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The method also includes acquiring unassociated physiologi-
cal data from a second physiological sensor associated with
an unidentified patient. The method further includes compar-
ing a parameter in the unassociated physiological data to a
common or correlated parameter in the associated physi-
ological data to determine if the second physiological sensor
is associated with the identified patient.

14

/118

o)
o
Lo

-~
|

86

84 / Ty
/A\‘\ \ L k SENSOR |-~
“N SENSOR g D Er—106
B~ N 114
L SENSOR 100 (88 1\ DATA PROCESSING] _
118 94 N 108
110 N
98 90-/ 112
94 8—~0 O—16 1106

MONITOR

~—20




Patent Application Publication

Jun. 2,2016 Sheet1of 7

US 2016/0151022 A1

26

s2—~J [PLEHANAAN,




Patent Application Publication Jun. 2,2016 Sheet2 of 7 US 2016/0151022 A1

Ll W)
= =
- f
— Lo |
_____ = =
~
&= 55—
—— o -1
o _E
o]
S_» T 5 —
[q¥] (V]
L
Lod
=
=
( [ ]
—_— N T T e
(@)
(99}
ow'“j
--—-lo
I
N b
NJ



Patent Application Publication Jun. 2,2016 Sheet 3 of 7 US 2016/0151022 A1

el L Lud
= = =
— [ —
o N N
— — —
A
W Y
O
0 _A
o __4 kl\Q—/
[%e] o _
______ A__
Q A
) A
0
o 0. L
O _A
~ B
-
<t R'\
_____ { 14
I~
K_/f o0
L o _
L L0
=~
C_)___ [en] [en)
ved I~ o
Q!__/7 LO_/ x\_]
(o)} © o 0 o< o) [0t
- 3F  3F 3%
[Q¥ I <
N"'j N"/ N“‘/



Patent Application Publication Jun. 2,2016 Sheet4 of 7 US 2016/0151022 A1

|
36 . o |
|
:66: 6811 170
Y tz TIME
16 14 o
80 o (129
\ 92 £ )
A 1 a0
/IA-A-I‘ S 18 KS(’.‘) PRI
M 84 / Pt ny
A\ N\ S ue | SENSOR |~
o SENSOR N 5 ot 106
B~ i / :{ ‘:'\\ BT 1
ng—$8 SENSOR 100 |88 11& DATA PROCESS:%E;‘, | 06
94 UNIT
110 klOZ
98 90~’/
94— 88—o Oo—16 o—1106
MONITOR 20

FIG. 6



Patent Application Publication Jun. 2,2016 Sheet 5 of 7 US 2016/0151022 A1

KZO
MONITOR
120—1 PROCESSOR /,_122
MEMORY
130—1|| COMPARISON / /,.124
N SYNCHRONIZATION DATABASE
LOGIC
128~ 126
~] COMMUNICATION L1
DEVICE DISPLAY

ACQUIRE PHYSIOLOGICAL DATA OF A | —142
FIRST SENSOR FOR A PATIENT

ASSOCIATE PHYSIOLOGICAL DATA OF THE FIRST | —144
SENSOR WITH THE PATIENT

ACQUIRE PHYSIOLOGICAL DATA OF A | —146
SECOND SENSOR

COMPARE COMMON AND /0OR CORRELATED PHYSIOLOGICAL
PARAMETER(S) OF PHYSIOLOGICAL DATA OF THE FIRST 148
SENSCR AND PHYSIOLOGICAL DATA OF THE SECOND [
SENSOR TO DETERMINE IF PHYSIOLOGICAL DATA OF

THE SECOND SENSOR I8 ASSOCIATED WITH THE PATIENT

FIG. 8




Patent Application Publication Jun. 2,2016 Sheet 6 of 7 US 2016/0151022 A1

150
f

ACQUIRE UNASSOCIATED PHYSIOLOGICAL DATA OF |—152
A SENSOR

COMPARE COMMON AND /0OR CORRELATED
PHYSIOLOGICAL PARAMETER(S) AND /OR COMMON | —154
FEATURE(S) OF UNASSOCIATED PHYSIOLOGICAL DATA
AND MULTIPLE ASSOCIATED PHYSIOLOGICAL DATA

DETERMINE IF UNASSOCIATED PHYSIOLOGICAL DATA |—156
IS ASSOCIATED WITH ONE OF MULTIPLE PATENTS

GENERATE ERROR SIGNAL WHEN |, —158
THERE IS NO ASSOCIATION

FIG. 9




Patent Application Publication Jun. 2,2016 Sheet 7 of 7 US 2016/0151022 A1

ACQUIRE PHYSIOLOGICAL DATA OF AN | —172
UNASSOCIATED SENSOR

IDENTIFY A PLURALITY OF CANDIDATE PATIENTS

TO ASSOCIATE WITH THE UNASSCCIATED SENSOR

BASED ON A FIRST COMMON FEATURE OF THE | —174

PHYSIOLOGICAL DATA OF THE UNASSOCIATED

SENSOR AND THE PHYSIOLOGICAL DATA OF
THE CANDIDATE PATIENTS

SELECT A SINGLE CANDIDATE OF THE PLURALITY OF
CANDIDATES BASED ON A SECOND COMMON FEATURE
OF THE PHYSIOLOGICAL DATA OF THE UNASSOCIATED [—176
SENSOR AND THE PHYSIOLOGICAL DATA OF

THE CANDIDATE PATIENTS

FIG. 10




US 2016/0151022 Al

AUTOMATED IDENTIFICATION OF
PHYSIOLOGICAL DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Application No. 62/085,985, which was filed on
Dec. 1, 2014, and entitled “AUTOMATED IDENTIFICA-
TION OF PHYSIOLOGICAL DATA™, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The present disclosure relates generally to tech-
niques for associating physiological sensors with patients
and, more particularly, to automated identification of physi-
ological data and association of the physiological data to one
or more patients.

[0003] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0004] Medical monitors are used to capture data about a
patient’s physiology to allow caregivers to monitor the
patient’s clinical condition. The medical monitor may include
or be coupled to one or more sensors attached to the body of
the patient that detect and monitor physiological parameters
of the patient. A variety of types of medical monitors and
sensors may be used to detect and display the patient’s vital
signs and/or other physiological parameters. For example, a
pulse oximeter sensor may be attached to the patient (e.g., a
finger) to detect and monitor the patient’s functional oxygen
saturation of arterial hemoglobin (i.e., SpQ,) and heart rate.
An electrocardiography (ECG) sensor may be attached to the
patient (e.g., the chest) to detect and monitor the patient’s
heart rate, respiratory rate, and electrocardiogram signals.
[0005] Physiological data generated by the medical moni-
tor or the sensor may be associated with a particular patient.
For example, the association may include a manual associa-
tion, e.g., a caregiver may manually input a patient’s identi-
fication information (e.g., name, admission number, bed
numbet, or the like) to a medical monitor when attaching the
sensor to the patient, thereby associating the patient’s identi-
fication information with the collected physiological data
from the medical monitor or the corresponding sensor. In
turn, the identification information may be provided along
with the sensor data to a central monitoring station that dis-
plays information related to a number of patients. In addition,
this associated data may be collected and stored as part of the
patient’s medical record. However, an individual monitor or
sensor may initially be used for one patient but may also be
reused and associated with a different patient at a later time.
As such, it may be time consuming and inefficient to manu-
ally associate a patient’s identification information to the
medical monitor (or the sensor, or the physiological data
collected thereby) each time a medical monitor or sensor is
reattached to the same patient or a reused for a different
patient.

[0006] Further, identification of a wireless sensor with a
particular monitor may be challenging. Many sensors and
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monitors communicate wirelessly with one another, and a
medical monitor may receive a number of incoming signals
from patients in surrounding beds that are within a signal
transmission area. Accordingly, determining if an incoming
wireless signal is from a desired patient may be complex in
the context of several incoming signals that are associated
with a particular sensor type.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Advantages of the disclosed techniques may
become apparent upon reading the following detailed
description and upon reference to the drawings in which:
[0008] FIG. 1 is a schematic diagram of a technique for
associating a physiological sensor to a patient in accordance
with embodiments of the present disclosure;

[0009] FIG. 2 is a schematic diagram of physiological data
from two physiological sensors used for the technique of FIG.

[0010] FIG. 3 is a schematic diagram of a technique for
comparing the physiological data from two physiological
sensors in accordance with embodiments of the present dis-
closure;

[0011] FIG. 4 is a schematic diagram of a technique for
comparing the physiological data from two physiological
sensors in accordance with embodiments of the present dis-
closure;

[0012] FIG. 5 is a schematic diagram of a technique for
synchronizing and comparing the physiological data from
two physiological sensors in accordance with embodiments
of the present disclosure;

[0013] FIG. 6 is a block diagram of a medical monitoring
system in accordance with embodiments of the present dis-
closure;

[0014] FIG. 7 is a block diagram of a central monitoring
station in accordance with embodiments of the present dis-
closure;

[0015] FIG. 8is a flow diagram of amethod for associating
a physiological sensor to a patient in accordance with
embodiments of the present disclosure;

[0016] FIG. 9is a flow diagram of a method for associating
a physiological sensor to a patient in accordance with
embodiments of the present disclosure; and

[0017] FIG. 10 is a flow diagram of a method for associat-
ing a physiological sensor to a patient in accordance with
embodiments of the present disclosure.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0018] One or more specific embodiments of the present
techniques will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.
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[0019] 1In a patient care setting, sensors attached to a par-
ticular patient generate physiological parameter data that is
used by a caregiver to assess the patient’s condition. How-
ever, as patient monitoring becomes more complex, a given
patient may be monitored by several different sensors, and
each of these sensors may be coupled to one or more moni-
tors. Accordingly, collecting all of the data associated with a
given patient may involve gathering data from different sen-
sor and/or monitor types. Further, depending on the capabili-
ties of each monitor, each sensor may be associated with its
patient using a variety of different methods, including hand-
written tags on the sensor, manual inputs to the monitor,
patient data stored on a memory of'the sensor, barcodes, etc.
In addition, some sensors may not have any method associ-
ating them with a patient other than their physical proximity
to the patient.

[0020] Provided herein are techniques for automatically
associating a physiological sensor with a patient in a system
with multiple physiological sensors. The disclosed tech-
niques improve caregiver efficiency by reducing or eliminat-
ing manual input time and notetaking to collect or associate
sensor data with a patient. In the disclosed embodiments, the
patient’s own physiological parameters may be used as an
identification key for determining which, if any, additional
sensors are associated with a particular patient. For example,
a patient’s heart rate may be determined by multiple sensors
types, including pulse oximetry sensors and EKG (ECG)
sensors. Accordingly, the heart rate is an overlapping param-
eter or a common feature between these two sensor types and,
if these sensors are applied to the same patient, the measured
heart rate over the same time period should be the approxi-
mately the same, plus or minus a measurement tolerance of
each sensor type. In one embodiment, if a patient already is
being monitored via pulse oximetry, and the measured heart
rate is, for example, 60 per minute, over a given time window,
then any EKG sensors applied to the patient should output a
similar heart rate of 60 per minute over the same time window.
Accordingly, the common feature of the heart rate is matched
for these sensors applied to the same patient. In another
embodiment, a variability or sequence of the overlapping or
common feature between different sensor types may be used
in addition to or instead of the overlapping or common feature
itself. For example, if a pulse oximetry sensor detects that a
patient has variable heart rates during a period of time with a
number of one-second time intervals (e.g., 60, 61, 62, 60, . ..
per minute in the first, second, third, fourth, . . . second,
respectively), then any EKG sensors applied to the patient
should output a similar or same (plus or minus a measurement
tolerance) variability of the detected heart rate during the
same period of time.

[0021] The disclosed techniques use overlapping or com-
mon features and/or a sequence or variability thereof to asso-
ciate sensor signals from different sensors with a particular
patient. For example, if an unassociated EKG signal outputs
aheart rate that is close to or matching a heart rate for a sensor
already associated with the patient, a monitoring system may
flag the unassociated EKG signal as being a likely match for
that patient and may associate the EKG signal with the patient
identification data already in place for the pulse oximetry
data. As such, the techniques disclosed herein may provide an
automated and streamlined approach for clinical care provid-
ers to associate data from physiological sensors with one or
more patients, or patients” records. Repetitive and manual
associations of one patient with multiple applied physiologi-
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cal sensors may be reduced or eliminated. In addition, the
techniques disclosed herein may provide a safety check to
validate that data from disparate physiological sensors is tied
back to the appropriate patient record. Inefficiency and
manual error in association of physiological data to patients’
records may be reduced or eliminated.

[0022] With the foregoing in mind, FIG. 1 illustrates a
schematic diagram of a technique 10 for associating an unas-
sociated physiological sensor 12 with a patient 14 and the
patient’s corresponding identification data 16 in accordance
with the present disclosure. In certain embodiments, an asso-
ciated or identified physiological sensor 18 is coupled to an
identified patient 145 to detect and monitor one or more
physiological parameters of the patient 145. The identifica-
tion data 16 (e.g., name, gender, date of birth, admission date,
provider information, room number, or the like) pertinent to
the patient may be associated with the physiological data of
the identified physiological sensor 18. When the physiologi-
cal data of the physiological sensor 18 is collected by the
monitor 20, it may be associated by the monitor 20 with the
physiological sensor 18 in any suitable manner. As an
example, a caregiver may manually input the identification
data 16 to the monitor 20 via a keyboard, touch screen, writ-
ing pad, mouse, or the like. As another example, the identifi-
cation data 16 may be stored or recorded in a bracelet (e.g.,
including a barcode, an RFID chip, a magnetic striped card, or
the like) worn by the patient 145. The monitor 20 may include
areader (e.g., abarcode reader, an RFID sensor, a card reader)
configured to read out the identification data 16 from the
bracelet and associated the identification data 16 with the
sensor 18. The identification data 16 may be housed on a
memory of the sensor 18 and may be transmitted to the
monitor along with the physiological data. Further, the asso-
ciation may include bundling the received physiological data
and the identification data 16 together, tagging the sensor data
with a tag associated with the identification data 16, encrypt-
ing the sensor data with a key that is linked to the identifica-
tion data, etc.

[0023] Inthe illustrated embodiment, a second physiologi-
cal sensor, an unassociated sensor 12, gathers data from an
unidentified patient 14a. The physiological data acquired by
the unassociated physiological sensor 12 may include one or
more physiological parameters or features in common with
the physiological data of the associated sensor 18. For
example, although the identified physiological sensor 18 and
the unassociated physiological sensor 12 may be different
types (e.g., one being an electrode-based heart rate sensor and
the other being a pulse oximetry sensor), the same physiologi-
cal parameters (e.g., heart rate) may be included in or
extracted from the physiological data of both the identified
physiological sensor 18 and the unassociated physiological
sensor 12. In certain embodiments, the identified physiologi-
cal sensor 18 and the unassociated physiological sensor 12
may be the same type of sensor.

[0024] The one or more common physiological parameters
may be used to compare the physiological data of the identi-
fied physiological sensor 18 and the unassociated physiologi-
cal sensor 12. If the one or more common physiological
parameters are determined to be the same for both of the
physiological data, the physiological data of the unassociated
physiological sensor 12 is determined to be associated with
the patient 144. In this manner, the unidentified patient 144 is,
once identified, indicated as an identified patient 14b. On the
other hand, if the one or more common physiological param-
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eters are determined to be different for both of the physiologi-
cal data, the physiological data of the unassociated physi-
ological sensor 12 is determined to not be associated with t the
identified patient 14b. In other words, the unidentified patient
14a is determined to not be the patient 145. If the unassoci-
ated physiological sensor 12 is determined to be associated
with the patient 145, the identification data 16 for identifying
the patient 14a is then associated with the previously unasso-
ciated physiological sensor 12 and/or its corresponding
physiological data. In other words, upon identification, the
unassociated physiological sensor 12 is associated with the
patient 145. After the match is identified, linking the previ-
ously unassociated physiological sensor 12 to the associated
or identified components of the system (i.e., patient 14a,
sensor 18) may be performed in any suitable manner and
according to any suitable data transmission protocol.

[0025] As disclosed herein, associating a sensor 12 with a
patient 14 (and the patient’s identification data 16) may
include bundling the received physiological data and the
identification data 16 together, co-communicating the sensor
data and the patient identification data 16, tagging the sensor
data with a tag associated with the identification data 16,
encrypting the sensor data with a key that is linked to the
identification data, etc. Further, in any of the disclosed
embodiments, associating a sensor 12 with a patient 14 may
include an association stored at the sensor 12, at the monitor
20, at a central monitoring station, in an electronic medical
record, etc. The association may include storing identification
information for the sensor 12 that is linked to the patient
identification information 16. For example, such information
may be stored in a look-up table or database. In one embodi-
ment, the association may include writing patient identifica-
tion data 16 to amemory of the sensor 12. In another embodi-
ment, after the identification data 16 is written to the memory
of the sensor 12, the measurement data from the physiological
sensor 12 may be tagged or communicated together with
patient identification data 16 for the patient 145. Further, the
monitor 20 may also store or display the identification data 16
along with calculated parameters from the sensor data. The
association may also include providing the patient identifica-
tion information 16 as part of a readable tag. For example, the
readable tag may be a bar code or RFID tag that is provided as
a label with patient records. In certain embodiments, when a
sensor 12 is reused, a new association with a patient 14
overwrites any existing association.

[0026] It should be noted that “physiological sensor” as
used herein refers to a medical device configured to detect one
or more physiological parameters of a patient, such as
patches, sensors, or probes. A medical monitoring system
may also include a monitor (e.g., a medical monitor with a
display, a processor, a memory, a power supply, an input
device, and/or an alarm), and one or more connectors (e.g.,
power cable, data cable, and/or wireless communication
devices such as a wireless transceiver) coupling the sensor
and the monitor. The sensor, the monitor, and the one or more
connectors may be separate from one another, or may be
integrated into an integral unit (e.g., a portable oximeter, a
portable heart rate monitor). As such, it should be noted that
while each of the sensors 12 and 18 is illustrated in FIG. 1 as
one unit coupled to the patient 14, each may include other
components separate from the patient 14.

[0027] Physiological sensors as provided herein (e.g., sen-
sor 12, sensor 18) may include optical, acoustic, electrical, or
magnetic sensing components, or a combination thereof. The
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acquired physiological data may be transmitted to a monitor-
ing component (e.g., monitor 20) that includes a processor
and a memory configured to process the physiological data to
generate a measure or indication of the one or more physi-
ological parameters. As an illustrative example, the identified
physiological sensor 18 is an electrocardiography (ECG) sen-
sor. A sensing component includes one or more electrodes
contacting the surface of the skin of the patient 14. In another
example, the sensor 18 is a pulse oximetry sensor, and the
sensing component includes a light emitter and photodetec-
tor.

[0028] Themonitor 20, as discussed in greater detail below,
may be a local monitor, a remote monitor, or may be a central
monitoring station. Further, the monitor 20 may be a monitor
worn by the patient. In such embodiments, the monitor 20
may receive signals and evaluate whether the received signals
are associated with patient wearing the monitor 20. If not, the
monitor 20 may then discard the unassociated signals. In
contrast, the monitor 20 may be a monitor that collects data
from multiple patients. In such embodiments, the received
signals are kept and sorted between the various patients being
monitored. The physiological sensors may be communica-
tively coupled to the monitor 20 in any suitable manner (e.g,,
via wired communication, wireless communication, or a
combination thereof).

[0029] Incertain embodiments of the disclosed techniques,
at least one common feature or physiological parameter from
physiological data between two or more sensors is compared
to determine if the sensors are monitoring the same patient.
The common feature may be an overlapping measured
parameter (e.g., heart rate, blood pressure, respiration rate), a
sequence of the overlapping measured parameter (e.g., a
sequence of individual heart rate measurements over a period
of time), a variability of the overlapping measured parameter
(e.g., a ratio of a difference between a maximum value and a
minimum value to the mean value of the overlapping param-
eter during a period of time), a trend (e.g., an increase, a
decrease, or a pattern of fluctuation in amplitude or fre-
quency) of the overlapping measured parameter, or any com-
bination thereof.

[0030] Inanother embodiment of the disclosed techniques,
associating sensors with a patient may be based on correlated
physiological parameters from the physiological data of two
or more sensors. The correlated physiological parameters
described herein are physiological parameters, or waveforms
or data associated with such parameters, that are not the same
butrespond in a correlated manner to one or more physiologi-
cal events. As such, the correlated physiological parameters
or their associated waveforms may change or vary (e.g., in
amplitude, in frequency, in duration, in signal shape, or the
like) in the same or similar manner during the same or similar
time periods. These correlated physiological parameters can
be used to associate a sensor with a patient. Further, the
sequence, trend, or variability of such correlated parameters
may also be used to identify or associate a sensor with a
patient. Accordingly, one or more features or characteristics
of the raw data from different physiological sensors may be
compared to determine if they are associated with the same
patient. For example, in an embodiment, the physiological
data of the first physiological sensor (e.g., a heart rate sensor)
includes an electrocardiography (ECG) waveform, and the
physiological data of the second physiological sensor (e.g., a
pulse oximetry sensor) includes a plethysmographic wave-
form. Although the ECG waveform is different from the
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plethysmographic waveform, both waveforms may include
similar waveform features, such as decreasing peaks as a
function of time, that respond to the same physiological event
(e.g., an increased vascular resistance). A rhythm (e.g., fre-
quency) of the occurrence of the repeating peaks may be
compared between the ECG waveform and the plethysmo-
graphic waveform. In addition, one series of peaks may have
a temporal relationship (e.g., a relatively fixed time delay)
with respect to the other series of peaks. Accordingly, the
physiological data of the second physiological sensor may be
synchronized (e.g., time-shifted by the fixed time delay), and
the correlated waveform features may be used to determine if
the physiological of the second physiological sensor is asso-
ciated with the first patient.

[0031] FIG. 2 illustrates one example of the types of data
and/or parameters that may be compared between physiologi-
cal data 22 from the identified physiological sensor 18 and the
physiological data 24 from the second physiological sensor
12 of FIG. 1. As noted above, the first sensor, the identified
physiological sensor 18, may be an ECG sensor, and the
second sensor, an unassociated physiological sensor 12, may
be a pulse oximetry sensor. The first set of physiological
parameters 26 included in or determined from the physiologi-
cal data 22 from the identified physiological sensor 18 may
include heart rate 34a and ECG waveform 30 (e.g., including
P waves, QRS complexes, T waves, and U waves). The sec-
ond set of physiological parameters 32 included in or deter-
mined from the physiological data 24 from the unassociated
physiological sensor 12 may include heart rate 34, plethys-
mographic waveform 36, and respiratory rate 38. As such,
both the physiological data 22 from the identified physiologi-
cal sensor 18 and the physiological data 24 from the unasso-
ciated physiological sensor 12 include a common physiologi-
cal parameter, the heart rate 3da, 34b.

[0032] Theheart rate 34a in the physiological data 22 from
the identified physiological sensor 18 is associated with the
patient 14. The heart rate 345 in the physiological data 24
from the unassociated physiological sensor 12 is then com-
pared with the heart rate 34a to determine if the heart rate 345
is associated with the same patient 14. Comparison of com-
mon physiological parameter (e.g., the heart rate 345 with the
heart rate 34a) may be based on any suitable characteristics of
the common physiological parameter. For example, the char-
acteristics of the heart rates 34a, 345 may include a value of
the heart rate, a mean value over a time period, a trend value,
a pattern or rhythm of the heart beats during a period of time,
a variability of the heart rate (e.g., a ratio of a difference
between a maximum value and a minimum value to the mean
value of the heart rate during a period of time), or a combi-
nation thereof. In another embodiment, the common features
may include the presence of common signal artifacts. For
example, a patient in motion may cause motion artifacts in
any sensor positioned on the patient. Therefore, the presence
of a common signal artifact in unassociated physiological
sensor 12 and the identified physiological sensor 18 may be
indicative that they are associated with the same patient 14. In
another embodiment, the presence of a common arrhythmia
in unassociated physiological sensor 12 and the identified
physiological sensor 18 may be indicative of an association
with the same patient 14. In one embodiment, the identifica-
tion of a common arrhythmia feature is based on a common
arrhythmia type, such as a bradycardia or tachycardia as
identified by sensors that measure pulse rate. For example, the
presence of tachycardia as identified by an ECG and a
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plethysmographic sensor over a common time interval is
indicative of a common arrhythmia. In one embodiment, the
identification of a common arrhythmia feature is based on a
presence or absence of common arrhythmia indicators in an
ECG signal. In one embodiment, the identification of a com-
mon arrhythmia feature is based on a presence or absence of
common arrhythmia indicators in a plethysmographic signal,
such as those described in U.S. Pat. No. 8,755,871, the speci-
fication of which is incorporated by reference herein in its
entirety for all purposes.

[0033] Incertainembodiments, the comparison of the com-
mon physiological parameter is performed using data col-
lected under the same or similar patient conditions. For
example, the identified physiological sensor 18 and the unas-
sociated physiological sensor 12 may operate at the same
time window, when patients are in the same or similar posi-
tions, after potential associated patients are administered with
the same medicine, or the like.

[0034] A tolerance level may be set for determining if the
common physiological parameter is the same or different. For
example, the tolerance level may be a threshold or a range. If
the difference between the characteristics of the common
physiological parameter from the physiological data 22 and
from the physiological data 24 is within a pre-defined thresh-
old or range, the characteristics of the common physiological
parameter from both physiological data 22, 24 may be con-
sidered to be the same and associated with the same patient
14. On the other hand, if the difference between the charac-
teristics of the common physiological parameter from the
physiological data 22 and from the physiological data 24 is
outside of the pre-defined threshold or range, the character-
istics of the common physiological parameter from both
physiological data 22, 24 may be considered to be different.
[0035] As noted above, the characteristics of the common
physiological parameter (e.g., heart rate, blood pressure, res-
piration rate) may include a mean value, a variability, a
sequence, a trend or a pattern, or any combination thereof, of
the measured common physiological parameter from the
physiological data 22 and from the physiological data 24.
FIG. 3 illustrates a comparison 91 of a trend (or pattern) of a
common physiological parameter (e.g., the heart rate) of the
physiological data 22 from the identified sensor 18 and the
physiological data 24a, 24b from the unassociated physi-
ological sensor or sensors 12 to determine if the unassociated
physiological sensor 12 is associated with the patient 14. As
illustrated, the physiological data 22 includes a first chart 93
of the heart rate as a function of time. For example, the first
chart 93 may include a series of heart rate values at various
times during the time period of 0 to T;. For example, the heart
rate values may be obtained from the physiological data 22
(e.g., the ECG waveform 30) at fixed or variable time inter-
vals (e.g.,0.5s,15,25,55,105,205,305,60s,90s,120s5,
or the like).

[0036] Similarly, the trend of the heart rate may be obtained
from the physiological data 24. A second chart 95 and a third
chart 97 illustrate different embodiments of the heartrate as a
function of time from the physiological data 24a, 245 (e.g.,
the plethysmographic waveform 36). The second chart 95 and
the third chart 97 may include a series of heart rate values at
various times during the time period of 0 to T,. The heart rate
values may be obtained from the physiological data 24a, 24b
at fixed or variable time intervals that may be the same as or
different from the time intervals used in the chart 93. As
illustrated, the chart 95 of the physiological data 24a includes
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atrend (or pattern) of the heart rate during the time 0 to T that
is substantially the same (e.g., within a pre-determined toler-
ance level) as the trend (or pattern) of the heart rate illustrated
in the chart 93. Accordingly, in the embodiment as illustrated
in the chart 95, the trend or pattern of the heart rate may be
used to determine that the data 24a of the unassociated physi-
ological sensor 12 is associated with the patient 14. On the
other hand, the chart 97 of the physiological data 245 includes
atrend (or pattern) of the heart rate during the time 0 to T, that
is different (e.g., outside a pre-determined tolerance level)
from the trend (or pattern) of the heart rate illustrated in the
chart 93. Accordingly, in the embodiment as illustrated in the
chart 97, the trend or pattern of the heart rate may be used to
determine that data 245 of the unassociated physiological
sensor 12 is not associated with the patient 14. The determi-
nation may be made by an image comparison of the chart of
heart rate values or by comparing various pattern features
(e.g., peaks, valleys, etc.) of the values over time. For
example, pattern features may be based on the presence of
common metrics that may be derived from the sensor wave-
forms from a particular time period. Such metrics may be a
comparison of values or variation between such values,
including peak-to-peak values, peak-to-trough values,
trough-to-trough values, area under the curve values, or pulse
shape (e.g., skewness of the derivative of a plethysmographic
signal).

[0037] It should be noted that the time window (e.g., the
length of the time period T)) for comparison of the trend (or
pattern) of the common physiological parameter (e.g., the
heart rate) may be predetermined or adjusted based on various
factors, such as the characteristics of the common physiologi-
cal parameter (e.g., frequency), characteristics of the sensors
(e.g., sensitivity, accuracy), or data quality (e.g., collection
time interval). It also should be noted that the trend (or pat-
tern) of the common physiological data may be time-
stamped, and for comparison, may be time-shifted with one
another, as discussed in greater detail below. For example, in
one embodiment, a heart rate from a pulse oximetry sensor is
compared to a heart rate from an EKG. Although the calcu-
lation of the individual heart rate values in the pulse oximetry
monitor and the EKG monitor may be time-shifted or at
different time intervals (e.g., every 0.1 s vs. every 1 s) relative
to one another, a chart of heart rate values over time may be
used to extrapolate intervening heart rate values at a particular
time point. Accordingly, in one embodiment, the matched
pattern or sequence of heart rate values may be based at least
in part on extrapolated heart rate values.

[0038] FIG. 4 illustrates another comparison 39 of a com-
mon physiological parameter (e.g., the heart rate) of the
physiological data 22 from the identified sensor 18 and the
physiological data 24 from the unassociated physiological
sensor 12, based on the characteristics of the waveforms of
the respective physiological data 22, 24, to determine if the
unassociated physiological sensor 12 is associated with the
patient 14. As illustrated, the heart rate 34a of physiological
data 22 includes a sequence 41 of heart beats (simplified from
the actual waveform and represented by vertical lines) during
a time period 43 (e.g., from time 0 to time T,). The sequence
41 includes a total number of 6 heart beats (e.g., not counting
the heart beat at time 0) during the time period 43. The
sequence 41 has a pattern of alternating long and short time
separations between adjacent heart beats. For example, a
relatively long time separation 45 is followed by a relatively
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short time separation 47, which is followed by alternating
long time separations 49, 53 and short time separations 51,
55.

[0039] Inoneembodiment, theheart rate 345 of physiologi-
cal data 24 may include a sequence 57 of heart beats during
the time period 43. The sequence 57 also includes a total
number of 6 heart beats (e.g., not counting the heart beat at
time 0) during the time period 43. Accordingly, in this
embodiment, the heart rate 345 may be determined to have the
same mean value of heart rate as the heart rate 34a. In addi-
tion, the sequence 57 has a similar pattern of alternating long
and short time separations between adjacent heart beats. For
example, arelatively long time separation 59 is followed by a
relatively short time separation 61, which is followed by
alternating long time separations 63, 67 and short time sepa-
rations 65, 69. Moreover, the time separations 59, 61, 63, 65,
67, 69 of the sequence 57 are substantially the same (e.g,,
within a predetermined a tolerance level) as the time separa-
tions 45, 47, 49, 51, 53, 55 of the sequence 41, respectively.
For example, a difference 71 between the time separation 45
of the sequence 41 and the time separation 59 of the sequence
57 may be within the predetermined a tolerance level.
Accordingly, the heart rate 345 may be determined to have the
same pattern or trend as the heart rate 34a. As such, in this
embodiment, the pattern or trend of the heart rate, in addition
to the mean value of the heart rate, may be used to determine
that the unassociated physiological sensor 12 is associated
with the patient 14.

[0040] In another embodiment, the heart rate 345 of physi-
ological data 24 may include a sequence 73 of heart beats
during the time period 43. The sequence 73 also includes a
total number of 6 heart beats (e.g., not counting the heart beat
at time 0) during the time period 43. Accordingly, in this
embodiment, the heart rate 345 may be determined to have the
same mean value of heart rate as the heart rate 34a. However,
the sequence 73 has a different pattern of the heart beats. For
example, adjacent heart beats in the sequence 73 have sub-
stantially the same time separations (e.g., time separations 75,
77, 79, 81, 83, 85) with one another. Moreover, each time
separation75,77,79, 81, 83, 85 of the sequence 73 is different
(e.g., outside of a predetermined tolerance level) from the
corresponding time separation 45, 47, 49, 51, 53, 55 of the
sequence 41. For example, a difference 87 between the time
separation 45 of the sequence 41 and the time separation 75 of
the sequence 73 may be outside of the predetermined a toler-
ance level. Accordingly, in this embodiment, although the
heart rate 346 may be determined to have the same mean
value as the heart rate 34q, the pattern or trend of the heart rate
may be determined to be different. As such, based on the
pattern or trend of the heart rate, the unassociated physiologi-
cal sensor 12 may be determined not be associated with the
patient 14.

[0041] Further, while the disclosed comparison techniques
are discussed in the context of the heart rate, it should be
understood that the comparison techniques may be applied to
other physiological parameters to compare overlapping fea-
tures. For example, a patient’s blood pressure may be deter-
mined using one or more invasive and/or noninvasive tech-
niques. In certain embodiments, a blood pressure as
determined by an oscillometric technique from a first sensor
may be compared to a blood pressure determined by a pulse
wave velocity technique from a second sensor. In other
embodiments, a patient’s respiration rate as determined via a
plethysmographic waveform from a first sensor may be com-



US 2016/0151022 Al

pared to a respiration rate determined by capnography, tran-
sthoracic impedance, and/or impedance pneumography from
a second sensor. Further, the compared parameters may be
obtained using the results of multiple sensors. The physi-
ological data 22 from the identified physiological sensor 18
and the physiological data 24 from the unassociated physi-
ological sensor 12 may additionally or alternatively include
one or more common physiological parameters of patients,
such as heart rate, a variability of the heart rate, respiratory
rate, a variability of the respiratory rate, ECG timing (e.g.,
timing of the QRS complex), blood pressure, response to
medicine, or any combination thereof. As discussed in greater
detail below, comparing the common physiological param-
eter from both physiological data 22, 24 to determine if the
unassociated physiological sensor 12 is associated with the
patient 14 may be performed by sensor (e.g., the sensor 12,
18) or by the monitor 20.

[0042] As discussed above, associating sensors with a
patient may also be based on correlated physiological param-
eters from the physiological data of two or more sensors. The
correlated physiological parameters are not overlapping or
common physiological parameter, but respond in a correlated
manner to one or more physiological events. As such, one
physiological parameter may have a known and/or predict-
able impact on a second physiological parameter, and
changes between the two physiological parameters may be
correlated against each other to determine if they are associ-
ated with the same patient or not. As an example, if an
increase of blood pressure (e.g., increased vascular resis-
tance) of the patient 14 is detected in the ECG waveform 30
by the physiological sensor 18, and the physiological sensor
12 detects in the plethysmographic waveform 36 an increase
in vascular resistance that is time correlated, then the physi-
ological sensor 18 may be associated with the patient 14. In
another example, the correlated parameter includes respira-
tion rate derived from an ECG and the plethysmographic
signal. Changes in respiration rate are known to have a spe-
cific impact on the plethysmograph, that may in certain
embodiments be used to calculate the respiration rate from
the plethysmograph. That is, in addition to or instead of using
the calculated respiration rate parameter, the common feature
may be the respiration-induced changes on a physiologic
signal, with or without calculating the respiration rate from
the pleth signal, the respiration rate-induced changes in the
ECG and in the plethysmogtaphic signal may be correlated to
create an association or may be used as a correlated param-
eter. In other embodiments, the correlation may be an inverse
correlation, depending on the feature used. For example,
while certain physiological events may cause arl increase in a
measured parameter, the same event may cause a correspond-
ing decrease in another parameter.

[0043] As noted above, the common physiological param-
eter (e.g., the heart rate 34q, 34 in FIG. 2) may be used for
comparing the physiological data 22 from the identified
physiological sensor 18 and the physiological data 24 from
the unassociated physiological sensor 12. To perform the
comparison, parameters measured at the same time point or
within the same time window may be used for the compari-
son. That is, the compared data or measurements may be
time-synchronized for the comparison by using time stamps
associated with the data. Further, the compared data or mea-
surements may be compared in real time, e.g., on a rolling
basis, or based on retrospective data analysis. In some
embodiments, one or more common characteristics or fea-
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tures of waveforms in the physiological data 22, 24 (e.g.,
waveform peaks or troughs) may also be directly compared
(e.g., without first extracting the common physiological
parameters from each of the physiological data 22, 24) to
determine if the second physiological sensor 12 is associated
with the patient 14. Because the physiological data 22, 24
may not be synchronized (e.g., respective waveform peaks or
troughs not aligned with respect to time), the comparison of
the physiological data 22, 24 may include synchronizing the
physiological data 22, 24. For example, as illustrated in FIG.
2, the physiological data 22 includes the ECG waveform 30,
and the physiological data 24 includes the plethysmographic
waveform 36. The ECG waveform 30 and the plethysmo-
graphic waveform 36 may be synchronized and compared
with one another against one or more common features or
characteristics of the waveforms, such as a rhythm of repeat-
ing waveform peaks or troughs.

[0044] FIG. 5 illustrates a comparison 40 of physiological
data 22 (e.g., the ECG waveform 30) from the identified
sensor 18 and the physiological data 24 (e.g., the plethysmo-
graphic waveform 36) from the unassociated physiological
sensor 12 to determine if the unassociated physiological sen-
sor 12 is associated with the patient 14. As illustrated, the
ECG waveform 30 includes the repeating QRS complexes
(e.g., with peaks 42, 44, 46), representative of the depolariza-
tion of the right and left ventricles of the heart of the patient
14. The plethysmographic waveform 36 includes repeating
peaks (e.g., peaks 48, 50, 52) and troughs (e.g., troughs 54,
56, 58) representative of the quantity of blood in an underly-
ing blood vessel. As such, one common characteristic of both
the ECG waveform 30 and the plethysmographic waveform
36 is repeating peaks, which may be used to compare the two
waveforms 30, 36. From a physiological perspective, the
BCG represents the electrical component of a “heartbeat” and
in most instances results in nearly coincident mechanical
contraction. The plethysmographic waveform is generally
representative of the pressure waveform resulting from
mechanical contraction, which is propagated through the vas-
culature and time shifted based on the speed of the pulse wave
from the left ventricle to the point of measurement on the
plethysmograph (e.g., the finger). Therefore the ECG (spe-
cifically the QRS complex) and the plethysmograph are time
shifted, but correlated, events.

[0045] For anindividual patient, there may be a variance in
the interval between each heart beat (heart rate variation).
This HRV creates a unique signature for each patient, which
would be similar between the peaks of the plethysmographic
waveform and the RR interval since both are driven by the
same physiological process (electrical depolarization, as
detected via an ECG, followed by pressure waveform,
detected via a plethysmograph). The pulse wave velocity
(effectively the time delay between QRS and plethysmograph
peak) would be effectively constant as this is driven by the
mechanical properties of the vasculature and in the absence of
medication administration is unlikely to dramatically shift
within a short period of time. Therefore, the pulse wave
velocity may also be used as a common point of identification
between two sensors, 1.e., to associate an unassociated sensor
with a sensor associated with a patient. Accordingly, a char-
acteristic peak to peak distance (effectively pulse wave veloc-
ity or pulse transit time) between an ECG peak and a plethys-
mographic waveform peak may be a correlated feature. In
addition, correlation of variability within the peaks may also
be considered as maintenance of a relatively constant pulse
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wave velocity, or ECG peak to plethysmograph peak timing,
within a relatively short duration.

[0046] In certain embodiments, the ECG waveform 30 and
the plethysmographic waveform 36 may be feature-synchro-
nized rather than time-synchronized to perform the compari-
son. For example, the first peak 42 of the ECG waveform 30
corresponds to a time t1, while the first peak 48 of the plethys-
mographic waveform 36 corresponds to a time 12. The wave-
forms may be unsynchronized because the physiological data
22, 24b are associated with different patients, or because even
though the physiological data 22, 24a are associated with the
same patient (e.g., the patient 14), there may be time delay or
lagging between different types of physiological sensors. For
example, if the plethysmographic wave form 36 is also asso-
ciated with the same patient 14, there is a time delay (e.g., a
pulse transit time) between the plethysmographic wave form
36 and the ECG waveform 30 due to transit time between a
heartbeat and the induced blood pressure change at an
extremity (e.g., finger) of the patient 14. For example, the
plethysmographic wave form 36 includes multiple points 60,
62, 64 where the amplitude of the waveform crosses a thresh-
old value (e.g., 20%, 25%, or 30%) of the amplitude from
respective troughs 54, 56, 58 to peaks 48, 50, 52. The time
differences 66, 68, 70 between the peaks 42, 44, 46 of the
ECG waveform 30 and the corresponding points 60, 62, 64 of
the plethysmographic waveform represent pulse transit times.
Accordingly, comparing the common characteristics of both
the ECG waveform 30 and the plethysmographic waveform
36 (e.g., their repeating peaks) may include feature-synchro-
nizing the ECG waveform 30 and the plethysmographic
waveform 36, for example, by time-shifting one of the wave-
forms 30, 36 with respect to another (e.g., by a characteristic
time difference, such as difference 66, representative of the
physiological delay). If the waveforms 30, 36 align when
time-shifted by the characteristic time difference 66, then
they may be more likely to be from the same patient 14. If they
align only when shifted more than the characteristic time
difference 66, then they may be less likely to be from the same
patient 14. In some embodiments, synchronization of the
physiological data 22, 24 may include time-stamping both of
physiological data 22, 24, and comparing the physiological
data 22, 24 may include comparing the one or more charac-
teristics of features of the physiological data 22, 24 at the
same time or during the same time window based on the time
stamps.

[0047] Any suitable characteristics or features of the physi-
ological data 22, 26 may be used for synchronization and
comparison of the physiological data 22, 26, including a
repeating rhythm of the peaks (or troughs, or any other
graphic indicators), a pattern or trend of the peaks (or troughs,
or any other graphic indicators), a presence, absence, appeat-
ance, or disappearance of peaks (or troughs, or any other
graphic indicators) induced by an external stimulus (e.g.,
application of a pressure cuff to cause temporary disappear-
ance of a plethysmographic signal), or any combination
above. Italso should be noted that the ECG waveform 30 and
the plethysmographic waveform 36 are used as non-limiting
examples, and the physiological data 22,24 used for synchro-
nization and comparison may include any suitable type of
physiological data from various type of physiological sen-
SOrS.

[0048] Similarly as described with respect to FIG. 2, a
tolerance level (e.g., a threshold or a range) may be set for
determining if the one or more common characteristics or
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features are the same or different for the physiological data
22, 24. If the one or more common characteristics or features
for both physiological data 22, 24 are determined to be the
same, the physiological data 24 from the second physiologi-
cal sensor 12 is determined to be associated with the same
patient 14. In other words, the second physiological sensor 12
is determined to be associated with the same patient 14. Ifthe
one or more common characteristics or features for both
physiological data 22, 24 are determined to be different, the
physiological data 24 from the second physiological sensor
12 is determined to not be associated with the patient 14. The
synchronization and comparison ofthe physiological data 22,
24 may be performed by the second physiological sensor 12
or by the monitor 20.

[0049] FIG. 6illustrates an embodiment of'a medical moni-
toring system 80 for associating physiological sensors (e.g.,
the second physiological sensor 12 of FIG. 1) with patients
(e.g., the patient 14 of FIG. 1). The medical monitoring sys-
tem 80 includes the monitor 20 and multiple physiological
sensors. While the multiple physiological sensors are illus-
trated that include first and second sensors 12a, 126 and a
third physiological sensor 82, a fourth physiological sensor
84, and a fifth physiological sensor 86, it should be noted that
the medical monitoring system 80 may include any number of
physiological sensors. It also should be noted that the mul-
tiple physiological sensors may be coupled to the same
patient or different patients.

[0050] As illustrated, the fourth physiological sensor 84 is
coupled to the patient 14 to detect and monitor one or more
physiological parameters of the patient 14. Accordingly, the
identification data 16 of the patient 14 may be associated with
physiological data 88 acquired by the fourth physiological
sensor 84. The fourth physiological sensor 84 may store and
the physiological data 88 and the associated identification
data 16 and/or transmit both data 88, 16 to the monitor 20
(e.g., as indicated by an arrow 90).

[0051] The third physiological sensor 82 is coupled to an
unidentified patient 92, who may be the patient 14 or a dif-
ferent patient. The third physiological sensor 82 acquires
physiological data 94 of the unidentified patient 92 and may
store the physiological data 94 and/or transmit the physi-
ological data 94 to the monitor 20 (e.g., as indicated by an
arrow 96). In accordance with the techniques described above
with respect to FIGS. 1-5, the physiological data 94 may be
compared to the physiological data 88 to determine if the
physiological data 94 from the third physiological sensor 82
is associated with the patient 14, in other words, if the uni-
dentified patient 92 is the patient 14 or a different patient.
More specifically, as discussed above, for determining the
association of the third physiological sensor 82 with the
patient 14, one or more common or correlated physiological
parameters of the physiological data 88 and 94 may be com-
pared. Additionally or in the alternative, the physiological
data 88 and 94 may be synchronized and one or more com-
mon or correlated characteristics or features of the physi-
ological data 88 and 94 may be compared.

[0052] Insome embodiments, the monitor 20, after acquir-
ing the identification data 16 of the patient 14, the physiologi-
cal data 88 from the fourth physiological sensor 84, and the
physiological data 94 from the third physiological sensor 82,
compares the physiological data 88 and 94 to determine if the
third physiological sensor 82 is associated with the patient 14.
If the monitor 20 determines that the third physiological
sensor 82 is associated with the patient 14, the monitor 20
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may assign the third physiological sensor 82 to the patient 14
by transmitting the identification data 16 of the patient 14 to
the third physiological sensor 82 (e.g., as indicated by an
arrow) or by assigning the identification data 16 to the third
sensor 82 internally in the monitor 20. In other embodiments,
the third physiological sensor 82 fetches the physiological
data 88 and the identification data 16 of the patient 14 from
the fourth physiological sensor 84 (e.g., as indicated by an
arrow 100) and compares the physiological data 88 and 94 at
the third physiological sensor 82 to determine if the third
physiological sensor 82 is associated with the patient 14. If
the third physiological sensor 82 determines that the third
physiological sensor 82 is associated with the patient 14, the
third physiological sensor 82 may assign itself to the patient
14 by associating the physiological data 94 with the identifi-
cation data 16 of the patient 14 and/or transmitting both the
physiological data 94 and the identification data 16 to the
monitor 20.

[0053] Themedical monitoring system 80 may also include
one or more data processing units 102 coupled to one or more
physiological sensors. For example, a data processing unit
102 couples the fifth physiological sensor 86 and the monitor
20. The data processing unit 102 is configured to process
(e.g., analog-to-digital convert, digital-to-analog convert, fil-
ter, amplify, or the like) physiological data acquired by the
fifth physiological sensor 86 and communicate the raw and/or
the processed physiological data between the fifth physi-
ological sensor 86 and the monitor 20. The data processing
unit 102 may be a standalone unit (e.g., acomputer, or another
monitor), or may be integrated with either the fifth physi-
ological sensor 86 or the monitor 20. The data processing unit
102 may include hardware components such as a processor,
an amplifier, a receiver, a transmitter, a cable, etc. As another
example, the fifth physiological sensor 86 and the data pro-
cessing unit 102 are located in a patient room, and the monitor
20 is located in a remote control room. In such embodiments,
the monitor 20 may be implemented as a central monitoring
station.

[0054] The fifth physiological sensor 86 is coupled to an
unidentified patient 104, who may be the patient 14 or a
different patient. The fifth physiological sensor 86 acquires
physiological data 106 of the unidentified patient 104 and
may store the physiological data 106 and/or transmit the
physiological data 106 to the data processing unit 102 and the
monitor 20 (e.g., as indicated by arrows 108, 110). Similarly,
the physiological data 106 may be compared to the physi-
ological data 88 to determine if the physiological data 106
from the fifth physiological sensor 86 is associated with the
patient 14, in other words, if the unidentified patient 104 is the
patient 14 or a different patient. In some embodiments, the
monitor 20 compares the physiological data 88 and 106 to
determine if the fifth physiological sensor 86 is associated
with the patient 14. If the monitor 20 determines that the fifth
physiological sensor 86 is associated with the patient 14, the
monitor 20 may assign fifth physiological sensor 86 to the
patient 14 by transmitting the identification data 16 of the
patient 14 to the fifth physiological sensor 86 (e.g., as indi-
cated by arrows 112, 114). In other embodiments, the data
processing unit 102 fetches the physiological data 88 and the
identification data 16 of the patient 14 from the fourth physi-
ological sensor 84 (e.g., as indicated by an arrow 116) and
compares the physiological data 88 and 106 at the data pro-
cessing unit 102 to determine if the fifth physiological sensor
86 is associated with the patient 14. If the data processing unit
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102 determines that the fifth physiological sensor 86 is asso-
ciated with the patient 14, the data processing unit 102 may
assign the fifth physiological sensor 86 to the patient 14 by
associating the physiological data 106 with the identification
data 16 of the patient 14 and/or transmitting both the physi-
ological data 106 and the identification data 16 to the monitor
20.

[0055] Each of multiple physiological sensors in the medi-
cal monitoring system 80 may include an indicator 118 (e.g,,
a display, a light, an alarm, or a combination thereof) config-
ured to indicate (e.g., with a certain image, pattern, sound, or
color)ifthe respective physiological sensor is associated with
an identified patient. Also, it should be noted that all of the
communication (e.g., data transfer) in the medical monitoring
system 80 (e.g., as indicated by the arrows 90, 96, 98, 100,
108, 110, 112, 114, 116) may include any suitable manner,
such as wired communication, wireless communication, or a
combination thereof.

[0056] FIG. 7 illustrates an embodiment of the monitor 20
implemented as a central monitoring station and including
certain hardware features such as a processor 120, a memory
122, a database 124, a display 126, and a communication
device 128 to facilitate associating one or more physiological
sensors to one or more patients. It should be understood that
other implementations of the monitor 20, e.g., as a bedside
monitor, a standalone monitor, etc., may also include similar
features. The memory 122 may include one or more tangible,
non-transitory, machine-readable media collectively storing
instructions executable by the processor 120 to perform the
methods and techniques described herein. Such machine-
readable media may include any suitable media, such as
RAM, ROM, EPROM, EEPROM, CD-ROM or other optical
disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to carry or
store desired program code in the form of machine-execut-
able instructions or data structures and which can be accessed
by the processor 120 or by any general purpose or special
purpose computer or other machine with a processor. The
memory 122 may also store physiological data acquired by
one or more physiological sensors (e.g., the identified physi-
ological sensor 18, the second physiological sensor 12, the
third physiological sensor 82, the fourth physiological sensor
84, and the fifth physiological sensor 86) in the medical
monitoring system 80. Moreover, the memory 122 may store
identification data for patients, such as the identification data
16 of the patient 14.

[0057] The processor 120 may be a general purpose or an
application-specific processor and may include one or more
processing devices. The processor 120 may be configured to
process the physiological data acquired by the one or more
physiological sensors and the identification data for the
patients to associate the one or more physiological sensor to
the patients in accordance with the techniques described
herein. The processor 120 may include comparison and/or
synchronization logic 130 configured to perform compari-
sons and/or synchronize the physiological data from multiple
physiological sensors. The comparison/synchronization
logic 130 may execute any suitable instructions or algorithms
(e.g., stored in the memory 122). For synchronization, the
physiological data may be properly time-stamped when being
collected by the respective physiological sensors or when
being transmitted to the monitor 20. The processor 120 (e.g.,
the comparison/synchronization logic 130) may then com-
pare the one or more common characteristics or features of
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the physiological data to determine if the unidentified physi-
ological sensor is associated with a patient (e.g., the patient
14).

[0058] The monitor 20 may also include a database 124
(e.g., an electronic medical record) storing identification data
of unique patients (e.g., name, age, gender, date of birth, and
admission date) and the medical record, including previously
collected physiological data from one or more physiological
sensors associated with the patients. Accordingly, unidenti-
fied (e.g., associated with an unidentified patient and not with
a unique patient) physiological data may be acquired by the
central monitoring station and be compared with the medical
record stored in the database 124 to determine if the uniden-
tified physiological data is associated with any particular
patient in the system (e.g., with identification data for the
particular patient stored in the database 124). The database
124 may be separate from or integrated with the memory 122.

[0059] The display 126 of the central monitoring station
may be configured to display any information on the physi-
ological data from the physiological sensors in the medical
monitoring system 80, including the physiological param-
eters, characteristics, or features of the physiological data.
The display 126 may also display information on the patients,
including the identification data. together with one or more
displayed parameters. For example, the display 126 may dis-
play parameter data and patient identification information for
a sensor identified to be associated with the identification
information (and, in turn, the patient). When a new sensor is
associated with the identification information, the parameter
data from the newly associated sensor may. upon association,
then be displayed together with the previously-displayed
information. Accordingly, a display screen with n displayed
parameters may automatically update to display n+1 param-
eters when a new sensor is associated with the patient whose
parameters are being displayed. The display 126 may further
include an indicator (e.g., a graph, an alarm, or a combination
thereof) configured to indicate (e.g., with a certain pattern, or
sound) if particular physiological data or sensor is associated
with an identified patient. The communication device 128 of
monitor 20 may include any suitable device for communicat-
ing (e.g., data transfer) the monitor 20 to the physiological
sensors or data processing units via wired communication,
wireless communication, or a combination thereof. For
example, the communication device 128 includes a cable, a
cable port, a wireless transceiver, a Bluetooth device, or the
like.

[0060] FIG. 8is a flow diagram of a method 140 for asso-
ciating a physiological sensor (e.g., the unassociated physi-
ological sensor 12, the third physiological sensor 82, and the
fifth physiological sensor 86) to a patient (e.g., the patient 14)
in accordance with embodiments of the present disclosure.
The method 140 may start with acquiring physiological data
of a first sensor (block 142). The first sensor may be coupled
to the patient 14 to detect and monitor one or more physi-
ological parameters of the patient 14. The physiological data
(e.g., the physiological data 22, 88) of the first sensor may
then be associated with the patient 14 (block 144), e.g., by
transmitting the identification data 16 to a central monitoring
station to be associated with the physiological data of the first
sensor. A second sensor (e.g., the unassociated physiological
sensor 12, the third physiological sensor 82, or the fifth physi-
ological sensor 86) may be coupled to an unidentified patient
to acquire physiological data for detecting and monitoring
one or more physiological parameters of the unidentified
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patient (block 146). The unidentified patient may be the same
patient 14 or a different patient. In certain embodiments, the
method 140 acquires data from any sensors in a defined
wireless transmission range or that are within a network of the
monitor 20. Alternatively or additionally, the monitor 20 may
collect or fetch data based on wireless signal strength of the
unassociated sensor relative to a device associated with a
candidate patient. For example, in one embodiment, the col-
lected data may be ranked according to wireless signal
strength relative to a sensor associated with a candidate
patient or amonitor local to the patient. Potential matches that
are determined to be closer to the candidate patient may be
assessed first. Alternatively, signal strength may be used as a
validation for association. If a sensor is matched with a
patient, but the wireless signal strength relative to a local
device is indicative of poor matching, an alarm or error mes-
sage may be triggered.

[0061] When the physiological data of the first sensor and
the second sensor include one or more common physiological
parameters (e.g., heart rate, variability of the heart rate, res-
piratory rate, and variability of the respiratory rate), the one or
more common physiological parameters may be used to com-
pare the physiological data of the first sensor and the second
sensor to determine if the physiological data of the second
sensor is associated with the patient 14 (block 148). In certain
embodiments, in addition to or alternatively, one or more
correlated physiological parameters may be compared to
determine if the physiological data of the second sensor is
associated with the patient 14. As discussed above, compari-
son of the common physiological parameter may be based on
any suitable characteristics (e.g., a value, a pattern, or a trend)
of the common physiological parameter. A tolerance level
(e.g., a threshold or a range) may be set for determining ifthe
common physiological parameter is the same or different. If
the characteristics of the common physiological parameter
from the physiological data of the first sensor and the second
sensor are determined to be the same, the physiological data
of the second sensor, and consequently the second sensor
itself, is determined to be associated with the patient 14. On
the other hand, if the characteristics of the common physi-
ological parameter from the physiological data of the first
sensor and the second sensor are determined to be different,
the physiological data of the second sensor, and consequently
the second sensor, is determined to not be associated with the
patient 14. In certain embodiments, the method 140 may
include a validation step. For example, if the unassociated
sensor is matched to a patient already associated with a sensor
of the same type (e.g., if the unassociated sensor and an
associated sensor are both pulse oximetry sensors), the
method 140 may generate a flag for a manual check. As
another example, if the unassociated sensor is matched to a
patient already associated with a first sensor that has a much
weaker wireless signal (possibly indicating that the first sen-
sor is a larger distance away), the method may generate a flag
for a manual check.

[0062] In certain embodiments, the physiological data of
the first sensor and the second sensor may be synchronized
prior to or in conjunction with the comparison. For example,
the synchronization may include time-shifting or feature-
shifting the physiological data of the first sensor and the
second sensor relative to one another. After synchronization,
the physiological data of the first sensor and the second sensor
may be compared with respect to the one or more common
characteristics or features (e.g., a repeating rhythm of peaks,
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a pattern or trend of peaks, a presence, absence, appearance,
or disappearance of peaks) to determine if the physiological
data of the second sensor is associated with the patient 14.

[0063] In addition to direct comparison between two sen-
sors, the present techniques may be used to associate a sensor
with a particular patient among a pool of candidate patients.
FIG. 9 is a flow diagram of a method 150 for associating a
physiological sensor (e.g., the second physiological sensor
12, the third physiological sensor 82, and the fifth physiologi-
cal sensor 86) to a patient (e.g., the patient 14) in accordance
with embodiments of the present disclosure. The method 150
acquires the physiological data of an unassociated sensor
(block 152) and compares one or more common features or
parameters of the unassociated physiological data to a pool of
candidate physiological data (block 154) to determine if there
is a match (block 156). If there is no match, the method 150
may provide an error signal (block 158) or other indication to
the caregiver. In certain embodiments, in addition to or alter-
natively, one or more correlated physiological parameters
may be compared to determine if there is a match.

[0064] In certain cases, depending on the common param-
eter used for association, an unassociated sensor may match
with multiple patients in a pool of candidates. FIG. 10 is a
flow diagram of a method 170 in which unassociated sensor
data is acquired (block 172) and a common feature of the
unassociated data (e.g., a measured parameter or a character-
istic of the data signal) as compared collected sensor data
from a group of patients is used to identify a patient in the
group of patients with which to associate the sensor. When the
common feature identifies more than one potential match
among the group of patients (block 174), the method 170
progresses to narrow the pool to a single match by evaluating
a second common feature among the group from the initial
match and selects a single candidate based on the second
common feature (block 176). For example, a group of patient
in an ICU may include several patients that have relatively
matched heart rates. Accordingly, the method 170 may also
use heart rate variability to narrow the group to a single
match. In one embodiment, the second common feature is a
derivate of the first common feature (i.e., heart rate and heart
rate variability). In certain embodiments, in addition to or
alternatively, identification and association may be based on
one or more correlated physiological parameters (e.g., in
block 174, or block 176, or a combination thereof).

[0065] The disclosed techniques may be used validate
manual entry of patient identification data. In one example, a
caregiver applies a sensor to a patient and manually inputs the
association, e.g., at a central station, bedside monitor, or at the
sensor itself). A manually-associated sensor may be validated
against other sensors associated with the same patient. For
example, all sensors associated with a single patient may
undergo a validation check in which common features and/or
parameters are used to determine if the sensors pass a “same
patient” check. The check may be performed at the start of
monitoring or when a new sensor is detected by the system
(e.g., system 10, see FIG. 1) as being associated with a par-
ticular patient. If the sensor data as compared to the other
sensors on the patient is consistent with all of the sensors
monitoring the same patient based on the disclosed tech-
niques, an approval message may be generated. In the alter-
native, if the newly-associated sensor does not appear to be
measuring the same patient as the other sensors, an error
message is generated, which may inturn trigger analarm. The
alarm may alert the caregiver that either the newly-associated
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sensor or a previously-associated sensor was improperly
associated with a particular patient.

[0066] While the disclosure may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and have
been described in detail herein. However, it should be under-
stood that the embodiments provided herein are not intended
to be limited to the particular forms disclosed. Rather, the
various embodiments may cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope ofthe
disclosure as defined by the following appended claims. Fur-
ther, it should be understood that elements of the disclosed
embodiments may be combined or exchanged with one
another.

What is claimed is:

1. A method for assigning a physiologic sensor to a patient,
comprising:

monitoring a patient with a plethysmograph sensor detect-

ing a plethysmograph signal from the patient;
monitoring the patient with an electrode sensor detecting
an electrical signal from the patient;

receiving both the plethysmograph signal and the electrical

signal at a remote monitor;

detecting, at the remote monitor, a sequence of heart beats

in both the plethysmograph signal and the electrical
signal;
matching, at the remote monitor, a sequence of the detected
heart beats in the plethysmograph signal with a sequence
of the detected heart beats in the electrical signal; and

assigning, at the remote monitor, both sensors to the same
patient based on the matching features.

2. The method of claim 1, wherein matching the sequernces
comprises detecting a similar pattern of heart beats in the
plethysmograph and the electrical signals, within a set toler-
ance level.

3. The method of claim 1, wherein assigning both sensors
to the same patient comprises storing a patient identifier with
physiologic data from the plethysmograph sensor and storing
the same patient identifier with physiologic data from the
electrode sensor.

4. The method of claim 3, wherein storing the patient
identifier with physiologic data from the plethysmograph
sensor comprises writing the patient identifier to a memory of
the plethysmograph sensor.

5. The method of claim 3, wherein storing the patient
identifier with physiologic data from the electrode sensor
comprises writing the patient identifier to a memory of the
electrode sensor.

6. The method of claim 3, wherein storing the patient
identifier with physiologic data from the plethysmograph
sensor and the electrode sensor comprises writing the patient
identifier to a memory of the remote monitor in a database or
lookup table and associated with identification information
for the plethysmograph sensor and the electrode sensor.

7. The method of claim 1, wherein assigning both sensors
to the same patient comprises accessing a patient identifier
associated with the plethysmograph sensor or the electrode
sensor and storing the patient identifier with physiologic data
from the electrode sensor and the physiologic data from the
plethysmograph sensor.

8. The method of claim 1, wherein the plethysmograph
sensor and the electrode sensor are both wireless sensors.
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9. The method of claim 8, further comprising wirelessly
transmitting the plethysmograph signal from the plethysmo-
graph sensor to the remote monitor.

10. The method of claim 1, comprising displaying the
patient identifier together with a first heart rate determined
from the detected heart beats from the electrical signal and a
second heart rate from the detected heart beats of the plethys-
mograph signal.

11. The method of claim 1, wherein the matching com-
prises determining a first heart rate from the sequence of the
detected heart beats in the plethysmograph signal and a sec-
ondheart rate of the sequence of the detected heart beats in the
electrical signal and matching the first heart rate and the
second heart rate within a set tolerance level.

12. The method of claim 1, wherein the matching com-
prises determining a first heart rate variability from the
sequence of the detected heart beats in the plethysmograph
signal and a second heart rate variability of the sequence of
the detected heart beats in the electrical signal and matching
the first heart rate variability and the second heart rate vari-
ability within a set tolerance level.

13. A method for identifying a new wireless sensor, com-
prising:

receiving, at a patient monitor, physiologic data from a

plurality of sensors each respectively monitoring a
unique patient;
receiving, at the patient monitor, new physiologic data
from a new sensor not yet assigned to a patient;

extracting a portion of the new physiologic data over a time
duration and searching for a matching portion in the
physiologic data from the plurality of sensors over the
same time duration;

identifying a match with a first sensor of the plurality of

Sensors;

assigning the new sensor to the unique patient monitored

by the first sensor; and

displaying incoming physiologic data from the new sensor

together with incoming physiologic data from the first
sensor.

14. The method of claim 13, comprising displaying iden-
tification information for the unique patient with the incom-
ing physiologic data from the new sensor and the incoming
physiologic data from the first sensor.

15. The method of claim 13, wherein identifying a match
comprises determining a physiological parameter, a corre-
lated physiological parameter, a variability of the common
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physiological or the correlated physiological parameter, a
trend of the common physiological or the correlated physi-
ological parameter, a common or correlated waveform fea-
ture, a pattern of the common or correlated waveform feature,
or any combination thereof for the new sensor and the first
Sensor.

16. The method of claim 13, wherein identifying a match
comprises matching a common parameter value derived from
the physiologic data of the new sensor over the time duration
to matching parameter value of in the physiologic data from
the first sensor over the same time duration.

17. A system, comprising:

wireless communication circuitry configured to receive a

first input signal from a first physiological sensor and a

second input signal from a second physiological sensor;

amemory storing identification data for a patient and asso-

ciation data associating the first physiological sensor

and the second physiological sensor with the identifica-

tion data; and

a processor configured to:

receive the first input signal from the first physiological
sensor associated with the patient;

compare a common feature in the first input signal from
the first physiological sensor and in the second input
signal from the second physiological sensor to deter-
mine if the second physiological sensor should be
associated with the patient; and

generate an error message when the first physiological
signal and the second physiological signal should not
be associated with the patient based on the common
feature.

18. The system of claim 17, wherein the first physiological
sensor is a different sensor type from the second physiologi-
cal sensor.

19. The system of claim 17, wherein the common feature is
a common physiological parameter, a correlated physiologi-
cal parameter, a variability of the common physiological or
the correlated physiological parameter, a trend of the com-
mon physiological or the correlated physiological parameter,
a common or correlated waveform feature, a pattern of the
common or correlated waveform feature, or any combination
thereof.

20. The system of claim 19, wherein the processor is con-
figured to synchronize the first input signal with the second
input signal before determining the common feature.
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