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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention.

[0001] The present invention is related to patient mon-
itoring. Although embodiments make specific reference
to acute patient monitoring in a hospital ward, the sys-
tems, methods and devices described herein may be ap-
plicable to many applications in which physiological mon-
itoring is used, for example wireless physiological mon-
itoring for extended periods.
[0002] Patients can be treated for diseases and/or con-
ditions associated with a compromised status of the pa-
tient, 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 determine the underlying cause of
illness. Hospital patients requiring intensive care may be
admitted to an intensive care unit (hereinafter "ICU"), and
hospitalized patients requiring intensive care can be ad-
mitted to a general ward of the hospital. 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 in-
stances. 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.
[0003] It would be helpful if improved patient monitor-
ing 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 instru-
mentation 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 threatening condition,
such that the patient can be treated for the life threatening
condition before ICU care is needed.
[0004] Work in relation to embodiments of the present
invention suggests that known methods and apparatus
for monitoring patients in hospital and long term care set-
tings may be less than ideal. 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 general hospital ward. For
example at least some of the known patient measure-
ment 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 exer-
cise 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 exercise.
[0005] Although wireless communication devices may
transmit measured patient data, in at least some instanc-
es 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 some-
what slower than ideal. In at least some instances, im-
portant information may not pass through the gateway
to a monitoring site in a timely manner. Also, at least
some of the known methods and devices that use mesh
communication protocols such as ZigBee can result in
communication that is slower than ideal in at least some
instances.
[0006] Therefore, a need exists for improved patient
monitoring 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-com-
ings of the present methods and devices.

2. Background Art.

[0007] The following U.S. Patents and Publications
may describe relevant background art: 4,121,573;
4,955,381; 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
US 2008/004904 (Tran Bao Q) discloses a medical sys-
tem that includes a network; one or more medical data
collection appliances coupled to the network, each ap-
pliance transmitting data conforming to an interoperable
format; and a server coupled to the network to store data
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for each individual in accordance with the interoperable
format.
[0008] Document US 5,944,659 discloses a medical
telemetry system for collecting the real-time physiologic
data of patients of a medical facility, and for transferring
the data via RF to a real-time data distribution network
for monitoring and display.

BRIEF SUMMARY OF THE INVENTION

[0009] The systems, methods and devices of embod-
iments of the present invention provide improved patient
monitoring in wards with ambulatory patients, for exam-
ple in the hospital setting with ambulatory hospital pa-
tients 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 measurements can be pro-
vided 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
with patient data when the patient is ambulatory. The
adherent device can comprise an emergency notification
switch operable by the patient to trigger an emergency
notification transmission from the adherent device. The
emergency notification transmission can be used to alert
a health-care provider of the patient-initiated emergency
notification. The local processor system can be config-
ured 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 com-
prise a unique adherent device identifier, and the patient
can be associated with the unique adherent device iden-
tifier, 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 iden-
tifier 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 config-
ured 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 circuitry configured
to communicate wirelessly to the monitoring station, for
example with a cellular communication protocol, such
that the adherent devices and gateways can be readily
deployed in existing patient wards with existing monitor-
ing stations. The wireless communication circuitry of the
gateways may be configured to communicate wirelessly
directly with communication circuitry of the monitoring
station and may also be configured with a mesh network-
ing 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.
[0010] A system according to the invention is defined
in claim 1. A method according to the invention is defined
in claim 11.
[0011] In many embodiments, the monitoring station
comprises a nurses’ station, and the user comprises a
plurality of nurses. The at least one display may comprise
a central terminal disposed at the nurses’ station to dis-
play 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.
[0012] In many 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. Each patient may have a unique patient
identifier, and the local processor system can be config-
ured 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 patient or an assigned bed of
the patient. For example, the local processor system 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.
[0013] In many embodiments, the local processor sys-
tem comprises at least one handheld mobile device con-
figured to customize the alert. The local processor sys-
tem can be configured 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 proc-
essor 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 com-
prise at least one of a heart condition, a kidney condition
or a fetal condition.
[0014] In many embodiments, the system comprises
a plurality of alert devices, in which the alter devices com-
prise 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 monitor-
ing 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.
[0015] In many embodiments, the local processor sys-
tem comprises a front end server connected to the plu-
rality of gateways, in which the front end server is con-
figured to receive the patient data from the plurality of
gateways and to show the patient data on the at least
one display.
[0016] In many embodiments, the system comprises
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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 imme-
diate 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 a non-im-
mediate 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 im-
mediate life threatening fetal condition, and the non-im-
mediate 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 fe-
tal condition. For example, the life immediate threatening
condition may comprise the immediate life threatening
heart condition, and the immediate life threatening heart
condition may comprise at least one of a ventricular tach-
ycardia or a ventricular fibrillation. The non-life threaten-
ing condition may comprise the non-life threatening heart
condition, and the non-life threatening heart condition
may comprise at least one of a non-sustained ventricular
tachycardia or an atrial fibrillation.
[0017] In many embodiments, each adherent patient
device comprises an adherent device processor com-
prising a tangible medium configured to process the pa-
tient data, and each gateway comprises a gateway proc-
essor comprising a tangible medium configured to proc-
ess patient data. The local processor system is config-
ured to process patient data transmitted from the plurality
of gateway devices and transmit processed patient data
to a remote processor system.
[0018] In many 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 plu-
rality of gateways is configured 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.
[0019] In many embodiments, the local processor sys-
tem is configured to receive the patient data and deter-
mine locations of the plurality of patients when at least
some of the patients are mobile. For example, each gate-
way can be positioned at a unique location, and each
gateway of the plurality of gateways may comprise a
unique gateway identifier. Each gateway of the plurality
of gateways may be configured to transmit 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.

[0020] In many embodiments, a first portion of the plu-
rality 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 por-
tion of the plurality of gateways may cover a second area,
in which the first area overlaps substantially with the sec-
ond area, such that the first portion of adherent devices
transmit patient data through the first portion of the plu-
rality 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 sec-
ond portion of the plurality of patients roam the first area.
[0021] In many embodiments, the first portion of the
plurality 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 gate-
way 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.
[0022] In many embodiments, the local processor sys-
tem 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 plu-
rality of adherent devices is at least one of adhered to or
removed from one of the patients.
[0023] In many embodiments, the adherent patient de-
vice comprises a plurality of adherent patient devices
configured to adhere simultaneously to the patient on
opposite sides of a chest of the patient to enhance fidelity
of data signal measured from the patient. For example,
the plurality of adherent patient devices may comprise a
first adherent device comprising first wireless communi-
cation circuitry, and a second adherent device compris-
ing second wireless communication circuitry. The first
adherent device may comprise a first at least two elec-
trodes to measure a first cardiac vector on a first side of
the chest, and the second adherent device may comprise
a second adherent device comprising a second at least
two electrodes to measure a second cardiac vector, the
first wireless communication circuitry configured to trans-
mit the first cardiac vector, the second wireless commu-
nication circuitry configured to transmit the second car-
diac vector.
[0024] In many embodiments, the adherent patient de-
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vice comprises a GPS receiver to locate the adherent
patient device adhered to the patient.
[0025] In many embodiments, at least one of the ad-
herent patient device, the gateway or the monitoring sta-
tion comprise a battery indicator to indicate battery pow-
er.
[0026] 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.
[0027] In many embodiments, each gateway of the plu-
rality of gateways comprises first wireless communica-
tion circuitry configured to communicate with one or more
of the plurality of adherent patch devices and second
wireless communication circuitry configured to commu-
nicate with a transceiver of the local processor system.
Each gateway of the plurality of gateways can be config-
ured to be carried by a patient of the plurality of patients.
[0028] The gateways can be configured in many ways
to communicate with the transceiver of the local proces-
sor system. Each gateway of the plurality of gateways
may be configured to communicate directly with the
transceiver of the local processor system. For example,
each gateway of the plurality of gateways may be con-
figured to communicate with a cellular connection to the
transceiver of the local processor system. Alternatively
or in combination, each gateway of the plurality of gate-
ways 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 commu-
nication protocol may comprise a ZigBee communication
protocol.
[0029] In many embodiments, each gateway of the plu-
rality of gateways comprises a unique gateway device
identifier. Each gateway of the plurality can be configured
to communicate with at least one other gateway in re-
sponse 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 com-
municate with the at least one other gateway in response
to the list.
[0030] 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 com-
prise at least one unique gateway identifier and at least
one of a unique patient identifier or a unique device iden-
tifier. Each gateway can be configured to communicate
with the at least one other gateway 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.
[0031] In many embodiments, each gateway of the plu-
rality is configured to transmit the unique gateway device

identifier with the patient data to determine which gate-
ways transmit the patient data for each patient to the local
processor system. For example, each gateway of the plu-
rality 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.
[0032] In many embodiments, each adherent patient
device comprises impedance circuitry, electrocardio-
gram 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 elec-
trocardiogram circuitry may be configured to measure an
electrocardiogram data of the patient. The accelerometer
circuitry may be configured to measure acceleration data
of the patient, for example for when the patient falls and/or
for sleep orientation. The oximetry circuitry may be con-
figured 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 config-
ured to measure temperature data of the patient. The
wireless communication circuitry may be configured to
transmit the impedance data, the electrocardiogram da-
ta, the accelerometer data, the blood oxygen data, or the
temperature data to at least one gateway of the plurality
of gateways.
[0033] In many embodiments, at least one of the local
processor 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.
[0034] In many embodiments, each adherent patient
device comprises an emergency notification switch op-
erable by the patient to trigger an emergency notification
transmission. Each adherent patient device can com-
prise 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 (directly and/or as relayed by
the plurality of gateways), and can be configured to iden-
tify the originating adherent patient device in response
to the received emergency notification. Each patient can
have a unique patient identifier. The local processor sys-
tem 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.
[0035] In another aspect, the present disclosure pro-
vides 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
supported with the skin of the patient. The patient data
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is transmitted from the at least one adherent device with
the wireless communication circuitry to at least one gate-
way. The patient data is transmitted from the at least one
gateway to a local processor system.
[0036] In many embodiments, the local processor sys-
tem is configured to send customized alerts in response
to the patient data.
[0037] In many embodiments, the at least one adher-
ent device comprises a plurality of adherent devices in
which each of the adherent devices comprises a unique
device identifier, and the at least one gateway comprises
a list of unique adherent device identifiers. The at least
one gateway comprises a plurality of wireless communi-
cation 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 identifier and the unique gateway
identifier when the patient is ambulatory.
[0038] In many embodiments, the patient data are
transmitted with wireless communication from the at least
one gateway to a local 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 cloth-
ing of the patient.
[0039] 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 ex-
ample, each gateway of the plurality of gateways can be
configured to communicate with a cellular connection to
the transceiver of the local processor system. Alterna-
tively or in combination, the at least one gateway may
communicate with at least one other gateway with a mesh
wireless communication protocol, such that the patient
data can be transmitted indirectly from the gateway to
the local processor system with the at least one other
gateway.
[0040] In many embodiments, the method of monitor-
ing a plurality of patients further comprises transmitting
an emergency notification from one of the at least one
adherent patient device in response to the patient oper-
ating an emergency notification switch on the adherent
patient device to trigger the emergency notification trans-
mission. The emergency notification can be transmitted
to the at least one gateway, 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 de-
vice identifier, and the patient-initiated emergency noti-
fication can comprise the unique device identifier. The
method can further comprise indicating the originating
adherent device by the local processor system in re-
sponse to the received emergency notification. Each pa-
tient can have a unique identifier. The method can further
comprise indicating by the local processor system in re-
sponse 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.
[0041] In another aspect, the present disclosure pro-
vide a method of monitoring a plurality of patients. First
patient data are transmitted from a first patient measure-
ment device on a first patient to a first gateway with wire-
less 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 wireless communication. The second patient data
are transmitted from the second gateway to the first gate-
way 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 proc-
essor system with the first wireless communication link.
[0042] In many embodiments, the second gateway is
initially coupled directly to the transceiver and decoupled
from the second transceiver in response to movement of
the second patient.
[0043] In another aspect, embodiments of the present
disclosure provide a system to monitor a plurality of pa-
tients. A plurality of patient measurement devices is con-
figured to measure patient data from a plurality of patients
and transmit the patient data. A local processor system
comprising a tangible medium and at least one display
is disposed at a monitoring station. The local processor
system comprises a transceiver 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 measurement de-
vices and transmit the patient data to the local processor
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.
[0044] The transceiver of the local processor system
may be configured for placement at the monitoring sta-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

Figure 1A shows a patient and a monitoring system
for monitoring a plurality of patients, in which the
monitoring system comprises adherent devices con-
figured to adhere to the skin of the plurality of pa-
tients, according to embodiments of the present in-
vention;

Figure 1A1 a patient monitoring system as in Figure
1A configured to monitor patients admitted to a hos-
pital ward;
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Figure 1A1-1 a patient monitoring system as in Fig-
ures 1A and 1A1, in which many of the patients carry
hand held portable gateway configured to pair with
the patient;

Figure 1A2 shows the patient monitoring system of
Figures 1A and 1A1 with a plurality of gateways, in
which each gateway is configured to transmit data
in response to a list of allowed patient devices;

Figure 1A2-1 shows the patient monitoring system
as in Figures 1A to 1A2, in which each gateway is
configured to transmit data to the monitoring station
with a wireless mesh networking standard in re-
sponse to a list of allowed patient devices corre-
sponding to patients of the ward.

Figure 1A2-2 shows the patient monitoring system
as in Figures 1A2-1, in which the gateways establish
communication with each other in response to a
weak signal between a first gateway and the moni-
toring station.

Figure 1A3 shows a master approved patient device
list and corresponding gateway approved patient de-
vice lists for the patient monitoring system of Figures
1A and 1A2;

Figure 1A3-1 shows a master approved patient de-
vice list and corresponding lists of allowed patient
devices and allowed gateways for each gateway of
the patient monitoring system as in Figures 1A-1 to
1A3;

Figure 1A4 shows an updated master approved pa-
tient device list and corresponding updated gateway
approved patient device lists for the patient monitor-
ing system of Figures 1A, 1A1 and 1A2;

Figure 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 commu-
nicate with the adherent devices of a plurality of pa-
tients and in which the gateways are configured to
communicate with each other with a mesh network
for the system as in Figures 1A to 1A4;

Figure 1B shows a bottom view of the adherent de-
vice as in Figure 1A comprising an adherent patch;

Figure 1C shows a top view of the adherent patch,
as in Figure 1B;

Figure 1D shows a printed circuit boards and elec-
tronic components over the adherent patch, as in
Figure 1C;

Figure 1D1 shows an equivalent circuit that can be
used to determine optimal frequencies for determin-
ing patient hydration, according to embodiments of
the present invention;

Figure 1E shows batteries positioned over the print-
ed circuit board and electronic components as in Fig-
ure 1D;

Figure 1F shows a top view of an electronics housing
and a breathable cover over the batteries, electronic
components and printed circuit board as in Figure IE;

Figure 1G shows a side view of the adherent device
as in Figures 1A to IF;

Figure 1H shown a bottom isometric view of the ad-
herent device as in Figures 1A to 1G;

Figures 1I and 1J show a side cross-sectional view
and an exploded view, respectively, of the adherent
device as in Figures 1A to 1H;

Figure 1K shows at least one electrode configured
to electrically couple to a skin of the patient through
a breathable tape, according to embodiments of the
present invention;

Figure 1L shows a plurality of adherent patient de-
vices simultaneously adhered to the patient, in ac-
cordance with embodiments of the present inven-
tion;

Figure 2 shows a method of monitoring patients, ac-
cording to embodiments of the present invention;
and

Figure 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 Figure 2.

Figure 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

[0046] 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 physiological mon-
itoring is used, for example wireless physiological mon-
itoring for extended periods.
[0047] Embodiments comprise a system to monitor pa-
tients in a hospital ward with a dedicated wireless intran-
et. The system may comprise a monitoring station, for
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example a central monitoring station (CMS), and a plu-
rality of patient measurement devices, for example a plu-
rality of N adherent patient devices adhered to a plurality
of N patients. The CMS may comprise a low power trans-
ceiver comprising a digital two way radio so as to com-
municate with the adherent patient devices. Each adher-
ent patient device can measure patient physiological data
such as heart rate, impedance based respiration, imped-
ance 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 ambulatory and walk in the hospital ward with the ad-
herent patch devices and transmit patient data to the
CMS. At least some of the patients and the devices ad-
hered to the patients may be out 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 de-
vice 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 commu-
nication protocols using small, low-power digital radios
based on the IEEE 802.15.4-2006 standard for wireless
personal area networks (WPANs). Each of the adherent
devices can be configured to dynamically change the
route of the data from the adherent device to the moni-
toring station as the patients walk around the hospital.
[0048] 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 com-
munication from the gateway to the CMS may comprise
direct communication with the CMS or indirect commu-
nication with the CMS. The gateway device of each pa-
tient that is within range of the CMS may communicate
directly with the CMS, and the gateway device of each
patient that is out of range of the CMS may communicate
indirectly with the CMS using the gateway device of an-
other 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.
[0049] 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 physiological variables can be continuously monitored
and provided to hospital staff with accompanying
alerts/alarms. Depending on sensors of the device ad-
hered 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 monitor-
ing substantially similar intensive 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 disorders, low
blood oxygen, fetal disorders. The system can also pro-
vide 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 ad-
herent 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 capacitive sensor, or many devices oper-
able by the patient to generate a signal so as to trigger
a transmission of an emergency notification from the ad-
herent device. The patient-initiated emergency notifica-
tion transmission can be processed by the system to gen-
erate an appropriate alert.
[0050] 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 ter-
minal; a front end server; and a back end server. The
adherent patient device may comprise a patch of breath-
able material, for example breathable 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 communication circuitry to
transmit that data when the patch is adhered to the pa-
tient.
[0051] The wireless adhesive patient device can be
configured to be placed and adhered on the patient’s
chest with the patch. The patch device can comprise the
capability to monitor at least one of the following physi-
ological signals: heart rhythm, respiration, activity, and
body fluid, pulse oximetry, or temperature. The adherent
patient device can also comprise an emergency notifica-
tion switch operable by the patient to trigger an emer-
gency notification transmission from the adherent patient
device.
[0052] The gateway device, which wirelessly commu-
nicates 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).
[0053] Each gateway device can be configured to
transmit data from the patient device to the backend serv-
er 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
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the flow of data through the gateways and maintain in-
tegrity of the gateways. Each gateway can be stationary
and configured to transmit a gateway identifier with the
patient data, such that the patient can be located in re-
sponse to the gateway identifier and the location of the
gateway in the hospital.
[0054] 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.
[0055] 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 de-
vice 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.
[0056] The front end server can be located at the cen-
tral 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 commu-
nication with additional servers that store patient data
from other locations in the hospital, for example radiology
and/or imaging data.
[0057] The backend 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 communicating with the gateway device, central
terminal, and/or alarm targets.
[0058] System deployment may occurs as follows. All
rooms in a ward can be equipped with stationary gateway
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 as-
sociate 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 serv-
er. When data analysis occurs primarily on the patient
device, the data analysis may be of low computational
intensity (for example, arrhythmia detection with a rate
cutoff in the absence of activity).
[0059] The alerts may comprise one or more of the
following. 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 pa-
tient device. A light, beeper, and/or buzzer located on
the gateway device. The alarm may be manually deac-
tivated with a button on the gateway device. A light, beep-
er, 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.
[0060] 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 pa-
tient device system can be employed with two or more
adherent patient devices adhered to the patient, for ex-
ample with patches device placed on opposite sides of
the chest for enhanced data signal fidelity. 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.
[0061] The system can be configured to locate the pa-
tient in the hospital. For example, the patch device may
include a GPS receiver to allow for patch device locali-
zation, which may obviate a need to associate the patch
device with a ward/room/bed. Also hospital-wide gate-
way network can be configured to allow patients to roam
the hospital while being monitored, and the gateway net-
work can be configured to locate the patient in response
to pairing of the gateway with the patient.
[0062] The patient adherent device is configured to
measure patient data. Many devices that transmit wire-
less data through a gateway can be incorporated with
embodiments. For example, a gateway device can re-
ceive data from at least one patient worn device, for ex-
ample 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 electrocardiography device. The
patient device may comprise one or more adherent de-
vices 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 ad-
herent 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 "Ad-
herent Device for Sleep Disordered Breathing". The pa-
tient device may also comprise one or more of a plurality
of patient worn device that 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 September 14, 2007; 61/055,666, filed May 23,
2008; 12/209,288, filed September 12, 2008; entitled
"Adherent Device with Multiple Physiological Sensors".
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.
[0063] In specific embodiments, an adherent patient
device comprises an adherent patch device which is con-
figured to adhere to the skin of the patient with an adher-
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ent patch, for example breathable tape, to measure pa-
tient 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 apnea and/or hypopnea. The
impedance circuitry may be used to measure hydration
of the patient, which can be useful evaluating the phys-
iologic status of the patient, for example in combination
with the detected sleep apnea and/or hypopnea. An ac-
celerometer can be mechanically coupled to the adherent
patch such that the accelerometer can be coupled to and
move with the skin of the patient, thereby providing an
accurate and reliable measurement of the orientation
and/or activity of the patient, which can be helpful in de-
termining 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 circuitry 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.
[0064] Embodiments of the present invention can be
used to transmit important data relevant to patients with
health conditions. For example, decompensation is fail-
ure of the heart to maintain adequate blood circulation.
Although the heart can maintain at least some pumping
of blood, the quantity is inadequate to maintain healthy
tissues. Several symptoms can result from decompen-
sation including pulmonary congestion, breathlessness,
faintness, cardiac palpitation, edema of the extremities,
and enlargement of the liver. Cardiac decompensation
can result in slow or sudden death. Sudden Cardiac Ar-
rest (hereinafter "SCA"), also referred to as sudden car-
diac death, is an abrupt loss of cardiac pumping function
that can be caused by a ventricular arrhythmia, for ex-
ample ventricular tachycardia and/or ventricular fibrilla-
tion. Although decompensation and SCA can be related
in that patients with decompensation are also at an in-
creased risk for SCA, decompensation is primarily a me-
chanical dysfunction caused by inadequate blood flow,
and SCA is primarily an electrical dysfunction caused by
inadequate and/or inappropriate electrical signals of the
heart.
[0065] The adherent patient device may be worn con-
tinuously for at least seven days, for example 14 days,
and then replaced with another patch. Adherent devices
with comfortable 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 Sensors"; and 60/972,629, enti-
tled "Adherent Device with Multiple Physiological Sen-
sors", both filed on September 14, 2007, the full disclo-
sures of which have been previously incorporated herein
by reference. In many embodiments, the adherent patch
comprises a tape, which comprises a material, preferably
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 com-
prise a flex printed circuit board that can flex with the
patient to provide improved patient comfort.
[0066] Figure 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 de-
vice 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 recharge-
able 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 mod-
ule is placed on the adherent patch with connectors. In
some embodiments, the intermediate device 102 may
comprise the charging module, 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 electronics
module is worn by the patient.
[0067] Monitoring system 10 includes components to
transmit data to a local monitoring station 103 and a re-
mote 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 con-
tinent 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 com-
municate wirelessly to an intermediate device 102, for
example with a single wireless hop from the adherent
device on the patient to the intermediate device. Inter-
mediate device 102 comprises a communication gate-
way. Intermediate device 102 comprising the communi-
cation gateway can communicate with remote center 106
with a connection 104 in many ways. For example, con-
nection 104 may comprise at least one of an internet
connection, a cellular connection, or a low power indus-
trial science and medical (hereinafter "ISM") digital radio,
for example ZigBee radio and protocol or Bluetooth radio
and protocol.
[0068] In many embodiments, monitoring system 10
comprises a distributed processing system with at least
one processor 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 com-

17 18 



EP 2 375 968 B1

11

5

10

15

20

25

30

35

40

45

50

55

munication 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 com-
prise a processor system, and at least one processor
106P may comprise a processor system. At least one
processor 102P comprises a tangible medium 102T, and
tangible medium 102T may be configured so as to com-
prise a list 106L of approved devices and/or device iden-
tifiers. The list 106L is used to control and/or limit which
adherent devices communicate with intermediate device
102. At least one processor 103P comprises a tangible
medium 103T, and tangible medium 103T may be con-
figured 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 106T, and tangible medium
106T may be configured so as to comprise a master list
106L of approved device identifiers, for several hospitals.
The master list and/or components of the master list 103L
and the master list 106L 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 gate-
way device.
[0069] Local processor 103P may comprise a front end
server located at the monitoring station. Monitoring sta-
tion 103 can be in communication with a health care pro-
vider 103A with a communication system 103A1, such
as the Internet, an intranet, phone lines, wireless and/or
satellite phone, a local area network, WiFi, ISM, Blue-
Tooth, or ZigBee. Communication 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
103A, 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 ex-
ample a physician 103B located in the hospital, with a
communication system 103B1, such as the Internet, an
intranet, 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 de-
vice, a personal digital assistant, a cellular phone or an
alarm, for example an alarm at the monitoring station.
Physician 103B can have immediate 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 pa-

tient as indicated by arrow 103C2, for example to revive
the patient. Thus, in many embodiments, monitoring sys-
tem 10 comprises a closed loop system in which patient
care can be monitored and implemented from the local
monitoring station in response to signals from the adher-
ent device.
[0070] Remote processor 106P may comprise a back-
end 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 intranet, phone lines, wireless and/or satellite
phone. Health care provider 108A, for example a family
member, nurse or caregiver, can be in communication
with patient P with a communication system, for example
with a two way communication system, as indicated by
arrow 109A, for example by cell phone, email, landline.
Remote center 106 can be in communication with a
health care professional, for example a physician 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-
munication system, as indicated by arrow 109B, for ex-
ample 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 communication 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 comprises 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.
[0071] In many embodiments, the adherent device
may continuously monitor physiological parameters,
communicate wirelessly with a remote center, and pro-
vide 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 communication capabilities. In some em-
bodiments, the patch can communicate 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 hypop-
nea index. When a flag is raised, the center may com-
municate with the patient, hospital, nurse, and/or physi-
cian to allow for therapeutic intervention.
[0072] The adherent device may be affixed and/or ad-
hered to the body in many ways. For example, with at
least one of the following: an adhesive tape, a constant-
force spring, suspenders 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 replace-
ment may occur with a keyed patch (e.g. two-part patch),
an outline or anatomical mark, a low-adhesive guide
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(place guide | remove old patch | place new patch | re-
move guide), or a keyed attachment for chatter reduction.
The patch and/or device may comprise an adhesiveless
embodiment (e.g. chest strap), and/or a low-irritation ad-
hesive for sensitive skin. The adherent patch and/or de-
vice can comprise many shapes, for example at least
one of a dog bone, an hourglass, an oblong, a circular
or an oval shape.
[0073] System 10 can perform the following functions:
initiation, programming, measuring, storing, analyzing,
communicating, predicting, and displaying. The adherent
device may contain a subset of the following physiolog-
ical 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 pres-
sure, activity, posture, wake/sleep, orthopnea, tempera-
ture/heat flux, and weight. The activity sensor may com-
prise one or more of the following: ball switch, acceler-
ometer, minute ventilation, HR, bioimpedance noise, skin
temperature/heat flux, BP, muscle noise, posture.
[0074] The adherent device can wirelessly communi-
cate 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 commu-
nicate wired or wirelessly to relay data to remote center
106.
[0075] In many embodiments, instructions are trans-
mitted from remote site 106 to a processor supported
with the adherent patch on the patient, and the processor
supported with the patient can receive updated instruc-
tions for the patient treatment and/or monitoring, for ex-
ample while worn by the patient.
[0076] Figure 1A1 shows a patient monitoring system
10 as in Figure 1A configured to monitor patients admitted
to a hospital ward HW. The patient P is shown ambulatory
near local monitoring station 103, for example a nurses’
central monitoring station. Local monitoring station 103
comprises a central terminal CT and the local processor
103P comprising the front end server, as described
above. The front end server is configured to communi-
cate 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 com-
prising the remote processor 106P, as described above.
[0077] 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 com-
prise a processor system with the front end server and
at least one hand held processor device 103HD, such as
a personal digital assistant (hereinafter "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 com-
municate with the adherent device and the front end serv-
er, and a processor comprising a tangible computer
memory medium such as random access memory (here-
inafter "RAM"), flash RAM, a hard drive and read only
memory. For example nurse 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.
[0078] 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 pa-
tient device can be configured to turn on when the patient
device is adhered to the patient as described in US
60/972,336; 61/046,196; 12/209,276; and 12/209,274;
the full disclosures of which have been previously incor-
porated 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.
[0079] The nurse, or other hospital staff, can associate
the adherent patient measurement device with the pa-
tient 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 corresponds to the pa-
tient. The unique adherent device identifier can be en-
tered 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 se-
lection 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 be-
fore. 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 pa-
tient 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,
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the alerts can be based on the adherent device and may
also be based on the unique patient identifier, such as a
unique hexadecimal number.
[0080] The patient specific alerts sent in response to
patient data from the patch can be customized, for ex-
ample 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 sta-
tion. For example, the local processor system can include
a calendar of physician schedules, 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 measurements, 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 is present at the
hospital of the ward can be sent an alert in response to
the measured decrease in tissue resistance.
[0081] The general ward includes a plurality of patient
rooms, for example room R1, room R2, room R3, room
R4, room R5 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 B1B. 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 R5 comprises a first bed B5A and a
second bed B5B. 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 R5 may have a gateway
102E. Room R6 may have a gateway 102F.
[0082] An alarm can be located for each room and cou-
pled to each gateway. For example, an alarm A1 can be
located at the entrance to room R1 and coupled to gate-
way 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 room R5 and
coupled to gateway 102E. An alarm A6 can be located
at the entrance to room R6 and coupled to gateway 102F.
[0083] Each of the alarms may have a patient specific
alert associated with the patient assigned to a bed in the
ward, for example alarm A1 can have a patient specific
alert A1A for the patient assigned to bed B1A, and a

patient specific alert A1B for the patient assigned to bed
B1B. Alarm A2 can have a patient specific alert A2A 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 as-
signed to bed B3A, and a patient specific alert A3B for
the patient assigned to bed B3B. Alarm A4 can have a
patient specific alert A4A for the patient assigned to bed
B4A, and a patient specific alert A4B for the patient as-
signed to bed B4B. Alarm A5 can have a patient specific
alert A5A for the patient assigned to bed B5A, and a
patient specific alert A5B for the patient assigned to bed
B5B. 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 a button,
to manually deactivate the alarm device, for example a
button on each of alarm A1, A2, A3, A4, A5 and A6.
[0084] Each of the patients may be ambulatory, and
system 10 can be configured to monitory ambulatory pa-
tients, 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 config-
ured to pair with patient PA. Patient PD can be assigned
to bed B2A of room R2, and gateway 102B can be con-
figured to pair with patient PB. Patient PC can be as-
signed 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 gate-
ways and beds can be similarly assigned to patients ad-
mitted to the ward.
[0085] The unique identification number of each ad-
herent patient device can be used to locate each ambu-
latory 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 wan-
ders about the ward. For example, the adherent patient
devices and the gateways can each be configured to in-
clude 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 wear-
ing adherent device 100A1 configured to pair with gate-
ways 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 al-
lowed gateways 102A, 102B and 102C, adherent device
102B1 can pair with gateway 102B. Patient PC is shown
wearing adherent device 100C1 configured 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
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100D1 configured to pair with gateways 102D, 102E and
102F. When patient PD is nearest gateway 102F of al-
lowed gateways 102E, 102F and 102G, adherent device
102D1 can pair with gateway 102F. For example, patient
PD can undergo cardiac arrest requiring immediate re-
suscitation, 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 asso-
ciated 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 lo-
cation of patient PD near gateway 102F of room R6, 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 customized alert configured when the patient is
admitted to the hospital ward.
[0086] Figure 1A1-1 a patient monitoring system as in
Figures 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 pa-
tient 100D can 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 gateways can switch to a mesh network pro-
tocol to transmit the patient data to the monitoring station
103 when a direct wireless link to transceiver located at
the monitoring station is not available.
[0087] Monitoring station 103 may comprise wireless
communication circuitry 103WC configured to communi-
cate with the portable handheld gateways. Wireless com-
munication circuitry 103C comprises a transceiver con-
figured to communicate with the gateways. Wireless cir-
cuitry 103C is coupled to at least one processor 103P
located near the monitoring station. For example, wire-
less communication circuitry 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 station.
[0088] Figure 1A2 shows monitoring a plurality of pa-
tients with monitoring system 10. The plurality of patients
comprises at least two patients, for example a first patient
PA, a second patient PB, a third patient PC and a fourth
patient PD. Each of the plurality of patients has at least
one device adhered or implanted into the patient to meas-

ure 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 intermediate 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 pa-
tient device list that controls communication of the device
with the gateway. For example first gateway 102A com-
prises 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 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.
[0089] Each gateway may comprise a processor com-
prising a tangible medium configured to determine when
the device is on the approved patch list. For example,
first gateway 102A comprises a first processor 102AP.
Second gateway 102B comprises a second processor
102BP. Third gateway 102C comprises a third processor
102CP. Fourth gateway 102D comprises a fourth proc-
essor 102DP.
[0090] Each of gateways 102A, 102B, 102C and 102D
can send data to remote center 106 through each of con-
nections 104A, 104B, 104C and 104D, respectively. Con-
nections 104A, 104B, 104C and 104D may be, for exam-
ple, a wireless connection, a cellular connection, a Zig-
Bee 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 gateway is paired to the
adherent patient device, for example a dedicated cellular
connection from a phone number dialed by the gateway.
[0091] More than one patient device can correspond
to each patient. For example, a box of adherent patches
can be provided for each patient, and each patch may
comprise a unique identifier which is associated with the
patient so as to correspond 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 embod-
iments, a patient may have more than one patch simul-
taneously adhered to the patient, for example to measure
data at two or more separate locations on the patient.
[0092] System 10 comprises a first plurality of patches
for first patient PA, a second plurality of patches for sec-
ond patient PB, a third plurality of patches for patient PC
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and a fourth plurality of patches provided for patient PD.
The first plurality of adherent devices comprises adherent
devices 100A1, 100A2, 100A3 and 100A4. Each of ad-
herent devices 100A1, 100A2, 100A3 and 100A4 are
configured to adhere to a patient, for example patient PA.
The second plurality of adherent devices comprises ad-
herent devices 100B1, 100B2, 100B3 and 100B4. Each
of adherent devices 100B1, 100B2, 100B3 and 100B4
are configured to adhere to a patient, for example patient
PB. The third plurality of adherent devices comprises ad-
herent 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 comprises
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.
[0093] 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 de-
vice identifier may be encrypted. 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.
[0094] 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 adher-
ent patient device may transmit the device identifier to
any gateway within range of the wireless communication
signal transmitted by the adherent device.
[0095] 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 system. When the
patient device is paired to the gateway, the gateway can
provide a dedicated connection to from the gateway to
the backend server system, such that the communication
channel integrity is maintained.
[0096] Each device can pair with at least one of the
gateways, in response to the approved list of the gate-
way. Each of adherent devices 100A1, 100A2, 100A3
and 100A4 may pair with the intermediate device com-
prising gateway 102A with pairing 100A1P, 100A2P,
100A3P and 100A4P, respectively, in response to ap-
proved 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, 100B2, 100B3 and 100B4 may pair with
the intermediate device comprising gateway 102B with

pairing 100B1P, 100B2P, 100B3P and 100B4P, respec-
tively, in response to approved patient device list 102BL.
Each of adherent devices 100C1, 100C2, 100C3 and
100C4 may pair with the intermediate device comprising
gateway 102C with pairing 100C1P, 100C2P, 100C3P
and 100C4P, respectively, in response to approved pa-
tient device list 102CL. Each of adherent devices 100D1,
100D2, 100D3 and 100D4 may pair with the intermediate
device comprising gateway 102D with pairing 100D1P,
100D2P, 100D3P and 100D4P, respectively, in response
to approved device list 102DL.
[0097] Each of the adherent devices can communicate
with the backend server when paired to the intermediate
device comprising the gateway. Each of adherent devic-
es 100A1, 100A2, 100A3 and 100A4 may be in paired
electronic communication with the intermediate device
comprising gateway 102A and transmit data to the back-
end 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 comprising
gateway 102C and transmit data to the backend server
at remote center 106 when paired. Each of adherent de-
vices 100D1, 100D2, 100D3 and 100D4 may be in elec-
tronic communication with the intermediate device com-
prising gateway 102D and transmit data to the backend
server at remote center 106 when paired.
[0098] 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 similar. For example, when adherent patient de-
vice 100A1 communicates with gateway 100A, adherent
patient device 100A1 can be configured transmits its se-
rial number SN to gateway 100A. The processor of gate-
way 102A may query approved device list 102AL and
performs logic operations. If the serial number of device
100A is in the approved patient list 102AL, 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 gateway 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 de-
tect pairing between device 100A and gateway 102. Sim-
ilar protocols can be used to transmit data for additional
patient devices and gateways.
[0099] As the pairing of each device with the gateway
is controlled with the approved patient device list, one
intermediate 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
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with device 100A1 when approved device list 102BL
comprises the identifier for device 100A1 for first patient
PA. The first intermediate device comprising first gate-
way 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 mo-
bile, for example in a ward of a hospital where many
patient devices can be within range of a gateway device.
[0100] 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 Blue-
tooth connection may have at least 8 simultaneous con-
nections for 8 adherent devices from 8 patients. The ad-
herent patient device may actively search for a gateway
to pair with, for example by searching and sorting gate-
way signals from strongest to weakest and stopping 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.
[0101] The gateways configured to pair with devices
in response to the approved patch list allows for the com-
munication to be controlled dynamically with dynamic up-
dating 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 comprise, for example, a binary file, a hex-
adecimal file, an ASCII file or an encrypted file stored on
tangible medium. Approved device list 102AL may com-
prise a list of serial numbers of approved adherent de-
vices. 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 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.
[0102] 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 iden-

tifier 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.
[0103] Although Figure 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 gateways, may be provided.
[0104] Figure 1A2-1 shows the patient monitoring sys-
tem of Figures 1A to 1A2, in which each gateway is con-
figured 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 pa-
tients of the ward. Gateway 102A is configured couple
to wireless communication circuitry 103WC of monitoring
station with direct wireless communication 104A1. Gate-
way 102B is configured couple to wireless communica-
tion circuitry 103WC of monitoring station with direct wire-
less communication 104B1. Gateway 102C is configured
couple to wireless communication circuitry 103WC of
monitoring station with direct wireless communication
104C1. Gateway 102D is configured couple to wireless
communication circuitry 103WC of monitoring station
with direct wireless communication 104D1.
[0105] The direct wireless communication may com-
prise at least one of direct cellular communication or in-
direct communication with a mesh protocol. For example
each of gateway 104A, gateway 104B, gateway 104C
and gateway 104D can be configured to establish a cel-
lular connection, which can be beneficial when direct
communication is available and high data transmission
rate throughput is beneficial. Alternatively or in combina-
tion, each of gateway 104A, gateway 104B, gateway
104C and gateway 104D can be configured to establish
a mesh network to transmit data to monitoring station
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
gateway to the transceiver of the monitoring station. The
mesh network protocol can be beneficial when a cellular
connection may not be available, and in situations where
data transmission rate is not critical.
[0106] The mesh network protocol can establish com-
munication among the gateways with connections ex-
tending between the gateways. Wireless mesh network
communication can include direction communication
from one gateway to another. The mesh network protocol
may comprise bidirectional communication, for example
such that the adherent devices can receive instructions
to collect and transmit data from at least one of the mon-
itoring station or the back end server. A wireless connec-
tion 104BA may extend from gateway 102B to gateway
102A. A wireless connection 104CB may extend from
gateway 102C to gateway 102B. A wireless connection
104DC may extend from gateway 102D to gateway
102C. Additional connections can be established among
the gateways, for example with a ZigBee protocol.
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[0107] Figure 1A2-2 shows the patient monitoring sys-
tem as in Figures 1A2-1, in which the gateways establish
communication 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 due to 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 interfer-
ence. Gateway 102C establishes communication with
gateway 102B in response to the weak signal. Connec-
tion 104BC is shown established between gateway 102B
and gateway 102C.
[0108] The mesh network can be configured for many
wireless connections among the gateways to transmit
patient data to the monitoring station. For example, if a
direct communication with circuitry 103WC is not avail-
able to gateway 102B, gateway 102B can transmit patient
data from gateway 102C to gateway 102A. Alternatively
or in combination, gateway 102C may establish commu-
nication directly with gateway 102A and transmit patient
data from patient PC directly to gateway 102A.
[0109] Figure 1A3 shows master approved patient de-
vice list 106L and first approved patient device list 102AL
transmitted to first gateway 102A, second approved pa-
tient device list 102BL transmitted to second gateway
102B, third approved patient device list 102CL transmit-
ted to third gateway 102C, and fourth approved patient
device list 102DL transmitted to fourth gateway 102D.
The master approved patient device list 106L may com-
prise a field for each of a unique patient identifier, 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.
[0110] Connections from the backend server at the re-
mote site can update the list at each gateway to dynam-
ically control communication with the patient devices at
each gateway. The backend server at remote center 106
can use connection 104A from remote center 106 to gate-
way 102A to dynamically update list 102AL at gateway
102A. Connection 104B from remote center 106 to gate-
way 102B can similarly be used to dynamically update
list 102BL at gateway 102B. Connection 104C from re-
mote 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.
[0111] As shown in Figure 1A3, one entry may include:
a unique patient identifier PTA associated with a unique
device identifier 100A1 and a unique gateway identifier
102A. Other entries include: a unique patient identifier
PTA associated with a unique device identifier 100A2
and a unique gateway identifier 102A; a unique patient
identifier PTA associated with a unique device identifier

100A3 and a unique gateway identifier 102A; a unique
patient identifier PTA associated with a unique device
identifier 100A4 and a unique gateway identifier 102A; a
unique patient identifier PTB associated with a unique
device identifier 100B1 and a unique gateway identifier
102B; a unique patient identifier PTB associated with a
unique device identifier 100B2 and a unique gateway
identifier 102B; a unique patient identifier PTB associated
with a unique device identifier 100B3 and a unique gate-
way identifier 102B; a unique patient identifier PTB as-
sociated with a unique device identifier 100B4 and a
unique gateway identifier 102B; a unique patient identifier
PTC associated with a unique device identifier 100C1
and a unique gateway identifier 102C; a unique patient
identifier PTC associated with a unique device identifier
100C2 and a unique gateway identifier 102C; a unique
patient identifier PTC associated with a unique device
identifier 100C3 and a unique gateway identifier 102C;
a unique patient identifier PTC associated with a unique
device identifier 100C4 and a unique gateway identifier
102C; a unique patient identifier PTD associated with a
unique device identifier 100D1 and a unique gateway
identifier 102D; a unique patient identifier PTD associat-
ed with a unique device identifier 100D2 and a unique
gateway identifier 102D; a unique patient identifier PTD
associated with a unique device identifier 100D3 and a
unique gateway identifier 102D; and a unique patient
identifier PTD associated with a unique device identifier
100D4 and a unique gateway identifier 102D.
[0112] The approved patient device lists and the mas-
ter list can be configured in many ways. For example,
the approved patient device list at each gateway may
comprise master approved device list 106L such that the
list at each gateway is the same and the processor at
each gateway compares the gateway identifier to the pa-
tients on the master list that correspond to the gateway
identifier.
[0113] As shown in Figure 1A3, the approved patient
device list at each gateway may include the unique pa-
tient device identifiers and a unique patient identifier.
Gateway 102A comprises list 102AL. List 102AL com-
prises unique device identifiers 100A1, 100A2, 100A3,
and 100A4 for each device given to the patient corre-
sponding to unique patient identifier PTA. Gateway 102B
comprises list 102BL. List 102BL comprises unique pa-
tient device identifiers 100B1, 100B2, 100B3, and 100B4
for each device given to the patient corresponding to the
unique patient identifier PTB. Gateway 102C comprises
list 102CL. List 102CL comprises the unique patient de-
vice identifiers 100C1, 100C2, 100C3, and 100C4 for
each device given to the patient corresponding to the
unique patient identifier PTA. Gateway 102D comprises
list 102DL. List 102DL comprises unique patient device
identifiers 100D1, 100D2, 100D3, and 100D4 for each
device given to the patient corresponding to the unique
patient identifier PTD.
[0114] In some embodiments, the adherent patient de-
vices may comprise a digital communication protocol
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similar ZigBee, which forms a web or mesh of devices,
such that the patient wireless data can hop from one ad-
herent device to a neighboring adherent device and then
to a gateway to transmit patient data. When the data
transmission hops through intermediate neighboring ad-
herent devices, the unique identifier of each intermediate
adherent device through which the data travels can be
appended to the data packet such that the location of the
patient can be determined based on the unique adherent
device identifiers and the gateway identifiers of the ad-
herent devices and gateways through which the data is
sent to the front end server. At least some of the adherent
patient devices, for example intermediate devices, may
include a GPS device to determine the location of the
patient from whom the data originated.
[0115] The gateways may also comprise mobile gate-
ways such that each patient can carry his or her gateway
when walking. The mobile gateway may transmit the pa-
tient data wirelessly to the front end server. The adherent
device may include a GPS device to determine the loca-
tion of the patient from whom the data originated.
[0116] Figure 1A3-1 shows a master approved patient
device list and corresponding lists of allowed patient de-
vices and allowed gateways for each gateway of the pa-
tient monitoring system as in Figures 1A-1 to 1A3. The
list stored on the tangible medium of each gateway may
be configured such that the gateways can communicate
with each other in a mesh network configuration. List
102AL includes a list of allowed gateways. The list of
allowed gateways may include a unique gateway identi-
fier for each gateway of the monitoring system, or select-
ed gateways of the monitoring system. The processor of
the gateway may be configured to communicate only with
the gateways on the list, such that communication among
the gateways can be limited such that the integrity of the
network can be maintained. For example, the gateways
can be configured as a mesh network in response to the
list. List 102AL includes unique gateway identifiers cor-
responding to gateways 102B, 102C and 102D. List
102BL includes unique gateway identifiers correspond-
ing to gateways 102A, 102C and 102D. List 102CL in-
cludes unique gateway identifiers corresponding to gate-
ways 102A, 102B and 102D. List 102DL includes unique
gateway identifiers corresponding to gateways 102A,
102B and 102C. Each of the gateway may communicate
with any gateway on the list.
[0117] The lists comprising the unique patient device
identifiers and unique gateway identifiers can be used
with the gateways, such that the configuration of the net-
work can be controlled with great flexibility. As each of
the gateways can communicate with the patient devices
and other gateways in response to the list, the list stored
on the tangible medium at each gateway can be updated
so that the configuration of the network can be controlled
with great flexibility. As the unique patient device identi-
fier list of each gateway may correspond to one patient,
each patient may have his or her own gateway to transmit
patient data. The pairing of the gateways to each other

may also be controlled with the list. For example, the list
can be configured such that the gateways cannot com-
municate with each other and so that each gateway trans-
mits patient data directly to the monitoring station.
[0118] Figure 1A4 shows master list 106L updated to
a second configuration from a first configuration shown
in Fig. 1A3, so as to accommodate additional devices
and/or to remove devices from the list and to disable com-
munication of the devices removed from the list. The list
at each gateway can be updated in response to the up-
dated master list. There may be more than one unique
patient device identifier for a given unique patient iden-
tifier, and there may be only one unique patient device
identifier for a given unique patient identifier.
[0119] Master list 106L can be updated to allow a plu-
rality of patient devices to communicate with each gate-
way, for example four patient devices. For example, en-
tries of the updated master approved patient device list
106L may include: a unique patient identifier PTA, a
unique device identifier 100A1, and a unique gateway
identifier 102A; a unique patient identifier PTE, a unique
device identifier 100E1, and a unique gateway identifier
102A; a unique patient identifier PTI, a unique device
identifier 100I1, and a unique gateway identifier 102A; a
unique patient identifier PTM, a unique device identifier
100M1, and a unique gateway identifier 102A; a unique
patient identifier PTB, a unique device identifier 100B1,
and a unique gateway identifier 102B; a unique patient
identifier PTF, a unique device identifier 100F1, and a
unique gateway identifier 102B; a unique patient identifier
PTJ, a unique device identifier 100J1, and a unique gate-
way identifier 102B; a unique patient identifier PTN, a
unique device identifier 100N1, and a unique gateway
identifier 102B; a unique patient identifier PTC, a unique
device identifier 100C1, and a unique gateway identifier
102C; a unique patient identifier PTG, a unique device
identifier 100G1, and a unique gateway identifier 102C;
a unique patient identifier PTK, a unique device identifier
100K1, and a unique gateway identifier 102C; a unique
patient identifier PTO, a unique device identifier 100O1,
and a unique gateway identifier 102C; a unique patient
identifier PTD, a unique device identifier 100D1, and a
unique gateway identifier 102D; a unique patient identi-
fier PTH, a unique device identifier 100H1, and a unique
gateway identifier 102D; a unique patient identifier PTL,
a unique device identifier 100L1, and a unique gateway
identifier 102D; and a unique patient identifier PTP, a
unique device identifier 100P1, and a unique gateway
identifier 102D.
[0120] The list at each gateway can be updated in re-
sponse to the master list to allow a plurality of patient
devices to communicate with each gateway, for example
two three, and four our more devices per gateway. For
example, each gateway may include a plurality of entries
for unique patient device identifiers and unique device
identifiers in response to the updated master list 106L.
For example, gateway 102A comprises updated list
102AL comprising unique device identifier 100A1,
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100E1, 10011, and 100M1 for unique patient identifier
PTA, PTE, PTI, and PTM, respectively. Gateway 102B
comprises updated list 102BL comprising unique device
identifier 100B1, 100F1, 100J1, and 100N1 for unique
patient identifier PTB, PTF, PTJ, and PTN, respectively.
Gateway 102C comprises updated list 102CL comprising
unique device identifier 100C1, 100G1, 100K1, and
100O1 for unique patient identifier PTC, PTG, PTK, and
PTO. Gateway 102D comprises updated list 102DL com-
prising unique device identifier 100D1, 100H1, 100L1,
and 100P1 for unique patient identifier PTD, PTH, PTL,
and PTP, respectively.
[0121] System 10 can be configured for mobile patients
in many ways and may also be configured to accommo-
date many patients and/or beds per gateway. For exam-
ple, each gateway on a first side of the ward can be con-
figured to allow patients assigned to beds from the same
side of the ward. Each of gateways 102A, 102B and 102C
may each comprise the same list of adherent patient de-
vices and/or patients, and each of gateways 102D, 102E
and 102F, as described above, may each comprise the
same list of adherent patient devices and/or patients.
Each of list 102AL, 102BL and 103CL may each comprise
unique patient identifiers PTA, PTE, PTI, PTM, PTB,
PTF, PTJ, PTN, PTC, PTG, PTK, PTO corresponding to
unique adherent device identifiers 100A1, 100E1, 10011,
100M1, 100B1, 100F1, 100J1, 100N1, 100C1, 100G1,
100K1, 100O1, respectively. Gateways 102E and 102F
may comprise lists similar to list 102D, so as to allow the
patients to be located when roaming the ward. For ex-
ample, the list of allowed devices of each of gateways
102D, 102E and 102F may comprise unique patient iden-
tifiers PTD, PTH, PTL and PTP corresponding to unique
adherent device identifiers 100D1, 100H1, 100L1,
100P1.
[0122] Figure 1A4-1 shows an updated master ap-
proved patient device list 106L and corresponding up-
dated lists stored on the tangible medium of each gate-
way, in which each of the gateways is configured to com-
municate with the adherent devices of a plurality of pa-
tients and in which the gateways are configured to com-
municate with each other with a mesh network for the
system as in Figures 1A to 1A4. Each of the adherent
devices may pair directly with one or more of the gate-
ways having the unique identifier stored on the gateway
corresponding to the adherent device, for example with
a Bluetooth protocol.
[0123] List 102AL of gateway 102A comprises unique
patient device identifiers corresponding to patient PTA,
patient PTE, patient PTI and patient PTM, such that gate-
way 102A can communicate with the devices adhered to
patient PTA, patient PTE, patient PTI and patient PTM
when patient PTA carries gateway 102A about the ward.
List 102AL of gateway 102A comprises unique gateway
identifiers corresponding to gateway 102B, gateway
102C and gateway 102D, such that gateway 102A can
form a mesh network, for example with a ZigBee com-
munication protocol, with gateway 102B, gateway 102C

and gateway 102D, for example when one or more of the
allowed gateways is unable to establish direct commu-
nication with the monitoring station.
[0124] List 102BL of gateway 102B comprises unique
patient device identifiers corresponding to patient PTB,
patient PTF, patient PTJ and patient PTN, such that gate-
way 102B can communicate with the devices adhered to
patient PTB, patient PTF, patient PTJ and patient PTN
when patient PTB carries gateway 102B about the ward.
List 102BL of gateway 102B comprises unique gateway
identifiers corresponding to gateway 102A, gateway
102C and gateway 102D, such that gateway 102B can
form a mesh network, for example with a ZigBee com-
munication protocol, with gateway 102A, gateway 102C
and gateway 102D, for example when one or more of the
allowed gateways is unable to establish direct commu-
nication with the monitoring station.
[0125] List 102CL of gateway 102C comprises unique
patient device identifiers corresponding to patient PTC,
patient PTG, patient PTK and patient PTO, such that
gateway 102C can communicate with the devices ad-
hered to patient PTC, patient PTG, patient PTK and pa-
tient PTO when patient PTC carries gateway 102C about
the ward. List 102CL of gateway 102C comprises unique
gateway identifiers corresponding to gateway 102A,
gateway 102B and gateway 102D, such that gateway
102C can form a mesh network, for example with a Zig-
Bee communication protocol, with gateway 102A, gate-
way 102B and gateway 102D, for example when one or
more of the allowed gateways is unable to establish direct
communication with the monitoring station.
[0126] List 102DL of gateway 102D comprises unique
patient device identifiers corresponding to patient PTD,
patient PTH, patient PTL and patient PTP, such that gate-
way 102D can communicate with the devices adhered
to patient PTD, patient PTH, patient PTL and patient PTP
when patient PTD carries gateway 102D about the ward.
List 102DL of gateway 102D comprises unique gateway
identifiers corresponding to gateway 102A, gateway
102B and gateway 102C, such that gateway 102D can
form a mesh network, for example with a ZigBee com-
munication protocol, with gateway 102A, gateway 102B
and gateway 102C, for example when one or more of the
allowed gateways is unable to establish direct commu-
nication with the monitoring station.
[0127] Figure 1B shows a bottom view of adherent pa-
tient device 100 as in Figure 1A comprising an adherent
patch 110. Each of the adherent patient devices de-
scribed above may be similar to adherent patch 100. Ad-
herent patch 110 comprises a first side, or a lower side
110A, that is oriented toward the skin of the patient when
placed on the patient. In many embodiments, adherent
patch 110 comprises a tape 110T which is a material,
preferably breathable, with an adhesive 116A. Patient
side 110A comprises adhesive 116A to adhere the patch
110 and adherent patient device 100 to patient P. Elec-
trodes 112A, 112B, 112C and 112D are affixed to adher-
ent patch 110. In many embodiments, at least four elec-
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trodes are attached to the patch, for example six elec-
trodes. In some embodiments, the patch comprises two
electrodes, for example two electrodes to measure the
electrocardiogram (ECG) of the patient. Gel 114A, gel
114B, gel 114C and gel 114D can each be positioned
over electrodes 112A, 112B, 112C and 112D, respec-
tively, to provide electrical conductivity between the elec-
trodes and the skin of the patient. In many embodiments,
the electrodes can be affixed to the patch 110, for exam-
ple with known methods and structures such as rivets,
adhesive, stitches, etc. In many embodiments, patch 110
comprises a breathable material to permit air and/or va-
por to flow to and from the surface of the skin.
[0128] Figure 1C shows a top view of the adherent
patch 100, as in Figure 1B. Adherent patch 100 compris-
es a second side, or upper side 110B. In many embodi-
ments, electrodes 112A, 112B, 112C and 112D extend
from lower side 110A through adherent patch 110 to up-
per side 110B. An adhesive 116B can be applied to upper
side 110B to adhere structures, for example a breathable
cover, to the patch such that the patch can support the
electronics and other structures when the patch is ad-
hered to the patient. The PCB may comprise completely
flex PCB, rigid PCB, rigid PCB combined flex PCB and/or
rigid PCB boards connected by cable.
[0129] Figure 1D shows a printed circuit boards and
electronic components over adherent patch 110, as in
Figure 1A to 1C. In some embodiments, a printed circuit
board (PCB), for example flex printed circuit board 120,
may be connected to electrodes 112A, 112B, 112C and
112D with connectors 122A, 122B, 122C and 122D. Flex
printed circuit board 120 can include traces 123A, 123B,
123C and 123D that extend to connectors 122A, 122B,
122C and 122D, respectively, on the flex PCB. Connec-
tors 122A, 122B, 122C and 122D can be positioned on
flex printed circuit board 120 in alignment with electrodes
112A, 112B, 112C and 112D so as to electrically couple
the flex PCB with the electrodes. In some embodiments,
connectors 122A, 122B, 122C and 122D may comprise
insulated wires and/or a film with conductive ink that pro-
vide strain relief between the PCB and the electrodes.
For example, connectors 122A, 122B, 122C and 122D
may comprise a flexible polyester film coated with con-
ductive silver ink. In some embodiments, additional
PCB’s, for example rigid PCB’s 120A, 120B, 120C and
120D, can be connected to flex printed circuit board 120.
Electronic components 130 can be connected to flex
printed circuit board 120 and/or mounted thereon. In
some embodiments, electronic components 130 can be
mounted on the additional PCB’s.
[0130] Electronic components 130 comprise compo-
nents to take physiologic measurements, transmit data
to remote center 106 and receive commands from remote
center 106. In many embodiments, electronics compo-
nents 130 may comprise known low power circuitry, for
example complementary metal oxide semiconductor
(CMOS) circuitry components. Electronics components
130 comprise an activity sensor and activity circuitry 134,

impedance circuitry 136 and electrocardiogram circuitry,
for example ECG circuitry 136. In some embodiments,
electronics circuitry 130 may comprise a microphone and
microphone circuitry 142 to detect an audio signal from
within the patient, and the audio signal may comprise a
heart sound and/or a respiratory sound, for example an
S3 heart sound and a respiratory sound with rales and/or
crackles.
[0131] Electronics circuitry 130 may comprise a tem-
perature sensor and a heat flux sensor, for example a
thermistor in contact with the skin of the patient and a
heat flux sensor in contact with the skin of the patient,
both of which are coupled to temperature circuitry 144 to
measure a skin temperature and heat flux of the patient
to determine a core temperature of the patient. The tem-
perature circuitry may be used to determine the sleep
and wake state of the patient. The temperature of the
patient can decrease as the patient goes to sleep and
increase when the patient wakes up.
[0132] Work in relation to embodiments of the present
invention suggests that skin temperature may effect im-
pedance and/or hydration measurements, and that skin
temperature measurements may be used to correct im-
pedance and/or hydration measurements. In some em-
bodiments, increase in skin temperature or heat flux can
be associated with increased vaso-dilation near the skin
surface, such that measured impedance measurement
decreased, even through the hydration of the patient in
deeper tissues under the skin remains substantially un-
changed. Thus, use of the temperature sensor can allow
for correction of the hydration signals to more accurately
assess the hydration, for example extra cellular hydra-
tion, of deeper tissues of the patient, for example deeper
tissues in the thorax.
[0133] Electronics circuitry 130 may comprise a proc-
essor 146. Processor 146 comprises a tangible medium,
for example read only memory (ROM), electrically eras-
able programmable read only memory (EEPROM)
and/or random access memory (RAM). Processor 146
may comprise many known processors with real time
clock and frequency generator circuitry, for example the
PIC series of processors available from Microchip, of
Chandler, AZ.. In some embodiments, processor 136
may comprise the frequency generator and real time
clock. The processor can be configured to control a col-
lection and transmission of data from the impedance cir-
cuitry electrocardiogram circuitry and the accelerometer.
In many embodiments, device 100 comprise a distributed
processor system, for example with multiple processors
on device 100.
[0134] Electronics circuitry 130 may comprise addi-
tional circuitry 148 for measuring patient data. For exam-
ple, circuitry 148 may comprise global positioning system
(GPS) circuitry to measure location of the patient. Alter-
natively or in combination, circuitry 148 may comprise a
pulsed oximeter sensor to measure oxygen in the blood
of the patient. Circuitry 148 can be connected to proces-
sor to send the patient data to the processor and the
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wireless communication circuitry for transmission. For
example circuitry 148 may comprise GPS circuitry to
send patient location such that the patient can be located
by hospital staff in response to the GPS circuitry signal
sent from the adherent device to monitoring station.
[0135] In many embodiments, electronics components
130 comprise wireless communications circuitry 132 to
communicate with remote center 106. The wireless com-
munication circuitry can be coupled to the impedance
circuitry, the electrocardiogram circuitry and the acceler-
ometer to transmit to a remote center with a communi-
cation protocol at least one of the hydration signal, the
electrocardiogram signal or the inclination signal. In spe-
cific embodiments, wireless communication circuitry is
configured to transmit the hydration signal, the electro-
cardiogram signal and the inclination signal to the remote
center with a single wireless hop, for example from wire-
less communication circuitry 132 to intermediate device
102. The communication protocol comprises at least one
of Bluetooth, ZigBee, WiFi, WiMAX, IR, amplitude mod-
ulation or frequency modulation. In many embodiments,
the communications protocol comprises a two way pro-
tocol such that the remote center is capable of issuing
commands to control data collection.
[0136] Intermediate device 102 may comprise a data
collection system to collect and store data from the wire-
less transmitter. The data collection system can be con-
figured to communicate periodically with the remote cent-
er. The data collection system can transmit data in re-
sponse to commands from remote center 106 and/or in
response to commands from the adherent device.
[0137] Activity sensor and activity circuitry 134 can
comprise many known activity sensors and circuitry. In
many embodiments, the accelerometer comprises at
least one of a piezoelectric accelerometer, capacitive ac-
celerometer or electromechanical accelerometer. The
accelerometer may comprises a 3-axis accelerometer to
measure at least one of an inclination, a position, an ori-
entation or acceleration of the patient in three dimen-
sions. Work in relation to embodiments of the present
invention suggests that three dimensional orientation of
the patient and associated positions, for example sitting,
standing, lying down, can be very useful when combined
with data from other sensors, for example ECG data
and/or bioimpedance data, for example a respiration rate
of the patient.
[0138] Impedance circuitry 136 can generate both hy-
dration data and respiration data. In many embodiments,
impedance circuitry 136 is electrically connected to elec-
trodes 112A, 112B, 112C and 112D in a four pole con-
figuration, such that electrodes 112A and 112D comprise
outer electrodes that are driven with a current and com-
prise force electrodes that force the current through the
tissue. The current delivered between electrodes 112A
and 112D generates a measurable voltage between elec-
trodes 112B and 112C, such that electrodes 112B and
112C comprise inner, sense, electrodes that sense
and/or measure the voltage in response to the current

from the force electrodes. In some embodiments, elec-
trodes 112B and 112C may comprise force electrodes
and electrodes 112A and 112B may comprise sense
electrodes. The voltage measured by the sense elec-
trodes can be used to measure the impedance of the
patient and determine the respiration rate and/or hydra-
tion of the patient.
[0139] In many embodiments, an adherent patient de-
vice comprises an emergency notification switch opera-
ble by the patient to trigger an emergency notification
transmission from the adherent patient device. For ex-
ample, the electronics circuitry 130 can comprise an
emergency notification button 149 that can be pressed
by the patient to trigger the transmission of an emergency
notification by the wireless communication circuitry 132.
While the emergency notification switch is shown as the
emergency notification button 149, the emergency noti-
fication switch can take many forms, for example, a me-
chanical switch, an electrical switch, an optical switch, a
proximity sensor, a push button, a capacitive sensor, or
anything operable by the patient to generate a signal so
as to trigger a transmission of an emergency notification
from the adherent device. For example, the emergency
notification switch can be coupled to the processor of the
adherent device so as to generate an interrupt request
(hereinafter "IRQ") signal to activate and/or wake up a
micro-controller of the electronics circuitry 130 and so as
to trigger the emergency notification transmission from
the adherent patient device. The emergency notification
switch can be conveniently configured and located on
the adherent patient device so as to be easily operable
by the patient without being susceptible to nuisance ac-
tivations due to contact between the adherent patient de-
vice and another object, for example, a hospital bed. For
example, the emergency button 149 can be located un-
der a soft cover of the adherent patient device and can
be configured to activate in response to a deliberate pa-
tient push on the button and not activate in response to
more incidental contact. A transmitted emergency notifi-
cation can be processed by the system to generate an
appropriate alert, for example, similar to the generation
of patient data based alerts described herein.
[0140] Figure 1D1 shows an equivalent circuit 152 that
can be used to determine optimal frequencies for meas-
uring patient hydration. Work in relation to embodiments
of the present invention indicates that the frequency of
the current and/or voltage at the force electrodes can be
selected so as to provide impedance signals related to
the extracellular and/or intracellular hydration of the pa-
tient tissue. Equivalent circuit 152 comprises an intrac-
ellular resistance 156, or R(ICW) in series with a capac-
itor 154, and an extracellular resistance 158, or R(ECW).
Extracellular resistance 158 is in parallel with intracellular
resistance 156 and capacitor 154 related to capacitance
of cell membranes. In many embodiments, impedances
can be measured and provide useful information over a
wide range of frequencies, for example from about 0.5
kHz to about 200 KHz. Work in relation to embodiments
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of the present invention suggests that extracellular re-
sistance 158 can be significantly related extracellular flu-
id and to cardiac decompensation, and that extracellular
resistance 158 and extracellular fluid can be effectively
measured with frequencies in a range from about 0.5 kHz
to about 20 kHz, for example from about 1 kHz to about
10 kHz. In some embodiments, a single frequency can
be used to determine the extracellular resistance and/or
fluid. As sample frequencies increase from about 10 kHz
to about 20 kHz, capacitance related to cell membranes
decrease the impedance, such that the intracellular fluid
contributes to the impedance and/or hydration measure-
ments. Thus, many embodiments of the present inven-
tion measure hydration with frequencies from about 0.5
kHz to about 20 kHz to determine patient hydration.
[0141] In many embodiments, impedance circuitry 136
can be configured to determine respiration of the patient.
In specific embodiments, the impedance circuitry can
measure the hydration at 25 Hz intervals, for example at
25 Hz intervals using impedance measurements with a
frequency from about 0.5 kHz to about 20 kHz.
[0142] ECG circuitry 138 can generate electrocardio-
gram signals and data from two or more of electrodes
112A, 112B, 112C and 112D in many ways. In some
embodiments, ECG circuitry 138 is connected to inner
electrodes 112B and 122C, which may comprise sense
electrodes of the impedance circuitry as described
above. In some embodiments, ECG circuitry 138 can be
connected to electrodes 112A and 112D so as to increase
spacing of the electrodes. The inner electrodes may be
positioned near the outer electrodes to increase the volt-
age of the ECG signal measured by ECG circuitry 138.
In many embodiments, the ECG circuitry may measure
the ECG signal from electrodes 112A and 112D when
current is not passed through electrodes 112A and 112D,
for example with switches as described in U.S. App. No.
60/972,527, the full disclosure of which has been previ-
ously incorporated herein by reference.
[0143] Figure 1E shows batteries 150 positioned over
the flex printed circuit board and electronic components
as in Figure 1D. Batteries 150 may comprise recharge-
able batteries that can be removed and/or recharged. In
some embodiments, batteries 150 can be removed from
the adherent patch and recharged and/or replaced.
[0144] Figure 1F shows a top view of a cover 162 over
the batteries, electronic components and flex printed cir-
cuit board as in Figures 1A to 1E. In many embodiments,
an electronics housing 160 may be disposed under cover
162 to protect the electronic components, and in some
embodiments electronics housing 160 may comprise an
encapsulant over the electronic components and PCB.
In some embodiments, cover 162 can be adhered to ad-
herent patch 110 with an adhesive 164 on an underside
of cover 162. In many embodiments, electronics housing
160 may comprise a water proof material, for example a
sealant adhesive such as epoxy or silicone coated over
the electronics components and/or PCB. In some em-
bodiments, electronics housing 160 may comprise metal

and/or plastic. Metal or plastic may be potted with a ma-
terial such as epoxy or silicone.
[0145] Cover 162 may comprise many known biocom-
patible cover, casing and/or housing materials, such as
elastomers, for example silicone. The elastomer may be
fenestrated to improve breathability. In some embodi-
ments, cover 162 may comprise many known breathable
materials, for example polyester, polyamide, and/or elas-
tane (Spandex). The breathable fabric may be coated to
make it water resistant, waterproof, and/or to aid in wick-
ing moisture away from the patch.
[0146] Figure 1G shows a side view of adherent patient
device 100 as in Figures 1A to 1F. Adherent patient de-
vice 100 comprises a maximum dimension, for example
a length 170 from about 2 to 10 inches (from about 50
mm to about 250 mm), for example from about 4 to 6
inches (from about 100 mm to about 150 mm). In some
embodiments, length 170 may be no more than about 6
inches (no more than about 150 mm). Adherent patient
device 100 comprises a thickness 172. Thickness 172
may comprise a maximum thickness along a profile of
the device. Thickness 172 can be from about 0.1 inches
to about 0.4 inches (from about 5 mm to about 10 mm),
for example about 0.3 inches (about 7.5 mm).
[0147] Figure 1H shown a bottom isometric view of ad-
herent patient device 100 as in Figures 1A to 1G. Adher-
ent patient device 100 comprises a width 174, for exam-
ple a maximum width along a width profile of adherent
patient device 100. Width 174 can be from about 1 to
about 4 inches (from about 25 mm to 100 mm), for ex-
ample about 2 inches (about 50 mm).
[0148] Figures 1I and 1J show a side cross-sectional
view and an exploded view, respectively, of adherent pa-
tient device 100 as in Figures 1A to 1H. Device 100 com-
prises several layers. Gel 114A, or gel layer, is positioned
on electrode 112A to provide electrical conductivity be-
tween the electrode and the skin. Electrode 112A may
comprise an electrode layer. Adherent patch 110 may
comprise a layer of breathable tape 110T, for example a
known breathable tape, such as tricot-knit polyester fab-
ric. An adhesive 116A, for example a layer of acrylate
pressure sensitive adhesive, can be disposed on under-
side 110A of adherent patch 110.
[0149] A gel cover 180, or gel cover layer, for example
a polyurethane non-woven tape, can be positioned over
patch 110 comprising the breathable tape. A PCB layer,
for example flex printed circuit board 120, or flex PCB
layer, can be positioned over gel cover 180 with electronic
components 130 connected and/or mounted to flex print-
ed circuit board 120, for example mounted on flex PCB
so as to comprise an electronics layer disposed on the
flex PCB layer. In many embodiments, the adherent de-
vice may comprise a segmented inner component, for
example the PCB may be segmented to provide at least
some flexibility. In many embodiments, the electronics
layer may be encapsulated in electronics housing 160
which may comprise a waterproof material, for example
silicone or epoxy. In many embodiments, the electrodes
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are connected to the PCB with a flex connection, for ex-
ample trace 123A of flex printed circuit board 120, so as
to provide strain relive between the electrodes 112A,
112B, 112C and 112D and the PCB.
[0150] Gel cover 180 can inhibit flow of gel 114A and
liquid. In many embodiments, gel cover 180 can inhibit
gel 114A from seeping through breathable tape 110T to
maintain gel integrity over time. Gel cover 180 can also
keep external moisture, for example liquid water, from
penetrating though the gel cover into gel 114A while al-
lowing moisture vapor from the gel, for example moisture
vapor from the skin, to transmit through the gel cover.
[0151] In many embodiments, cover 162 can encase
the flex PCB and/or electronics and can be adhered to
at least one of the electronics, the flex PCB or adherent
patch 110, so as to protect at least the electronics com-
ponents and the PCB. Cover 162 can attach to adherent
patch 110 with adhesive 116B. Cover 162 can comprise
many known biocompatible cover materials, for example
silicone. Cover 162 can comprise an outer polymer cover
to provide smooth contour without limiting flexibility. In
many embodiments, cover 162 may comprise a breath-
able fabric. Cover 162 may comprise many known
breathable fabrics, for example breathable fabrics as de-
scribed above. In some embodiments, the breathable
cover may comprise a breathable water resistant cover.
In some embodiments, the breathable fabric may com-
prise polyester, nylon, polyamide, and/or elastane
(Spandex) to allow the breathable fabric to stretch with
body movement. In some embodiments, the breathable
tape may contain and elute a pharmaceutical agent, such
as an antibiotic, anti-inflammatory or antifungal agent,
when the adherent device is placed on the patient.
[0152] The breathable cover 162 and adherent patch
110 comprise breathable tape can be configured to cou-
ple continuously for at least one week the at least one
electrode to the skin so as to measure breathing of the
patient. The breathable tape may comprise the stretch-
able breathable material with the adhesive and the
breathable cover may comprises a stretchable water re-
sistant material connected to the breathable tape, as de-
scribed above, such that both the adherent patch and
cover can stretch with the skin of the patient. Arrows 182
show stretching of adherent patch 110, and the stretching
of adherent patch can be at least two dimensional along
the surface of the skin of the patient. As noted above,
connectors 122A, 122B, 122C and 122D between PCB
130 and electrodes 112A, 112B, 112C and 112D may
comprise insulated wires that provide strain relief be-
tween the PCB and the electrodes, such that the elec-
trodes can move with the adherent patch as the adherent
patch comprising breathable tape stretches. Arrows 184
show stretching of cover 162, and the stretching of the
cover can be at least two dimensional along the surface
of the skin of the patient. Cover 162 can be attached to
adherent patch 110 with adhesive 116B such that cover
162 stretches and/or retracts when adherent patch 110
stretches and/or retracts with the skin of the patient. For

example, cover 162 and adherent patch 110 can stretch
in two dimensions along length 170 and width 174 with
the skin of the patient, and stretching along length 170
can increase spacing between electrodes. Stretching of
the cover and adherent patch 110, for example in two
dimensions, can extend the time the patch is adhered to
the skin as the patch can move with the skin such that
the patch remains adhered to the skin. Electronics hous-
ing 160 can be smooth and allow breathable cover 162
to slide over electronics housing 160, such that motion
and/or stretching of cover 162 is slidably coupled with
housing 160. The printed circuit board can be slidably
coupled with adherent patch 110 that comprises breath-
able tape 110T, such that the breathable tape can stretch
with the skin of the patient when the breathable tape is
adhered to the skin of the patient, for example along two
dimensions comprising length 170 and width 174. Elec-
tronics components 130 can be affixed to printed circuit
board 120, for example with solder, and the electronics
housing can be affixed over the PCB and electronics
components, for example with dip coating, such that elec-
tronics components 130, printed circuit board 120 and
electronics housing 160 are coupled together. Electron-
ics components 130, printed circuit board 120, and elec-
tronics housing 160 are disposed between the stretcha-
ble breathable material of adherent patch 110 and the
stretchable water resistant material of cover 160 so as
to allow the adherent patch 110 and cover 160 to stretch
together while electronics components 130, printed cir-
cuit board 120, and electronics housing 160 do not stretch
substantially, if at all. This decoupling of electronics hous-
ing 160, printed circuit board 120 and electronic compo-
nents 130 can allow the adherent patch 110 comprising
breathable tape to move with the skin of the patient, such
that the adherent patch can remain adhered to the skin
for an extended time of at least one week, for example
two or more weeks.
[0153] An air gap 169 may extend from adherent patch
110 to the electronics module and/or PCB, so as to pro-
vide patient comfort. Air gap 169 allows adherent patch
110 and breathable tape 110T to remain supple and
move, for example bend, with the skin of the patient with
minimal flexing and/or bending of printed circuit board
120 and electronic components 130, as indicated by ar-
rows 186. Printed circuit board 120 and electronics com-
ponents 130 that are separated from the breathable tape
110T with air gap 169 can allow the skin to release mois-
ture as water vapor through the breathable tape, gel cov-
er, and breathable cover. This release of moisture from
the skin through the air gap can minimize, and even
avoid, excess moisture, for example when the patient
sweats and/or showers.
[0154] The breathable tape of adherent patch 110 may
comprise a first mesh with a first porosity and gel cover
180 may comprise a breathable tape with a second po-
rosity, in which the second porosity is less than the first
porosity to minimize, and even inhibit, flow of the gel
through the breathable tape. The gel cover may comprise
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a polyurethane film with the second porosity.
[0155] In many embodiments, the adherent device
comprises a patch component and at least one electron-
ics module. The patch component may comprise adher-
ent patch 110 comprising the breathable tape with adhe-
sive coating 116A, at least one electrode, for example
electrode 114A and gel 114. The at least one electronics
module can be separable from the patch component. In
many embodiments, the at least one electronics module
comprises the flex printed circuit board 120, electronic
components 130, electronics housing 160 and cover 162,
such that the flex printed circuit board, electronic com-
ponents, electronics housing and cover are reusable
and/or removable for recharging and data transfer, for
example as described above. In many embodiments, ad-
hesive 116B is coated on upper side 110A of adherent
patch 110B, such that the electronics module can be ad-
hered to and/or separated from the adhesive component.
In specific embodiments, the electronic module can be
adhered to the patch component with a releasable con-
nection, for example with Velcro™, a known hook and
loop connection, and/or snap directly to the electrodes.
Two electronics modules can be provided, such that one
electronics module can be worn by the patient while the
other is charged, as described above. Monitoring with
multiple adherent patches for an extended period is de-
scribed in U.S. Pat. App. No. 60/972,537, the full disclo-
sure of which has been previously incorporated herein
by reference. Many patch components can be provided
for monitoring over the extended period. For example,
about 12 patches can be used to monitor the patient for
at least 90 days with at least one electronics module, for
example with two reusable electronics modules.
[0156] At least one electrode 112A can extend through
at least one aperture 180A in the breathable tape 110
and gel cover 180.
[0157] In some embodiments, the adhesive patch may
comprise a medicated patch that releases a medicament,
such as antibiotic, beta-blocker, ACE inhibitor, diuretic,
or steroid to reduce skin irritation. The adhesive patch
may comprise a thin, flexible, breathable patch with a
polymer grid for stiffening. This grid may be anisotropic,
may use electronic components to act as a stiffener, may
use electronics-enhanced adhesive elution, and may use
an alternating elution of adhesive and steroid.
[0158] Second adherent patient device 100J and third
adherent patient device 100A may comprise components
similar to adherent patient device 100, described above.
The processor of adherent patient device 100, described
above may comprise a system controller to control com-
munication and/or actions of first adherent patient device
100J and second device 100A, for example data collec-
tion and transmission. In many embodiments, data col-
lected from second adherent patient device 100J and
third adherent patient device 100A is sent wirelessly to
device 100, which device 100 transmits the data to the
intermediate device. In some embodiments, adherent
patient device 100, second adherent patient device 100J

and third adherent patient device 100A can each com-
municate data wirelessly with the intermediate device
and may each receive instructions from the intermediate
device.
[0159] Figure 1K shows at least one electrode 190 con-
figured to electrically couple to a skin of the patient
through a breathable tape 192. In many embodiments,
at least one electrode 190 and breathable tape 192 com-
prise electrodes and materials similar to those described
above. Electrode 190 and breathable tape 192 can be
incorporated into adherent devices as described above,
so as to provide electrical coupling between the skin an
electrode through the breathable tape, for example with
the gel.
[0160] Figure 1L shows a plurality of adherent patch
devices simultaneously adhered to the patient. The plu-
rality of adherent patient devices simultaneously adhered
to the patient may comprise a first adherent patient device
similar to adherent device 100 described above, for ex-
ample adherent patient device 100A1 and a second ad-
herent patient device similar to adherent device 100, for
example adherent device 100A2. The first adherent de-
vice 100A1 and the second adherent device 100A2 are
shown adhered to first side S1 and second side S2, re-
spectively, of patient P, such that first adherent device
100A1 is adhered opposite to second adherent device
100A2 across midline M of patient P, with each adherent
device placed on opposing sides of the patient. Adherent
device 100A1 measures a first vector 100A1V, for exam-
ple an electrocardiogram vector with at least two elec-
trodes of adherent device 100A1. Adherent device 100A2
measures a second vector 100A2V, for example an elec-
trocardiogram vector with at least two electrodes of ad-
herent device 100A2.
[0161] The adherent devices can transmit the first vec-
tor and the second vector to the gateway in many ways.
For example each of the simultaneously adhered adher-
ent devices can transmit the vector data with direct pair-
ing of each adherent device to one or more of the gate-
ways, as described above. The adherent devices may
also pair among them selves. For example adherent de-
vice 100A2 can pair with adherent device 100A1 to trans-
mit vector 100A2V to adherent device 100A1, and ad-
herent device 100A1 can pair with one or more of the
gateways, as described above, to transmit vector 100A1
and vector 100A2.
[0162] Figure 2 shows a method 200 of monitoring pa-
tient. A step 205 admits the patient to the hospital, for
example to the general ward of the hospital. A step 210
assigns a unique patient identifier to the patient, for ex-
ample a unique hexadecimal serial number. A step 215
assigns an adherent device with a unique adherent de-
vice identifier to the patient. The unique adherent device
identifier may comprise a serial number, for example a
hexadecimal serial number. The assigned adherent de-
vice may also comprise an emergency notification switch
(as described above) that can be operated by the patient
to trigger an emergency notification transmission from

45 46 



EP 2 375 968 B1

25

5

10

15

20

25

30

35

40

45

50

55

the adherent device. A step 220 associates the unique
device identifier with the patient, for example with the
unique patient identifier, such that the unique device
identifier corresponds to at least one of the patient or the
unique patient identifier. A step 225 adheres the adherent
patient device with the unique adherent device identifier
to the patient. Additional adherent devices can be ad-
hered to the patient. A step 230 pairs the adherent local
device with the local processor system, for example with
a hand held device of the local processor system, and
transmits the unique adherent device identifier to the lo-
cal processor system. A step 235 assigns at least one of
the patient or the adherent device to a bed of the hospital,
for example assigns both. The patient can be assigned
to the bed based on the unique patient identifier, and the
adherent device can be assigned to the bed based on
the unique adherent device identifier. A step 240 assigns
at least one of the patient or the adherent device to one
or more of the gateways, and this assignment can be
based on the unique device identifier and the unique
gateway identifier. For example, both the adherent de-
vice and the patient can be assigned to each of the gate-
ways on one side of the ward, as described above, so
as to transmit patient data and determine the location of
the patient when the patient wanders about the ward. A
step 245 updates a list of approved patient devices and
patients so as to include the adherent device adhered to
the patient and the patient. The list may also include the
gateways assigned to the adherent device. A step 250
transmits the list of approved patient devices and patients
to the gateways. The list can be transmitted to the gate-
ways in many ways. For example the list can be subdi-
vided into portions and the relevant portion of the list for
each gateway can be transmitted to the corresponding
gateway. This use of lists can regulate the pairing of gate-
ways and improve throughput, as explained below.
[0163] A step 255 customizes the alerts. The alerts can
be customized in many ways so as to suit the health
condition and personal circumstances of each individual
patient. The alerts can also be customized to provide an
appropriate alert for each individual patient correspond-
ing to a patient-initiated emergency notification transmis-
sion from the patient’s adherent device. A sub-step 255A
can determine the alert targets. The alert targets can
comprise many appropriate targets, for example the
treating physician present in the hospital, an attending
specialist who is present at the hospital, a resident phy-
sician specialist who is present at the hospital, a referring
physician located outside the hospital, a primary care
physician located outside the hospital, nurses at the mon-
itoring station, ICU personnel, and a family member. A
step 255 determines the contact information for the
alerts, for example at least one of a pager number, an
email address or a phone number. The contact informa-
tion may already be loaded into a hospital directory. The
contact information and targets can be automatically up-
dated based on the time and date and known schedule
of hospital personnel, for example the pager number of

the attending cardiologist can be automatically updated
when the rotation changes and a new attending cardiol-
ogist checks in with the hospital, such that the alerts are
automatically directed to the new cardiologist when the
rotation changes.
[0164] A step 255C determines the alert triggers. The
alert triggers can be customized based on the patient
condition, and the alert target can be determine in re-
sponse to the patient condition that triggers the alert. The
special condition of the patient may comprise at least one
of a cardiac condition, a kidney condition or a fetal con-
dition, and the attending specialist may comprise at least
one of an attending cardiologist, an attending nephrolo-
gist or an attending obstetrician, respectively. For exam-
ple, with a patient admitted with a heart problem, such
as tachycardia, the alerts triggers can be customized to
detect heart trouble, such as from the EEG signal and to
notify the attending cardiologist. For a patient admitted
with kidney trouble, the alert trigger can be set to an at-
tending nephrologist in response to patient hydration.
The alert triggers can also be customized based on phy-
sician input, for example a threshold can be adjusted by
the physician such that the attending physician or a res-
ident can be notified when the threshold is crossed.
[0165] The alert triggers determined in step 255C may
comprise alert triggers determined in response to patient
data measured from sensors of the adherent device. For
example, the adherent device may comprise a three axis
accelerometer, as described above, and the alert can be
triggered in response to a fall of the patient. The adherent
device may comprise impedance circuitry to measure
respiration, as described above, and the alert may be
triggered in response to respiratory distress of the pa-
tient. The adherent device may comprise a pulsed oxi-
meter to measure patient blood oxygen amounts, for ex-
ample saturation, and the alert may be triggered in re-
sponse to oxygen distress of the patient.
[0166] The alert triggers determined in step 255C may
comprise alert triggers determined in response to a pa-
tient-initiated emergency notification transmitted from the
adherent device. For example, a patient-initiated emer-
gency notification can trigger an alert that notifies health-
care professional to check in on the patient. Alert triggers
can also be determined in response to both a patient-
initiated emergency notification transmission and patient
data measured by the adherent patient device so that an
alert of appropriate urgency can be generated when a
patient-initiated emergency notification is accompanied
by patient data indicative of a serious patient condition.
[0167] The patient can be sent into the general ward
and data collected. A step 260 sends the patient into the
general ward of the hospital. The patient can be free to
move about the hospital. A step 265 measures patient
data, for example when the device is adhered to the pa-
tient. The measured patient data may comprise many
kinds of patient, for example as described above. A step
270 transmits the measured patient data and/or any pa-
tient-initiated emergency notification from the adherent
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device to the gateway. The data and/or patient-initiated
emergency notification can be transmitted with the
unique device identifier, such that the patient from whom
the data were measured and/or from whom the notifica-
tion was received can be determined when the data
and/or notification arrives at the front end server and the
back end server. A step 275 transmits the patient data
and/or notification from the gateway to the front end serv-
er. The data and/or notification can be transmitted from
the gateway to the front end server with the unique gate-
way identifier. The front end server may comprise at least
one display of the monitoring station, as for example the
nurses’ monitoring station as described above. A step
280 processes time critical data and/or notification. The
front end server can be configured to detect an immediate
life threatening condition of the patient. As examples, the
immediate life threatening condition may comprise at
least one of an immediate life threatening heart condition
or an immediate life threatening fetal condition. For ex-
ample, patient vital signs can be processed to determine
when the patient requires resuscitation. A step 285 de-
termines the patient location in response to the unique
patient identifier and the unique gateway identifier. A step
290 issues an alert from the front end server with the
patient location in response to the time critical patient
data and/or notification. For example, an alert can be
sent to the attending cardiologist in response to patient
tachycardia.
[0168] A step 292 transmits the patient data and/or no-
tification from the front end server to the back end server.
The patient data and/or notification sent to the back end
server may comprise critical patient data and/or notifica-
tion that is not time critical, for example data that changes
slowly with time such as patient hydration data. The back
end server can be configured to detect a non-immediate
life threatening condition, for example a slight increase
in hydration of the patient that is not life threatening. The
patient data sent to the back end server may also com-
prise time critical patient data sent to the back end server
for processing with the non-time critical data. A step 294
processes the patient data and/or notification at the back
end server. A step 296 issues an alert from the back end
server in response to the patient data and/or notification.
For example, a change in patient hydration status can
be sent to an attending nephrologist for a patient who is
treated with dialysis. The alert from the back end server
may comprise an alert indicating that that patient is at
risk for an impending cardiac decompensation, for ex-
ample when patient hydration increases.
[0169] Method 200 can be used during the admission
of additional patients to the hospital, and the above steps
can be repeated as additional patients are admitted to
the hospital.
[0170] It should be appreciated that the specific steps
illustrated in Figure 2 provide a particular method of mon-
itoring a patient, according to some embodiments of the
present invention. Other sequences of steps may also
be performed according to alternative embodiments. For

example, alternative embodiments of the present inven-
tion may perform the steps outlined above in a different
order. Moreover, the individual steps illustrated in Figure
2 may include multiple sub-steps that may be performed
in various sequences as appropriate to the individual
step. Furthermore, additional steps may be added or re-
moved depending on the particular applications. One of
ordinary skill in the art would recognize many variations,
modifications, and alternatives.
[0171] Figure 3 shows a method 300 of monitoring at
least one patient, for example a plurality of patients. Meth-
od 300 can be performed with the monitoring system de-
scribed above, and method 300 can fully incorporate the
entirety of method 200, as described above, and with a
plurality of patients admitted to the hospital in accordance
with method 200. A step 305 adheres a monitoring device
to a patient. Each of the patient worn devices may be
similar to adherent patient device 100 as described
above. A step 310 measures patient data, for example,
the parameters described above. The patient worn de-
vice performs a step 315 to transmit a unique identifier,
such as a serial number, to an intermediate device, for
example, a gateway or intermediate device 102 as de-
scribed above. The identifier may be transmitted via, for
example, a wireless connection, a cellular connection, a
ZigBee connection, a BlueTooth connection, an Internet
connection, an intranet connection, a wire connection, a
cable connection or the like. The patient worn device per-
forms a step 320 to request pairing with the gateway or
intermediate device. Often, the gateway or intermediate
device may include a list and/or range of allowed devices,
patients, and/or device serial numbers, for instance an
approved patient list, as previously described. The gate-
way or intermediate device performs a step 325 to receive
the approved patient list. The gateway or intermediate
device performs a logic step 330 in which a sub-step 335
determines whether the identifier is in the approved pa-
tient list and/or within the range of allowed devices. If the
identifier is not in the approved patient list or within the
range of allowed devices, the gateway or intermediate
device performs step 340 which excludes communica-
tion between the patient worn device with the identifier
in question and the gateway. If the identifier is in the ap-
proved patient list or within the range of allowed devices,
the gateway or intermediate device performs step 345
which allows pairing or paired communication between
the gateway and the patient worn device. If pairing is
allowed, patient worn device performs a step 350 to ex-
change a link key between the patient worn device and
the gateway or intermediate device. A step 344 pairs the
patient device with the gateway. The exchanged link key
allows the patient worn device to pair with the gateway
in step 355. The patient worn device performs a step 360
to encrypt the patient data. The patient worn device per-
forms a step 365 to transmit the encrypted patient data
to the gateway or intermediate device. The gateway or
intermediate device receives the encrypted patient data
in a step 370 and decrypts the encrypted patient data in
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a step 375. The exchanged link key may enable the gate-
way or intermediate device to decrypt the patient data.
The gateway or intermediate device performs a step 380
which transmit the patient data to a server at the moni-
toring station and may transmit the patient data to a back-
end server or system at a remote center and/or site as
previously described. The patient data may also be de-
crypted by server or the backend server or system and
transmitted as encrypted data from the patient worn de-
vice to the gateway or intermediate device to server or
the backend server or system. The approved patient list
may be updated by the backend system or server with a
step 385. Once the approved device list or range of al-
lowed device serial number has been updated, the back-
end system or server performs a step 390 to send the
updated approved patient or device list or range of al-
lowed devices to a gateway or intermediate device. Gate-
way or intermediate device may then repeat logic step
330.
[0172] It should be appreciated that the specific steps
illustrated in Figure 3 provide a particular method of mon-
itoring a patient, according to an embodiment of the
present invention. Other sequences of steps may also
be performed according to alternative embodiments. For
example, alternative embodiments of the present inven-
tion may perform the steps outlined above in a different
order. Moreover, the individual steps illustrated in Figure
3 may include multiple sub-steps that may be performed
in various sequences as appropriate to the individual
step. Furthermore, additional steps may be added or re-
moved depending on the particular applications. One of
ordinary skill in the art would recognize many variations,
modifications, and alternatives.
[0173] While the exemplary embodiments have been
described in some detail, by way of example and for clar-
ity of understanding, those of skill in the art will recognize
that a variety of modifications, adaptations, and changes
may be employed. Hence, the scope of the present in-
vention should be limited solely by the appended claims.

Claims

1. A system to monitor a plurality of patients, the system
comprising:

a plurality of adherent patient devices (100,
100A1-100D4), each adherent patient device
(100) comprising a unique device identifier, an
adhesive (116A) and wireless communication
circuitry (132), said each device (100) config-
ured to adhere to a skin of one of the plurality of
patients (P) to measure patient data and support
the wireless communication circuitry (132), the
wireless communication circuitry (132) config-
ured to transmit the patient data;
a local processor system (103P) comprising a
tangible medium and at least one display (CTD)

disposed at a monitoring station (103), the local
processor system configured to receive the pa-
tient data and display the patient data to a user
at the monitoring station; and
a plurality of gateways (102, 102A-102D) con-
figured to receive the patient data from the wire-
less communication circuitry (132) of a paired
adherent patient device (100, 100A1 - 100D4)
and transmit the patient data to the local proc-
essor system (103P), wherein each gateway
(102) is positioned at a unique location and
wherein each gateway (102) of the plurality of
gateways (102A-102D) comprises a unique
gateway identifier and wherein each gateway of
the plurality of gateways (102) is configured to
transmit the unique gateway identifier, the
unique device identifier of the paired adherent
patient device (100, 100A1 - 100D4) and the as-
sociated patient data to the local processor sys-
tem (103P) and wherein the local processor sys-
tem (103P) is configured to determine the loca-
tion of each patient in response to the unique
gateway identifier and the unique device identi-
fier,
wherein each adherent patient device (100) is
configured to pair with the nearest gateway with
the strongest signal;
wherein each gateway of the plurality of gate-
ways (102A-102D) is configured to communi-
cate with at least one other gateway of the plu-
rality of gateways (102A-102D) with a mesh
wireless communication protocol, such that the
patient data can be transmitted indirectly from
the gateway to the local processor system via
the at least one other gateway; and
wherein the at least one other gateway is con-
figured to transmit its unique gateway device
identifier with the patient data to indicate which
gateways transmit the patient data for each pa-
tient to the local processor system.

2. The system of claim 1 wherein the monitoring station
(103) comprises a nurses’ station, the user compris-
es a plurality of nurses and the at least one display
comprises a central terminal (CT) disposed at the
nurses’ station to display the patient data to the plu-
rality of nurses and wherein the at least one display
is configured to display a status of each of the plu-
rality of patients.

3. The system of claim 1 wherein the local processor
system (103P) is configured to customize an alert
for each adherent device (100A1-100D4) of the plu-
rality based on the unique device identifier; and
optionally, wherein each patient (P) has a unique
patient identifier and wherein the local processor
system (103P) is configured to associate the unique
device identifier with at least one of the unique patient
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identifier, a name of the patient, an assigned room
of the patient or an assigned bed of the patient; and
optionally, wherein the local processor system
(103P) is 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; and
optionally wherein:

the local processor system (103P) comprises at
least one handheld mobile device (103HD) con-
figured to customize the alert;
the local processor system (103P) is configured
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; or
the local processor system (103P) is configured
to customize the alerts in response to a condition
of the patient and to select a specialized physi-
cian to notify in response to a special condition
of the patient, the specialized physician com-
prising at least one of a cardiologist, a nephrol-
ogist or an obstetrician and wherein the special-
ized condition comprises at least one of a heart
condition, a kidney condition or a fetal condition.

4. The system of claim 1 further comprising a plurality
of alert devices comprising at least one of a light, a
beeper, a buzzer and wherein each of the plurality
of alert devices is located on one or more of the ad-
herent patient device (100), the gateway (102), the
monitoring station (103) or an alarm device coupled
to the gateway (102); and
optionally wherein the alert device comprises the
alarm device coupled to the gateway (102) and
wherein the local processor system (103P) is con-
figured to activate each alarm device in response to
a unique gateway identifier and a unique adherent
device identifier or wherein each alert device com-
prises a switch to deactivate the alert device.

5. The system of claim 1 wherein the local processor
system (103P) comprises a front end server con-
nected to the plurality of gateways (102A-102D), the
front end server configured to receive the patient da-
ta from the plurality of gateways (102A-102D) and
show the patient data on the at least one display or
further comprising a remote processor system
(106P) having a back end server located remote from
the front end server, the back end server configured
to receive at least a portion of the patient data from
the front end server; and
optionally wherein the local processor system
(103P) is configured to detect an immediate life
threatening condition of the patient and issue an alert
in response to the patient data and wherein the re-
mote processor system (106P) is configured to de-
tect a non-immediate life threatening condition of the

patient and issue an alert in response to the patient
data; and
optionally wherein the immediate life threatening
condition comprises at least one of an immediate life
threatening heart condition or an immediate life
threatening fetal condition and wherein the non-im-
mediate life threatening condition comprises at least
one of a non-life threatening heart condition, a non-
life threatening kidney condition or a non-life threat-
ening fetal condition and optionally wherein the life
immediate threatening condition comprises the im-
mediate life threatening heart condition and the im-
mediate life threatening heart condition comprises
at least one of a ventricular tachycardia or a ven-
tricular fibrillation and wherein the non-life threaten-
ing condition comprises the non-life threatening
heart condition and the non-life threatening heart
condition comprises at least one of a non-sustained
ventricular tachycardia or an atrial fibrillation.

6. The system of claim 1 wherein each adherent patient
device (100) comprises an adherent device proces-
sor comprising a tangible medium configured to
process the patient data, each gateway (102) com-
prises a gateway processor (102P) comprising a tan-
gible medium configured to process patient data and
wherein the local processor system (103P) is con-
figured to process patient data transmitted from the
plurality of gateway devices (102) and transmit proc-
essed patient data to a remote processor system
(106); or
wherein the local processor system (103P) is con-
figured to store a list with the unique patient device
identifier for each adherent patient device (100) ad-
hered to the patient, and wherein each gateway
(100) of the plurality of gateways (100A-100D) is
configured to communicate with at least one of the
plurality of patient devices (100A1-100D4) in re-
sponse to the list; and
optionally wherein each gateway (102) is configured
to transmit patient data and the unique patient device
identifier in response to the list; or wherein local proc-
essor system (103P) is configured to receive the pa-
tient data and determine locations of the plurality of
patients (P) when at least some of the patients are
mobile; or wherein the local processor system
(103P) 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 (102A-
102D) when one of the plurality of adherent devices
(100A1-100D4) is at least one of adhered to or re-
moved from one of the patients (P); and
optionally wherein a first portion of the plurality of
gateways (102A-102D) is configured to communi-
cate with a first portion of the plurality of adherent
patient devices (100A1-100D4) adhered to a first
portion of the plurality of patients (P) and wherein a
second portion of the plurality of gateways
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(100A1-100D4) is configured to communicate with
a second portion of the plurality of adherent patient
devices (102A-102D) adhered to a second portion
of the plurality of patients (P); and
optionally wherein, in the case of a first portion of the
plurality of gateways (102A-102D) is configured to
communicate with a first portion of the plurality of
adherent patient devices, the first portion of the plu-
rality of gateways (102A-102D) cover a first area and
wherein the second portion of the plurality of gate-
ways (102A-102D) cover a second area, the first ar-
ea overlapping substantially with the second area,
such that the first portion of adherent devices trans-
mit patient data through the first portion of the plu-
rality of gateways (102A-102D) when the first portion
of the plurality of patients roam through the second
area and wherein the second portion of adherent de-
vices transmit patient data through the second por-
tion of the plurality of gateways (102A-102D) when
the second portion of the plurality of patients roam
through the first area; and
optionally wherein, the first portion of the plurality of
gateways (102A-102D) comprises a first unique
gateway device list comprising the unique identifiers
of the first portion of patient devices and wherein the
second portion of the plurality of gateways (102A-
102D) comprises a second unique gateway device
list comprising the unique identifiers of the second
portion of patient devices, and
optionally, wherein the first portion of the plurality of
gateways (102A-102D) comprises at least about five
gateways and the first portion of the plurality of ad-
herent patient devices (100A1-100D4) comprises at
least about ten adherent patient devices and wherein
the second portion of the plurality of gateways (102A-
102D) comprises at least about five gateways and
the second portion of the plurality of adherent patient
devices (100A1-100D4) comprises at least about ten
adherent patient devices.

7. The system of claim 1 wherein the adherent patient
device comprises a plurality of adherent patient de-
vices (100A1-100D4) configured to adhere simulta-
neously to the patient (P) on opposite sides of a chest
of the patient to enhance fidelity of data signal meas-
ured from the patient; or wherein the plurality of ad-
herent patient devices (100A1-100D4) comprises a
first adherent device (e.g., 100A1) comprising first
wireless communication circuitry (132) and a second
adherent device (e.g., 100A2) comprising second
wireless communication circuitry (132), the first ad-
herent device (100A1) comprising a first at least two
electrodes (112A-112D) to measure a first cardiac
vector on a first side of the chest and the second
adherent device (100A2) comprises a second ad-
herent device comprising a second at least two elec-
trodes (112A-112D) to measure a second cardiac
vector, and wherein the first wireless communication

circuitry (132) is configured to transmit the first car-
diac vector and the second wireless communication
circuitry (132) is configured to transmit the second
cardiac vector; or
wherein the adherent patient device (100) comprises
a GPS receiver (148) to locate the adherent patient
device (100) adhered to the patient; wherein at least
one of the adherent patient device (100), the gate-
way (102) or the monitoring station (103) comprise
a battery indicator to indicate battery power; or
wherein the plurality of gateways comprises a hos-
pital-wide gateway network configured to monitor the
plurality of patients when at least some the patients
are ambulatory and roam the hospital.

8. The system of claim 1 wherein each gateway (102)
of the plurality of gateways (102A-102D) comprises
first wireless communication circuitry (132) config-
ured to communicate with one or more of the plurality
of adherent patch devices (100A1-100D4) and sec-
ond wireless communication circuitry (132) config-
ured to communicate with a transceiver of the local
processor system (103P); and
optionally wherein each gateway (102) of the plural-
ity of gateways (102A-102D) is configured to be car-
ried by a patient of the plurality of patients (P); and
optionally wherein each gateway of the plurality of
gateways (102A-102D) is configured to communi-
cate directly with the transceiver of the local proces-
sor system (103P); and
optionally each gateway (102) of the plurality is con-
figured to communicate with at least one other gate-
way (102) in response to the unique gateway device
identifier of the at least one other gateway, and fur-
ther optionally wherein each gateway (102) of the
plurality comprises a list of unique gateway device
identifiers and wherein each gateway (102) is con-
figured to communicate with the at least one other
gateway in response to the list; and
optionally wherein, in the case of a list of unique gate-
way device identifiers and communication on with at
least one other gateway (102) in response to the list,
the list at each gateway (102) comprises at least one
unique gateway identifier and at least one of a unique
patient identifier or a unique device identifier, and
wherein each gateway (102) is configured to com-
municate with the at least one other gateway (102)
in response to the at least one unique gateway iden-
tifier and to communicate with one or more of the
plurality of adherent devices (100A1-100D4) in re-
sponse to the at least one of the unique patient iden-
tifier or the unique adherent device identifier; or each
gateway (102) of the plurality is configured to trans-
mit the unique gateway device identifier with the pa-
tient data to determine which gateways transmit the
patient data for each patient to the local processor
system (103P); and optionally, wherein each gate-
way (102) of the plurality is configured to transmit
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the unique gateway device identifier with the patient
data to determine a path of the patient data.

9. The system of claim 1 wherein each adherent patient
device (100) comprises,

impedance circuitry (136) configured to meas-
ure patient impedance data to determine at least
one of patient hydration or patient respiration,
electrocardiogram circuitry (also 136) config-
ured to measure an electrocardiogram data of
the patient,
accelerometer circuitry (148) to measure accel-
eration data of the patient,
oximeter circuitry (148) to measure blood oxy-
gen data of the patient, and
at least one of a temperature sensor (144) or a
heat flux sensor configured to measure temper-
ature data of the patient, wherein the wireless
communication circuitry (132) is configured to
transmit the impedance data, the electrocardio-
gram data, the accelerometer data or the tem-
perature data to at least one gateway of the plu-
rality of gateways; or
at least one of the local processor system (103P)
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 or wherein
each adherent patient device comprises an
emergency switch operable by the patient to trig-
ger an emergency notification transmission, and
optionally, wherein:

each adherent patient device (100) com-
prises a unique device identifier;
the patient-initiated emergency notification
transmission comprises the unique device
identifier; and
the local processor system (103P) is con-
figured to receive the patient-initiated emer-
gency notification transmission and identify
the originating adherent patient device in re-
sponse to the received emergency notifica-
tion; and optionally, wherein:
each patient (P) has a unique patient iden-
tifier; and the local processor system (103P)
is configured to associate the unique device
identifier of the received emergency notifi-
cation 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.

10. The system according to claim 1, wherein the trans-
ceiver of the local processor system (103P) is con-
figured for placement at the monitoring station.

11. A method of monitoring a plurality of patients, the
method comprising:

adhering at least one adherent patient device
(100) comprising wireless communication cir-
cuitry (132) to a skin of at least one patient of
the plurality of patients to measure patient data,
such that the wireless communication circuitry
(132) is supported with the skin of the patient,
wherein the at least one adherent device (100)
comprises a plurality of adherent devices in
which each of the adherent devices comprises
a unique device identifier;
transmitting the patient data from the at least
one adherent device (100) with the wireless
communication circuitry (132) to a paired gate-
way (102) of a plurality of wireless communica-
tion gateways each having a unique gateway
identifier and a list of unique adherent device
identifiers, wherein each adherent patient de-
vice (100) is configured to pair with the nearest
gateway with the strongest signal;
transmitting the patient data from the paired
gateway (102) to a local processor system
(103P), wherein a location of the patient is de-
termined in response to the unique adherent de-
vice identifier and the unique gateway identifier
when the patient is ambulatory;
each gateway of the plurality of gateways (102A-
102D) communicating with at least one other
gateway of the plurality of gateways (102A-
102D) with a mesh wireless communication pro-
tocol, such that the patient data is transmitted
indirectly from the gateway to the local proces-
sor system via the at least one other gateway;
and
the at least one other gateway transmitting its
unique gateway device identifier with the patient
data to indicate which gateways transmit the pa-
tient data for each patient to the local processor
system.

12. The method of claim 11 wherein, the at least one
gateway (102) is carried by the at least one patient,

13. The method of claim 11, further comprising transmit-
ting an emergency notification from one of the at least
one adherent patient device (100) in response to the
patient operating an emergency notification switch
on said adherent patient device (100) to trigger the
emergency notification transmission; and optionally,
wherein the emergency notification is transmitted to
said at least one gateway (102), the method further
comprising transmitting the emergency notification
from said at least one gateway to said local processor
system; and
optionally wherein, in the case of transmitting the
emergency notification from said at least one gate-
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way (102) to said local processor system (103P), the
patient-initiated emergency notification transmission
comprises the unique device identifier, the method
further comprising indicating the originating adher-
ent patient device (100) by said local processor sys-
tem (103P) in response to the emergency notifica-
tion; and optionally, wherein each patient has a
unique identifier, the method further comprising in-
dicating by said local processor system (103P) 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.

Patentansprüche

1. System zur Überwachung einer Vielzahl von Patien-
ten, wobei das System umfasst:

eine Vielzahl von anhaftenden Patientengerä-
ten (100, 100A1-100D4), wobei jedes anhaften-
de Patientengerät (100) eine einzigartige Gerä-
tekennung, ein Haftmittel (116A) und drahtlose
Kommunikationsschaltung (132) umfasst, wo-
bei jedes Gerät (100) so ausgelegt ist, dass es
an einer Haut eines von der Vielzahl von Pati-
enten (P) haftet, um Patientendaten zu messen
und die drahtlose Kommunikationsschaltung
(132) zu unterstützen, wobei die drahtlose Kom-
munikationsschaltung (132) zum Übertragen
der Patientendaten ausgelegt ist;
ein lokales Prozessorsystem (103P), ein greif-
bares Medium und mindestens eine Anzeige
(CTD) umfassend, die an einer Überwachungs-
station (103) angeordnet sind, wobei das lokale
Prozessorsystem ausgelegt ist, die Patienten-
daten zu empfangen und die Patientendaten ei-
nem Anwender an der Überwachungsstation
anzuzeigen; und
eine Vielzahl von Gateways (102, 102A-102D),
die zum Empfangen der Patientendaten von der
drahtlosen Kommunikationsschaltung (132) ei-
nes gepaarten anhaftenden Patientengeräts
(100, 100A1-100D4) und zum Übertragen der
Patientendaten an das lokale Prozessorsystem
(103P) ausgelegt sind, wobei jeder Gateway
(102) an einem einzigartigen Standort positio-
niert ist und wobei jeder Gateway (102) der Viel-
zahl von Gateways (102A-102D) eine einzigar-
tige Gateway-Kennung umfasst, und wobei je-
der Gateway der Vielzahl von Gateways (102)
zum Übertragen der einzigartigen Gateway-
Kennung, der einzigartigen Gerätekennung des
gepaarten anhaftenden Patientengeräts (100,
100A1-100D4) und der dazugehörigen Patien-
tendaten an das lokale Prozessorsystem (103P)
ausgelegt ist, und wobei das lokale Prozessor-

system (103P) ausgelegt ist, als Reaktion auf
die einzigartige Gateway-Kennung und die ein-
zigartige Gerätekennung den Standort von je-
dem Patienten zu bestimmen,
wobei jedes anhaftende Patientengerät (100)
ausgelegt ist, sich mit dem nächstgelegenen
Gateway mit dem stärksten Signal zu paaren;
wobei jeder Gateway der Vielzahl von Gateways
(102A-102D) ausgelegt ist, mittels eines draht-
losen Mesh-Kommunikationsprotokolls mit min-
destens einem anderen Gateway von der Viel-
zahl von Gateways (102A-102D) zu kommuni-
zieren, sodass die Patientendaten von dem
Gateway über den mindestens einen anderen
Gateway indirekt zu dem lokalen Prozessorsys-
tem übertragen werden können; und
wobei der mindestens eine andere Gateway
ausgelegt ist, seine einzigartige Gateway-Gerä-
tekennung mit den Patientendaten zu übertra-
gen, um anzuzeigen, welche Gateways die Pa-
tientendaten für jeden Patienten an das lokale
Prozessorsystem übertragen.

2. System nach Anspruch 1, wobei die Überwachungs-
station (103) eine Schwesternstation umfasst, der
Anwender eine Vielzahl von Krankenschwestern
umfasst und die mindestens eine Anzeige ein zen-
trales Terminal (CT) umfasst, das an der Schwes-
ternstation angeordnet ist, um die Patientendaten
der Vielzahl von Krankenschwestern anzuzeigen,
und wobei die mindestens eine Anzeige ausgelegt
ist, um einen Status von jedem von der Vielzahl von
Patienten anzuzeigen.

3. System nach Anspruch 1, wobei das lokale Prozes-
sorsystem (103P) ausgelegt ist, um für jedes anhaf-
tende Gerät (100A1-100D4) der Vielzahl basierend
auf der einzigartigen Gerätekennung einen Alarm
spezifisch anzupassen; und
optional, wobei jeder Patient (P) eine einzigartige
Patientenkennung hat und wobei das lokale Prozes-
sorsystem (103P) ausgelegt ist, die einzigartige Ge-
rätekennung mit mindestens einem von der einzig-
artigen Patientenkennung, einem Namen des Pati-
enten, einem zugewiesenen Zimmer des Patienten
oder einem zugewiesenen Bett des Patienten zu as-
soziieren; und
optional, wobei das lokale Prozessorsystem (103P)
ausgelegt ist, die einzigartige Gerätekennung mit
der einzigartigen Patientenkennung zu assoziieren
und als Reaktion auf die einzigartige Gerätekennung
den spezifisch angepassten Alarm an den Arzt zu
senden;
undline
optional, wobei:

das lokale Prozessorsystem (103P) mindestens
ein mobiles Handgerät (103HD) umfasst, das
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ausgelegt ist, um den Alarm spezifisch anzupas-
sen;
das lokale Prozessorsystem (103P) ausgelegt
ist, die Alarme für mindestens einen von einem
zu benachrichtigenden Arzt, einem zu benach-
richtigenden Familienmitglied oder einem zu be-
nachrichtigenden Gesundheitsdienstleister
spezifisch anzupassen; oder
das lokale Prozessorsystem (103P) ausgelegt
ist, die Alarme als Reaktion auf einen Zustand
des Patienten spezifisch anzupassen und einen
zu benachrichtigenden Facharzt als Reaktion
auf einen speziellen Zustand des Patienten aus-
zuwählen, wobei der Facharzt mindestens ei-
nen von einem Kardiologen, einem Nephrolo-
gen oder einem Geburtshelfer umfasst, und wo-
bei der spezielle Zustand mindestens einen von
einer Herzstörung, einer Nierenstörung oder ei-
ner fetalen Störung umfasst.

4. System nach Anspruch 1, des Weiteren umfassend
eine Vielzahl von Alarmgeräten, umfassend mindes-
tens eines von einem Licht, einem Pieper, einem
Summer, und wobei jedes von der Vielzahl von
Alarmgeräten sich auf einem oder mehreren von
dem anhaftenden Patientengerät (100), dem Gate-
way (102), der Überwachungsstation (103) oder ei-
nem an den Gateway (102) gekoppelten Alarmgerät
befindet; und
optional, wobei das Alarmgerät das an den Gateway
(102) gekoppelte Alarmgerät umfasst und wobei das
lokale Prozessorsystem (103P) ausgelegt ist, jedes
Alarmgerät als Reaktion auf eine einzigartige Gate-
way-Kennung und eine einzigartige Kennung eines
anhaftenden Geräts zu aktivieren, oder wobei jedes
Alarmgerät einen Schalter zur Deaktivierung des
Alarmgeräts umfasst.

5. System nach Anspruch 1, wobei das lokale Prozes-
sorsystem (103P) einen an die Vielzahl von Gate-
ways (102A-102D) angeschlossenen Front-End-
Server umfasst, wobei der Front-End-Server ausge-
legt ist, die Patientendaten von der Vielzahl von
Gateways (102A-102D) zu empfangen und die Pa-
tientendaten auf der mindestens einen Anzeige an-
zuzeigen, oder
des Weiteren umfassend ein Remote-Prozessor-
system (106P), das einen Back-End-Server hat, der
sich entfernt vom Front-End-Server befindet, wobei
der Back-End-Server ausgelegt ist, mindestens ei-
nen Teil der Patientendaten vom Front-End-Server
zu empfangen; und optional, wobei das lokale Pro-
zessorsystem (103P) ausgelegt ist, einen unmittel-
bar lebensbedrohlichen Zustand des Patienten fest-
zustellen und als Reaktion auf die Patientendaten
einen Alarm zu geben, und wobei das Remote-Pro-
zessorsystem (106P) ausgelegt ist, einen nicht un-
mittelbar lebensbedrohlichen Zustand des Patienten

festzustellen und als Reaktion auf die Patientenda-
ten einen Alarm zu geben; und
optional, wobei der unmittelbar lebensbedrohliche
Zustand mindestens eine von einer unmittelbar le-
bensbedrohlichen Herzstörung oder einer unmittel-
bar lebensbedrohlichen fetalen Störung umfasst,
und wobei der nicht unmittelbar lebensbedrohliche
Zustand mindestens eine von einer nicht lebensbe-
drohlichen Herzstörung, einer nicht lebensbedrohli-
chen Nierenstörung oder einer nicht lebensbedroh-
lichen fetalen Störung umfasst, und optional, wobei
der das Leben unmittelbar bedrohliche Zustand die
unmittelbar lebensbedrohliche Herzstörung um-
fasst, und die unmittelbar lebensbedrohliche Herz-
störung mindestens eine von einer ventrikulären Ta-
chykardie oder einem Kammerflimmern umfasst,
und wobei der nicht lebensbedrohliche Zustand die
nicht lebensbedrohliche Herzstörung umfasst, und
die nicht lebensbedrohliche Herzstörung mindes-
tens eine von einer nicht anhaltenden ventrikulären
Tachykardie oder einem Vorhofflimmern umfasst.

6. System nach Anspruch 1, wobei jedes anhaftende
Patientengerät (100) einen anhaftenden Gerätepro-
zessor umfasst, ein greifbares Medium umfassend,
das zum Verarbeiten der Patientendaten ausgelegt
ist, jeder Gateway (102) einen Gateway-Prozessor
(102P) umfasst, ein greifbares Medium umfassend,
das zum Verarbeiten der Patientendaten ausgelegt
ist, und wobei das lokale Prozessorsystem (103P)
ausgelegt ist, von der Vielzahl von Gateway-Geräten
(102) übertragene Patientendaten zu verarbeiten
und die verarbeiteten Patientendaten an ein Remo-
te-Prozessorsystem (106) zu übertragen; oder
wobei das lokale Prozessorsystem (103P) ausgelegt
ist, eine Liste mit der einzigartigen Patientengeräte-
kennung für jedes anhaftende Patientengerät (100),
das am Patienten angehaftet ist, zu speichern, und
wobei jeder Gateway (100) der Vielzahl von Gate-
ways (100A-100D) ausgelegt ist, als Reaktion auf
die Liste mit mindestens einem von der Vielzahl von
Patientengeräten (100A1-100D4) zu kommunizie-
ren; und
optional, wobei jeder Gateway (102) ausgelegt ist,
Patientendaten und die einzigartige Patientengerä-
tekennung als Reaktion auf die Liste zu übertragen;
oder wobei das lokale Prozessorsystem (103P) aus-
gelegt ist, die Patientendaten zu empfangen und
Standorte der Vielzahl von Patienten (P) zu bestim-
men, wenn mindestens einige der Patienten mobil
sind; oder wobei das lokale Prozessorsystem (103P)
ausgelegt ist, die Liste in eine aktualisierte Liste zu
ändern und mindestens einen Teil der aktualisierten
Liste an mindestens einen Teil der Vielzahl von
Gateways (102A-102D) zu übertragen, wenn eines
der Vielzahl von anhaftenden Geräten
(100A1-100D4) mindestens eines ist, das an einen
der Patienten (P) anhaftet oder von ihm entfernt ist;
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und
optional,
wobei ein erster Teil der Vielzahl von Gateways
(102A-102D) ausgelegt ist, mit einem ersten Teil der
Vielzahl von anhaftenden Patientengeräten
(100A1-100D4), die an einem ersten Teil der Viel-
zahl von Patienten (P) anhaften, zu kommunizieren,
und wobei ein zweiter Teil der Vielzahl von Gateways
(100A1-100D4) ausgelegt ist, mit einem zweiten Teil
der Vielzahl von anhaftenden Patientengeräten
(102A-102D), die an einem zweiten Teil der Vielzahl
von Patienten (P) anhaften, zu kommunizieren; und
optional, wobei, falls ein erster Teil der Vielzahl von
Gateways (102A-102D) ausgelegt ist, mit einem ers-
ten Teil der Vielzahl von anhaftenden Patientenge-
räten zu kommunizieren, der erste Teil der Vielzahl
von Gateways (102A-102D) einen ersten Bereich
abdeckt, und wobei der zweite Teil der Vielzahl von
Gateways (102A-102D) einen zweiten Bereich ab-
deckt, sich der erste Bereich wesentlich mit dem
zweiten Bereich überschneidet, sodass der erste
Teil der anhaftenden Geräte Patientendaten durch
den ersten Teil der Vielzahl von Gateways (102A-
102D) überträgt, wenn der erste Teil der Vielzahl von
Patienten den zweiten Bereich durchstreift, und wo-
bei der zweite Teil von anhaftenden Geräten Pati-
entendaten durch den zweiten Teil der Vielzahl von
Gateways (102A-102D) überträgt, wenn der zweite
Teil der Vielzahl von Patienten den ersten Bereich
durchstreift; und optional, wobei der erste Teil der
Vielzahl von Gateways (102A-102D) eine erste ein-
zigartige Gateway-Geräteliste umfasst, umfassend
die einzigartigen Kennungen des ersten Teils von
Patientengeräten, und wobei der zweite Teil der Viel-
zahl von Gateways (102A-102D) eine zweite einzig-
artige Gateway-Geräteliste umfasst, umfassend die
einzigartigen Kennungen des zweiten Teils von Pa-
tientengeräten, und
optional, wobei der erste Teil der Vielzahl von Gate-
ways (102A-102D) mindestens etwa fünf Gateways
umfasst und der erste Teil der Vielzahl von anhaf-
tenden Patientengeräten (100A1-100D4) mindes-
tens etwa zehn anhaftende Patientengeräte um-
fasst, und wobei der zweite Teil der Vielzahl von
Gateways (102A-102D) mindestens etwa fünf Gate-
ways umfasst und der zweite Teil der Vielzahl von
anhaftenden Patientengeräten (100A1-100D4) min-
destens etwa zehn anhaftende Patientengeräte um-
fasst.

7. System nach Anspruch 1, wobei das anhaftende Pa-
tientengerät eine Vielzahl von anhaftenden Patien-
tengeräten (100A1-100D4) umfasst, die ausgelegt
sind, simultan an dem Patienten (P) auf einander
gegenüberliegenden Seiten einer Brust des Patien-
ten anzuhaften, um die Wiedergabetreue des am Pa-
tienten gemessenen Datensignals zu steigern; oder
wobei die Vielzahl von anhaftenden Patientengerä-

ten (100A1-100D4) ein erstes anhaftendes Gerät (z.
B. 100A1), umfassend eine erste drahtlose Kommu-
nikationsschaltung (132), und ein zweites anhaften-
des Gerät (z. B. 100A2) umfasst, umfassend eine
zweite drahtlose Kommunikationsschaltung (132),
wobei das erste anhaftende Gerät (100A1) eine ers-
te mindestens zwei Elektroden (112A-112D) zum
Messen eines ersten kardialen Vektors auf einer ers-
ten Brustseite umfasst, und das zweite anhaftende
Gerät (100A2) ein zweites anhaftendes Gerät um-
fasst, umfassend eine zweite mindestens zwei Elek-
troden (112A-112D) zum Messen eines zweiten kar-
dialen Vektors, und wobei die erste drahtlose Kom-
munikationsschaltung (132) zum Übertragen des
ersten kardialen Vektors ausgelegt ist, und die zwei-
te drahtlose Kommunikationsschaltung (132) zum
Übertragen des zweiten kardialen Vektors ausgelegt
ist; oder
wobei das anhaftende Patientengerät (100) einen
GPS-Empfänger (148) zum Lokalisieren des anhaf-
tenden Patientengeräts (100), das am Patienten an-
haftet, umfasst; wobei mindestens eines von dem
anhaftenden Patientengerät (100), dem Gateway
(102) oder der Überwachungsstation (103) eine Ak-
kuanzeige zum Anzeigen der Akkuladung umfasst;
oder wobei die Vielzahl von Gateways ein kranken-
hausweites Gateway-Netzwerk umfasst, das zum
Überwachen der Vielzahl von Patienten ausgelegt
ist, wenn mindestens einige der Patienten gehfähig
sind und das Krankenhaus durchstreifen.

8. System nach Anspruch 1, wobei jeder Gateway
(102) der Vielzahl von Gateways (102A-102D) eine
erste drahtlose Kommunikationsschaltung (132), die
zum Kommunizieren mit einem oder mehreren der
Vielzahl von anhaftenden Patch-Geräten
(100A1-100D4) ausgelegt ist, und eine zweite draht-
lose Kommunikationsschaltung (132), die zum Kom-
munizieren mit einem Transceiver des lokalen Pro-
zessorsystems (103P) ausgelegt ist, umfasst; und
optional, wobei jeder Gateway (102) der Vielzahl von
Gateways (102A-102D) dazu ausgelegt ist, von ei-
nem Patienten der Vielzahl von Patienten (P) getra-
gen zu werden; und optional, wobei jeder Gateway
der Vielzahl von Gateways (102A-102D) dazu aus-
gelegt ist, direkt mit dem Transceiver des lokalen
Prozessorsystems (103P) zu kommunizieren; und
optional jeder Gateway (102) der Vielzahl ausgelegt
ist, als Reaktion auf die einzigartige Gateway-Gerä-
tekennung von dem mindestens einen anderen
Gateway mit mindestens einem anderen Gateway
(102) zu kommunizieren, und des Weiteren optional,
wobei jeder Gateway (102) von der Vielzahl eine Lis-
te von einzigartigen Gateway-Gerätekennungen
umfasst, und wobei jeder Gateway (102) ausgelegt
ist, als Reaktion auf die Liste mit dem mindestens
einen anderen Gateway zu kommunizieren; und
optional, wobei im Falle einer Liste von einzigartigen
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Gateway-Gerätekennungen und Kommunikation
mit mindestens einem anderen Gateway (102) als
Reaktion auf die Liste, die Liste an jedem Gateway
(102) mindestens eine einzigartige Gateway-Ken-
nung und mindestens eine von einer einzigartigen
Patientenkennung oder eine einzigartige Geräte-
kennung umfasst, und wobei jeder Gateway (102)
ausgelegt ist, mit dem mindestens einen anderen
Gateway (102) als Reaktion auf die mindestens eine
einzigartige Gateway-Kennung zu kommunizieren
und als Reaktion auf die mindestens eine einzigar-
tige Patientenkennung oder die einzigartige Ken-
nung eines anhaftenden Geräts mit einem oder meh-
reren von der Vielzahl von anhaftenden Geräten
(100A1-100D4) zu kommunizieren; oder jeder Gate-
way (102) von der Vielzahl ausgelegt ist, die einzig-
artige Gateway-Gerätekennung mit den Patienten-
daten zu übertragen, um zu bestimmen, welche
Gateways die Patientendaten für jeden Patienten an
das lokale Prozessorsystem (103P) übertragen; und
optional, wobei jeder Gateway (102) von der Vielzahl
ausgelegt ist, die einzigartige Gateway-Geräteken-
nung mit den Patientendaten zu übertragen, um den
Pfad der Patientendaten zu bestimmen.

9. System nach Anspruch 1, wobei jedes anhaftende
Patientengerät (100) Folgendes umfasst,
Impedanz-Schaltung (136), ausgelegt zum Messen
von Patienten-Impedanzdaten zum Bestimmen von
mindestens einem von Patienten-Hydratation oder
Patienten-Respiration,
Elektrokardiogramm-Schaltung (auch 136), ausge-
legt zum Messen von Elektrokardiogramm-Daten
des Patienten,
Beschleunigungssensor-Schaltung (148) zum Mes-
sen der Beschleunigungsdaten des Patienten,
Oximeter-Schaltung (148) zum Messen der Blutsau-
erstoffdaten des Patienten, und mindestens eines
von einem Temperatursensor (144) oder einem
Wärmeflusssensor, zum Messen von Temperatur-
daten des Patienten ausgelegt, wobei die drahtlose
Kommunikationsschaltung (132) zum Übertragen
der Impedanzdaten, der Elektrokardiogramm-Da-
ten, der Beschleunigungssensor-Daten oder der
Temperaturdaten an mindestens einen Gateway
von der Vielzahl von Gateways ausgelegt ist; oder
mindestens eines von dem lokalen Prozessorsys-
tem (103P) oder dem Prozessor von dem anhaften-
den Patch-Gerät ausgelegt ist, einen Alarm als Re-
aktion auf mindestens eines von einem Sturz eines
Patienten, von Atemnot eines Patienten oder Sau-
erstoffnot eines Patienten auszulösen, oder wobei
jedes anhaftende Patientengerät einen vom Patien-
ten bedienbaren Notschalter umfasst, um eine Über-
tragung einer Notfallmeldung auszulösen, und opti-
onal, wobei:

jedes anhaftende Patientengerät (100) eine ein-

zigartige Gerätekennung umfasst;
die vom Patienten initiierte Übertragung einer
Notfallmeldung die einzigartige Gerätekennung
umfasst; und
das lokale Prozessorsystem (103P) zum Emp-
fangen der vom Patienten initiierten Übertra-
gung einer Notfallmeldung und als Reaktion auf
die empfangene Notfallmeldung zum Identifizie-
ren des verursachenden anhaftenden Patien-
tengeräts ausgelegt ist; und optional, wobei:
jeder Patient (P) eine einzigartige Patientenken-
nung hat; und das lokale Prozessorsystem
(103P) dazu ausgelegt ist, die einzigartige Ge-
rätekennung der empfangenen Notfallmeldung
mit mindestens einem von der einzigartigen Pa-
tientenkennung, einem Namen des Patienten,
einem zugewiesenen Zimmer des Patienten
oder einem zugewiesenen Bett des Patienten
zu assoziieren.

10. System nach Anspruch 1, wobei der Transceiver des
lokalen Prozessorsystems (103P) zum Platzieren an
der Überwachungsstation ausgelegt ist.

11. Verfahren zum Überwachen einer Vielzahl von Pa-
tienten, wobei das Verfahren Folgendes umfasst:

Anhaften von mindestens einem anhaftenden
Patientengerät (100), das eine drahtlose Kom-
munikationsschaltung (132) umfasst, an eine
Haut von mindestens einem Patienten von der
Vielzahl von Patienten zum Messen von Patien-
tendaten, sodass die drahtlose Kommunikati-
onsschaltung (132) durch die Haut des Patien-
ten unterstützt wird, wobei das mindestens eine
anhaftende Gerät (100) eine Vielzahl von anhaf-
tenden Geräten umfasst, in denen jedes der an-
haftenden Geräte eine einzigartige Geräteken-
nung umfasst;
Übertragen der Patientendaten von dem min-
destens einen anhaftenden Gerät (100) mittels
der drahtlosen Kommunikationsschaltung (132)
an einen gepaarten Gateway (102) von einer
Vielzahl von drahtlosen Kommunikations-Gate-
ways, von denen jeder eine einzigartige Gate-
way-Kennung und eine Liste von einzigartigen
Kennungen anhaftender Geräte hat, wobei je-
des anhaftende Patientengerät (100) dazu aus-
gelegt ist, mit dem nächstgelegenen Gateway
mit dem stärksten Signal gepaart zu werden;
Übertragen der Patientendaten von dem ge-
paarten Gateway (102) an ein lokales Prozes-
sorsystem (103P), wobei ein Standort des Pati-
enten bei einem gehfähigen Patienten als Re-
aktion auf die einzigartige Kennung des anhaf-
tenden Geräts und die einzigartige Gateway-
Kennung bestimmt wird;
Kommunizieren von jedem Gateway von der
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Vielzahl von Gateways (102A-102D) mit min-
destens einem anderen Gateway von der Viel-
zahl von Gateways (102A-102D) mittels eines
drahtlosen Mesh-Kommunikationsprotokolls,
sodass die Patientendaten von dem Gateway
indirekt über den mindestens einen anderen
Gateway an das lokale Prozessorsystem über-
tragen werden; und
Übertragen der einzigartigen Gateway-Geräte-
kennung mit den Patientendaten durch den min-
destens einen anderen Gateway, um anzuzei-
gen, welche Gateways die Patientendaten für
jeden Patienten an das lokale Prozessorsystem
übertragen.

12. Verfahren nach Anspruch 11, wobei der mindestens
eine Gateway (102) von dem mindestens einen Pa-
tienten getragen wird,

13. Verfahr nach Anspruch 11, des Weiteren umfassend
das Übertragen einer Notfallmeldung von einem von
dem mindestens einen anhaftenden Patientengerät
(100) als Reaktion darauf, dass der Patient einen
Notfallschalter auf dem anhaftenden Patientengerät
(100) bedient, um das Übertragen der Notfallmel-
dung auszulösen; und optional, wobei die Notfall-
meldung an den mindestens einen Gateway (102)
übertragen wird, das Verfahren des Weiteren das
Übertragen der Notfallmeldung von dem mindestens
einen Gateway an das lokale Prozessorsystem um-
fasst; und
optional, wobei im Falle des Übertragens der Not-
fallmeldung von dem mindestens einen Gateway
(102) an das lokale Prozessorsystem (103P),
die vom Patienten initiierte Übertragung der Notfall-
meldung die einzigartige Gerätekennung umfasst,
wobei das Verfahren des Weiteren als Reaktion auf
die Notfallmeldung das Anzeigen des verursachen-
den anhaftenden Patientengeräts (100) durch das
lokale Prozessorsystem (103P) umfasst; und optio-
nal, wobei jeder Patient eine einzigartige Kennung
hat, wobei das Verfahren des Weiteren als Reaktion
auf die empfangene Notfallmeldung das Anzeigen
von mindestens einem von der einzigartigen Patien-
tenkennung, einem Namen des Patienten, einem zu-
gewiesenen Zimmer des Patienten oder einem zu-
gewiesenen Bett des Patienten durch das lokale Pro-
zessorsystem (103P) umfasst.

Revendications

1. Système permettant de surveiller une pluralité de
patients, le système comprenant :

une pluralité de dispositifs de patient adhérents
(100, 100A1-100D4), chaque dispositif de pa-
tient adhérent (100) comprenant un identifica-

teur de dispositif unique, un adhésif (116A) est
un circuit de communication sans fil (132) cha-
cun desdits dispositifs (100) étant conçu pour
adhérer à une peau d’un parmi la pluralité de
patient (P) pour mesurer des données de patient
et soutenir le circuit de communication sans fil
(132), le circuit de communication sans fil (132)
étant conçu pour transmettre les données de
patient ;
un système de processeur local (103P) compre-
nant un milieu tangible et au moins un dispositif
d’affichage (CTD) disposé au niveau d’une sta-
tion de surveillance (103), le système de pro-
cesseur local étant conçu pour recevoir les don-
nées de patient et pour afficher les données de
patient à un utilisateur au niveau de la station
de surveillance ; et
une pluralité de passerelles (102, 102A-102D)
conçues pour recevoir les données de patient à
partir du circuit de communication sans fil (132)
d’un dispositif de patient adhérent apparié (100,
100A1-100D4) et pour transmettre les données
de patient au système de processeur local
(103P), chaque passerelle (102) étant située à
un emplacement unique et chaque passerelle
(102) de la pluralité de passerelles (102A-102D)
comprenant un identificateur de passerelle uni-
que et chaque passerelle de la pluralité de pas-
serelles (102) étant conçue pour transmettre
l’identificateur de passerelle unique, l’identifica-
teur de dispositif unique du dispositif de patient
adhérent apparié (100, 100A1-100D4) et les
données de patient associées aux systèmes de
processeur local (103P) et le système de pro-
cesseur local (103P) étant conçu pour détermi-
ner l’emplacement de chaque patient en répon-
se à l’identificateur de passerelle unique et à
l’identificateur de dispositif unique,
chaque dispositif de patient adhérent (100) étant
conçu pour s’apparier avec la passerelle la plus
proche présentant le signal le plus fort ;
chaque passerelle de la pluralité de passerelles
(102A-102D) étant conçue pour communiquer
avec au moins une autre passerelle de la plura-
lité de passerelles (102A-102D) avec un proto-
cole maillé de communication sans fil, de sorte
que les données de patient puissent être trans-
mises indirectement de la passerelle au systè-
me de processeur local par l’intermédiaire de
l’au moins une autre passerelle ; et
l’au moins une autre passerelle étant conçue
pour transmettre son identificateur de dispositif
de passerelle unique avec les données de pa-
tient pour indiquer quelles passerelles transmet-
tent les données de patient pour chaque patient
au système de processeur local

2. Système selon la revendication 1, dans lequel la sta-

67 68 



EP 2 375 968 B1

36

5

10

15

20

25

30

35

40

45

50

55

tion de surveillance (103) comprend une station d’in-
firmières, l’utilisateur comprend une pluralité d’infir-
mières et l’au moins un dispositif d’affichage com-
prend une borne centrale (CT) disposée au niveau
de la station d’infirmières pour afficher les données
de patient à la pluralité d’infirmières et l’au moins un
dispositif d’affichage étant conçu pour afficher un
état de chacun de la pluralité de patients.

3. Système selon la revendication 1, dans lequel le sys-
tème de processeur local (103P) est conçu pour per-
sonnaliser une alerte pour chaque dispositif adhé-
rent (100A1-100D4) de la pluralité en fonction de
l’identificateur de dispositif unique ; et

éventuellement, chaque patient (P) ayant un
identificateur de patient unique et le système de
processeur local (103P) étant conçu pour asso-
cier l’identificateur de dispositif unique avec au
moins un parmi l’identificateur de patient unique,
un nom du patient, une chambre désignée du
patient ou un lit désigné du patient ; et
éventuellement, le système de processeur local
(103P) étant conçu pour associer l’identificateur
de dispositif unique avec l’identificateur de pa-
tient unique et pour envoyer la partie modifiée
personnalisée au médecin en réponse à l’iden-
tificateur de dispositif unique ; et

éventuellement :

le système de processeur local (103P) compre-
nant au moins un dispositif mobile portable
(103HD) conçu pour personnaliser l’alerte ;
le système de processeur local (103P) étant
conçu pour personnaliser les alertes avec au
moins un parmi un médecin pour notifier, un
membre de la famille pour notifier ou un presta-
taire de soins pour notifier ; ou
le système de processeur local (103P) étant
conçu pour personnaliser les alertes en réponse
à une maladie du patient et pour sélectionner
un médecin spécialisé pour notifier en réponse
à une maladie spéciale du patient, le médecin
spécialisé comprenant au moins un parmi un
cardiologue, un néphrologue ou un obstétricien
et la maladie spécialisée comprenant au moins
une parmi une maladie cardiaque, une maladie
des reins ou une maladie foetale.

4. Système selon la revendication 1, comprenant en
outre une pluralité de dispositifs d’alerte comprenant
au moins un parmi une lumière, un bipeur, un aver-
tisseur et chacun de la pluralité de dispositifs d’alerte
étant situé sur un ou plusieurs parmi le dispositif de
patient adhérent (100), la passerelle (102), la station
de surveillance (103) ou un dispositif d’alerte con-
necté à la passerelle (102) ; et

éventuellement le dispositif d’alerte comprenant le
dispositif d’alarme connecté à la passerelle (102) et
le système de processeur local (103P) étant conçu
pour activer chaque dispositif d’alarme en réponse
à un identificateur de passerelle unique et à un iden-
tificateur de dispositif adhérent unique ou chaque
dispositif d’alerte comprenant un dispositif de com-
mutation pour désactiver le dispositif d’alerte.

5. Système selon la revendication 1, dans lequel le sys-
tème de processeur local (103P) comprend un ser-
veur frontal relié à la pluralité de passerelles (102A-
102D), le serveur frontal étant conçu pour recevoir
les données de patient à partir de la pluralité de pas-
serelles (102A-102D) et pour montrer les données
de patient sur l’au moins un dispositif d’affichage ou

comprenant en outre un système de processeur
distant (106P) ayant un serveur d’arrière-plan
situé à distance du serveur frontal, le serveur
d’arrière-plan étant conçu pour recevoir au
moins une partie des données de patient à partir
du serveur frontal ; et
éventuellement le système de processeur local
(103P) étant conçu pour détecter une maladie
immédiatement potentiellement mortelle du pa-
tient et pour émettre une alerte en réponse aux
données de patient et le système de processeur
distant (106P) étant conçu pour détecter une
maladie pas immédiatement potentiellement
mortelle du patient et pour émettre une alerte
en réponse aux données de patient ; et
éventuellement la maladie immédiatement po-
tentiellement mortelle comprenant au moins une
parmi une maladie cardiaque immédiatement
potentiellement mortelle ou une maladie foetale
immédiatement potentiellement mortelle et la
maladie pas immédiatement potentiellement
mortelle comprenant au moins une parmi une
maladie cardiaque pas potentiellement mortel-
le, une maladie des reins pas potentiellement
mortelle ou une maladie foetale pas potentielle-
ment mortelle et éventuellement la maladie im-
médiatement potentiellement mortelle compre-
nant la maladie cardiaque immédiatement po-
tentiellement mortelle et la maladie cardiaque
immédiatement potentiellement mortelle com-
prenant au moins une parmi une tachycardie
ventriculaire ou une fibrillation ventriculaire et la
maladie pas potentiellement mortelle compre-
nant la maladie cardiaque pas potentiellement
mortelle et la maladie cardiaque pas potentiel-
lement mortelle comprenant au moins une parmi
une tachycardie ventriculaire non soutenue ou
une fibrillation atriale.

6. Système selon la revendication 1, dans lequel cha-
que dispositif de patient adhérent (100) comprend
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un processeur de dispositif adhérent comprenant un
milieu tangible conçu pour traiter les données de pa-
tient, chaque passerelle (102) comprend un proces-
seur de passerelle (102P) comprenant un milieu tan-
gible conçu pour traiter les données de patient et le
système de processeur local (103P) étant conçu
pour traiter les données de patient transmises depuis
la pluralité de dispositifs de passerelle (102) et pour
transmettre les données de patient traitées à un sys-
tème de processeur distant (106) ; ou

le système de processeur local (103P) étant
conçu pour stocker une liste avec l’identificateur
de dispositif de patient unique pour chaque dis-
positif de patient adhérent (100) adhéré au pa-
tient, et chaque passerelle (100) de la pluralité
de passerelles (100A-100D) étant conçue pour
communiquer avec au moins un parmi la plura-
lité de dispositifs de patient (100A1-100D4) en
réponse à la liste ; et
éventuellement chaque passerelle (102) étant
conçue pour transmettre des données de pa-
tient et l’identificateur de dispositif de patient uni-
que en réponse à la liste ; le système de pro-
cesseur local (103P) étant conçu pour recevoir
les données de patient et déterminant les em-
placements de la pluralité de patients (P) lors-
qu’au moins certains des patients sont mobiles ;
ou le système de processeur local (103P) étant
conçu pour changer la liste en une liste mise à
jour et pour transmettre au moins une partie de
la liste mise à jour à au moins une partie de la
pluralité de passerelles (102A-102D) lorsqu’un
parmi la pluralité de dispositifs adhérents
(100A1-100D4) est au moins un parmi adhéré
à ou retiré d’un des patients (P) ; et
éventuellement une première partie de la plura-
lité de passerelles (102A-102D) étant conçue
pour communiquer avec une première partie de
la pluralité de dispositifs de patient adhérents
(100A1-100D4) adhérés à une première partie
de la pluralité de patients (P) et une deuxième
partie de la pluralité de passerelles
(100A1-100D4) étant conçue pour communi-
quer avec une deuxième partie de la pluralité de
dispositifs de patient adhérents (102A-102D)
adhérés à une deuxième partie de la pluralité
de patients (P) ; et
éventuellement, dans le cas d’une première par-
tie de la pluralité de passerelles (102A-102D)
étant conçue pour communiquer avec une pre-
mière partie de la pluralité de dispositifs de pa-
tient adhérents, la première partie de la pluralité
de passerelles (102A-102D) recouvrant une
première zone et la deuxième partie de la plu-
ralité de passerelles (102A-102D) recouvrant
une deuxième zone, la première zone chevau-
chant sensiblement la seconde zone, de sorte

que la première partie de dispositifs adhérents
transmettent des données de patient grâce à la
première partie de la pluralité de passerelles
(102A-102D) lorsque la première partie de la
pluralité de patients déambulent à travers la
deuxième zone et la deuxième partie de dispo-
sitifs adhérents transmette des données de pa-
tient grâce à la deuxième partie de la pluralité
de passerelles (102A-102D) lorsque la deuxiè-
me partie de la pluralité de patients déambulent
à travers la première zone ; et
éventuellement, la première partie de la pluralité
de passerelles (102A-102D) comprenant une
première liste de dispositifs de passerelle uni-
que comprenant les identificateurs uniques de
la première partie de dispositifs de patient et la
deuxième partie de la pluralité de passerelles
(102A-102D) comprenant une deuxième liste de
dispositifs de passerelle unique comprenant les
identificateurs uniques de la deuxième partie de
dispositifs de patient, et
éventuellement, la première partie de la pluralité
de passerelles (102A-102D) comprenant au
moins environ cinq passerelles et la première
partie de la pluralité de dispositifs de patient ad-
hérents (100A1-100D4) comprenant au moins
environ dix dispositifs de patient adhérents et la
deuxième partie de la pluralité de passerelles
(102A-102D) comprenant au moins environ cinq
passerelles et la deuxième partie de la pluralité
de dispositifs de patient adhérents
(100A1-100D4) comprenant au moins environ
dix dispositifs de patient adhérents.

7. Système selon la revendication 1, dans lequel le dis-
positif de patient adhérent comprend une pluralité
de dispositifs de patient adhérents (100A1-100D4)
conçus pour adhérer de manière simultanée au pa-
tient (P) sur des côtés opposés d’une poitrine du
patient afin d’améliorer la fidélité du signal de don-
nées mesuré à partir du patient ; ou la pluralité de
dispositifs de patient adhérents (100A1-100D4)
comprenant un premier dispositif adhérent (par
exemple, 100A1) comprenant un premier circuit de
communication sans fil (132) et un deuxième dispo-
sitif adhérent (par exemple, 100A2) comprenant un
deuxième circuit de communication sans fil (132), le
premier dispositif adhérent (100A1) comprenant une
première d’au moins deux électrodes (112A-112D)
pour mesurer un premier vecteur cardiaque sur un
premier côté de la poitrine et le deuxième dispositif
adhérent (100A2) comprenant un deuxième dispo-
sitif adhérent comprenant une deuxième d’au moins
deux électrodes (112A-112D) pour mesurer un
deuxième vecteur cardiaque, et le premier circuit de
communication sans fil (132) étant conçu pour trans-
mettre le premier vecteur cardiaque et le deuxième
circuit de communication sans fil (132) étant conçu
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pour transmettre le deuxième vecteur cardiaque ; ou
le dispositif de patient adhérent (100) comprenant
un récepteur GPS (148) pour situer le dispositif de
patient adhérent (100) adhéré au patient, au moins
un parmi le dispositif de patient adhérent (100), la
passerelle (102) ou la station de surveillance (103)
comprenant un indicateur de batterie pour indiquer
la puissance de batterie ; ou la pluralité de passe-
relles comprenant un réseau de passerelle pour tout
l’hôpital conçu pour surveiller la pluralité de patients
lorsqu’au moins certains patients sont ambulatoires
et déambulent dans l’hôpital.

8. Système selon la revendication 1, dans lequel cha-
que passerelle (102) de la pluralité de passerelles
(102A-102D) comprend un premier circuit de com-
munication sans fil (132) conçu pour communiquer
avec un ou plusieurs de la pluralité de dispositifs de
timbre adhérents (100A1-100D4) et un deuxième
circuit de communication sans fil (132) conçu pour
communiquer avec un émetteur-récepteur du systè-
me de processeur local (103P) ; et

éventuellement chaque passerelle (102) de la
pluralité de passerelles (102A-102D) étant con-
çue pour être transportée par un patient de la
pluralité de patients (P) ; et
éventuellement chaque passerelle de la plura-
lité de passerelles (102A-102D) étant conçue
pour communiquer directement avec l’émet-
teur-récepteur du système de processeur local
(103P) ; et
éventuellement chaque passerelle de la plura-
lité de passerelles (102) est conçue pour com-
muniquer avec au moins une autre passerelle
(102) en réponse à l’identificateur de dispositif
de passerelle unique de l’au moins une autre
passerelle, et en outre éventuellement chaque
passerelle (102) de la pluralité comprenant une
liste d’identificateurs de dispositif de passerelle
uniques et chaque passerelle (102) étant con-
çue pour communiquer avec l’au moins une
autre passerelle en réponse à la liste ; et
éventuellement, dans le cas d’une liste d’iden-
tificateurs de dispositif de passerelle uniques et
d’une communication avec au moins une autre
passerelle (102) en réponse à la liste, la liste au
niveau de chaque passerelle (102) comprenant
au moins un identificateur de passerelle unique
et au moins un parmi un identificateur de patient
unique ou un identificateur de dispositif unique,
et chaque passerelle (102) étant conçue pour
communiquer avec l’au moins une autre passe-
relle (102) en réponse à l’au moins un identifi-
cateur de passerelle unique et pour communi-
quer avec un ou plusieurs de la pluralité de dis-
positifs adhérents (100A1-100D4) en réponse à
l’au moins un parmi l’identificateur de patient

unique ou l’identificateur de dispositif adhérent
unique ; ou chaque passerelle (102) de la plu-
ralité étant conçue pour transmettre les identifi-
cateurs de dispositif de passerelle unique avec
les données de patient pour déterminer quelles
passerelles transmettent les données de patient
pour chaque patient au système de processeur
local (103P) ; et éventuellement, chaque passe-
relle (102) de la pluralité étant conçue pour
transmettre l’identificateur de dispositif de pas-
serelle unique avec les données de patient pour
déterminer une voie des données de patient.

9. Système selon la revendication 1, dans lequel cha-
que dispositif de patient adhérent (100) comprend,

un circuit d’impédance (136) conçu pour mesu-
rer des données d’impédance de patient afin de
déterminer au moins une parmi l’hydratation du
patient ou la respiration du patient,
un circuit d’électrocardiogramme (également
136) conçu pour mesurer des données d’élec-
trocardiogramme du patient,
un circuit d’accéléromètre (148) pour mesurer
des données d’accélération du patient,
un circuit d’oxymètre (148) pour mesurer des
données d’oxygène sanguin du patient, et
au moins un parmi un capteur de température
(144) ou un capteur de flux thermique conçu
pour mesurer des données de température du
patient, le circuit de communication sans fil (132)
étant conçu pour transmettre les données d’im-
pédance, les données d’électrocardiogramme,
les données d’accéléromètre ou les données de
température à au moins une passerelle de la
pluralité de passerelles ; ou
au moins un parmi le système processeur local
(103P) ou le processeur du dispositif de timbre
adhérent est conçu pour déclencher une alerte
en réponse à au moins une parmi une chute de
patient, une détresse respiratoire de patient ou
une détresse d’oxygène de patient, ou chaque
dispositif de patient adhérent comprenant une
commutation d’urgence utilisable par le patient
pour déclencher une transmission de notifica-
tion d’urgence, et éventuellement, dans lequel :

chaque dispositif de patient adhérent (100)
comprend un identificateur de dispositif
unique ;
la transmission de notification d’urgence
déclenchée par un patient comprend l’iden-
tificateur de dispositif unique ; et
le système de processeur local (103P) est
conçu pour recevoir la transmission de no-
tification d’urgence déclenchée par un pa-
tient et pour identifier le dispositif d’origine
de patient adhérent en réponse à la notifi-
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cation d’urgence reçue ; et éventuellement,
dans lequel :
chaque patient (P) a un identificateur de pa-
tient unique ; et le système de processeur
local (103P) est conçu pour associer l’iden-
tificateur de dispositif unique de la notifica-
tion d’urgence reçue avec au moins un par-
mi l’identificateur de patient unique, un nom
du patient, une chambre désignée du pa-
tient ou un lit désigné du patient.

10. Système selon la revendication 1, dans lequel
l’émetteur-récepteur du système de processeur lo-
cal (103P) est conçu pour un positionnement au ni-
veau de la station de surveillance.

11. Procédé de surveillance d’une pluralité de patients,
le procédé comprenant :

l’adhésion d’au moins un dispositif de patient
adhérent (100) comprenant un circuit de com-
munication sans fil (132) à une peau d’au moins
un patient de la pluralité de patients pour mesu-
rer des données de patient, de sorte que le cir-
cuit de communication sans fil (132) est soutenu
par la peau du patient, l’au moins un dispositif
adhérent (100) comprenant une pluralité de dis-
positifs adhérents dans lesquels chacun des
dispositifs adhérents comprend un identificateur
de dispositif unique ;
la transmission des données de patient à partir
de l’au moins un dispositif adhérent (100) avec
le circuit de communication sans fil (132) vers
une passerelle appariée (102) d’une pluralité de
passerelles de communication sans fil ayant
chacune un identificateur de passerelle unique
et une liste d’identificateurs de dispositifs adhé-
rents uniques, chaque dispositif de patient ad-
hérent (100) étant conçu pour s’apparier avec
la passerelle la plus proche présentant le signal
le plus fort ;
la transmission des données de patient prove-
nant de la passerelle appariée (102) vers un sys-
tème de processeur local (103P), un emplace-
ment du patient étant déterminé en réponse à
l’identificateur de dispositif adhérent unique et
à l’identificateur de passerelle unique lorsque le
patient est ambulatoire ;
chaque passerelle de la pluralité de passerelles
(102A-102D) communicant avec au moins une
autre passerelle de la pluralité de passerelles
(102A-102D) avec un protocole maillé de com-
munication sans fil, de sorte que les données
de patient soient transmises indirectement de-
puis la passerelle au système de processeur lo-
cal par l’intermédiaire de l’au moins une autre
passerelle ; et
l’au moins une autre passerelle transmettant

son identificateur de dispositif de passerelle uni-
que avec les données de patient pour indiquer
quelles passerelles transmettent les données
de patient pour chaque patient au système de
processeur local.

12. Procédé selon la revendication 11, dans lequel l’au
moins une passerelle (102) est transportée par l’au
moins un patient.

13. Procédé selon la revendication 11, comprenant en
outre la transmission d’une notification d’urgence à
partir d’un parmi l’au moins un dispositif de patient
adhérent (100) en réponse au patient exploitant une
commutation de notification d’urgence sur ledit dis-
positif de patient adhérent (100) pour déclencher la
transmission de notification d’urgence ; et éventuel-
lement, la notification d’urgence étant transmise à
ladite au moins une passerelle (102), le procédé
comprenant en outre la transmission de la notifica-
tion d’urgence à partir de ladite au moins une pas-
serelle audit système de processeur local ; et

éventuellement, dans le cas d’une transmission
de la notification d’urgence à partir de ladite au
moins une passerelle (102) audit système de
processeur local (103P),
la transmission de notification d’urgence déclen-
chée par le patient comprenant l’identificateur
de dispositif unique, le procédé comprenant en
outre l’indication du dispositif d’origine de pa-
tient adhérent (100) par ledit système de pro-
cesseur local (103P) en réponse à la notification
d’urgence ; et éventuellement, chaque patient
présentant un identificateur unique, le procédé
comprenant en outre l’indication par ledit systè-
me de processeur local (103P) en réponse à la
notification d’urgence reçue d’au moins un par-
mi l’identificateur de patient unique, un nom du
patient, une chambre désignée du patient ou un
lit désigné du patient.
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粘附患者装置被配置为粘附到患者的皮肤并且测量心电图数据，阻抗数
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报，例如响应于患者的特殊状况自动通知专家。粘附设备可以包括唯一
的粘附设备标识符，使得可以基于唯一设备标识符发送定制的警报。每
个网关可以被携带并且可以包括唯一的网关标识符，使得唯一的设备标
识符和唯一的网关标识符可以用于定位可走动的患者。
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