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(57) ABSTRACT 

A system is provided for sensing blood glucose data of a 
patient. The system includes a sensor, user interface, and an 
optional auxiliary device. If the connection between the 
sensor and user interface is by a wire, the sensor remains 
powered when the wire is disconnected. The communication 
between the sensor and the user interface may be wireless. 
The auxiliary device can be a patient monitor or other 
display or signal device, which displays information about 
the blood glucose data collected by the sensor. The sensor is 
connected to sensor electronics, which include a sensor 
power Supply, a Voltage regulator, and optionally a memory 
and processor. 
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SENSING SYSTEM WITH AUXLARY DISPLAY 

RELATED APPLICATIONS 

0001. This application is a divisional of U.S. patent 
application Ser. No. 10/899,623, filed Jul. 27, 2004. 

BACKGROUND OF THE INVENTION 

0002) 
0003. This invention relates generally to a sensing system 
including a physiological characteristic sensor, a user inter 
face, and an auxiliary device. The invention more specifi 
cally relates to a blood glucose sensor which remains 
powered and performs functions when disconnected from 
communication with the user interface. The auxiliary device 
may be a display device. 
0004 2. Description of Related Art 

1. Field of the Invention 

0005 Test strip meters are used to measure the blood 
glucose level for patients that do not have metabolic control. 
Frequent measurements are needed to intervene and control 
glucose levels, but frequently using a test strip meter is labor 
intensive. For example, in hospitals today, nurses need to 
take discrete blood glucose measurements from many 
patients each hour. An automated frequent measurement 
apparatus and process are needed to relieve nursing labor. 
0006 Medical sensing systems designed to measure a 
physiological characteristic of a patient generally consist of 
a sensor and a user interface for setting up the sensor and 
observing data from the sensor. Typically, the sensor 
requires power, which is supplied by the user interface or by 
electronics that accompany the sensor on the user's body. In 
Some environments, it is inconvenient for a person to wear 
the sensor and the accompanying electronics or user inter 
face, especially if the electronics are large Such as a wall 
mounted display. For example, in a hospital, it is common to 
have patient monitors that display data about patients, such 
as heart rate, blood pressure and the like. If a sensor is in 
communication with a patient monitor, it may be needed or 
desired to remove the If a sensor is in communication with 
a patient monitor, it may be needed or desired to remove the 
sensor. Yet, the patient cannot always remove the sensor as 
needed or desired, especially if the sensor is difficult to 
remove or if the sensor is a single use device, which must be 
replaced with a new sensor each time it is removed. Thus, 
new systems are needed that allow the patient to wear the 
sensor continuously, without the constant inconvenience of 
a user interface. 

BRIEF SUMMARY OF THE INVENTION 

0007. In embodiments of the present invention, a sensing 
system is provided to measure a physiological characteristic 
of a patient. The physiological characteristic is preferably 
blood glucose concentration, but may also be, in addition or 
in lieu of blood glucose concentration, the concentration of 
oxygen, potassium, hydrogen potential (pH), lactate, one or 
more minerals, analytes, chemicals, proteins, molecules, 
Vitamins, and the like, and/or other physical characteristics 
Such as temperature, pulse rate, respiratory rate, pressure, 
and the like. 

0008. The sensing system includes a sensor and a user 
interface. The sensing system may also include an auxiliary 
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device. The sensor may be a subcutaneous sensor, vascular 
sensor, or non-invasive sensor. The user interface may be a 
handheld device. Such as a handheld computer, personal data 
assistant (PDA), telephone, remote control, and the like. The 
auxiliary device is preferably a patient monitor. 
0009. The sensor may be a blood glucose sensor, wired to 
a user interface, which is wired to an auxiliary device, 
preferably a patient monitor. The sensor may preferably be 
a real-time sensor. The user interface may provide power to 
the sensor and/or the monitor may provide power to the 
sensor. Alternatively, the monitor may recharge the user 
interface, which powers the sensor. The user interface may 
be detached from the patient monitor while the sensor is still 
powered and working. The user interface may transmit data 
wirelessly to the monitor. Alternatively, the glucose sensor 
may be wired to both a user interface and a patient monitor. 
The sensor may be powered by the user interface, monitor, 
or both. 

0010) A blood glucose sensor and sensor electronics may 
be wired to a user interface. The sensor and sensor elec 
tronics can detach from the user interface. The sensor may 
remain powered by the sensor electronics when they are 
detached from the user interface. The sensor electronics may 
also be recharged when attached to the user interface. The 
sensor and sensor electronics may retain power, reference 
values (e.g., for calibration), and sensor measurements when 
detached from a first user interface. The sensor and sensor 
electronics can then be attached to a second user interface 
where they will download sensor measurements to be dis 
played, and the sensor and sensor electronics will not require 
recalibration or warm up due to attaching with a second user 
interface. 

0011. A user interface or monitor may supply power to 
sensor electronics using a transformer, thus providing 
ground isolation between the user interface and the sensor 
electronics. The sensor electronics may include a connector 
for wired connection to a user interface or monitor. The user 
interface may include a wired connection for connecting to 
a patient monitor. 
0012. The sensor may include a connector for connecting 
to sensor electronics. The sensor electronics power Supply 
may be activated when the sensor is connected. 
0013 Further according to the present invention, a blood 
glucose sensor and sensor electronics may communicate 
with a user interface, which communicates with a monitor. 
The communications may be wired or wireless. The blood 
glucose sensor and sensor electronics may communicate to 
both a user interface and a monitor. 

0014. The sensor electronics may include factory Sup 
plied reference values for a sensor. The factory supplied 
reference values may be stored in a nonvolatile memory, 
which can also be placed into a user interface for calibrating 
sensor signals. Reference values can be communicated to 
the sensor electronics or user interface directly from a blood 
glucose meter. The reference values can be downloaded to a 
personal computer or manually entered into a personal 
computer and then uploaded to the user interface and 
optionally sent to the sensor electronics. The reference 
values can be manually entered into the user interface and 
optionally sent to the sensor electronics. 
0015 The sensor electronics may include one or more of 
a sensor power Supply, a regulator, a signal processor, a 
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measurement processor, a measurement memory and a ref 
erence memory. The user interface may include one or more 
of a user interface power Supply, a user interface processor, 
a reference memory, a measurement processor, a measure 
ment memory, a signal processor, a regulator, and a mecha 
nism for receiving data from an input device and/or sending 
data to an output device. The user interface and sensor 
electronics may either or both include a wireless communi 
cation mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 A detailed description of embodiments of the 
invention will be made with reference to the accompanying 
drawings, wherein like numerals designate corresponding 
parts in the figures. 
0017 FIG. 1A is a communication flow diagram of a 
sensor and user interface in accordance with an embodiment 
of the present invention. 
0018 FIG. 1B is a communication flow diagram of a 
sensor and user interface and auxiliary device in accordance 
with an embodiment of the present invention. 
0.019 FIG. 1C is a communication flow diagram of a 
sensor and user interface and auxiliary devices in accor 
dance with an embodiment of the present invention. 
0020 FIG. 1D is a communication flow diagram of a 
sensor and user interface and auxiliary device in accordance 
with an embodiment of the present invention. 
0021 FIG. 1E is a communication flow diagram of a 
sensor and user interface and auxiliary device in accordance 
with an embodiment of the present invention. 
0022 FIG. 1F is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 1B. 
0023 FIG. 1G is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 1B. 
0024 FIG. 1H is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 1c. 
0.025 FIG. 2A is an information flow diagram of a sensor, 
sensor electronics, and user interface in accordance with an 
embodiment of the present invention. 
0026 FIG. 2B is an information flow diagram of a sensor, 
sensor electronics, user interface and display device in 
accordance with an embodiment of the present invention. 
0027 FIG. 2C is an information flow diagram of a sensor, 
sensor electronics, user interface, and display devices in 
accordance with an embodiment of the present invention. 
0028 FIG. 2D is an information flow diagram of a sensor, 
sensor electronics, user interface, and display device in 
accordance with an embodiment of the present invention. 
0029 FIG. 2E is an information flow diagram of a sensor, 
sensor electronics, user interface, and display device in 
accordance with an embodiment of the present invention. 
0030 FIG. 2F is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2B. 
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0031 FIG. 2G is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2B. 

0032 FIG. 2H is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2B. 

0033 FIG. 2I is diagram of an embodiment of the present 
invention in accordance with the information flow diagram 
of FIG. 2B. 

0034 FIG. 2J is diagram of an embodiment of the present 
invention in accordance with the information flow diagram 
of FIG. 2C. 

0035 FIG. 2K is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2C. 

0036 FIG. 2L is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2D. 

0037 FIG. 2M is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2D. 

0038 FIG. 2N is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2D. 

0.039 FIG. 20 is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2D. 

0040 FIG. 2P is diagram of an embodiment of the present 
invention in accordance with the information flow diagram 
of FIG. 2E. 

0041 FIG. 2CR is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2E. 

0042 FIG. 2R is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2E. 

0043 FIG. 2S is diagram of an embodiment of the 
present invention in accordance with the information flow 
diagram of FIG. 2E. 

0044 FIG. 3A shows a sensor in accordance with an 
embodiment of the present invention. 

0045 FIG. 3B shows a sensor with incorporated elec 
tronics in accordance with an embodiment of the present 
invention. 

0046 FIG. 3C shows a sensor connected with a previ 
ously separate sensor electronics that includes a wire for 
connecting to another device in accordance with an embodi 
ment of the present invention. 

0047 FIG. 4A shows a sensor connected to a previously 
separate sensor electronics including a transmitter in accor 
dance with an embodiment of the present invention. 

0048 FIG. 4B shows a sensor connected to a previously 
separate sensor electronics including a transmitter in accor 
dance with an embodiment of the present invention. 
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0049 FIG. 4C shows a sensor and electronics encased in 
a housing which includes a transmitter in accordance with an 
embodiment of the present invention. 
0050 FIG. 5A is a block diagram of a user interface and 
sensor in accordance with an embodiment of the present 
invention. 

0051 FIG. 5B is a block diagram of a user interface, 
auxiliary device and sensor in accordance with an embodi 
ment of the present invention. 
0.052 FIGS. 5C and 5D are block diagrams of a user 
interface, sensor and sensor electronics in accordance with 
embodiments of the present invention. 
0053 FIGS. 5E and 5F are block diagrams of a user 
interface, sensor and sensor electronics in accordance with 
embodiments of the present invention. 
0054 FIG. 5G is a block diagram of a user interface, 
sensor and sensor electronics in accordance with an embodi 
ment of the present invention. 
0055 FIG. 5H is a block diagram of a user interface, 
sensor and sensor electronics in accordance with an embodi 
ment of the present invention. 
0056 FIGS. 6A and 6B are block diagrams of a user 
interface, sensor and sensor electronics in accordance with 
embodiments of the present invention. 
0057 FIGS. 6C and 6D are block diagrams of a user 
interface, sensor and sensor electronics in accordance with 
embodiments of the present invention. 
0.058 FIG. 6E is a block diagram of a user interface, 
sensor and sensor electronics in accordance with an embodi 
ment of the present invention. 
0059 FIG. 7 shows a sensor and sensor electronics, user 
interface, and flash memory card in accordance with an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0060. In the following description, reference is made to 
the accompanying drawings, which form a part hereof and 
which illustrate several embodiments of the present inven 
tions. It is understood that other embodiments may be 
utilized and structural and operational changes may be made 
without departing from the scope of the present inventions. 
0061 As shown in the drawings for purposes of illustra 
tion, the invention may be embodied in a physiological 
characteristic sensing system including a physiological char 
acteristic sensor, Such as a blood glucose sensor, that gen 
erates physiological characteristic data to be sent to one or 
more devices, such as a user interface and/or an auxiliary 
device. The physiological characteristic data may be dis 
played on the auxiliary device. 
0062 Physiological characteristics are generally used in 
a hospital to detect when a patient needs a therapy change 
and to quantify the therapeutic change required. For 
example, a patient’s blood glucose level may be measured to 
determine if they have lost metabolic control. If they have 
lost metabolic control, a caregiver can use the blood glucose 
measurement to determine changes to therapy. Hospital 
patients may lack metabolic control due to trauma, stress of 
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Surgery, stroke, heart conditions, myocardial infarction, 
hypertension, diabetes, organ transplant, infections, sepsis, 
renal diseases, pregnancy, physical, mental or emotional 
distress, and the like. 

0063. In other embodiments, lactate sensors may be used 
to detect a patient’s blood lactate concentration. Lactate 
concentrations can be used to detect whether a patient has 
had a myocardial infarction or whether a patient is septic. 
Rising lactate levels can indicate that a patient is becoming 
more septic, and lowering lactate levels can indicate that a 
patient is recovering from sepsis. Lactate levels may also be 
used to determine the how efficiently a patient’s tissue is 
using oxygen. As the tissue oxygen exchange decreases, the 
lactate level increases, and caregivers can detect that the 
patient is becoming more ill. 

0064 FIGS. 1A-1H show wired connections between a 
sensor 100 and one or more devices according to embodi 
ments of the present invention. The one or more devices 
include at least a user interface 200 and may include one or 
more auxiliary devices 300. There may be a connector 
between wired components (not shown). As shown in FIG. 
1A, the present invention may consist of a sensor 100 in 
communication with a user interface 200. The sensor 100 is 
powered by the user interface 200, and the sensor 100 
measures a physiological characteristic, such as blood glu 
cose concentration. 

0065. The sensor may continuously measure a physi 
ological characteristic, and then measurement updates 
would be displayed periodically on one or more devices. The 
sensor measurements may be real-time, and thus would be 
displayed as soon as the measurement is available. Alterna 
tively, more than one measurement may be collected before 
a measurement is displayed. The measurements also may be 
stored until all measurements are taken and then displayed. 
The measurement may also be delayed before it is displayed. 

0066. The sensor may also measure, in addition or in lieu 
of blood glucose concentration, the concentration of oxy 
gen, potassium, hydrogen potential (pH), lactate, one or 
more minerals, analytes, chemicals, proteins, molecules, 
Vitamins, and the like, and/or other physical characteristics 
Such as temperature, pulse rate, respiratory rate, pressure, 
and the like. The sensor may be an electrochemical sensor 
placed through skin into the Subcutaneous tissue of a body 
such as the sensor described in U.S. Pat. Nos. 5,390,671, 
5,391,250, 5,482.473, and 5,586,553, and U.S. patent appli 
cation Ser. No. 10/273,767 (published as U.S. patent pub 
lication no. 2004/0074785 A1, Apr. 22, 2004), which are 
herein incorporated by reference. Alternatively, the sensor 
may be a blood contacting sensor. For example, the sensor 
may be a thin film vascular sensor such as described in U.S. 
Pat. Nos. 5,497,772, 5,660,163, 5,750,926, 5,791,344, 
5,917,346, 5,999,848, 5,999,849, 6,043,437, 6,081,736, 
6,088,608, 6,119,028, 6,259,937, 6,472,122, and 6,671,554, 
and U.S. patent application Ser. No. 10/034,627 (published 
as U.S. patent publication no. 2003/0078560 A1, Apr. 24, 
2003), Ser. No. 10/331,186 (published as U.S. patent pub 
lication no. 2004/0061232 A1, Apr. 1, 2004), Ser. No. 
10/671,996 (published as U.S. patent publication no. 2004/ 
0061234 A1, Apr. 1, 2004), Ser. No. 10/335,574 (published 
as U.S. patent publication no. 2004/0064156 A1, Apr. 1, 
2004), Ser. No. 10/334,686 (published as U.S. patent pub 
lication no. 2004/0064133 A1, Apr. 1, 2004), and Ser. No. 
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10/365,279 (published as U.S. patent publication no. 2003/ 
0220552 A1, Nov. 27, 2003), which are herein incorporated 
by reference. Alternatively, the sensor may be non-invasive 
and thus, does not penetrate into the body Such as optical 
sensors and the sensor described in U.S. patent application 
Ser. No. 09/465,715, (published as PCT application no. 
US99/21703, Apr. 13, 2000), which is herein incorporated 
by reference. The sensor may preferably be a real-time 
sensor. As used herein, the terms “real-time' and “real-time 
sensor refer to a sensor that senses values Substantially 
continuously over an extended period of time and makes 
Such values available for use as the values are being sensed 
and collected rather than having to download Substantially 
all the collected values at a later time for use. For example, 
a real-time blood glucose sensor might sense glucose values 
every 10 seconds over an extended period of 24 hours, and 
make the values available (e.g., processing, charting and 
displaying) every 5 minutes so that that users of an insulin 
pump have the flexibility to fine-tune and start or stop insulin 
delivery upon demand. Patients may thus use their pumps to 
make Substantially immediate therapy adjustments based 
upon real-time continuous glucose readings displayed every 
5 minutes and by viewing a graph with 24-hour glucose 
trends. For example, the sensor may be as described in U.S. 
patent application Ser. No. 10/141.375 (published as U.S. 
patent publication no. 2002/0161288 A1, Oct. 31, 2002), 
hereby incorporated by reference, and the view of displayed 
data may be as described in U.S. patent application Ser. No. 
10/806,114, which is herein incorporated by reference. 

0067. In preferred embodiments, sensor measurements 
are displayed every 5 minutes. Alternatively they may be 
displayed more frequently such as every 2 minutes, every 
minute, or every 30 seconds. In other embodiments the 
sensor value is displayed less frequently such as every 7 
minutes, 8 minutes, 10 minutes, 15 minutes, 20 minutes, 30 
minutes, 1 hour, and the like. Periodically a nurse may 
observe a patient’s present blood glucose level and adjust 
the patients therapy Such as changing the insulin delivery 
rate (e.g., increasing or decreasing the rate that a pump 
Supplies insulin to the patient's body through intravenous or 
Subcutaneous delivery), providing an extra bolus of insulin 
(e.g., injecting extra insulin into the patient’s body, or into 
the patient’s IV line, or by programming an insulin pump to 
infuise an extra dose of insulin), change the patients food 
intake (e.g., increasing or decreasing the rate that glucose is 
delivered into the patient’s body, or changing the rate of tube 
feeding, or giving the patient food to consume), changing 
the amount of drugs that the patient is using that affect 
insulin activity Such as medications to treat type 2 diabetes, 
steroids, anti-rejection drugs, antibiotics, and the like. The 
nurse might check the patient’s glucose level and make an 
adjustment to therapy as needed every hour. Alternatively, a 
nurse may see if an adjustment is needed more frequently 
such as every 30 minutes, 20 minutes, 10 minutes and the 
like. This is especially likely if the patient’s glucose level is 
not in a normal range. Alternatively a nurse may see if an 
adjustment is needed less frequently such as every 2 hours, 
3 hours, 4 hours, 6 hours and the like. This is more likely if 
the patient’s glucose level is in the normal range; or, if the 
patient’s glucose has been normal for a period Such as 1 
hour, 2 hours, 4 hours, or 8 hours; or if the patients therapy 
has not changed for a period Such as 2 hours, 4 hours, 8 
hours or 12 hours. In further alternatives, nurses may rely on 
alarms to notify them to check on the patient. For example, 
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nurses might rely on glucose alarms to tell them that glucose 
levels are too high or too low before they see if a therapy 
adjustment is needed, they might rely on an alarm to tell 
them that it is time to calibrate the sensor, they might rely on 
a time activated alarm to tell them that it is time to check in 
on a patient, they might rely on an alarm to tell them that the 
equipment needs to be cared for, and the like. 
0068 A normal range for a patient’s blood glucose level 
in the hospital is typically between 80 and 120 milligrams of 
glucose per deciliter of blood (mg/dl). Some caregivers 
maintain a higher normal range with the upper limit of the 
range at about 140 mg/dl. 145 mg/dl. 150 mg/dl. 160 mg/dl. 
and the like and the lower limit of the range at about 70 
mg/dl., 80 mg/dl. 90 mg/dl., 100 mg/dl. 110 mg/dl., and the 
like. Other caregivers maintain a lower normal range with 
the upper limit of the range at about 110 mg/dl. 100 mg/dl. 
90 mg/dl., 80 mg/dl., and the like and the lower limit of the 
range at about 80 mg/dl., 70 mg/dl. 60 mg/dl., 50 mg/dl., and 
the like. 

0069. A caregiver may use the present blood glucose 
value to adjust a patients therapy to bring the patients 
glucose to within a normal range. For example, if the 
patient’s glucose level is higher than the higher end of the 
normal range, the caregiver may increase the rate that insulin 
is delivered to the patient’s body. Conversely, if the patients 
glucose level is below the lower end of the normal range, the 
caregiver may decrease the insulin delivery rate. 
0070 Alternatively, the caregiver may consider both the 
present and at least one older glucose value to determine 
adjustments to the patients therapy. For example, if the 
present glucose level is too high and a previous glucose level 
was lower, then the caregiver may substantially increase the 
insulin rate because the patient’s glucose is too high and 
r1S1ng. 

0071. The caregiver may use trend information or a 
graphical plot of glucose values over time to determine if the 
patients therapy should be changed. Alternatively, the 
therapy may be changed automatically when the patients 
glucose level is drifting out of the normal range. 

0072 The user interface 200 allows a user to interact with 
the sensor. The user interface may include one or more of 
an output device Such as a liquid crystal display (LCD), a 
light emitting diode (LED), a touch screen, a dot matrix 
display, plasma display, alarm, buZZer, speaker, Sound 
maker, Voice synthesizer, vibrator, and the like; an input 
device Such as a keypad, one or more buttons, a keyboard, 
a mouse, a joystick, a radio frequency (RF) receiver, an 
infrared (IR) receiver, an optical receiver, a microphone, and 
the like. The user interface may be a handheld device such 
as a handheld computer, a personal digital assistant (PDA), 
a cell phone or other wireless phone, a remote control, and 
the like. Alternatively, the user interface may be a personal 
computer (PC), a desktop computer, a lap top computer, and 
the like. 

0073. As shown in FIG. 1B, the user interface 200 may 
also be in communication with an auxiliary device 300, such 
as a patient monitor. A patient monitor includes any display 
or other indicator system intended to be used in a hospital, 
doctors office, or other medical setting, including home 
medical use. For example, some patient monitors are used in 
a hospital environment to monitor physiological character 
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istics of a patient, such as the patient monitors described in 
U.S. Pat. No. 6,733,471, hereby incorporated by reference. 
0074 Although the arrow from the user interface 200 is 
shown transmitting data to auxiliary device 300 and not in 
reverse, this is not in any way intended to be limiting. In any 
of the figures shown, the transmission of data may occur in 
either, or both, directions. The communication may be over 
a wired connection or by wireless methods. Wireless meth 
ods include methods such as radio frequency (RF) commu 
nication, infrared (IR) communication, optical communica 
tion or any other wireless method that would be useful in 
connection with the present invention as would be readily 
appreciated by one of ordinary skill in the art without undue 
experimentation. 

0075). As shown in FIG. 1C, the user interface 200 may 
communicate with one or more auxiliary devices 300. The 
one or more auxiliary devices 300 may communicate with 
each other in addition to the user interface 200 and/or the 
sensor 100 directly. 
0076. As shown in FIG. 1D, the sensor 100 may be in 
communication directly with the auxiliary device 300. The 
user interface 200 thus may communicate with the auxiliary 
device 300 which may communicate with the sensor 100. 
Additionally, as shown in FIG. 1E, the sensor 100 may 
communicate both with the user interface 200 and with the 
auxiliary device 300. 
0077 FIGS. 1F and 1G illustrate arrangements of 
embodiments of the present invention in accordance with the 
data flow of FIG. 1B. As shown in FIG. 1F, the sensor 100 
may be tethered to the user interface 200 by a wire 900, and 
the user interface 200 may be tethered to the auxiliary device 
300 by a wire 900. As shown in FIG. 1G, even if the sensor 
100 is tethered to the user interface 200 by a wire 900, the 
user interface 200 may communicate wirelessly with the 
auxiliary device 300. 
0078. One or more of the auxiliary devices may be in 
communication with a personal computer or server, so that 
sensor measurements are sent to the personal computer or 
server. As shown in FIG. 1H, one or more of the auxiliary 
devices 300 may be in communication with a personal 
computer or server 500, and blood glucose (BG) reference 
measurements from a BG meter 700 or a laboratory mea 
Surement are sent to the personal computer. Thus, reference 
measurements may be sent to a personal computer or server 
500, and then sent to the user interface 200. These reference 
measurements may be used for calibration of the sensor data. 
As shown in FIG. 1H, the user interface 200 may commu 
nicate with the personal computer or server 500 through one 
or more other auxiliary devices 300, such as a patient 
monitor. The communication with the BG meter 700 and the 
user interface 200 may also be through one or more of the 
auxiliary devices 300. Also as shown in FIG. 1H, the user 
interface 200 may communicate through a docking station 
220. The BG meter 700 may also be placed in a docking 
station 720. The sensor measurements may be stored on a 
server and made available to one or more PCs. Thus in one 
example, sensor information can be downloaded to a first 
PC, the BG meter reference measurements can be down 
loaded or entered into a second PC, the first PC and the 
second PC can communicate with each other (such as 
through a server), the reference measurements can be sent to 
the user interface, and the sensor measurements and/or 
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reference measurements can be viewed at any of the PCs that 
are connected to the shared server. One or more devices, 
such as the user interface and/or the BG meter may use one 
or more cradles to connect the device to a PC. Alternatively, 
the reference measurements are sent to a PC, the processed 
sensor signal is sent to a PC, and the PC calculates the sensor 
measurements. Alternatively, the user interface may com 
municate with a personal computer using radio frequency 
(RF) (not shown). Examples of devices to facilitate com 
munication with the personal computer include, without 
limitation, communications linking devices Such as the 
ComLinkTM sold by Medtronic MiniMed, IR cradles, RF 
devices, or the like that can be used to send and/or receive 
signals. For example, the ComLinkTM has a transceiver to 
receive RF signals from a user interface and then forwards 
received information to the personal computer by wire. 
0079 FIGS. 2A-2S show data flow of embodiments of 
the present invention where a sensor communicates with 
sensor electronics, which communicate to a user interface. 
The sensor is tethered to sensor electronics, which may 
communicate over a tethered connection or wirelessly to a 
user interface and/or auxiliary device. A more detailed 
discussion of the sensor electronics is included below. As 
shown in FIG. 2A, a sensor 100 may be in communication 
with sensor electronics 120, which are in communication 
with the user interface 200. 

0080. In FIG. 2B, the user interface 200 is in communi 
cation with one or more auxiliary devices 300, as well as in 
communication with the sensor electronics 120. As shown in 
FIG. 2C, the user interface 200 may be in communication 
with more than one auxiliary device 300. The auxiliary 
devices 300 may be in communication with each other 
and/or in communication with the user interface 200 and/or 
sensor electronics 120. 

0081. As shown in FIG. 2D, both the user interface 200 
and the sensor electronics 120 may communicate with the 
auxiliary device 300. And as shown in FIG. 2E, the sensor 
electronics 120 may be in communication with both the user 
interface 200 and the auxiliary device 300. 
0082 FIGS. 2F-2I, 2L-2O, and 2P-2S are embodiments 
of the present invention in accordance with the data flow of 
FIGS. 2B, 2D, and 2E, respectively. They illustrate that the 
communications between devices may be by wire 900 or 
may be wireless. In FIGS. 2F and 2G, the sensor 100 and 
sensor electronics 120 are coupled to each other and to a 
connector 400. The connector 400 may connect the sensor 
electronics 120 to a wire 900 that connects to the user 
interface 200. As shown in FIG. 2F, the user interface 200 
may then be tethered to an auxiliary device 300 via a wire 
900. As shown in FIG. 2G, the user interface 200 may also 
be in wireless communication with the auxiliary device 300. 
0083) In FIGS. 2H and 2I, the sensor 100 and sensor 
electronics 120 are coupled to each other but communicate 
wirelessly to the user interface 200. There need not be a 
connector in this embodiment, but it is possible to have a 
sensor and sensor electronics that can communicate through 
wired or wireless configurations to the user interface. There 
fore, the sensor and sensor electronics may be coupled to a 
wire connector that is not in use when the communication is 
wireless. In FIGS. 2H and 2I, the sensor 100 is coupled to 
the sensor electronics 120, which is in wireless communi 
cation with the user interface 200. As shown in FIG. 2H, the 



US 2007/0244383 A1 

user interface 200 may then be tethered to an auxiliary 
device 300 via a wire 900. As shown in FIG. 2I, the user 
interface 200 may also be in wireless communication with 
the auxiliary device 300. 

0084. In FIGS. 2L and 2M, the sensor 100 and sensor 
electronics 120 are coupled to each other and to a connector 
400. The connector 400 may connect the sensor electronics 
120 to a wire 900 that connects to the auxiliary device 300. 
As shown in FIG. 2L, the auxiliary device 300 may then be 
tethered to a user interface 200 via a wire 900. As shown in 
FIG. 2M, the auxiliary device 300 may also be in wireless 
communication with the user interface 200. 

0085. In FIGS. 2N and 20, the sensor 100 and sensor 
electronics 120 are coupled to each other but communicate 
wirelessly to the auxiliary device 300. In FIGS. 2N and 20, 
the sensor 100 is coupled to the sensor electronics 120, 
which is in wireless communication with the auxiliary 
device 300. As shown in FIG. 2N, the auxiliary device 300 
may then be tethered to a user interface 200 via a wire 900. 
As shown in FIG. 20, the auxiliary device 300 may also be 
in wireless communication with the user interface 200. 

0086). In FIGS. 2P, 2O and 2R, the sensor 100 and sensor 
electronics 120 are coupled to each other and to a connector 
400. The connector 400 may couple the sensor electronics 
120 to one or more wires 900 that connects to the auxiliary 
device 300 and/or the user interface 200. As shown in FIG. 
2P, the sensor electronics 120 may be coupled to both 
auxiliary device 300 and user interface 200 via wires 900. As 
shown in FIG. 2CR, the sensor electronics 120 may be 
coupled to the auxiliary device 300 via wire 900 and in 
wireless communication with the user interface 200. As 
shown in FIG. 2R, the sensor electronics 120 may be 
coupled to the user interface 200 via wire 900 and in 
wireless communication with the auxiliary device 300. In 
FIG. 2S, the sensor 100 is, coupled to the sensor electronics 
120, which is in wireless communication with the auxiliary 
device 300 and with the user interface 200. 

0087. One or more of the auxiliary devices may be a 
personal computer or server, and sensor measurements may 
be sent to the personal computer or server. Additionally, 
blood glucose (BG) reference measurements from a BG 
meter or a laboratory measurement may be sent to the 
personal computer or server, and then may be sent to the user 
interface. As shown in FIGS. 2J and 2K, the user interface 
200 may communicate with a personal computer 500, and a 
BG meter 700 may communicate with the personal com 
puter 500. Also as shown in FIGS. 2J and 2K, the user 
interface 200 may communicate with the personal computer 
or server 500 through one or more other auxiliary devices 
300, such as a patient monitor. The communication with the 
BG meter 700 and the user interface 200 may also be 
through one or more of the auxiliary devices 300. The user 
interface 200 may communicate through a docking station 
220. The BG meter 700 may also be placed in a docking 
station 720. In FIG. 2J the sensor 100 is coupled to the 
sensor electronics 120, which is coupled to a connector 400 
for coupling the sensor electronics 120 to the user interface 
through a wire 900. As shown in FIG. 2K, the communica 
tion between the sensor electronics 120 (coupled to the 
sensor 100) and the user interface 200 may also be wireless. 
The sensor information may be stored on a server and made 
available to one or more personal computers. Thus in one 
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example, sensor information can be downloaded to a first 
personal computer, the BG meter reference measurements 
can be downloaded or entered into a second personal com 
puter, the first personal computer and the second personal 
computer can communicate with each other (such as through 
a server), the reference measurements can be sent to the user 
interface, and the sensor measurements and/or reference 
measurements can be viewed at any of the personal com 
puters that are connected to the shared server. Alternatively, 
the reference measurements may be sent to a personal 
computer, the processed sensor signal may be sent to a 
personal computer, and the personal computer may then 
calculate the sensor measurements. 

0088 As discussed above, the present invention may 
include electrical components. For example, the electrical 
components may include one or more power Supplies, 
regulators, signal processors, measurement processors, ref 
erence memories, measurement memories, user interface 
processors, output devices, and input devices. The one or 
more power Supplies provide power to the other compo 
nents. The regulator Supplies regulated Voltage to one or 
more sensors, and at least one of the one or more sensors 
generates a sensor signal indicative of the concentration of 
a physiological characteristic being measured. Then the 
signal processor processes the sensor signal generating a 
processed sensor signal. Then the measurement processor 
calibrates the processed sensor signal using reference values 
from the reference memory, thus generating sensor mea 
surements. Then the measurement memory stores sensor 
measurements. Finally, the sensor measurements are sent to 
the user interface processor, which forwards the sensor 
measurements to an output device. 
0089. The one or more power supplies may be a battery. 
Alternatively, the one or more power Supplies may be one or 
more batteries, a Voltage regulator, alternating current from 
a wall socket, a transformer, a rechargeable battery, or the 
like. The regulator may be a Voltage regulator. Alternatively, 
the regulator may be a current regulator, or other regulator. 
The Source of power for operating the sensor or for charging 
a battery within sensor electronics may include an AC power 
Source (e.g., 110-volt or 220-volt), DC power source (e.g., a 
12-volt DC battery), or pulsating DC power source (e.g., a 
power charger that provides pulsating DC current to a 
battery that re-energizes the battery and removes the lead 
sulfate deposits from the plates). 

0090 The signal processor may perform one or more 
functions such as, converting the sensor signal from an 
analog signal to a digital signal, clipping, Summing, filtering, 
Smoothing, and the like. 

0091. The measurement processor may perform one or 
more functions such as, but not limited to, calibrating 
(converting the processed sensor signal into measurements), 
Scaling, filtering, clipping, Summing, Smoothing, analyzing, 
and the like. The measurement processor may also analyze 
whether the sensor is generating signals indicative of a 
physiological characteristic or whether the sensor is no 
longer functioning properly. For example, the measurement 
processor may detect that the processed sensor signal is too 
high, too low, changes too rapidly, or is too noisy for a 
properly functioning sensor, and thus indicate that the sensor 
should be replaced. The measurement processor may further 
analyze whether to generate an alarm due to a characteristic 
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of the sensor measurement, Such as the sensor measurement 
is too high, too low, increasing too rapidly, decreasing too 
rapidly, increasing too rapidly given its present value, 
decreasing too rapidly given its present value, too high for 
a given duration, too low for a given duration, and the like. 
Additionally, the measurement processor may estimate the 
remaining battery life. 

0092. The reference memory may contain one or more 
reference values for converting the processed sensor signal 
into a sensor measurement. For example, 1 micro-amp 
(ramp) equals 40 milligrams of glucose per deciliter of fluid 
(mg/dl), or 2 nano-amps equals 10 millimoles of glucose per 
liter of fluid (mmol/l). Reference measurements are input 
into the input device periodically during the life of the 
sensor, with each reference measurement paired with a 
processed sensor signal, and each pair of a reference mea 
Surement with a processed sensor signal stored in the 
reference memory as a reference value. Thus, the measure 
ment processor may use new reference values to convert the 
processed sensor signal into sensor measurements. Alterna 
tively, the reference values may be factory installed. Thus no 
periodic reference measurements are needed. Additionally, 
the reference memory may contain both factory installed 
reference values and periodic reference values. 
0093. The user interface processor may transfer sensor 
measurements from the measurement memory to the output 
device. The user interface processor may also accept inputs 
from the input device. If the sensor includes a memory, the 
user interface may send parameters from the inputs to the 
sensor for storage in the memory. The inputs may include 
one or more of certain setup parameters, which it may be 
possible to change later but may be fixed: one or more high 
thresholds, one or more low thresholds, one or more trend 
rates, alarm acknowledge, minimum time between alarms, 
Snooze duration, sensor serial number, codes, identification 
numbers (ID), password, user name, patient identification, 
reference measurements, and the like. The user interface 
processor may also tell the output device what to do includ 
ing one or more of the following: display the latest sensor 
measurement, display the latest reference measurement, 
display a graph of sensor measurements, display thresholds, 
activate an alarm, display a message Such as an alarm 
message, an error message, a command, an explanation, a 
recommendation, a status, and the like. Additionally, the 
user interface processor may perform one or more process 
ing or analyzing functions such as, calibrating, Scaling, 
filtering, clipping, Summing, Smoothing, calculating whether 
the sensor is generating signals indicative of a physiological 
characteristic or whether the sensor is no longer functioning 
properly, estimating remaining battery life, determining 
whether to generate an alarm due to a characteristic of the 
sensor measurement, and the like. 

0094. If one or more electrical components reside in the 
same device, then one or more of the electrical components 
may be combined into a single electrical component, such as 
combining the user interface processor, measurement pro 
cessor and the signal processor, or combining the measure 
ment memory and the reference memory. Alternatively, the 
components may be independent despite in which device 
they reside. 

0.095. It is possible that a sensor will need to receive 
regulated power for a defined duration before it can generate 
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a stable signal, in other words it must warm up. And, if 
regulated power is removed from the sensor, the sensor must 
warm up again when the power is restored before measure 
ments can be used. Alternatively, it is possible that each time 
the sensor is warmed up, new reference measurements must 
be input and paired with a processed sensor signal to create 
new reference values, which are stored in the reference 
memory. Reference values are needed to calibrate the pro 
cessed sensor signal into sensor measurements. Further 
more, periodic reference values may be needed, and if a 
stable (warmed up) processed sensor signal is not available 
when a new reference values is needed, then a new reference 
measurement may have to be collected when the processed 
sensor signal is available and stable. In the mean time the 
processed sensor signal cannot be used to generate a sensor 
measurement. In other words, if it is time for a new reference 
measurement to maintain calibration and the sensor signal is 
not available to pair with the new reference measurement, 
then the sensor loses calibration and will have to be recali 
brated when the sensor signal becomes available. It is also 
possible that more than one reference value will need to be 
collected before the sensor measurement is considered cali 
brated. 

0096. There is a possibility, particularly in a hospital 
environment, that the sensor may be disconnected from the 
user interface and/or from the patient monitor for extended 
periods of time. For example, patients are moved between 
rooms and beds regularly when the may not be connected to 
any patient monitor (e.g. a Surgery patient may move from 
admission to Surgery to recovery, and so forth). In some 
cases, calibration will be scheduled at particular intervals. 
When the sensor, coupled to sensor electronics, is discon 
nected from the user interface and/or patient monitor, one of 
these intervals may occur. For Such a situation, it is useful to 
have a way to calibrate the sensor and sensor electronics 
while separated from the user interface and/or patient moni 
tor. For example, the sensor may include a blood glucose 
(BG) meter to support calibration. The BG meter may be 
display-free to, for example, reduce excess size and weight. 
The BG meter included in the sensor would then provide 
reference values for calibration to the sensor electronics. It 
is also possible to couple the sensor electronics to a BG 
meter or to use a wireless connection to the BG meter to 
receive the reference values. 

0097 FIGS. 3A-3C and 4A-4C illustrate physical 
embodiments of aspects of the present invention. FIGS. 
3A-3C show sensors with and without sensor electronics 
with connectors 400, so that they may be wired to one or 
more devices. In the embodiments shown in FIGS. 1A-1H, 
discussed above, there is a connector 400 between the sensor 
100 and a device, which is not shown. FIG. 3A illustrates a 
simple sensor in accordance with the invention as embodied 
in FIGS 1A-1H. The Sensor 100 includes the connector 400. 
The sensor 100 is not always wired to a device. For example, 
as shown in FIGS. 3C, 4A, and 4B, the sensor 100 shown in 
FIG. 3A may be coupled to sensor electronics. In this 
particular embodiment, however, the sensor 100 does not 
include sensor electronics. 

0098. There are a number of ways to include sensor 
electronics in the sensor of the present invention. As shown 
in FIG. 3B, the sensor 100 may include a connector 400 and 
the sensor electronics may be a monolithic part of the sensor. 
In FIG. 3B, electrical components, specifically the regulator 
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1090 and sensor power supply 1210, are shown directly on 
the sensor 100. Alternatively, the sensor electronics 120 may 
be coupled to the sensor 100 by a connector 450, such as 
shown in FIG. 3C. The Sensor electronics 120 in FIG. 3C 
include one or more electrical components, such as the 
regulator 1090 and sensor power supply 1210 and may be 
wired to one or more devices through connector 400. 
0099 FIGS. 4A-4C show sensors which are intended to 
be used for wireless communication with one or more 
devices. As shown in FIG. 4A, the sensor 100 may be 
coupled to the sensor electronics 120 by a connector 450. 
The sensor electronics 120 may include one or more elec 
trical components, such as the regulator 1090 and sensor 
power supply 1210. As shown in FIG. 4B, the sensor may be 
coupled to a sensor electronics 120 that include a portion 
coupled to the sensor via a connector 450 and wired to a 
separate portion 140, which includes sensor electronics. 
Although the sensor electronics are shown as having elec 
trical components on only one portion, it is possible to have 
Some electrical components on one portion of the sensor 
electronics and other electrical components on another por 
tion. Embodiments shown in FIG. 4B are discussed in more 
detail in U.S. patent application Ser. No. 09/465,715, filed 
Dec. 17, 1999, which is herein incorporated by reference. As 
shown in FIG. 4C, the sensor electronics may be a mono 
lithic part of the sensor 100. 
0100 Many different wireless communication protocols 
may be used. Some protocols are for one-way communica 
tion and others are for two-way communication. For one 
way communication, the transmitting device may have a 
transmitter and the receiving device may have a receiver. For 
two-way protocols, each device typically has a transceiver, 
but each device could have a transceiver and a receiver. For 
any wireless embodiment, a transceiver may be used in place 
of a receiver or a transmitter, because the transceiver can 
perform like a receiver or a transmitter or both. 
0101) Where the sensor electronics 120 (wired or wire 
less) are separated from the sensor 100 by a connector 450, 
such as shown in FIGS. 3C, 4A, and 4B, the sensor elec 
tronics may first become powered by the sensor power 
Supply at the time that the sensor electronics are attached to 
the sensor. Thus, the sensor power supply shelf life is 
increased. Alternatively, the sensor electronics may always 
be powered. The sensor electronics may be powered by the 
sensor power Supply when triggered by other means such as, 
when the user interface is connected to the sensor electron 
ics, when a magnetic Switch is triggered, when a mechanical 
Switch is triggered, or the like. 
0102) The duty cycle of the sensor power supply may 
vary based on the sensor electronics being connected or 
disconnected from the user interface and/or patient monitor. 
For example, when the sensor electronics are disconnected, 
the duty cycle may be reduced (e.g., by using fewer elec 
trical components, by decreasing data acquisition, and the 
like), which will allow for a greater sensor power Supply 
shelf life. If the sensor and sensor electronics lose power for 
a prolonged period of time, the calibration process may have 
to be repeated. The sensor electronics may include circuitry 
to detect low battery levels and may be coupled to an alarm 
that will activate if the low battery level reaches a certain 
threshold. 

0103 FIGS. 5A-5H are block diagrams of the electronic 
components of embodiments of aspects of the present inven 
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tion. In the embodiment shown in FIG.5A, the user interface 
200 is tethered to the sensor 100. The tether may be 
interrupted by a connector 400 so that the sensor 100 and the 
user interface 200 can be separated. The sensor 100 does not 
include a power supply in FIG. 5A. When the patient 
disconnects a sensor from the user interface 200, then the 
sensor no longer receives power from the regulator and thus 
may require time to warm up again and may require re 
calibration when re-connected with the user interface. 

0.104) The user interface power supply 1030 supplies 
power to the user interface 200 and may also supply power 
to the sensor 100. The regulator 1090 supplies regulated 
voltage to sensor 100, and the sensor 100 generates a sensor 
signal indicative of the concentration of a physiological 
characteristic being measured. Then the signal processor 
1080 processes the sensor signal generating a processed 
sensor signal. Then the measurement processor 1070 cali 
brates the processed sensor signal using reference values 
from the reference memory 1050, thus generating sensor 
measurements. Then the measurement memory 1060 stores 
sensor measurements. Finally, the sensor measurements are 
sent to the user interface processor 1040, which forwards the 
sensor measurements to an output device 1010. The refer 
ence values, and other useful data, may be input through an 
input device 1020. 

0105. As shown in FIG. 5B, an auxiliary device 300 may 
be tethered to the sensor 100, and the tether may interrupted 
by a connector 400 so that the sensor 100 and the user 
interface 200 can be separated. Thus, a patient wearing a 
sensor does not have to remain tethered to a device, such as 
a user interface oran auxiliary device. The user can wear the 
sensor and temporarily or permanently disconnect from 
other devices. This can be useful if the patient needs to leave 
the proximity of one or more devices. For example, the 
sensor may be tethered to a stationary device Such as a 
wall-mounted or bed-mounted display, and the patient must 
leave the room for a therapeutic procedure. As shown in 
FIG. 5B, the auxiliary device may include an auxiliary 
device power supply 1110, regulator 1090 and the signal 
processor 1080, so that the auxiliary device processes the 
sensor signal. 

0106. In the above embodiments, where the sensor does 
not include a power Supply, when the sensor is disconnected 
from the other devices, the sensor no longer receives power. 
The tether includes one or more wires to carry the regulated 
Voltage to the sensor and carry the sensor signal to the signal 
processor. For particular types of sensors, the sensor must be 
warmed up again when re-connected with the user interface. 
Where the reference memory is included in the user inter 
face, one or more reference values may be periodically 
measured and stored in the reference memory when they are 
collected. If the sensor is disconnected from the user inter 
face when a new reference value is required, however, the 
sensor will need calibration when it is re-connected. 

0.107 One or more devices other than the sensor may be 
in communication with each other, Such as discussed above 
in reference to FIGS. 1 B-1H. The one or more devices other 
than the sensor, such as an auxiliary device and a user 
interface, may share a tethered connection Such as a wire. As 
used herein the term "wire” means and includes any physical 
conductor capable of transmitting information by non-wire 
less means including, for example, one or more conventional 
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wires, a serial or parallel cable, a fiber optic cable, and the 
like. The term “wire' also includes any physical conductor 
capable of carrying regulated Voltage, electrical power, and 
the like. Additionally, the tethered connections may include 
at least one connector So that at least one device can be 
separated from the others. One or more of the one or more 
devices other than the sensor, Such as an auxiliary device and 
a user interface, may communicate wirelessly, Such as RF, 
IR, Sub-Sonic, and the like communications, such as shown 
in FIG. 1G. 

0108. Alternatively, the user interface may be coupled to 
sensor electronics, which may be coupled to the sensor, Such 
as shown in FIGS. 5C-5H. If a power supply and regulator 
stay with the sensor (as part of the sensor electronics), when 
the sensor is disconnected from the user interface, then the 
sensor can remain powered and retain calibration. Thus, the 
sensor may not require warm up time and may not require 
re-calibration when re-connected to the same user interface 
that it was connected to previously. 
0109 The sensor power supply may be a battery capable 
of operating for at least the entire life of the sensor. For 
example, the life of the sensor may be, for example, about 
2 days, 3 days, 4 days, 5 days, 7 days, 10 days, 20 days, 30 
days, 45 days, 60 days, a year, and the like. Alternatively, the 
life of the sensor may be shorter than 2 days, such as, about 
36 hours, 30 hours, 24 hours, 12 hours, 6 hours, 3 hours and 
the like. The sensor power supply may be rechargeable. For 
example, the sensor power supply may be recharged when 
the sensor electronics are connected to the user interface. 
Additionally, the sensor power Supply may be sized to last 
the entire duration that the sensor electronics are discon 
nected from the user interface, such as 15 minutes, 30 
minutes, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 
12 hours, 24 hours, and the like. The sensor power Supply 
may include one or more of a transformer, capacitor, power 
cell, solar cell, replaceable battery, and the like. Alterna 
tively, the sensor power Supply is a replaceable battery. 

0110. In the embodiment shown in FIG. 5C, the sensor 
electronics 120 include a sensor power supply 1210 and 
regulator 1090. Thus, when the sensor 100 is disconnected 
from the user interface 200, the sensor 100 remains pow 
ered. Because the sensor electronics do not include memory 
storage, the sensor data is not saved while the sensor 100 is 
not connected to the user interface 200. 

0111. As shown in FIG. 5E, it is possible to transport 
reference values with the sensor 100 so that the reference 
values are kept with the sensor 100 even when the sensor 
100 is no longer connected to the user interface 200. In this 
embodiment, a sensor power Supply 1210 and regulator 
1090 and reference memory 1050 are included in the sensor 
electronics 120 that stay with the sensor 100 when discon 
nected from the user interface 200 at connector 400. When 
the sensor 100 is disconnected from the user interface 200, 
the sensor 100 may remain powered and retain calibration. 
Thus, the sensor 100 does not require re-calibration when 
re-connected. Furthermore, the sensor 100 may be con 
nected to a different user interface and remain calibrated, 
because the calibration values are carried along with the 
sensor 100 and can be sent to the different user interface. If 
BG meter readings are needed for calibration, they are 
entered into the user interface 200 and sent to the reference 
memory 1050 in the sensor electronics 120. If BG meter 
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readings are not needed, then the reference memory 1050 
may contain factory installed reference values for the sensor. 
In the particular embodiment shown in FIG. 5E, sensor data 
is not collected while the sensor 100 is not connected to a 
user interface. 

0112. As shown in FIGS.5D and 5F, the sensor electron 
ics 120 may include a signal processor 1080. The signal 
processor simplifies communication across the tethered con 
nection because the signal processor can convert weak 
analog sensor signals (which might be especially sensitive to 
noise) into digital signals, which can be made highly resis 
tant to noise. Often, wires behave like antennas and gather 
radio frequency signals and the like, thus adding noise to 
signals carried on the wires. 
0113. As shown in FIGS. 5E-5H, the user interface 200 
may be tethered to the sensor electronics 120, and the sensor 
electronics 120 may include a reference memory 1050. One 
or more reference values may be periodically measured, 
entered into the user interface 200 and transferred to the 
reference memory 1050, as shown in FIGS. 5E and 5G. If 
the sensor 100 is disconnected from the user interface 200 
when a new reference value is required, the sensor 100 will 
need calibration when it is re-connected. As shown in FIGS. 
5E and 5G, the power supply 1210, regulator 1090 and 
reference memory 1050 may be included with the sensor 
electronics 120. If the sensor 100 is disconnected from the 
user interface 200, the sensor 100 remains powered and 
retains calibration. Thus, the sensor does not require re 
calibration or warm up when re-connected. Furthermore, the 
sensor may be disconnected from a first user interface and 
then connected to a second user interface and remain cali 
brated because the calibration values are carried along with 
the sensor and can be sent to the second user interface. 

0114. As shown in FIG. 5E, and 5F, the sensor electronics 
120 includes the reference memory 1050, sensor power 
supply 1210 and regulator 1090, but does not include the 
measurement memory 1060. Since the measurement 
memory 1060 is not included with the sensor electronics 
120, the sensor data is not collected while the sensor 100 is 
not connected to a user interface. Furthermore, if periodic 
reference measurements are required, and the sensor elec 
tronics 120 are disconnected from the user interface 200 at 
the time that a new reference measurement is needed, then 
the sensor 100 will lose calibration, and a new reference 
measurement will be needed when the sensor electronics 
120 are reconnected to a user interface. 

0115. As shown in FIG. 5G, the sensor electronics 120 
may include the reference memory 1050, sensor power 
supply 1210, regulator 1090, signal processor 1080, mea 
surement processor 1070, and the measurement memory 
1060. Since the measurement memory 1060 is included with 
the sensor electronics 120, the sensor data is collected even 
while the sensor 100 is not connected to a user interface. 
Thus, a patient wearing a sensor may move about freely 
while disconnected from the user interface, and when they 
reconnect, all of the sensor data can be sent to the user 
interface for analysis and display. If however, periodic 
reference measurements are required, and the sensor elec 
tronics are disconnected from the user interface at the time 
that a new reference measurement is needed, then the sensor 
may lose calibration, and a new reference measurement will 
be needed when the sensor electronics are reconnected to a 
user interface. 
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0116 Periodic reference values may not be required. One 
or more reference values may be stored in the reference 
memory at the factory. Furthermore, the reference memory 
may be non-volatile Such as a flash memory, and therefore 
not require power to maintain the reference values as shown 
in FIG. 5H. Thus, reference values might be factory installed 
with each sensor and no power is required to maintain the 
reference values in the reference memory. As shown in 
FIGS. 5E, 5F, 5G and 5H, the reference memory 1050 may 
be included in the sensor electronics 120. Thus, a sensor may 
be disconnected from a user interface and connected to a 
second and not require calibration. The sensor may, how 
ever, require a warm up period if it loses power when 
disconnected from a user interface as shown in FIG. 5H. 

0117. Alternatively, one or more factory installed refer 
ence values may be stored in volatile memory with each 
sensor, and power is required to maintain the reference 
values in memory as shown in FIGS. 5E, 5F and 5G. The 
reference memory and a sensor power Supply may option 
ally be included in the sensor electronics. Thus, a sensor may 
be disconnected from a user interface and connected to a 
second and not require calibration and the sensor may not 
require a warm up period if it does not lose power when 
disconnected from a user interface. 

0118. The tether may include one or more wires or one or 
more fiber optic cables or the like. Alternatively, the tether 
may not include a wire or cable or the like if the sensor 
electronics includes a sensor power Supply and a regulator, 
and thus a wire is not needed to carry power to the sensor. 

0119) As shown in FIGS. 6A-6E, and as discussed above 
with respect to FIGS. 2A-2S and 4A-4C, the sensor elec 
tronics 120 may include a mechanism for wireless commu 
nication 1205, such as a radio frequency (RF) transmitter or 
transceiver, or an infrared (IR) transmitter or transceiver, 
light emitting diode (LED), Sonic transmitter Such as a 
speaker, and the like. Sensor electronics that include wire 
less communication capability are a Subset of all sensor 
electronics and are referred to as wireless sensor electronics. 
Thus, a sensor may be physically coupled to wireless sensor 
electronics and establish a wired connection between the 
wireless sensor electronics and the sensor, but the wireless 
sensor electronics and sensor are not tethered to a user 
interface or an auxiliary device. Thus, a user can wear the 
sensor and move about freely, physically disconnect from 
other devices. This can be useful if the patient needs to leave 
the proximity of one or more devices. For example, if the 
patient is wearing a sensor with wireless sensor electronics 
that communicate with a stationary device Such as a wall 
mounted or bed-mounted display, then the patient may leave 
the room for a therapeutic procedure without having to 
disconnect the sensor electronics from any devices. Com 
munication between the sensor electronics and one or more 
devices may be interrupted and may be re-established later. 
For example, the sensor electronics may be temporarily 
moved out of range for RF communication with a wall 
mounted device, or may be temporarily misaligned for IR 
communication with one or more devices. 

0120) The sensor wireless communication mechanism 
may be a processor that handles the communication protocol 
and manages transferring information in and out of the 
reference memory and the measurement memory. The mea 
Surement memory may contain one or more of calibrated 
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measurements, time and dates associated with measure 
ments, raw un-calibrated measurements, diagnostic infor 
mation, alarm history, error history, settings and the like. 
Settings may be determined by a user using a keypad on the 
user interface, and the settings are sent to a memory in the 
sensor electronics. Additionally, the sensor wireless com 
munication mechanism may be a processor that evaluates 
the calibrated measurements according to user defined set 
tings and sends results of the evaluation to the user interface. 
For example, the user may set an alarm threshold, which is 
sent to be stored in a memory in the sensor electronics. Then 
the sensor wireless communication mechanism compares a 
calibrated measurement to the alarm threshold and if the 
calibrated measurement exceeds the alarm threshold, the 
communication system sends an alarm message to the user 
interface. Finally, the user interface displays the alarm 
message. 

0121 The alarms may function even when the sensor and 
sensor electronics are disconnected from the user interface 
and/or patient monitor. In this way, the patient will be 
warned if he/she becomes hyperglycemic or hypoglycemic, 
even when not connected to the user interface and/or patient 
monitor. For example, the sensor electronics may be coupled 
to an alarm. As discussed above, an alarm threshold may be 
stored in a memory in the sensor electronics. If a calibrated 
measurement exceeds the alarm threshold, the alarm 
coupled to the sensor electronics may be activated. Simi 
larly, if a battery is low on power, or the sensor is not 
performing properly, or communication with another device 
has been lost, or an error has occurred, or a warning is 
needed, then the sensor electronics may activate an alarm. 
The alarm may be an audible alarm, a visible alarm, a tactile 
alarm (such as a vibrating alarm), or any combination 
thereof. In particular embodiments, the sensor electronics 
includes one or more components for alarming a user 
0.122 User defined parameters such as alarm thresholds, 
minimum time between alarms, alarm Snooze time, trend 
alarm thresholds, patient ID, one or more identifying codes, 
a password, and the like may be sent from the user interface 
to the sensor electronics and stored in memory in the sensor 
electronics. Thus, settings that are established for a particu 
lar patient are not lost when the patient is moved to a new 
location and the sensor electronics establishes communica 
tion with a second user interface. The user defined settings 
are sent the second user interface when communication is 
first established with sensor electronics. Each set of sensor 
electronics may have a unique ID, code, name, serial num 
ber, or the like, which is sent to the user interface so that the 
user interface can identify which sensor electronics it is 
communicating with. The unique ID for a sensor electronics 
may be required to be entered into a user interface before the 
user interface will recognize communications from a sensor 
electronics. Thus, if a user interface detects communication 
from more than one sensor electronics, then user interface 
can determine which signal to respond to based on the 
unique ID contained in the communications. Furthermore, 
the user interface and/or auxiliary devices may have one or 
more unique IDs so that each device, user interface, and 
sensor electronics can determine whether to accept commu 
nications from each other. For example, a patient monitor 
may be programmed to accept communications from a user 
interface or sensor electronics as long as the communication 
includes a unique ID representing a particular sensor. Thus, 
if two patients share a room and transmissions from a first 
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patient’s sensor electronics are received by a second 
patient's user interface and/or patient monitor, the second 
patient's user interface and/or patient monitor will ignore the 
communication. Yet, the first patient's user interface and/or 
patient monitor will accept the communication from the first 
patient’s sensor electronics. In another example, a user 
interface ID number is entered into a patient monitor, and the 
patient monitor will only accept communications that con 
tain the user interface ID number. 

0123 FIGS. 6A-6E show similar embodiments to FIGS. 
5A-5H. However, as shown in FIGS. 6A-6C, the sensor 
electronics 120 include sensor wireless communication 
mechanism 1205 and the user interface 200 includes user 
interface wireless communication mechanism 1005. As 
shown in FIG. 6A, the sensor power supply 1210 and 
regulator 1090 are part of the sensor electronics 120. Thus, 
the sensor 100 constantly remains powered. As shown in 
FIG. 6B, the signal processor 1080 may reside in the sensor 
electronics 120, so that the sensor 100 can remain powered 
but can also perform processing. In particular embodiments, 
if the signal processor 1080 includes an analog to digital 
converter. Thus, digital communication can be used to send 
the processed sensor signal to the user interface 200. 

0124 Once the sensor is powered and warmed up by the 
sensor power Supply and the regulator, the sensor remains 
powered and Sufficiently warmed up and thus does not need 
to warm up again no matter how many different devices it 
communicates with. One or more reference values may be 
measured periodically and stored in the reference memory 
when they are collected. If the wireless sensor electronics 
cannot establish communication with user interface when a 
new reference value is required, the sensor will need cali 
bration when communication is re-established. 

0125. As shown in FIG. 6C, the sensor power supply 
1210, regulator 1090 and reference memory 1050 may stay 
with the sensor 100. Then if the sensor 100 loses commu 
nication with the user interface 200 (such as because the 
patient walks too far away from the user interface), then the 
sensor remains powered and retains calibration. Thus, the 
sensor 100 does not require re-calibration or warm up time 
when it re-establishes communication with the user interface 
200. Furthermore, the sensor 100 may establish communi 
cation with a second user interface and remain calibrated 
because the calibration values are carried along with the 
sensor 100 and can be sent to the second user interface. As 
shown in FIG. 6D, the wireless sensor electronics may 
include the reference memory 1050, sensor power supply 
1205, regulator 1090, signal processor 1080 and a wireless 
communication mechanism 1205, but does not include the 
measurement memory 1060. Since the measurement 
memory is not included with the wireless sensor electronics, 
the sensor data is not collected while the wireless sensor 
electronics is not in communication with a user interface. 
Furthermore, if periodic reference measurements are 
required, and communication cannot be established between 
the wireless sensor electronics and the user interface at the 
time that a new reference measurement is needed, then the 
sensor will lose calibration, and a new reference measure 
ment will be needed when the wireless sensor electronics 
and a user interface have established communication. 

0126. As shown in FIG. 6E, in addition to the sensor 
power supply 1210, regulator 1090, reference memory 1050, 
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the measurement memory 1070 and measurement processor 
1060 may stay with the sensor 100. When communication is 
lost between the sensor electronics 120 and the user inter 
face 200, the sensor 100 remains powered, retains calibra 
tion and collects and stores measurements. Thus, the sensor 
100 does not require re-calibration or warm up when com 
munication is established with any user interface. A patient 
wearing a sensor may move about freely, and when the 
wireless sensor electronics establishes communication with 
a user interface all of the sensor data can be sent to the user 
interface for analysis and display. If however, periodic 
reference measurements are required, and the wireless sen 
Sor electronics and user interface cannot establish commu 
nication at the time that a new reference measurement is 
needed, then the sensor may lose calibration, and a new 
reference measurement will be needed when the wireless 
sensor electronics are in communication with a user inter 
face. 

0127. Alternatively, periodic reference values are not 
required. One or more reference values may be stored in the 
reference memory at the factory. Furthermore, the reference 
memory may be non-volatile Such as a flash memory, and 
therefore not require power to maintain the reference values. 
Thus, reference values might be factory installed with each 
sensor and no power would be required to maintain the 
reference values in the reference memory. The reference 
memory may be included in the wireless sensor electronics. 
Thus, calibration would not be required when the sensor 
electronics establishes communication with a user interface. 

0128. Alternatively, one or more factory installed refer 
ence values may be stored on a volatile reference memory in 
wireless sensor electronics that are included with each 
sensor. In this case, power could be needed to maintain the 
reference values in memory. Alternatively, the reference 
memory and a sensor power Supply are included in the 
wireless sensor electronics. 

0129. If the reference values are factory installed, they 
may be included on a CD, floppy disk, or other removable 
storage devices. If the reference values are stored on a CD, 
for example, they may be downloaded into a personal 
computer and then downloaded into the user interface and/or 
sensor electronics. The reference values may also be stored 
on a removable or non-removable non-volatile memory. For 
example, if the reference values are stored on a removable 
non-volatile memory, the memory may be included in a flash 
memory card; The flash memory card may be adapted to be 
used in the user interface and/or the sensor electronics. The 
reference values may be stored on a non-volatile or volatile 
memory that is included with the sensor electronics at the 
factory. In this case, if the memory included with the sensor 
electronics is volatile, the sensor electronics should include 
a power Source so that the sensor electronics may retain the 
reference values during shipping and storage. One set of 
sensor electronics may contain reference values to calibrate 
a number of sensors. For example, if a sensor electronics is 
shipped with a number of sensors, the reference values may 
calibrate all of those sensors. 

0130. As shown in FIG. 7, the user interface 200 and/or 
the sensor electronics 120 may include a slot 260, 160 for a 
flash memory card 600. The flash memory card 600 may 
include reference values that are factory input or reference 
values that are input later. Additionally, the flash memory 
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card 600 may store additional desired data. The flash 
memory card 600 may be included when the user interface 
200 and/or sensor electronics 120 is shipped from a factory 
or reseller. Or, the flash memory card 600 may be purchased 
separately for use with the user interface 200 and/or the 
sensor electronics 120. Additionally, a flash memory card 
may be used in the patient monitor. 

0131) As noted above with respect to FIGS. 6C, 6D, and 
6E, the wireless sensor electronics 120 may include a 
reference memory 1050. One or more reference values may 
be periodically measured, entered into the user interface and 
sent to the reference memory 1050. If communication can 
not be established between the wireless sensor electronics 
120 and the user interface 210 when a new reference value 
is required, the sensor 100 will need calibration when it is 
re-connected. Alternatively, reference measurements are 
sent directly to the wireless sensor electronics 120. Some 
examples include: a BG meter with an IR transmitter sends 
a reference measurement to the wirelesses sensor electronics 
which include an IR receiver; a BG meter with RF commu 
nication capability sends a BG value to a wireless sensor 
electronics with an RF receiver; and a laboratory analyte 
measurement machine analyzes a blood sample and the 
result of the analysis is sent to an RF transmitter which 
transmits the result to the wireless sensor electronics. 

0132 Alternatively to the types of memory discussed 
above, a removable nonvolatile reference memory may be 
filled at the factory with reference values for calibrating one 
or more sensors. The removable nonvolatile reference 
memory may be a flash media Such as a flash card, memory 
Stick, and the like. The reference memory may placed into 
the user interface and/or into the sensor electronics. The 
removable nonvolatile reference memory may be placed into 
a device Such as, an auxiliary device, a meter, a BG meter, 
a palm pilot, a phone, a PDA, a handheld device, a patient 
monitor, a module that connects to a device, and the like. If 
a new sensor cannot be calibrated with a removable non 
volatile reference memory that is presently in a device, then 
the sensor will be accompanied with a new removable 
nonvolatile reference memory for use in a device. 
0133. An auxiliary device may provide power to a user 
interface, which in turn powers the sensor. The user interface 
may have a rechargeable power Source that provides power 
to the user interface whenever power is not supplied by the 
auxiliary device. For example, an auxiliary device Such as a 
patient monitor may provide power along a wire through a 
connector to a user interface; the user interface has a power 
Supply; a sensor is connected by a wire to the user interface; 
the power from the auxiliary device powers a Voltage 
regulator in the user interface, which powers the sensor. If 
the user interface is disconnected from the auxiliary device, 
the user interface power Supply continues to Supply power to 
the sensor. Alternatively, the auxiliary device may charge the 
user interface power supply whenever the auxiliary device is 
connected to the user interface, and the user interface may 
power the sensor whether or not the auxiliary device is 
connected to the user interface. 

0134) The sensor may be powered by sensor electronics, 
which are powered by a device Such as an auxiliary device 
or a user interface. The sensor electronics may have a 
rechargeable power Supply that keeps the sensor powered 
whenever power is not supplied by a device. 
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0.135 The power needed to operate a sensor may be 
generated at a device Such as a user interface or an auxiliary 
device, carried over one or more wires, passed through a 
transformer and Supplied to the sensor. Alternatively, the 
power may be passed through a regulator Such as a Voltage 
regulator and a current regulator before it is Supplied to a 
sensor. The transformer may be located in the device or the 
transformer may be part of the wire or cable connecting the 
sensor to the device. The transformer also may be in the 
sensor electronics. The transformer keeps the sensor pow 
ered as long as the sensor is connected to the device. The 
transformer helps to remove a ground connection between 
the device and the sensor, and therefore isolates the patient 
from the ground Voltage in the device. 
0.136 The sensor signal may be passed to one or more 
devices before it is processed. For example, the sensor signal 
could be carried along a wire to a user interface, and then 
carried along a wire to an auxiliary device before it is 
processed. In another example, the sensor signal is carried to 
a computer, sent through a server or a router to a second 
computer, and then processed. 
0.137 The user interface may process the sensor mea 
Surements to generate insulin delivery commands. The insu 
lin delivery commands may be infusion rates. Alternatively, 
the insulin delivery commands may be insulin amounts. 
0.138 An auxiliary device may process the sensor mea 
Surements to generate insulin delivery commands. Alterna 
tively, sensor electronics may process the sensor measure 
ments to generate insulin delivery commands. 
0.139. The insulin delivery commands may be generated 
in the device that contains the measurement processor. 
Alternatively, the insulin delivery commands may be gen 
erated by a device that receives sensor measurements, such 
as an auxiliary device, a pump, and the like. Still alterna 
tively, the insulin delivery commands are generated by an 
insulin infusion pump such as shown in U.S. Pat. Nos. 
4,562,751, 4,678,408, 4,685,903, 5,080,653, 5,097,122, and 
6,554,798, which are herein incorporated by reference. 
0140. While the description above refers to particular 
embodiments of the present invention, it will be understood 
that many modifications may be made without departing 
from the spirit thereof. The accompanying claims are 
intended to cover such modifications as would fall within the 
true scope and spirit of the present invention. 
0.141. The presently disclosed embodiments are therefore 
to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims, rather than the foregoing description, and 
all changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

What is claimed is: 
1. A system for sensing blood glucose concentration of a 

person, the system comprising: 

a sensor to sense blood glucose data; 
sensor electronics in electrical communication with the 

Sensor, 

a user interface in wireless communication with the 
sensor electronics; and 
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a patient monitor in communication with the user inter 
face. 

2. The system of claim 1, wherein the communication 
between the patient monitor and the user interface is wire 
less. 

3. The system of claim 1, wherein the communication 
between the patient monitor and the user interface is wired. 

4. The system of claim 1, wherein the patient monitor 
includes the user interface. 

5. The system of claim 1, wherein the sensor electronics 
include a sensor power Supply. 

6. The system of claim 5, wherein the sensor power 
Supply is activated when the sensor is coupled to the sensor 
electronics. 

7. The system of claim 1, wherein the sensor electronics 
include a memory having reference values stored therein. 

8. The system of claim 7, wherein the reference values are 
factory input reference values. 

9. The system of claim 7, wherein the memory having 
reference values stored therein is a flash memory. 

10. The system of claim 7, wherein the reference values 
are values from a blood glucose meter. 

11. The system of claim 10, wherein the blood glucose 
meter is coupled to the sensor electronics. 

12. The system of claim 11, wherein the blood glucose 
meter and the sensor are integrated into a single housing. 

13. The system of claim 7, wherein the reference values 
are entered into the user interface and transmitted to the 
sensor electronics. 

14. The system of claim 7, wherein the reference values 
are values for calibrating the blood glucose data. 

15. The system of claim 7, wherein the memory is a 
nonvolatile memory. 

16. The system of claim 1, wherein the sensor electronics 
further include a wireless transmitter and the user interface 
further includes a wireless receiver. 

17. The system of claim 1, wherein the sensor electronics 
further include a wireless transmitter, the user interface 
further includes a wireless receiver, and the patient monitor 
further includes a third wireless receiver. 

18. The system of claim 1, wherein the sensor is a 
real-time sensor to sense blood glucose data in real-time. 

19. The system of claim 1, wherein the sensor electronics 
store an identifying code, wherein the sensor electronics are 
adapted to transmit the identifying code to the user interface, 
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and wherein the user interface is adapted to identify the 
sensor based on the identifying code before storing data 
from the sensor 

20. The system of claim 1, wherein the sensor is a 
Subcutaneous sensor. 

21. The system of claim 1, wherein the sensor electronics 
include a measurement memory for storing glucose mea 
Surement data 

22. A system for sensing blood glucose concentration of 
a user, the system comprising: 

a sensor to sense blood glucose data; 
sensor electronics in electrical communication with the 

Sensor, 

a user interface in wireless communication with the 
sensor electronics; and 

a patient monitor in communication with the sensor 
electronics. 

23. The system of claim 22, wherein the user interface 
includes a wireless transmitter and the patient monitor 
includes a wireless receiver and communication between the 
patient monitor and the user interface is wireless. 

24. The system of claim 22, wherein the patient monitor 
includes the user interface. 

25. The system of claim 22, wherein the sensor electronics 
include a sensor power Supply. 

26. The system of claim 22, wherein the sensor electronics 
include a nonvolatile memory having factory input reference 
values stored therein. 

27. The system of claim 22, wherein the sensor electronics 
include a nonvolatile memory for storing reference values 
from a blood glucose meter, and wherein the reference 
values are for calibrating the blood glucose data. 

28. The system of claim 22, wherein the sensor electronics 
store an identifying code, wherein the sensor electronics are 
adapted to transmit the identifying code to the user interface, 
and wherein the user interface is adapted to identify the 
sensor based on the identifying code before storing data 
from the sensor. 

29. The system of claim 22, wherein the sensor is a 
real-time Subcutaneous sensor for sensing blood glucose 
data in real-time. 


