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(57) ABSTRACT

An adherent patient device is configured to adhere to the skin
of the patient and measure electrocardiogram data, imped-
ance data, accelerometer data, blood oxygen data and tem-
perature data. The adherent device can communicate wire-
lessly with gateways and a local processor system, such that
the patient can wander about the hospital and update the
monitoring station with the patient data when the patient is
ambulatory. The local processor system can be configured to
customize alerts for the patient, for example to notify auto-
matically a specialist in response to a special condition of the
patient. The adherent device may comprise a unique adherent
device identifier such that the customized alert can be sent
based on the unique device identifier. Each of the gateways
can be carried and may comprise a unique gateway identifier,
such that the unique device identifier and the unique gateway
identifier can be used to locate the ambulatory patient.
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PATIENT MONITORING SYSTEMS AND
METHODS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
Application No. 61/122,477, filed on Dec. 15,2008 (Attorney
Docket No. 026843-002900U8S); and U.S. Application No.
61/158,304, filed on Mar. 6, 2009 (Attorney Docket No.
026843-002910US); and U.S. Application No. 61/252,410,
filed Oct. 16, 2009 (Attorney Docket No. 026843-
002920U8), the full disclosures of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention is related to patient monitor-
ing. Although embodiments make specific reference to acute
patient monitoring in a hospital ward, the systems, methods
and devices described herein may be applicable to many
applications in which physiological monitoring is used, for
example wireless physiological monitoring for extended
periods.

[0004] Patients can be treated for diseases and/or condi-
tions associated with a compromised status of the patient, for
example a compromised physiologic status. In at least some
instances patients can be placed in a ward to ensure proper
care, such as ward of a convalescent hospital, a nursing home
or a hospital. In some instances, a patient in a ward, for
example a hospitalized patient, may be monitored to deter-
mine the underlying cause of illness. Hospital patients requir-
ing intensive care may be admitted to an intensive care unit
(hereinafter “ICU”), and hospitalized patients requiring
intensive care can be admitted to a general ward of the hos-
pital. However, health care costs continue to rise and in at
least some instances people are uninsured, such that people
may be unable to receive proper medical treatment in at least
some instances. ICU care can be very expensive and ICU
space limited, such that ICU care can significantly increase
the cost of hospitalization, and in at least some instances a
person may become very sick before being admitting to an
ICU.

[0005] It would be helpful if improved patient monitoring
were available that could at least decrease, or even minimize
the need for ICU care and hospital care. An ICU can include
complex instrumentation and highly trained staff, both of
which may be needed to monitor and treat the patient. In at
least some instances it may not be appropriate to release a
patient from an ICU to a general ward of a hospital due to
limitations of the instrumentation available in the general
ward of a hospital. Also, there may be some patients in the
general ward of a hospital who can benefit from improved
monitoring, for example to detect the onset of a life threaten-
ing condition, such that the patient can be treated for the life
threatening condition before ICU care is needed.

[0006] Work in relation to embodiments of the present
invention suggests that known methods and apparatus for
monitoring patients in hospital and long term care settings
may beless thanideal. In at least some instances, the currently
known methods and apparatus to monitor several patients in a
hospital ward may be more difficult and time consuming for
hospital staff than would be ideal. At least some of the known
ICU monitoring systems may not be well suited for use in a
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general hospital ward. For example at least some of the
known patient measurement devices may not be configured to
measure and transmit data optimally from an ambulatory
patient, such as may occur with a patient in a general ward
who can wander about the ward. In at least some instances
exercise such as walking may be helpful to the patient and
increase the rate recovery. Although at least some of the
known instrumentation and data systems for use in the ICU
may work well with a stationary patient who remains in bed,
these instrumentation and data systems may have less then
ideal performance when the patient is ambulatory and moves
about the hospital, for example with healthy walks for exer-
cise.

[0007] Although wireless communication devices may
transmit measured patient data, in at least some instances
problems can arise with mobile patients that may not occur
with stationary patients such as ICU patients. For example
when several mobile patients are monitored communication
through a gateway device may become slow and congested,
such that communication is somewhat slower than ideal. In at
least some instances, important information may not pass
through the gateway to a monitoring site in a timely manner.
Also, at least some ofthe known methods and devices thatuse
mesh communication protocols such as ZigBee can result in
communication that is slower than ideal in at least some
instances.

[0008] Therefore, a need exists for improved patient moni-
toring in patient wards such as wards in a hospital setting.
Ideally, such improved patient monitoring would minimize,
or even avoid, at least some of the short-comings of the
present methods and devices.

[0009] 2. Background Art

[0010] The following U.S. Patents and Publications may
describe relevant background art: U.S. Pat. Nos. 4,121,573,
4.955381; 4,981,139; 5,080,099; 5,319,363; 5,353,793;
5,511,553; 5,544,661; 5,558,638; 5,718,234; 5,724,025
5,772,586; 5,862,802; 5,944,659; 6,047,203; 6,117,077,
6,129,744; 6,213,942; 6,616,606; 6,225,901; 6,385,473;
6,416,471; 6,454,707, 6,527,711; 6,527,729; 6,544,174;
6,551,252; 6,595,927, 6,595,929; 6,605,038; 6,616,606
6,645,153; 6,659,947; 6,821,249; 6,980,851; 6,988,989;
7,020,508; 7,054,679, 7,088,242; 7,130,396; 7,153,262;
7,156,807, 7,336,187; 7,382,247, 2003/0092975; 2004/
0100376; 2004/0225199; 2005/0113703; 2005/0131288;
2005/0206518;  2006/0010090;  2006/0031102; 2006/
0074462; 2006/0089679; 2006/0122474; 2006/0142820;
2006/0155183;  2006/0202816;  2006/0224051; 2006/
0235281; 2006/0264730; 2006/0293571; 2007/0015973;
2007/0038038; 2007/0021678; 2007/0180140; 2007/
0180047; 2007/0255120; 2008/0004499; 2008/0058614

BRIEF SUMMARY OF THE INVENTION

[0011] The systems, methods and devices of embodiments
of the present invention provide improved patient monitoring
in wards with ambulatory patients, for example in the hospital
setting with ambulatory hospital patients and patients of an
extended care facility such as a convalescent hospital or a
mental hospital. The systems, methods and devices of many
embodiments provide an adherent patient device configured
to adhere to the skin of the patient in which many measure-
ments can be provided for many patients in the ward. The
adherent device can communicate wirelessly with at least one
gateway and a local processor system, such that the patient
can wander about the ward and update the monitoring station
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with patient data when the patient is ambulatory. The adherent
device can comprise an emergency notification switch opet-
able by the patient to trigger an emergency notification trans-
mission from the adherent device. The emergency notifica-
tion transmission can be used to alert a health-care provider of
the patient-initiated emergency notification. The local pro-
cessor system can be configured to customize alerts for the
patient, for example to notify automatically a specialist in
response to a special condition of the patient. The adherent
device may comprise a unique adherent device identifier, and
the patient can be associated with the unique adherent device
identifier, for example when the patient is admitted, such that
the customized alert can be sent based on the unique adherent
device identifier. Each of the gateways may comprise a
unique gateway identifier, such that the unique adherent
device identifier and the gateway identifier can be used to
locate an ambulatory patient in the hospital, for example
when the patient has walked away from his or her bed. The
adherent device can be configured to measure at least one of
an electrocardiogram data, impedance data, accelerometer
data, blood oxygen data or temperature data. In many
embodiments, the gateways comprise communication cit-
cuitry configured to communicate wirelessly to the monitor-
ing station, for example with a cellular communication pro-
tocol, such that the adherent devices and gateways can be
readily deployed in existing patient wards with existing moni-
toring stations. The wireless communication circuitry of the
gateways may be configured to communicate wirelessly
directly with communication circuitry of the monitoring sta-
tion and may also be configured with a mesh networking
protocol so as to communicate with the monitoring station
indirectly through other gateways when the direct connection
with the monitoring station circuitry is not available.

[0012] In a first aspect, embodiments of the present inven-
tion provide a system to monitor a plurality of patients. The
system comprises a plurality of adherent patient devices, in
which each adherent patient device comprises an adhesive
and wireless communication circuitry. Each device is config-
ured to adhere to a skin of one of the plurality of patients to
measure patient data and support the wireless communication
circuitry. The wireless communication circuitry is configured
to transmit the patient data. A local processor system com-
prises a tangible medium and at least one display disposed at
a monitoring station. The local processor system is config-
ured to receive the patient data and display the patient data to
a user at the monitoring station. A plurality of gateways is
configured to receive the patient data from the wireless com-
munication circuitry and transmit the patient data to the local
processor system.

[0013] Inmany embodiments, the monitoring station com-
prises a nurses’ station, and the user comprises a plurality of
nurses. The at least one display may comprise a central ter-
minal disposed at the nurses’ station to display the patient
data to the plurality of nurses. The at least one display can be
configured to display a status of each of the plurality of
patients.

[0014] Inmany embodiments, each adherent patient device
comprises a unique device identifier, and the local processor
system is configured to customize an alert for each adherent
device of the plurality based on the unique device identifier.
Fach patient may have a unique patient identifier, and the
local processor system can be configured to associate the
unique device identifier with at least one of the unique patient
identifier, a name of the patient, an assigned room of the
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patient or an assigned bed of the patient. For example, the
local processor systent may be configured to associate the
unique device identifier with the unique patient identifier and
send the customized alter to the physician in response to the
unique device identifier.

[0015] In many embodiments, the local processor system
comprises at least one handheld mobile device configured to
customize the alert. The local processor system can be con-
figured to customize the alerts with at least one of a physician
to notify, a family member to notify or a health care provider
to notify. The local processor system can be configured to
customize the alerts in response to a condition of the patient
and to select a specialized physician to notify in response to a
special condition of the patient. The specialized physician
may comprise at least one of a cardiologist, a nephrologist or
an obstetrician, and the specialized condition may comprise
at least one of a heart condition, a kidney condition or a fetal
condition.

[0016] In many embodiments, the system comprises a plu-
rality of alert devices, in which the alter devices comprise at
least one of a light, a beeper, a buzzer, and each of the plurality
of alert devices is located on one or more of the adherent
patient device, the gateway, the monitoring station or an alarm
device coupled to the gateway. For example, the alert device
may comprise the alarm device coupled to the gateway, and
the local processor system may be configured to activate each
alarm device in response to a unique gateway identifier and a
unique adherent device identifier. Each alert device may com-
prise a switch to deactivate the alert device.

[0017] In many embodiments, the local processor system
comprises a front end server connected to the plurality of
gateways, in which the front end server is configured to
receive the patient data from the plurality of gateways and to
show the patient data on the at least one display.

[0018] In many embodiments, the system comprises a
remote processor system having a back end server located
remote from the front end server, in which the back end server
is configured to receive at least a portion of the patient data
from the front end server. The local processor system can be
configured to detect an immediate life threatening condition
of the patient and issue an alert in response to the patient data,
and the remote processor system can be configured to detect
anon-immediate life threatening condition of the patient and
issue an alert in response to the patient data. The immediate
life threatening condition may comprise at least one of an
immediate life threatening heart condition or an immediate
life threatening fetal condition, and the non-immediate life
threatening condition may comprise at least one of a non-life
threatening heart condition, a non-life threatening kidney
condition or a non-life threatening fetal condition. For
example, the life immediate threatening condition may com-
prise the immediate life threatening heart condition, and the
immediate life threatening heart condition may comprise at
least one of a ventricular tachycardia or a ventricular fibrilla-
tion. The non-life threatening condition may comprise the
non-life threatening heart condition, and the non-life threat-
ening heart condition may comprise at least one of a non-
sustained ventricular tachycardia or an atrial fibrillation.
[0019] Inmany embodiments, each adherent patient device
comprises an adherent device processor comprising a tan-
gible medium configured to process the patient data, and each
gateway comprises a gateway processor comprising a tan-
gible medium configured to process patient data. The local
processor system is configured to process patient data trans-
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mitted from the plurality of gateway devices and transmit
processed patient data to a remote processor system.

[0020] Inmany embodiments, each adherent patient device
comprises a unique patient device identifier, and the local
processor system is configured to store a list with the unique
patient device identifier for each patient device adhered to the
patient. Each gateway of the plurality of gateways is config-
ured to communicate with at least one of the plurality of
patient devices in response to the list. Each gateway may be
configured to transmit patient data and the unique patient
device identifier in response to the list.

[0021] Inmany embodiments, the local processor system is
configured to receive the patient data and determine locations
of the plurality of patients when at least some of the patients
are mobile. For example, each gateway can be positioned at a
unique location, and each gateway of the plurality of gate-
ways may comprise a unique gateway identifier. Each gate-
way of the plurality of gateways may be configured to trans-
mit the unique gateway identifier, the unique patient device
identifier and the patient data to the local processor system,
and the local processor system may be configured to deter-
mine the location of each patient in response to the unique
gateway identifier and the unique patient device identifier.
[0022] Inmanyembodiments, afirst portion of the plurality
of gateways is configured to communicate with a first portion
of the plurality of adherent patient devices adhered to a first
portion of the plurality of patients, and a second portion of the
plurality of gateways is configured to communicate with a
second portion of the plurality of adherent patient devices
adhered to a second portion of the plurality of patients. The
first portion of the plurality of gateways may cover a first area,
and the second portion of the plurality of gateways may cover
a second area, in which the first area overlaps substantially
with the second area, such that the first portion of adherent
devices transmit patient data through the first portion of the
plurality of gateways when the first portion of the plurality of
patients roam the second area. The second portion of adherent
devices may transmit patient data through the second portion
of the plurality of gateways when the second portion of the
plurality of patients roam the first area.

[0023] In many embodiments, the first portion of the plu-
rality of gateways comprises a first unique gateway device list
comprising the unique identifiers of the first portion of patient
devices, and the second portion of the plurality of gateways
comprises a second unique gateway device list comprising
the unique identifiers of the second portion of patient devices.
The first portion of the plurality of gateways may comprise at
least about five gateways, and the first portion of the plurality
of adherent patient devices may comprise at least about ten
adherent patient devices. The second portion of the plurality
of gateways may comprise at least about five gateways, and
the second portion of the plurality of adherent patient devices
may comprise at least about ten adherent patient devices.
[0024] Inmany embodiments, the local processor system is
configured to change the list to an updated list and transmit at
least a portion of the updated list to at least a portion of the
plurality of gateways when one of the plurality of adherent
devices is at least one of adhered to or removed from one of
the patients.

[0025] In many embodiments, the adherent patient device
comprises a plurality of adherent patient devices configured
to adhere simultaneously to the patient on opposite sides of a
chest ofthe patient to enhance fidelity of data signal measured
from the patient. For example, the plurality of adherent
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patient devices may comprise a first adherent device compris-
ing first wireless communication circuitry, and a second
adherent device comprising second wireless communication
circuitry. The first adherent device may comprise a first at
least two electrodes to measure a first cardiac vector on a first
side of the chest, and the second adherent device may com-
prise a second adherent device comprising a second at least
two electrodes to measure a second cardiac vector, the first
wireless communication circuitry configured to transmit the
first cardiac vector, the second wireless communication cit-
cuitry configured to transmit the second cardiac vector.

[0026] In many embodiments, the adherent patient device
comprises a GPS receiver to locate the adherent patient device
adhered to the patient.

[0027] In many embodiments, at least one of the adherent
patient device, the gateway or the monitoring station com-
prise a battery indicator to indicate battery power.

[0028] In many embodiments, the plurality of gateways
comprises a hospital-wide gateway network configured to
monitor the plurality of patients when at least some the
patients are ambulatory and roam the hospital.

[0029] Inmany embodiments, each gateway of the plurality
of gateways comprises first wireless communication circuitry
configured to communicate with one or more of the plurality
of adherent patch devices and second wireless communica-
tion circuitry configured to communicate with a transceiver of
the local processor system. Each gateway of the plurality of
gateways can be configured to be carried by a patient of the
plurality of patients.

[0030] The gateways can be configured in many ways to
communicate with the transceiver of the local processor sys-
tem. Each gateway of the plurality of gateways may be con-
figured to communicate directly with the transceiver of the
local processor system. For example, each gateway of the
plurality of gateways may be configured to communicate with
a cellular connection to the transceiver of the local processor
system. Alternatively or in combination, each gateway of the
plurality of gateways may be configured to communicate with
at least one other gateway of the plurality of gateways with a
mesh wireless communication protocol, for example when
direct communication is not available. Many mesh protocols
can be used, and the mesh wireless communication protocol
may comprise a ZigBee communication protocol.

[0031] Inmany embodiments, each gateway of the plurality
of gateways comprises a unique gateway device identifier.
Each gateway of the plurality can be configured to commu-
nicate with at least one other gateway in response to the
unique gateway device identifier of the at least one other
gateway. For example, each gateway of the plurality may
comprise a list of unique gateway device identifiers and each
gateway can be configured to communicate with the at least
one other gateway in response to the list.

[0032] The list at each gateway can be configured in many
ways to regulate beneficially the communication among the
gateways and maintain the integrity of the network. For
example, the list at each gateway may comprise at least one
unique gateway identifier and at least one of a unique patient
identifier or a unique device identifier. Each gateway can be
configured to communicate with the at least one other gate-
way in response to the at least one unique gateway identifier,
and to communicate with one or more of the plurality of
adherent devices in response to the at least one of the unique
patient identifier or the unique adherent device identifier.
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[0033] Inmany embodiments, each gateway of the plurality
is configured to transmit the unique gateway device identifier
with the patient data to determine which gateways transmit
the patient data for each patient to the local processor system.
For example, each gateway of the plurality can be configured
to transmit the unique gateway device identifier with the
patient data to determine a path of the patient data, which can
be helpful to locate the patient and to evaluate the integrity of
the network.

[0034] Inmany embodiments, each adherent patient device
comprises impedance circuitry, electrocardiogram circuitry,
accelerometer circuitry, oximetry circuitry and at least one of
a temperature sensor or a heat flux sensor. The impedance
circuitry may be configured to measure patient impedance
data to determine at least one of patient hydration or patient
respiration. The electrocardiogram circuitry may be config-
ured to measure an electrocardiogram data of the patient. The
accelerometer circuitry may be configured to measure accel-
eration data of the patient, for example for when the patient
falls and/or for sleep orientation. The oximetry circuitry may
be configured to measure patient blood oxygen, for example
a percentage of oxygen saturation. The at least one of a
temperature sensor or a heat flux sensor may be configured to
measure temperature data of the patient. The wireless com-
munication circuitry may be configured to transmit the
impedance data, the electrocardiogram data, the accelerom-
eter data, the blood oxygen data, or the temperature data to at
least one gateway of the plurality of gateways.

[0035] In many embodiments, at least one of the local pro-
cessor system or the processor of the adherent patch device is
configured to trigger an alert in response to at least one of a
patient fall, a patient respiratory distress or a patient oxygen
distress.

[0036] Inmanyembodiments, each adherent patient device
comprises an emergency notification switch operable by the
patient to trigger an emergency notification transmission.
Each adherent patient device can comprise a unique device
identifier, and the patient-initiated emergency notification
transmission can comprise the unique device identifier. The
local processor system can be configured to receive the
patient-initiated emergency notification transmission (di-
rectly and/or as relayed by the plurality of gateways), and can
be configured to identify the originating adherent patient
device in response to the received emergency notification.
Each patient can have a unique patient identifier. The local
processor system can be configured to associate the unique
device identifier of the received emergency notification with
at least one of the unique patient identifier, a name of the
patient, an assigned room of the patient, or an assigned bed of
the patient.

[0037] In another aspect, embodiments of the present
invention provide a method of monitoring a plurality of
patients. At least one adherent patient device comprising
wireless communication circuitry is adhered to a skin of at
least one patient of the plurality of patients to measure patient
data, such that the wireless communication circuitry is sup-
ported with the skin of the patient. The patient data is trans-
mitted from the at least one adherent device with the wireless
communication circuitry to at least one gateway. The patient
data is transmitted from the at least one gateway to a local
processor system.

[0038] Inmany embodiments, the local processor system is
configured to send customized alerts in response to the patient
data.
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[0039] In many embodiments, the at least one adherent
device comprises a plurality of adherent devices in which
each of the adherent devices comprises a unique device iden-
tifier, and the at least one gateway comprises a list of unique
adherent device identifiers. The at least one gateway com-
prises a plurality of wireless communication gateways each
having a unique gateway identifier and the list of unique
adherent device identifiers, and a location of the patient is
determined in response to the unique adherent device identi-
fier and the unique gateway identifier when the patient is
ambulatory.

[0040] Inmany embodiments, the patient data are transmit-
ted with wireless communication from the at least one gate-
way to alocal processor system. The at least one gateway can
be carried by the at least one patient, for example hand held,
on a belt, in a purse or with clothing of the patient.

[0041] The gateway can be configured in many ways to
transmit the patient data to the processor system. At least one
gateway may transmit the patient data directly to a transceiver
of the local processor system. For example, each gateway of
the plurality of gateways can be configured to communicate
with a cellular connection to the transceiver of the local pro-
cessor system. Alternatively or in combination, the at least
one gateway may communicate with at least one other gate-
way with a mesh wireless communication protocol, such that
the patient data can be transmitted indirectly from the gate-
way to the local processor system with the at least one other
gateway.

[0042] In many embodiments, the method of monitoring a
plurality of patients further comprises transmitting an emer-
gency notification from one of the at least one adherent
patient device in response to the patient operating an emer-
gency notification switch on the adherent patient device to
trigger the emergency notification transmission. The emer-
gency notification can be transmitted to the at least one gate-
way, and the method can further comprise transmitting the
emergency notification from the at least one gateway to the
local processor system. Each adherent patient device can
comprise a unique device identifier, and the patient-initiated
emergency notification can comprise the unique device iden-
tifier. The method can further comprise indicating the origi-
nating adherent device by the local processor system in
response to the received emergency notification. Each patient
can have a unique identifier. The method can further comprise
indicating by the local processor system in response to the
received emergency notification at least one of the unique
patient identifier, a name of the patient, an assigned room of
the patient, or an assigned bed of the patient.

[0043] In another aspect, embodiments of the present
invention provide a method of monitoring a plurality of
patients. First patient data are transmitted from a first patient
measurement device on a first patient to a first gateway with
wireless communication. The first patient data are transmitted
from the first gateway to a transceiver of a local processor
system with a first wireless communication link. Second
patient data from a second patient measurement device on a
second patient are transmitted to a second gateway with wire-
less communication. The second patient data are transmitted
from the second gateway to the first gateway in response to
decoupling of the second gateway with the transceiver. The
first gateway may transmit the second patient data to the
transceiver of the local processor system with the first wire-
less communication link.
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[0044] In many embodiments, the second gateway is ini-
tially coupled directly to the transceiver and decoupled from
the second transceiver in response to movement of the second
patient.

[0045] In another aspect, embodiments of the present
invention provide a system to monitor a plurality of patients.
A plurality of patient measurement devices is configured to
measure patient data from a plurality of patients and transmit
the patient data. A local processor system comprising a tan-
gible medium and at least one display is disposed at a moni-
toring station. The local processor system comprises a trans-
ceiver configured to receive the patient data and display the
patient data to a user at the monitoring station. A plurality of
gateways is configured to receive the patient data from the
plurality of patient measurement devices. Each gateway is
configured to couple with at least one of the patient measure-
ment devices and transmit the patient data to the local pro-
cessor system. Each of the gateways is configured to couple
directly with the transceiver of the processor system when the
transceiver signal is suitable for coupling and to couple with
another gateway of'the plurality when the transceiver signal is
weak.

[0046] The transceiver of the local processor system may
be configured for placement at the monitoring station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1A shows a patient and a monitoring system
for monitoring a plurality of patients, in which the monitoring
system comprises adherent devices configured to adhere to
the skin of the plurality of patients, according to embodiments
of the present invention;

[0048] FIG.1Al apatient monitoring system as in FIG. 1A
configured to monitor patients admitted to a hospital ward;
[0049] FIG.1A1-1 apatient monitoring system as in FIGS.
1A and 1A1, in which many of the patients carry hand held
portable gateway configured to pair with the patient;

[0050] FIG. 1A2 shows the patient monitoring system of
FIGS. 1A and 1A1 witha plurality of gateways, in which each
gateway is configured to transmit data in response to a list of
allowed patient devices,

[0051] FIG. 1A2-1 shows the patient monitoring system as
in FIGS. 1A to 1A2, in which each gateway is configured to
transmit data to the monitoring station with a wireless mesh
networking standard in response to a list of allowed patient
devices corresponding to patients of the ward.

[0052] FIG. 1A2-2 shows the patient monitoring system as
in FIGS. 1A2-1, in which the gateways establish communi-
cation with each other in response to a weak signal between a
first gateway and the monitoring station.

[0053] FIG. 1A3 shows a master approved patient device
list and corresponding gateway approved patient device lists
for the patient monitoring system of FIGS. 1A and 1A2;
[0054] FIG.1A3-1 shows a master approved patient device
list and corresponding lists of allowed patient devices and
allowed gateways for each gateway of the patient monitoring
system as in FIGS. 1A-1 to 1A3;

[0055] FIG.1A4 showsanupdated master approved patient
device list and corresponding updated gateway approved
patient device lists for the patient monitoring system of FIGS.
1A, 1A1 and 1A2;

[0056] FIG. 1A4-1 shows an updated master approved
patient device list and corresponding updated lists stored on
the tangible medium of each gateway, in which each of the
gateways is configured to communicate with the adherent
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devices of a plurality of patients and in which the gateways
are configured to communicate with each other with a mesh
network for the system as in FIGS. 1A to 1A4;

[0057] FIG. 1B shows a bottom view of the adherent device
as in FIG. 1A comprising an adherent patch;

[0058] FIG. 1C shows a top view of the adherent patch, as
in FIG. 1B;
[0059] FIG. 1D shows a printed circuit boards and elec-

tronic components over the adherent patch, as in FIG. 1C;
[0060] FIG. 1D1 shows an equivalent circuit that can be
used to determine optimal frequencies for determining
patient hydration, according to embodiments of the present
invention;

[0061] FIG. 1E shows batteries positioned over the printed
circuit board and electronic components as in FIG. 1D;
[0062] FIG. 1F shows a top view of an electronics housing
and a breathable cover over the batteries, electronic compo-
nents and printed circuit board as in FIG. 1E;

[0063] FIG. 1G shows a side view of the adherent device as
in FIGS. 1A 10 1F;

[0064] FIG. 1H shown a bottom isometric view of the
adherent device as in FIGS. 1A to 1G;

[0065] FIGS. 11 and 1] show a side cross-sectional view
and an exploded view, respectively, of the adherent device as
in FIGS. 1A 10 1H;

[0066] FIG. 1K shows at least one electrode configured to
electrically couple toa skin ofthe patient through a breathable
tape, according to embodiments of the present invention;
[0067] FIG. 1L shows a plurality of adherent patient
devices simultaneously adhered to the patient, in accordance
with embodiments of the present invention;

[0068] FIG. 2 shows a method of monitoring patients,
according to embodiments of the present invention; and
[0069] FIG. 3 shows a method of monitoring patient data
including the transmission of data from a plurality of patient
worn devices with a plurality of gateways in response to an
approved device list in accordance with the methods of FIG.
2.

[0070] FIG. 3-1 shows detail of the method of transmitting
data from the gateway to the server as in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

[0071] Embodiments of the present invention relate to
patient monitoring. Although embodiments make specific
reference to acute patient monitoring in a hospital, the system
methods and device described herein may be applicable to
any application in which physiclogical monitoring is used,
for example wireless physiological monitoring for extended
periods.

[0072] Embodiments comprise a system to monitor
patients in a hospital ward with a dedicated wireless intranet.
The system may comprise a monitoring station, for example
a central monitoring station (CMS), and a plurality of patient
measurement devices, for example a plurality of N adherent
patient devices adhered to a plurality of N patients. The CMS
may comprise a low power transceiver comprising a digital
two way radio so as to communicate with the adherent patient
devices. Each adherent patient device can measure patient
physiological data such as heart rate, impedance based respi-
ration, impedance based hydration and accelerometer signals,
which are sent to the CMS. Each adherent patient device can
be configured to pair with additional patient measurement
devices, for example a weight scale, blood pressure cuff, and
implanted measurement devices. The patients can be ambu-
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latory and walk in the hospital ward with the adherent patch
devices and transmit patient data to the CMS. At least some of
the patients and the devices adhered to the patients may beout
of range of the CMS radio. These out of range adherent
devices can transmit data to the CMS through an adherent
device that is in range of the CMS radio, for example with a
first hop from the out of range adherent device to the in range
adherent device and a second hop from the in range adherent
device to the CMS. The adherent devices and CMS radio may
comprise the dedicated intranet and may employ a known
mesh protocol, for example ZigBee, which is the name of a
specification for a suite of high level communication proto-
cols using small, low-power digital radios based on the IEEE
802.15.4-2006 standard for wireless personal area networks
(WPANS5). Each of the adherent devices can be configured to
dynamically change the route of the data from the adherent
device to the monitoring station as the patients walk around
the hospital.

[0073] Each patient may carry a gateway device that is
separate from the adherent device, for example a belt worn
device, in which each adherent device transmits patient data
wirelessly from the adherent device to the gateway device on
the patient and then with wireless communication from the
gateway to the CMS. The communication from the gateway to
the CMS may comprise direct communication with the CMS
or indirect communication with the CMS. The gateway
device of each patient that is within range of the CMS may
communicate directly with the CMS, and the gateway device
of each patient that 1s out of range of the CMS may commu-
nicate indirectly with the CMS using the gateway device of
another patient that is in range of the CMS to transmit data to
the CMS. Each of the adherent patient devices may comprise
a unique device identifier transmitted with the patient data to
identify the patient from whom that data originated, and each
gateway device may comprise an unique gateway identifier to
identify the communication route to the CNS. The adherent
devices may comprise circuitry to locate the ambulatory
patients, for example GPS circuitry, such that the patients are
easy to find when a life threatening event occurs such as a
heart attack.

[0074] Embodiments of the present invention comprise an
in-hospital monitoring system, that can provide ICU-level
monitoring to patients in general wards. A variety of physi-
ological variables can be continuously monitored and pro-
vided to hospital staff with accompanying alerts/alarms.
Depending on sensors of the device adhered to the patient,
increasing monitoring levels can be provided from minimal
monitoring, for example of a single patient variable such as
heart rate, to advanced monitoring substantially similarinten-
sive care ward monitoring. The system can provide a variety
of customized alerts upon detection of a physiological event
such as cardiac arrhythmias, heart failure status, renal disor-
ders, low blood oxygen, fetal disorders. The system can also
provide the ability for a monitored patient to initiate an emer-
gency notification transmission from the adherent device by
operating an emergency notification switch on the adherent
device. The emergency notification switch can take many
forms, for example, a mechanical switch, an electrical switch,
an optical switch, a proximity sensor, a push button, a capaci-
tive sensor, or many devices operable by the patient to gen-
erate a signal so as to trigger a transmission of an emergency
notification from the adherent device. The patient-initiated
emergency notification transmission can be processed by the
system to generate an appropriate alert.
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[0075] Although the system can be configured in many
ways, the system components can include: an adherent
patient device; a gateway device; an alarm; a central terminal;
a front end server; and a back end server. The adherent patient
device may comprise a patch of breathable material, for
examplebreathable tape, such that the adherent patient device
can be adherent to the patient with the patch of breathable
material. The adherent patch can be configured to support the
electronics circuitry for measuring patient data and commu-
nication circuitry to transmit that data when the patch is
adhered to the patient.

[0076] The wireless adhesive patient device can be config-
ured to be placed and adhered on the patient’s chest with the
patch. The patch device can comprise the capability to moni-
tor at least one of the following physiological signals: heart
rhythm, respiration, activity, and body fluid, pulse oximetry,
or temperature. The adherent patient device can also com-
prise an emergency notification switch operable by the patient
to trigger an emergency notification transmission from the
adherent patient device.

[0077] The gateway device, which wirelessly communi-
cates with the adherent patch device to download and transmit
physiological data. Data transmission may occur via at least
one of a wired phone line, internal hospital network (wireless
or wired intranet), or internet (either wireless or wired).
[0078] Each gateway device can be configured to transmit
data from the patient device to the backend server system at
the remote site, for example through the front end server. The
gateway may comprise a list of approved adherent patient
devices. The data transmitted from the adherent patient
device may be controlled with a list, for example a list of
approved devices, to control the flow of data through the
gateways and maintain integrity of the gateways. Each gate-
way can be stationary and configured to transmit a gateway
identifier with the patient data, such that the patient can be
located in response to the gateway identifier and the location
of the gateway in the hospital.

[0079] The alarm device can be mounted on or around the
outside of the patient’s room, such that the alarm is visible
and/or audible to hospital staff.

[0080] The central terminal can be placed, for example, at
the ward’s nurses’ station. The central terminal can be web-
enabled, and access patient data via a web browser. This
terminal can be used to: 1) associate the patch device with the
patient and/or with the patient’s room/bed; 2) associate the
patch device with the appropriate alarm targets: pager, cell
phone, etc; 3) display the status of all patients in the ward,
highlighting any relevant alerts; 4) display vital signs of
monitored patients; and 5) display any patient emergency
notification(s) transmitted from the adherent patient device
(s). The central terminal may comprise the front end server.
[0081] The front end server can be located at the central
terminal and can store patient data for the patients in the ward.
The front end server may comprise a server with hospital data
for the patients and can be in communication with additional
servers that store patient data from other locations in the
hospital, for example radiology and/or imaging data.

[0082] Thebackend server can receive patient data from the
gateway, for example via the front end server, and perform
data analysis. The back end server can issue alerts by com-
municating with the gateway device, central terminal, and/or
alarm targets.

[0083] System deployment may occurs as follows. All
rooms in a ward can be equipped with stationary gateway
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devices and alarm devices. When patients arrive in the ward,
they can be issued a patch device with an individual serial
number. The central terminal can be used to associate the
patch device with the patient and/or with the patient’s room/
bed number. The patient device may also be associated with
appropriate alarm targets (pager, cell phone, etc.) The patient
device can be applied by hospital personnel to the patient’s
chest, and additional locations on the patient can be used.
Data analysis can occur on at least one of the following: the
adherent patient device, the gateway, the central terminal, and
the backend server. When data analysis occurs primarily on
the patient device, the data analysis may be of low computa-
tional intensity (for example, arrhythmia detection with a rate
cutoff in the absence of activity).

[0084] The alerts may comprise one or more of the follow-
ing. A light, beeper, and/or buzzer located on the adherent
patient device. For example, the alarm may be manually
deactivated with a button on the adherent patient device. A
light, beeper, and/or buzzer located on the gateway device.
The alarm may be manually deactivated with a button on the
gateway device. A light, beeper, and/or buzzer can be located
on the alarm device. The alarm may be manually deactivated
with a button on the alarm device. A display, light, beeper,
and/or buzzer can be located with the central terminal. The
alerts can be issued to associated alarm targets. Additional
alert targets can include a physician on call at the ward, and
many specialists who may be on call, in response to the
physiological signals measured with the adherent patient
device.

[0085] The monitoring system and adherent patient device
can be configured in many ways, based on the needs of the
patient. In some embodiments, a dual patient device system
can be employed with two or more adherent patient devices
adhered to the patient, for example with patches device placed
on opposite sides of the chest for enhanced data signal fidel-
ity. The patch device, gateway, and/or central terminal may
include a battery indicator and/or low battery alert when the
stored energy of the battery of the patch device is low.
[0086] The system can be configured to locate the patient in
the hospital. For example, the patch device may include a
GPS receiver to allow for patch device localization, which
may obviate a need to associate the patch device with a
ward/room/bed. Also hospital-wide gateway network can be
configured to allow patients to roam the hospital while being
monitored, and the gateway network can be configured to
locate the patient in response to pairing of the gateway with
the patient.

[0087] The patient adherent device is configured to mea-
sure patient data. Many devices that transmit wireless data
through a gateway can be incorporated with embodiments.
For example, a gateway device can receive data from at least
one patient worn device, for example a plurality of patient
worn devices. Examples of patient worn devices that can be
used to transmit wireless data include known wearable
devices such as a Holter monitor or ambulatory electrocar-
diography device. The patient device may comprise one or
more adherent devices simultaneously adhered to the patient,
for example with a first adherent device adhered to a chest of
the patient to measure patient physiology and a second adher-
ent device adhered to a limb of the patient to measure patient
movement, for example as described in U.S. Pat. App. No.
61/055,656, filed on May 23, 2008, entitled “Adherent Device
for Sleep Disordered Breathing”. The patient device may also
comprise one or more of a plurality of patient worn device that
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are sequentially placed on the patient to measure physiologic
status of the patient, for example as described in U.S. Pat.
App. Nos. 60/972,537, filed on Sep. 14, 2007; 61/055,666,
filed May 23, 2008; Ser. No. 12/209,288, filed Sep. 12, 2008;
entitled “Adherent Device with Multiple Physiological Sen-
sors”. The patch device can be continuously adhered to the
patient for an extended period of at least one week, for
example for two weeks, when the patient is admitted to the
hospital.

[0088] Inspecific embodiments, an adherent patient device
comprises an adherent patch device which is configured to
adhere to the skin of the patient with an adherent patch, for
example breathable tape, to measure patient data. The device
may comprise impedance circuitry coupled to at least four
electrodes and can be configured to measure at least one of
patient hydration or respiration, for example to detect sleep
apneaand/or hypopnea. The impedance circuitry may be used
to measure hydration of the patient, which can be useful
evaluating the physiologic status of the patient, for example in
combination with the detected sleep apnea and/or hypopnea.
An accelerometer can be mechanically coupled to the adher-
ent patch such that the accelerometer can be coupled to and
move with the skin of the patient, thereby providing an accu-
rate and reliable measurement of the orientation and/or activ-
ity of the patient, which can be helpful in determining that the
patient is asleep. The accelerometer can be mechanically
coupled to the adherent patch such that the accelerometer can
detect motion of the jaw and/or legs. Electrocardiogram cit-
cuitry to generate an electrocardiogram signal may be
coupled to at least two of the at least four electrodes, such that
the sleep apnea and/or hypopnea can be detected in response
to a heart rate variability from the electrocardiogram signal.

[0089] Embodiments of the present invention can be used
to transmit important data relevant to patients with health
conditions. For example, decompensation is failure of the
heart to maintain adequate blood circulation. Although the
heart can maintain at least some pumping of blood, the quan-
tity is inadequate to maintain healthy tissues. Several symp-
toms can result from decompensation including pulmonary
congestion, breathlessness, faintness, cardiac palpitation,
edema of the extremities, and enlargement of the liver. Car-
diac decompensation can result in slow or sudden death.
Sudden Cardiac Arrest (hereinafter “SCA”), also referred to
as sudden cardiac death, is an abrupt loss of cardiac pumping
function that can be caused by a ventricular arrhythmia, for
example ventricular tachycardia and/or ventricular fibrilla-
tion. Although decompensation and SCA can be related in
that patients with decompensation are also at an increased
risk for SCA, decompensation is primarily a mechanical dys-
function caused by inadequate blood flow, and SCA is prima-
rily an electrical dysfunction caused by inadequate and/or
inappropriate electrical signals of the heart.

[0090] The adherent patient device may be worn continu-
ously for at least seven days, for example 14 days, and then
replaced with another patch. Adherent devices with comfort-
able patches that can be worn for extended periods and in
which patches can be replaced and the electronics modules
reused are described in U.S. Pat. App. Nos. 60/972,537,
entitled “Adherent Device with Multiple Physiological Sen-
sors”; and 60/972,629, entitled “Adherent Device with Mul-
tiple Physiological Sensors”, both filed on Sep. 14, 2007, the
full disclosures of which have been previously incorporated
herein by reference. In many embodiments, the adherent
patch comprises a tape, which comprises a material, prefer-
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ably breathable, with an adhesive, such that trauma to the
patient skin can be minimized while the patch is worn for the
extended period. The printed circuit board may comprise a
flex printed circuit board that can flex with the patient to
provide improved patient comfort.

[0091] FIG. 1A shows a patient P and a monitoring system
10 for monitoring a plurality of patients. Patient P comprises
a midline M, a first side S1, for example a right side, and a
second side S2, for example a left side. Monitoring system 10
comprises an adherent patient device 100. Adherent patient
device 100 can be adhered to a patient P at many locations, for
example thorax T of patient P. In many embodiments, the
adherent device may adhere to one side of the patient, from
which side data can be collected. Work in relation with
embodiments of the present invention suggests that location
on a side of the patient can provide comfort for the patient
while the device is adhered to the patient. In some embodi-
ments, the adherent patient device may have a rechargeable
electronics module 101B, and may use dual battery and/or
electronics modules, wherein one module can be recharged
using a charging station while the other module is placed on
the adherent patch with connectors. In some embodiments,
the intermediate device 102 may comprise the charging mod-
ule, data transfer, storage and/or transmission, such that one
of the electronics modules can be placed in the intermediate
device for charging and/or data transfer while the other elec-
tronics module is worn by the patient.

[0092] Monitoring system 10 includes components to
transmit data to a local monitoring station 103 and a remote
center 106. The local monitoring station 103 can be located in
the hospital with the patient, for example at a nurses station
comprising a central terminal. Remote center 106 can be
located in a different building from the patient, for example in
the same town as the patient, and can be located as far from the
patient as a separate continent from the patient, for example
the patient located on a first continent and the remote center
located on a second continent. Adherent patient device 100
can communicate wirelessly to an intermediate device 102,
for example with a single wireless hop from the adherent
device on the patient to the intermediate device. Intermediate
device 102 comprises a communication gateway. Intermedi-
ate device 102 comprising the communication gateway can
communicate with remote center 106 with a connection 104
in many ways. For example, connection 104 may comprise at
least one of an internet connection, a cellular connection, or a
low power industrial science and medical (hereinafter “ISM™)
digital radio, for example ZigBee radio and protocol or Blue-
tooth radio and protocol.

[0093] In many embodiments, monitoring system 10 com-
prises a distributed processing system with at least one pro-
cessor comprising a tangible medium of device 100, at least
one processor 102P of intermediate device 102, and at least
one processor 103P at local monitoring station 103, at least
one processor 106P at remote center 106, each of which
processors can be in electronic communication with the other
processors. Each of the at least one processors may comprise
a processor system. For example, at least one processor 102P
may comprise a processor system, at least one processor 103P
may comprise a processor system, and at least one processor
106P may comprise a processor system. At least one proces-
sor 102P comprises a tangible medium 102T, and tangible
medium 102T may be configured so as to comprisea list 1061
of approved devices and/or device identifiers. The list 106L is
used to control and/or limit which adherent devices commu-
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nicate with intermediate device 102. At least one processor
103P comprises a tangible medium 1037T, and tangible
medium 103T may be configured so as to comprise a master
list 103L of approved device identifiers for each adherent
device deployed on a patient in the hospital. At least one
processor 106P comprises a tangible medium 1067, and tan-
gible medium 106T may be configured so as to comprise a
master list 1061 of approved device identifiers, for several
hospitals. The master list and/or components of the master list
103L and the master list 1061 can be transmitted to tangible
medium 102T from processor 106P so as to control which
devices are allowed to communicate with intermediate device
102, which may comprise an intermediate gateway device.

[0094] Local processor 103P may comprise a front end
server located at the monitoring station. Monitoring station
103 can be in communication with a health care provider
103A with a communication system 103A1, such as the Inter-
net, an intranet, phone lines, wireless and/or satellite phone, a
local area network, WiFi, ISM, BlueTooth, or ZigBee. Com-
munication system 103A1 may comprise at least one of a
pager device, a personal digital assistant, a cellular phone or
an alarm, for example an alarm at the monitoring station.
Health care provider 103 A, for example a nurse or caregiver,
can immediate physical access to patient P, for example by
walking from the monitoring station to the patient’s room, as
indicated by arrow 103A2. Local monitoring station 103 can
be in communication with a health care professional, for
example a physician 103B located in the hospital, with a
communication system 103B1, such as the Internet, an intra-
net, phone lines, wireless and/or satellite phone, a personal
digital assistant, or a pager. Communication system 103B1
may comprise at least one of a pager device, a personal digital
assistant, a cellular phone or an alarm, for example an alarm
at the monitoring station. Physician 103B can have immedi-
ate access to patient P, for example by walking from the
monitoring station to the patient’s room. Local monitoring
station 103 can be in communication with an emergency
responder 103C, for example ICU personnel and code blue
responders located in the hospital. A communication system
103C1 may be used to reach the emergency responder, and
communication system 103C1 may comprise at least one of a
pager device, a personal digital assistant, a cellular phone or
an alarm, for example an alarm at the monitoring station.
Emergency responder 108C can travel to the patient as indi-
cated by arrow 103C2, for example to revive the patient.
Thus, in many embodiments, monitoring system 10 com-
prises a closed loop system in which patient care can be
monitored and implemented from the local monitoring sta-
tion in response to signals from the adherent device.

[0095] Remote processor 106P may comprise a backend
server located at the remote center. Remote center 106 can be
in communication with a health care provider 108A with a
communication system 107A, such as the Internet, an intra-
net, phone lines, wireless and/or satellite phone. Health care
provider 108A, for example a family member, nurse or car-
egiver, can be in communication with patient P with a com-
munication system, for example with a two way communica-
tion system, as indicated by arrow 109A, for example by cell
phone, email, landline. Remote center 106 can be in commu-
nication with a health care professional, for example a phy-
sician 108B, with a communication system 107B, such as the
Internet, an intranet, phone lines, wireless and/or satellite
phone. Physician 108B can be in communication with patient
P with a communication, for example with a two way com-
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munication system, as indicated by arrow 109B, for example
by cell phone, email, landline. Remote center 106 can be in
communication with an emergency responder 108C, for
example a 911 operator and/or paramedic, with a communi-
cation system 107C, such as the Internet, an intranet, phone
lines, wireless and/or satellite phone. Emergency responder
108C can travel to the patient as indicated by arrow 109C.
Thus, in many embodiments, monitoring system 10 com-
prises a closed loop system in which patient care can be
monitored and implemented from the remote center in
response to signals from the adherent device.

[0096] In many embodiments, the adherent device may
continuously monitor physiological parameters, communi-
cate wirelessly with a remote center, and provide alerts when
necessary. The system may comprise an adherent patch,
which attaches to the patient’s thorax and contains sensing
electrodes, battery, memory, logic, and wireless communica-
tion capabilities. In some embodiments, the patch can com-
municate with the remote center, via the intermediate device
in the patient’s home. In some embodiments, remote center
106 receives the patient data and applies a patient evaluation
algorithm, for example an algorithm to calculate the apnea
hypopnea index. When a flag is raised, the center may com-
municate with the patient, hospital, nurse, and/or physician to
allow for therapeutic intervention.

[0097] The adherent device may be affixed and/or adhered
to the body in many ways. For example, with at least one of
the following: an adhesive tape, a constant-force spring, sus-
penders around shoulders, a screw-in microneedle electrode,
a pre-shaped electronics module to shape fabric to a thorax, a
pinch onto roll of skin, or transcutaneous anchoring. Patch
and/or device replacement may occur with a keyed patch (e.g.
two-part patch), an outline or anatomical mark, a low-adhe-
sive guide (place gunidelremove old patchiplace new
patchlremove guide), or akeyed attachment for chatter reduc-
tion. The patch and/or device may comprise an adhesiveless
embodiment (e.g. chest strap), and/or a low-irritation adhe-
sive for sensitive skin. The adherent patch and/or device can
comprise many shapes, for example at least one of a dogbone,
an hourglass, an oblong, a circular or an oval shape.

[0098] System 10 can perform the following functions: ini-
tiation, programming, measuring, storing, analyzing, com-
municating, predicting, and displaying. The adherent device
may contain a subset of the following physiological sensors:
bioimpedance, respiration, respiration rate variability, heart
rate (ave., min., max.), heart rhythm, heart rate variability
(HRV), heart rate turbulence (HRT), heart sounds (e.g. S3),
respiratory sounds, blood pressure, activity, posture, wake/
sleep, orthopnea, temperature/heat flux, and weight. The
activity sensor may comprise one or more of the following:
ball switch, accelerometer, minute ventilation, HR, bio-
impedance noise, skin temperature/heat flux, BP, muscle
noise, posture.

[0099] The adherent device can wirelessly communicate
with remote center 106. The communication may occur
directly (via a cellular or Wi-Fi network), or indirectly
through intermediate device 102. Intermediate device 102
may comprise multiple devices, which can communicate
wired or wirelessly to relay data to remote center 106.

[0100] In many embodiments, instructions are transmitted
from remote site 106 to a processor supported with the adher-
ent patch on the patient, and the processor supported with the
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patient can receive updated instructions for the patient treat-
ment and/or monitoring, for example while worn by the
patient.

[0101] FIG. 1A1 shows a patient monitoring system 10 as
in FIG. 1A configured to monitor patients admitted to a hos-
pital ward HW. The patient P is shown ambulatory near local
monitoring station 103, for example a nurses’ central moni-
toring station. Local monitoring station 103 comprises a cen-
tral terminal CT and the local processor 103P comprising the
front end server, as described above. The front end server is
configured to communicate with a plurality of adherent
patient devices, such as such as adherent device 100. The
central terminal CT comprises a plurality of central terminal
displays CTD, which may comprise a plurality of computer
displays, to show patient data from the adherent devices at the
local monitoring station 103. The plurality of central displays
may also be configured to display the status of the patient
devices adhered to patients, for example configured to display
at least one of a battery power level or a status of a connection
of the device to the patient. The local processor 103P is
coupled to the remote center 106 comprising the remote pro-
cessor 106P, as described above.

[0102] The local monitoring station can be configured to
admit patient P to the hospital ward and to associate adherent
device 100 with patient P. A nurse N can use the processor
system to admit patient P to the hospital ward. The local at
least one processor 103P may comprise a processor system
with the front end server and at least one hand held processor
device 103HD, such as a personal digital assistant (hereinaf-
ter “PDA”), such that the nurse can admit the patient. The at
least one hand held processor device 103HD may comprise a
touch screen display, wireless communication circuitry to
communicate with the adherent device and the front end
server, and a processor comprising a tangible computer
memory medium such as random access memory (hereinafter
“RAM”), flash RAM, a hard drive and read only memory. For
examplenurse N can hold the at least one hand held processor
device 103HD when patient P is admitted to the hospital, and
the device 103HD held by the nurse can transmit a unique
adherent device identifier when the adherent device is
adhered to the patient. The at least one hand held processor
device 103HD may comprise many known PDA devices such
as at least one of an iPhone™, a Blackberry™, or a tablet PC.
[0103] The adherent patient device can be configured to
pair with the at least one hand held processor device 103HD
in response to the adherent device being adhered to the skin of
the patient. For example, the adherent patient device can be
configured to turn on when the patient device is adhered to the
patient as described in U.S. 60/972,336; 61/046,196; Ser. No.
12/209,276; and Ser. No. 12/209,274; the full disclosures of
which have been previously incorporated by reference. The
pairing of the adherent patient device with the at least one
hand held processor device 103HD can make it easier for the
nurse to associate the adherent patient device with the patient,
for example when the unique device identifier of the adherent
patient device is transmitted with wireless communication
from the patient device to the local processor system.

[0104] The nurse, or other hospital staff, can associate the
adherent patient measurement device with the patient in many
ways. For example, adherent device 100 may comprise a
unique adherent device identifier such as a hexadecimal serial
number, and serial number of the adherent device can be
associated with the patient, for exampled keyed to the patient,
such that the serial number of the adherent device corre-
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sponds to the patient. The unique adherent device identifier
can be entered into the local processor system in many ways,
for example by at least one of wireless communication from
the adherent device, transmission from the back end server,
optical scanning, radiofrequency identification (hereinafter
“RFID™), data entry from a key board, or selection from a list.
The patient may have a unique patient identifier, and the
patient may be assigned the unique identifier when the patient
is admitted to the ward or before. The unique patient identifier
can be provided to the local processor system in many ways,
for example similar to the unique adherent device identifier.
The unique patient identifier can be used to associate the
patient with at least some aspects of the ward, for example the
room of the patient, the gateway of the patient and the bed of
the patient. As the adherent device identifier is unique, the
alerts can be based on the adherent device and may also be
based on the unique patient identifier, such as a unique hexa-
decimal number.

[0105] The patient specific alerts sent in response to patient
data from the patch can be customized, for example at the
monitoring station. The customized alerts can include alerts
from the backend end server of the remote center, and also
alerts from the monitoring station. For example, the local
processor system can include a calendar of physician sched-
ules, and can automatically update the alert to the physician
who is present at the ward. The alert can also be customized
based on the condition of the patient. For example, when the
patient is diagnosed to have heart trouble or suspected heart
trouble, the alter can be customized to alert a cardiologist, for
example a cardiologist who present at the hospital based on
the physician schedules and date and time. The processor
system can also be configured to alert a treating physician in
response to the kind of problem the patient has. For example
if the patient shows edema in response to impedance mea-
surements, a nephrologist can be sent an alert in response to
the change in tissue resistance, for example a decrease. As a
decrease in tissue resistance can also indicate an impending
cardiac decompensation the cardiologist who 1s present at the
hospital of the ward can be sent an alert in response to the
measured decrease in tissue resistance.

[0106] The general ward includes a plurality of patient
rooms, for example room R1, room R2, room R3, room R4,
room RS and room R6. Each room may comprise at least one
patient bed, for example two beds. Room R1 comprises a first
bed B1A and a second bed BI1B. Room R2 comprises a first
bed B2A and a second bed B2B. Room R3 comprises a first
bed B3A and a second bed B3B. Room R4 comprises a first
bed B4A and a second bed B4B. Room RS comprises a first
bed BSA and a second bed BSB. Room R6 comprises a first
bed B6A and a second bed B6B. At least one gateway may be
located in each room. For example, room R1 may have a
gateway 102A. Room R2 may have a gateway 102B. Room
R3 may have a gateway 102C. Room R4 may have a gateway
102D. Room RS may have a gateway 102E. Room R6 may
have a gateway 102F.

[0107] An alarm can be located for each room and coupled
to each gateway. For example, an alarm A1 can be located at
the entrance to room R1 and coupled to gateway 102A. An
alarm A2 can be located at the entrance to room R2 and
coupled to gateway 102B. An alarm A3 can be located at the
entrance to room R3 and coupled to gateway 102C. An alarm
A4 can be located at the entrance to room R4 and coupled to
gateway 102D. An alarm A5 can be located at the entrance to
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room R5 and coupled to gateway 102E. An alarm A6 can be
located at the entrance to room R6 and coupled to gateway
102F.

[0108] Each of the alarms may have a patient specific alert
associated with the patient assigned to a bed in the ward, for
examplealarm A1 can have a patient specific alert A1A for the
patient assigned to bed B1 A, and a patient specific alert A1B
for the patient assigned to bed B1B. Alarm A2 can have a
patient specific alert A2 A for the patient assigned to bed B2A,
and a patient specific alert A2B for the patient assigned to bed
B2B. Alarm A3 can have a patient specific alert A3A for the
patient assigned to bed B3A, and a patient specific alert A3B
for the patient assigned to bed B3B. Alarm A4 can have a
patient specific alert A4 A for the patient assigned to bed B4A,
and a patient specific alert A4B for the patient assigned to bed
B4B. Alarm A5 can have a patient specific alert ASA for the
patient assigned to bed BSA, and a patient specific alert ASB
for the patient assigned to bed BSB. Alarm A6 can have a
patient specific alert A6A for the patient assigned to bed B6A,
and a patient specific alert A6B for the patient assigned to bed
B6B. Each of the alarms may comprise a switch, for example
abutton, to manually deactivate the alarm device, for example
a button on each of alarm A1, A2, A3, A4, AS and A6.

[0109] Each of the patients may be ambulatory, and system
10 can be configured to monitory ambulatory patients, such
that the ambulatory patient can be located and the data can be
transmitted to the front end server in a controlled manner.
Patient PA can be assigned to bed B1A of room R1, and
gateway 102A can be configured to pair with patient PA.
Patient PD can be assigned to bed B2A of room R2, and
gateway 102B can be configured to pair with patient PB.
Patient PC can be assigned to bed B3A of room R3, and
gateway 102C can be configured to pair with patient PC.
Patient PD can be assigned to bed B4A of room R4, and
gateway 102D can be configured to pair with patient PD.
Additional gateways and beds can be similarly assigned to
patients admitted to the ward.

[0110] The unique identification number of each adherent
patient device can beused to locate each ambulatory patient in
the ward, and each adherent device can be configured to pair
with more than of the gateways in the ward to transmit patient
data when the patient wanders about the ward. For example,
the adherent patient devices and the gateways can each be
configured to include the unique identifier, and each adherent
device can be configured to pair with the nearest allowed
gateway with the strongest signal when the patient wanders
out of range of a paired gateway. Patient PA is shown wearing
adherent device 100A1 configured to pair with gateways
102A, 102B and 102C. When patient PA is nearest gateway
102A of allowed gateways 102A, 102B and 102C, adherent
device 102A1 can pair with gateway 102A. Patient PB is
shown wearing adherent device 100B1 configured to pair
with gateways 102A, 102B and 102C. When patient PB is
nearest gateway 102B of allowed gateways 102A, 102B and
102C, adherent device 102B1 can pair with gateway 102B.
Patient PC is shown wearing adherent device 100C1 config-
ured to pair with gateways 102A, 102B and 102C. When
patient PC is nearest gateway 102B of allowed gateways
102A, 102B and 102C, adherent device 102C1 can pair with
gateway 102B. Patient PD is shown wearing adherent device
100D1 configured to pair with gateways 102D, 102E and
102F. When patient PD is nearest gateway 102F of allowed
gateways 102E, 102F and 102G, adherent device 102D1 can
pair with gateway 102F. For example, patient PD can undergo
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cardiac arrest requiring immediate resuscitation, and can be
located near gateway 102F based on the unique gateway
identifier transmitted from patch 100D1 and the unique
adherent device identifier corresponding to adherent device
100D1 which is associated with patient PD. The at least one
processor 103P, for example of the front end server, can
trigger an alarm at alarm A6 corresponding to a code blue
alarm, and monitoring station 103 can display an alarm and
the location of patient PD near gateway 102F of room R,
even though the patient has been assigned to room R4. The
cardiologist on call for patient PD, ICU staff, and other alert
targets can also be notified with alerts when the code blue
alarm is triggered for patient PD, for example with a custom-
ized alert configured when the patient is admitted to the
hospital ward.

[0111] FIG.1A1-1 apatient monitoring system as in FIGS.
1A and 1A1, in which many of the patients carry hand held
portable gateway configured to pair with the patient. The
portable hand held gateways can be carried in many ways by
the patient, for example with wrist band, attached to a belt, in
a purse, or on a strap around the patient’s wrist. Gateway
102A comprises a portable hand held gateway that patient
100A can carry. Gateway 102B comprises a portable hand
held gateway that patient 100B can carry. Gateway 102C
comprises a portable hand held gateway that patient 100C can
carry. Gateway 102D comprises a portable hand held gateway
that patient 100D carn carry. Patient 100D is shone lying prone
and having fallen and dropped his gateway 102D, such that
patient 100D requires urgent care. As some parts of the ward
may have walls that include metal, steel and rebar, the gate-
ways can switch to a mesh network protocol to transmit the
patient data to the monitoring station 103 when a direct wire-
less link to transceiver located at the monitoring station is not
available.

[0112] Monitoring station 103 may comprise wireless
communication circuitry 103WC configured to communicate
with the portable handheld gateways. Wireless communica-
tion circuitry 103C comprises a transceiver configured to
communicate with the gateways. Wireless circuitry 103C is
coupled to at least one processor 103P located near the moni-
toring station. For example, wireless communication cir-
cuitry 103C can be located in the same room as monitoring
station 103 and at least one processor 103P of the front end
server, such that wireless communication circuitry 103C can
be readily connected to the processor of the monitoring sta-
tion.

[0113] FIG. 1A2 shows monitoring a plurality of patients
with monitoring system 10. The plurality of patients com-
prises at least two patients, for example a first patient PA, a
second patient PB, a third patient PC and a fourth patient PD.
Fach of the plurality of patients has at least one device
adhered or implanted into the patient to measure patient data.
Intermediate device 102 comprises a plurality of at least two
intermediate devices, for example a first intermediate device
comprising a first gateway 102A, a second intermediate
device comprising a second gateway 102B, a third interme-
diate device comprising a third gateway 102C; and a fourth
intermediate device comprising a fourth gateway 102D. Each
of the plurality of intermediate devices may comprise an
approved patient device list that controls communication of
the device with the gateway. For example first gateway 102A
comprises a first approved device list 102AL. Second gate-
way 102B comprises a second approved device list 102BL.
Third gateway 102C comprises a third approved device list
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102CL. Fourth gateway 102D comprises a fourth approved
device list 102DL. Each gateway allows the patient device to
communicate with the back end server system at the remote
center 106 when the device is on the approved device list, and
each gateway may exclude communication with the backend
server system at the remote center 106 when the patient
device is not identified on the approved device list for the
gateway. Remote center 106 comprises a master approved
device 106L list that comprises each patient device approved
for each gateway.

[0114] Each gateway may comprise a processor compris-
ing a tangible medium configured to determine when the
device is on the approved patch list. For example, first gate-
way 102A comprises a first processor 102AP. Second gate-
way 102B comprises a second processor 102BP. Third gate-
way 102C comprises a third processor 102CP. Fourth
gateway 102D comprises a fourth processor 102DP.

[0115] Each of gateways 102A, 102B, 102C and 102D can
send data to remote center 106 through each of connections
104A, 104B, 104C and 104D, respectively. Connections
104A,104B, 104C and 104D may be, for example, a wireless
connection, a cellular connection, a ZigBee connection, a
BlueTooth connection, an Internet connection, an intranet
connection, a wired connection, a cable connection or the
like. The connection between the gateway and the backend
server may comprise a dedicated connection when the gate-
way is paired to the adherent patient device, for example a
dedicated cellular connection from a phone number dialed by
the gateway.

[0116] More than one patient device can correspond to each
patient. For example, a box of adherent patches can be pro-
vided for each patient, and each patch may comprise a unique
identifier which is associated with the patient so as to corre-
spond to the patient. The adherent patches can be adhered to
the patient sequentially. For example, a first patch may be
replaced after about one week with a second patch from the
box. In some embodiments, a patient may have more than one
patch simultaneously adhered to the patient, for example to
measure data at two or more separate locations on the patient.
[0117] System 10 comprises a first plurality of patches for
first patient PA, a second plurality of patches for second
patient PB, a third plurality of patches for patient PC and a
fourth plurality of patches provided for patient PD. The first
plurality of adherent devices comprises adherent devices
100A1, 100A2, 100A3 and 100A4. Fach of adherent devices
100A1,100A2,100A3 and 100 A4 are configured to adhere to
a patient, for example patient PA. The second plurality of
adherent devices comprises adherent devices 100B1, 100B2,
100B3 and 100B4. Each of adherent devices 10081, 100B2,
100B3 and 100B4 are configured to adhere to a patient, for
example patient PB. The third plurality of adherent devices
comprises adherent devices 100C1, 100C2, 100C3 and
100C4. Each of adherent devices 100C1, 100C2, 100C3 and
100C4 are configured to adhere to a patient, for example
patient PC. The fourth plurality of adherent devices com-
prises adherent devices 100D1, 100D2, 100D3 and 100D4.
Each of adherent devices 100D1, 100D2, 100D3 and 100D4
are configured to adhere to adhere to a patient, for example
patient PD.

[0118] As noted above, each adherent device may have a
device identifier, for example a unique device identifier such
as a serial number. The device identifier can be transmitted
with the patient data so as to allow the remote server system
to identify the device. The device identifier may be encrypted.
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The adherent devices can be manufactured with a device
identifier built into them, for example a device identifier
stored in EPROM or non-volatile storage.

[0119] Each of gateways 102A, 102B, 102C, and 102D
may each include an approved patient device list, such as a list
of approved patient device serial numbers, and/or range of
approved patient device identifiers. Each adherent patient
device may transmit the device identifier to any gateway
within range of the wireless communication signal transmit-
ted by the adherent device.

[0120] When a specific adherent device is in the list and/or
within the range of device identifiers of a specific gateway, the
gateway can “pair” to the specific adherent device, such that
data is transmitted from the adherent device to the backend
server system at remote center 106. For example, patient data
from one of the adherent devices can be transmitted to remote
center 106, which may comprise the backend server or sys-
tem. When the patient device is paired to the gateway, the
gateway can provide a dedicated connection to from the gate-
way to the backend server system, such that the communica-
tion channel integrity is maintained.

[0121] Each device can pair with at least one of the gate-
ways, in response to the approved list of the gateway. Each of
adherent devices 100A1, 100A2, 100A3 and 100A4 may pair
with the intermediate device comprising gateway 102A with
pairing 100A1P, 100A2P, 100A3P and 100A4P, respectively,
in response to approved patient device list 102AL. As noted
above, the pairing can be sequential, for example when one of
the adherent devices replaces a prior adherent device after an
extended period of about one week. Each of adherent devices
100B1, 10082, 100B3 and 100B4 may pair with the interme-
diate device comprising gateway 102B with pairing 100B1P,
100B2P, 100B3P and 100B4P, respectively, in response to
approved patient device list 102BL. Each of adherent devices
100C1, 100C2, 100C3 and 100C4 may pair with the interme-
diate device comprising gateway 102C with pairing 100C1P,
100C2P, 100C3P and 100C4P, respectively, in response to
approved patient device list 102CL. Each of adherent devices
100D1, 100D2, 100D3 and 100D4 may pair with the inter-
mediate device comprising gateway 102D with pairing
100D1P, 100D2P, 100D3P and 100D4P, respectively, in
response to approved device list 102DL.

[0122] Each of the adherent devices can communicate with
the backend server when paired to the intermediate device
comprising the gateway. Each of adherent devices 100A1,
100A2, 100A3 and 100A4 may be in paired electronic com-
munication with the intermediate device comprising gateway
102A and transmit data to the backend server at remote center
106 when paired. Each of adherent devices 100B1, 100B2,
100B3 and 100B4 may be in sequential paired electronic
communication with the intermediate device comprising
gateway 102B and transmit data to the backend server at
remote center 106 when paired. Each of adherent devices
100C1,100C2,100C3 and 100C4 may be in sequential paired
electronic communication with the intermediate device com-
prising gateway 102C and transmit data to the backend server
at remote center 106 when paired. Each of adherent devices
100D1,100D2, 100D3 and 100D4 may be in electronic com-
munication with the intermediate device comprising gateway
102D and transmit data to the backend server at remote center
106 when paired.

[0123] Although the pairing of the patient device to the
gateways can occur in many ways, the protocol for pairing of
each of the adherent devices with each of the gateways can be
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similar. For example, when adherent patient device 100A1
communicates with gateway 100A, adherent patient device
100A1 can be configured transmits its serial number SN to
gateway 100A. The processor of gateway 102A may query
approved device list 102AL and performs logic operations. If
the serial number of device 100A is in the approved patient
list 102A1, then device 100A will be allowed to pair with
gateway 102A to send data to remote center 106. When the
serial number of device 100A is not in the approved patient
list 102AL, device 100A is excluded from pairing with gate-
way 102. In many embodiments, when device 100A pairs
with gateway 102 to send data to remote center 106, gateway
102 adds the device identifier of device 100A to a packet of
data from gateway 102 so that remote center 106 detect pair-
ing between device 100A and gateway 102. Similar protocols
can be used to transmit data for additional patient devices and
gateways.

[0124] As the pairing of each device with the gateway is
controlled with the approved patient device list, one interme-
diate device can be allowed to communicate with a plurality
of patient devices for a plurality of patients. For example, the
second intermediate device comprising second gateway 102B
can be configured to communicate with device 100A1 when
approved device list 102BL comprises the identifier for
device 100A1 for first patient PA. The first intermediate
device comprising first gateway 102A can be configured to
communicate with device 100B1 when approved device list
102AL comprises the identifier for device 100B1 for second
patient PB. With such a configuration, patient devices 100C1-
100C4 for patient PC and patient devices 100D1-100D4 for
patient PD can be excluded from paired communication the
first intermediate device comprising gateway 102A and the
second intermediate device comprising gateway 102B. Such
configurations can be helpful when patients are mobile, for
example in a ward of a hospital where many patient devices
can be within range of a gateway device.

[0125] The gateways configured to pair with devices in
response to the approved patch list allows for great flexibility
in controlling the communication. For example, the adherent
device can be paired to either zero or one gateway, in response
to the approved patch list at each gateway, while a single
gateway may be paired with many adherent patches. For
example, a gateway using a Bluetooth connection may have at
least 8 simultaneous connections for 8 adherent devices from
8 patients. The adherent patient device may actively search
for a gateway to pair with, for example by searching and
sorting gateway signals from strongest to weakest and stop-
ping the search process when the adherent patient device has
paired with the gateway with the strongest signal and in which
the approved device list allows communication.

[0126] The gateways configured to pair with devices in
response to the approved patch list allows for the communi-
cation to be controlled dynamically with dynamic updating of
the approved device list. For example gateway 102A may
comprise an approved device list 102AL which may be sent
from remote center 106 or another server through two-way
connection 104A. Approved device list 102AL may com-
prise, for example, a binary file, a hexadecimal file, an ASCII
file or an encrypted file stored on tangible medium. Approved
device list 102AL, may comprise a list of serial numbers of
approved adherent devices. Approved device list 102AL can
be dynamic. For example, the list of serial numbers of
approved adherent devices of list 102AL may change and/or
be updated at any time, for example, with instructions from
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the backend server located at remote center 106. List 102AL
may be sent from remote center 106 at any time to instruct a
gateway 102A as to which adherent devices to pair with. For
example, the list can be updated when a new patch is applied
to a patient and/or when a patient is supplied with a box of
adherent devices. In some instances, the gateway can be
located in the patient’s home and the list updated when the
patient is sent home with a box of patches and gateway.
[0127] Each of gateways 102A, 102B, 102C, and 102D
may have its own device identifier, for example a unique
device identifier such as a serial number. The device identifier
may be encrypted. Gateways 102A, 102B, 102C, and 102D
can be manufactured with a device identifier built into them,
for example a device identifier stored in EPROM or non-
volatile storage. An adherent device and a gateway may be
configured to exchange a link key so as to pair the gateway
with the patient device.

[0128] Although FIG. 1A2 shows four patients PA, PB, PC
and PD, each with a set of four adherent devices configured to
attached to him or her, many patients, for example at least 100
patients, and many gateways, for example at least 25 gate-
ways, may be provided.

[0129] FIG. 1A2-1 shows the patient monitoring system of
FIGS. 1A to 1A2, in which each gateway is configured to
transmit patient data to the monitoring station with a wireless
mesh networking standard in response to a list of allowed
patient devices corresponding to patients of the ward. Gate-
way 102A is configured couple to wireless communication
circuitry 103WC of monitoring station with direct wireless
communication 104A1. Gateway 102B is configured couple
to wireless communication circuitry 103WC of monitoring
station with direct wireless communication 104B1. Gateway
102C is configured couple to wireless communication cir-
cuitry 103WC of monitoring station with direct wireless com-
munication 104C1. Gateway 102D is configured couple to
wireless communication circuitry 103WC of monitoring sta-
tion with direct wireless communication 104D1.

[0130] Thedirect wireless communication may comprise at
least one of direct cellular communication or indirect com-
munication with a mesh protocol. For example each of gate-
way 104A, gateway 104B, gateway 104C and gateway 104D
can be configured to establish a cellular connection, which
can be beneficial when direct communication is available and
high data transmission rate throughput is beneficial. Alterna-
tively or in combination, each of gateway 104A, gateway
104B, gateway 104C and gateway 104D can be configured to
establish a mesh network to transmit data to monitoring sta-
tion 103, such that at least some of the data transmission
comprises indirect communication from one gateway to at
least one other gateway and from the at least one other gate-
way to the transceiver of the monitoring station. The mesh
network protocol can be beneficial when a cellular connec-
tion may not be available, and in situations where data trans-
mission rate is not critical.

[0131] The mesh network protocol can establish commu-
nication among the gateways with connections extending
between the gateways. Wireless mesh network communica-
tion can include direction communication from one gateway
to another. The mesh network protocol may comprise bidi-
rectional communication, for example such that the adherent
devices can receive instructions to collect and transmit data
from at least one of the monitoring station or the back end
server. A wireless connection 104BA may extend from gate-
way 102B to gateway 102A. A wireless connection 104CB
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may extend from gateway 102C to gateway 102B. A wireless
connection 104DC may extend from gateway 102D to gate-
way 102C. Additional connections can be established among
the gateways, for example with a ZigBee protocol.

[0132] FIG. 1A2-2 shows the patient monitoring system as
in FIGS. 1A2-1, in which the gateways establish communi-
cation with each other in response to a weak signal between a
first gateway and the monitoring station. Direct connection
104C1 is not available to gateway 102C, for example dueto a
weak signal, for example due to the patient wandering out of
range or an obstruction such as a wall with steel or substantial
multipath interference. Gateway 102C establishes communi-
cation with gateway 102B in response to the weak signal.
Connection 104BC is shown established between gateway
102B and gateway 102C.

[0133] Themesh network can be configured for many wire-
less connections among the gateways to transmit patient data
to the monitoring station. For example, if a direct communi-
cation with circuitry 103WC is not available to gateway
102B, gateway 102B can transmit patient data from gateway
102Cto gateway 102A. Alternatively or in combination, gate-
way 102C may establish communication directly with gate-
way 102A and transmit patient data from patient PC directly
to gateway 102A.

[0134] FIG. 1A3 shows master approved patient device list
106L and first approved patient device list 102 AL transmitted
to first gateway 102A, second approved patient device list
102BL transmitted to second gateway 102B, third approved
patient device list 102CL transmitted to third gateway 102C,
and fourth approved patient device list 102DL transmitted to
fourth gateway 102D. The master approved patient device list
106L may comprise a field for each of a unique patient iden-
tifier, unique patient device identifier and a unique gateway
identifier. The master list may comprise an entry with the
unique patient device identifier, the unique gateway identifier
and the unique patient device identifier for each patient
device, for example patient PTA with patient device 100A1
and gateway 102A.

[0135] Connections from the backend server at the remote
site can update the list at each gateway to dynamically control
communication with the patient devices at each gateway. The
backend server at remote center 106 can use connection 104 A
from remote center 106 to gateway 102A to dynamically
update list 102AL at gateway 102A. Connection 104B from
remote center 106 to gateway 102B can similarly be used to
dynamically update list 102BL at gateway 102B. Connection
104C from remote center 106 to gateway 102C can also be
used to dynamically update list 102CL at gateway 102C. The
backend server at remote center 106 can use connection can
also use connection 104D from remote center 106 to gateway
102D to dynamically update list 102DL at gateway 102D.
[0136] As shown in FIG. 1A3, one entry may include: a
unique patient identifier 