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7) ABSTRACT

An augmented reality system and method configured to
automatically provide a user, such as a physician, with a
real-time heads-up view of a patient’s real-time medical
status using an augmented reality headset. The system can
automatically identify patients, pull up relevant medical
records, obtain real-time biomedical sensor data from the
patient, and display this to the user while, at the same time,

Int. CL allowing the user to directly view the patient through the
GO2B 27/01 (2006.01) headset’s transparent lenses, and leaving the user’s hands
GO6T 19/00 (2006.01) free to manipulate the patient or perform other functions.
A61B 5/00 (2006.01) The system and method are particularly useful for intensive
G16H 10/60 (2006.01) care units and other emergency medical situations where the
G16H 5020 (2006.01) user needs to get an almost instant understanding of the
GI10L 15/00 (2006.01) patient’s status.
oo N
| Initiafize system
""""""" l,[ 240
e el ND
> User overrlde?/;.:_—] 22
o T e A —/
YES -~ Patient detected?-
ves ]
204 210
i \ " I K
i Obtain detected or user selected / Patentdata
» , e € /
/903 imedxca! patient medical history data / memory
Obtain biomedical | ! Integrate patient medicaf history 206
. sensordata i | data with biomedical sensor data |
Oplionally animate patient organs 208
> according to sensor data and/or _/
- medical history data 214
212 A f
\.__ [Opfionally use any of patient hisiory Clinical
»  and biomedical sensor data to +—> support
retrieve clinical support information ! memory___/
i Display at least some patient 220
i history data, sensor data, optional _/“;
1% \ i animations & clinicat support data
- T 216
Override system default - User input~-./_
values with new commands 'Y'ES\\ - detected?
| o




Patent Application Publication  Oct. 3,2019 Sheet 1 of 9 US 2019/0302460 A1

112

110

Fig. 1A




Patent Application Publication

/
Y.
/

] f’240

Initialize system
N

Oct. 3,2019 Sheet 2 of 9

US 2019/0302460 A1

> Use; overridé?t_f‘,‘;:::‘ 2072
YES <Patient detected?:
o yis T
204 a
\ ! o
Obtain detected or user selected Patentdata |
203 "imedical patient medical history data E ’ memory
Obtain biomedical Integrate patient medical history 206
: sensor data data with biomedical sensor data |
4
Optionally animate patient organs 208
» according to sensor data andfor _:/
medical history data 214
212 A [
. | Optionally use any of patient histoty ) Clinical
» and biomedical sensor data to i—»/ stpport
retrieve clinical support information memory __/
Y
Display at least some patient 220
history data, sensor data, optional B,
718 \ animations & dlinical support data
. /2}6
| Override system default User mput
i values with new commands detected'?
1 YES { NO




Patent Application Publication  Oct. 3,2019 Sheet 3 of 9 US 2019/0302460 A1

Fig. 2

310

306

L




US 2019/0302460 A1

Oct. 3,2019 Sheet 4 of 9

s
e
e

S
=
i

R

Patent Application Publication

e
G o

—
3%%?%’{» P
e
N
g
R D
o

B 5

o
S
o T, S 2
- i Lo P
S j:éj ‘%} e g
S o

e S :

: i <

i % e = :

2y vg & «‘gr'u
== e 3 s ,%;‘;.;. SR
o a0 Ay
59%%5%% : e g@”@%@‘
e : S

o < 2

e S

o

2

i

‘%;éf;.,
i
o
e -*j«,gfé»."vﬁ‘«":z:s,&
S
M e
SRR B
St
e
e
2
S

.
ey
.

g 3

5
2
e

AT

i

R
2

52

s

S

120



Patent Application Publication  Oct. 3,2019 Sheet 5 of 9 US 2019/0302460 A1

vm:%\ o
:

100

SRai

RS
S

%A‘ S

Fig. 4

e

e o
S

120

L
G

o ‘%;;:%%é‘

s

=

S

S
s R s o G
ﬂ%%’gﬁ G
: ,‘;* e
e
- =
‘ Ll

o




Patent Application Publication  Oct. 3,2019 Sheet 6 of 9 US 2019/0302460 A1

Fig. 5

100

120




Patent Application Publication

ig. 6

o
B

AR
B
o

Oct. 3,2019 Sheet 7 of 9

s

X
S
5 SR

S
e

B

US 2019/0302460 A1

i
e
o

s
e
e

e

R

cc
R
st

100



Patent Application Publication  Oct. 3,2019 Sheet 8 of 9 US 2019/0302460 A1




US 2019/0302460 A1

oz | oz1 €001 AW0302G0] om0 [BUIION 001
01 L1 V00l D JRULION [BIUION | V00T
uonewiue uwonendsay | asng | uaned Suny oY | Sunpiysnyg | JuenEq
sunmsay BIRP JOSUOS DL} [BOY vIED [B2IPaW JUdiled

Oct. 3,2019 Sheet 9 of 9

VOo1 wened

8 "Sig

Patent Application Publication



US 2019/0302460 A1

AUGMENTED REALITY SYSTEMS FOR
TIME CRITICAL BIOMEDICAL
APPLICATIONS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention is in the field of augmented reality
devices, systems and methods related to biomedical appli-
cations.

Description of the Related Art

[0002] In recent years, various methods of using head-
mounted displays and augmented reality techniques to pro-
vide medical information have been proposed. In particular,
technologies such as Google Glass, Microsoft HoloLens,
and other devices have been proposed for a variety of
different medical functions.

[0003] The Microsoft HoloLens system, discussed in US
patent publication 2017/0357333, the entire contents of
which are incorporated herein by reference, teaches a head-
mounted display device with a see-through (transparent or
partially transparent) display, one or more computer proces-
sors, sensors such as accelerometers and tilt sensors, as well
as cameras and depth cameras (e.g. time of flight cameras,
often called ToF cameras) that are configured to view the
outside world. This type of device often has rechargeable
batteries, and wireless transceivers (e.g. Wi-Fi and Blu-
etooth transceivers) enabling the HoloLens to exchange
information with outside computerized devices and systems.
[0004] Such augmented reality devices and methods are
presently popular for various medical educational purposes,
such as teaching anatomy, and other educational situations.
However use of such techniques in non-educational medical
environments, such as hospitals, intensive care units, and
routine clinical practice has not yet become common.

BRIEF SUMMARY OF THE INVENTION

[0005] The invention was originally inspired, in part, by
the insight that patient survival in certain fast-paced medical
environments, such as intensive care units, is presently
suboptimal. Part of the reason for this problem is that the
medical staff often needs to monitor many patients simul-
taneously. Further, the composition of the medical staff is
constantly changing, as different members rotate over each
8, 12, or 24-hour shift. At each shift change, the latest patient
status information must be quickly transferred from the
outgoing shift to the incoming shift. This need for rapid
transfer, coupled with the limitations of human memory,
greatly limits the amount of information that the medical
staff has in their heads at any given time regarding the
present (e.g. real-time) status of any given patient.

[0006] In an intensive care situation, these patients may, at
any time, experience heart failure or other urgent condition,
where a difference of a few seconds or minutes in medical
response time can greatly impact patient survival.

[0007] Consider the situation from the standpoint of an
attending physician, who may be responsible for many
intensive care patients during that physician’s shift. At any
given time, one of these patients may “crash”. The attending
physician is expected to make a decision within a few
seconds regarding the appropriate procedures or medica-
tions necessary to save the patient, but may not even have
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ever seen this patient before. At the same time, the attending
physician needs to observe the patient, and often manipulate
the patient as well.

[0008] Prior art medical records systems are poorly suited
for such situations. In order to assess the patient’s present
state and determine appropriate action, the physician must
often thumb through a folder of printed records, while
simultaneously trying to look at multiple instruments that
may be positioned at various places around the room, and
then integrate these with the physician’s own observations
of the patient. While this is occurring, critical time is being
lost. The invention was originally inspired by the underlying
need to find systems and methods to help overcome the
deficiencies of the prior art in this regard.

[0009] More specifically, the invention was inspired, in
part, on the insight that patient survival in such situations
can be significantly enhanced by providing an improved
medical information system that allows the user complete
freedom of motion (i.e. does not tether the user to a
particular location with physical wires or cables), and pro-
vides a hands-free “heads-up” display that quickly provides
instant access to the most relevant patient medical informa-
tion. At the same time, the invention (sometimes also
referred to as method or system) allows the physician to
directly observe the patient, and also continue to manipulate
the patient (or other medical materials) with the physician’s
hands.

[0010] The invention is also inspired, in part, on the
insight that present head mounted display devices, such as
the Microsoft HoloLens, can, with appropriate hardware and
software accessories, modifications and extensions, serve as
auseful Heads-up augmented reality display system for such
an improved medical information system.

[0011] Although the invention was originally inspired by
medical intensive care problems, the invention itself can
have more general applications. In alternative embodiments,
the invention can more generally be considered to be a
system and method by which human users (including but not
limited to physicians) can rapidly and nearly effortlessly
obtain physiological information on human subjects (includ-
ing, but not limited to, human subjects). For example, in
some alternative embodiments, a sports coach (user) might
use the invention to get near instant feedback on the physi-
ological status of various sports team players (subjects)
during a game and use this information to determine when
to replace players. Thus in a more general embodiment, the
term “patient” used herein may be replaced with the alter-
native term “subject” or “human subject”. Similarly,
although the invention often refers to “users” who are
physicians, in principle any human can use the invention, so
the term “user” is also not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A shows an overview showing some of the
major components of some embodiments of the invention
(system).

[0013] FIG. 1B shows a software flow chart according to
one embodiment of the invention.

[0014] FIG. 2 shows an example of a unitized patient-
worn biomedical sensing system that may be used to obtain
real-time patient biomedical data according to some embodi-
ments of the invention.

[0015] FIG. 3 shows a physician, equipped with the sys-
tem’s headset (lower left), about to enter a patient’s room.
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[0016] FIG. 4 shows the same scene a fraction of a second
later. The physician is now close enough to the patient for
the invention’s patient proximity detectors to register prox-
imity to the patient, and the system has now started to
automatically populate the augmented reality display with at
least some patient data.

[0017] FIG. 5 shows the physician examining the patient
directly, while at the same time the system is displaying
various types of real-time biomedical sensor data such as
heart rate, blood pressure, respiration, SpO,, and the like.
[0018] FIG. 6 shows a closer view of some of the aug-
mented reality data.

[0019] FIG. 7 shows a closer view of the computer ani-
mation of some of the patient’s organs, such as the heart and
lungs.

[0020] FIG. 8 shows an example of how the system can

integrate patient data with real-time sensor data to produce
a more realistic computer animation of some of the patient’s
organs.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] As shown in FIG. 1A, in some embodiments, the
invention may be a system, device, or method of automati-
cally and quickly displaying patient medical information on
an augmented reality headset (120) worn by a user, such as
a physician. Augmented reality headset (120) may be a
commercially available headset, such as the Microsoft Holo-
Lens, exemplified by US patent publication 2017/0357333,
the entire contents of which are incorporated herein by
reference, or other type augmented reality headset, including
custom built headsets.

[0022] When using commercially available components,
the invention will typically be implemented, at least in part,
by custom software, configured to perform the various
functions and methods described herein. The invention’s
software methods need not be performed on the headset
(120) alone, but in some embodiments can comprise various
mutually communicating software modules that in some
embodiments can run on any of headset processors (120),
portable computerized device processors (122), and proces-
sors residing on local or remote servers such as (112).
[0023] Different processor types may be used. For
example, the headset or portable computerized device pro-
Ccessors may comprise one or more processor cores that may
be variants of the popular ARM architecture, while the
server processors may comprise one or more processor cores
that may be variants of the popular x86 or x86-64 architec-
ture, and the like. The invention’s software methods may
similarly be either run on (e.g. be an application), or be a part
of (e.g. embedded in the operating system itself), various
operating systems such as 10S, Android, Linux, Windows,
or other operating system. Similarly the computer memory
used for the various methods described herein need not be
localized on any one device such as headset (120) alone, but
also can reside on other devices such as any of headset
memory (120), portable computerized device memory
(122), and local or remote servers (112) and memory (110).
[0024] Note that regardless of if the augmented headset
(120) operates alone or connected to a portable external
computerized device (122), any combination of the headset
(120) and optional portable external computerized device
(122) will be self-contained so that the user can move about
freely. and there are no cables, wires, or other physical
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connections between any of (120) or the combination of
(120) and (122) and the surrounding environment.

[0025] Expressing the concept in methods format, the
method may comprise using at least one computer processor
(which may be incorporated into an augmented reality
headset (120), or alternatively may be in a portable external
computerized device (122 such as a smartphone) in wired or
wireless communication with the augmented reality headset)
to determine when the headset (and hence the wearing the
headset) is in proximity to a particular patient (100). In a
preferred embodiment, this identification may be fully auto-
matic, however, in an alternative embodiment, this identi-
fication may be semi-automatic and require some input from
the user.

[0026] In a preferred embodiment, the invention may also
automatically use at least one sensor to determine the
patient’s identity (or patient identity information, which may
be a patient code), and often automatically request and
obtain medical information history data pertaining to the
patient from external memory (110). However, in alternative
embodiments, this may be semi-automatic and require some
input from the user.

[0027] Various types of sensors may be used to determine
when the user and headset are in proximity to a patient, as
well as to identify the patient. In some embodiments, the
patient may be equipped with, or associated with, patient
identification tags or patient-attached biomedical sensors
comprising short-range wireless transceivers, such as a
short-range Bluetooth™ transceiver, ZigBee transceiver, or
other alternative short range wireless device (102). In other
embodiments, to reduce the possibility that such short-range
wireless devices may cause interference with other electrical
equipment, alternative devices, such as patient associated
(e.g. patient-worn) tags comprising infrared transceivers or
beacons may also be used (102).

[0028] Indeed, in some embodiments, the headset (120)
itself may be equipped with its own infrared data transmis-
sion system to, for example, communicate with outside
computers and networks when the use of more conventional
wireless systems, such as WiFi wireless methods, is consid-
ered to be unsuitable (e.g. due to radio-frequency interfer-
ence with other equipment). In general, any of the wireless
methods described herein may alternatively be implemented
by infrared data transmission methods, such as Infrared Data
Association (IrDA) methods.

[0029] Alternatively, the invention may track the location
of the user and/or the headset, and use the user and/or user
headset’s location, in association with a patient location
database (e.g. a hospital database 110) that stores or tracks
the location of various patients, to identify a patient (100) on
the basis of the user’s present location, and the patient’s
location (106) as stored in the patient location database.
[0030] In other embodiments, the headset (120) may be
equipped with various microphones, and the invention may
use the sounds associated with the headset’s present loca-
tion, at least one computer processor, and suitable sound
identification and triangulation algorithms to identify the
position of the headset.

[0031] Inother embodiments, the invention may use head-
set (120) mounted video cameras, depth cameras such as
Time of Flight cameras, and suitable processors and com-
puter vision algorithms, to identify the location of the user
and headset, as well as in some cases to identify the patient,
either by facial recognition, or by computer vision scanning
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of a bar code or other optically encoded patient-worn
identification tag, such as a patient-worn bracelet.

[0032] Not all headset location or patent identification
methods need to use headset associated devices. In some
alternative embodiments, the system may use ancillary
devices and sensors, such as a user-worn smartphone (122)
associated sensors and processors, to identify the user’s
location and/or the identity of the patient.

[0033] Additionally, in a preferred embodiment, the
invention will typically also use its at least one computer
processor (again often headset-mounted, but which may in
a different computerized device in wired or wireless com-
munication with the headset), to further acquire real-time
biomedical sensor data (such as from device 103) pertaining
to this patient. In a preferred embodiment, this will be done
using any of a wireless or infrared data link between the
biomedical sensor and any of the headset or computerized
device, so that the user when using the headset has unre-
strained mobility. That is, at least the combination of the
headset (120) and any optional computerized device (122) is
self-contained and is not tethered to any other devices by any
cables, wires, or other physical links. In a preferred embodi-
ment, the invention will then typically automatically display
at least some of this medical history data pertaining to this
patient, and at least some of the real-time biomedical sensor
data pertaining to the patient.

[0034] Alternatively, if no medical patient history data is
available, the system can automatically inform the physician
that no medical history is available. (e.g. patient name and
status unknown).

[0035] The medical history data could be as little as the
patient’s identification or other standard data (e.g. name,
age, sex, contact information), or could be as extensive as a
complete medical record of the patient complete with patient
medical scans, images, lab results, in the like. In some
embodiments, the medical history data could also comprise
various medical directives, such as advance medical direc-
tives, do not resuscitate (DNR), instructions regarding anal-
gesia, allergies, intervenous hydration, breathing machines,
cardiopulmonary resuscitation (CPR), and the like. Contact
information regarding persons authorized to make medical
decisions may also be provided.

[0036] Although the system may be configured to retrieve
patient data while the user is remote from the patient (e.g.
upon a command, such as “show me the present status of
John Doe™) in some embodiments, to reduce distractions in
densely populated intensive care units, the system may be
configured to automatically, or upon user command, only
show this information when the augmented reality headset is
in close proximity (e.g. within about 3, 10, 20, or 30 feet) of
a given patient. This allows a physician to quickly make
rounds and receive automatic patient specific updates with-
out having to constantly adjust the system.

[0037] FIG. 1A shows an overview showing some of the
major hardware components that may be present in some
embodiments of the system, and FIG. 1B shows a flowchart
illustrating how some of the software may operate in some
embodiments of the invention. In FIG. 1A, a patent (100) is
shown in a bed, here assumed to have a known location
(106). In some embodiments, the patient may be wearing an
optional machine-readable identification tag (e.g. bar code,
RFID tag, wireless tag, infrared tag 102) and/or one or more
optional patient-worn biomedical sensors (103). In some
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embodiments, both the identification tag (102) and the
patient-worn biomedical sensors (103) may be on the same
device.

[0038] The patient may also be connected to one or more
other non-patient worn biomedical sensors (not shown).
[0039] At least some portions of the patient’s medical
record may be stored in machine-readable form as one or
more electronic medical records in either local or remote
memory (110). This memory can be local (intranet) memory
(e.g. various local devices or local servers) or remote (inter-
net) “cloud” servers (112). The data in this patient medical
record is shown in FIG. 1B as (210).

[0040] Insome embodiments, the augmented reality head-
set worn by the user may be a Hololens or similar type
device, which may be a commercially obtained (e.g. off the
shelf) type augmented reality headset (120). Alternatively,
the headset may a custom headset. The augmented reality
headset will typically comprise any of eyeglasses and
goggles, with transparent lenses mounted over each eye
allowing the user to directly see the outside world (e.g.
directly see the patient 100 through the transparent lens).
Here we will refer to this direct viewing of the outside world
as receiving images of the outside world.

[0041] The headset will typically also have at least one
computer display configured to overlay the direct images of
the outside world with additional computer-generated bit-
mapped graphics, preferably in a semi-transparent manner
so that the computer images do not completely obscure the
direct images of the outside world. However, if desired, the
overlay may be non-transparent.

[0042] The augmented reality headset may, in some
embodiments, also comprise at least one patient location
sensor, at least one augmented reality headset computer
processor configured to drive the bit-mapped graphics, and
at least one communications interface (such as a wireless
transceiver or wired computer interface) configured to at
least obtain medical history data from an outside source,
such as memory (110) from server (112). Alternatively or
additionally, the headset may receive additional computer
processor services, memory, and even power from the
additional user-worn devices, such as a smartphone or tablet
type device (122). The flowchart shown in FIG. 1B is
primarily focused on showing some of the software opera-
tions that can be performed by these various computer
processors.

[0043] More specifically, in some embodiments, the medi-
cal history data may be obtained from any of augmented
reality headset memory (e.g. memory that is part of headset
(120)), local intranet electronic medical (110) record
memory, or memory stored on at least one remote internet
server (also shown as 110). Memory in other local comput-
erized devices such as a smartphone (122) may also be used
to store and retrieve at least some medical history data. Any
of these should be considered to hold the patient data
memory (210) shown in FIG. 1B.

[0044] As previously discussed, in some embodiments,
the augmented reality headset (120) may be equipped with
one or more patient proximity sensors. These can be wireless
proximity sensors configured to detect an optional identifi-
cation tag or patient associated biomedical sensors (102,
103). The patient proximity sensors can also be headset
mounted video camera and associated automated vision
systems equipped with facial recognition systems. Other
methods, such as headset position sensors configured to
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automatically pull up patient information associated with
certain beds (106) or rooms can also be used when the user
is in the proximity to these locations. Data from these
sensors can be used to enable the system software to
determine if a patient has been automatically detected by the
system in FIG. 1B step (202).

[0045] The system can alternatively be voice activated for
these purposes. This is an example of one type of user
override that is shown in more detail in FIG. 1B step (240).
In some embodiments, the system may be configured to
operate automatically if there are no overriding user com-
mands (user overrides), but then to override this automatic
operation and replace the automatic operation with specific
user commands when the user so decides.

[0046] As a semi-automated approach, which is an
example of one type of user override, the system may also
be configured to accept voice input from the user by using
microphones and suitable speech recognition software run-
ning on a headset associated computer processor(s).

[0047] The augmented reality headset (120) may, in some
embodiments, also be connected (either by a wired or
wireless link) to a user-worn computerized device (122),
which may be a smartphone or other portable computerized
device equipped with software to implement at least some of
the invention’s methods, and which may contain some or all
of the processors needed to implement the invention. For
example, in FIG. 1B, it may be convenient to perform some
of the operations using a computer processor that is part of
the headset (120) itself, but to offload some of the other
operations to external processors (e.g. processors in 112,
122) as well.

[0048] The augmented reality headset (120) or user-worn
computerized device (122) may also be connected (either by
a wired or wireless link) to additional haptic sensors, touch
sensors (e.g. touchpads, touchscreens) or motion sensors or
transducers or other user interface devices, such as hand
worn haptic sensors or motion sensors (124) or other user
interface devices to enable the system to be controlled by
various user gestures, as desired. This enables the user to, for
example, control (or generate user overrides) the system by
certain gestures while, at the same time, leaving the hands
free. Here device (124) may comprise suitable motion
sensors and a short-range wireless transceiver in communi-
cation with either headset (120) or other user-worn comput-
erized device (122).

[0049] Thus in a preferred embodiment, the system may
be configured to work in an automatic or nearly automatic
hands-free configuration so as to free the uset’s hands for
other purposes. However various means of user input may
still be used. For example, the system (e.g. the augmented
reality handset (120) or smartphone (122) and at least one
computer processor can be configured to receive input from
the user by any of voice (e.g. headset 120 or smartphone 122
may have a microphone and optional voice recognition
capability), hand motion sensors (124), and haptic or touch
(e.g. touchpad or touchscreen) sensors (124).

[0050] Expanding on the voice control option, in some
embodiments, it may be useful to equip the headset with one
or more microphones, and use speech recognition software
(and processors located either in the headset 120 or smart-
phone 122) to obtain vocal commands from the user, such
as: “show patient 2304” or “show John Doe”. In these
embodiments, these vocal commands may alternatively be
used to inform the system when the user is in proximity to
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the patient, the identity of the patient, and also as a command
to obtain that patient’s medical history data from memory
(110) and/or real-time sensor data from sensors (102).
[0051] The system can also be configured to easily tran-
sition from an automatic mode to a semi-automatic or
manual mode. For example, outside of an intensive care unit,
the user may prefer to revert to a semi-automatic mode and
have greater control over what patient data is shown, and
when. At the same time, in an intensive care unit, ambu-
lance, or battle (military) situation, the user may find it
preferable to put the system into the fully automatic mode,
thus freeing the user to concentrate on other issues. If, for
example, 50 patients come in the door at the same time from
a mass accident, automatic mode may be preferrable,
[0052] An important distinction between the present art
and prior art is that the system also can be configured to
automatically show real-time biomedical sensing data from
the patient. In some embodiments, this sensor data can be
obtained from standard hospital or clinic sensors, often by
way of wireless communication between the headset (120)
or smartphone (122) and the local medical information
system that manages the various sensors. Alternatively, the
various sensors (103) can also communicate directly with
the headset (120) or smartphone (122), often using wireless
transceivers.

[0053] In some embodiments, which may be particularly
useful in emergency medical situations, such as ambulances,
military medicine, and the like, at least some of the real-time
patient data can be obtained using unitized patient-worn
biomedical sensing systems (103). This biomedical sensor
data is shown as (203) in FIG. 1B. An example of a more
sophisticated type of unitized patent worn biomedical sens-
ing system is shown in FIG. 2.

[0054] FIG. 2 shows an example of a unitized patient-
worn biomedical sensing system that may be used to obtain
real-time patient biomedical data according to some embodi-
ments of the invention. This corresponds to FIG. 1A from
commonly owned and invented US patent application 2017/
000359, incorporated herein by reference.

[0055] In this embodiment, patient (100) may be equipped
with a unitized (e.g. potentially ambulatory patient wear-
able) vital sign monitoring sensors (103), which may com-
prise one or more sensors such as ambulatory patient wear-
able ECG sensors, pulse oximeters, electronic stethoscope
(s), and oscillometric blood pressure monitors. These
sensors are configured to transmit sensor data (203) to a
wearable computerized device such as the present inven-
tion’s augmented reality headset (120), or to local or remote
memory (110), or other computerized devices. See US
patent publication 2017/000359, incorporated herein by
reference, for further discussion.

[0056] For example, in some embodiments, the unitized
patient wearable sensors (103) may comprise an open front
collar (302) with various physiological and environmental
sensors. These may comprise one or more onboard vital sign
sensors, such as: ECG, SPO, (PPG), Thermopile sensors, as
well as various environmental sensors such as accelerom-
eters, gyroscopes, and GPS sensors.

[0057] The front of this device may have two adjustable
arms (304, 306) which extend down towards the user’s
chest. At the bottom of these arms, on the side which faces
the user’s skin, a snap type fitting may be positioned to
accept ECG electrodes, such as wet (sticky) ECG electrodes
(314, 312). Dry contact leads may also be used in some
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embodiments. In this embodiment ECG data may be cap-
tured below the patient’s clavicle, using two leads symmet-
ric about the sternum which approximate the V1 (4th inter-
costal space, right of the user’s sternum) and V2 (4th
intercostal space, left of the user’s sternum) leads of tradi-
tional ECG equipment. In some embodiments, additional
leads may be attached to such described device as desired.
[0058] This neck mounted device may be worn around the
user’s neck and shoulders, and in some embodiments may
also have an appendage (e.g. cable 308) going up the
patient’s ear(s) with an optional ear attachment device (310).
[0059] Thus in this embodiment, the neck mounted
patient-worn biomedical sensors may contain at least an
ECG sensor, batteries, an optional computer processor,
memory, and circuitry to drive both the ECG sensors and
other sensors. The optional earpiece will often also have
PPG and Thermopile sensors, which may, for example, be
driven by the electrical circuitry and power supplied by the
neck mounted device through a cable (308), or by other
methods such as internal earpiece batteries. The electrical
circuitry may also have wireless sensors or infrared sensors
to transmit the biomedical sensor data (203) either directly
to the headset (120), or indirectly to the headset via other
devices such as clinic computer system (112, 110), or other
computerized device, such as user-worn smartphone (122).
[0060] Thus in some embodiments, at least some of the
real-time biomedical sensor data (FIG. 1B 203) may be
obtained from one or more unitized patient wearable vital
sign monitoring sensors (103).

[0061] Here “unitized” means that the vital sign monitor-
ing sensors can be configured to be capable of being worn
by an ambulatory patient, even though the patient might not
actually be ambulatory. An alternative term to “ambulatory”
in this case may be “self-contained” or patient wearable
without mechanical connection to external devices. Alter-
natively, of course, standard biomedical sensors not config-
ured for use by ambulatory patients, and which may be
connected to relatively stationary monitors, may also be
used.

[0062] Thus the unitized patient wearable sensors may
comprise one or more ambulatory patient wearable sensors,
such as any of an ECG sensor, pulse oximeter, and pulse
monitor or oscillometric blood pressure monitor. As previ-
ously discussed, these various wearable sensors can be
configured to transmit sensor data either directly to the
headset (120) or smartphone (122), or indirectly to the
augmented reality headset via a local medical computer
system such as (112).

[0063] Alternatively, as previously discussed, conven-
tional (e.g. not patient-worn) sensors linked to various room
monitoring equipment may also be used, as long as the room
equipment is configured to transmit this data in real time to
the invention.

[0064] Use examples:

[0065] In these examples, assume that the physician has
previously triggered the system to work in a fully automatic
mode so that the system is automatically bringing up infor-
mation according to the invention.

[0066] FIG. 3 shows a physician (user), equipped with the
system’s headset (120 lower left), about to enter a patient’s
room. The main portion of the figure shows the augmented
reality scene from the perspective of the physician (user).
Note that the physician is not yet close enough to the patient
for the invention to automatically populate the augmented
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reality display with patient data. This corresponds to the
situation in FIG. 1B where there is no user override (240),
and the patient has not yet been detected in (202).

[0067] FIG. 4 shows the same scene a fraction of a second
later. The physician is now close enough to the patient for
the invention’s patient proximity detectors to automatically
register proximity to the patient, and the system has now
started to automatically populate the augmented reality
display with at least some patient data. Note that in some
cases, such as a mass accident situation, no patient data may
be available. In this case, the absence of patient data is itself
a type of patient data (e.g., patient data=null), so the system
can report the absence of patient data by appropriate output
such as “patient data—".

[0068] This corresponds to FIG. 1B (202) where the
patient has now been detected, and the system software is
progressed through steps (204) to obtain the patient data
from memory (210) and has also obtained the biomedical
sensor data (203), integrated this with the patient medical
history data (206), is animating the patient’s organs accord-
ing to the biomedical sensor data (208), and is now display-
ing the data on the augmented reality headset (220), (120).
However, no clinical support information (212) is being
shown.

[0069] As previously discussed, in this embodiment, the
physician (user) has decided that it would be useful to
configure the system so that the headset (120) is automati-
cally populated with patient data whenever the user is near
the patient, even without any additional user input. However
what happens if there are many patients in close proximity?

[0070] In some situations, (such as a crowded intensive
care unit), this may be distracting, and the user may only
want to see patient data when the user is looking in the
general direction of a particular patent.

[0071] To enable the ability to only show patient infor-
mation when the user is looking at the patient, in some
embodiments, the augmented reality headset (120) may be
configured with sensors enabling the headset to detect a
viewing direction (e.g. direction or orientation sensors).
These direction or orientation sensors can comprise geo-
magnetic field sensors, gravity field sensors, motion sensors,
accelerometers, gyroscope (e.g. three-axis gyroscope) based
sensors, and the like. The software FIG. 1B may also be
configured with suitable overrides so that just proximity to
the patient is not enough to trigger the display of that
patient’s data.

[0072] The patent (100) will often have a defined position
(106) relative to the orientation of the headset (120). For
example, in FIG. 1A, the patient (100) is shown in front of
the headset as indicated by arrow (121). Even when the
patient (100) is close to the headset, however, the user will
not always be looking at the patient (100), and as a result, the
front of the headset (121) will not always be pointed in the
direction of the patient.

[0073] In some embodiments, the system may use its one
or more computer processors and the direction or orientation
sensors (e.g. patient location sensors) to further control what
is displayed on the augmented reality headset (120). For
example, the system can be configured so as to suppress
display of at least some or all of the patient’s medical history
data and/or real-time biomedical sensor data when the
viewing direction of the augmented reality headset (120) is
not oriented (121) towards the position of the patient (100).
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[0074] Consider the situation where two patients are in
close proximity. In this alternative type of automatic mode,
when the physician (user) looks at patient “A”, the system
will use the relative orientation of the headset (121) and the
patient (100) to automatically bring up data for patient “A”.
When the physician looks at patient “B”, the system will
automatically use the orientation of the headset (121) and
patient B to automatically bring up data for patient “B”.
[0075] FIG. 5 shows the physician examining the patient
directly, while at the same time the system is displaying
various types of real-time biomedical sensor data (203),
such as heart rate, blood pressure, respiration, SpQO,, and the
like. The system is also animating a computer representation
of certain patient organs, such as the heart and lungs, to
allow the physician to better visualize some of the biomedi-
cal sensor data, optionally in the context of other patient
scan data. The software module that does this is animation
is shown in FIG. 1B (208).

[0076] FIG. 6 shows a closer view of some of the aug-
mented reality data. Here the system is showing the patient’s
real-time heart rate, blood pressure, respiration, and SpO,,
and the system is also animating a representation of the
patient’s heart and lungs accordingly. At the same time, the
physician is still free to directly observe the patient through
the transparent sections of the augmented reality headset,
and manipulate other objects as desired.

[0077] Some embodiments of the invention are based on
the further insight that, particularly in emergency high-stress
situations, it is often easier to appreciate a visual effect than
it is to quickly grasp numbers. Consider, for example, pulse
rates and breathing rates. When swamped with a lot of
information, the numbers might not be properly noticed or
appreciated. However, an animation of the heart beating
unusually fast or slow, or lung respiration being visually
unusual, can often be more quickly understood in such
situations.

[0078] FIG. 7 shows a closer view of the computer ani-
mation of some of the patient’s organs, such as the heart and
lungs. Here the system is shown animating a computer
model of the heart to beat according to the pulse rate, and the
lung expansion and contraction according to the respiration
rate. Note that the fidelity of the animation can be further
enhanced by integrating other patient medical data and
records. For example, if the patient has only one lung or a
collapsed lung, the computer animation can be updated
accordingly. If various images of the organs are available,
the system can also optimally apply these images as a texture
or other alteration to the underlying computer model so as to
quickly convey other relevant medical information as well.
[0079] Consider an emergency situation where a patient
has only one lung, and the physician has never seen the
patient before. Sensor data that might be discounted under
the assumption that the patient has two normal lungs can
take on more urgency if the user (physician) can immedi-
ately see that the patient has only one lung, and the heart
animation is beating unusually under that situation.

[0080] Thus, for example, in some embodiments, the
biomedical sensor data (103, 203) may comprise cardiovas-
cular sensor data. The system can be configured to further
display the cardiovascular sensor data by using at least one
computer processor (in any of headset 120 or user-worn
computerized device 122, for example) to animate a com-
puter representation of the patient’s heart and lungs (FIG. 1B
208) to correspond with the cardiovascular sensor data,
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thereby producing a sensor responsive animation. The sys-
tem can then display this sensor responsive animation on the
augmented reality headset (120) (as per FIG. 7).

[0081] As previously discussed, still more realistic tech-
niques may be used, as desired. For example, in some
embodiments, the system may use its at least one computer
processor to modify the computer representation according
to the patient’s medical history data. This would produce a
medical history corrected computer representation. The sys-
tem can then display this as a sensor responsive medical
history with corrected animation on the augmented reality
headset (120).

[0082] So, for example, returning to the one lung example,
if the medical history shows that the patient has only one
lung, only one lung may be shown in the animation. Known,
diseased coronary arteries, tumors, and other gross patholo-
gies can also be illustrated accordingly, giving the user an
almost instant insight into the medical status of the patient
because the user is seeing a visual representation of these
problems.

[0083] An example of this embodiment is shown in FIG.
8. In this embodiment, assume that the patient medical data
for patient 100A shows normal left and right lung anatomy,
while the patient data for patient 100B shows that patient
100B has had a lower lung lobectomy on the patient’s left
lung. The system software can be configured to use the
patient data to modify the underlying 3D computer repre-
sentation of the patient’s heart and lungs, and then further
animate the data according to the real-time sensor data. In
this hypothetical example, while patient 100A has a normal
pulse and respiration, patient 100B has an elevated pulse and
an abnormally fast respiration. The system combines the two
different sets of data and shows the abnormal image on the
augmented reality headset, allowing the physician user to
immediately see that something is wrong.

[0084] In still other embodiments, when the medical his-
tory data may include either medical images of the patient,
the system’s at least one computer processor can be further
configured to use the augmented reality headset (120), and
at least one patient location sensor to automatically scale and
transform these medical images so as to create an overlay,
such as a semi-transparent overlay of least some of the
medical images either over a corresponding portion of the
patient’s anatomy, or alternatively floating in space away
from the patient, as desired. This in effect can give the user
a form of “X-ray vision” (or sonogram vision, or MRI
vision, etc).

[0085] Automated Clinical Decision Tools

[0086] In some embodiments, in addition to showing
patient history and real-time patient sensor data, the system
can also be configured to either automatically, or upon user
voice command, bring up various types of clinical decision
software and reference materials. This option is shown in
FIG. 1B (212) and (214).

[0087] In these embodiments, the system can use its at
least one computer processor, and other factors such as the
patient’s identity, patient’s medical history (210), and/or
real-time biomedical sensor data (203) to retrieve (212) from
computer memory (here shown in FIG. 1B as memory 214,
although memory 210 may alternatively be used) and dis-
play various types of clinical support. This clinical support
can include situation appropriate clinical decision algo-
rithms, situation-appropriate alternative potential diagnoses,
and situation appropriate alternative medical treatments.
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[0088] Examples of such clinical decision algorithms,
alternative potential diagnoses, alternative medical treat-
ments and the like are discussed in more detail below.
[0089] Additional Discussion

[0090] In some embodiments, the invention may be used
as a comprehensive patient care management system. In
these embodiments, within the system are augmented reality
elements that facilitate the following functions:

[0091] 1. Direct patient care (discussed below)

[0092] 2. Patient education—through shared visualiza-
tion of information & sharing of information.

[0093] 3. Patient time management—creating and
manipulating a schedule for medication administration
times, monitoring schedules, exercise times, stretching
times, etc. on a virtual calendar, etc.

[0094] 4. Practice management—booking patient’s
appointments, tests, and other applications.

[0095] 5. Patient referrals to other doctors and health-
care practitioners. The system could optionally also be
configured to send a copy of the data displayed on the
augmented reality headset to medical records, or other
individuals such as to another physician to get instant
advice.

[0096] 6. Telemedicine or remote medicine. Here the
system can also be configured to allow others to
visualize what is being observed through the lens or
glass remotely. In this embodiment, the system can
combine a visual display from a forward mounted
video camera on the augmented reality headset, with
the data displayed on the augmented reality headset,
and again this can be forwarded to other systems and
users as desired.

[0097] Particular Functions in Each Category:
[0098] Direct Patient Care:
[0099] In some embodiments, the system can be config-

ured to provide a basic interface of all relevant patient
information collected and displayed in one place to improve
efficiency. This interface can assist with patient care by
allowing the clinician to visualize the body in unique ways,
e.g. by zooming into various areas, by capturing images, and
by allowing the clinician to compare images over different
times to assess for changes over time.

[0100] For example, as previously discussed, in some
embodiments the system can be used to provide additional
clinical support services (FIG. 1B, 212 and 214). In particu-
lar, the system can be very useful in helping the physician
judge subtle visual changes in the patient’s appearance that
can be indicative of medical status.

[0101] Consider variations in the size of the patient’s
pupils, which can often give important information regard-
ing the patient’s neurological status. The system can provide
several types of clinical support information and services
here.

[0102] Here the system can use headset mounted video
cameras, optionally equipped with distance measuring
sensors, to help determine the size of the patient’s
pupil, and flag if the patient’s pupils are unusually
small or large.

[0103] Alternatively, the system can merely display a
reference chart showing a range of pupil sizes, allowing
the physician to see the patient’s eyes and the reference
chart simultaneously.

[0104] As a third option, the system can display an iris
and pupil chart that can be adjusted by the physician by
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various commands, such as voice command, haptic
input, and the like. For example, the physician can look
at the patient’s eyes, simultaneously look at a computer
generated representation of the iris and pupal in the
augmented reality display, and issue various commands
such as “iris increase, pupil decrease” to make the chart
match the appearance of the patient’s pupil. This
enables the physician to rapidly produce a semi-auto-
mated but computer enhanced assessment of the
patient’s pupils.
[0105] These basic methods can be used to assist in the
evaluation of many other visible patient parameters as well.
In general, the system may be used to facilitate visual
assessments patient by the above method. In particular,
semi-automated methods, where the system simultaneously
shows a user adjustable chart, allows the user to adjust the
chart to where it matches the patient, and then automatically
assesses these results are particularly useful. This type of
hybrid approach can combine the excellent properties of the
human eye along with a semi-automated computer assess-
ment to help provide more accurate results than a physician
might obtain without the use of such a system. Other
applications of such methods can include:

[0106] Assessing pupil symmetry between eyes to make
diagnoses.
[0107] Looking at a rash—cross reference it to a data-

base to make a diagnosis or look at it at previous time
points to assess for improvement or/worsening

[0108] Looking at a lump—cross-reference to a data-
base to identify the cause, or ask the computer proces-
sor to list the causes of lumps, swellings in that region
of the body. This can again be via simple commands
such as: “Show me the list of causes of neck lumps.”

[0109] Examining the face and identifying asymmetry
to make a diagnosis e.g. stroke

[0110] Visualizing changes in physical characteristics
over time to assist with care. For example, using the
system to look at an area of the body and then using the
augmented reality headset to simultaneously show a
stored image from a previous time to assess for
changes. Examples here can include leg swelling to see
if a leg is improving or worsening, as well as the
previously discussed rash, lump, pupil measurements,
and the like.

[0111] Medication management systems: In some embodi-
ments, invention’s clinical support information system (FIG.
1B, 212, 214) can be used to perform various functions such
as:

[0112] Pulling up a list of medications

[0113] Comparing this list to the patient medication list
at previous time points

[0114] Displaying the patient’s known allergies, cross-
referencing the list against their current list of medica-
tions

[0115] Looking and identifying interactions between
drugs using a cloud-based database

[0116] Assessing medication doses, e.g. calculating the
correct dose based on patient weight, age or kidney
function, liver function, etc.

[0117] Asking the computer processor(s) questions such
as “what drug should I use to treat condition X?” Here
the system can be configured to display a list of
suggestions.
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[0118] The system can also be used to compare patent
medication administration against changes in patient
vital signs or physical characteristics to assess for
relationships. An example of a query here might be:
“What happened to the patient’s heart rate after the
patient took a scheduled medication at 2 PM?”

[0119] Assessing for trends by the intelligent display of
information—graphing trends of vital sign changes,
blood work changes, etc. over time

[0120] The system can also be used to interacting with
cloud-based medical database systems to generate diagno-
ses, and/or assess for improvement.

[0121] In some embodiments, the invention may also be
used to access patient location information (e.g. obtained
from patient associated GPS sensors or other location sen-
sors) and assess where patients have traveled or have been
recently. This can then be cross-referenced with databases
which contain information on areas of disease emergence,
epidemics, exposure to toxins, exposure to other sick indi-
viduals, and the like.

[0122] 2. Patient education—through shared visualization
of information & sharing of information. In some embodi-
ments, it is useful to configure the system’s output so that the
physician can share augmented reality headset information
that the physician is seeing with other users. Here various
techniques could be used to facilitate this process.

[0123] Further comments regarding alternative user input
methods.
[0124] As previously discussed, the system user interface

can be controlled by various means. In some embodiments,
headset mounted video cameras, and suitable computer
vision software and system processors may be used to
interpret various user commands including:

[0125] Haptic or touchpad gestures (see FIG. 1A 124)

[0126] Pointing at various virtual buttons that are dis-
played by the headset’s augmented reality display
system.

[0127] In some embodiments, the headset (120) may be
further equipped with at least one video camera con-
figured to capture at least a portion of the user’s face.
In these embodiments, when the system’s computer
processor is equipped with suitable computer vision
software, the system may alternatively accept user
facial gesture input such as blinking, winking one eye,
facial gestures, and the like.

[0128] In this way, the system’s virtual interface becomes
like a living record, facilitating patient care and practice
management in a comprehensive way. The two functions
become seamless so the doctor needs but one work canvass
to do his or her job. The system can be used in inpatient/
acute environments like a hospital or ER, but it could also
be used in a clinic by a family doctor, or by non-doctor
practitioners, dentists, chiropractors, physiotherapists,
nurses, and other healthcare professionals.

[0129] Although augmented reality headsets are used as a
specific embodiment of the invention, this need not be
limiting. In some embodiments, the headset can be an
“Interactive surface display” which can broadly include
HoloLens, Google glass, HUD windshield display in con-
nected cars, reflective glass or mirror for digital info kiosks,
and other types of displays

[0130] In some embodiments, the invention may also
cover the display, manipulation, and usage of continuous
metrics (data) in the invention’s augmented reality platform/
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environment. In addition to cardiovascular data, the system
can be used to monitor many other patient physiological and
physical parameters, such as heart rates (pulse rate), blood
pressure, breathing rate, patient positional information (e.g.
patient GPS coordinates, number of steps taken), patient
oxygen levels (O, saturation), patient temperature, and
patient weight.

1. A method of automatically displaying patient medical
information on an augmented reality headset worn by a user,
said method comprising:

using at least one computer processor in communication
with said augmented reality headset, and at least one
sensor, to determine

a) when said user is in proximity of said patient;
b) determine an identity of said patient, and
¢) obtain medical history data pertaining to said patient;

using said at least one computer processor to further
acquire real-time biomedical sensor data pertaining to
said patient;

displaying at least some of said medical history data
pertaining to said patient, and at least some of said
real-time biomedical sensor data pertaining to said
patient when said augmented reality headset is in
proximity of said patient.

2. The method of claim 1, wherein said augmented reality
headset has a viewing direction and said patient has a
position, further using said at least one computer processor
and at least one patient location sensor to further control said
augmented reality headset so as to suppress display of at
least some of said medical history data and real-time bio-
medical sensor data when said viewing direction of said
augmented reality headset is not oriented towards said
position of said patient.

3. The method of claim 1, wherein said medical history
data comprises medical images of said patient; and

at least one computer processor is further configured to
use said augmented reality headset, and at least one
patient location sensor to automatically scale and trans-
form said medical images so as to create an overlay of
least some of said medical images over any of a
corresponding portion of said patient’s anatomy and
nearby said patient, for said user.

4. The method of claim 1, wherein said biomedical sensor
data comprises cardiovascular sensor data;

Further displaying said cardiovascular sensor data by
using said at least one computer processor to animate a
computer representation of said patient’s heart and
lungs to correspond with said cardiovascular sensor
data, thereby producing a sensor responsive animation,
and displaying said sensor responsive animation on
said augmented reality headset.

5. The method of claim 4, further using said at least one
computer processor to modify said computer representation
according to said medical history data, thus producing a
medical history corrected computer representation, and dis-
playing a sensor responsive medical history corrected ani-
mation on said augmented reality headset.

6. The method of claim 1, further using said at least one
computer processor and any of said identity of said patient,
said medical history data pertaining to said patient, and said



US 2019/0302460 A1

real-time biomedical sensor data pertaining to said patient to
retrieve from computer memory and display any of:

a) clinical decision algorithms;

b) alternative potential diagnoses;

¢) alternative medical treatments.

7. The method of claim 1, wherein any of said augmented
reality headset and said at least one computer processor in
communication with said augmented reality headset are
further configured to receive input from said user by any of
voice sensors, hand motion sensors, facial gesture sensors,
and haptic sensors.

8. The method of claim 1, wherein said medical history
data is obtained from any of augmented reality headset
memory, local intranet electronic medical record memory, or
memory stored on at least one remote internet server.

9. The method of claim 1, wherein said augmented reality
headset worn by a user comprises any of eyeglasses and
goggles, with transparent lenses mounted over each eye
allowing said user to see images of an outside world, at least
one computer display configured to overlay said images of
an outside world with computer generated bit-mapped
graphics, at least one patient location sensor, at least one
augmented reality headset computer processor configured to
drive said bit-mapped graphics, and at least one communi-
cations interface configured to at least obtain medical history
data from an outside source.

10. The method of claim 1, wherein at least some of said
real-time biomedical sensor data is obtained from a unitized
patient wearable vital sign monitoring system configured to
be capable of being worn by an ambulatory patient, said
monitoring system comprising:

at least one ambulatory patient wearable sensor, said at

least one ambulatory patient wearable sensor compris-
ing any of one or more ECG sensors, pulse oximeters,
temperature sensors, motion sensors, electronic stetho-
scope, and blood pressure monitors;

said at least one ambulatory patient wearable sensor

further configured to transmit sensor data either directly
or indirectly to said augmented reality headset.

11. The method of claim 1, wherein determining any of

a) when said user is in proximity of said patient;

b) determine an identity of said patient, and

¢) obtain medical history data pertaining to said patient;

is done using speech recognition input from said user.

12. The method of claim 1, wherein said at least one
sensor comprises any of a short-range wireless transceiver,
RFID tag sensor, headset mounted video camera, user loca-
tion sensor, microphone, or infrared sensor.

13. A system configured to automatically display patient
medical information on an augmented reality headset con-
figured to be worn by a user, said system comprising:

an augmented reality headset configured to be worn by

said user;

at least one sensor;

at least one computer processor in communication with
said augmented reality headset and sensor, said at least
one computer processor configured to use data from
said at least one sensor to determine:

a) when any of said headset and said user is in proximity
of said patient;

b) determine an identity of said patient, and

¢) obtain medical history data pertaining to said patient;
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said at least one computer processor further configured to
acquire real-time biomedical sensor data pertaining to
said patient;

said at least one computer processor and said augmented

reality headset further configured to display, at least
while said augmented reality headset is in proximity to
said patient, at least some of said medical history data
pertaining to said patient, and at least some of said
real-time biomedical sensor data pertaining to said
patient.

14. The system of claim 13, wherein said medical history
data comprises medical images of said patient; and

at least one computer processor is further configured to

use said augmented reality headset, and at least one
patient location sensor to automatically scale and trans-
form said medical images so as to create an overlay of
least some of said medical images over any of a
corresponding portion of said patient’s anatomy and
nearby said patient, for said user.

15. The system of claim 13, wherein said biomedical
sensor data comprises cardiovascular sensor data;

wherein said at least one computer processor is further

configured to display said cardiovascular sensor data by
animating a computer representation of said patient’s
heart and lungs to correspond with said cardiovascular
sensor data, thereby producing a sensor responsive
animation;

said at least one computer processor further configured to

display said sensor responsive animation on said aug-
mented reality headset.

16. The system of claim 15, wherein said at least one
computer processor is further configured to modify said
computer representation according to said medical history
data, thus producing a medical history corrected computer
representation;

said at least one computer processor further configured to

display said sensor responsive animation on said aug-
mented reality headset.

17. The system of claim 13, wherein said at least one
computer processor is further configured to use any of said
identity of said patient, said medical history data pertaining
to said patient, and said real-time biomedical sensor data
pertaining to said patient to retrieve from computer memory
and display on said augmented reality headset, any of:

a) clinical decision algorithms;

b) alternative potential diagnoses;

¢) alternative medical treatments.

18. The system of claim 13, wherein any of said aug-
mented reality headset and said at least one computer
processor in communication with said augmented reality
headset are further configured to receive input from said user
by any of voice sensors, hand motion sensors, facial gesture
sensors, and haptic sensors.

19. The system of claim 13, wherein said augmented
reality headset worn by a user comprises any of eyeglasses
and goggles, with transparent lenses mounted over each eye
allowing said user to see images of an outside world, at least
one computer display configured to overlay said images of
an outside world with computer generated bit-mapped
graphics, at least one patient location sensor, at least one
augmented reality headset computer processor configured to
drive said bit-mapped graphics, and at least one communi-
cations interface configured to at least obtain medical history
data from an outside source.
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20. The system of claim 13, wherein said at least one
computer processor is configured to obtain at least some of
said real-time biomedical sensor data from a unitized patient
wearable vital sign monitoring system configured to be
capable of being worn by an ambulatory patient, said
monitoring system comprising:

at least one ambulatory patient wearable sensor, said at

least one ambulatory patient wearable sensor compris-
ing any of one or more ECG sensors, pulse oximeters,
electronic stethoscope sensors, temperature sensors,
motion sensors, and blood pressure monitors;

said at least one ambulatory patient wearable sensor

further configured to transmit sensor data either directly
or indirectly to said augmented reality headset.
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