
way of example only and are not intended to be limiting. Further, the proportions
shown in these Figures are not necessarily to scale. As will be understood by those

with skill in the art with reference to this disclosure, the actual dimensions of any
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device or part of a device disclosed in this disclosure will be determined by its

intended use.

Overview of the System

Referring now to Figure 1, there is shown a system 100 having features of this
invention. The system 100 comprises a control room 102 and an MRI room 104,
wherein the MRI room comprises a magnet bore 106. The term "MRI room" also

includes a room used for fMRI.

The control room 102 comprises a computer work station 108 optionally
operated via a touch display screen 110 for controlling the system 100, a power
supply 112, a video feed 114 providing video input, and an audio feed 116 providing
audio input. The video feed 114 and the audio feed 116 can be optionally connected
to the computer work station 108 or to any other device capable of video or audio
output such as a DVD player (not shown). The MRI room 104 comprises an interface

unit 118.

Within the magnet bore 106 are subject interface devices such as a portable
audio visual system 120, a call button 122, a response device 124, and a manual

controller such as a joystick 126, all of which are connected to the interface unit 118.

Control Room Components

The computer work station 108 can be any conventional computer such as
those provided by Dell®, Hewlett-Packard®, and others. It typically includes
computer memory, USB ports, a printer, a monitor, a keyboard, and a mouse.
Optionally the monitor can be in the form of the touch display screen 110. The
display touch screen 110 can be connected to the PC work station 108 through a
standard USB connector 127. The work station 108 communicates with the interface
unit 118 through an optical communication line 128. The power supply 112 provides
external power to a power line 130 to the interface unit 118, and through the interface
unit 118 to the magnet bore components. The power can be 12 volt DC. The optical
connection line 128 is used for providing control signals and other input to the
interface unit 118 and for receiving input obtained from a subject to the work station
108 to the control room. Preferably a single cable is used for transmitting the power
and the control signals to the MRI room and for transmitting input from the subjects

to the control room 102.
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The video feed 114 and the audio feed 116 are transmitted to the interface unit

118 through respective SVGA fiber optic lines 132 and 134.
Interface Unit

Referring to Figures 1 and 4, the interface unit 118 comprises a transformer
202 connected to the power supply 112, an interface computer 204 connected to the
transformer 220, a magnetic shielding housing 206 surrounding the interface
computer 204, a network interface 208 connected electronically to the interface
computer 204 and connected to the computer workstation 108 via the optical Ethernet
connection 128 using optical signals, a data storage unit 212 connected electronically
to the interface computer 204, an auxiliary interface 214 connected electronically to
the interface computer 204, and an audio/video goggle interface 216 connected
electronically to the interface computer 204, wherein the interface unit 118 is
sufficiently shielded by the magnetic shielding housing 206 that it can be used in the
MRI room 104 exported to the MRI magnetic field. The interface unit 118 optionally
comprises a video capture card 218 connected to the interface computer 204, an
optional eye tracker interface 220 connected electronically to the video capture card
218, a data acquisition unit 222 connected electronically to the interface computer
204, and an optional subject monitor receiver 224 connected electronically to the data

acquisition unit 222.

The interface computer 204 comprises a circuit board 226 and a single board
computer (SBC) 228. In a preferred embodiment, the circuit board 226 is a printed
circuit board and the SBC 228 i1s a mini-ITX motherboard, such as a Commellm L'V-
679 available from Taiwan Commate Computer, Inc., 8F, No. 94, Sec. 1, Shin Tai Wu
Rd., Hsin Chin, Taipei Hsien, Taiwan. In one embodiment, the interface computer
204 comprises: active noise cancellation (ANC) software, ANC hardware, or both
ANC software and ANC hardware. In a preferred embodiment, the interface
computer 204 comprises ANC hardware, such as, for example, an Austria
Microsystems AS3501 feed-forward ANC device or an AS3500 feed-back ANC
device. In a particularly preferred embodiment, the interface computer 204 is loaded
with ANC software such as described in U.S. Patent No. 5,427,102 or U.S. Patent No.
5,440,641, The software enables a background audio input into the interface
computer, software to produce an output sound that is a 180-degree phase-shift sound
from the background audio input such that the output sound cancels the background

8
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audio input, and an audio output to deliver the output sound. In this way the subject
benefits by not having the typical MRI noise around. The administrator benefits
through better research results, as the subject is less likely to move around. In another
preferred embodiment, the SBC 228 further comprises a DVI monitor output 229 for

outputting video image to the computer work station 108.

The magnetic shielding housing 206 can comprise a computer housing 230
containing the interface unit 118 and a cooler 232 thermally connected to the interface
computer 204 and to the data storage unit 212, which has a heat sink 236. In a
preferred embodiment, the cooler 232 comprises a high surface area grid to conduct
heat to surrounding air. In an especially preferred embodiment, the high surface area
grid is comprised of aluminum and has dimensions 12.25” x 2.3” x 12”. Ina
preferred embodiment, the cooler 232 is thermally connected to the circuit board 226
by means of a thermally conductive gap filler, such as Berquistn« GP2500S520,
available from The Berquist Company in Chanhassen, MN, measuring 6.7 x 6.7 x
0.2”. In a preferred embodiment, the interface computer 204 further comprises air
and the cooler 232 further comprises a CPU cooler 234 in thermal contact with the
circuit board 226, the air inside the interface computer 204, and the heat sink 236.
With this design, there is significant cooling with a few moving parts that can

interfere with the MRI or fMRI.

The network interface 204 is a converter box capable of converting the optical
signal into a standard electronic signal for use in the interface computer 204. In a
preferred embodiment, the network interface 204 is a Copper Gigabit Ethernet to
Small Form-factor Pluggables (SIP) Fan-less system and is connected to the interface
computer 204 with a 1000-BaseT Ethernet connection and to the computer
workstation 108 by a 1000-Base SX Gigabit Optical Ethernet cord. The Copper
Gigabit Ethernet to SFP Fan-less system can be an Allied Telesis® AT-MC1008/SP
1000T available from Allied Telesis, 19800 North Creek Parkway, Bothell WA. The
1000-Base SX Gigabit Optical Ethernet cord can be an Opticis North America®
CAB-DVIFO-30MM available from 330 Richmond St., Chatham, Ontario, Canada.

In a preferred embodiment, the data storage unit 212 is a solid-state hard drive
without moving parts and is connected to the heat sink 236. The solid-state hard drive
can be an Intel® SSD 80 GB storage unit, available from Intel Corporation, 2200
Mission College Blvd, Santa Clara, CA. The data storage unit 212 is connected to the

9
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interface computer 204 by a serial ATA (SATA) connection. In another preferred
embodiment, there is a plurality of data storage units, each connected to the interface
computer 204 and to the heat sink 236. Solid-state hard drives are better for use in the
MRI room due to their lack of moving parts. Typical hard drives have electric motors

that can interfere with MRI and fMRI.

In a preferred embodiment, the auxiliary interface 214 is connected to the
interface computer 204 through a standard two-way electronic communication means,
such as a USB cable or wirelessly. The auxiliary interface 214 comprises a circuit to
convert between electrical and optical signals and communication means to send and
receive an optical signal through fiber optic cables. An example of the
communication means is a photodiode circuit, light-emitting diode (LED), or
photodetector, such as an Industrial Fiber Optics® IF-E96 for converting electrical
signals into optical signals and an Industrial Fiber Optics® IF-D95 for converting
optical signals into electrical signals, both available from Industrial Fiber Optics, Inc.,

1725 West 1st Street, Tempe, AZ.

The interface unit 118 includes an audio/video goggle interface 216, shown in
Figure 5. The audio/video goggle interface 216 comprises a non-magnetic male
electrical connector 302 connected to the SBC 228; a Digital Visual Interface (DVI)
connector 304 connected to the control room 102; a front panel (FP) audio connector
306 connected to the control room 102; an interface system 308 connected to the DVI
connector 304, to the FP audio connector 306, and to the non-magnetic male electrical
connector 302; a non-magnetic female electrical connector 310 electrically connected
to the interface system 308; and a fiber connector 312 electrically connected to the
interface system 308. In a preferred embodiment, the non-magnetic male electrical
connector 302 and the non-magnetic female electrical connector 310 are I'TT
Cannon® D-Subminiature non-magnetic connectors available from I'TT Interconnect

Solutions, 5288 Valley Industrial Blvd S, Shakopee, MN.

The DVI connector 304 is configured to receive video information from the
video feed 114, while the FP audio connector 306 is configured to receive audio
information from the audio feed 116. The non-magnetic male electrical connector
302 is configured to have a plurality of electrical connections with the SBC, including

an SBC video signal connection 314, an SBC communication signal connection 316,

10
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an SBC audio signal connection 318, a microphone SBC connection 320, and a power

connection 322.

The interface system 308 comprises a DVI to Super Video Graphics Array
(SVGA) converter 324 connected to the DVI connector 304 through a DVI cable 305;
a video selector 326 connected to the DVI to SVGA converter 324 through an SVGA
cable and connected to the SBC video signal connection 314 through a cable
communicating SVGA, color, and synchronicity video information; an interface
controller 328 connected to the SBC communication signal connection 316 by a two-
way connection cable, such as a USB cable; a control logic 330 connected to the
interface controller 328; a digital to analog converter (DAC) 332 connected to the
control logic 330 with an interface such as a two-wire interface (I'WI) or serial
peripheral interface (SPI); a fiber receiver DAC 334 connected to the I'P audio
connector 306 by an optical cable and configured to convert an optical audio signal to
an electric signal; an audio mixer 336 connected to the fiber receiver DAC 334 and to
the SBC audio signal connection 318, configured to combine the two audio signals
into one electrical signal; a speaker amp 338 connected to the audio mixer 336; a
communication microphone line amplifier 340 connected to the microphone SBC
connection 320; a regulator 342 connected to the power connection 322; a first
electro-optical converter 344 connected to the control logic 330 and configured to
convert an electrical signal to an optical signal; and a second electro-optical converter
346 connected to the control logic 330 and configured to convert an optical signal into
an electrical signal. In a preferred embodiment, the first electro-optical converter 344
is an Industrial Fiber Optics® IF-E96 and the second electro-optical converter 346 is
an Industrial Fiber Optics® [F-D95, both available from Industrial Fiber Optics, Inc.,
1725 West 1st Street, Tempe, AZ.

The non-magnetic female electrical connector 310 is configured to have
plurality of electrical connections with the audio/video goggle interface 216, such as a
display drive 348 connected to the video selector 326 through a video cable such as
SVGA to communicate video signal, a display control 350 connected to the control
logic 330, a voltage output 352 connected to the DAC 332, a speaker connection 354
connected to the speaker amp 338, a microphone connection 356 connected to the
communication line microphone amplifier 340, and a goggle power connection 358

connected to the regulator 342. The fiber connector 312 comprises a call button

11
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connector 360 connected to the first electro-optical converter 344 and to the second

electro-optical converter 346.

In a preferred embodiment, audio/video goggle interface 216 further
comprises a noise cancellation connection 362 in the non-magnetic female electrical
connector 310; and a noise canceling microphone interface 364 located in the
interface system 308 and connected to the noise cancellation connection 362, to the
control logic 330, and to the audio mixer 336 in such a way as to deliver background

noise for active noise cancellation from the interface computer 204 in an audio output.

In a preferred embodiment, the video capture card 218 is a Commell® mini-
PCI, available from Taiwan Commate Computer, Inc., 8F, No. 94, Sec. 1, Shin Tai
Wu Rd., Hsin Chin, Taipei Hsien, Taiwan, and is connected to the eye tracker

interface 220 through a NTSC Video cable.

The eye tracker interface 220 is capable of receiving video image from a fiber
optic cable and converting the signal from the fiber optic cable into an electrical

signal.

In a preferred embodiment, the data acquisition unit 222 is a 16 channel
National Instruments® DAQ NI PCle-6259, available from National Instruments
Corp., 11500 N Mopac Expwy., Austin, TX, and is connected to the interface
computer 204 through a Peripheral Component Interconnect Express (PCle)
connection. In a preferred embodiment, the data acquisition unit 222 is configured to
receive both digital and analog electrical signals from the subject monitor receiver

224,

In a preferred embodiment, the subject monitor receiver 224 is capable of
receiving signals from the subject regarding the subject’s heart rate, respiration,
temperature, oxygen levels, and brain electrical activity according to methods known

in the art, such as U.S. Patent No. 6,731,976, and U.S. Patent No. 6,533,733.

Magnet Bore Components

Referring now to Figures 6-9, items in the magnet bore 106 can be seen.

The audio/video goggle system 120 is connected to the audio/video goggle
interface 216 through an electronic cable having a second non-magnetic male

connector 502 with a ground connection 503 and comprises a visual display 504, a

12
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sound transmission system 506 connected to the second non-magnetic male connector
502 through audio cables 507, and a microphone system 508. The second non-
magnetic male connector 502 connects to the non-magnetic female connector 310.
The visual display 504 is connected to the audio/video goggle interface 216 through
cables communicating video information 509 and comprises a left display 510; a right
display 512; a display logic 514 connected to the second non-magnetic male
connector 502 through logic cables 515, to the left display 510, and to the right
display 512; and a plurality of voltage controllers 516 connected to the second non-
magnetic male connector 502 through voltage cables 517, to the left display 510, and
to the right display 512. The audio/video goggle system 120 optionally further
comprises an eye tracker system 518 that is connected to the optional eye tracker
interface 220. The microphone system 508 is connected to the second non-magnetic

male connector 502 through a microphone cable 519.

In a preferred embodiment, the left display 510 and right display 512 each
further comprise an organic light-emitting diode (OLED) system or other LED system
520 for receiving and transmitting video images, a prism or mirror system 522 for
receiving video images from the OLED system or LED system 520, and a diopter
adjustment mechanism 524 for adjusting the distance between the prism or mirror
system 522 and the OLED system or LED system 520. The diopter adjustment
mechanism 524 can be manual, such as a threaded rod, or can comprise a non-
magnetic motor, such as a miniature piezoelectric micromotor, such as a Squiggle®
motor. The prism or mirror system 522 receives the video signal from the OLED
system or LED system 520 and transmits it to the subject without the need for a lens.
The OLED system or LED system 520 and the prism or mirror system 522 used can
be an eMagin® WT05 optics module, comprising an active matrix OLED-on-Silicon
microdisplay, available from eMagin Corporation, 10500 NE 8th Street, Bellevue,
WA. This module is the preferred display mechanism since its display does not

degrade in magnetic fields up to at least 7 Tesla.

The sound transmission system 506 can especially be seen in Figure 11. The
sound transmission system 506 used is a modified version of a Mallory Sonalert
Products® PT-2060WQ, available from Mallory Sonalert Products, Inc., 4411 South
High School Road, Indianapolis, IN, and comprises a piezoelectric speaker 526 that

converts an electric signal to an acoustic audio signal, an acoustic waveguide 528
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receiving the audio signal and attached to the piezoelectric speaker 526, and an
earpiece 530 attached to the acoustic waveguide 528 and located proximal to a
subject’s ear. Audio chain contains a frequency equalization circuits to compensate
for the uneven frequency response of the piezo-ceramic speakers whose sound output
level rises substantially with frequency. This characteristic, if uncompensated, would
be to the detriment of perceived sound quality and to the operation of the Active
Noise Cancellation system. The frequency equalization system also compensates for
the frequency-dependent losses caused by the tubing between the speaker and the
earpiece. The Mallory Sonalert Products® PT-2060WQ is modified through wire-
stripping and magnetically shielding with a material capable of magnetic shielding,
such as mylar or copper braiding. The sound transmission system 506 can also
further comprise ceramic speakers. In a preferred embodiment, the sound
transmission system 506 further comprises noise cancellation microphones 532 that
pick up MRI background noise. These noise cancellation microphones 532 deliver an
audio signal to the audio/video goggle interface 216 through noise cancellation cables

533, shown in Figure 9.

The microphone system 508 can especially be seen in Figure 12. The
microphone system 508 used is a non-magnetic microelectromechanical system
(MEMS) microphone 534 connected to the microprocessor through an acoustic
waveguide 536, wherein the acoustic waveguide 536 is configured to have an opening
near the subject’s mouth for receiving verbal communication. In a preferred
embodiment, the MEMS microphone 534 is an analog output single chip MEMS
microphone with an integrated transducer and associated circuitry on a single piece of
silicon, such as an Akustica® AKU1126, available from Akustica, Inc., 2835 East
Carson Street, Suite 301, Pittsburg, PA, and modified through wire-stripping and
magnetically shielding with a material capable of magnetic shielding, such as mylar

or copper braiding.

In a preferred embodiment, the visual display 504, sound transmission system
506, and microphone system 508 are a unitary unit having the general shape of
binocular goggles, and the audio/video goggle system 120 further comprises an inter-
pupillary adjustment mechanism. The inter-pupillary adjustment mechanism can be
manual, such as a threaded rod, or comprise a non-magnetic motor. The audio/video

goggle system 120 is mounted to a face module made of a bio-compatible non-
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magnetic material, such as flexible plastic, silicone, or polyurethane. In another
preferred embodiment, the audio/video goggle system 120 further comprises a
removable shield 538 for placement on the unitary unit between the unitary unit and
the subject. In a preferred embodiment, the audio/video goggle system 120 further
comprises a strap securing the audio/video goggle system 120 to the subject. In
another preferred embodiment, the audio/video goggle system 120 is connected to the
audio/video goggle interface 216 through a single 37-pin cable, as shown in Figure 9.
The single cable can also be magnetically shielded through braided shielding as is
known in the art and has the advantage of minimizing interference with the MRI or

fMRL

The call button 122 can especially be seen in Figures 13A-C. The call button
122 comprises a first fiber optic cable 602 having a first end and an opposed second
end, wherein the first end is closer to the subject than to the control room 102; a
second fiber optic cable 604 having a first end and an opposed second end, wherein
the first end is closer to the subject than to the control room 102; a housing 606
holding the first end of the first fiber optic cable 602 and the first end of the second
fiber optic cable 604 in such a way as to make the first end of the first fiber optic
cable 602 and the first end of the second fiber optic cable 604 proximal to each other
using a base 607 and a fiber support 608 so that there is an optical path between the
two fiber optic cables; a light interruption mechanism 610 within the housing 606
such as a mirror or prism that is configured to come between the first end of the first
fiber optic cable and the first end of the second fiber optic cable; a disk 612 attached
to the light interruption mechanism 610, located outside of the housing 606, and
configured in such a way that a subject blocks the optical path by pushing down on
the disk; and a spring 614 such that when a subject pushes the disk down the spring
614 delivers a force to push the disk back up and re-open the optical path. The first
fiber optic cable 602 and the second fiber optic cable 604 are connected to the call
button connector 360 of the audio/video goggle interface 216. The first fiber optic
cable 602 receives an optical input from the audio/video goggle interface 216 and

transmits it to the second fiber optic cable 604.

The response device 124 comprises at least one input button. Each button is
constructed in a similar way to the call button 122 and comprises a first fiber optic

cable having a first end and an opposed second end, wherein the first end is closer to

15

J:\K-Space\19415-2\01_Application.doc

PCT/US2010/027136



10

15

20

25

30

WO 2010/105153

19415-2

the subject than to the control room 102; a second fiber optic cable having a first end
and an opposed second end, wherein the first end is closer to the subject than to the
control room 102; a housing holding the first end of the first fiber optic cable and the
first end of the second fiber optic cable in such a way as to make the first end of the
first fiber optic cable and the first end of the second fiber optic cable proximal to each
other using a base and a fiber support so that there is an optical path between the two
fiber optic cables; a light interruption mechanism within the housing such as a mirror
or prism that is configured to come between the first end of the first fiber optic cable
and the first end of the second fiber optic cable; a disk attached to the light
interruption mechanism, located outside of the housing, and configured in such a way
that a subject blocks the optical path by pushing down on the disk; and a spring such
that when a subject pushes the disk down the spring delivers a force to push the disk
back up and re-open the optical path. The first fiber optic cable and the second fiber
optic cable are connected to the auxiliary interface 214. In another embodiment, there

is plurality of subject input buttons.

The manual controller, or joystick, 126 is constructed in a similar way to the
call button 122 and comprises a first fiber optic cable having a first end and an
opposed second end, wherein the first end is closer to the subject than to the control
room 102; a second fiber optic cable having a first end and an opposed second end,
wherein the first end is closer to the subject than to the control room 102; a housing
holding the first end of the first fiber optic cable and the first end of the second fiber
optic cable in such a way as to make the first end of the first fiber optic cable and the
first end of the second fiber optic cable proximal to each other using a base and a fiber
support so that there is an optical path between the two fiber optic cables; a light
interruption mechanism within the housing such as a mirror or prism that is
configured to come between the first end of the first fiber optic cable and the first end
of the second fiber optic cable in an incremental way; a hand-held control stick
attached to the light interruption mechanism, located outside of the housing, and
configured in such a way that a subject partially blocks the optical path by moving the
control stick in a direction; and a spring such that when a subject moves the control
stick the spring delivers a force to push the control stick back into a its original

position and re-open the optical path. When a subject partially blocks the optical
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path, an analog signal is sent to the auxiliary interface 214. The first fiber optic cable

and the second fiber optic cable are connected to the auxiliary interface 214.

In another embodiment, the joystick 126 comprises a first plurality of fiber
optic cables, wherein each fiber optic cable of the first plurality of fiber optic cables
has a first end and an opposed second end, wherein the first end of each of the fiber
optic cables is closer to the subject than to the control room 102; a second plurality of
fiber optic cables, wherein each fiber optic cable of the second plurality has a
corresponding fiber optic cable of the first plurality and forms a pair, wherein each
fiber optic cable of the second plurality of fiber optic cables has a first end and an
opposed second end, wherein the first end of each of the fiber optic cables is closer to
the subject than to the control room 102; a housing holding the first end of each of the
fiber optic cables in such a way as to make the first end of each fiber optic cable of
the second plurality proximal to the first end of each corresponding fiber optic cable
of the first plurality using a base and a fiber support so that there is an optical path
between each pair of fiber optic cables forming a plurality of optical paths; a light
interruption mechanism within the housing such as a mirror or prism that is
configured to interrupt the optical path between one or more than one of the fiber
optic cable pairs; a hand-held control stick attached to the light interruption
mechanism, located outside of the housing, and configured in such a way that a
subject blocks one or more than one optical path by moving the control stick in a
direction; and a spring such that when a subject moves the control stick the spring
delivers a force to push the control stick back into a its original position and re-open
the optical paths. The first plurality of fiber optic cables and the second plurality of

fiber optic cables are connected to the auxiliary interface 214.

In another embodiment, there is an audio adjustment mechanism, comprising a
first plurality of fiber optic cables, wherein each fiber optic cable of the first plurality
of fiber optic cables has a first end and an opposed second end, wherein the first end
of each of the fiber optic cables is closer to the subject than to the control room 102; a
second plurality of fiber optic cables, wherein each fiber optic cable of the second
plurality has a corresponding fiber optic cable of the first plurality and forms a pair,
wherein each fiber optic cable of the second plurality of fiber optic cables has a first
end and an opposed second end, wherein the first end of each of the fiber optic cables

is closer to the subject than to the control room 102; a housing holding the first end of
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each of the fiber optic cables in such a way as to make the first end of each fiber optic
cable of the second plurality proximal to the first end of each corresponding fiber
optic cable of the first plurality using a base and a fiber support so that there is an
optical path between each pair of fiber optic cables forming a plurality of optical
paths; a light interruption mechanism within the housing such as a mirror or prism
that is configured to interrupt the optical path between one or more than one of the
fiber optic cable pairs; a knob attached to the light interruption mechanism, located
outside of the housing, and configured in such a way that a subject blocks one or more
than one optical path by moving the knob in a direction; and a spring such that when a
subject moves the knob the spring delivers a force to push the knob back into a its
original position and re-open the optical paths. The first plurality of fiber optic cables
and the second plurality of fiber optic cables are connected to the auxiliary interface
214. The audio adjustment mechanism is configured in such a way to adjust audio

properties of the audio signal in the ear piece 530.

Advantages

The previously described embodiments of the present invention have many
advantages, including an audio/video system with minimal magnetically susceptible
components and a compact design for fitting into tighter head coils. The additional
embodiments described below apply to other medical procedures that have other
requirements. For example, in an orthopedic arthroscopic procedure (i.e., knee scope
removing arthritic tissue, spurs, etc) the subject is often left awake with a combination
of local and axial blocks administered instead of general anesthetics. Being awake in
the operating room, with the noises of saws, suction, and other surgical instruments,
in addition to the anxiety building feel of the room can cause emotional discomfort to
many subjects. The present invention can act as a distraction mechanism for the
subject, such as, for example, playing a movie during the procedure, and because it
fits close to the subject’s eyes, provides noise cancellation, and audio the anxiety from
the atmosphere is reduced. The present invention is medically safe, meeting stringent
FDA and UL standards, can be cleaned, and positioned near the anesthesia cart in the
semi-non-sterile area. Other examples of medical procedures that would benefit from

the present invention are:

1. Interventional radiology and cardiology (e.g., stent placement,

dye contrast imaging, epidurals, and more).
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2. Oncology--chemotherapy administration --> as a distraction
device for subject, while chemotherapeutic agents are
administered.
3. Awake surgeries (e.g., orthopedic scope procedures, dental or
other oral maxillofacial procedures).
4. PET (positron emission tomography) Scanning (e.g., for

distraction during a scan, minimizing claustrophobia and to
encourage that subject remains still). Also, can be used for

combination PET-CT or PET-MRI.

5. CT (computed tomography) Scanning (e.g., as a distraction

device from loud noises and claustrophobia).

6. MEG (magnetoencephalography) Scanning (similar to MRI in
that EMI and RT concerns are very high requiring very
minimal metal, near zero RF emissions are allowed for
successful scanning with MEG because of ultra-sensitive

SQUID sensors.

7. Dialysis (as distraction device for subjects undergoing

dialysis).

8. Functional and regular MEG without the need for a projector
based system; and also helps keep subjects and subjects still

during a scan).

As can be appreciated, the present invention has many more useful application
beyond the provided examples above and the invention is not limited only to those

procedures mentioned.

Referring now to Fig. 14, there is shown a goggle based audio/visual display
and response unit 1400 using a low-profile design for reducing subject anxiety. As
can be seen, the goggle unit 1400 comprises one or more visual displays 1402, a
sound transmission system 1404 and 1406, and a microphone system 1408 and 1410
in a single subject wearable goggle unit 1400. The one or more visual displays 1402,
the sound transmission system 1404, and the microphone system 1406 are

individually connected to the interface unit 118 by a single cable 1412 and 1414 on
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either side of the subjects head. This arrangement is preferable to using a single cable
to connect the goggle unit 1400 to the interface unit 118 because the two single cables
1412 and 1414 provide equal weight on either side of the subjects head and better
balance which has been shown to be more comfortable than a single cable pulling on
only one side of the subjects head. Optionally, however, the one or more visual
displays 1402, the sound transmission system 1404 and 1406, and the microphone
system 1408 can be connected to the interface unit 118 by a single cable in case the
medical device being used has a special requirement for a single cable. The goggle
unit 1400 also can have an active head motion detector 1416, a passive head motion
detector 1418 and 1420 or both an active head motion detector 1416 and a passive
head motion detector (shown in Fig. 16). The active head motion detector 1416 and a
passive head motion detector are useful for helping the subject to maintain proper
head position in those medical devices where excessive movement would skew the
results of a test being conducted. The subject can control the one or more visual
displays 1402, the sound transmission system 1404, and the microphone system 1406,
using a control unit 1418. The control unit 1418 has volume, brightness contrast and

other controls useful for controlling the goggle unit 1400

Referring now to Fig. 15, there is shown a diagram of a anxiety relief
distraction system 1500 for medical use according to according to another
embodiment of the present invention. As can be seen, this embodiment provides a
unit 1500 that is similar to a pair of glasses. The unit is comprised of a frame 1502
that the subject places on their head. A microphone 1504 can be attached to one or
more sides of the frame 1502. One or more visual display units 1506 can be attached
to the frame1502 and a single cable for each of the one or more visual display units
1506 is connected to the interface unit 118. Each of the one or more visual display
units 1506 can matched in functionality, or, optionally, the one or more visual display
units 1506 can provide different functionality depending upon the medical procedure
or research being conducted. Optionally, only one of the one or more visual display
units 1506 can be attached to the frame 1502 depending upon the medical procedure
being performed. A motor 1508 is provided to control the inter-pupilar distance of
the one or more visual display units 1506. The motor 1508 is capable of adjusting
each of the one or more visual display units 1506 by tilting, swiveling the one or more

visual display units 1506 separately or in combination for optimal comfort and
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viewing by the subject. Optionally, each of the one or more visual display units 1506
can be adjusted by manual means 1510, as will be understood by those will skill in the
art with reference to this disclosure, to tilt or swivel the one or more visual display

units 1506 for optimal comfort and viewing by the subject.

Although the emphasis for using the present invention has been placed on the
subject, it can also be used by a surgeon or physician to perform a procedure instead
of looking at a mounted monitor. For example, the surgeon can wear the goggle
system of Iig. 14 or the glasses style system of IFig.15 and monitor a stent placement,
or an orthopedic arthroscopic procedure. The surgeon can guide the scope using the
present invention without having to strain to look at a monitor and additionally being
able to view the subject at the same time. Additionally, the present invention is well
suited for displaying 3D stereoscopic images by virtue of having two independent

video displays with independent controls and feeds.

Excessive Head Movement

Referring now to Fig. 16, there is shown a frontal view 1600 of the goggle unit
1400 having one or more excessive subject head movement sensor 1602 and 1604
according to one embodiment of the present invention. A large problem with many
medical procedures, such as, for example, MRI scanning, is excessive subject motion,
keeping a subject’s head still while in the scanner can be difficult. One or more
excessive subject head movement sensors 1602 and 1604, alert the subject when they
have moved too much during the medical procedure in real time. The one or more
excessive subject head movement sensors 1602 and 1604, can be active, passive or
both active and passive. In a preferred embodiment, the one or more excessive
subject head movement sensors 1602 and 1604 comprise one or more colored strips
that can be located on either side of the one or more display modules 1606.
Alternatively, the one or more excessive subject head movement sensors 1602 and
1604 can be positional LEDs, a hologram etc. provided that the material selected does
not interfere with the one or more visual display modules 1606 or the medical
equipment performing the test on the subject. If the subject move around too much,
the one or more excessive subject head movement sensors 1602 and 1604 changes in
a reflectance or an LED light indicates movement, such as, for example, green =
minimal head motion; red = too much head motion. The change in reflectance
provides real time alerts to the subject that they are moving their head too much.
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Alternatively, the one or more excessive subject head movement sensors 1602 and
1604 can be attached to the interface unit 118 and can alert an operator or a technician
to verbally tell the subject to keep still. While having the operator or technician alert

the subject can be useful in some situations, the alerts will not be in real-time.

Referring now to Fig. 17, there is shown a block diagram 1700 of how
individual visual displays can be adjusted according to one embodiment of the present
invention. To provide proper subject comfort and maximize the effect of the audio
and visual displays, proper inter-pupilar distance must be provided. In one
embodiment, a left visual display 1702 and a right visual display 1704 can be
raised/lowered 1706. Additionally, the horizontal distance 1708 between the left
visual display 1702 and the right visual display 1704 can be adjusted to reach an
optimal focal point 1710.

Referring now to FMig. 18, there is shown a diagram 1800 of an remote eye
tracking camera for tracking eye movement of a subject according to one embodiment
of the present invention. Normally, cameras can be very distracting to the subject
during a medial procedure. However, there are many instances where a subject's eye
movement can be helpful during the medical procedure or for analysis after the
medical procedure has been completed. In a preferred embodiment, the camera 1802
is remotely located from the subject undergoing the medical procedure. A fiber optic
bundle 1804 comprising one or more optical fibers is attachable to the one or more
visual displays 1806. Eye tracking will be minimally invasive to the subject due to
the minuscule size of the fiber optic bundle 1804 attached to the one or more visual
displays 1806. The camera 1802 can be placed a greater distance away from the
subject than other more conventional camera setups currently being used. Also, many
medical procedures, such as, for example, MRI's use high powered magnetic fields
that can disrupt the operation of currently used cameras or the camera and its

connection can interfere with the medical procedure leading to erroneous results.

Referring now to Fig. 19, there is shown a close up view of an individual
visual display unit 1900 of Ilig. 15. As can be seen, a shielded cable 1902 attaches the
individual visual display unit 1900 to the interface unit 118. The individual visual
display unit 1900 also has a second 1902, third 1904 and fourth 1906 adjustment
means for raising, lowering, tilting and swiveling the visual display unit 1900. The
second 1902, third 1904 and fourth 1906 adjustment means along with the first
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adjustment means (shown in Fig. 17) are used in combination to achieve proper inter-
pupilary distance and provide optimal viewing angles to the subject.

Referring now to Fig. 20, there is shown a diagram of a MRI head unit 2000
used in some medical procedures. As can be seen, the head unit 2000 has eye
openings 2002 and 2004. The eye openings 2002 and 2004 can be fitted with one or
more of the visual display units (shown in Fig. 19) to adapt prior art technology with
the present invention. This allows medical and research facilities to continue using
the equipment that has been purchased, but provides a flexible upgrade path to
conduct more research or provide a more relaxing environment to the subjects.

Noise Cancellation

Referring now to Fig. 21, there is shown a diagram of an automatic noise
cancellation (ANC) sensor 2100 according to one embodiment of the present
invention. The cancellation sensor 2102 is connected to the interface unit 118 by a
cable 2104. The cable 2104 can be fiber optic or metallic depending upon the medical
environment that the ANC sensor 2100 will be placed. The ANC sensor 2100 can be
used to provide sound profiles for various medical procedures, such as, for example,
MRI sequences, this information can then be stored in the interface unit 118. Before
the medical procedure is started, the pre-recorded sequence list is programmed in the
control room computer 102 along with corresponding scan times allowing the base
module to “know”, which sequence to apply noise cancellation signals to the sound
transmission system 1404 and 1406 to and for how long. Optionally, the cancellation
sensor 2102 can be placed proximate to the subject’'s mouth or in the microphone
1408 and 1410 so that if a subject speaks the ANC sensor 2100 can cancel the
ambient noise so that the subject can be heard clearly by the operator or technician.

For example, each MRI pulse sequence and scanner has a characteristic noise
patter/character, such as, for example, an echo planar (EP) sequence sound
characteristic is different from inversion recovery sequence. Canceled scanner noise
and filtered audio signals, passed a digital signal processor (DSP) to the sound
generator/speaker, which are heard by the subject or subject, while undergoing an
MRI or other medical procedure.

Attenuating noise and improving the subject's comfort and maintaining desired
audio feed fidelity in some instances will be crucial to the medical procedure. First,

the ANC sensor 2100 can replace the current call-button in an MRI or other medical
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procedure allowing the subject to verbally communicate with the control room,
without pressing a button. This could be especially useful for immobile subjects,
those with paresis or paralysis, and other movement disorders that can not activate a
button. Additionally, the ANC sensor 2100 can be used to enable real-time audio
feedback from a subject undergoing an fMRI (during an actual pulse sequence). The
ANC sensor in combination with the control room computer 102 cancels scanner
noise, while preserving subject voice. There is a need for this type of system, because
functional MRI (fMRI) is often based off subject feedback. Currently, tactile, motor,
and thought are all used, but due to overpowering scanner ambient noise, recorded
audio feedback is unavailable. The ANC sensor/control room computer 102
combination (as described above) will allow a clinician or researcher to record subject
responses to an fMRI paradigm.

Although the present invention has been discussed in considerable detail with
reference to certain preferred embodiments, other embodiments are possible.
Therefore, the scope of the appended claims should not be limited to the description

of preferred embodiments contained in this disclosure.
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We Claim:
1. A system for use in an MRI device used with a subject comprising:
a) an interface comprising a microprocessor for receiving a video input

and an audio input, and for receiving subject generated sound input and subject

5  generated control input;

b) a visual display for receiving from the interface the video input and for
displaying to the subject visual images, the video display comprising left and right
displays and first adjustment means for adjusting the distance between the left and

right displays, each display comprising:

10 i) an OLED for receiving the video input and transmitting video

images;
ii) a prism receiving the video images from the OLED; and

i) second adjustment means for adjusting the distance between the

prisms and the OLED;

15 c) a sound suppression circuit in the interface for suppressing sound

emanating from the MRI device by generating a sound suppression signal;

d) a sound transmission system wearable by the subject, wherein the
sound transmission system receives the audio input and the sound suppression signal

from the interface;

20 e) a microphone system for receiving subject generated sound for

transmission to the interface as subject generated sound input; and

D a subject controllable input device for providing subject inputs to the

interface; and

2) a subject monitor receiver in the interface for receiving physiological

25  information about a subject.

wherein the system is sufficiently shielded that it can be used in an MRI room.
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2. The system of claim 1 wherein the visual display, the sound transmission

system, and the microphone system are a single subject wearable unit having the

general shape of binocular goggles.

3. The system of claim 1 comprising a protective removable shield between the

subject wearable unit and the subject.

4. The system of claim 1 wherein the first adjustment means comprises a motor.
5. The system of claim 1 wherein the second adjustment means comprises a
motor.

6. The system of claim 1 wherein the subject controllable input device comprises

a button, light input guide, light output guide, and a mirror reflecting input light from

the light input guide to the light output guide.

7. The system of claim 2 wherein the sound transmission system comprises a
pair of ceramic speakers proximate to the visual display, a sound transmitting flexible

tube from each speaker to a respective ear bud.

8. The system of claim 2 wherein the microphone system comprises a
microphone proximate to the visual display and a flexible tube sufficiently long to be

proximate to a subject’s mouth.

9. An MRI system for administering MRI to subjects, the MRI system

comprising:
a) an MRI device for use in an MRI room;
b) a control room external to the MRI room;
c) an interface in the MRI room for receiving control signals and audio

and video inputs and power from the control room, and for transmitting input from

subjects to the control room; and

d) a single cable for transmitting the power and the control signals to the

MRI room, and for transmitting input from subjects to the control room.

10. A visual display for use by a subject in an MRI, the video display comprising
left and right displays and distance adjustment means for adjusting the distance

between the left and right displays, each display comprising:
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a) an OLED for receiving the video input and transmitting video images;
and
b) a prism receiving the video images from the OLED.
11. The system of claim 10 wherein the adjustment means comprises a motor.
12. An MRI system for administering MRI to subjects, the MRI system
comprising:
a) an MRI device for use in an MRI room;
b) a control room external to the MRI room;
c) a shielded interface unit in the MRI room for receiving a video input

and an audio input and control signals from the control room, and for receiving

subject generated sound input and subject generated control input;

d) a visual display for receiving from the interface unit the video input

and for displaying to the subject in the MRI room visual images;

e) a sound suppression circuit in the interface unit for suppressing sound

emanating from the MRI device by generating a sound suppression signal;

D a sound transmission system for providing sound to the subject in the
MRI room, wherein the sound transmission system receives the audio input and the

sound suppression signal from the interface unit;

g) a microphone system in the MRI room for receiving subject generated

sound for transmission to the interface unit as subject generated sound input;

h) a subject controllable input device in the MRI room for providing

subject inputs to the interface unit; and

i) a subject monitor receiver in the interface unit for receiving

physiological information about a subject.

13. A visual display for use by a subject in an MRI, the video display comprising
left and right displays and distance adjustment means for adjusting the distance

between the left and right displays, each display comprising:

a) an OLED for receiving the video input and transmitting video images;

and
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b) a prism receiving the video images from the OLED.
14. An MRI system for administering MRI to subjects, the MRI system
comprising:
a) an MRI device for use in an MRI room;
5 b) a control room external to the MRI room;
c) a shielded interface unit in the MRI room for receiving a video input

and an audio input and control signals from the control room, and for receiving

subject generated sound input and subject generated control input;

d) a visual display for receiving from the interface unit the video input
10 and for displaying to the subject in the MRI room visual images;
e) a sound suppression circuit in the interface unit for suppressing sound

emanating from the MRI device by generating a sound suppression signal;

D a sound transmission system for providing sound to the subject in the
MRI room, wherein the sound transmission system receives the audio input and the

15  sound suppression signal from the interface unit;

g) a microphone system in the MRI room for receiving subject generated

sound for transmission to the interface unit as subject generated sound input;

h) a subject controllable input device in the MRI room for providing

subject inputs to the interface unit; and

20 i) a subject monitor receiver in the interface unit for receiving

physiological information about a subject.
15. A system for medical use to distract a subject and reduce anxiety comprising:

a) an interface comprising a microprocessor for receiving a video input
and an audio input, and for receiving subject generated sound input and subject

25  generated control input;

b) one or more visual displays for receiving from the interface the video

input and for displaying to the subject visual images;
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c) a sound suppression circuit in the interface for suppressing sound

emanating from a medical device proximate to the subject by generating a sound

suppression signal;

d) a sound transmission system wearable by the subject, wherein the
sound transmission system receives the audio input and the sound suppression signal

from the interface;

e) a microphone system for receiving subject generated sound for

transmission to the interface as subject generated sound input; and

D a subject controllable input device for providing subject inputs to the

interface; and

2) a subject monitor receiver in the interface for receiving physiological

information about a subject;

wherein the system is sufficiently shielded that it can be used in a medical

procedure room.

16. The system of claim 15, wherein the sound suppression circuit in the interface
is linked to the medical device to provide sound suppression only when the medical

device is active.

17. The system of claim 15, wherein the one or more visual displays comprise:
a) an OLED for receiving the video input and transmitting video images;
b) a prism receiving the video images from the OLED;
c) a first adjustment means for adjusting the distance between the one or

more visual displays;

d) a second adjustment means for adjusting the distance between the

prisms and the OLED;

e) a third adjustment means for tilting the one or more visual displays;

and

D a fourth adjustment means for swiveling the one or more visual

displays about a centerline axis coincident with the subjects pupil.
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18. The system of claim 17, wherein the first adjustment means the second

adjustment means, the third adjustment means and the fourth adjustment means
comprise a motor adjustment, a manual adjustment, or both a motor adjustment and a

manual adjustment.

19. The system of claim 15, wherein the one or more visual displays, the sound
transmission system, and the microphone system are a single subject wearable unit

having the general shape of binocular goggles.

20. The system of claim 19, wherein the one or more visual displays, the sound
transmission system, and the microphone system are connected to the interface by a

single cable.

21. The system of claim 19, wherein the one or more visual displays, the sound
transmission system, and the microphone system are each individually connected to

the interface by a single cable.

22. The system of claim 19 further comprising an active head motion detector, a
passive head motion detector or both an active head motion detector and a passive

head motion detector.

23. The system of claim 15, wherein the one or more visual displays, the sound
transmission system, and the microphone system are individual units attachable to a

single subject wearable unit having the general shape of a glasses frame.

24, The system of claim 23, wherein the one or more visual displays, the sound
transmission system, and the microphone system are connected to the interface by a

single cable.

25. The system of claim 23, wherein the one or more visual displays, the sound
transmission system, and the microphone system are each individually connected to

the interface by a single cable.

26. The system of claim 23 further comprising an active head motion detector, a
passive head motion detector or both an active head motion detector and a passive

head motion detector.
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27. The system of claim 15, wherein the one or more visual displays, the sound

transmission system, and the microphone system are a separate units mountable on a

plurality of sized frames having the general shape of binocular goggles.

28. The system of claim 27, wherein the one or more visual displays, the sound
transmission system, and the microphone system are connected to the interface by a

single cable.

29. The system of claim 27, wherein the one or more visual displays, the sound
transmission system, and the microphone system are each individually connected to

the interface by a single cable.

30. The system of claim 27 further comprising an active head motion detector, a
passive head motion detector or both an active head motion detector and a passive

head motion detector.

31. The system of claim 15 further comprising means for tracking subject eye
movement.
32. The system of claim 31, wherein the means for tracking subject eye movement

is a fiber optic bundle attached to the center of one or more of the one or more visual

displays and disposed transverse to the subject's pupil.

33, The system of claim 15 further comprising a protective removable shield

between the subject wearable unit and the subject.

34. The system of claim 33, wherein the subject controllable input device
comprises a button, light input guide, light output guide, and a mirror reflecting input

light from the light input guide to the light output guide.

35. The system of claim 15, wherein the sound transmission system comprises a
pair of ceramic speakers proximate to the one or more visual displays, a sound

transmitting flexible tube from each speaker to a respective ear bud.

36. The system of claim 15, wherein the microphone system comprises a
microphone proximate to the one or more visual displays and a flexible tube

sufficiently long to be proximate to a subject’s mouth.
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