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PATIENT EMERGENCY RESPONSE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/423,484, filed on Dec. 15,
2010, the entirety of which is hereby incorporated by refer-
ence.

FIELD

[0002] This disclosure relates to emergency response sys-
tems, and more particularly, to emergency response systems
with improved methods for dispatching emergency services
personnel to a specific location at which a patient or sub-
scriber is located.

BACKGROUND

[0003] As health care costs continue to rise, it becomes
increasingly desirable to minimize the length of time patients
must be hospitalized while still ensuring that they receive the
appropriate degree of care. Many standard treatment proto-
cols require patients to undergo continual testing and moni-
toring that may diagnose medical problems and emergencies.
For example, many patients with heart problems require
stress testing and monitoring. However, to reduce costs, it is
desirable to conduct such testing and monitoring in facilities
that lack physicians or equipment to perform emergency
medical services should the patient experience a medical
event, such as a heart attack or stroke. Such testing could be
performed in hospitals, however, doing so reduces the num-
ber of suitable testing facilities and requires increased patient
travel. In addition, outside of hospital facilities many of the
personnel who perform such outpatient testing lack the diag-
nostic skills to determine if a patient is experiencing a medical
event requiring treatment and may not be present with the
patient when an event occurs. Thus, a remotely located tech-
nologist and/or physician is required to determine whether
the patient needs treatment, and if so, identify a suitable
treatment facility.

[0004] In one scenario, it would be desirable to provide
patients with physiologic testing devices that monitor their
condition and which alert medical personnel to a possible
medical event. Some devices that are capable of wirelessly
transmitting patient physiologic data to a remote server, such
as via the internet, exist. However, even though the server
may be programmed to determine if such data is indicative of
a medical event, there is no reliable way for remote medical
personnel to select a suitable treatment facility and contact the
public safety access point (PSAP) in the patient’s geographic
location to dispatch first responders to the patient’s specific
location. In addition, if the patient is unconscious or unable to
communicate, his or her geographic location may be difficult
to ascertain. In certain situations, a cellular telephone in the
patient’s possession or near the patient may be used to deter-
mine the patient’s location for purposes of dispatching medi-
cal personnel. However, such devices are typically accurate to
within 300 meters, a level of accuracy which is typically not
sufficiently reliable to ensure that first responders can quickly
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locate the patient. Thus, a need has arisen for an improved
patient emergency response system.

SUMMARY

[0005] Inaccordance with a first aspect, a system for pro-
viding emergency services to a patient is provided which
comprises a phone located remotely from the patient and an
emergency services server programmed to generate an
updated automatic location identification database record for
the phone based on the patient’s location. In certain embodi-
ments, the phone is a VoIP (voice over internet protocol)
phone. In other embodiments, the emergency services server
is programmed to generate a master street address guide
address for the patient’s location, and the updated automatic
location identification database record includes the master
street address guide address.

[0006] Inadditional embodiments, the emergency services
sever is programmed to determine the patient’s location based
on a time stamp. In further embodiments, the emergency
services server is programmed to determine the patient’s
location by comparing the patient time-stamp to a plurality of
database time entries corresponding to the patient and deter-
mining whether any of the plurality of database time entries
corresponding to the patient are within a pre-selected time
increment from the patient time-stamp. In still other embodi-
ments, the patient time-stamp corresponds to one selected
from radiolocation coordinates and global positioning system
coordinates transmitted by a wireless communication device
proximate the patient. In yet other embodiments, the system
further comprises a patient location database comprising a
plurality of database time entries and a plurality of database
patient locations, wherein each of the database time entries
corresponds to a patient, and each database patient location
corresponds to a database patient time entry.

[0007] Inother embodiments, the system further comprises
a treatment facility database including a plurality of database
treatment facilities, and database treatment facility locations,
database treatment facility services, and database treatment
facility schedules corresponding to each of the database treat-
ment facilities. In another aspect, a system for providing
emergency medical services is provided which comprises a
phone having an associated automatic location identification
database record, wherein the automatic location identifica-
tion record contains location information for the phone. The
system also comprises a patient location database, compris-
ing database patient identity information for a plurality of
patients and one or more database patient locations for each
patient from among the plurality of patients. The system
further includes an emergency services server programmed to
determine a patient location based on preliminary patient
location information, database patient identity information,
and the one or - more database patient locations correspond-
ing to the patient, wherein the emergency services sever gen-
erates an updated automatic location identification database
record for the phone based on the determined patient location
orauser-entered patient location. In certain embodiments, the
emergency services server is programmed to generate a mas-
ter street address guide address for the patient’s location, and
the updated automatic location information database record
includes the master street address guide address.

[0008] In an additional aspect, a method of providing
improved emergency services is provided. The method com-
prises receiving a patient’s medical physiologic data indicat-
ing the occurrence of a medical event, determining the
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patient’s location, and updating an automatic location identi-
fication database record for a phone based on the patient’s
location, wherein the phone is located remotely from the
patient. In certain embodiments, the method further com-
prises entering a predetermined emergency services number
into the phone, thereby placing a call to a public safety access
point corresponding to the updated automatic location iden-
tification database record. In other embodiments, the step of
determining the patient’s location comprises determining the
patient’s location based on a patient time-stamp correspond-
ing to one selected from radiolocation coordinates and global
positioning system coordinates. In additional embodiments,
the step of determining the patient’s location comprises deter-
mining ifthe patient’s time stamp is within a pre-selected time
increment from a database time entry corresponding to the
patient. In other embodiments, the method comprises select-
ing a treatment facility based on at least one selected from the
group consisting of the patient’s location, facility location
information, the patient’s medical condition, and a time-
stamp corresponding to one selected from radiolocation coor-
dinates and global positioning system coordinates.

[0009] In yet another aspect, a method of determining a
patient’s location is provided. The method comprises provid-
ing a patient time-stamp, providing a schedule of patient
activities, wherein the schedule comprises a plurality of
scheduled times, each time corresponds to a scheduled loca-
tion, and each scheduled location comprises a master street
address guide location, and receiving a preliminary location
for the patient. The method further comprises selecting a
scheduled location based on the time-stamp and the prelimi-
nary location. In certain embodiments, the step of selecting a
scheduled location based on the time-stamp and preliminary
location comprises selecting a first scheduled time, the first
scheduled time is within a selected time increment from the
time-stamp, and the first scheduled time corresponds to a first
scheduled location. In other embodiments, the first scheduled
location is within a selected distance from the preliminary
location. In other embodiments, the selected distance is no
greater than about 600 meters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Referring now to the drawings, illustrative embodi-
ments are shown in detail. Although the drawings represent
some embodiments, the drawings are not necessarily to scale
and certain features may be exaggerated, removed, or par-
tially sectioned to bend illustrate and explain the present
invention. Further, the embodiments set forth herein are
exemplary and are not intended to be exhaustive or otherwise
limit or restrict the claims to the precise forms and configu-
rations shown in the drawings and disclosed in the following
detailed description.

[0011] FIG. 1A is a depiction of a first embodiment of an
improved system for providing emergency services;

[0012] FIG.1Bis a depiction of a second embodiment of an
improved system for providing emergency services;

[0013] FIG. 1C is a depiction of a third embodiment of an
improved system for providing emergency services;

[0014] FIG. 2 is a depiction of database records from a
patient location database;

[0015] FIG. 3 is a depiction of database records from a
treatment facility database;

[0016] FIG.4is aflow chartusedto illustrate a first embodi-
ment of a method of determining a patient or subscriber’s
location;
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[0017] FIG. 5 is a flow chart used to illustrate a second
embodiment of a method of determining a patient or subscrib-
er’s location;

[0018] FIG. 6 is a flow chart used to illustrate an embodi-
ment of amethod of providing emergency services to a patient
or subscriber;

[0019] FIG. 7 is a flow chart used to illustrate a method of
selecting a treatment facility for a patient experiencing a
medical event; and

[0020] FIG. 8 is a flow chart used to illustrate a method of
providing emergency services to a patient being transferred
from one location to another.

DETAILED DESCRIPTION

[0021] Referring to FIG. 1A, a system 20 for providing
emergency services to a patient with a medical condition is
provided. System 20 comprises one or more physiological
data devices 30 used to make various physiological measure-
ments of the patient, an emergency services server farm 61, a
call center 54, an automatic location identification (“ALI")
system 48, a public safety answering point or “PSAP” 40, a
Private Branch Exchange or “PBX” 64, and a selective rout-
ing switch 66. System 20 also includes a computer network
34, which is preferably a wide area network (“WAN”) and
even more preferably the internet. As discussed in greater
detail below, system 20 allows a technologist located in call
center 54 to make an emergency services call to obtain emer-
gency services for the patient. The call will generally be made
using an emergency services number such as 9-1-1 (U.S.),
9-9-9 (UK.), 1-1-2 (Germany, Denmark, Iceland, Sweden).
In some jurisdictions, there are multiple emergency services
numbers depending on the nature of the requested emergency
services (police, ambulance, or fire).

[0022] In certain implementations, the technologist will
make an emergency services call from call center phone 56,
and the call will be routed to the PSAP 40 responsible for the
jurisdiction in which the patient, not the call center 54, is
located. In additional implementations, the PSAP 40 will
receive data indicating the patient’s location by querying an
ALI database 48 record associated with the call center phone
56. In other implementations, information transmitted from
the patient to the technologist in call center 54 will be “geo-
coded” to provide an address—such as a full MSAG (master
street address guide) address—which is more accurate than
those provided by many current systems. The call center
phone may be a landline, VoIP phone, or a cell phone, but is
preferably a landline or VoIP phone.

[0023] PSAP 40 dispatches the necessary emergency
responders (fire, police, ambulance) to the patient in response
to a voice call, and in some examples, in response to patient
location data related to the voice call. A PSAP will typically
include several PSAP operators each with a terminal 44 and a
phone 42. Only one phone 42 and terminal 44 are shown in
FIG. 1A. A PSAP 40 will typically also include at least one
PSAP server 46 to facilitate the transmission, receipt, and
storage of data related to emergency calls.

[0024] ALI system 48 comprises one or more servers 50
and one or more databases 52. The ALI system stores location
information for emergency services callers and provides it to
PSAP 40 to better enable the PSAP 40 to dispatch the neces-
sary emergency responders to the correct location, especially
where the caller cannot communicate with the PSAP (e.g.,
due to unconsciousness). In typical known systems, the PSAP
40 receives a voice call and a telephone number associated
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with the call known as an “ANI” or “Automatic Number
Information” value. In certain implementations, in particular
those used for wireless and/or VoIP calls, the ANI is referred
to as a “pseudo-ANI” or “p-ANI”” The p-ANI is a string of
digits, such as the ten digits in a phone number, which may be
used to encode the caller’s location, as may be indicated by a
cell tower and sector or latitude/longitude. As used herein, the
term “ANI” refers to a standard ANI (telephone number) or a
p-ANIL

[0025] In certain jurisdictions which use enhanced 9-1-1
systems, when the PSAP receives an emergency services call,
it then transmits the ANI back to the ALI system 48 and
requests the caller’s location (a process sometimes called
“bidding” or “dipping”). The ALI system database 52
includes fields that correspond ANI or p-ANI values to a
physical location (e.g., street address, city, state). An ALI data
record for the caller is then transmitted back to the PSAP
terminal 44 via PSAP server 46 to better enable the PSAP to
dispatch emergency services to the location identified by the
ALI record. In jurisdictions with older 9-1-1 systems, ALI
system 48 may not exist, and ALI records may not be pro-
vided to the PSAP 40.

[0026] System 20 is particularly useful for patients who
must be closely monitored and routinely tested due to a
known medical condition, such as cardiac disease, diabetes,
etc. The range of medical conditions for which system 20 may
be used is not limited. In one implementation, a patient sub-
scribes to use system 20 and is associated with one or more
call centers 54 used to monitor the patient’s after care follow-
ing his or her release from a medical facility. Call center 54 is
staffed with one or more technologists who monitor the sub-
scribing patients’ medical conditions by tracking physiologi-
cal data transmitted from the patient to the call center 54 via
computer network 34. Call center 54 may comprise a single
building or a plurality of buildings, which may be co-located
or geographically disperse. The technologists in call center 54
receive information concerning potential medical events
being experienced by the patients they serve and diagnose the
patient’s condition based on the received data and/or based on
communications with the patient. The technologists may also
enlist the aid of a physician or other third party to provide
diagnostic assistance. Based on the results of such diagnoses,
the technologist may contact PSAP 40 to dispatch emergency
responders to the patient’s location to provide needed medical
attention and/or transport the patient to a treatment facility 31
where such attention can be provided. System 20 may be used
with a wide variety of medical events and is not limited to any
particular event or events. Non-limiting examples of such
events include acute coronary syndrome, myocardial
ischemia, myocardial infarction, cardiac arrhythmia, syn-
cope, congestive heart failure, pulmonary edema, stroke,
transient ischemic attack, elevated intracranial pressure, sei-
zure, and carbon monoxide poisoning.

[0027] In system 20, one or more physiological data
devices 30 are provided which detect physiological data for a
patient and transmit the data to a communication device 32
via either wireless or wired connections. Communication
device 32 then transmits the physiological data to technolo-
gist terminal 58, server farm 61, physician communication
device 36, and/or treatment facility terminal 33 via computer
network 34. A variety of known physiological data devices 30
may be used to measure physiological data such as ECG data,
implantable cardioverter defibrillator data, blood vessel
impedance data, intra-cardiac pressure sensor data, ultra-
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sound data, intracranial pressure sensor data, pulse oximetry
data, co-oximeter sensor data, light absorbance data, glucom-
eter data, EEG data, and endovascular graph sensor data, to
name a few. Suitable physiological data devices 30 config-
ured to transmit data to communication device 32 include
those supplied by Card Guard Scientific Survival, Ltd., of
Rehovot, Israel and QRS Diagnostic of Maple Grove, Minn.
Other suppliers of such physiological data devices include
Nasiff Associates, Inc. of Central Square, New York and Pulse
Biomedical, Inc. of Norristown, Pa. For wireless implemen-
tations, the physiological data devices 30 will preferably
include a wireless transmitter configured to wirelessly trans-
mit data to patient communication device 32. Wireless com-
munications between physiological data devices 30 and
patient communication device 32 may be provided using
various protocols and other wireless technologies, including
3G and 4G wireless technologies and the IEEE series of
wireless technologies. More particularly, wireless communi-
cations may take place over a CDMA, EDGE, EV-DO,
GPRS, GSM, UMTS, W-CDMA, or a 1XxRTT network as well
as an IEEE 802.11 (WiFi), 802.15 (Bluetooth and Zigbee),
802.16 (WiMax) or 802.20 (MBWA) network.

[0028] Patient communication device 32 acts as a gateway
to computer network 34. Suitable communication devices 32
will be capable of wirelessly communicating with one or
more internet servers, in particular, emergency services serv-
ers 60, located in emergency services server farm 61. Suitable
communication devices 32 include wireless transmitters and
include cellular telephones, smart phones, tablet computers,
laptop computers, desktop computers with wireless modems,
etc.

[0029] In cases where wireless transmission between
patient communication device 32 and computer network 34
cannot be achieved or is transient—such as in the case of the
patient living in the basement or out of wireless range—an
additional device, such as a wireless router, can be integrated
to send the data via wired transmission to internet cloud 34.
One such exemplary router is the GAC 150 WiFi dial up
router supplied by Great Arbor Communications of Potomac,
Md. In such cases, the patient plugs the router into a phone
jack or an existing Ethernet port. When the reception is weak
the patient communication device will switch to WiFi and
look for the router signal. If the router is connected to an
Ethernet port, it will transfer the data through the patient’s
own wired internet connection (e.g., home broadband cable
or DSL connection). If the router is connected to the phone
line, when the router senses a WiFi connection from the
phone, it automatically dials the “dial up services™ to get a
54K dial up connection.

[0030] In other cases, a patient may live in a rural area
without phone or internet service. In . such cases, the patient
is provided with a wireless network extender that connects to
patient communication device 32 via WiFi and is able to
transmit data and voice over satellite. In this scenario, the
patient communication device 32 preferably has a direct line
of sight to the sky (i.e., a window).

[0031] Technologist terminal 58 is configured to commu-
nicate with server farm 61 via computer network 34 and to
receive patient physiological data therefrom. Terminal 58
may include a processor and one or more stored programs for
performing various types of displays and/or analyses of
retrieved physiological data as well as for retrieving patient
information, such as patient identity information, patient
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location information, patient schedule information, patient
medical history information, patient medications, etc.
[0032] ALI system 48 is generally a known type of ALI
system used in enhanced 9-1-1 systems and is configured to
provide an address data record to PSAP 40 based on an ANI
or p-ANI value received from the PSAP 40. The ALI may
serve a large geographic area and will not generally be limited
to those patients served by call center(s) 54. The specificity of
the address information contained in any particular ALI
record may vary and may include a street name, street num-
ber, city name, and state name. The ALI record may also
include cell phone radiolocation coordinates (a cell tower site
and sector) and global positioning system coordinates (e.g., a
longitude and latitude). In certain implementations described
herein, ALI records may be supplemented to include further
specific patient location information such as a building num-
ber (e.g., an internal address within a complex of buildings),
a floor number, and a room number. In certain jurisdictions a
“master street address guide” or “MSAG” may exist which is
an official record of valid streets, thoroughfares, house num-
bers and communities in the jurisdiction, and the ALI data-
base 52 records may include MSAG addresses. In other
implementations involving next generation 911 (NG911) sys-
tems, the ALI record may be further supplemented to include
video, voice, pictures, floorplans, and medical information
data.

[0033] Call center 54 is connected to PSAP 40 via PBX 64
and selective routing switch 66. PBX 64 is a private telephone
network used within an enterprise or company, and its users
share outside lines for making telephone calls external to the
PBX 64. Selective routing switch 66 and ALI System 48 are
typically operated by an emergency services provisioning
provider. PBX 64 determines whether a particular voice call is
an emergency services call or a non-emergency services call.
If the call is an emergency services call, the selective routing
switch 66 routes the call to a selected PSAP 40, which is
preferably the PSAP 40 servicing the jurisdiction in which the
patient is located at the time the patient experiences a poten-
tial medical event. Selective routing switch 66 utilizes a selec-
tive routing database (SRDB) (not shown) to route the call to
the PSAP servicing the location defined by the ALI informa-
tion.

[0034] Certain known SRDBs for landline applications use
the ANI associated with an emergency call (i.e., the telephone
number from which the call is made) to determine the correct
PSAP to which the call should be routed. In certain existing
applications for landline emergency callers, the ANI is
uniquely associated with the caller’s address in the ALI data-
base 52 and the ANI can be used to properly route the emer-
gency call. However, in certain implementations of system
20, call center phone 56 will be used to place the emergency
services call, despite being located remotely from the patient.
In known systems, the use of the call center phone 56 ANI to
route the call would cause the call to be routed to the PSAP in
the jurisdiction in which the call center 54 is located, instead
of that in which the patient is located.

[0035] Inoneimplementation of system 20, the SRDB (not
shown) correlates ANI and p-ANI values to PSAPs. In this
implementation, the correlation between ANI/p-ANI and
PSAP is dynamically updated based on the location of the
patient so that a call from phone 56 is routed to the PSAP 40
in the same jurisdiction as that location. In this manner, calls
originating from call center phone 56 will appear to the PSAP
to have originated from the patient’s location instead of the
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call center 54 location. When a technologist in call center 54
determines that emergency services should be dispatched to a
patient, the patient’s current location may also be used to
create an updated ALI record for call center phone 56.

[0036] In another implementation of system 20, “location-
based” routing is used. In this implementation, the SRDB (not
shown) correlates ALI locations to PSAPs. In certain
examples, the PSAPs geographic boundaries are used to
determine which PSAP is responsible for the caller’s location.
Thus, once the ALI record for the call center phone 56 is
updated based on the patient’s location, the SRDB (not
shown) uses that updated ALI record to select the appropriate
PSAP 40. The selective routing switch 66 then routes the call
to the selected PSAP 40. In this implementation, there is
no-need for a database that correlates ANI values to PSAPs.
The SRDB (not shown) does not need to be dynamically
updated based on the caller’s location because the PSAPs
geographic boundaries are static (with the exception of infre-
quent changes made by the government). However, regard-
less of whether ANI-based routing or location-based routing
is used, selective routing switch 66 effectively uses the
patient’s location to route the call placed by call center phone
56 to a PSAP 40 responsible for the patient’s location.

[0037] System 20 is particularly useful for situations in
which the patient is unable to make an emergency services
call or is unable to access a landline with a fixed ANI and ALI
record. Cell phones and VoIP phones do not have fixed loca-
tions, and thus do not have fixed ALI records or fixed asso-
ciations between a PSAP and an ANL Known methods for
routing emergency services calls placed from cellular tele-
phones exist. However, the location information transmitted
from a cellular telephone, such as GPS coordinates or radi-
olocation coordinates, is generally only accurate to within
+/-300 meters, a level of accuracy which may make it impos-
sible for emergency responders to locate the patient or at least
to locate the patient quickly enough to provide the necessary
medical treatment. Accordingly, in system 20, the technolo-
gist uses call center phone 56 to place the emergency services
call for the patient. Emergency services database 62 includes
location information for the patient which is preferably more
accurate than that provided by global positioning system or
radiolocation coordinates. This location information is used
to update the ALI record for call center phone 56 and transmit
the updated record to ALI system server 50, which then
updates ALI database 52 with the patient’s current location.
The SRDB (not shown) uses the updated patient location
information to determine the PSAP 40 to which the call will
be routed. As indicated previously, this may involve updating
a table that correlates ANIs to PSAPs (ANI-based routing) or
it may involve using the updated ALI record to determine
which PSAP’s geographic boundaries encompass it (loca-
tion-based routing). In those jurisdictions in which an ALI
database is available, the PSAP 40 then queries the ALI
system 48 with the call center phone’s 56 ANI. Based on the
ANI, the ALI server 50 queries the ALI database 52 to obtain
the location record associated with the ANI (a process known
as “bidding” or “dipping”) and transmits it to PSAP 40 for
display on the PSAP terminal 44, thereby allowing the PSAP
operator to dispatch emergency responders to the correct
patient location. In certain implementations, selective routing
switch 66 may comprise a sever capable of transmitting data
and voice signals to PSAP 40, and the ALI record may be
transmitted with the call, thus eliminating the need for a
subsequent ALI database 52 query.



US 2012/0157795 Al

[0038] Certain existing selective routing systems may be
used to update an ALI record and correctly route an emer-
gency services call based on the location information
retrieved from the emergency services database 62 (i.e., loca-
tion-based routing). One system is provided by Dash Carrier
Services and is referred to as a “Dynamic Geospatial Rout-
ing” system. In one example, the selective routing switch 66
uses a map database which correlates PSAPs and their tele-
phone numbers to geographic locations. The map database
may be part of the SRDB (not shown) and can be used with the
patient location information provided by the emergency ser-
vices server 60 to identify the correct PSAP 40 to which
selective routing switch 66 will route the call.

[0039] Asindicated in FIG. 1A, the call center technologist
may also communicate with a physician’s smart phone 36 by
providing data from the emergency services server 62 to it. In
addition, system 20 may be configured to allow the physician
to directly access a patient’s data from emergency services
server 62. This allows the technologist to consult with a
physician about the patient’s condition and obtain diagnostic
and/or treatment advice from the physician. In some cases,
however, the technologist may have sufficient information to
make a diagnosis or determine that emergency responders
should be dispatched to the patient without consulting with a
physician.

[0040] In certain implementations of system 20, one or
more treatment facility terminals 33 for one or more treatment
facilities 31 are also connected to network 34, allowing the
technologist to communicate data about a patient and/or a
medical event to the treatment facility to aid in determining if
the facility has the necessary staff and facilities to address the
patient’s medical event.

[0041] Referring to FIG. 1B, an alternate embodiment of a
system 22 for providing emergency patient services is pro-
vided. System 22 is configured similarly to system 20, and
like components are identified with like numerals. However,
in system 22 no separate call center 54 or technologists are
provided. Instead, certain PSAPs are designated as “partici-
pating PSAPs” 70 and perform the same function as the call
center 54 and technologists of system 20 in FIG. 1A. The
participating PSAPs 70 receive patient physiological data
transmitted from physiological data devices 30 and function
in the same manner as the call center 54 technologists of FIG.
1A.Ifa participating PSAP 70 is alerted to a medical event for
a patient in its jurisdiction, it can access patient location data
from emergency services server farm 61 and dispatch the
emergency responders to the correct location. However, if the
Participating PSAP 70 is not in the same jurisdiction as the
patient, it can then transmit patient location information
retrieved from the emergency services server 62 to the ALI
system 48 and cause the ALI record for the PSAP 70 phone to
be updated based on the patient’s location. The participating
PSAP 70 operator can then dial the emergency services num-
ber from participating PSAP phone 72, causing the selective
routing switch 66 to route the call to the Non-Participating
PSAP 40 servicing the patient’s location. The Non-Partici-
pating PSAP 40 then queries the ALI database to obtain the
ALI record for phone 72, which corresponds to the patient’s
location, not that of phone 72. Based on this information, the
Non-Participating PSAP 40 can dispatch emergency
responders to the patient’s location.

[0042] Another embodiment of a system 24 for providing
emergency patient services is depicted in FIG. IC. In this
embodiment, call center 54 is not used. Instead, emergency
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services calls are placed by the physician using physician’s
communication device 36, which is preferably a smart phone.
Physician’s communication device 36 is connected (wire-
lessly) to PBX 64. Physician’s communication device 36 is
programmed to transmit an updated ALI record for device 36
to ALI system 50 so that the ALI record associated with
physician’s communication device 36 corresponds to the
patient’s location. Selective routing switch 66 routes the call
based on the updated ALI record to the PSAP servicing the
patient’s location.

[0043] As indicated above, systems 20, 22, and 24 allow an
emergency services call placed from a phone 56, 72, 36
(respectively) which is located remotely from a patient to be
routed to the PSAP responsible for the patient’s jurisdiction,
rather than the jurisdiction in which the phone 56, 72, 36 is
physically located. As described below, in certain implemen-
tations, the patient’s location is “geocoded” or linked to cer-
tain information transmitted from the patient, such as a time-
stamp transmitted from the patient’s communication device
32.

[0044] Emergency services server farm 61 includes one or
more emergency services databases 62. Emergency services
databases 62 may include a variety of different databases
related to providing emergency services. Depicted in FIG. 2 is
apatient location database 80 used in the geocoding of patient
locations. Patient location database 80 includes a plurality of
records 82a-82f and a plurality of fields 84a-84; for each
record. In the example of FIG. 2, patient location database 80
includes schedule information for one or more patients,
although only one patient (John Doe) is used to illustrate the
database 80. Each patient’s records (82a-82¢g) define a sched-
uled event in the daily activities of the patient. Thus, field 84a
provides the name of the patient. Field 845 provides the date
(or day of the week) of a scheduled activity. Field 84c¢ pro-
vides the time of a scheduled activity. Fields 84d-84i collec-
tively define a patient location for a scheduled activity. In
certain preferred embodiments, fields 84d-84i collectively
define the Master Street Address Guide (MSAG) address at
which the scheduled activity takes place. In the example of
FIG. 2, field 844 includes a street number, field 84¢ includes
a street name, field 84/ provides a building number (as in the
case of a multi-building complex), and field 84g provides a
floor number. Fields 84/ and 84i respectively include the city
and state of the scheduled event. If appropriate, other patient
location fields may be included. For example, in some imple-
mentations, the patient may be in a large building with a
number of rooms or offices, and a field for the number of the
room or office in which the scheduled event takes place may
also be included. Other fields which may be provided include
the phone number of the location, a contact person and com-
pany associated with the scheduled event, the duration of the
scheduled event with a variance (e.g., +/-5 mins), a variance
for the scheduled time, and the date the scheduled time (or
other information in a given record) was last updated. As
illustrated in records 82a, 82¢, 82d, and 82f, in some situa-
tions the event will be a transfer of the patient from one
location to another. Transfers may also include other fields
specific to transfers such as route data and the transit com-
pany.

[0045] Field 845 provides information about the nature of
the scheduled event or appointment. In the example of FIG. 2,
the scheduled events include cardiologist appointments and
ECG test appointments, as well as transit events to and from
those appointments. In certain implementations, patient loca-
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tion database 80 is used with patients who have been recently
discharged from a medical facility and who undergo routine
testing to monitor their condition. Such patients may undergo
testing which itself can lead to the occurrence of a medical
event. Much of this testing may occur outside of medical
facilities that can provide emergency medical care, and as a
result, system 20 (or 22) may be used to dispatch emergency
responders to the patient’s testing location, if necessary.

[0046] For example, patients who suffer from cardiac dis-
ease may undergo scheduled stress tests at regular intervals,
which could cause a medical event such as a myocardial
infarction to occur. With rising medical care costs, it is desir-
able to treat and monitor patients outside of a hospital setting.
However, this approach presents the risk that the patient will
undergo a medical event which requires emergent care. In
such cases, it is beneficial to have a well-defined patient
location in the patient location database 80 so that emergency
responders can quickly respond to the emergency. Systems
20, 22, and 24 can be used to improve emergency responder
response times and better ensure that the patient is quickly
located and transported to an appropriate treatment facility 31
tailored to the patient’s medical event. Patient location data-
base 80 allows technologists in call center 54 (or participating
PSAPs 70) to determine the patient’s location and route an
emergency call to the correct PSAP with a level of accuracy
that would not be available unless the patient placed the
emergency services call from a landline, something that may
not be possible during an emergency event. For example, if
the patient were to call 9-1-1 from a cellular telephone, the
call would be routed (and the ALI record for the phone 56
would be updated) based on the patient’s global positioning
system coordinates or radiolocation coordinates. These loca-
tion identification techniques are known to be accurate to a
level of no greater than 300 meters. Even when landlines are
used, the patient may be at an internal location in a large
building or complex which is not specifically identified in the
ALI database. As a result, emergency responders may not be
able to find the patient in time to transport him or her to the
appropriate treatment facility. As will be discussed further
below, in certain embodiments systems 20 and 22 are config-
ured to so that during a medical event the technologist or
participating PSAP receives the geocoded address from fields
84d-84i in the patient location database 80. The technologist
then causes the emergency services server 60 to transmit that
information to the ALI system 48 to update the ALI record for
the call center phone 56 (or participating PSAP phone 72)
with the patient’s geocoded address. The selective routing
switch 66 uses the updated ALI record to route the call to the
PSAP responsible for the patient’s location (as indicated by
the geocoded address). Systems for dynamically updating
ALI records are commercially available, and include those
provided by suppliers such as Intrado, RedSky, Dash CS, and
8x8, Inc.

[0047] Incertain implementations, the emergency services
database(s) 62 include a treatment facility database 90. An
exemplary depiction of a treatment facility database 90 is
provided in FIG. 3. Treatment facility database 90 includes
information that enables the technologist or participating
PSAP 70 to identify and select treatment facilities to which a
patient should be transported in the case of a medical event.
The process of identifying a correct treatment facility may be
based on a number of factors, some of which may include the
treatment facility’s location, the treatment facility’s equip-
ment and capabilities, the time of the day, and the availability
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of certain treatment facility staff. Treatment facility database
90 includes a plurality of records 92a-92¢ each of which
corresponds to particular treatment facilities. Treatment facil-
ity database 90 also includes a plurality of fields 94a-94i
which include a variety of information about each treatment
facility. For example, in FIG. 3, fields describing the name of
the treatment facility 94a and treatment facility location
(fields 945-94g) are provided. The treatment facility location
information in fields 945-94g may correspond to the facility’s
MSAG address in certain implementations. In the specific
example of FIG. 3, the treatment facility location information
in treatment facility database 90 includes a street number 945,
street name 94c, city 944, state 94e, building 94/ (as in the
case of a multi-building complex), and floor 94g. Although
not illustrated in FIG. 3, a given medical building or complex
may have several internal treatment facilities. Separate
records may be provided for each distinct internal facility to
better ensure that the patient is routed to the correct internal
location. For example, a given hospital may have a surgery
wing and a cardiac catheterization lab, which may be some
distance from one another within the hospital. In that case,
treatment facility database 90 may include two records for the
hospital, one of which pertains to the surgery wing and
another which pertains to the cardiac catheterization lab.
Additional fields may also be provided which include some or
all of the following: treatment center phone numbers, treat-
ment center fax numbers, treatment center e-mail addresses,
on-call physician pager numbers and e-mail addresses, FTP
links for transmitting medical data to/from the treatment cen-
ter, and a date/time when information was last updated.

[0048] In certain examples, emergency services server 60
(which may comprises a plurality of servers) is programmed
to identify a patient location based on the information
included in patient location database 80, for example, by
performing a database query operation of patient location
database 80. In certain cases, the technologist initiates the
query from call center terminal 58. FIG. 4 illustrates an exem-
plary method that may be used by emergency services server
60 to perform the query operation. As illustrated in the figure,
in step 1002 the emergency services server 60 receives a
time-stamp, i.e., data indicative of a date, day of the week,
and/or time of day. The emergency services server 60 also
receives a preliminary location information for the patient. In
certain examples, the preliminary location information will
include global positioning system coordinates or radioloca-
tion coordinates for the patient’s communication device 32.
Based on the time-stamp and the preliminary location infor-
mation, the program executed by emergency services server
60 will obtain a scheduled location from patient location
database 80. In some circumstances, the preliminary location
information may not be available, in which case the program
will select a scheduled location for the patient based on the
time-stamp only. In other circumstances, the time stamp may
be the time that the emergency services server 60 receives an
alarm or other indication that a medical event may be occur-
ring, as opposed to a time-stamp received directly from a
patient communication device 32.

[0049] A variety of methods may be used to select a patient
location from the patient location database 80 based on a
time-stamp and preliminary location information. Once such
method is depicted in FIG. 5. In accordance with the method,
in step 1008 a first scheduled location is selected from a
schedule of patient activities by selecting a first scheduled
time that is within a pre-selected time increment of the patient
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time-stamp. Referring to the exemplary patient location data-
base of FIG. 2, a time-stamp corresponding to 1:45 pm on
Sep. 19, 2010is within a 30 minute time increment of both the
event identified in record 824 (transit from home to cardiolo-
gist) and the event identified in record 824 (cardiologist
appointment). At 1:45 pm, the patient may still be in transit to
the cardiologist or he or she may have arrived at the cardiolo-
gist’s office.

[0050] Using the patient’s preliminary location informa-
tion (e.g., GPS or radiolocation coordinates), in step 1010 a
distance d, is calculated from the preliminary location to the
first scheduled location. In one embodiment, a straight line
distance between the two locations is calculated. The distance
d, is preferably less than about 600 m, more preferably less
than about 300 m, more preferably less than about 100 m, and
even more preferably less than about 30 m. In step 1012, it is
determined whether the calculated distance d, is less (or no
greater) than a selected distance. This step is used to deter-
mine whether the first scheduled location is likely where the
patient actually is. If d, indicates that the patient is likely to be
in the first scheduled location, in step 1016 the ALI record for
the call center phone 56 is updated to match the location
information for the first scheduled event. In ANI-based rout-
ing solutions, the PSAP responsible for the location in which
the first scheduled event occurs is associated with the ANI for
the call center phone 56 in the SRDB (not shown) so that the
selective routing switch 66 will route the call to that PSAP.
Step 1016 may be implemented in a number of different ways.
In one implementation, the location information for the first
scheduled event is transmitted to technologist terminal 58 to
allow the technologist to determine whether the location is
believed to be reliable. The technologist can then use terminal
58 to initiate transmission of the location information to ALI
server 50 for storage in the ALI database 52. This will cause
emergency services calls placed from phone 56 to be routed to
the PSAP servicing the patient’s geocoded location. The
PSAP 40 will then query the ALI system 48 for the address
corresponding to call center phone 56, and ALI system 48 will
transmit the patient’s scheduled event location to the PSAP
terminal 44.

[0051] Instep 1012, if the calculated distance d, is greater
(or no less than) the selected distance, in step 1014, a second
scheduled location is selected which also has a scheduled
time within the preselected time increment of the patient
time-stamp (if such a scheduled event exists). In step 1018,
the distance d, is calculated between the second scheduled
location and the patient’s preliminary location. If d, is less
than (or no greater than) the selected distance, control pro-
ceeds to step 1022, causing the ALI record for the call center
phone 56 to be updated to the second scheduled location
specified in the patient location database 80 as with step 1016.
In step 1020, if d, is greater than (or not less than) the selected
distance, control is transferred to step 1024 and an unsched-
uled location is selected which is closest to the preliminary
location.

[0052] Although not depicted in FIG. 2, the patient location
database 80 may include a variety of known locations at
which a patient may be present at any given time, although the
locations are not associated with any particular scheduled
event. In step 1024, the program calculates the distance
between the patient’s preliminary location and each unsched-
uled location, and the unscheduled location which is the
closestto the patient’s preliminary location is selected. In step
1026, the ALI record for call center phone 56 is updated to
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match the unscheduled location. In ANI-based routing solu-
tions, the PSAP 40 responsible for the unscheduled location is
associated with the ANI for the call center phone 56 in the
SRDB (not shown). In certain implementations, the unsched-
uled locations are MSAG addresses. Unscheduled locations
may include places such as relative’s/friend’s residences,
supermarkets, banks, post offices, restaurants, bars, theaters,
sporting arenas, or any other locations the patient is known to
frequent. If no unscheduled location corresponds to the time-
stamp received by emergency services server 60, the patient’s
preliminary location information (e.g., GPS or radiolocation
coordinates) is used as the patient’s geocoded location. The
AM for the call center phone is then associated with the PSAP
responsible for that geocoded location, and the ALI record
associated with the ANI is updated to the geocoded location.

[0053] In certain implementations, it may be desirable to
have the call center 54 technologist confirm the patient’s
location during a suspected medical event to ensure that loca-
tion information obtained from the patient location database
80 is accurate. If the patient’s location differs from that pre-
dicted by the patient location database 80, the technologist
may use the confirmed location to update the ALI record for
the call center phone 56. It may also be desirable to include a
process for selecting a treatment facility 31 that is best able to
handle the patient’s medical event. An exemplary method that
includes these features is described in FIG. 6. In step 1028, the
technologist receives a preliminary indication of a medical
event from the patient. As discussed previously, in one
example, the indication may be provided by a message or
alarm generated by emergency services server 61 and trans-
mitted to technologist terminal 58. The alarm or message may
be based on values of physiological data generated by physi-
ological data devices 30 and transmitted from patient com-
munication device 30 to emergency services server 60. In step
1030, the ALI database 52 record for the call center phone 56
(or participating PSAP phone 72) is updated based on a pre-
dicted patient location obtained from the patient location
database 80. One exemplary method for carrying out step
1030 is the method described in FIG. 5.

[0054] In step 1032, the technologist uses the call center
phone 56 to contact the patient on his or her communication
device 32. In addition, the technologist may use other forms
of communication such as e-mail and text messages, depend-
ing on the particular communication device 32 used by the
patient. The technologist then asks the patient to confirm his
or her location. If the patient is unconscious or otherwise
unable to confirm his or her location, control proceeds to step
1036. In step 1036, the technologist determines whether the
patient requires treatment based on a variety of selected fac-
tors, which may include the patient’s physiological data gen-
erated by the physiological data devices 30 (the current data
and/or historical data) and patient medical history data, which
may also be stored for retrieval on the emergency services
database 62. Step 1036 may also involve consulting with a
physician on physician communication device 36. If no treat-
ment is required, the process ends.

[0055] If treatment is required, control transfers to step
1044. In step 1044, the technologist selects a treatment facil-
ity 31 to which the patient will be transported by emergency
responders. The selection of the treatment facility may
involve querying the treatment facility database 90 to identify
the most suitable treatment facility 31 based on one or more
criteria selected from the patient’s location, the facility acti-
vation time (i.e., how long it takes for the facility to have the
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required services available), the treatment facility location,
the treatment facility equipment and services, and the treat-
ment facilities current staffing. In step 1046, the technologist
uses the call center phone 56 to dial the emergency services
number (e.g., 9-1-1 in the United States). Based on the
updated ALI record, the selective routing switch 66 routes the
call (and ANI or p-ANI) to the PSAP 40 in the same jurisdic-
tion as the patient’s predicted location. PSAP 40 then queries
the ALI system 48 with the ANI and is provided with the
patient’s predicted location on PSAP terminal 44, allowing
emergency responders to be dispatched thereto. When the
emergency services call is answered, the technologist can
inform the PSAP operator of the selected treatment facility to
which the patient should be taken.

[0056] To illustrate the selection of the treatment facility
31, assume that the patient has a medical event that is believed
to involve the blockage of a coronary artery and that the
technologist alone or in consultation with a physician has
determined that a stent is required to relieve the blockage. If
the medical event occurs on a Sunday at noon, the cardiac
catheterization lab for the facility in record 925 of FIG. 3 will
be unavailable. However, the cardiac catheterization lab for
the facility in record 92¢ will be available. Thus, the technolo-
gist would request that PSAP 40 direct emergency responders
to transport the patient to the facility specified in field 94a of
record 92c.

[0057] Another exemplary method for using systems 20 or
22 to provide emergency services to a patient is described in
FIG. 7. Referring to the figure, in step 1048 the technologist
receives a preliminary indication of a medical event, which
could simply be a communication (phone call, text message,
e-mail) received from the patient or someone proximate the
patient and/or a message or alarm provided by the emergency
services server 60 due to physiological data generated by
physiological data devices 30.

[0058] Instep 1050, the PSAP associated with the patient’s
current location is associated with the ANI for the call center
phone 56 in the relevant database associated with selective
routing switch 66. The ALI record for call center phone 56 (or
participating PSAP phone 72) is updated so that its location is
the patient’s current location. The examples of FIGS. 4 and 5
depict exemplary methods of obtaining the patient’s current
location. In step 1052, the technologist initiates a three-way
telephone call with the patient (using patient communication
device 32) and a physician (using physician communication
device 36). To better enable the physician to assist in diag-
nosing the patient’s potential medical event, in step 1054 the
technologist causes the patient’s physiologic data to be trans-
mitted from emergency services server 60 to the physician
communication device 36, which in this example would be a
laptop, smartphone, or some other device capable of receiv-
ing data transmissions from computer network 34.

[0059] In step 1056, the physician and/or technologist
determine whether the patient requires treatment. If the
patient does not require treatment, the process ends. If the
patient does require treatment, the technologist will execute a
program on the emergency services server 60 to calculate
distances between the patient’s current location and the loca-
tion of the various treatment facilities (e.g., those specified by
records 92a-92¢) in FIG. 3. In step 1060, a list of treatment
facilities and the distances from the patient to them are dis-
played on the technologist terminal 58 along with additional
information about the treatment facilities, such as some or all
of the information in fields 94a-94i of FIG. 3. In step 1062, a
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treatment facility is selected based on one or more criteria
selected from activation time, distance (from the patient),
services, and schedule. This selection process may be wholly
or partially automated using a program resident executed by
a processor that is local to the technologist terminal 58 or
local to the emergency services server 60.

[0060] Instep 1064, the technologist uses call center phone
56 (or the participating PSAP uses call center phone 72) to
dial an emergency services number (e.g., 9-1-1 in the United
States). In step 1050, the ALI database record for the phone 56
is updated to the patient’s location and the ANI for the call
center phone 56 is associated with a PSAP 40 servicing the
jurisdiction in which the patient is located. Thus, the call
placed in step 1064 is routed with the ANI to the now- asso-
ciated PSAP 40, which then uses the ANI to query the ALI
database 52 and obtain the patient’s location.

[0061] In step 1066, the technologist (or participating
PSAP 70 in the case of a patient using system 22 who is ina
jurisdiction serviced by a non-participating PSAP 40), iden-
tifies the selected treatment center 31 (from step 1062) to the
PSAP operator who then dispatches the appropriate emer-
gency responders to the patient’s location. In step 1068, the
technologist contacts the selected treatment facility 31to acti-
vate the services necessary to attend to the patient’s medical
event in accordance with the diagnosis developed in step
1054.

[0062] In certain cases, the patient location database 80
may indicate that the patient’s most likely location is in transit
from one fixed location, as in the example of record 82a of the
patient location database 80. If the patient requires treatment,
it may be desirable to have the current transfer driver reroute
the patient to a selected treatment facility 31. In other cases, it
may be desirable to dispatch emergency responders to the
patient’s destination to transport him or her to a treatment
facility 31. One method of providing emergency patient ser-
vices for a patient who experiences a potential medical event
while in transit between scheduled appointments is described
in FIG. 8. In accordance with the figure, in step 1068 the
technologist receives a time-stamp from the patient’s com-
munication device 32. The time stamp may be associated with
physiological data transmitted to the emergency services
server 60. The technologist need not receive the time-stamp
directly from the patient, but instead, may receive a stored
value of the time-stamp which is associated (in a database file
or a medical data database contained within the emergency
services database 62) with physiological data that caused the
emergency services server 60 to generate an alarm or other
message indicating the occurrence of a potential medical
event.

[0063] Instep 1070, a program resident on emergency ser-
vices server 60 queries the patient location database 80 to
determine if the time stamp received in step 1068 is within a
selected time increment (e.g., 15 minutes, 30 minutes, 45
minutes, or 1 hour, etc.) of a scheduled transit event (transfer).
If it is not, the method of FIG. 5 or another method may be
used to obtain a patient location associated with a scheduled
or unscheduled event described in the patient location data-
base.

[0064] Instep1072,thetechnologistusesterminal 58torun
a program resident on emergency services server 60 which
calculates the driving path for the patient’s transit event based
on initial location and final locations indicated by the patient
location database 80. For example, record 82a in patient
location database 80 defines a transit event from the patient’s
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home to a cardiologist’s office. Thus, the addresses of the
patient’s home and the cardiologist’s office, which would also
be stored in the patient location database, are used to calculate
a distance between the two locations. In one example, an
electronic map database (e.g. Google maps) is used to calcu-
late the distance.

[0065] In step 1074, it is determined whether global posi-
tioning or radiolocation coordinates provided by the patient’s
communication device 32 are within a selected distance (e.g.,
5 m, 10 m, 20 m, etc.) from the path defined between the
patient’s starting and end points. If the coordinates are not
within the selected distance, another method (e.g., the method
of FIG. 5) may be used to determine the patient’s location,
which may be at a fixed address. If the patient’s global posi-
tioning or radiolocation coordinates are within the selected
distance from the driving path, control transfers to step 1076,
and the driving path and patient location are displayed on
technologist terminal 58.

[0066] In step 1078, the technologist determines if treat-
ment is required in the manner described previously. If no
treatment is required, the process ends and the patient con-
tinues the transit operation to his scheduled destination. If
treatment is required, in step 1080 the ALI database record for
the technologist phone 56 is updated to the address of the
patient’s destination. Thus, returning to the example of record
824 in FIG. 2, the cardiologist’s office address (which may
preferably be an MSAG address) will be used as the new ALI
database location for the phone 56. The SRDB (not shown)
will use the updated ALI record to route the call (and ANI) to
the PSAP responsible for the cardiologist office’s jurisdic-
tion.

[0067] Instep 1082, a program resident on emergency ser-
vices server 60 is used to calculate a distance from the
patient’s location (as indicated by his or her global position-
ing system or radiolocation coordinates) to the destination
and an estimated time of arrival at the destination.

[0068] In some cases, a paramedic may have the requisite
training and equipment to treat the patient. In such cases, it
may be desirable to have the paramedic meet the patient at the
scheduled destination (e.g., the cardiologist’s office in the
example of record 82a in FIG. 2). Thus, in step 1084 it is
determined whether the paramedic can provide the
necessary’treatment. In certain cases, the determination will
be made by the technologist and in others it will be made by
a physician or jointly by a technologist and physician. If the
paramedic can provide the necessary treatment, the technolo-
gist uses technologist phone 56 to dial an emergency services
number. Selective routing switch 66 routes the call to the
PSAP 40 responsible for the jurisdiction in which the
patient’s destination (e.g., cardiologist’s office) is located.
The PSAP 40 then queries the ALI database 52 to obtain the
address, which in certain implementations is an MSAG
address. The PSAP 40 then dispatches a paramedic to the
patient’s destination.

[0069] Ifthe paramedic cannot provide the necessary treat-
ment, control transfers to step 1086. In step 1086, a treatment
facility 31 is selected from the treatment facility 31 database
90 in the manner described previously. At this point, it may be
possible for the patient’s current transit driver to transport the
patient to the selected treatment facility 31. Otherwise, it may
be desirable to dispatch an emergency responder to transport
the patient. Thus, in step 1088, it is determined whether the
patient’s current transit driver can transport him or her to the
selected treatment facility 31.
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[0070] If the patient’s current driver can transport him or
her to the selected treatment facility 31, control transfers to
step 1090. In step 1090, a program resident on emergency
services server 60 calculates the distance from the patient’s
current location (as indicated by global positioning or radi-
olocation coordinates) to the selected treatment facility 31
and the estimated time of arrival at the selected treatment
facility 31. If the estimated time of arrival at the treatment
facility 31 is less than (or no greater than) the estimated time
of arrival at the destination (step 1092), the technologist con-
tacts the transit driver (such as calling him or her with tech-
nologist phone 56) and instructs him to re-route the patient to
the selected treatment facility 31 (step 1096).

[0071] Ifthe estimated time of arrival at the treatment facil-
ity 31 is greater than (or no less than) the estimated time of
arrival at the scheduled destination (e.g., the cardiologist’s
office), the technologist uses technologist phone 56 to dial an
emergency services number (step 1094). Selective routing
switch 66 routes the call to the PSAP 40 responsible for the
jurisdiction in which the patient’s destination is located.
PSAP 40 then dispatches emergency responders to the
patient’s scheduled destination to transfer him or her to the
selected treatment facility 31. As indicated by the foregoing,
if the patient’s transit driver can transport the patient to the
treatment facility 31 more quickly than he can transport the
patient to his destination, he does so. Otherwise, paramedics
(who can provide life support during transit) meet the patient
at the scheduled destination and transport him. Accordingly,
the method of FIG. 8 balances the considerations of speed and
in-transit life support to optimize the patient’s treatment for
the medical event of concern.

[0072] In some instances, none of the scheduled or
unscheduled locations or transit events in the patient location
database 80 will be close enough to the patient’s preliminary
location (as indicated by global positioning or radiolocation
coordinates) to reliably indicate the patient’s current location
. In such situations, the method of FIG. 5 may be modified so
that the technologist phone 56 ALI record is updated to match
the patient’s preliminary location information. When the
technologist dials the emergency services number, selective
router 66 will route the call to the PSAP 40 responsible for the
jurisdiction indicated by the patient’s preliminary location
information. As indicated above, global positioning coordi-
nates and radiolocation coordinates typically have an inher-
ent error of +/-300 meters. As a result, it is preferable to
update the technologist phone 56 ALI location record based
on a geocoded address from patient location database 80.
However, this modified version of the method of FIG. 5 acts
as a “fail-safe” when no geocoded address appears to be
reliable.

[0073] In one further modification, it may be desirable to
initiate an emergency services call from the patient’s commu-
nication device 32 as a fail-safe. For example, if there is a
failure in the data transfer from the emergency services server
60 to the ALI system 48, it may not be possible to update the
ALI database record for the technologist’s phone 56. Accord-
ingly, in one scenario, the technologist uses technologist ter-
minal 58 to communicate with emergency services server 60
and inform server 60 that an emergency services call will be
placed. The server 60 transmits instructions to patient com-
munication device 32 which cause device 32 to place an
emergency services call and to initiate a three-way call
between the answering PSAP 40 and the technologist phone
56. Using standard techniques for the routing of emergency
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services calls from cellular telephones, the patient’s call will
be routed to the PSAP 40 responsible for the jurisdiction
which includes the global positioning coordinates and/or
radiolocation coordinates of patient’s communication device
32. The PSAP 40 will then query the ALI system 48 for the
patient’s global positioning or radiolocation coordinates.
However, to improve the accuracy of the patient’s location,
the technologist will communicate the patient’s geocoded
address (e.g., the address selected based on the method of
FIG. 5) to the PSAP 40 operator. In another variation, the
technologist can bypass PSAP 40 and directly contact a pub-
lic dispatch access point (PDAP) to dispatch a selected emer-
gency responder (e.g., ambulance, police, or fire). The tech-
nologist can then communicate the patient’s geocoded
address to the PDAP. In certain examples, emergency services
database 62 will include one or more PDAP databases with
addresses, phone numbers and other information related to
specific PDAPs.

[0074] In certain examples, the server farm 61 will include
an alarm server and/or an interpretation server that deter-
mines whether physiological data received from physiologi-
cal data devices 30 indicates a possible medical event. The
determination of whether a possible medical event is occur-
ring may be based on the development of patient-specific
parameters. In one example, each patient utilizing system 20
or 22 is tested to develop a baseline (non-event) condition for
the physiological data relevant to his or her condition. Patient-
specific criteria may be developed from past medical event
occurrences to determine which deviations from the baseline
condition are most likely to indicate a medical event, and
those deviations can be used to trigger an alarm transmitted to
technologist terminal 58. In certain examples, if an alarm is
generated, both the baseline and alarm-triggering measure-
ments may be retrieved from the emergency services server
60 and displayed to the technologist 58.

[0075] Incertain embodiments, server 60 is programmed to
perform a logistic regression method on geocoded location
data. In many cases, a technologist will be able to verify the
patient’s actual location and determine whether (and how
closely) it matches the geocoded location provided by the
patient location database (e.g. FIG. 2). In certain implemen-
tations, the use of a logistic regression method will allow a
percentage accuracy to be displayed to the technologist,
which indicates the reliability of the geocoded location. In
one example, the variables used to perform the logistic regres-
sion include the patient’s current global positioning coordi-
nates (or radiolocation coordinates) with a time-stamp and
the accuracy radius, the patient’s schedule of locations, driv-
ing directions (e.g., from a computerized map system such as
Google Maps), unscheduled locations, verified locations, and
unscheduled locations, such as indicated by credit card bills,
checks, plane tickets, etc. In one example, the following
logistic regression formulae are used to predict the probabil-
ity that the geocoded location will be correct:

Ag)-1=(11a™) m
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[0076] where 3, B, ... B, are the regression coefficients of
X1, X5, X3, - - - X,,, Which are the independent variables used to
predict the patient’s location .

[0077] In certain examples, the logistic regression formula
will “learn” by updating the regression coefficients to
improve the accuracy of the prediction.
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[0078] Systems 20, 22, and 24 as well as the geocoding
techniques described herein can be used in a variety of ways
other than providing emergency services to patients. For
example, systems 20, 22, and 24 could be used to provide
dynamic transportable security systems. In one implementa-
tion, an alarm system is provided which takes the place of
physiological data devices 30 and generates an alarm to the
call center 54 indicating that an intrusion or some other secu-
rity breach has occurred. One known system that is suitable
for this purpose is the Quorum A-160 Home Security Moni-
tor. Similar products are also supplied by ASG Security Sys-
tems. Subscribers may have their schedules geocoded in a
manner similar to that depicted in FIG. 2 so that when an
alarm is triggered, a technologist in the call center 54 receives
a geocoded address for the subscriber. The geocoded address
would then be used to update the ALI database 52 based on
the geocoded address. When the call center phone 56 is used
to dial an emergency services number, the call will be routed
to the PSAP 40 servicing the subscriber’s location. In those
systems with enhanced 9-1-1 capability, the PSAP 40 can
then query the ALI system 48 for the subscriber’s location and
dispatch police, fire, and/or EMS accordingly.

[0079] In another implementation, systems 20, 22, and 24
and the geocoding techniques described herein may be used
for search and rescue operations, including during disasters.
For example, a plurality of subscribers (instead of patients)
may have their schedules geocoded in a subscriber location
database included in database 62. The time of occurrence of a
disaster and its geographic boundaries may be used by the
technologist to determine a list of subscribers who are likely
within the disaster zone. Their geocoded locations can be
used to update the ALI record of the call center phone 56 so
that the relevant PSAP 40 for each of the subscribers may be
contacted and dispatched to the geocoded subscriber loca-
tions. The systems 20, 22, 24 could also be used in a mode
whereby when a subscriber does not respond to communica-
tions, the call center 54 is alerted and uses the subscriber’s
geocoded location to update the call center phone’s ALI
record to dispatch emergency responders to the geocoded
location. This mode could be useful for people engaging in
activities such as scuba diving, skiing, hiking, etc. where
there is a potential for the subscriber to become injured but
unable to dial an emergency services number. In certain
modes, a call center technologist could make the attempts to
contact the subscriber and automatically log failed commu-
nication attempts on server 60 so that an alarm is triggered if
a threshold number of failed communication attempts is
exceeded.

[0080] In the previous examples, systems 20 and 22 used
the triggering of an automatic alarm generated by sensor data
to alert a technologist who then initiates the querying of a
patient (or subscriber) location database 80 with geocoded
locations. However, the system could also be used in a mode
in which the patient or subscriber simply calls the call center
54 to initiate the process. In one example, if a person is located
in a high rise building in a specific internal location, the
typical MSAG addresses for the building would not be spe-
cific enough to find the person. If the person were to witness
acrime or witness/have a medical emergency, he or she could
call the call center 54 to initiate the use of his or her geocoded
address to update the call center phone’s ALI record, thereby
ensuring faster responses by first responders.

[0081] The systems and methods disclosed herein may also
be used internationally and are in no way limited to any one
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country. Anyone with a structured schedule can benefit from
them. The systems and methods may also be particularly
beneficial for those traveling abroad who may be unaware of
the emergency services number used in the location of travel.
Set forth below are a few non-limiting examples of how the
systems and methods described herein may be used.

EXAMPLE 1

[0082] A patient with known cardiac disease requires ECG
monitoring and stress testing to determine whether he suffers
from acute coronary syndrome. Instead of admitting the
patient to a hospital for the required monitoring and testing,
he is discharged and fitted with a 12 lead continuous moni-
toring ECG device, such as the COTTER system supplied by
Ross Medical Corporation. The ECG device communicates
ECG data to the patients’ communication device 32, which in
turn communicates the data to the emergency services server
60 via computer network 34. The patient’s schedule of activi-
ties, including scheduled stress tests, echocardiograms, and
Doctor’s office visits is input into the patient location data-
base 80 in emergency services database 62. The 12 lead ECG
monitor detects changes that occur in myocardial infarction
and ischemia, localization of infarcts, right ventricular strain
patterns commonly seen in pulmonary embolism, voltage
changes seen in pericardial effusion, arrhythmia analysis,
heart axis shifts seen in myocardial infarction and pulmonary
embolism, electrolyte abnormalities such as hyperkalemia,
hypokalemia, drug overdoses with substances like digoxin
and tricyclic antidepressants, pericarditis, fascicular blocks,
and ventricular hypertrophy. Using the 12 lead system, a
baseline condition for the patient is determined and is input
into an interpretation server associated with server farm 61.
When the interpretation server identifies an alarm condition,
an alarm server associated with server farm 61 transmits an
alarm to technologist terminal 58 in call center 54. The tech-
nologist then initiates a query of the patient location database
80 in the emergency services database 62 to obtain a geo-
coded location for the patient. The ALI database 52 is updated
to associate the geocoded location with the ANI for the call
center phone 56. The technologist dials 9-1-1 on the call
center phone 56, and the call is routed to the PSAP 40 based
on the updated ALIrecord. The PSAP uses PSAP phone 40 to
query the ALI database 52 and obtain the geocoded location.
In certain variations, more than 12 ECG leads may be used. In
addition, instead of a 12 lead ECG device, and implantable
cardioverter defibrillator may be used to measure arrhythmia
in a 2 lead system.

[0083] Incertain implementations, such as those using next
generation 911 systems, the patient location database 80 or
another database that is linked to it may contain additional
information that is used to dynamically update the ALI record
for the call center phone 56. Such information may include
floor plans for the building in which the patient is located,
medical information about the patient, and messages regard-
ing the patient’s current condition. Thus, when the PSAP 40
receiving the emergency services call queries ALI database
52, PSAP 40 will receive the patient’s MSAG location, floor
plans for the building at that location, and medical informa-
tion about the patient. A message describing the current diag-
nosis, such as “heart attack” may then be displayed to the
PSAP operator.

EXAMPLE 2

[0084] A patient with congestive heart failure requires fluid
status monitoring to detect fluid accumulations which may
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lead into the lungs. Once the body fluid volume reaches a
certain point, excessive amounts of fluid enter the lungs,
reducing gas exchange and increasing breathing difficulty.
Over 3 million people in the US have congestive heart failure,
and 30%-40% of them are hospitalized for fear of such fluid
accumulations. The patient is provided with a blood vessel
impedance monitor to determine fluid status, and his schedule
is input in a patient location database 80 of the type described
previously. The blood vessel impedance monitor transmits
impedance data to the patient’s communication device 32,
which in turn transmits the data to emergency services server
60 via computer network 34. An interpretation server is con-
figured to trigger different levels of response, including early
response (pre-symptom), intermediate response, and late
response. In the early response mode, the patient may be
contacted by medical responders or alerted on his or her
communication device 32 to ensure that they are taking their
medications and to make any needed medication and diet
changes. In the intermediate response mode, emergency
responders are dispatched using system 20 or 22 in the man-
ner described previously based on the patient’s geocoded
location and provide appropriate non-invasive therapies such
as lasix, nitroglycerin, oxygen, etc. In the critical mode, the
patient may require intubation and assisted ventilation in an
emergency room, and possibly further treatment in an inten-
sive care unit with multiple mediations and potentially inva-
sive monitoring (i.e., central venous lines). Other physiologi-
cal data devices 30 which may be used to monitor congestive
heart failure patients include intra-cardiac pressure sensors,
plethysmography sensors, ultrasound, weight scales, and
intraarterial pressure sensors.

EXAMPLE 3

[0085] A patient with a low oxygen saturation or hypoxia
condition, such as chronic obstructive pulmonary disease,
restrictive pulmonary disease, asthma, congestive heart fail-
ure or any other condition that prevents adequate oxygen
saturation is fitted with a pulse oximeter which transmits
oxygen saturation data to patient communication device 32,
which in turn transmits the data to emergency services server
60 via computer network 34. An interpretation server that is
associated with or included in emergency services server 60 is
configured to compare the patient’s oxygen saturation data to
baseline data and to generate an alarm condition based on a
specified deviation from the baseline. The patient’s schedule
is entered into a patient location data base 80 within or asso-
ciated with the emergency services server 62. During a low
oxygen saturation condition, an interpretation server com-
pares the baseline condition to data received from the pulse
oximeter and determines that an alarm condition exists. An
alarm server transmits an alarm to the technologist terminal
58 at the call center 54. Based on the data, and/or in consul-
tation with the patient and/or a physician, the technologist
causes the geocoded location from patient location database
80 to be transmitted to ALI database 52. The technologist
dials 9-1-1, and the call is routed (with the ANI) to the PSAP
40 responsible for the geocoded location. The PSAP 40 que-
ries the ALI system 48 for the patient’s geocoded location
based on the ANI. The technologist informs the answering
PSAP 40 that oxygen delivery and medications are required
to treat the patient, which are available in the dispatched
ambulance. In a variation of this example, personnel with
prolonged exposure to carbon monoxide can be provided
CO-oximeters to detect carbon monoxide levels in the blood
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and to provide emergency services when detected levels devi-
ate by a specified amount from a baseline condition.

EXAMPLE 4

[0086] Uncontrolled diabetes has many associated acute
and chronic complications. Self- monitoring blood glucose
levels can be difficult for many patients which can lead to life
threatening complications. Patients with continuously
elevated blood glucose levels may develop diabetic keto-
acidosis, hyperosmolar hyperglycemic non-ketotic coma,
and infections. In this example, a patient is provided with a
glucometer that is configured to transmit glucose data to
patient communication device 32 which is in turn configured
to transmit the data to emergency services server 60 via com-
puter network 34. Certain known glucometers are implant-
able and/or Bluetooth enabled, such as the Myglucohealth®
wireless meter supplied by Entra Health Systems LLC of San
Diego, Calif. Baseline glucose data is obtained and saved in a
medical record database associated with an interpretation
server. The interpretation server receives glucose data from
the patient and determines whether it deviates by a specified
amount from the baseline data, in which case an alarm is
transmitted to technologist terminal 58. The patient’s sched-
ule is entered into a patient location database 80. When the
interpretation server detects an alarm condition, the technolo-
gist terminal 58 receives an alarm. The technologist causes
emergency services server 60 to transmit the patient’s geo-
coded location to the ALI server 52. The technologist dials
9-1-1, and the call is routed to the PSAP 40 in the patient’s
jurisdiction. The PSAP 40 transmits the ANI received with
the call to the ALI system 28 and retrieves an ALI record
indicating the patient’s current location, which is displayed
on PSAP terminal 44. Emergency responders are dispatched
to the patient’s location and provide glucose (in the case of
hypoglycemia), and/or other medications indicated for the
patient’s condition. Certain glucometers also measure hemo-
globin levels and can be used for this purpose to detect low
hemoglobin (anemia) levels. Low hemoglobin is often the
result of bleeding which can go undetected until hemoglobin
levels are dangerously low, as in the cases of cirrhosis or
peptic ulcer disease. For patients with low hemoglobin levels
but who do not have blood glucose regulatory problems,
hemoglobin alone can be measured.

EXAMPLE 5

[0087] Electroencephalography (EEG) is gaining in popu-
larity in detecting neurological derangements associated with
brain cell ischemia during stroke. Some studies suggest that
these derangements precede symptoms. Other studies have
correlated specific findings on EEG readings, such as the
presence of delta waves, to areas of the brain that are acutely
ischemic. Current research is cost prohibitive because it
would require long term EEG monitoring in a hospital. In this
example, a patient is provided with an EEG device configured
to transmit EEG data to patient communication device 32.
Baseline data are generated and used to generate alarms trans-
mitted to technologist 58 in the manner described previously.
The alarms may be used to develop algorithms for predicting
the onset of stroke or transient ischemic attack and to dispatch
first responders to the patient when such an event is imminent.
In addition, EEG monitoring can be used to track seizure
activity and reduce the neurological damage resulting from
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such seizures by using the geocoding techniques described
herein to quickly dispatch first responders to the patient’s
location.

EXAMPLE 6

[0088] Patients who have undergone aortic aneurism repair
using endovascular grafts may need monitoring to ensure that
the graphs do not fail. Increased pressure between the walls of
the aortic repair may indicate repair and wall breakdown and
could lead to aneurysm rupture, which is life threatening.
Monitoring and reducing intravascular pressures reduces the
chance of endovascular graph failure. Thus, in this example,
a patient is provided with an endovascular graph pressure
sensor which wirelessly transmits pressure data to the patient
communication device 32, which in turn transmits the data to
emergency services server 60. The patient’s schedule is
entered into a patient location database 80, and when the
sensor indicates a possible medical emergency event (as
determined by an interpretation server), first responders are
dispatched to the patient’s geocoded location by a call center
technologist in the manner described previously.

[0089] Asindicated in the foregoing examples, a number of
different physiological data devices 32 may be used to moni-
tor a number of different types of physiological data. Other
conditions that could be monitored include chest pains, short-
ness of breath, jaw pain, arm pain, leg pain, abdominal pain,
diaphoresis, syncope, lightheadedness, swelling, and focal
neurological deficits. The following examples describe other
scenarios in which systems 20 and 22 and the geocoding
techniques described herein may be beneficially used.

EXAMPLE 7

[0090] A number of disaster emergency response subscrib-
ers provide schedule information which is input into a sub-
scriber location database similar to the patient location data-
base 80 of FIG. 2. The subscriber location database is part of
or associated with emergency services server 62. During a
natural disaster, call center 54 obtains information about the
nature of the natural disaster and its geographic boundaries. A
server associated with server farm 61 is programmed to deter-
mine which subscribers lie within the geographic boundaries
ofthe affected area. Subscriber communication devices (such
as patient communication devices 32) comprise smart phones
with sensors (e.g., video sensors, speaker phone, pressure
sensors, depth sensors, movement sensors, heat sensors, elec-
trical sensors) which can detect and confirm that the sub-
scriber is proximate the communication device. The commu-
nication devices provide preliminary location information
(e.g., atime-stamp of a transmission with GPS coordinates or
radiolocation coordinates) to emergency services server 61.
Using the preliminary location information, the subscriber
location database is queried to obtain a geocoded location
(e.g., using the method of FIG. 5) for the first subscriber
believed to be proximate his or her communication device.
The geocoded location is used to update ALI database 52. The
technologist dials 9-1-1, and the call is routed to the PSAP 40
responsible for the geocoded location. The PSAP 40 then uses
the ANI for call center phone 56 to query the ALI database 52
and obtain the first subscriber’s geocoded location, which is
then provided to PSAP terminal 58 by selective routing
switch 66. Emergency responders are then dispatched to the
subscriber, and the process is repeated for the other subscrib-
ers lying within the area affected by the disaster. In one
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variant, the time of the disaster is used as a time-stamp to
query the subscriber location database for a geocoded loca-
tion instead of using a time-stamp received from a subscriber
communication device.

EXAMPLE 8

[0091] A family subscribes to a home security service that
uses the system 20 of FIG. 20. The family plans on traveling
abroad and provides its travel schedule, which is then entered
into a subscriber location database similar to the patient loca-
tion database 80 of FIG. 2. While abroad, the family stays in
a rented residence and uses a burglar alarm which transmits
an alarm to a subscriber communication device (similar to
patient communication device 32), which in turn transmits
the alarm data to emergency services server 61 along with an
associated time-stamp. Alternatively, the alarm device may
transmit alarm data to network 34 and server 60 without the
use of the patient communication device. If a time-stamp
cannot be provided, server 60 can use the time of receipt of the
alarm data for purposes of querying the subscriber location
database. The subscriber location database indicates that the
family is in the rented residence. The technologist transmits
the geocoded location to ALI database 52 to associate the
geocoded location with the call center phone 56. The tech-
nologist dials the emergency services number for the juris-
diction in which the family is staying (e.g., 112 if the family
is in Spain) and communicates with the local PSAP to obtain
assistance for the family. Local law enforcement is then dis-
patched to the residence.

EXAMPLE 9

[0092] A subscriber is sailing in the ocean, and a storm
overtakes his boat. Emergency services server 60 is pro-
grammed to receive data concerning natural disasters in the
area in which subscriber is sailing and receives an alert that
one has occurred. The subscriber provides schedule informa-
tion such as the course and location of his voyage which is
entered in a subscriber location database. A technologist in
call center 54 is alerted to the storm and queries the emer-
gency services server 60 for the subscriber’s geocoded loca-
tion based on the time-stamp of the alert. The geocode algo-
rythm would be similar to the one depicted if FIG. 8 where
transit path is used to locate the subscriber. If the technologist
can reach the subscriber, he contacts the subscriber on the
subscriber communication device 32 to confirm the subscrib-
er’s location. Otherwise, the technologist causes emergency
services server 60 to transmit the geocoded location to the
ALI database 52. The ALI database 52 is updated so that the
call center phone 56 ANI is associated with the geocoded
location. The technologist dials the emergency services num-
ber for the geocoded location, and the call is routed to the
local PSAP 40. The local PSAP 40 queries the ALI system 48
using the ANI and receives a message identifying the geo-
coded location on terminal 44. The PSAP dispatches emer-
gency responders to the geocoded location.

EXAMPLE 10

[0093] A subscriber goes scuba diving off the coast of
France. Before leaving, he provides his diving schedule
which is entered into a subscriber location database within or
associated with emergency services database 62. His diving
computer is wirelessly connected to computer network 34
and communicates information related to the dive to emer-
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gency services server 60. During the dive, the subscriber
becomes trapped below the surface. A low oxygen alarm is
triggered by the diving computer and is communicated to the
emergency services server 60, which in turn communicates
the alarm to call center 54. Based on the time of receipt of the
alarm, the technologist queries the subscriber location data-
base to obtain the subscriber’s geocoded location. The tech-
nologist causes emergency services server 60 to transmit the
geocoded location (which may be a longitude and latitude in
this example) to the ALI database 52. The technologist dials
the emergency services number for France, and the call is
routed to the PSAP responsible for the geocoded location,
which then dispatches emergency responders to rescue the
diver.

EXAMPLE 11

[0094] An attorney works in a high rise office building in a
large city. The building has an MSAG address in its jurisdic-
tion, but none of its floors or offices have their own distinct
MSAG addresses. The attorney provides his schedule infor-
mation which includes the internal floors and offices at which
he can routinely be found, as well as those at which he might
be found (e.g., unscheduled locations). The schedule infor-
mation is entered into a subscriber location database. During
ameeting, the attorney’s client has a heart attack. The attorney
calls the call center 54 with his subscriber communication
device 32. The technologist uses the time-stamp of the call to
query the subscriber location database. Although he is on the
phone, the attorney cannot confirm his internal floor or office
in the building. The ALI database 52 is updated so that the call
center phone’s 56 ANI is associated with the geocoded loca-
tion, i.e., the building, floor, and office at which the attorney is
predicted to be located. The technologist dials 911, and the
call is routed to the PSAP 40 in the building’s jurisdiction.
The PSAP 40 queries the ALI system 48 with the ANT and
receives the geocoded location, including the building
address, floor, and office. Emergency responders are dis-
patched to the geocoded location and do not have to guess or
use other means to ascertain where the attorney and his client
are located.

EXAMPLE 12

[0095] A subscriber goes on a trip to a relative’s home and
provides her schedule information which is entered into the
subscriber location database. She also brings with her a por-
table carbon monoxide and smoke detector which is config-
ured to wirelessly communicate with computer network 34,
either directly or via subscriber communication device 32. A
fire breaks out in the middle of the night, and the subscriber’s
detector generates an alarm which is transmitted to emer-
gency services server 60. A call center technologist receives
the alarm and initiates a query of the subscriber location
database to obtain the subscriber’s current geocoded location.
The technologist attempts to but cannot reach the subscriber
on her communication device 32. The technologist transmits
the geocoded location to the selective routing switch 66 in the
manner described previously and calls 9-1-1. The 9-1-1 call is
routed to the PSAP responsible for the geocoded location, and
emergency responders are dispatched to the relative’s home.
[0096] The foregoing examples are meant to be illustrative
only. The systems and methods described herein can be used
in a variety of other applications, including those in which
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subscribers or patients are traveling or mobile and have a
defined schedule that can be used to geocode their locations.

What is claimed is:

1. A system for providing emergency services to a patient
with a medical condition, comprising:

a phone located remotely from the patient;

an emergency services server programmed to generate an

updated automatic location identification database
record for the phone based on the patient’s location.

2. The system of claim 1, wherein the phone is a VoIP
phone.

3. The system of claim 1, wherein the emergency services
server is programmed to generate a master street address
guide address for the patient’s location, and the updated auto-
matic location identification database record includes the
master street address guide address.

4. The system of claim 1, wherein the emergency services
server is programmed to generate an address for the patient’s
location, the address comprises a building street number, a
city, and a state, and the updated automatic location identifi-
cation database record includes the address for the patient’s
location.

5. The system of claim 1, wherein the emergency services
server is programmed to determine the patient’s location
based on a patient time-stamp.

6. The system of claim 5, wherein the emergency services
server is programmed to determine the patient’s location by
comparing the patient time-stamp to a plurality of database
time entries corresponding to the patient and determining
whether any of the plurality of database time entries corre-
sponding to the patient are within a pre-selected time incre-
ment from the patient time-stamp.

7. The system of claim 5, wherein the patient time-stamp
corresponds to one selected from radiolocation coordinates
and global positioning system coordinates transmitted by a
wireless communication device proximate the patient. 5022-
0002 PATENT

8. The system of claim 1, wherein the address further
comprises a building number.

9. The system of claim 1, wherein the address further
comprises a room number.

10. The system of claim 1, further comprising a patient
location database comprising a plurality of database time
entries and a plurality of database patient locations, wherein
each of the database time entries corresponds to a patient, and
each database patient location corresponds to a database
patient time entry.

11. The system of claim 1, wherein the patient time stamp
is received from the patient or a time at which medical data is
received from the patient.

12. The system of claim 1, further comprising a treatment
facility database including a plurality of database treatment
facilities, and database treatment facility locations, database
treatment facility services, and database treatment facility
schedules corresponding to each of the database treatment
facilities.

13. The system of claim 12, wherein the emergency ser-
vices server is programmed to select a database treatment
facility from the treatment facility database based on at least
one selected from the group consisting of the patient’s loca-
tion, database treatment facility locations, the patient’s medi-
cal condition, and a time-stamp received from the patient.
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14. The system of claim 12, wherein the database treatment
facility services for at least one of the database treatment
facilities comprises surgical services.

15. The system of claim 14, wherein the surgical services
include cardiac catheterization services.

16. The system of claim 12, wherein the database treatment
facility schedule for at least one of the database treatment
facilities includes a physician on-call schedule.

17. The system of claim 12, wherein the emergency ser-
vices server is programmed to calculate a distance between a
patient location and a database treatment facility location.

18. The system of claim 1, further comprising a work
station comprising a display, wherein the display selectively
displays one or more database patient locations, and when a
user selects a displayed database patient location, the emer-
gency services server generates an updated automatic loca-
tion identification database record based on the selected data-
base patient location.

19. The system of claim 1, wherein the emergency services
server is configured to receive medical physiologic data from
a patient sensor.

20. The system of claim 1, wherein the emergency services
server is programmed to identify the occurrence of a medical
event based on received medical physiologic data from a
patient sensor and reference medical physiologic data, and
the system further comprises a display that selectively dis-
plays a message indicating the occurrence of the medical
event.

21. A system for providing emergency services to a patient
with a medical condition, comprising:

a phone having an associated automatic location identifi-
cation database record, wherein the automatic location
identification database record contains location infor-
mation for the phone;

a patient location database, comprising database patient
identity information for a plurality of patients and one or
more database patient locations for each patient from
among the plurality of patients;

an emergency services server, wherein the emergency ser-
vices server is programmed to determine a patient loca-
tion based on preliminary patient location information,
database patient identity information, and the one or
more database patient locations corresponding to the
patient, and wherein the emergency services server gen-
erates an updated automatic location identification data-
base record for the phone based on the determined
patient location or a user-entered patient location.

22. The system of claim 21, wherein the emergency ser-
vices server is programmed to generate a master street
address guide address for the patient’s location, and the
updated automatic location identification database record
includes the master street address guide address.

23. The system of claim 21, wherein the preliminary
patient location information comprises a time-stamp corre-
sponding to one selected from radiolocation coordinates and
global positioning system coordinates transmitted by a
patient.

24. The system of claim 21, wherein the preliminary
patient location information comprises a time-stamp corre-
sponding to a time at which medical data is received from the
patient.

25. The system of claim 21, wherein the patient location
database comprises a plurality of database time entries, and



US 2012/0157795 Al

each of the one or more database patient locations corre-
sponds to a database time entry.

26. The system of claim 21, wherein the phone is located
remotely from the one or more database patient locations.

27. The system of claim 21, wherein the phone is a VoIP
phone.

28. The system of claim 21, further comprising a treatment
facility database including a plurality of database treatment
facilities, and database treatment facility locations, database
treatment facility services, and database treatment facility
schedules corresponding to each of the database treatment
facilities.

29. The system of claim 28, wherein the emergency ser-
vices server is programmed to select a database treatment
facility from the treatment facility database based on diag-
nostic information, and a location specified by an updated
automatic location identification database record.

30. The system of claim 29, wherein the emergency ser-
vices server is programmed to calculate a distance between a
location specified by the updated automatic location identifi-
cation database record and the location corresponding to the
selected treatment facility.

31. The system of claim 21, wherein the patient location
database includes one or more proscribed locations for each
patient.

32. The system of claim 21, wherein the emergency ser-
vices server is programmed to identify the occurrence of a
medical event based on received medical physiologic data
transmitted by a patient and reference medical physiologic
data, and the system further comprises a display that selec-
tively displays a message indicating the occurrence of the
medical event.

33. The system of claim 32, wherein the medical event is
one or more selected from acute coronary syndrome, myo-
cardial ischemia, myocardial infarction, cardiac arrhythmia,
syncope, congestive heart failure, pulmonary edema, stroke,
transient ischemic attack, elevated intracranial pressure, sei-
zure, and carbon monoxide poisoning.,

34. The system of claim 32, wherein the medical physi-
ologic data comprises at least one selected from ECG data,
implantable cardioverter defibrillator data, blood vessel
impedance data, intra-cardiac pressure sensor data, ultra-
sound data, intracranial pressure sensor data, pulse oximetry
data, co-oximeter sensor data, light absorbance data, glucom-
eter data, EEG data, and endovascular graph sensor data.

35. The system of claim 21, wherein the emergency ser-
vices server is programmed to calculate a percent accuracy
for the determined patient location based on a plurality of
previously determined patient locations and a plurality of
corresponding confirmed patient locations.

36. The system of claim 21, wherein the emergency ser-
vices server is programmed to determine at least one of a
distance and a transit time between the patient and a transfer
destination.

37. The system of claim 21, wherein the emergency ser-
vices server is configured to receive patient identity informa-
tion and corresponding coordinates for a plurality of patients,
and the coordinates are selected from the group consisting of
radiolocation coordinates and global positioning system
coordinates.

38. The system of claim 21, further comprising a mobile
wireless communication device configured to transmit
patient identity information to the emergency services server.
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39. The system of claim 38, further comprising at least one
medical diagnostic device configured to transmit medical
physiologic data to the mobile wireless communication
device.

40. The system of claim 21, wherein the preliminary
patient location information comprises a patient time-stamp,
the patient location database comprises one or more database
time entries each corresponding to a database patient loca-
tion, and if the patient time-stamp is within a pre-selected
time increment from one or more of the patient’s database
time entries, the determined patient location is set to a data-
base patient location that corresponds to one of the patient’s
one or more database time entries.

41. The system of claim 40, wherein the pre-selected time
increment is about 45 minutes.

42. The system of claim 40, further comprising a user
display, wherein the patient’s database time entries and cor-
responding database patient locations are selectively shown
on the display.

43. The system of claim 42, wherein when a user selects
one of the displayed database patient locations, the server
generates an updated an updated automatic location identifi-
cation database record for the phone which corresponds to the
selected displayed location.

44. The system of claim 21, wherein the preliminary
patient location information comprises a patient time-stamp,
the patient location database comprises one or more database
time entries each corresponding to a scheduled transfer of the
patient to a database destination location, and the determined
patient location is set to a database destination location that
corresponds to one of the patient’s database time entries
which is within a pre-selected time increment from the patient
time-stamp.

45. The system of claim 21, wherein when a designated
emergency services phone number is entered into the phone,
a call is placed to a public safety access point corresponding
to the location defined by the updated automatic location
identification database record.

46. A method of providing improved emergency services,
comprising;

receiving a patient’s medical physiologic data indicating

the occurrence of a medical event;

determining the patient’s location; and

updating an automatic location identification database

record for a phone based on the patient’s location,
wherein the phone is located remotely from the patient’s
location.

47. The method of claim 46, further comprising entering a
predetermined emergency services number into the phone,
thereby placing a call to a public safety access point corre-
sponding to the updated automatic location identification
database record.

48. The method of claim 46, wherein the phone is a VoIP
phone.

49. The method of claim 46, wherein the step of updating
an automatic location identification database record for a
phone based on the patient’s location comprises determining
a master street address guide address for the patient’s loca-
tion.

50. The method of claim 46, further comprising contacting
the patient to confirm the patient’s actual location

51. The method of claim 46, wherein the step of determin-
ing the patient’s location comprises determining the patient’s
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location based on a patient time-stamp corresponding to one
selected from radiolocation coordinates and global position-
ing system coordinates.

52. The method of claim 51, wherein the step of determin-
ing the patient’s location comprises determining if the
patient’s time-stamp is within a pre-selected time increment
from a database time entry corresponding to the patient.

53. The method of claim 46, wherein the step of determin-
ing the patient’s location comprises determining the patient’s
location based on a patient time-stamp corresponding to a
time at which medical data is received from the patient.

54. The method of claim 46, further comprising selecting a
treatment facility based on at least one selected from the
group consisting of the patient’s location, facility location
information, the patient’s medical condition, and a time
stamp corresponding to one selected from radiolocation coor-
dinates and global positioning system coordinates.

55. The method of claim 54, wherein the step of selecting
a treatment facility comprises accessing a treatment facility
database, and the treatment facility database comprises a
plurality of database treatment facilities, and database treat-
ment facility locations, database treatment facility services,
and database treatment facility schedules corresponding to
each of the database treatment facilities.

56. The method of claim 54, wherein the step of selecting
a treatment facility comprises calculating a distance from the
patient’s location to the treatment facility locations for a
plurality of treatment facilities in the treatment facility data-
base.

57. The method of claim 46, further comprising calculating
a predicted accuracy for the step of determining the patient’s
location.

58. The method of claim 46, further comprising comparing
the patient’s received medical physiologic data and compar-
ing it to reference medical physiologic data to determine the
occurrence of the medical event.

59. A method of determining a patient’s location, compris-
ing:

providing a patient time-stamp;

providing a schedule of patient activities, the schedule

comprising a plurality of scheduled times, each sched-
uled time corresponding to a scheduled location, and
each scheduled location comprising a master street
address guide location;

receiving a preliminary location for the patient; and

selecting a scheduled location based on the time-stamp and

the preliminary location.

60. The method of claim 59, wherein the step of selecting
a scheduled location based on the time-stamp and the prelimi-
nary location comprises selecting a first scheduled time, the
first scheduled time is within a selected time increment from
the time-stamp, and the first scheduled time corresponds to a
first scheduled location.

Jun. 21, 2012

61. The method of claim 60, wherein the first scheduled
location is within a selected distance from the preliminary
location.

62. The method of claim 60, wherein the selected distance
is no greater than about 600 meters.

63. The method of claim 60, wherein the step of selecting
a scheduled location based on the patient time-stamp and the
preliminary location further comprises selecting a second
scheduled time, the second scheduled time is within the
selected time increment from the patient time- stamp, and the
second scheduled time corresponds to a second scheduled
location.

64. The method of claim 59, further comprising determin-
ing at least one probability that the patient is at the scheduled
location based on at least the patient time-stamp and the
preliminary location.

65. The method of claim 64, wherein the step of determin-
ing at least one probability that the patient is at the scheduled
location comprises determining a plurality of probabilities
that the patient is at the scheduled location, wherein each
probability corresponds to a distance between the preliminary
location and the scheduled location.

66. The method of claim 59, wherein the step of providing
a patient time-stamp comprises receiving a time-stamp trans-
mitted by a wireless communication device proximate the
patient.

67. The method of claim 59, wherein the step of providing
a patient time-stamp comprises determining a time at which
medical data is received from the patient.

68. A method of providing emergency services to a patient
comprising;

determining the patient’s location in accordance with the

method of claim 59; and

dispatching a medical services provider to the selected

scheduled location.

69. The method of claim 68, wherein the step of dispatch-
ing a medical services provider to the selected scheduled
location comprises updating an automatic location identifi-
cation record for a phone based on the selected scheduled
location, and the phone is remotely located from the patient.

70. The method of claim 69, wherein the step of dispatch-
ing a medical services provider to the selected scheduled
location comprises entering an emergency services phone
number into the phone such that a call is placed to a public
safety access point corresponding to the location defined by
the updated automatic location identification database record.

71. The method of claim 68, further comprising selecting a
treatment facility based on at least one selected from the
group consisting of the selected scheduled location, facility
location, the patient’s medical condition, and the patient time-
stamp.

72. The method of claim 71, wherein the step of selecting
a treatment facility comprises calculating a distance between
the selected scheduled location and the facility location.
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