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This listing of claims replaces all previous versions of the claims in the application. 

1-22. (Canceled) 

23. (New) A glucose monitoring system, comprising: 

(1) an on body unit configured to be positioned on a user's body, the on body unit 

compnsmg: 

a glucose sensor, a portion of which is configured to be positioned under skin of the 

user, wherein the glucose sensor is configured to sample a biological fluid of the user and 

provide glucose related sensor data; and 

a data processing and transmitter unit coupled with the glucose sensor, wherein the 

data processing and transmitter unit is configured to: 

receive the glucose related sensor data from the glucose sensor; 

process the glucose related sensor data to provide processed sensor data; 

store, in memory of the data processing and transmitter unit during a time 

period associated with a failure mode condition, the glucose related sensor data, the 

processed sensor data, or both; and 

transmit the processed sensor data over a Bluetooth wireless communication 

link; and 

(2) a receiver unit, comprising: 

a radio frequency receiver and an antenna configured to receive the processed sensor 

data transmitted by the data processing and transmitter unit over the Bluetooth wireless 

communication link; 

a display configured to display numerical values and graphical representations of the 

processed sensor data; and 

a processor coupled with memory of the receiver unit, wherein instructions stored in 

the memory of the receiver unit, when executed by the processor, cause the processor to: 

detect the presence of the data processing and transmitter unit when the data 

processing and transmitter unit is within a range of the receiver unit, 
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establish the Bluetooth wireless communication link with the data processing 

and transmitter unit, 

output a first graphical representation of the processed sensor data to the 

display of the receiver unit, wherein the first graphical representation comprises a 

first line graph, and wherein an end of the first line graph correlates with a time 

associated with a start of the failure mode condition, and 

output a second graphical representation of the processed sensor data to the 

display of the receiver unit after the failure mode condition has been corrected, 

wherein the second graphical representation comprises a second line graph having a 

length greater than the first line graph. 

24. (New) The glucose monitoring system of claim 23, wherein the first line graph 

comprises processed sensor data received before the start of the failure mode condition, and 

wherein the second line graph comprises processed sensor data received before and after the 

start of the failure mode condition. 

25. (New) The glucose monitoring system of claim 24, wherein the first line graph is 

outputted to the display of the receiver unit during a first time period, and wherein the second line 

graph is outputted to the display of the receiver unit during a second time period occurring after the 

first time period. 

26. (New) The glucose monitoring system of claim 25, wherein the first line graph and 

the second line graph are outputted to a same graph comprising a first axis having a time unit of 

measurement and a second axis having a glucose concentration unit of measurement. 

27. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a sensor communication error. 

28. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a signal error associated with the glucose sensor. 
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29. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a signal error associated with the data processing and transmitter unit. 

30. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a signal error associated with the receiver unit. 

31. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a system malfunction associated with the data processing and transmitter unit 

or a system malfunction associated with the receiver unit. 

32. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a sensor dislodgement. 

33. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises an inability of the receiver unit to display or output the graphical 

representations of the processed sensor data to the display. 

34. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises an inability to calibrate the glucose sensor. 

35. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a sensor instability condition. 

36. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a calibration failure condition. 

37. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a monitoring system failure condition. 
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38. (New) The glucose monitoring system of claim 23, wherein the glucose sensor 

comprises a working electrode and a counter electrode. 

39. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a sensor misposition error. 

40. (New) The glucose monitoring system of claim 23, wherein the on body unit further 

comprises a temperature sensor, and wherein the failure mode condition comprises a temperature 

measurement outside a predetermined range. 

41. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises an analyte level exceeding a predetermined threshold. 

42. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a rate of change of an analyte level exceeding a predetermined threshold. 

43. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a signal error associated with reference data. 

44. (New) The glucose monitoring system of claim 23, wherein the failure mode 

condition comprises a data unavailability condition. 

45. (New) The glucose monitoring system of claim 23, wherein the instructions stored 

in the memory of the receiver unit, when executed by the processor, further cause the processor to 

display the second line graph immediately after the correction of the failure mode condition. 

46. (New) The glucose monitoring system of claim 23, wherein the instructions stored 

in the memory of the receiver unit, when executed by the processor, further cause the processor to 

wait a predetermined period of time after the correction of the failure mode condition before 

displaying the second line graph. 
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47. (New) The glucose monitoring system of claim 23, wherein the data processing and 

transmitter unit, the receiver unit, or both is further configured to store time information associated 

with the failure mode condition. 

48. (New) The glucose monitoring system of claim 23, wherein the on body unit 

comprises a single integrated housing, and wherein the data processing and transmitter unit and at 

least a portion of the glucose sensor are disposed within the single integrated housing. 

49. (New) The glucose monitoring system of claim 23, wherein the receiver unit 

comprises a mobile phone. 

50. (New) The glucose monitoring system of claim 23, wherein the time period 

associated with the failure mode condition comprises at least one hour. 

51. (New) The glucose monitoring system of claim 23, wherein the first line graph is 

non-continuous before the failure mode has been corrected. 

52. (New) The glucose monitoring system of claim 23, wherein the second line graph is 

continuous after the failure mode has been corrected. 
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Claims 23-52 are pending and claims 1-22 have been canceled without prejudice. Support for 

the new claims can be found, for example, at paragraphs [0030] to [0033] and [0052] to [0086], as 

well as Figures 4 to 6, 7 A, and 7B, the original claims, and elsewhere throughout the application as 

filed. No new matter has been introduced. Examination of these new claims are respectfully 

requested. 

All citations to claim support are purely for the benefit of the Examiner. It is stressed that the 

citations are only examples and in no way constitute an exhaustive recitation of all written and 

depicted support for the claims. Additional support can be found elsewhere, including citations from 

both the specification and figures that are not stated, as well as the knowledge of those of ordinary 

skill in the art. These citations in no way constitute a disclaimer that the claim covers only that subject 

matter which is cited herein and in no way define the inventive subject matter as being only that which 

is cited herein. 

Cancelation of the claims is made without prejudice and solely to advance prosecution of this 

application and are not intended as a disavowal of any subject matter. Accordingly, by this response, 

Applicants do not concede that previously pending claims are not patentable. 

The right is reserved to pursue claims to any subject matter supported by the disclosure of this 

application in one or more continuation and/or divisional applications at a later time, including the 

subject matter of any previously pending claims regardless of whether those claims were amended or 

cancelled herein. This may entail the pursuit of broader and/or narrower claims, and/or subject matter 

that was previously relinquished by virtue of argument or amendment. 
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It is respectfully submitted that all claims are in allowable form. In the event that the Examiner 

deems that a discussion would be helpful in advancing prosecution, the Examiner is invited to call the 

undersigned at (949) 432-9993. The USPTO is hereby authorized to charge any outstanding fees to 

Deposit Account No. 50-5201. 

Dated: August 25, 2021 Respectfully submitted, 

Electronic signature: /Glen Liu/ 
Glen Liu 

Registration No.: 75,058 
ONELLP 
4000 MacArthur Blvd. 
East Tower, Suite 500 
Newport Beach, CA 92660 
Attorney for Applicant 
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METHODS AND SYSTEMS FOR EARLY SIGNAL ATTENUATION DETECTION 

AND PROCESSING 

RELATED APPLICATIONS 

[0001] The present application is a continuation of U.S. Patent Application No. 17/245,719, filed 

April 30, 2021, which is a continuation of U.S. Patent Application No. 16/228,910, filed 

December 21, 2018, now U.S. Patent No. 11,013,431, which is a continuation of U.S. Patent 

Application No. 15/061,774, filed March 4, 2016, now U.S. Patent No. 10,194,844, which is a 

continuation of U.S. Patent Application No. 13/925,694, filed June 24, 2013, now U.S. Patent 

No. 9,310,230, which is a continuation of U.S. Patent Application No. 12/769,635, filed April 

28, 2010, now U.S. Patent No. 8,483,967, which claims the benefit of U.S. Provisional Patent 

Application No. 61/173,600, filed April 29, 2009, the disclosures of all of which are incorporated 

herein by reference in their entireties for all purposes. 

BACKGROUND 

[0002] Analyte, e.g., glucose monitoring systems including continuous and discrete monitoring 

systems generally include a small, lightweight battery powered and microprocessor controlled 

system which is configured to detect signals proportional to the corresponding measured glucose 

levels using an electrometer. RF signals may be used to transmit the collected data. One aspect of 

certain analyte monitoring systems includes a transcutaneous or subcutaneous analyte sensor 

configuration which is, for example, at least partially positioned through the skin layer of a 

subject whose analyte level is to be monitored. The sensor may use a two or three-electrode 

(work, reference and counter electrodes) configuration driven by a controlled potential 

(potentiostat) analog circuit connected through a contact system. 

[0003] An analyte sensor may be configured so that a portion thereof is placed under the skin of 

the patient so as to contact analyte of the patient, and another portion or segment of the analyte 

sensor may be in communication with the transmitter unit. The transmitter unit may be 

configured to transmit the analyte levels detected by the sensor over a wireless communication 

link such as an RF (radio frequency) communication link to a receiver/monitor unit. The 

receiver/monitor unit may perform data analysis, among other functions, on the received analyte 

levels to generate information pertaining to the monitored analyte levels. 
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[0004] Devices and methods for analyte monitoring, e.g., glucose monitoring, and/or therapy 

management system including, for example, medication infusion devices are provided. 

Embodiments include transmitting information from a first location to a second, e.g., using a 

telemetry system such as RF telemetry. Systems herein include continuous analyte monitoring 

systems, discrete analyte monitoring system, and therapy management systems. 

[0005] Embodiments include receiving sensor data from an analyte sensor of a sensor 

monitoring system, processing the received sensor data with time corresponding calibration data, 

outputting the processed sensor data, detecting one or more adverse conditions associated with 

the sensor monitoring system, disabling the output of the sensor data during a adverse condition 

time period, determining that the one or more detected adverse conditions is no longer present in 

the sensor monitoring system, retrieving the sensor data during the adverse condition time 

period, processing the retrieved sensor data during the adverse condition time period, and 

outputting the processed retrieved sensor data. 

[0006] Embodiments include detecting a condition unsuitable for calibration of an analyte sensor 

for a predetermined time period, disabling output of information associated with the analyte 

sensor, determining a successful calibration of the analyte sensor, retrieving one or more 

parameters associated with the successful calibration, processing sensor data during the time 

period of disabled output of information with the one or more parameters associated with the 

successful calibration, and displaying the processed sensor data for the time period of disabled 

information output. 

[0007] Embodiments include an interface configured to receive sensor data, a first memory 

configured to store the received sensor data, a processor coupled to the memory and configured 

to process the stored sensor data, a second memory coupled to the processor and configured to 

store the processed sensor data, and a display unit coupled to the second memory and configured 

to display the processed sensor data, where the processor is further configured to detect a 

condition unsuitable for calibration of a sensor for a predetermined time period, disable display 

of processed sensor data, determine a successful calibration of the sensor, retrieve one or more 

parameters associated with the successful calibration, process the sensor data during the time 

period of disabled display of sensor data with the one or more parameters associated with the 
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successful calibration, and display the processed sensor data for the time period of disabled 

information output. 

[0008] These and other objects, features and advantages of the present disclosure will become 

more fully apparent from the following detailed description of the embodiments, the appended 

claims and the accompanying drawings. 

INCORPORATION BY REFERENCE 

[0009] The following patents, applications and/or publications are incorporated herein by 

reference for all purposes: U.S. Patent Nos. 4,545,382; 4,711,245; 5,262,035; 5,262,305; 

5,264,104; 5,320,715; 5,509,410; 5,543,326; 5,593,852; 5,601,435; 5,628,890; 5,820,551; 

5,822,715; 5,899,855; 5,918,603; 6,071,391; 6,103,033; 6,120,676; 6,121,009; 6,134,461; 

6,143,164; 6,144,837; 6,161,095; 6,175,752; 6,270,455; 6,284,478; 6,299,757; 6,338,790; 

6,377,894; 6,461,496; 6,503,381; 6,514,460; 6,514,718; 6,540,891; 6,560,471; 6,579,690; 

6,591,125; 6,592,745; 6,600,997; 6,605,200; 6,605,201; 6,616,819; 6,618,934; 6,650,471; 

6,654,625; 6,676,816; 6,730,200; 6,736,957; 6,746,582; 6,749,740; 6,764,581; 6,773,671; 

6,881,551; 6,893,545; 6,932,892; 6,932,894; 6,942,518; 7,167,818; and 7,299,082; U.S. 

Published Application Nos. 2004/0186365; 2005/0182306; 2007/0056858; 2007/0068807; 

2007/0227911; 2007/0233013; 2008/0081977; 2008/0161666; and 2009/0054748; U.S. Patent 

Application Nos. 11/831,866; 11/831,881; 11/831,895; 12/102,839; 12/102,844; 12/102,847; 

12/102,855; 12/102,856; 12/152,636; 12/152,648; 12/152,650; 12/152,652; 12/152,657; 

12/152,662; 12/152,670; 12/152,673; 12/363,712; 12/131,012; 12/242,823; 12/363,712; 

12/393,921; 12/495,709; 12/698,124; 12/699,653; 12/699,844; 12/714,439; 12/761,372; and 

12/761,387 and U.S. Provisional Application Nos. 61/230,686 and 61/227,967. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 O] FIG. 1 illustrates a block diagram of a data monitoring and management system for 

practicing one or more embodiments of the present disclosure; 

[0011] FIG. 2 is a block diagram of the transmitter unit of the data monitoring and management 

system shown in FIG. 1 in accordance with one embodiment of the present disclosure; 

[0012] FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and 

management system shown in FIG. 1 in accordance with one embodiment of the present 

disclosure; 
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[0013] FIG. 4 illustrates analyte sensor data processing in accordance with one embodiment of 

the present disclosure; 

[0014] FIG. 5 illustrates analyte sensor data processing in accordance with one embodiment of 

the present disclosure; 

[0015] FIG. 6 illustrates backfilling gaps in sensor data in one embodiment of the present 

disclosure; and 

[0016] FIGS. 7 A and 7B illustrate backfill of gaps of a period of uncalibrated sensor data in one 

embodiment. 

DETAILED DESCRIPTION 

[0017] Before the present disclosure is described in additional detail, it is to be understood that 

this disclosure is not limited to particular embodiments described, as such may, of course, vary. 

It is also to be understood that the terminology used herein is for the purpose of describing 

particular embodiments only, and is not intended to be limiting, since the scope of the present 

disclosure will be limited only by the appended claims. 

[0018] Where a range of values is provided, it is understood that each intervening value, to the 

tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the 

upper and lower limit of that range and any other stated or intervening value in that stated range, 

is encompassed within the disclosure. The upper and lower limits of these smaller ranges may 

independently be included in the smaller ranges is also encompassed within the disclosure, 

subject to any specifically excluded limit in the stated range. Where the stated range includes one 

or both of the limits, ranges excluding either or both of those included limits are also included in 

the disclosure. 

[0019] Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this disclosure 

belongs. Although any methods and materials similar or equivalent to those described herein can 

also be used in the practice or testing of the present disclosure, the preferred methods and 

materials are now described. All publications mentioned herein are incorporated herein by 

reference to disclose and describe the methods and/or materials in connection with which the 

publications are cited. 

[0020] It must be noted that as used herein and in the appended claims, the singular forms "a", 

"an", and "the" include plural referents unless the context clearly dictates otherwise. 
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[0021] The publications discussed herein are provided solely for their disclosure prior to the 

filing date of the present application. Nothing herein is to be construed as an admission that the 

present disclosure is not entitled to antedate such publication by virtue of prior disclosure. 

Further, the dates of publication provided may be different from the actual publication dates 

which may need to be independently confirmed. 

[0022] As will be apparent to those of skill in the art upon reading this disclosure, each of the 

individual embodiments described and illustrated herein has discrete components and features 

which may be readily separated from or combined with the features of any of the other several 

embodiments without departing from the scope or spirit of the present disclosure. 

[0023] The figures shown herein are not necessarily drawn to scale, with some components and 

features being exaggerated for clarity. 

[0024] As described in further detail below, in accordance with the various embodiments of the 

present disclosure, there is provided a method and system for positioning a controller unit within 

a transmission range for close proximity communication, transmitting one or more predefined 

close proximity commands, and receiving a response packet in response to the transmitted one or 

more predefined close proximity commands. For example, in one aspect, close proximity 

communication includes short range wireless communication between communication 

components or devices, where the communication range is limited to about 10 inches or less, 

about 5 inches or less, or about 2 inches or less, or other suitable, short range or distance between 

the devices. The close proximity wireless communication in certain embodiments includes a bi­

directional communication where a command sending communication device, when positioned 

within the short communication range or in close proximity to the command receiving 

communication device, is configured to transmit one or more commands to the command 

receiving communication device (for example, when a user activates or actuates a transmit 

command button or switch). In response, the command receiving communication device may be 

configured to perform one or more routines associated with the received command, and/or return 

or send back a response data packet or signal to the command sending communication device. 

Example of such functions and or commands may include, but not limited to activation of certain 

functions or routines such as analyte related data processing, and the like. 

[0025] FIG. 1 illustrates a data monitoring and management system such as, for example, analyte 

(e.g., glucose) monitoring system 100 in accordance with one embodiment of the present 
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disclosure. The subject invention is further described primarily with respect to a glucose 

monitoring system for convenience and such description is in no way intended to limit the scope 

of the invention. It is to be understood that the analyte monitoring system may be configured to 

monitor a variety of analytes, e.g., lactate, and the like. 

[0026] Analytes that may be monitored include, for example, acetyl choline, amylase, bilirubin, 

cholesterol, chorionic gonadotropin, creatine kinase (e.g., CK-MB), creatine, DNA, 

fructosamine, glucose, glutamine, growth hormones, hormones, ketones, lactate, peroxide, 

prostate-specific antigen, prothrombin, RNA, thyroid stimulating hormone, and troponin. The 

concentration of drugs, such as, for example, antibiotics (e.g., gentamicin, vancomycin, and the 

like), digitoxin, digoxin, drugs of abuse, theophylline, and warfarin, may also be monitored. 

More than one analyte may be monitored by a single system, e.g., a single analyte sensor. 

[0027] The analyte monitoring system 100 includes a sensor unit 101, a data processing and 

transmitter unit 102 coupleable to the sensor unit 101, and a primary receiver unit 104 which is 

configured to communicate with the data processing and transmitter unit 102 via a bi-directional 

communication link 103. The primary receiver unit 104 may be further configured to transmit 

data to a data processing terminal 105 for evaluating the data received by the primary receiver 

unit 104. Moreover, the data processing terminal 105 in one embodiment may be configured to 

receive data directly from the data processing and transmitter unit 102 via a communication link 

which may optionally be configured for bi-directional communication. Accordingly, data 

processing and transmitter unit 102 and/or receiver unit 104 may include a transceiver. 

[0028] Also shown in FIG. 1 is an optional secondary receiver unit 106 which is operatively 

coupled to the communication link and configured to receive data transmitted from the data 

processing and transmitter unit 102. Moreover, as shown in the Figure, the secondary receiver 

unit 106 is configured to communicate with the primary receiver unit 104 as well as the data 

processing terminal 105. Indeed, the secondary receiver unit 106 may be configured for bi­

directional wireless communication with each or one of the primary receiver unit 104 and the 

data processing terminal 105. As discussed in further detail below, in one embodiment of the 

present disclosure, the secondary receiver unit 106 may be configured to include a limited 

number of functions and features as compared with the primary receiver unit 104. As such, the 

secondary receiver unit 106 may be configured substantially in a smaller compact housing or 

embodied in a device such as a wrist watch, pager, mobile phone, PDA, for example. 
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Alternatively, the secondary receiver unit 106 may be configured with the same or substantially 

similar functionality as the primary receiver unit 104. The receiver unit may be configured to be 

used in conjunction with a docking cradle unit, for example for one or more of the following or 

other functions: placement by bedside, for re-charging, for data management, for night time 

monitoring, and/or bi-directional communication device. 

[0029] In one aspect sensor unit 101 may include two or more sensors, each configured to 

communicate with data processing and transmitter unit 102. Furthermore, while only one, data 

processing and transmitter unit 102, communication link 103, and data processing terminal 105 

are shown in the embodiment of the analyte monitoring system 100 illustrated in FIG. 1. 

However, it will be appreciated by one of ordinary skill in the art that the analyte monitoring 

system 100 may include one or more sensors, multiple transmitter units 102, communication 

links 103, and data processing terminals 105. Moreover, within the scope of the present 

disclosure, the analyte monitoring system 100 may be a continuous monitoring system, or semi­

continuous, or a discrete monitoring system. In a multi-component environment, each device is 

configured to be uniquely identified by each of the other devices in the system so that 

communication conflict is readily resolved between the various components within the analyte 

monitoring system 100. 

[0030] In one embodiment of the present disclosure, the sensor unit 101 is physically positioned 

in or on the body of a user whose analyte level is being monitored. The sensor unit 101 may be 

configured to continuously sample the analyte level of the user and convert the sampled analyte 

level into a corresponding data signal for transmission by the data processing and transmitter unit 

102. In certain embodiments, the data processing and transmitter unit 102 may be physically 

coupled to the sensor unit 101 so that both devices are integrated in a single housing and 

positioned on the user's body. The data processing and transmitter unit 102 may perform data 

processing such as filtering and encoding on data signals and/or other functions, each of which 

corresponds to a sampled analyte level of the user, and in any event data processing and 

transmitter unit 102 transmits analyte information to the primary receiver unit 104 via the 

communication link 103. Examples of such integrated sensor and transmitter units can be found 

in, among others, U.S. Patent Application No. 12/698, 124, incorporated herein by reference. 

[0031] In one embodiment, the analyte monitoring system 100 is configured as a one-way RF 

communication path from the data processing and transmitter unit 102 to the primary receiver 
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unit 104. In such embodiment, the data processing and transmitter unit 102 transmits the sampled 

data signals received from the sensor unit 101 without acknowledgement from the primary 

receiver unit 104 that the transmitted sampled data signals have been received. For example, the 

data processing and transmitter unit 102 may be configured to transmit the encoded sampled data 

signals at a fixed rate (e.g., at one minute intervals) after the completion of the initial power on 

procedure. Likewise, the primary receiver unit 104 may be configured to detect such transmitted 

encoded sampled data signals at predetermined time intervals. Alternatively, the analyte 

monitoring system 100 may be configured with a bi-directional RF (or otherwise) 

communication between the data processing and transmitter unit 102 and the primary receiver 

unit 104. 

[0032] Additionally, in one aspect, the primary receiver unit 104 may include two sections. The 

first section is an analog interface section that is configured to communicate with the data 

processing and transmitter unit 102 via the communication link 103. In one embodiment, the 

analog interface section may include an RF receiver and an antenna for receiving and amplifying 

the data signals from the data processing and transmitter unit 102, which are thereafter, 

demodulated with a local oscillator and filtered through a band-pass filter. The second section of 

the primary receiver unit 104 is a data processing section which is configured to process the data 

signals received from the data processing and transmitter unit 102 such as by performing data 

decoding, error detection and correction, data clock generation, and data bit recovery. 

[0033] In operation, upon completing the power-on procedure, the primary receiver unit 104 is 

configured to detect the presence of the data processing and transmitter unit 102 within its range 

based on, for example, the strength of the detected data signals received from the data processing 

and transmitter unit 102 and/or a predetermined transmitter identification information. Upon 

successful synchronization with the corresponding data processing and transmitter unit 102, the 

primary receiver unit 104 is configured to begin receiving from the data processing and 

transmitter unit 102 data signals corresponding to the user's detected analyte level. More 

specifically, the primary receiver unit 104 in one embodiment is configured to perform 

synchronized time hopping with the corresponding synchronized data processing and transmitter 

unit 102 via the communication link 103 to obtain the user's detected analyte level. 

[0034] Referring again to FIG. 1, the data processing terminal 105 may include a personal 

computer, a portable computer such as a laptop or a handheld device (e.g., personal digital 
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assistants (PDAs)), and the like, each of which may be configured for data communication with 

the receiver via a wired or a wireless connection. Additionally, the data processing terminal 105 

may further be connected to a data network (not shown) for storing, retrieving and updating data 

corresponding to the detected analyte level of the user. 

[0035] Within the scope of the present disclosure, the data processing terminal 105 may include 

an infusion device such as an insulin infusion pump ( external or implantable) or the like, which 

may be configured to administer insulin to patients, and which may be configured to 

communicate with the receiver unit 104 for receiving, among others, the measured analyte level. 

Alternatively, the receiver unit 104 may be configured to integrate or otherwise couple to an 

infusion device therein so that the receiver unit 104 is configured to administer insulin therapy to 

patients, for example, for administering and modifying basal profiles, as well as for determining 

appropriate boluses for administration based on, among others, the detected analyte levels 

received from the data processing and transmitter unit 102. 

[0036] Additionally, the data processing and transmitter unit 102, the primary receiver unit 104 

and the data processing terminal 105 may each be configured for bi-directional wireless 

communication such that each of the data processing and transmitter unit 102, the primary 

receiver unit 104 and the data processing terminal 105 may be configured to communicate (that 

is, transmit data to and receive data from) with each other via the wireless communication link 

103. More specifically, the data processing terminal 105 may in one embodiment be configured 

to receive data directly from the data processing and transmitter unit 102 via the communication 

link 103, where the communication link 103, as described above, may be configured for bi­

directional communication. 

[0037] In this embodiment, the data processing terminal 105 which may include an insulin pump, 

may be configured to receive the analyte signals from the data processing and transmitter unit 

102, and thus, incorporate the functions of the receiver 104 including data processing for 

managing the patient's insulin therapy and analyte monitoring. In one embodiment, the 

communication link 103 may include one or more of an RF communication protocol, an infrared 

communication protocol, a Bluetooth® enabled communication protocol, an 802.1 lx wireless 

communication protocol, or an equivalent wireless communication protocol which would allow 

secure, wireless communication of several units (for example, per HIPP A requirements) while 

avoiding potential data collision and interference. 
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[0038] FIG. 2 is a block diagram of the transmitter of the data monitoring and detection system 

shown in FIG. 1 in accordance with one embodiment of the present disclosure. Referring to the 

Figure, the data processing and transmitter unit 102 in one embodiment includes an analog 

interface 201 configured to communicate with the sensor unit 101 (FIG. 1), a user input 202, and 

a temperature measurement section 203, each of which is operatively coupled to a transmitter 

processor 204 such as a central processing unit (CPU). As can be seen from FIG. 2, there are 

provided four contacts, three of which are electrodes--work electrode (W) 210, guard contact (G) 

211, reference electrode (R) 212, and counter electrode (C) 213, each operatively coupled to the 

analog interface 201 of the data processing and transmitter unit 102 for connection to the sensor 

unit 101 (FIG. 1). In one embodiment, each of the work electrode (W) 210, guard contact (G) 

211, reference electrode (R) 212, and counter electrode (C) 213 may be made using a conductive 

material that is either printed or etched or ablated, for example, such as carbon which may be 

printed, or a metal such as a metal foil (e.g., gold) or the like, which may be etched or ablated or 

otherwise processed to provide one or more electrodes. Fewer or greater electrodes and/or 

contact may be provided in certain embodiments. 

[0039] Further shown in FIG. 2 are a transmitter serial communication section 205 and an RF 

transmitter 206, each of which is also operatively coupled to the transmitter processor 204. 

Moreover, a power supply 207 such as a battery is also provided in the data processing and 

transmitter unit 102 to provide the necessary power for the data processing and transmitter unit 

102. In certain embodiments, the power supply 207 also provides the power necessary to power 

the sensor 101. In other embodiments, the sensor is a self-powered sensor, such as the sensor 

described in U.S. Patent Application No. 12/393,921, incorporated herein by reference. 

Additionally, as can be seen from the Figure, clock 208 is provided to, among others, supply real 

time information to the transmitter processor 204. 

[0040] In one embodiment, a unidirectional input path is established from the sensor unit 101 

(FIG. 1) and/or manufacturing and testing equipment to the analog interface 201 of the data 

processing and transmitter unit 102, while a unidirectional output is established from the output 

of the RF transmitter 206 of the data processing and transmitter unit 102 for transmission to the 

primary receiver unit 104. In this manner, a data path is shown in FIG. 2 between the 

aforementioned unidirectional input and output via a dedicated link 209 from the analog 

interface 201 to serial communication section 205, thereafter to the processor 204, and then to 
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the RF transmitter 206. As such, in one embodiment, via the data path described above, the data 

processing and transmitter unit 102 is configured to transmit to the primary receiver unit 104 

(FIG. 1 ), via the communication link 103 (FIG. 1 ), processed and encoded data signals received 

from the sensor unit 101 (FIG. 1). Additionally, the unidirectional communication data path 

between the analog interface 201 and the RF transmitter 206 discussed above allows for the 

configuration of the data processing and transmitter unit 102 for operation upon completion of 

the manufacturing process as well as for direct communication for diagnostic and testing 

purposes. 

[0041] As discussed above, the transmitter processor 204 is configured to transmit control 

signals to the various sections of the data processing and transmitter unit 102 during the 

operation of the data processing and transmitter unit 102. In one embodiment, the transmitter 

processor 204 also includes a memory (not shown) for storing data such as the identification 

information for the data processing and transmitter unit 102, as well as the data signals received 

from the sensor unit 101. The stored information may be retrieved and processed for 

transmission to the primary receiver unit 104 under the control of the transmitter processor 204. 

Furthermore, the power supply 207 may include a commercially available battery, which may be 

a rechargeable battery. 

[0042] In certain embodiments, the data processing and transmitter unit 102 is also configured 

such that the power supply section 207 is capable of providing power to the transmitter for a 

minimum of about three months of continuous operation, e.g., after having been stored for about 

eighteen months such as stored in a low-power (non-operating) mode. In one embodiment, this 

may be achieved by the transmitter processor 204 operating in low power modes in the non­

operating state, for example, drawing no more than approximately 1 µA of current. Indeed, in 

one embodiment, a step during the manufacturing process of the data processing and transmitter 

unit 102 may place the data processing and transmitter unit 102 in the lower power, non­

operating state (i.e., post-manufacture sleep mode). In this manner, the shelf life of the data 

processing and transmitter unit 102 may be significantly improved. Moreover, as shown in FIG. 

2, while the power supply unit 207 is shown as coupled to the processor 204, and as such, the 

processor 204 is configured to provide control of the power supply unit 207, it should be noted 

that within the scope of the present disclosure, the power supply unit 207 is configured to 
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provide the necessary power to each of the components of the data processing and transmitter 

unit 102 shown in FIG. 2. 

[0043] Referring back to FIG. 2, the power supply section 207 of the data processing and 

transmitter unit 102 in one embodiment may include a rechargeable battery unit that may be 

recharged by a separate power supply recharging unit (for example, provided in the receiver unit 

104) so that the data processing and transmitter unit 102 may be powered for a longer period of 

usage time. Moreover, in one embodiment, the data processing and transmitter unit 102 may be 

configured without a battery in the power supply section 207, in which case the data processing 

and transmitter unit 102 may be configured to receive power from an external power supply 

source (for example, a battery) as discussed in further detail below. 

[0044] Referring yet again to FIG. 2, the temperature measurement section 203 of the data 

processing and transmitter unit 102 is configured to monitor the temperature of the skin near the 

sensor insertion site. The temperature reading is used to adjust the analyte readings obtained 

from the analog interface 201. In certain embodiments, the RF transmitter 206 of the transmitter 

unit 102 may be configured for operation in the frequency band of approximately 315 MHz to 

approximately 322 MHz, for example, in the United States. In certain embodiments, the RF 

transmitter 206 of the transmitter unit 102 may be configured for operation in the frequency band 

of approximately 400 MHz to approximately 470 MHz. Further, in one embodiment, the RF 

transmitter 206 is configured to modulate the carrier frequency by performing Frequency Shift 

Keying and Manchester encoding. In one embodiment, the data transmission rate is about 19,200 

symbols per second, with a minimum transmission range for communication with the primary 

receiver unit 104. 

[0045] Referring yet again to FIG. 2, also shown is a leak detection circuit 214 coupled to the 

guard electrode (G) 211 and the processor 204 in the transmitter unit 102 of the data monitoring 

and management system 100. The leak detection circuit 214 in accordance with one embodiment 

of the present disclosure may be configured to detect leakage current in the sensor unit 101 to 

determine whether the measured sensor data are corrupt or whether the measured data from the 

sensor 101 is accurate. Exemplary analyte systems that may be employed are described in, for 

example, U.S. Patent Nos. 6,134,461, 6,175,752, 6,121,611, 6,560,471, 6,746,582, and 

elsewhere, the disclosure of each of which are incorporated by reference for all purposes. 

-12-



Page 38 of 320

Docket No. A0130.0090.C7 
9368USC7 

[0046] FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and 

management system shown in FIG. 1 in accordance with one embodiment of the present 

disclosure. Referring to FIG. 3, the primary receiver unit 104 includes an analyte test strip, e.g., 

blood glucose test strip, interface 301, an RF receiver 302, an input 303, a temperature monitor 

section 304, and a clock 305, each of which is operatively coupled to a receiver processor 307. 

As can be further seen from the Figure, the primary receiver unit 104 also includes a power 

supply 306 operatively coupled to a power conversion and monitoring section 308. Further, the 

power conversion and monitoring section 308 is also coupled to the receiver processor 307. 

Moreover, also shown are a receiver serial communication section 309, and an output 310, each 

operatively coupled to the receiver processor 307. 

[0047] In one embodiment, the test strip interface 301 includes a glucose level testing portion to 

receive a manual insertion of a glucose test strip, and thereby determine and display the glucose 

level of the test strip on the output 310 of the primary receiver unit 104. This manual testing of 

glucose may be used to calibrate the sensor unit 101 or otherwise. The RF receiver 302 is 

configured to communicate, via the communication link 103 (FIG. 1) with the RF transmitter 

206 of the transmitter unit 102, to receive encoded data signals from the transmitter unit 102 for, 

among others, signal mixing, demodulation, and other data processing. The input 303 of the 

primary receiver unit 104 is configured to allow the user to enter information into the primary 

receiver unit 104 as needed. In one aspect, the input 303 may include one or more keys of a 

keypad, a touch-sensitive screen, or a voice-activated input command unit. The temperature 

monitor section 304 is configured to provide temperature information of the primary receiver 

unit 104 to the receiver processor 307, while the clock 305 provides, among others, real time 

information to the receiver processor 307. 

[0048] Each of the various components of the primary receiver unit 104 shown in FIG. 3 is 

powered by the power supply 306 which, in one embodiment, includes a battery. Furthermore, 

the power conversion and monitoring section 308 is configured to monitor the power usage by 

the various components in the primary receiver unit 104 for effective power management and to 

alert the user, for example, in the event of power usage which renders the primary receiver unit 

104 in sub-optimal operating conditions. An example of such sub-optimal operating condition 

may include, for example, operating the vibration output mode (as discussed below) for a period 

of time thus substantially draining the power supply 306 while the processor 307 (thus, the 
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primary receiver unit 104) is turned on. Moreover, the power conversion and monitoring section 

308 may additionally be configured to include a reverse polarity protection circuit such as a field 

effect transistor (FET) configured as a battery activated switch. 

[0049] The serial communication section 309 in the primary receiver unit 104 is configured to 

provide a bi-directional communication path from the testing and/or manufacturing equipment 

for, among others, initialization, testing, and configuration of the primary receiver unit 104. 

Serial communication section 104 can also be used to upload data to a computer, such as time­

stamped blood glucose data. The communication link with an external device (not shown) can be 

made, for example, by cable, infrared (IR) or RF link. The output 310 of the primary receiver 

unit 104 is configured to provide, among others, a graphical user interface (GUI) such as a liquid 

crystal display (LCD) for displaying information. Additionally, the output 310 may also include 

an integrated speaker for outputting audible signals as well as to provide vibration output as 

commonly found in handheld electronic devices, such as mobile telephones presently available. 

In a further embodiment, the primary receiver unit 104 also includes an electro-luminescent lamp 

configured to provide backlighting to the output 310 for output visual display in dark ambient 

surroundings. 

[0050] Referring back to FIG. 3, the primary receiver unit 104 in one embodiment may also 

include a storage section such as a programmable, non-volatile memory device as part of the 

processor 307, or provided separately in the primary receiver unit 104, operatively coupled to the 

processor 307. The processor 307 may be configured to synchronize with a transmitter, e.g., 

using Manchester decoding or the like, as well as error detection and correction upon the 

encoded data signals received from the transmitter unit 102 via the communication link 103. 

[0051] Periodic calibration of the sensor unit 101 (FIG. 1) of an analyte monitoring system 100, 

in some embodiments, may be required for accurate calculation of a user's analyte level. 

Calibration, in some aspects, is used to ensure the analyte related data signals received at a 

transmitter unit 102 (and further transmitted to a receiver unit, such as the primary receiver unit 

104) are correctly converted to corresponding analyte levels. Exemplary calibration protocols, 

routines and techniques are described, for example, in U.S. Patent No. 7,299,082, U.S. Patent 

Application No. 11/537,991 filed October 2, 2006, U.S. Patent Application No. 12/363,706 filed 

January 30, 2009, and in U.S. Patent Application No. 12/363,712 filed January 30, 2009, the 

disclosures of each of which are herein incorporated by reference for all purposes. 
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[0052] There are time periods where the sensor characteristics or the user's physiological 

condition renders the condition unsuitable for a sensor calibration event. For example, the sensor 

may be configured for periodic calibration, such as, after 2 hours after insertion, 10 hours after 

insertion, 12 hours after insertion, 24 hours after insertion, 48 hours after insertion, or 72 hours 

after insertion, or one or more combinations thereof. If a predetermined calibration event is 

triggered but a successful calibration does not result, after a certain time period (for example, a 

predetermined grace period during which to calibrate), the receiver unit may no longer display 

the monitored and processed glucose information. 

[0053] Other conditions may also result in rendering the condition unsuitable for sensor 

calibration including, but not limited to, detection of a failure mode of a sensor, sensor data 

values being outside a predetermined range, rate of change of sensor data values being above a 

predetermined threshold, a temperature measurement outside a predetermined range, or any 

combination thereof. 

[0054] FIG. 4 illustrates analyte sensor data processing in accordance with one embodiment of 

the present disclosure. Referring to FIG. 4, a transmitter unit 102 (FIG. 1) in operational contact 

with a sensor 101 receives analyte related sensor data (410) corresponding to a measured level of 

a biological fluid of the user. For example, the sensor 101 (FIG. 1) may be an analyte sensor 

configured to detect and measure the concentration of an analyte in a biological fluid, such as the 

blood of a user. Upon receipt of the analyte related sensor data, the transmitter unit 102 further 

transmits the analyte related sensor data to a receiver unit, such as primary receiver unit 104 

(FIG. 1 ). It is to be noted that the reference to analyte related sensor data herein and throughout 

specification includes, for example, current signal received from the analyte sensor, as well as 

the current signal which has undergone predetermined data processing routines including, for 

example, filtering, clipping, digitizing, and/or encoding, and/or any other further processing 

and/or conditioning. In one aspect, the primary receiver unit 104 determines whether the sensor 

is calibrated and is in acceptable condition for further data processing ( 420). When sensor related 

conditions are unsuitable for calibration, the analyte related sensor data is stored ( 450) in a 

memory, for example, in the primary receiver unit 104. 

[0055] Referring still to FIG. 4, if the sensor data is calibrated and in condition for further data 

processing, the sensor data is further processed (430) and output for display (440) to a user on a 

display unit 310 (FIG. 3) of the primary receiver unit 104. In one embodiment, the display of the 
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processed sensor data comprises a graphical representation of the processed sensor data. In other 

embodiments, the processed sensor data may be displayed as numerical values, visual indicators, 

auditory outputs, or combinations thereof. In one aspect, the processing routine described in 

conjunction with FIG. 4 is performed or executed in, for example, the transmitter unit 102, the 

secondary receiver unit 106 (FIG. 1 ), or the data processing terminal 105 (FIG. 1) of the analyte 

monitoring system 100 (FIG. 1) based on analyte data received from the sensor 101. 

[0056] FIG. 5 illustrates analyte sensor data processing in accordance with one embodiment of 

the present disclosure. Referring to FIG. 5, in one embodiment, transmitter unit 102 (FIG. 1) 

receives analyte related sensor data (510) from a sensor 101 (FIG. 1). Upon receipt of the analyte 

related sensor data, the transmitter unit 102 transmits the analyte related sensor data ( or 

processed, digitized, and/or filtered signals) to the primary receiver unit 104 (FIG. 1). The 

primary receiver unit 104 is configured to determine if calibration of the sensor data is suitable-­

that is, whether the conditions necessary for sensor calibration are met (520). 

[0057] Still referring to FIG. 5, if it is determined that the sensor 101 is not calibrated or 

calibration condition for calibrating the sensor 101 is not met, in one aspect, the primary receiver 

unit stores the analyte related sensor data in a memory (550) and temporarily disables display of 

the sensor data (560) to the user (for example, if a calibration event has not occurred and the 

calibration grace period has expired). On the other hand, if the sensor 101 is calibrated, the 

sensor data is processed (530) by the primary receiver unit 104 and the processed sensor data is 

output to the user (540), for example via a display unit 310 (FIG. 3) of the primary receiver unit 

104. In one aspect, the processing routine described in conjunction with FIG. 5 is performed or 

executed in, for example, the transmitter unit 102, the secondary receiver unit 106, or the data 

processing terminal 105 of the analyte monitoring system 100 based on analyte data received 

from the sensor 101 (FIG. 1). 

[0058] In one aspect, the display or output of processed sensor data may be disabled if a required 

calibration event is unsuccessful over a permitted time period (for example, including a 

predetermined grace period measured from the scheduled calibration). Thereafter, upon 

successful calibration, the system resumes display of the processed and calibrated analyte sensor 

data. However, there may be a time period or a gap in the output display during which the 

necessary calibration did not occur in a timely manner. For example, as shown in FIG. 7 A, if 

sensor data is displayed as a graphical display, during time periods where the analyte monitoring 
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system 100 was not properly calibrated, analyte related sensor data was not processed and/or 

displayed, resulting in a gap in the graphical display. 

[0059] FIG. 6 illustrates backfilling gaps in sensor data in one embodiment of the present 

disclosure. Referring to FIG. 6, when a scheduled calibration event fails and the associated grace 

period for calibration does not occur, the output display of the processed, calibrated sensor data 

is disabled (610). Referring to FIG. 6, once the system recovers after a successful calibration 

event, the calibrated sensor data is once again displayed (and stored). Furthermore, in one aspect, 

based on the parameters associated with the successful calibration, the previously unprocessed 

data during the display time out period may be retrieved (for example, the previously stored 

analyte related sensor signals during this period) and processed using calibration data, such as a 

sensitivity ratio for conversion of analyte related sensor data to analyte levels. For example, in 

one aspect, the subset of analyte related sensor data that were previously unprocessed or 

uncalibrated due to unsuccessful contemporaneous calibration may be processed using, for 

example, calibration data such as the sensitivity ratio determined from the most recent successful 

calibration event, and thereafter, the gap in output display illustrating the processed and 

calibrated signals may be filled. 

[0060] In one aspect, once successful calibration of the sensor data occurs, the calibration 

parameters from this calibration event may be used to process the sensor data during the period 

of disabled output or display (620). Upon successful processing of the sensor data during the 

period of disabled output, the processed sensor data during this time period is backfilled, or the 

gap in the processed continuous sensor data are filled in the display (630). By way of an 

example, FIGS. 7 A and 7B illustrate the replacement of a period of unprocessed sensor data with 

corresponding backfilled processed sensor data, in one embodiment. 

[0061] In one embodiment, the backfilled processed sensor data is displayed immediately upon 

calculation. In another embodiment, the backfilled processed sensor data is not displayed 

immediately, but rather, after waiting a predetermined period of time. The backfilled processed 

sensor data may not be displayed immediately to avoid possible unnecessary or incorrect action 

by a user in response to the backfilled processed sensor data. In this manner, in one aspect, the 

user or a healthcare provider may be provided with a continuous set of analyte data from the 

analyte monitoring system without any gaps in the processed signals for further analysis and/or 

therapy management. 
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[0062] In this manner, in accordance with the embodiments of the present disclosure, gaps in 

monitored analyte levels using an analyte monitoring system due to, for example, inability to 

promptly calibrate the sensor, system malfunction, sensor dislodging, signal errors associated 

with the sensor, transmitter unit, receiver unit, and the like, or any other variables or parameters 

that result in the inability of the analyte monitoring system to display or output the real-time 

monitored analyte level, may be retrospectively filled or reprocessed so that the data gap is 

closed and the continuously monitored analyte level does not have any or substantially missing 

data. That is, in embodiments of the present disclosure, upon correction or rectification of the 

condition or conditions/parameters which resulted in the analyte monitoring system disabling the 

output results associated with the monitored real time analyte levels, the parameters associated 

with the correction or rectification may be used to retrospectively correct or process data or 

signals so that the missing gaps in analyte related data may be processed and backfilled. 

[0063] In this manner, advantageously, in aspects of the present disclosure, additional robustness 

may be provided to the user and/or the healthcare provider to improve therapy or health 

management decisions. 

[0064] In one embodiment, a method may include receiving sensor data from an analyte sensor 

of a sensor monitoring system, processing the received sensor data with time corresponding 

calibration data, outputting the processed sensor data, detecting one or more adverse conditions 

associated with the sensor monitoring system, disabling the output of the sensor data during an 

adverse condition time period, determining that the one or more detected adverse conditions is 

no longer present in the sensor monitoring system, retrieving the sensor data during the adverse 

condition time period, processing the retrieved sensor data during the adverse condition time 

period, and outputting the processed retrieved sensor data. 

[0065] In one aspect, outputting the processed sensor data may include displaying the sensor data 

in one or more of a graphical, numerical, pictorial, audible, vibratory, or one or more 

combinations thereof. 

[0066] The one or more detected adverse conditions may include one or more of a sensor 

instability condition, a calibration failure condition, or a monitoring system failure condition. 

[0067] The sensor instability condition may include one or more of an early signal attenuation 

condition of the sensor, sensor misposition error, sensor communication error, temperature 

measurement outside a predetermined range, or a combination thereof. 

-18-



Page 44 of 320

Docket No. A0130.0090.C7 
9368USC7 

[0068] The calibration failure condition may include one or more of an analyte level exceeding a 

predetermined threshold, a rate of change of analyte level exceeding a predetermined threshold, a 

signal error associated with the reference data, a data unavailability condition, or a combination 

thereof. 

[0069] Furthermore, the method may include storing the processed sensor data with the 

associated time information based on the analyte level detection time by the sensor. 

[0070] In another embodiment, a method may include detecting a condition unsuitable for 

calibration of an analyte sensor for a predetermined time period, disabling output of information 

associated with the analyte sensor, determining a successful calibration of the analyte sensor, 

retrieving one or more parameters associated with the successful calibration, processing sensor 

data during the time period of disabled output of information with the one or more parameters 

associated with the successful calibration, and displaying the processed sensor data for the time 

period of disabled information output. 

[0071] The sensor data may be analyte concentration data. 

[0072] The analyte concentration data may include blood glucose concentration data. 

[0073] The sensor data may be processed in substantially real-time. 

[0074] The condition unsuitable for calibration may include one or more of a failure mode of a 

sensor, sensor data outside a predetermined acceptable range, a rate of change of sensor data 

above a predetermined level, a requirement for calibration of a sensor, a temperature 

measurement outside a predetermined range, or any combination thereof. 

[0075] The processed sensor data for the time period of disabled information output may be 

displayed substantially immediately upon processing. 

[0076] The processed sensor data for the time period of disabled information output may be 

displayed only after waiting a predetermined period of time. 

[0077] In another embodiment, an apparatus may include an interface configured to receive 

sensor data, a first memory configured to store the received sensor data, a processor coupled to 

the memory and configured to process the stored sensor data, a second memory coupled to the 

processor and configured to store the processed sensor data, and a display unit coupled to the 

second memory and configured to display the processed sensor data, wherein the processor is 

further configured to detect a condition unsuitable for calibration of a sensor for a predetermined 

time period, disable display of processed sensor data, determine a successful calibration of the 
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sensor, retrieve one or more parameters associated with the successful calibration, process the 

sensor data during the time period of disabled display of sensor data with the one or more 

parameters associated with the successful calibration, and display the processed sensor data for 

the time period of disabled information output. 

[0078] The sensor may be an analyte sensor. 

[0079] The analyte sensor may be a glucose sensor. 

[0080] The sensor data may correspond to analyte concentration data. 

[0081] The analyte concentration data may include blood glucose concentration data. 

[0082] Furthermore, the apparatus may be configured to process and display the sensor data 

substantially in real-time. 

[0083] In one aspect, the condition unsuitable for calibration may include one or more of a 

failure mode of a sensor, sensor data outside a predetermined acceptable range, a rate of change 

of sensor data above a predetermined level, a requirement for calibration of a sensor, a 

temperature measurement outside a predetermined range, or any combination thereof. 

[0084] The display unit may be configured to display the processed sensor data for the time 

period of disabled information output substantially immediately upon processing the sensor data. 

[0085] The display unit may be configured to display the processed sensor data for the time 

period of disabled information output only after waiting a predetermined period of time. 

[0086] Various other modifications and alterations in the structure and method of operation of 

this invention will be apparent to those skilled in the art without departing from the scope and 

spirit of the invention. Although the invention has been described in connection with specific 

preferred embodiments, it should be understood that the invention as claimed should not be 

unduly limited to such specific embodiments. It is intended that the following claims define the 

scope of the present disclosure and that structures and methods within the scope of these claims 

and their equivalents be covered thereby. 
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receiving sensor data from an analyte sensor of a sensor monitoring system; 

processing the received sensor data with time corresponding calibration data; 

outputting the processed sensor data; 

detecting one or more adverse conditions associated with the sensor monitoring system; 

disabling the output of the sensor data during an adverse condition time period; 

determining that the one or more detected adverse conditions is no longer present in the 

sensor monitoring system; 

retrieving the sensor data during the adverse condition time period; 

processing the retrieved sensor data during the adverse condition time period; and 

outputting the processed retrieved sensor data. 

2. The method of claim 1, wherein outputting the processed sensor data includes 

displaying the sensor data in one or more of a graphical, numerical, pictorial, audible, vibratory, 

or one or more combinations thereof. 

3. The method of claim 1, wherein the one or more detected adverse conditions 

includes one or more of a sensor instability condition, a calibration failure condition, or a 

monitoring system failure condition. 

4. The method of claim 3, wherein the sensor instability condition includes one or 

more of an early signal attenuation condition of the sensor, sensor mis-position error, sensor 

communication error, temperature measurement outside a predetermined range, or a combination 

thereof. 

5. The method of claim 3, wherein the calibration failure condition includes one or 

more of an analyte level exceeding a predetermined threshold, a rate of change of analyte level 

exceeding a predetermined threshold, a signal error associated with the reference data, a data 

unavailability condition, or a combination thereof. 
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6. The method of claim 1 including storing the processed sensor data with the 

associated time information based on the analyte level detection time by the sensor. 

7. A method, comprising: 

detecting a condition unsuitable for calibration of an analyte sensor for a predetermined 

time period; 

disabling output of information associated with the analyte sensor; 

determining a successful calibration of the analyte sensor; 

retrieving one or more parameters associated with the successful calibration; 

processing sensor data during the time period of disabled output of information with the 

one or more parameters associated with the successful calibration; and 

displaying the processed sensor data for the time period of disabled information output. 

8. The method of claim 7, wherein the sensor data is analyte concentration data. 

9. The method of claim 8, wherein the analyte concentration data includes blood 

glucose concentration data. 

10. The method of claim 7, wherein the sensor data is processed in substantially real-

time. 

11. The method of claim 7, wherein the condition unsuitable for calibration includes 

one or more of a failure mode of a sensor, sensor data outside a predetermined acceptable range, 

a rate of change of sensor data above a predetermined level, a requirement for calibration of a 

sensor, a temperature measurement outside a predetermined range, or any combination thereof. 

12. The method of claim 7, wherein the processed sensor data for the time period of 

disabled information output is displayed substantially immediately upon processing. 

13. The method of claim 7, wherein the processed sensor data for the time period of 
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disabled information output is displayed only after waiting a predetermined period of time. 

14. An apparatus, comprising: 

an interface configured to receive sensor data; 

a first memory configured to store the received sensor data; 

a processor coupled to the memory and configured to process the stored sensor data; 

a second memory coupled to the processor and configured to store the processed sensor 

data; and 

a display unit coupled to the second memory and configured to display the processed 

sensor data; 

wherein the processor is further configured to: 

detect a condition unsuitable for calibration of a sensor for a predetermined time 

period; 

disable display of processed sensor data; 

determine a successful calibration of the sensor; retrieve one or more parameters 

associated with the successful calibration; 

process the sensor data during the time period of disabled display of sensor data 

with the one or more parameters associated with the successful calibration; and 

display the processed sensor data for the time period of disabled information 

output. 

15. The apparatus of claim 14, wherein the sensor is an analyte sensor. 

16. The apparatus of claim 15, wherein the analyte sensor is a glucose sensor. 

17. The apparatus of claim 15, wherein the sensor data corresponds to analyte 

concentration data. 

18. The apparatus of claim 17, wherein the analyte concentration data includes blood 

glucose concentration data. 
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19. The apparatus of claim 14 configured to process and display the sensor data 

substantially in real-time. 

20. The apparatus of claim 14, wherein the condition unsuitable for calibration 

includes one or more of a failure mode of a sensor, sensor data outside a predetermined 

acceptable range, a rate of change of sensor data above a predetermined level, a requirement for 

calibration of a sensor, a temperature measurement outside a predetermined range, or any 

combination thereof. 

21. The apparatus of claim 14, wherein the display unit is configured to display the 

processed sensor data for the time period of disabled information output substantially 

immediately upon processing the sensor data. 

22. The apparatus of claim 14, wherein the display unit is configured to display the 

processed sensor data for the time period of disabled information output only after waiting a 

predetermined period of time. 
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Provided are methods and apparatus for receiving sensor data from an analyte sensor of a 

sensor monitoring system, processing the received sensor data with time corresponding 

calibration data, outputting the processed sensor data, detecting one or more adverse conditions 

associated with the sensor monitoring system, disabling the output of the sensor data during the 

adverse condition time period, determining that the one or more detected adverse conditions is 

no longer present in the sensor monitoring system, retrieving the sensor data during the adverse 

condition time period, processing the retrieved sensor data during the adverse condition time 

period, and outputting the processed retrieved sensor data. 
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Docket Nos.: A0130.0090.C7 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Wesley Scott Harper 

Application No.: To be assigned Confirmation No.: To be assigned 

Filed: August 25, 2021 Art Unit: To be assigned 

For: METHODS AND SYSTEMS FOR EARLY Examiner: To be assigned 
SIGNAL ATTENUATION DETECTION AND 
PROCESSING 

INFORMATION DISCLOSURE STATEMENT (IDS) 

EFS Web 
Commissioner for Patents 

Dear Sir: 

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and Trademark Office is 

hereby directed to the references listed on the attached PTO/SB/08. It is respectfully requested that 

the information be expressly considered during the prosecution of this application, and that the 

references be made of record therein and appear among the "References Cited" on any patent to 

issue therefrom. 

Timing of Filing of the Information Disclosure Statement: 

IZI This IDS is being filed before the First Office Action. 

D This IDS is being filed after the issuance of the First Office Action but before the issuance of 

a Final Office Action. 

D This IDS is being filed after the issuance of a Final Office Action, Ex Parte Quayle Action 

or Notice of Allowance but before the payment of the Issue Fee. 
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Certifications: 

If checked, the undersigned makes the following statement(s): 

D Statement under 37 CFR § l.97(e): 

D Each item of information contained in this information disclosure statement 

was first cited in any communication from a foreign patent office in a counterpart foreign 

application not more than three months prior to the filing of this information disclosure 

statement; or 

D No item of information contained in this information disclosure statement 

was cited in a communication from a foreign patent office in a counterpart foreign 

application, and, to the knowledge of the undersigned after making reasonable inquiry, no 

item of information contained in this information disclosure statement was known to any 

individual designated in § 1.56( c) more than three months prior to the filing of the 

information disclosure statement. 

D Statement Under 37 C.F.R. § l.704(d): 

Each item of information contained in this information disclosure statement was 

cited a counterpart application less than thirty days prior to the filing of this information 

disclosure statement. 

Fee Required by 37 C.F.R. § 1.97(c)(2) or 1.97(d)(2): 

D If checked, the fee of $260.00 set forth in 37 C.F.R. § l. l 7(p ). 

Copies of Information: 

In accordance with 37 C.F.R. §1.98(a), the following are enclosed: 

1:8'.l A legible copy of each document ( or relevant portion thereof) cited in the attached 

PTO/SB/08, except for U.S. patent and U.S. published applications. 
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IZI With respect to any information which is not in English, a concise explanation of the 

relevance, as it is presently understood by the individual designated in§ l.56(c) most 

knowledgeable about the content of the information, is attached. 

This concise explanation is provided by way of: 

IZI A translation of the relevant portions of the non-English language 

information; 

D A statement explaining the relevant portions of the non-English 

language information; 

D A copy [ and where not in the English language, a translation] of at 

least the relevant portion(s) of the communication from _______ in which 

the information was cited; or 

D This information is contained in the specification of the present application. 

IZI In accordance with 37 C.F.R. l.98(d), copies of the cited documents are not enclosed 

as they were provided in application Serial Nos. 12/769,635, filed April 28, 2010, and 13/925,694, 

filed June 24, 2013, which the present application relies upon for an earlier effective filing date 

under 35 U.S.C. 120. 

Materiality: 

Whether or not the information and references disclosed in this Information Disclosure 

Statement is "material" pursuant to 37 CFR 1.56, this submission is not intended to constitute an 

admission that any patent, publication or other information referred to therein is "prior art" for this 

invention unless specifically designated as such. 

In accordance with 37 CFR l.97(g), the filing of this Information Disclosure Statement shall 

not be construed to mean that a search has been made or that no other material information as 

defined in 37 CFR l.56(a) exists. 
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It is submitted that the Information Disclosure Statement is in compliance with 37 CFR 1.98 

and the Examiner is respectfully requested to consider the listed references. 

Dated: August 25, 2021 Respectfully submitted, 

Electronic signature: /Glen Liu/ 
Glen Liu 

Registration No.: 75,058 
ONELLP 
4000 MacArthur Boulevard 
East Tower, Suite 500 
(949) 432-9993 
Attorney for Applicants 
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Description 

1. Field of tile invention 

[0001] Tt1is invention relates to a sysiem and meHiod 
for measuring, storing and communicating sensor read­
ings from a patient to a central system for (Jispiay amJ 
analysis. 

2. Discussion of the Related Art 

[0002] For ceriain me(Jicai conclitions, sucli as t1eacJ 
trauma, it is necessary to place sensors on and in a pa­
tient to take continuous sensor readings. One stiortcorn­
ing of the prior art is the need to wire the sensors to 
receiving amJ reconfa1g units iocatecl near iJ1e patient. 
The wires, especially leading to implanted sensors, 
cause difficulty for caregivers to move and treat the pa-
tient, tJoth in and out of bed. In response, wireless sensor 

transmission only last as long as tlie e>.1ernal power is 
supplied. This embodiment provides "real-time" sensor 
data tJut only wt1ile Hie system is externally powered. 
Further, US-A-6,731,976 discloses an embodiment of 

5 providing a power supply for Hie system t;ut, as US-A-
6,533,733 does, US-A-6,731,976 takes and stores the 
sensor data but does not disclose powering down t!1e 
transmitter to conserve energy. Fu1iher, US-A-6,731,976 
does not disclose how to compensate fortt;e lag tJetween 

10 when the sensor data is taken and when it is transmitted. 
[0006] Thus, there is a need in the art for a sensor 
system tl:at can take continuous readings and provi(je 
the sensor data to a caregiver is pseudo-real-time. Fur­
t!1er, there is a need to conserve power of U1e sensing 

1" device and transmitter by powering down the transmitter 
and transmitting t!1e sensor data only over bursts. 

SUMMARY OF INVENTION 

systems were developed tl:at record the sensor data and 20 [0007] A device for monitoring a patient sensor has a 
(Jo not tether ihe patient io wired receivers. Tl:e sensor 
data is transmitted wirelessly to the receiver. However, 
continuous wireless (Jata transmission draws a signifi--

sensing (Jevice (Jisposed on or in Hie patient and takes 
sensor data continuously. A transmitter is located on the 
patient and internally powered. Ttie iransrnitter is nor-

cant amount of power. Since the sensors are wireless, mally in a power-down state and typically only powered­
t!1ey must rely on battery power and Hie continuous wire- 25 up for transmitting the sensor data. A first link if formed 
less transmission sho1iens the battery life and thus the 
operational life of the sensor. 
[0003] To overcome sorne oftt1e above st10ricomings, 
US-A-4,519,401 discloses a minimized "pulse" power 
sclierr1e wlierein iJ1e sensors and transmitiers are place(J 
in a iow power cycle when readings are not tJeing taken 
and Hien pulse powered up to take a sensor reading and 
transmit it to a receiver. This power conservation scheme 
is useful for sensor readings Uiat are only taken at inter­
vals and not continuously. Continuous daia sampling 
would defeat US-A-4,519,401 's pulse power scheme, as 
Hie sensors and transmitter can never power clown. 
[0004] US-A-6,533,733 discloses a sensing system 

between the sensing device and the transmitter so tl:e 
transmitter can receive Uie sensor data. The first link can 
inclu(Je a wired amJ a wireiess link. Furtt1er, Hie wireless 
transmission can be sent over any known wireless fre-

so quencies and uiiliz.e any protocols known in the art. A 
receiver is located remote from the patient and receives 
t!1e sensor data transmitted wirelessly from the transmit­
ter. The transmission is typically a burst and can also be 
initiated on a command. 

35 [0008] A method of monitoring a patent sensor having 
the steps of acquiring sensor data from the sensing de­
vice amJ linking tt1e sensor (Jata to tl:e transmitier. Ttie 
transmitter is powered internally and located on the pa-

wi1erein tt1e sensor reacJings are continuously read and tient. Typically, ihe iransmitter is powered (Jown in a nor-­
stored. The stored data is then periodically transmitted 40 mal state and powered up to transmit tl:e sensor data 
to a receiver. The sensors are continuously powered and 
transmitter is also continuously powered and draws ad­
ditional power during power transmission. US-A-
6,533, 733 realizes tliai iii is sysiem is power consumptive 
and solves the problem by using a combination of power 
supplies. US-A-6,533,733 is silent regarding powering 
down the system and US-A-6,533,733's system could 
not take continuous readings without constant power 
Further. since US-A-6,533,733's sensor data is stored, 
the sensor readings are not resented to the caregiver in 
approximately reai-tirne. Thus, there is a time lag be­
tween when the sensor data is taken and displayed. US­
A-6,533,733 compensates for tl:is lag tiy providing iJ1e 
sensor controller with an alarm function to notify a car­
egiver of an anomalous sensor reading. 
[0005] US-A-6,731,976 discloses a passive sensing 
system wtierein sensor readings are taken and transmit­
ted only wt1en powerecl exiernally. T~1e sensing amJ 

from the transmitter to a receiver, whicti is disposed re­
mote from the transmitter. The transmission can be sent 
by a burst or upon command. 
[0009] .i\notlier erntmclirnent oftt1e present meH10d in--

45 eludes acquiring sensor data frnm the sensing device. 
Typically sensor (Jata is acquire(J continuously, but can 
also be taken at intervais. Tl:e sensor data is linked to a 
transmitter by t!1e first communication link and Uie trans­
mitter is powered internally by a power supply. The sen-

so sor data is accumulated over a first period of time whicti 
can be a few seconds to a few minutes and, in one em­
bodiment, is a one minute interval. The transmitter can 
be powered-up amJ transrnitting tl:e sensor(Jata from tl:e 
transmitter to the receiver over a second period of time. 

55 The second period of time is st10rter than t!1e first period 
of time and is typically a factor of sliorter. Once the trans­
mission is complete, transmitter can be powered down. 
A further step displays the sensor data at the receiver in 
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pseudo real-time. The display is shifted by a sum of the 

first and the second period of time. For example, if the 
sensor data is accumulated over 1 minute and the burst 

transmission is 6 seconds, Hie displayed data is time 

Figure 2 is a flow cliart of an embodiment of a method 

of Hie present invention; 
Figure 3 is a tlow cha1i of another embodiment of a 

method of the present invention; and 
sMte(J (or lagge(J) 66 secomJs from real-time. 5 Figure 4 is a flow clia1t of a furt~1er embmJiment of a 

method of the present invention. [0010] In a further embodiment, the sensor data can 
be compressed prior to transrnitting the sensor data amJ 
then it can be decompressed prior to the displaying the 

sensor data. Compressing Hie sensor data can assist in 
shorting the second period of time and thus shortening 

t!1e burst period and the lag time. 
[0011] One or more sensing devices can be !!nke(J to 
a single transmitter. Each sensmg device can include a 
unique sensing device ID whict1 identifies eacli sensing 

device. The unique sensmg device ID can include the 
serial number of tlie sensing (Jevice amJ an i(Jentifier to 

identify the type, model, manufacturer and calibration in­
formation oftt1e sensing device. The unique sensing de­
vice ID can identify the sensing device fort he trnnsmitter. 

Furthermore, the transmitter can have a unique transmit­
ter ID i(Jentifying Hie transmitter to a receiver arnj Hie 

receiver can also have a unique receiver ID. Receiver ID 

identifies t!1e receiver to a central server and Hie sensor 
data can be encodediencrypted with the unique receiver 

ID as outlined above regarding the oHier unique IDs. 
[0012] In one embodiment, the receiver is located with­

in 15 feet oftt1e transmitter. The proximity of the receiver 

to Hie transmitter can prolong the !ife of power supply 
because less power is needed if the transmission is over 
a short distance. J\lso, the proxirnity prevents droppe(J 

signals and interference from outside sources. 
[0013] In another embodiment, Hie sensor data can be 
encrypted before it is transmitted wirelessly to prevent 

unauHiorized access or tampering with the sensor data. 

In a furilier erntiodiment, one or both of Hie unique sens­
ing device ID and the transmitter ID can be used as base 
keys for encrypting Hie (jata. Tl1e IDs can tie usecl as a 
public key and thus either every sensing device's or trans­
mitter's sensor data can tie uniquely encrypted. 

[0014] Further to the above, tlie first link can include a 
power link to provide power to the sensing device from 
the transmitter. The receiver can send a confirmation sig-

nal to the transmitter to acknowledging receipt of the sen-

10 

DETAILED DESCRIPTION OF THE PREFERRED EM­
BODIMENTS 

[0016] Referring to Figure 1, a system 100 for moni­
toring a patient sensm is illustrated. The system ·100 in­

cludes a sensing device 102 disposed on the surface of 
or implanted in the patient 10 tliat takes sensor data 104. 

1" The sensing device can be disposed or implanted any­
w~1ere on the patient 10, inclu(Jing implanted in tlie pa--

tient's brain. Sensing device 102 can be any medical 

sensing device, including a pressure sensor, an oxygen 
sensor, neural impulse sensor, tempernture sensor, pH 

20 sensor, an electrnencephalogram and a fetal heart mon-
itor The sensing device 102 can col!ect sensor (jata i 04 

over many different time periods. Sensor data 104 can 
be co!!ected continuously, over eitlier a predetermine(J 

01· rnndom intervai, or upon a command issued from a 
25 caregiver Sensing device 102 can be powered internally 

by, for example, disposabie batteries, rechargeable bat-

teries, or a capacitive device capable of storing energy 
transmitted H1rougt1 an imJuctive power coupling or di-

rectly thrnugh the inductive power couplmg. 
30 [0017] Sensing device i 02 transmits Hie sensor data 

104 to a transmitter 106 located outside the patient 10. 

The transmitter 106 is typically located on or very close 
to the patient 10 but not implanted in the patient ·10. Typ­
icai!y, transmitter 106 can be strapped to t!1e nearest ap-

35 penclage or ad tiered to tlie patient's skin. Transmitter i 06 
is internally powered by power supply 108. Power supply 
108 can be, for example disposable tiatteries, recl1arge­

able batteries, ma capacitive device capable of storing 
energy transmiite(j H1rougl1 an inductive power coupling. 

40 [001!1] The transmitter 106 receives the sensor data 

104 over a first link 110 between the sensing device 102 
and the transmitter 106. The first link 110 can tie a wired 
·11 0a or a wireless link 110b. If the first link 110 is wired 

sor data. T~1e confirmation signal is a safety feature to link 1 i 0a, the transrnitter 106 can t1ave multiple leads or 
assure that the sensor data is received by the receiver. 45 ports to accept one or more wired links. The leads and 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

[0015] The above and still furthei-objects, features and 
advantages of the present invention will become appar­
ent upon consideration of the following detailed descrip­

tion of a specific embodiment thereof, especially when 
taken in conjunction wiili Hie accompanying (Jrawings 

wherein iike reference numerals in the vanous figmes 

ports can tie any type known in Hie art to transmit at least 

analogue 01· digital data to allow the transmission of sen­

sor data 104 to Hie transmitter 106. If the first link 110 is 
a wireless link 11 0tl, the trnnsmission can tie sent over 

50 any known wireless frequencies and utilize any protocols 
known in the art. Further, wireless link 11 0tl can be trans­

mitted inductively by using the patient's body at the an-
tenna, 
[0019] Fu1iher, the sensmg device 102 and the trans-

are utilized to clesignate like components, arnj wl1erein: 55 mitter 106 can undergo tiandstiake protocols to "intro-

Figure 1 is sct1ematic diagram of Hie system of tt;e 

present invention; 

3 

duce" the sensing device ·102 to the transmitter 106. The 
handshake can be performed automatically upon t!1e 

powering up or t11e plugging in of eitlier t11e sensing de--
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vice 102 ortlie transmitter ·I 06. Aiternately, tlie caregiver 
can initiate a tiandstiake protocol manually. 

[0020] One or more sensing devices 102 can be !inked 
to a single transmitter 106. Eacti sensing device 102 can 

inciude a unique sensing cJevice ID wliicti identifies eacti 
sensing device 102. The unique sensing device ID can 
inclucJe tl:e serial number of Hie sensing cjevice 102 and 

an identifier to identify the type, model, manufacturer and 
ca!ibration information of the sensing device 102. T!1e 
unique sensing device ID can identify the sensing device 
102 for tt;e transmitter ·106. Furltiermore, Hie transmitter 

106 can t1ave a unique transmitter ID icJentifyingHie1rans­

m1tter 106 to a receiver 112. 
[0021] Transmi1ter 106 transmits 1J1e sensor cJata 104 
to receiver ·112. Receiver ·112 is typically iocated remote 
from Hie patient 10. In one emt;odiment, Hie receiver 112 

is located within 15 feet of tl:e transmitter. The pmximity 

oft!rn receiver 112 to the transmitter 106 can prolong Hie 
life of power supply ·108 because less power is needed 

if the transmission 1s over a short distance. Also, the prox­
imity prevents cjroppecJ signals and interference from out­

side sources. 
[0022] Ttie receiver 112 and Hie transmitter 106 com­
municate wireiessly, tl:us allowing patient 1 0tlie freedom 

to move around and shift position or be moved to aid 
caregivers activities without disrupting tl:e communica­
tions between tt;e two. The communication between Hie 

transrnitter 106 and Hie receiver 112 can take place ccm­

tinuously, at an interval, or upon a command. The intervai 
can be eitl:er precje1erminecl or rancjom amJ in one em­

bodiment, the transmitter 106 provides a burst transmis­
sion at least every minute. Burst transmissions are used 
to conse1ve tlie power of the transmitter 106. Sending 
t!1e transmission to t!1e receiver 112 is power consump­

tive and minimizing Hie number of transmissions cane)(­
tend the life of the internal power suppiy 108. Short in­
terval bursts allow a caregiver to receive nearly real-time 
sensor data ·104 and still conserve the power supply 108. 
[0023] Fur1J1er, transmitter 106 can process sensor cja­

ta 104 througli a compression algorithm to compress the 

data before transmitting it to receiver 112. Compressing 
sensor data 104 allows for a shorter burst period and 

assists in reducing the overall power consumption of the 
transmitter 106 and prolong tl:e life of 1he power supply 

106 or the receiver 112. Alternately, tlie caregiver can 

initiate a handshake protocol manually. 
[0025] In an embocfanen1, transmitter 106 communi-· 
cates with receiver 112 utilizing a "burst mode." Burst 

5 mocJe co!lects and stores sensor cjata 104 in ttie trans­
mitter ·106 over a set period of time. Typica!iy, the sensor 

data 104 is compressed to reduce Hie size of Hie data 
packet. Transmitter 106, at the predetermined time, pow­
ers up and transmit Hie stored sensor data 104 in a burst 

10 tl:at is typicaliy much, much sho1ier tlian the time period 

over which the sensor data ·104 is collected. Transmitter 
106 1hen powers clown. Ttie receiver 112 receives and 

coiiects the sensor data 104 from the transmitter 106 and 

decompresses Hie sensor data 104 back to Hie original 
1J; tirnesca!e for disp!ay or analysis. Tlie receiver·; 12 dis­

plays Hie data in pseudo real-time - Hie sensor data 104 
is displayed in tlie same spatial resolution tliat it was 

coiiected with but delayed from real-time by the iength 
of tlie time periocJ over wtiicti it was originally collectecJ 

20 plus the communications "burst" time. This embodiment 

allows transmi1ter 106 to limit Hie power expencJiture 
overhead of powering on and establishing link 1·10 by not 
requiring tt;e transmitter 106 to perform Hiese tasks for 
each individuai sensor reading taken. 

25 [0025] The receiver 1 ·12 can be powered by any 

source, bu1 typically is powerecl externally, i.e. plugged 
into the nearest electrical outlet. In an embodiment, re­
ceiver 112 can be cJesigned as a permanen1 or semi­
permanent device in the patent's room. Utilizing an ex-

so ternal power source to power receiver 112 !ms advan­
tages. Receiver 112 can be active continuously and can 

perform storage, analysis, and display functions. Receiv­
er 112 can store and accumuiate sensor data 104 for an 

extended period of time and can store sensor data 104 
35 from nurnerous transmitters 106 and/or patien1s 10. Re-• 

ceiver 112 can analyze the sensor data 104 and display 

it forttie caregiver. Additionally, an external power supply 
allows receiver ·112 more flexibility in communicating the 

sensor data 104, analyzed or not, to a central server 114 
40 located remote from the receiver 112. 

[0027] Receiver 1 ·12 and central server 114 can be 
linke(J clirec11y or Hirougti a network, LAN, WAN, or Hie 

Internet. The connection can be wired or wireiess using 
any protocols known in 1J1e art. Central se1ver 114 can 

·108. Compressed sensor data ·104 also conserves stor- 45 be remote from the receiver, i.e. in another room, building 

age space on Hie receiver 112 or server 114. Corn­
pressed sensor data 104 can be stored compressed and 
decompressed for processing or display to the caregiver. 
Alternately, the receiver can decompress the sensor data 
·104 upon receipt and store it decompressed to reduce 

Hie wait t!tne for processing or displaying. 
[0024] Fu1iher, the wireless transmission can be sent 
over any known wireiess frequencies ancj utilize any pro­

tocols known 111 the art. Additionally, the transmitter 106 

and Hie receiver 112 can undergo handshake protocols 
to "introduce" the transmitter 106 to the receiver 112. Tl:e 
tiandstiake can be performed automatically upon tt;e 

powering up or tl:e plugging in of eitlier 1he transmi1ter 

or state and a patient 10 can be monitored by a caregiver 
remote from tl:e patient's location. 

[0028] In an embodiment, central server 114 can be a 
portable cjevice (e.g. PDA, cell ptione, t;eeper, Blackber-· 

50 ry@) or a serni-portabie device (laptop and desktop on 
wtieels) Hiat can be carried by Hie caregiver or kept In 

pmximity to patent 10 so the caregiver can move into 

proximity with Hie patient 10 and display the sensor data 
104 at, for example, the patient's bedside. Central server 

55 1 ·14 can also store, analyze, and display Hie sensor data 
104. In an embodiment, either the receiver 112 or the 

central server 114 analyzes t!1e data, or receiver 112 can 
perform basic analysis and cen1ral server 114 perforrns 

4 
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more detailed analysis if required. 

[0029] Receiver 112 can aiso send notifications to cen­
trai server 114 in response to a number of preset or pro­
grammed conditions. Forexampie, iftt;esensordata 104 
stIows tliai H1ere is a critical condition (e.g. iJIe patient's 
heart stops beatmg) a notification can be sent (e.g. mes­
saging a pager, ringing a cell ptIone) notifying iJIe car­

egiver of the critical condition . .As described beiow, the 
caregiver can t11en issue remote instructions to further 
monitor the patient 10. 
[0030] lftt1e receiver 112 and the centrai server 114 
cormnunicate wirelessly. all Hie protocols, l1andsl1ake 

procedures and frequencies described above can be 
used here as cJescritied atJove. 
[0031] In an embodiment, sensor data 104 can be en-
coded witl1 the unique sensing device ID ancl tt1e enc()(jecJ 

sensor data is transmitted to the receiver 112 and to the 

central server 114. Using the unique sensing device ID 
can identify the specific: sensor and thus the specific: pa­

tient 10. This can help the organization of the sensor data 
104 wl1en siorecl ancl can assist in Hie searcl1 ancJ re­
tneval of the sensor data ·104 at a later time. Further, 

sensor data 104 can be encoded wit!1 t!1e unique trans­

mitter ID aione or in combination with the unique sensing 
device ID. Tl1e unique transmitter ID can further assist in 
storage, searching and retrieval. 
[0032] In one embodiment, tt;e sensor data 104 can 

be encryptecJ before it is transrnitted wireiessly to prevent 

unauthorized access or tampering With the sensor data 
104. In a fur1JIer embmfanent, one or bottI of tlie unique 

sensing device ID and the transmitter ID can be used as 
base keys for encrypting the data. The IDs can be used 
as a public key and tlius either every sensing device's or 

transmitter's sensor data 104 can be uniqueiy encrypted. 
[0033] FurttIer to Hie atJove, the first link 110 can in­

ciude a power link to provide power to the sensing device 
102 from t11e transmitter 106. In H1is emtJodiment, sens-­

ing device 102 does not have a stand alone power supply. 
I Hirst link 110 is wirecJ 11 0a, the power can be transmiitecJ 

directly to the sensing device 102 along the same wire 
or a different wire tlian t!rn sensor data 104 is transmitted. 
Alternateiy, the power link can be an induced connection. 

An induction coil from the transmitter 106 can be placed 
in proximity to an inductance coil in Hie sensing clevice 
·102 to provide power to the sensing device 102. Power 

supply 108 can provide continuous power or act as a 
charging station to charge the sensing device 102 on 

demand. Tliis can tie used especially witl1 implanted 
sensing devices 102. Since transmitter 106 is disposed 
outside of patient 10, it is easierto recharge power supply 

108 and usettieiransrnitter to power sensing cJevice 102. 
[0034] In an embodiment, transmitter 106 includes a 
first mernory 116 iJiat temporarily stores Hie sensor cJata 
·104 prior to the transmission to the receiver 112. The first 

memory ·116 can be flasl1 R.AM or any other type of per­

manent or removable memory known in the art. First 
memory 116 can be kept small to aiiow transmitter 106 
to be ligtii weigl1t Once tlie sensor daia 104 siorecl on 

first memory ·116 is transmitted to the receiver 112, the 

sensor data can be erased or overwritten. The oven,wit­
ing procecjure can inclucJe overwriting t11e oldest data 

first. 
5 [0035] Adcfaionally, receiver 112 can inciude a confir­

mation signal 118 transmitted from the receiver 112 to 
tt;e transmitter 106 to acknowledging receipt of the sen­
sor data 104. The confirmation signal 118 is a safety fea­
ture to assure that tt;e sensor data 104 is received tJy tt;e 

10 receiver 1"12. The confirmation signal 118 can also tie 

used as a trigger for the transmitter 106 to erase the first 
memory 116. 
[0036] In an embodiment, if the transmitter '106 does 
not receive the confirmation signal 118, the transmitter 
106 can repeat the transmission one or more times until 
tt;e confirmation signal 1 ·18 is received. Also, the trans­

mitter 106 can include an alarm 120 that can send an 
alarm signal when the confirmation signal 1·18 is not re­
ceivecj once or for a period of lime. 

20 [0037] Alternately, transmitter ·106 can resend the "old" 
sensor cJata 104 from tlie unconfirmed transmission as 

an add-on to the next transmission of "new" sensor data 

104. If Hie transmitter 106 is set to burst transmissions, 
adding-on sensor data 104 can lengthen the transmis-

25 sion trne but maintains the interval so keep power con­

swnpiion at a minirnurn. 
[0038] In another embodiment, transmitter ·106 can be 

usecJ to communicate witl1 sensing clevice 102. First link 
·110 can prnvide an instruction to the sensing device ·102. 

30 Exampies of instructions can be to turn on/off, ctiange 
data retrieval intervals, perform a diagnostic: test, report 

power and/or communication status and to take sensor 
data essentially contemporaneous with the instruction. 
This allows a caregiver to receive real-time sensor data 

35 104, iftl1e caregiver deems it necessary. Tl1e instructions 
can be orig mated at the transmitter ·106 or at the receiver 

1 ·12 and/or central server 114 to be transmitted to tt;e 
transmitter ·106 to be relayed to sensing device 104. This 

configuration allows instructions to originate anyw!rnre 
40 the caregiver is located. 

[0039] Embodiments include using one transmitter 
106 per patient 10 ancJ linking multiple sensing devices 
·104 to the single transmitter 106 . .A second sensing de­

vice 122 can be implanted in Hie patient 10. Tl1e second 
45 sensing device 122 takes second sensor data ·124 and 

can include any or aii of Hie features described above for 
sensing device 102. In a further embodiment, second 
sensing device can include a unique second sensing de­

vice ID. Unique second sensing cJevice ID can be used 
50 as above, to identify second sensmg device and to en­

code or encrypt second sensor data 124. 
[0040] A second link 126 between the second sensing 
device ·122 and Hie transmitter 106 can tie formed simi­
larly to first link 110. Transmitter 106 can receive both 

55 sensor data 104 and second sensor data 124. In an em­

bodiment, the transmitter 106 can be prngrammed to 
combine Hie sensor data 104, 124 into a singie sensor 

data file to be transrnitiecl to receiver 112 or can keep 

5 
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the sensor data 104 and the second sensor data ·124 
separate. To assist in differentiating between Hie two 
sensor data, the unique sensing device ID and the unique 
second sensing device ID can be used to encode and 
separate Hie (jata. 

[0041] .A further embodiment includes using multiple 
transmitters wiH1 one receiver 112. Typicaiiy, a seconcJ 
transmitter 128 is linked to a second sensing device 122 

implanted in a second patient 20. However, multiple 
transmitters can be used with tlie same patient 10, if the 
positioning of Hie sensing devices 102 or receiver 112 
(Jictates. As at;ove. seconcJ sensing device 122 takes 
second sensor data 124 and transmits it to second trans­

mitter 128 via second link 126. Second transmitter 128 
can include a unique second transmitter ID identifying it. 
Receiver 112 can receive sensor (Jata 104 and seconcJ 

sensor data 124 from the transmitter 106 and the second 

transmitter 128, respectively. In an embodiment, Hie sen-
sor data 104, 124 can be encoded or encrypted using 

the unique transmitter and second transmitter IDs. Fur­
thermore, if multiple sensing devices are attached to 

each transmitter, the sensor data can be encoded with 

both the unique sensing device ID and the unique trans­
mitter ID. 

ing and/or ove1writing the sensor data after the transmit­

ting step (step 228). 
[0045] Referring to Figure 3, Hie mett1od can furlt1er 
include sending a confirmation signal acknowledging re-

5 ceipt of ttie sensor (jata 104 (step 230) and issuing an 

alarm upon failure to receive the confirmation signal (step 
232). Additionally, Hie transmitter 106 can receive t!1e 
confirmation signal (step 234) and erase the first memory 

1 '16 storing Hie sensor data 104 upon receipt ornie con-
10 firmation signal (step 236). 

[0046] Returning to Figure 2, the transmitter 'H.)6 can 
provi(Je an instruction to ttie sensing clevice (step 238). 

Also, the receiver can optionally, store the sensor data 

104 (step 240), analyze the sensor data 104 (step 242) 
1" 01· display the sensor data 104 (step 244). Furtlier, the 

communicating step above can include communicating 
the analyzed sensor data 104 to the central server 114 
(step 246). Also, the transmitter ·106 can be identified 

witli a unique transmitter ID (step 248). In an alternate 
20 embodiment, transmitter 106 can compress sensor data 

104 (step 250) and receiver 112 can (jecompress the 

data (step 252). Alternately, central server 114 can de­

compress the sensor data. 

[0042] Receiver ·112 can also tiave a unique receiver 25 

ID to identify tlie receiver to the central sel"Ver 114 and 

[0047] Turning to Figure 4, another embodiment of the 

present method is illustrated. The method of monitoring 
a patent sensor includes acquiring sensor data 104 from 

Hie sensor data 104 can be encodediencrypted with t!1e 
unique receiver ID as outline(J above regarding Hie otJ1er 

unique IDs. 

a sensmg device 102 disposed on the patient ·10 (step 

300). Typically sensor data 104 is acquired continuously, 
but can also be taken at intervals. The sensor data can 

[0043] Figure 2 illustrates a methmJ of monitoring a 30 be linked to a transmitter by the first communication link 
110 (step 302). The transmitter is powered internally 
(step 304) by power supply 108 and is typically located 
on patient 10 (step 306). The sensor data can be accu­

mulated over a first period of time (step 308). The first 

patient sensor. Sensor data 104 can be acquired from 
sensing device 102 implanted in Hie patient (step 200) 
and iinked to the transmitter 106 either continuously, at 

an interval, a burst, or upon command (step 202). Tt;e 

transmitter 106 is power eel internaiiy (step 204) ancl lo­
cated external to the patient ·10 (step 206). Typically, 
transrnitter 106 is in a powere(J (jown condition (step207). 

The transmitter 106 is powered up and then transmits 

35 peri()(j of time can be a few seconds to a few minutes 

and, in one embodiment, is a one mmute interval. Trans­

mitter 106 is powered-up and transmits the sensor data 
104 from the transmitter 106 to receiver 112 over a sec-

the sensor data from tlie transmitter 106 to receiver 112 and period of time (step 310). Tt;e second period of time 
(step 208) and the receiver 112 is disposed remote from 40 is sli01ier than the first period of time and is typically a 
Hie transmitter 106 (step 210). Ttle sensor data 104 is 
communicated from the receiver 112 to the centrai sel"Ver 
1·14 (step 212) and central server ·114 can store, analyze, 

or clisplay tJ1e sensor data 104 (step 214). In an alternate 
embodiment, the receiver 1 ·12 can store, analyze and 

display the sensor data 104 for an individual patient. 
[0044] Embodiments include, identifying tlie sensing 
device 102 with a unique sensing device ID (step 216) 
and optionally encoding the sensor data 104 with the 

unique sensing device ID (Step 218). Furtl1er embodi­
ments include powering tlie sensing (jevice 102 from the 

transmitter 106 using a power link (step 220) by option­
ally, transmitting energy over a wire from Hie transmitter 

106 to the sensing device 102 (step 222) or inducing 

energy Hi rough induction coils in Hie transmitter 106 and 
the sensing device 102 (step 224). Another embodiment 
is temporarily storing the sensor data 102 in a first mem­
ory 116 prior to the transmitting step (step 226) arnj eras-

factor of shorter. Once the transmission is complete, 
transmitter 106 is powered clown (step 312). A further 
step is displaying the sensor data at the receiver in pseu­
do real-time (step 314). The display is stiifted by a sum 

45 of the first and the second period of time. For example, 

if the sensor data is accumulated over 1 minute and Hie 
burst transmission is 6 seconds. the displayed data is 
time sl1ifted (or lagged) 66 seconds from real-time. 

[0048] In a furttier embodiment, Hie sensor clata can 
50 be compressed prior to transmitting the sensor data 104 

(step 316) and tJ1en it can t;e decornpresse(J prior to tJ1e 

dispiaying the sensor data 104 (step 316). Compressing 
Hie sensor data 104 can assist in stiorting the second 
period of time and thus shortening the burst period and 

55 t11e lag time. Tl1e compression compresses Hie waveform 

of the sensor data and the decompression returns the 
waveform of Hie sensor data back to its original data. 

[0049] Furttier, it is know in ilie art that any analogue 
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signals can be converted to digital signals before trans­
mission and converted back to analogue signals, if nec­
essary, for display and analysis. 
[0050] While H1ere tiave been stiown, described, and 
pointed out fundamental novel features of tl:e invention 5 

as applied to a preferred embodiment thereof, it will be 
unclerstood tliat various omissions, substitutions, ancJ 
changes in the form and detaiis of the devices illustrated, 
and in Hieir operation, may be made by t!10se skilled in 
the art witliout departing from the spirit and scope of tl:e 
invention. For example, it is expressly intended that all 
combinations ofHwse elements arnjior steps wt1icl: per­
form substantially the same function, in substantially the 
same way, to ad1ieve Hie sarne results are wittiin Hie 
scope of the invention. Substitutions of elements frnm 
one described embmfanent to another are also fu!!y in­
tended and contemplated. It is also to be understood that 

10 

tt;e drawings are not necessarily drawn to scale, but ttiat 
they are merely conceptual in nature. It is the intention, 
therefore, to be limited only as indicated by the scope of 20 

tl:e claims appernjecJ tiereto. 

Claims 
25 

1. .A device for monitoring a patient sensor, comprising: 

a sensing device for cJisposal on or in Hie patient 
for taking sensor data continuously: 
an internally powered transmitter for location on 30 

the patient, which transmitter is normally in a 
power-down state and is powered-up for trans­
mitting the sensor data; 
a wired orwireiess first link between tt;e sensing 
device ancJ tJ1e transrnitter wl:erein tt1e transrnit- 35 

ter receives the sensor data frnm the sensing 
cJevice: arnj 
a receiver, for location remote from the patient, 
for receiving tJ1e sensor data transrniii.ecJ wire-
lessly from the transmitter, 40 

wherein Hie sensor data transmission is a burst 
or is initiated on a command. 

5. The device of any one of claims 1 to 5, wherein the 
transmitter compnses a first memory temporarily 
storing tt1e sensor data prior to Hie transmission to 
the receiver, wherein the first memory is overvvritten 
or erased after Hie transmission of tlie sensor cJata 
to the receiver. 

6. The device of any one of claims 1 to 5, further com­
prising a confirmation signal transmitted from the re­
ceiver to the transmitter acknowledging receipt of 
the sensor data. 

The device of claim 6, wherem the transmitter further 
comprises an aiarm for sending an alarm signai upon 
failure to receive the confirmation signal. 

8. The device of claim 6 or ciaim 7, wl:erein the confir­
mation signal instructs t!rn transmitter to erase a first 
memory ternporally storing Hie sensor clata prior to 
the transmission to the receiver. 

9. The device of any one of claims 1 to 6, wherein tl:e 
transmitter provides an instruction to the sensing de­
vice. 

10. The device of any one of c:lairns 1 to 9. furttier com­
prising a central server, for location remote from the 
receiver, for receiving the sensor data from Hie re­
ceiver and for storing, analyzing and/or displaying 
Hie sensor cJata wl:erein Hie receiver is adapted to 
transmit tl:e sensor data to the central server con­
tinuously, at an interval or upon a command. 

11. The device of any one of claims ·1 to ·10, wherein the 
receiver stores, analyzes and/or cJispiays Hie sensor 
data. 

12. The device of claim ·11, wlierein tl:e receiver trans­
mits the analyzed sensor data to a central server. 

13. Ttie device of any one of claims 1 to 12, w!rnrein tt;e 
transmitter comprises a unique transmitter ID ancJ 
the transmitter is identified by the receiver usmg the 

2. nie device of claim 1, wtierein Hie sensing clevice unique transmitter ID. 
comprises a unique sensing device ID and the sens- 45 

ing device is identified by t!rn transmitter using Hie 14. Ttie device of claim 13, wt1erein the sensing device 
unique sensing device ID. 

3. The device of claim 2, wherein the sensor data is 
encoded wit!1 Hie unique sensing device ID and t!1e 50 

encoded sensor data is transmitted to the receiver 
and to a central server. 

comprises a unique sensing device ID and the sens­
ing device is identified by the transmitter using t!1e 
unique sensing device ID, 
wherein the sensor data is encoded with the unique 
sensing device ID and ttie unique transmitter ID ancJ 
the encoded sensor data is transmitted to the receiv­
er. 

4. The device of any one of claims 1 to 3, wherein the 
first link furt!rnr comprises a power link to provide 
power to tlie sensing device from tlie transmitter, 
wherein the power link provides power by a direct 
connection or an inducecJ connection. 

55 15. Ttie device of any one of claims 1 to 14, further com­
prising: 

a second sensing device for implantation in tl:e 

7 
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patient, for taking second sensor data continu­
ously, at an interval andor upon a command, 
comprising a unique second sensing device ID 
and Hie second sensing device is identified by 
tlie 1ransrnitter using the unique second sensor 5 

device ID, wherein the second sensor data is 
encocJe(J wiHi ttie unique second sensing clevice 

ID:and 
a wired or wireless second !ink between Hie sec-
ond sensing device and the transmitter wherein 10 

Hie transmitter receives Hie second sensor data 
from 1J1e seconcJ sensing device ancJ 1J1e secomJ 
lmk; 
wlierein Hie sensing device comprises a unique 
sensing device ID, the sensing device is identi- 1" 

fie(j tly Hie transmit1er using the unique sensing 

device ID, and the sensor data is encoded with 
the unique sensing device ID, and 
wlierein tlie encoded sensor data and the en­
coded second sensor data are transmitted to the 20 

receiver. 

16. The device of any one of claims 1 to 15, furltier com­
prising: 

20. A method of monitoring a patent sensor, comprising 

the steps of: 

acquiring sensor data from a sensing device on 
or in 1J1e patient: 
Im king the sensor data to a transmitter continu­

ously, at an interval and/or upon a command: 
powering the transmitter internaiiy: 
locating Hie transmitter on tt;e patient; 
powering the transmitter down in a normal state; 

powenng the transmitter up and transmitting the 
sensor (jata from 1J1e 1ransrnitter to a receiver by 
a burst and/or upon command; and 
disposing Hie receiver remote from Hie transmit­
ter. 

21. The method of claim 20, further comprising the steps 
of: 

communicating the sensor data from the receiv­
er 1o a central server: ancl 
storing, analyzing and/or displaying the sensor 
data at the central server. 

a second sensing device for implantation in a 
second patient, for taking second sensor data 
con1inuously, at an in1ervai ancJ/or upon a com­
mand: 

25 22. The method of claim 20 or claim 21, further compris­
ing Hie steps of: 

an , in1ernally powered second transmi1ter for 30 

location outside the second patient, for transmit-
ting the second sensor data to Hie receiver con­
tinuously, at an interval and/or upon a command 
and comprises a unique second transmitter ID 
and Hie secoll(J transmitter is i(Jentifie(j by Hie 35 

receiver using the unique second transmitter ID; 
all(J 

a wired or wireless second iink between the sec-
ond sensing device arnj ttie secoll(J transmitter 

identifying Hie sensing device wiH1 a unique 
sensing device ID; and 
optionally, encoding Hie sensor data with Hie 
unique sensing device ID. 

23. The method of any one of claims 20 to 22, further 

comprismg the step of powering the sensing device 
from 1he transmitter t;y transmitting energy over a 
wire from the transmitter to the sensing device or 
inducing energy througt; induction coils in the trans­
mitter and tlie sensing device. 

wherein the second transmitter receives the 40 24. The method of any one of claims 20 to 23, further 
second sensor data from Hie second sensing 
device. 

17. nie clevice of any one of claims 110 16, wherein Hie 
transmitter compresses the sensor data pnor to 45 

transmitting to the receiver and wl1erein the receiver 
decompresses the compressed sensor data. 

18. The device of claim 10, furtlier comprising a notifi­
cation, sent from tt;e receiver to tt;e central server 50 

upon a met comrnion. 

19. nie clevice of any one of claims 110 18, wherein Hie 
transmitter comprises a first memory for temporarily 
storing the sensor data prior to Hie transmission to 
the receiver, wherein the sensor data is compressed 
prior to transmission and decompressed by Hie re­

ceiver. 

55 

comprising Hie steps of: 

temporarily storing the sensor data in a first 
mernory prior to 1he transrnitting step; amJ 
erasmg andior overwriting the sensor data after 
Hie transmitting step. 

25. The meH1od of any one of claims 20 to 24, furtt;er 

comprising the s1ep of sencJing a confirmation signal 
acknowledging receipt of the sensor data. 

26. The method of claim 25, further comprising the step 
of issuing an alarrn upon failure to receive the cmi.­

firmation signal. 

27. The method of any one of claims 20 to 26, further 
comprising the steps of: 
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receiving a confirmation signal; and 
erasing a first memory storing Hie sensor data 
upon receipt of the confirmation signaL 

23. The methocJ of any one of claims 20 to 27, furttier 5 

comprising the step of providing an instruction from 
the transmitter to Hie sensing device. 

29. The met!1od of any one of claims 20 to 28, furtt;er 
comprising storing tlie sensm data at the receiver, 10 

anaiyzing Hie sensor data at the receiver andior dis­
playing Hie sensor (jata at tt1e receiver. 

30. The method of any one of claims 20 to 29, wi1id1 
includes communicating the analyzed sensor data 1" 

to a central server. 

31. The met!1od of any one of claims 20 to 30, furtt;er 
comprising the step of identifying the transmitter with 
a unique transmitter ID. 20 

32. The method of any one of claims 20 to 31, further 
comprising the step of compressing the sensor data 
prior to the transmitting step. 

33. The method of ciaim 32, furtlier comprising tlie step 
of decompressing Hie sensor data prior to analysis. 

25 

34. The method of any one of claims 20 to 33, further 
comprising Hie step of communicating a notification 30 

to a central server. 

35. A method of monitoring a patient sensor, comprising 
the steps of: 

acquinng sensor data from a sensing device dis­
posed on or in the patient; 
!inking the sensor data to a transmitter by a wire-
iess or a wire link; 
powering the transmitter internaiiy; 
locating tt;e transmitter on t!rn patient; 
accumulating the sensor data over a first time; 
powering on the transmitter and transmitting the 
sensor data from the transmitter to a receiver 

35 

40 

over a second time, shorter than the first time; 45 

powering off the transmitter; ancl 
displaying the sensor data at the receiver in 
pseudo reai-time st1ifted by a sum oftt;e first and 
the second times. 

36. The method of claim 35, further comprising the steps 

of: 

compressing the sensor data prim to the trans-

50 

mitting step; and 55 

decompressing the sensor data prior to the dis­
playing step. 

9 
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WIRELESS ANALYTE MONITORING SYSTEM 

FIELD OF THE INVENTION 

(001) The present invention relates generally to a system and method for wirelessly 

monitoring the concentration of one or more analytes in a fluid or tissue sample. 

BACKGROUND OF THE INVENTION 

[002) The quantitative determination of analytes in body fluids is of great importance in 

the diagnoses and maintenance of certain physiological abnormalities. In particular, 

determining glucose in body fluids is important to diabetic individuals who must frequently 

check the glucose level in their body fluids to regulate the glucose intake in their diets. 

(003) In one current type of blood glucose testing system, test sensors are used to test a 

sample of blood. The testing end of the test sensor is placed into the blood that has, for 

example, accumulated on a patient's finger after the finger has been pricked. Blood samples 

are often taken from a fingertip of a test subject because of the high concentration of 

capillaries, which can provide an effective blood supply. The blood may be drawn into a 

capillary channel that extends in the test sensor from the testing end to the reagent material by 

capillary action so that a sufficient amount of blood is drawn into the test sensor. A voltage 

is applied, causing the glucose in the blood to then chemically react with the reagent material 

in the test sensor, resulting in an electrical signal indicative of the glucose level in the blood. 

This signal is supplied to a sensor-dispensing instrument, or meter, via contact areas located 

near the rear or contact end of the test sensor and becomes the measured output. 

(004) Drawing blood each time a glucose reading is desired is an inconvenient and 

invasive procedure. Moreover, drawing blood is undesirable because of the resulting pain, 

discomfort, and risk of infection often experienced by the patient each time a blood sample is 

taken. 

[005] To assist in minimizing the disadvantages associated with invasive analyte-testing 

procedures, the concentration of a desired analyte may be continuously monitored. 

Continuous monitoring generally includes a portable test sensor module being borne by a 

patient. The sensor module collects data, which may include a parameter correlated with the 

concentration of the measured analyte. The sensor module may be placed over the patient's 

skin. Alternatively, a portion {e.g., the testing portion) of the sensor module may be placed 

under the patient's skin. Although placing the sensor module underneath the patient's skin 
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does not eliminate pain, discomfort, and/or risk of infection associated therewith, it may 

reduce these disadvantages because the patient need only be pricked once to obtain multiple 

measurement data or readings. 

[006) For added convenience, continuous analyte monitoring systems may be wireless. 

A portable sensor module of a wireless continuous monitoring system includes a transmitter 

to wirelessly transmit data signals to a remote monitoring device (RMD). The RMD may, for 

example, be worn around the neck of a patient using a neck strap, shoulder strap, belt clip, or 

other suitable means. The RMD generally includes a wireless receiver to receive the data 

signals from the sensor module, a mechanism to interpret the data collected by the sensor 

module, and a data memory for storage of the interpreted data. The RMD may be equipped 

to communicate with other devices including, but not limited to, devices that may modify the 

rate of intravenous drip of drugs, glucose, insulin, drugs, pain killers, chemotherapeutic 

agents, or the like based on information received from the RMD. 

[007) One problem associated with typical wireless continuous monitoring systems 

includes loss of data signals due to, for example, the receiver being out of range, being in an 

"off' position, interference in the communication link, or the like. Because the patient may 

become separated from the RMD, the data signal transmitted by the sensor module may not 

reach the RMD. Thus, analyte concentration measurements may be permanently lost. Thus, 

each sensor module must be maintained no more than a certain distance away from the RMD 

to ensure that each data measurement will be successfully transmitted. 

[008] Furthermore, wireless continuous monitoring systems typically include a single 

sensor module associated with a single RMD. Thus, the patient is generally the only person 

who receives immediate notification if dangerous analyte concentration levels are reached. 

This may be undesirable for several reasons. For example, an RMD is generally kept on or 

near a child whose glucose levels are being monitored. Thus, a parent sleeping in another 

room generally may not monitor the glucose activity and generally will not be alerted when 

the child's glucose levels become dangerously low (hypoglycemic) or high (hyperglycemic). 

[009) Similarly, requiring a separate RMD for each sensor module may be undesirable. 

For example, in an institutional (e.g., hospital) setting, it is typically necessary that a 

caregiver monitor a different RMD associated with each patient wearing a sensor module. 

This may be both costly and inconvenient. Moreover, the limited transmission distance 

associated with typical wireless continuous analyte monitoring systems makes it difficult, if 



Page 104 of 320

WO 2008/051409 PCT/US2007/022116 

3 

not impossible, for a caregiver to monitor the analyte concentration levels of a patient located 

at greater distances from the caregiver's station. 

[0010] It would be desirable to have a wireless continuous monitoring system that assists 

in addressing one or more of the above disadvantages. 

SUMMARY OF THE INVENTION 

[0011] According to one embodiment of the present invention, a system for monitoring a 

concentration of an analyte in a fluid or tissue sample is disclosed. The system comprises a 

sensor module adapted to be borne on a patient. The sensor module includes a power supply 

adapted to provide a transmission power, a first transceiver adapted to transmit analyte­

concentration information, and a memory. The system further comprises a remote 

monitoring device adapted to wirelessly communicate with the sensor module. The remote 

monitoring device includes a second transceiver adapted to receive the analyte-concentration 

information transmitted by the sensor module and adapted to transmit a signal to the sensor 

module confirming that the analyte-concentration information was received. The information 

is stored in the memory until the signal is received by the sensor module. 

[0012] According to a process of the present invention, a method of monitoring a 

concentration of an analyte in a fluid or tissue sample is disclosed. The method comprises 

the act of obtaining a · measurement corresponding with the analyte concentration using a 

sensor module. The sensor module includes a memory and a power supply adapted to supply 

a transmission power. The method further comprises the act of transmitting the measurement 

to a remote monitoring device using the transmission power. The method further comprises 

the act of, upon receiving the measurement, transmitting a signal from the remote monitoring 

device to the sensor module. The method further comprises the act of, upon receiving the 

signal, removing the measurement from the memory. 

(0013] According to another embodiment of the present invention, a system for 

monitoring an analyte concentration of one or more patients is disclosed. The system 

comprises a first sensor module adapted to be borne on a first patient. The first sensor 

module includes a first transceiver adapted to transmit analyte-concentration data associated 

with the first patient. The system further comprises a second sensor module adapted to be 

borne on a second patient. The second sensor module includes a second transceiver adapted 

to transmit analyte-concentration data associated with the second patient. The system further 

comprises a remote monitoring device including a third transceiver adapted to receive the 



Page 105 of 320

WO 2008/051409 PCT/US2007/022116 

4 

analyte-concentration data wirelessly transmitted by one or more of the first and second 

sensor modules. The first and second transceivers are adapted to transmit data to one another 

and to the remote monitoring device. 

[0014} According to another embodiment of the present invention, a system for 

monitoring an analyte concentration of one or more patients is disclosed. The system 

comprises a sensor module adapted to be borne on a patient. The sensor module includes a 

transceiver adapted to transmit analyte-concentration data associated with the patient. The 

system further comprises more than one remote monitoring device. Each of the remote 

monitoring devices includes a second transceiver adapted to receive the analyte-concentration 

data wirelessly transmitted by the sensor module. 

[0015] The above summary of the present invention is not intended to represent each 

embodiment, or every aspect, of the present invention. Additional features and benefits of 

the present invention are apparent from the detailed description and figures set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective view of the components of a system according to one 

embodiment of the present invention. 

[0017] FIG. 2 is a functional block diagram of the components according to one 

embodiment. 

[0018] FIG. 3 is a flow diagram detailing a method according to one embodiment of the 

present invention. 

[0019) FIG. 4 is a flow diagram detailing a method according to another embodiment of 

the present invention. 

[0020) FIG. Sa is a perspective view of a system including multiple sensor modules and a 

single remote monitoring device, according to one embodiment of the present invention. 

[0021] FIG. Sb is a perspective view of a system including a single sensor module and 

multiple remote monitoring devices, according to another embodiment of the present 

invention. 

[0022] FIG. Sc is a perspective view of a system including multiple sensor modules and 

multiple remote monitoring devices, according to another embodiment of the present 

invention. 
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(0023] FIG. Sd is a perspective view of a system including multiple sensor modules and 

multiple remote monitoring devices, according to another embodiment of the present 

invention. 

DESCRIPTION OF ILLUSTRATED EMBODIMENTS 

[0024] The present invention is directed to a wireless continuous analyte monitoring 

system. The system may be used to assist in determining an analyte concentration in a fluid 

or tissue sample. Some examples of the types of analytes that may be collected and analyzed 

include glucose, lipid profiles (e.g., cholesterol, triglycerides, LDL, and HDL), 

microalbumin, fructose, lactate, or bilirubin. The present invention is not limited, however, 

to these specific analytes, and it is contemplated that other analyte concentrations may be 

determined. The analytes may be in, for example, a whole blood sample, a blood serum 

sample, a blood plasma sample, and/or other body fluids like ISF (interstitial fluid). One 

non-limiting example of a use of the wireless continuous monitoring system of the present 

invention is to determine the glucose concentration in a user's blood, plasma, or ISF. 

Although glucose is the analyte used in many of the examples described herein, it is 

contemplated that any suitable analyte may be used in the embodiments of the present 

invention. 

(0025] Referring to FIG. 1, a wireless continuous monitoring system 10 according to one 

embodiment of the present invention is shown. The system IO includes a portable sensor 

module 12 and a remote monitoring device (RMD) 14. The sensor module 12 and the RMD 

14 are linked by a wireless data communication link 16. The sensor module 12 may include 

any of a variety of devices capable of monitoring one or more selected physiological 

conditions or analyte (e.g., glucose) concentrations of a patient and to transmit data taken by 

the sensor module 12 to the RMD 14. The sensor module 12 may be borne on any suitable 

portion of the patient's body including, but not limited to, the patient's arm or abdomen. The 

sensor module 12 may be placed over the patient's skin (i.e., a transdermal sensor), or the 

sensor module or a portion thereof may be implanted under the patient's skin (i.e., an 

insertable sensor). The sensor module 12 may be removably secured to the patient's body 

using any suitable means including, but not limited to, adhesive, a bandage, a body or arm 

band, or the like. 

[0026] The sensor module 12 may be maintained on a patient's body for extended periods 

of time. For example, the patient may wear the sensor module 12 for up to five days or more. 
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To minimize the inconvenience to the patient, it is desirable for the sensor module 12 to be as 

small as possible. Small, battery-powered sensor modules allow the patient to move freely 

about while still permitting the continuous monitoring of relevant patient physiological 

conditions or analyte concentrations. Because of such size limitations and desired placement 

on a patient's body, it is often not feasible for the sensor module 12 to include a display for 

displaying data measurement values, a device capable of converting collected data into values 

useful to the patient, or the like. However, it is contemplated that a low power and/or an 

error indi.cator may be included on the sensor module 12. In one example, an LED is used to 

show that the sensor module 12 is working properly. The LED may display a green light if 

the sensor module 12 is functioning properly and a red light is the sensor module 12 is 

experiencing an error or problem. Other ways of indicating low power or errors in the sensor 

module 12 may also be used. 

[0027] The RMD 14 may be carried by the patient in his or her pocket, worn around the 

patient's neck using a neck strap, shoulder strap, belt clip, or the like. Carrying the RMD 14 

at all times, however, may be inconvenient, heavy, and/or bulky. Thus, the patient it may be 

desirable for the patient to remove the RMD 14 and place it in a stationary position (e.g., in 

the patient's home, workplace, or the like). 

[0028) The RMD 14 may include a data port 20, which may be connected to a personal 

computer 22, a cellular telephone (not shown), or the like via a cable or cord 24. The data 

port 20 allows the RMD 14 to communicate with, for example, the personal computer 22 so 

that stored glucose readings, concentration trends, and corresponding information may be 

transferred to and displayed on the computer 22. The RMD 14 may also wirelessly 

communicate with the personal computer 22 (e.g., using Bluetooth or WiFi). The RMD 14 

may also include a display (not shown) to display the measurement data, trends, and/or the 

like. 

[0029] FIG. 2 is a block diagram of the functional components of the sensor module 12 

and of the RMD 14. The sensor module 12 includes a unique identifier. The sensor module 

further includes an operation device 30 generally including elements required to operate the 

sensor module 12 and, thus, to measure a parameter correlating with, for example, the 

glucose concentration of the patient at the test site. The function of the operation device 30 is 

known to those skilled in the art and, therefore, will not be described further herein. The 

measurements are fed to a processor 32. The processor 32, which includes an analog-to­

digital converter, converts the outputs received from the operation device 30 to a suitable 
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digital form for transmission to the RMD 14. It is also contemplated that the measurements 

may be transmitted using direct analog transmission. Depending on the sensor module 12, 

the processor 32 may also include selected information regarding the patient, error checking 

means, or the like. The processor 32 may also process received data to a more useful form 

and/or have other suitable functions. The sensor module 12 further includes a memory unit 

39, which may be separate from or associated with the processor 32. The sensor module 12 

also includes a power-supply battery 37. The battery 37 may be rechargeable and is adapted 

to provide a transmission power to the RMD 14. A voltage monitor (not shown) may be 

integrated into the sensor module 12 to alert the patient in a timely manner of the need for 

battery exchange or recharge. 

(0030] Although not necessary, the sensor module 12 may further include an output unit 

36. The output unit 36 may issue an audio, visual (e.g., a light), and/or vibrational alarm if a 

certain condition(s) is met. For example, an alarm may be activated if a dangerous glucose 

value (i.e., dangerously high or low) is detected by the sensor module 12 Alternatively or 

additionally, the alarm may be activated if the sensor module 12 loses communication with 

the RMD 14. Thus, the output unit 36 may provide additional protection for the patient. The 

output unit 36 may be chosen for minimum size and consumption of battery 37. 

(0031) The output from the processor 32 is provided to a transceiver 38. Any suitable 

type of transceiver 38 may be built into the sensor module 12 including, but not limited to the 

MaxStream® Xbee™ OEM RF module (MaxStream, Inc., Lindon, Utah) ("the MaxStream® 

module"), which operates generally within the ISM 2.4 GHz frequency band. Low-power 

systems, such as the MaxStream® module, may be desirable for use in longer-term analyte 

sensor modules. 

[0032) The transceiver 38 provides the output from the processor 32 to a receiving 

antenna 40 (see FIG. 1), which also operates to receive wireless data. The transceiver 38 

and/or the antenna 40 may be infra-red (IR) elements, radio frequency (RF) elements, or 

other suitable radiation transceiving elements. Radiation outputted by the transceiver 38 is, 

thus, received by one or more of the antenna 40 or other receiving devices suitably positioned 

on or in the RMD 14. 

[0033) The receiving devices (e.g., antenna 40) are connected to a second transceiver 42 

positioned within the RMD 14. Information received at the second transceiver 42 is provided 

to a CPU 44. The CPU 44 may perform further processing on the received information. The 

CPU 44 may selectively store such information, either in received form or in processed form, 
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m temporary or bulk storage devices 48. Information is communicated between the 

transceiver 38 and the second transceiver 42 via the communication link 16, which is 

preferably a wireless communication link. 

[0034) Furthermore, it may be desirable for a communications protocol facilitating 

communication with cellular phones, wireless computer networks, and the like, to be used. 

One non-limiting example of a communication protocol that may be used in the embodiments 

of the present invention is the 802.15 .4 standard. The 802.15 .4 standard offers a low data 

rate and power management functions to ensure low power consumption. Preferably, the 

transceiver 38 operates in the 2.4 GHz frequency band, in which there are 16 channels, each 

addressable by 16-bit or 64-bit addressing. For communication with cellular phones, the 

processor 32 and the CPU 44 are programmed to format data communicated across the 

communication link 16 according to any number of cellular data protocols, such as one 

compatible with the Short Message Service (SMS) of the CDMA or GSM cel1ular protocols. 

In one embodiment, data representative of the patient's monitored analyte concentrations may 

be sent as a text message across the SMS service to a cellular phone in lieu of or in addition 

to the RMD 14. Other information may also be sent, including information indicative of an 

alarm (for example, in response to a hypoglycemic or hyperglycemic glucose level), a signal 

indicative of a loss of communication with the RMD 14 (for example, if the patient leaves the 

RMD 14 at a location). Still other information that can be transmitted from the sensor 

module 12 to the RMD 14 is mentioned below and can also be transmitted to a cellular phone 

as a data message. In other aspects, the RMD 14 may communicate with a cellular phone by 

transmitting image data associated with the concentration levels (e.g., a graph showing 

historical measured levels over a period of time) or information indicating a loss of 

communication with the sensor module 12 (e.g., communication attempts between the RMD 

14 and the sensor module 12 repeatedly failed over a period of time, whereupon the RMD 14 

sends an SMS message to the cellular phone indicating the loss of communication with the 

sensor module 12). 

[0035) The RMD 14 may then be linked to the computer 22 using the cable or cord 24. 

Upon linking the RMD 14 to the computer 22, the information is transferred from the storage 

device 48 to the computer 22 for further processing. Images indicative of such received 

information may be displayed on one or more displays (e.g., display 50 of FIG. 1) of the 

computer 22. Thus, the patient's relevant analyte concentration(s) and/or trends thereof may 
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be monitored. The computer 22 may display the data in any suitable way including alpha­

numerically, graphically, combinations thereof, or the like. 

(0036] A unique sequence identifier ( e.g., an index number) is assigned to each data 

measurement. As measurement data are collected, the sequence identifier is incremented. 

Thus, the software of the RMD 14 has a sequence identifier linked to the measurement data. 

The RMD 14 generally includes a real-time clock such that a time and/or date may be 

associated with each sequence identifier and, thus, with each data measurement. In another 

embodim~nt, the sensor module 12 includes a real-time clock. The time/date stamp may 

alternatively be used as the sequence identifier, as each time/date stamp will be unique. The 

sequence identifier is used to keep track of what data is transmitted from the sensor module 

12 to the remote monitoring device 14. When measurement data are transmitted, the 

sequence identifier associated with the most recent data measurement not yet transmitted is 

logged by !he sensor module 12. Alternatively, the sensor module 12 stores the range of 

sequence identifiers associated with the measurement data transmitted from the sensor 

module 12. 

[0037) In another aspect of the present invention, the RMD 14 may transmit a signal to 

the sensor module 12 indicative of a request for data measured during a certain time period, 

such as the previous two hours. According to this aspect, the processor 32 of the sensor 

module 12 analyzes the time/date stamps ( or the sequence identifier in embodiments where 

the time/date stamp is used as the sequence identifier) to determine which measurement data 

fall within the requested time period. The sensor module 12 then transmits to the RMD 14 

the measurement data associated with the requested time period. 

[0038] The transmission distance between the sensor module 12 and the remote 

monitoring device 14 may generally range from about 1 foot to about I 00 feet. More 

specifically, the transmission distance may range from about 5 feet to about 30 feet. For 

example, the MaxSteam® module has a transmission distance of about 100 feet. 

[0039] As discussed above, the RMD 14 is often not carried by the patient at all times. 

According to the present invention, if the sensor module 12 loses communication with the 

RMD 14, all measurement data collected during the period of lost communication are stored 

in the memory 39 of the sensor module 12 until communication is restored. Communication 

may be lost, for example, when the RMD 14 is out of range (e.g., when a patient fitted with 

the sensor module 12 is outside of the transmission distance from the RMD 14), when the 

RMD 14 is in an "off' position, when there is interference with the signal, when the patient is 
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sufficiently close to the RMD 14 such that the wireless exchange of data between the sensor 

module 12 and the RMD 14 is restored, the measurement data acquired during the period of 

non-communication are transferred from the memory 39 of the sensor module 12 into the 

second transceiver 42 of the RMD 14. 

[0040] According to one embodiment, to further conserve power, a proximity sensor 

(e.g., a reed switch and a magnet) is utilized between the RMD 14 and the sensor module 12. 

When the sensor module 12 is within a certain distance from the RMD 14, communication 

between the sensor module 12 and the RMD 14 is restored. Alternatively or additionally, the 

proximity sensor may be used as a trigger to send data in an ultra low power version. In such 

an ultra low power version, to view the data, the displa y 50 must be within a certain 

proximity of the sensor module 12. 

[0041] According to one aspect of the present invention, after the sensor module 12 

transmits the measurement data to the RMD 14, the sensor module 12 awaits an 

acknowledgement signal from the RMD 14 that the measurement data have been successfully 

received. In one aspect, when the acknowledgement signal is received from the RMD 14, the 

sensor module 12 deletes the measurement data taken during the time period measured. In 

another aspect, the measurement data are not deleted until the next regular or scheduled 

transmission. The sensor module may store a range of sequence identifiers associated with 

the transmitted measurement data in the memory 39 or in the memory associated with the 

processor 32. The most recently stored sequence identifier is used as a "place holder" to keep 

track of what measurement data was already transmitted so that as the sensor module 12 

continues to store subsequent measurement data, it has the ability to remember where the 

transmitted data ends and where the non-transmitted data begins. Thus, the sensor module 12 

may continue to store subsequent measurement data while waiting for an acknowledgement 

from the RMD 14 that the transmitted data was received. Once that acknowledgment signal 

is received from the RMD 14 at the sensor module 12, the sensor module 12 may delete the 

measurement data associated with the stored sequence identifiers and all historical 

measurement data. Any newly stored but not yet transmitted measurement data are thus 

preserved in the sensor module 12 for transmission. 

[0042} By buffering all measurement data and continuing to buffer measurement data 

following a transmission, loss of the measurement data is avoided in at least two ways. First, 

historical measurement data is preserved until it can be transmitted successfully to the RMD 



Page 112 of 320

WO 2008/051409 PCT/US2007/022116 

11 

14. In the event of a transmission failure, no measurement data is lost. Second, measurement 

data that is accumulated during or following a transmission is preserved until the next 

transmission can be made. The storage of the sequence identifiers prevents measurement 

data that is recorded during or following a transmission from being lost or erased. In other 

words, only that measurement data that is successfully transmitted and acknowledged by the 

RMD 14 as received will be deleted from the memory 39. All other measurement data 

(historical or future) is stored until it can be successfully transmitted. 

[0043] FIG. 3 illustrates a method according to one embodiment of the present invention. 

At step slO0, the test sensor module 12 obtains measurement (e.g., analyte concentration) 

data. The measurement data is associated with a unique sequence identifier, as described 

above, at step s102. The measurement data and corr~sponding sequence identifier are stored 

in the memory 39 of the sensor module 12 at step s104. At determining step s106, whether a 

data-transmission triggering event has occurred is determined. A data-transmission 

triggering event may include occurrence of an alarm condition ( e.g., exceeding a threshold 

indicating a hypoglycemic or hyperglycemic condition), passage of a predetermined time 

interval, an update request from the RMD 14, or the like. Thus, the sensor module 12, the 

RMD 14, or a combination thereof may trigger data transmission. If a data-transmission 

triggering event has not occurred, the measurement data continues to be stored in the memory 

3 9 of the sensor module 12 ( step s 104 ). On the other hand, if a data-transmission triggering 

event has occurred, measurement data is transmitted from the sensor module 12 to the RMD 

14 at step s108. Once the measurement data has been transmitted at step s108, whether the 

sensor module 12 has received an acknowledgement signal from the RMD 14 that the 

measurement data has been received is determined at step s 110. If an acknowledgement 

signal has not been received, the measurement data is continued to be stored in the memory 

39 of the sensor module 12 (step s104). If, on the other hand, an acknowledgement signal is 

received, the measurement data may be deleted from the memory 39 of the sensor module 12. 

[0044] The storage capacities of the memory 3 9 of the sensor module 12 and the storage 

device 48 of the RMD 14 match the particular applications for which they are intended. For 

example, the memory 39 of the sensor module 12 is used primarily for the intermediate 

storage of relatively small volumes of data, namely the measurement values stored since the 

last time that the sensor module 12 was in communication with the RMD 14. For example, 

the capacity of the memory 39 may be approximately 512 kilobits (kb). The memory 39 of 

the sensor module 12 may have the capacity to store measurement data for about 48 hours, 



Page 113 of 320

WO 2008/051409 PCT/US2007/022116 

12 

depending on how often concentration measurements are taken. The capacity of the memory 

39 may also be less than or greater than the examples provided. For example, the memory 39 

of the sensor module 12 may be increased to store, for example, several days of measurement 

data. The memory 48 of the RMD 14 is generally substantially larger than the memory 39 of 

the sensor module 12 and may store data generated over long time intervals (at least one 

week). 

(0045) The memory 39 or the memory associated with the processor 32 in the sensor 

module 12 may store other data (in addition to measurement data and the sequence identifier) 

indicative of the following types of modifiable information, alone or in any combination: (1) 

the time and/or date of the last successful transmission; (2) the time and/or date of the last 

attempted transmission; (3) one or more alarm thresholds corresponding to one or more 

analyte concentration measurements; (4) the type of alarm to be indicated by the output unit 

36 (e.g., audible, visual, vibrational, or no alarm); (5) a desired power output level of the 

antenna 40; (6) the time interval during which the operation device 30 is to take a 

measurement (e.g., every hour or every two hours); (7) the type of analyte to be monitored; 

(8) the amount of power remaining in the battery 37; (9) the unique network address of the 

sensor module 12, which is used for transmitting information on an available channel in the 

communication link 16; or (10) relative aggregate data including, for example, data obtained 

during the most recent 1,000 minutes, 1,000 hours, 1,000 days, or other suitable time period. 

The sensor module 12 may use the amount of power remaining in the battery 37 to 

dynamically adjust the power output of the antenna 40. For example, if the battery 37 power 

level is low, the power output of the antenna 40 can be reduced to save battery power. The 

output unit 36 may indicate when the power level of the battery 3 7 becomes too low to 

sustain reliable functioning. 

(0046) The memory 48 in the RMD 14 device may store data indicative of the following 

types of modifiable information, alone or in any combination: (1) the measurement data 

transmitted by the sensor module 12 and/or the corresponding sequence identifier(s); (2) one 

or more types of errors, such as corrupted data, partially received data, no data, and the like; 

(3) a command to send immediately or within a specified time period (a) all measurement 

data stored since the last transmission, (b) a selected range of measurement data, or ( c) 

measurement data conforming to one or more criteria (such as (i) only those measurement 

data representing glucose concentrations exceeding a specified level, or (ii) the data 

measurement(s) corresponding to the highest measured analyte concentrations); (4) an 
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analyte concentration threshold for triggering an alarm that is indicated by the output unit 36 

of the sensor module 12; (5) one or more types of alarms to be indicated by the output unit 36 

of the sensor module 12, such as an audible alarm, a visual alarm, a vibrational alarm, or no 

alarm; (6) a command to retransmit the measurement data; (7) a command for the sensor 

module 12 to erase part or all of its memory 39; (8) a command instructing the sensor module 

12 to take a measurement immediately and transmit the measurement data to the RMD 14; 

(9) a command instructing the sensor module 12 to change its power output level and/or one 

or more power output levels (e.g., low, high, off); (10) data indicating that the RMD 14 will 

be unavailable for a specified or unspecified period of time and optionally the nature of the 

reason for such unavailability; (11) one or more time intervals during which the sensor 

module 12 is to take measurements (e.g., every two hours or every hour); (12) the type(s) of 

analyte(s) to be monitored by the sensor monitor 12 (e.g., glucose, lipids, fructose, bilirubin, 

and the like); (13) network administration information, such as (a) the network address of the 

RMD 14 or the sensor module 12 or (b) a command to the sensor module 12 to change its 

network address; (14) a command disallowing an attempted transmission by the sensor 

module 12 because it is an unauthorized device; (15) one or more SMS messages for 

transmission to a cellular telephone (such as a loss of communication with a sensor module, 

with an RMD), image data conveying information about the measurement data (e.g., a graph 

of measured analyte levels over a given period of time). 

[0047] According to another embodiment of the present invention, the transmission 

power of the system 10 may be varied depending on the quality, level, and/or strength of 

communication between the sensor module 12 and the RMD 14. For example, the 

transmission power is decreased if the level of communication is strong or if battery power is 

low. Conversely, the transmission power is generally increased if the level of communication 

is weak. In the case where communication has been lost altogether and is not reestablished 

after a certain, predetermined time interval, the transmission power level may be reduced to 

its normal level, thereby assisting in conserving the life of the battery 37. In one 

embodiment, when communication has been lost altogether, the transmission power is 

reduced to a minimal level with an intermittent burst of high transmission power to seek to 

reestablish communication with the RMD 14. As described below, the transmission power 

can also be varied by the RMD 14 by issuing a command to the sensor module 12 to vary the 

power. In addition, the sensor module 12 may turn off the antenna 40 until the sensor module 

12 needs to transmit data to the RMD 14. 
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[0048) In addition to the signals described above, the sensor module 12 may receive 

various other types of signals from the RMD 14. The signals sent from the RMD 14 to the 
" 

sensor module 12 may include any one or more of the following: ( 1) a signal indicative of an 

acknowledgement that data transmitted from the sensor module 12 was received by the RMD 

14; (2) a signal indicative of an error in the transmission of data received from the sensor 

~odule 12 (e.g., the data was corrupted during transmission); (3) a signal indicative of a 

command by the RMD 14 to the sensor module 12 to send now or within a specified time 

period (a) all measurement data stored since the last transmission, (b) a selected range of 

measurement data, or (c) measurement data conforming to one or more criteria (such as (i) 

only those measurement data representing glucose concentrations exceeding a specified level, 

or (ii) the data measurement(s) corresponding to the highest measured analyte 

concentrations); (4) a signal indicative of an analyte concentration threshold (e.g., a threshold 

indicating a hypoglycemic or hyperglycemic condition) for triggering an alarm that is 

indicated by the output unit 36 of the sensor module 12; (5) a signal indicative of the type of 

alarm to be indicated by the output unit 36 of the sensor module 12, such as an audible alarm, 

a visual alarm, a vibrational alarm, or no alarm; (6) a signal indicative of a command to the 

sensor module 12 to retransmit the measurement data; (7) a signal indicative of a command to 

erase part or all of the memory 39; (8) a signal indicative of a command instructing the sensor 

module 12 to take a measurement now and transmit the measurement data to the RMD 14; (9) 

a signal indicative of a command instructing the sensor module 12 to change its power output 

level; (10) a signal indicating that the RMD 14 will be unavailable for a specified or 

unspecified period of time and, optionally, the nature of the reason for such unavailabpity; 

( 11) a signal indicative of the time interval during which the sensor module 12 is to take 

measurements ( e.g., every two hours or every hour); ( 12) a signal indicative of the type(s) of 

analyte(s) to be monitored by the sensor monitor 12 (e.g., glucose, lipids, fructose, bilirubin, 

and the like); (13) a signal indicative of network administration, such as (a) a change in the 

network address of the RMD 14 or the sensor module 12 or (b) a command to the sensor 

module 12 to change its network address; (14) a signal disallowing the transmission because 

the sensor module 12 is an unauthorized device. 

[0049] In response to receiving any of the above signals from the RMD 14, the sensor 

module may take the following respective actions: (1) erases the measurement data 

corresponding to the measurement data transmitted to and acknowledged as received by the 

RMD 14; (2) retransmits the measurement data; (3) transmits the requested measurement 
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data; (4) changes the analyte concentration threshold for triggering an alarm, which threshold 

may optionally be stored in the memory 39; (5) changes the type of alarm to be indicated by 

the output unit 36, which type may optionally be stored in the memory 39; (6) retransmits the 

measurement data; (7) erases part or all of the memory 39; (8) takes a measurement and then 

transmits that measurement data to the RMD 14; (9) changes its power output level, which 

may optionally be stored in the memory 39 (e.g., the sensor module 12 enters a "power 

saving" mode); (10) continues to buffer measurement data in the memory 39 until the RMD 

14 is available again and thereafter transmitting all buffered measurement data when the 

RMD 14 is expected to be available again; ( 11) changes the time interval during which the 

sensor module 12 is to take measurements, which time interval may optionally be stored in 

the memory 39; (12) monitors the requested type of analyte; (13) changes the network 

address associated with the sensor module 12; ( 14) attempts to transmit to another RMD in 

the network or to another sensor module. 

[0050] Referring to FIG. 4, a method according to one embodiment of the present 

invention is detailed. At step s200, the RMD 14 provides a signal to the sensor module 12. 

The signal may include any type of signal described above or combinations thereof. The 

sensor module 12 receives the signal at step s205. Depending on the type of signal produced 

and received, the sensor module 12 may modify a parameter of the sensor module software 

(step s2 l 0) or transmit measurement data from the sensor module 12 to the RMD 14 (step 

s2 l 5). Sensor parameters that may be modified at step s210 include, for example, analyte­

concentration thresholds for triggering an alarm, the type of alarm, power output levels, the 

length of time between measurements, the type(s) of analyte(s) to be monitored, the sensor 

module's network address, combinations thereof, or the like. The transmitting data step 

(:S215) may be conducted in accordance with the method illustrated in FIG. 3 and described 

above. 

[0051] According to another embodiment, communication between the sensor module 12 

and the RMD 14 are coordinated such that one transmits data at the same time the other is 

adapted to receive the data. This may be useful since power may be consumed by the devices 

when they are transmitting data as well as when they are receiving data. In one example, 

impromptu communication ( e.g., an alarm condition) between the sensor module 12 and the 

RMD 14 may be preceded by a non-RF trigger to assist in synchronizing the communication 

between the sensor module 12 and the RMD 14. 
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(0052] According to yet another aspect of the present invention, the wireless continuous 

monitoring systems of the present invention may be tailored to the needs of a user. For 

example, in FI Gs. 5a-d, the systems of the embodiments of the present invention may include 

hardware capable of establishing point-to-point communication (see FIG. 5a), point-to­

multipoint communication (see FIGs. 5b, Sc), peer-to-peer communication (see peer-to-peer 

link between sensor modules 269, 270 in FIG. Sd), or mesh communication (see FIG. Sd). 

(00531 In FIG. Sa, multiple sensor modules 260 may transmit respective measurement 

data to a single RMD 262. This may be useful, for example, in an institutional (e.g., hospital) 

setting where a caregiver may monitor the analyte concentrations of several different patients 

on a single RMD 262. 

[0054) In FIG. Sb, a single sensor module 264 may transmit measurement data to 

multiple RMDs 266a,b. The embodiment of FIG. Sb has multiple advantages. For example, 

if the sensor module 264 is borne by a child, a first RMD 266a may be located near the child 

such that measurement data from the sensor module 12 may be readily transmitted from the 

sensor module 12 to the first RMD 266a. An alarm on the first RMD 266a may issue if the 

child's glucose concentration is outside of the normal limits. A second RMD 266b located 

near the child's parent may also (or alternatively) issue an alarm, thereby alerting the parent 

that the child's glucose concentration is outside of the normal limits. This may be 

particularly useful, for example, when the child is sleeping, engaged in sports, playing 

outside, or the like. According to the embodiment of FIG. Sb, the child's parent need not be 

in the same room or even in hearing range of an alarm on the child's RMD 266a to know that 

the child's glucose concentration is at a dangerous level. Instead of or in addition to an 

alarm, the parent may monitor the child's glucose level in other suitable ways. For example, 

the second RMD 266b may include a display for displaying glucose levels, may be connected 

to a computer, or the like. 

[00551 In embodiments where a wireless continuous monitoring system includes more 

than one RMD, as in FIG. Sb, it is contemplated that in certain circumstances, the sensor 

module 264 may be in communication with less than all of the RMDs 266a,b. In such a 

circumstance, the sensor module may include internal software allowing it to store 

measurement data in a memory (as described above) until it receives a signal from each of the 

RMDs 266a,b with which it is intended to communicate, indicating that all of the RMDs have 

successfully received the transmitted measurement data. Once all of the signals are received, 

the measurement data may be erased from the memory. 
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[0056] Because each sensor module has its own unique identifier associated therewith, 

multiple sensor modules may communicate with a single RMD. FIG. 5c shows multiple 

sensor modules 267a,b communicating with multiple receivers. In the embodiment of FIG. 

5c, a first sensor module 267a is in communication with a first RMD 268a and a common 

RMD 268b. A second sensor module 267b is in communication with a second RMD 268c 

and the common RMD 268b. Such an embodiment may be desirable, for example, where 

two children in the same household are monitoring their glucose levels (e.g., on RMDs 268a, 

268c) and a parent is monitoring the glucose levels of both children ( e.g., on the central RMD 

268b ). Alternatively, this embodiment may be desirable in an institutional setting where two 

patients are individually monitoring their glucose levels (e.g., on RMDs 268a, 268c) and a 

caregiver is monitoring the glucose levels of both patients (e.g., on the central RMD 268b). 

(0057] Referring now to FIG. 5d, a mesh system is shown in which data may be 

transmitted peer-to-peer between mul~iple sensor modules (e.g., sensor module 269 to sensor 

module 270) and from a sensor module (e.g., sensor module 272) to an RMD (e.g., RMD 

274). The mesh system shown in FIG. 5d can reconfigure broken or blocked communication 

links by hopping from sensor module to sensor module until the destination is reached. Thus, 

a sensor module may transmit measurement data to an RMD outside its range by passing the 

measurement data through other sensor modules located at distances closer to the RMD via 

internal software. The transmission distance between the sensor module (e.g., sensor module 

269) and the RMD 274 is thereby significantly increased. This embodiment may be 

particularly useful, for example, in institutional settings (e.g., hospitals) in which patients 

wearing sensor modules are located generally near each other but are located a substantial 

distance from the RMD 274. Thus, a single RMD 274 at, for example, a nurse's station, may 

allow the caregiver to monitor many sensor modules on many different patients. 

[0058] In networks such as the mesh network shown in FIG. 5d enabling peer-to-peer 

communication, each sensor module can communicate uni-directionally or bi-directionally 

with other sensor modules in the network. In one aspect, if a memory in one sensor module 

becomes too full to store any further measurement data, that sensor module can "forward" 

subsequent measurement data to a proxy sensor module for storage until the sensor module 

has successfully transmitted its measurement data to an available RMD and erased its 

memory contents. The proxy sensor module can then retransmit the forwarded measurement 

data back to the sending sensor module when it has free memory space. In another aspect, if 

a sensor module loses communication with an RMD, it can pass its data to another proxy 
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sensor module for transmission to an RMD. In this aspect, the originating sensor module also 

transmits identification information, such as its network address, along with the sequence 

identifiers and measurement data so that its origin can be ascertained by the RMD. The 

originating sensor module also sends a signal to the proxy sensor module indicative of a 

command to forward the forthcoming measurement data to the RMD. Thus, when the proxy 

sensor module receives the measurement data, it transmits the data to the RMD along with 

the identification information so that the RMD knows that this data is associated with a 

sensor module different from the sensor module sending the data. 

[0059) Peer-to-peer configurations also allow the RMD to issue system-level commands 

or instructions to all sensor modules in the network without having to broadcast the command 

or instruction multiple times to each sensor module. In one aspect, the RMD sends a 

command or instruction to one sensor, which forwards it to all peers in the network in relay 

fashion. 

[0060) In another embodiment, the RMD is adapted to receive data from a first sensor 

module to assist in calibrating a second sensor module. The first sensor module may, for 

example, have been used during a previous monitoring period, and the second sensor module 

may be used for a subsequent monitoring period. The RMD in this embodiment may inform 

a user when to replace the first sensor module with the second sensor module. 

[0061] In yet another embodiment, the RMD may be adapted to communicate with an 

independent device that may be adjusted based on information transmitted from the RMD. 

For example, the RMD may communicate with a device connected to an intravenous drip 

providing, for example, glucose, insulin, drugs, pain killers, chemotherapeutic agents, or the 

like based on information received from the RMD. 

[0062] The hardware of the sensor modules of the embodiments of the present invention 

may allow for multiple software-selectable frequencies. The 802.15 .4 protocol operating in 

the 2.4 GHz frequency band allows for up to 16 different connections without sharing a 

channel. However, the 802.15.4 protocol includes two software addressing modes, 16-bit 

short and 64-bit IEEE addressing. By using software addressing within each channel, 

systems according to the present invention can accommodate 65,536 sensor modules (using 

16-bit short addressing), each having its own network-addressable transceiver, on the same 

channel. In order to transmit on a channel, the sensor module would wait until it is addressed 

individually before using the channel. This may be useful, for example, in an institutional 
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(e.g., hospital or hospital ward) setting where hundreds or even thousands of sensor modules 

could be operating at any given time. 

[0063) In any of the foregoing aspects or embodi'ments described herein, data 

communicated across the wireless communication link between the sensor modules and the 

one or more RMD units may be encrypted for increased security and compliance with privacy 

regulations. The sensor module and RMD would include encryption and decryption modules 

that would also include appropriate keys for ciphering/deciphering the data. Alternately, the 

data communicated across the wireless communication link may be ciphered in such a way 

that renders it very difficult to recreate the original message without the proper cipher. 

ALTERNATIVE EMBODIMENT A 

[0064) A system for monitoring a concentration of an analyte in a fluid or tissue sample 

comprising: 

a sensor module adapted to be borne on a patient, the sensor module including a 

power supply adapted to provide a transmission power, a first transceiver adapted to transmit 

analyte-concentration information, and a memory; and 

a remote monitoring device adapted to wirelessly communicate with the sensor 

module, the remote monitoring device including a second transceiver adapted to receive the 

analyte-concentration information transmitted by the sensor module and adapted to transmit a 

signal to the sensor module confirming that the analyte-concentration information was 

received, 

wherein the information is stored in the memory until the signal is received by the 

sensor module. 

ALTERNATIVE EMBODIMENT B 

[0065] The system of Alternative Embodiment A, wherein the sensor module includes a 

transdermal test sensor or an insertable sensor. 

ALTERNATIVE EMBODIMENT C 

[0066] The system of Alternative Embodiment A, wherein the analyte is glucose. 

ALTERNATIVE EMBODIMENT D 

[0067] The system of Alternative Embodiment A, wherein the transmission power is 

fluctuated based on quality, level, or strength of the wireless communication. 

ALTERNATIVE EMBODIMENT E 

[0068) The system of Alternative Embodiment A, wherein the remote monitoring device 

further comprises a device adapted to interpret the analyte-concentration information and an 
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(0069] The system of Alternative Embodiment A, wherein the analyte-concentration 

information is stored in the memory when wireless communication with the remote 

monitoring device is lost and the analyte-concentration information is transmitted to the 

remote monitoring device when the wireless communication is restored. 

ALTERNATIVE EMBODIMENT G 

(0070) The system of Alternative Embodiment A, wherein the analyte-concentration 

information includes measurement data having a sequence identifier being associated 

therewith, the sequence identifier being adapted to track whether the measurement data has 

been transmitted to the remote monitoring device. 

ALTERNATIVE EMBODIMENT H 

(0071) The system of Alternative Embodiment A, wherein the analyte-concentration 

information is transmitted in response to a transmission triggering event. 

ALTERNATIVE EMBODIMENT I 

[0072] The system of Alternative Process H, wherein the transmission triggering event 

includes exceeding a threshold analyte concentration, passage of a predetermined time 

interval, or a signal request from the remote monitoring device. 

ALTERNATIVE EMBODIMENT J 

[0073) The system of Alternative Embodiment A, further comprising a second sensor 

module. 

ALTERNATIVE EMBODIMENT K 

(0074) The system of Alternative Embodiment J, wherein the second sensor module is 

adapted to transmit analyte-concentration data to at least one of the sensor module and the 

remote monitoring device. 

ALTERNATIVE EMBODIMENT L 

[0075] The system of Alternative Embodiment A, further comprising a second remote 

monitoring device adapted to wirelessly communicate with the sensor module, the second 

remote monitoring device including a third transceiver adapted to receive the analyte­

concentration information transmitted by the sensor module. 

ALTERNATIVE EMBODIMENT M 

[0076] The system of Alternative Embodiment A, wherein the remote monitoring device 

is adapted to be linked to a computer. 



Page 122 of 320

WO 2008/051409 PCT/US2007/022116 

21 

ALTERNATIVE PROCESS N 

(0077) A method of monitoring a concentration of an analyte in a fluid or tissue sample, 

the method comprising the acts of: 

obtaining a measurement corresponding with the analyte concentration using a sensor 

module, the sensor module including a memory and a power supply adapted to supply a 

transmission power; 

transmitting the measurement to a remote monitoring device using the transmission 

power; 

upon receiving the measurement, transmitting a signal from the remote monitoring 

device to the sensor module; and 

upon receiving the signal, removing the measurement from the memory. 

ALTERNATIVE PROCESS 0 

[0078] The method of Alternative Process N, further comprising varying the transmission 

power based on a level of communication between the sensor module and the remote 

monitoring device. 

ALTERNATIVE PROCESS P 

[0079) The method of Alternative Process N, further comprising storing the measurement 

in the memory when communication with the remote monitoring device is lost, and wherein 

the act of transmitt.ing the measurement to the remote monitoring device is performed when 

the communication is restored. 

ALTERNATIVE PROCESS 0 
[0080] The method of Alternative Process N, further comprising associating the 

measurement with a sequence identifier, the sequence identifier being adapted to track 

whether the measurement has been transmitted to the remote monitoring device. 

ALTERNATIVE PROCESS R 

[0081] The method of Alternative Process N, wherein the act of transmitting the 

measurement to a remote monitoring device occurs in response to a transmission triggering 

event. 

ALTERNATIVE PROCESS S 

[0082] The method of Alternative Process R, wherein the transmission triggering event 

includes exceeding a threshold analyte concentration, passage of a predetermined time 

interval, or a signal request from the remote monitoring device. 
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ALTERNATIVE PROCESS T 

[0083) The method of Alternative Process N, further comprising: 

obtaining a second data measurement using a second sensor module, the second 

sensor module including a second memory; and 

transmitting the second data measurement to one of the sensor module and the remote 

monitoring device. 

ALTERNATIVE PROCESS U 

[0084] The method of Alternative Process T, wherein the sensor module is borne by a 

first patient and the second sensor module is borne by a second patient. 

ALTERNATIVE PROCESS V 

[0085] The method of Alternative Process N, further comprising transmitting the data 

measurement to a second remote monitoring device. 

ALTERNATIVE PROCESS W 

(0086) The method of Alternative Process N, further comprising linking the remote 

monitoring device to a computer. 

ALTERNATIVE EMBODIMENT X 

[0087) A system for monitoring an analyte concentration of one or more patients, the 

system comprising: 

a first sensor module adapted to be borne on a first patient, the first sensor module 

including a first transceiver adapted to transmit analyte-concentration data associated with the 

first patient; 

a second sensor module adapted to be borne on a second patient, the second sensor 

module including a second transceiver adapted to transmit analyte-concentration data 

associated with the second patient; and 

a remote monitoring device including a third transceiver adapted to receive the 

analyte-concentration data wirelessly transmitted by one or more of the first and second 

sensor modules, 

wherein the first and second transceivers are adapted to transmit data to one another 

and to the remote monitoring device. 

ALTERNATIVE EMBODIMENT Y 

[0088) A system for monitoring an analyte concentration of one or more patients, the 

system comprising: 
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a sensor module adapted to be borne on a patient, the sensor module including a 

transceiver adapted to transmit analyte-concentration data associated with the patient; and 

more than one remote monitoring device, each of the remote monitoring devices 

including a second transceiver adapted to receive the analyte-concentration data wirelessly 

transmitted by the sensor module. 

[0089) While the invention is susceptible to various modifications and alternative forms, 

specific embodiments are shown by way of example in the drawings and are described in 

detail herein. It should be understood, however, that the invention is not intended to be 

limited to the particular forms disclosed. Rather, the invention is to cover all modifications, 

equivalents, and alternatives falling within the spirit and scope of the invention as defined by 

the appended claims. 
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CLAIMS: 

1. A system for monitoring a concentration of an analyte in a fluid or 

tissue sample comprising: 

a sensor module adapted to be borne on a patient, the sensor module including 

a power supply adapted to provide a transmission power, a first transceiver adapted to 

s transmit analyte-concentration information, and a memory; and 

a remote monitoring device adapted to wirelessly communicate with the 

sensor module, the remote monitoring device including a second transceiver adapted 

to receive the analyte-concentration information transmitted by the sensor module and 

adapted to transmit a signal to the sensor module confirming that the analyte-

10 concentration information was received, 

15 

wherein the information is stored in the memory until the signal is received by 

the sensor module. 

2. The system of claim 1, wherein the sensor module includes a 

transdermal test sensor or an insertable sensor. 

3. The system of claim l, wherein the analyte is glucose. 

4. The system of claim 1, wherein the transmission power is fluctuated 

based on quality, level, or strength of the wireless communication. 

5. The system of claim 1, wherein the remote monitoring device further 

comprises a device adapted to interpret the analyte-concentration information and an 

20 information storage device. 

6. The syste~ of claim 1, wherein the analyte-concentration information 

is stored in the memory when wireless communication with the remote monitoring 

device is lost and the analyte-concentration information is transmitted to the remote 

monitoring device when the wireless communication is restored. 

2s 7. The system of claim 1, wherein the analyte-concentration information 

includes measurement data having a sequence identifier being associated therewith, 

the sequence identifier being adapted to track whether the measurement data has been 

transmitted to the remote monitoring device. 

8. The system of claim 1, wherein the analyte-concentration information 

30 is transmitted in response to a transmission triggering event. 
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9. The system of claim 8, wherein the transmission triggering event 

includes exceeding ·a threshold analyte concentration, passage of a predetermined time 

interval, or a signal request from the remote monitoring device. 

10. The system of claim 1, further comprising a second sensor module. 

s 11. The system of claim 10, wherein the second sensor module is adapted 

to transmit analyte-concentration data to at least one of the sensor module and the 

remote monitoring device. 

12. The system of claim 1, further comprising a second remote monitoring 

device adapted to wirelessly communicate with the sensor module, the second remote 

10 monitoring device including a third transceiver adapted to receive the analyte­

concentration information transmitted by the sensor module. 

13. The system of claim 1, wherein the remote monitoring device is 

adapted to be linked to a computer. 

14. A method of monitoring a concentration of an analyte in a fluid or 

1 s tissue sample, the method comprising the acts of: 

obtaining a measurement corresponding with the analyte concentration using a 

sensor module, the sensor module including a memory and a power supply adapted to 

supply a transmission power; 

transmitting the measurement to a remote monitoring device using the 

20 transmission power; 

upon receiving the measurement, transmitting a signal from the remote 

monitoring device to the sensor module; and 

upon receiving the signal, removing the measurement from the memory. 

15. The method of claim 14, further comprising varying the transmission 

2s power based on a level of communication between the sensor module and the remote 

monitoring device. 

16. The method of claim 14, further comprising storing the measurement 

in the memory when communication with the remote monitoring device is lost, and 

wherein the act of transmitting the measurement to the remote monitoring device is 

30 performed when the communication is restored. 

1 7. The method of claim 14, further comprising associating the 

measurement with a sequence identifier, the sequence identifier being adapted to track 

whether the measurement has been transmitted to the remote monitoring device. 
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18. The method of claim 14, wherein the act of transmitting the 

measurement to a remote monitoring device occurs in response to a transmission 

triggering event. 

19. The method of claim 18, wherein the transmission triggering event 

s includes exceeding a threshold analyte concentration, passage of a predetermined time 

interval, or a signal request from the remote monitoring device. 

20. The method of claim 14, further comprising: 

obtaining a second data measurement using a second sensor module, the 

second sensor module including a second memory; and 

transmitting the second data measurement to one of the sensor module and the 

remote monitoring device. 

21. The method of claim 20, wherein the sensor module is borne by a first 

patient and, the second sensor module is borne by a second patient. 

22. The method of claim 14, further comprising transmitting the data 

1s measurement to a second remote monitoring device. 

20 

23. The method of claim 14, further comprising linking the remote 

monitoring device to a computer. 

24. A system for monitoring an analyte concentration of one or more 

patients, the system comprising: 

a first sensor module adapted to be borne on a first patient, the first sensor 

module including a first transceiver adapted to transmit analyte-concentration data 

associated with the first patient; 

a second sensor module adapted to be borne on a second patient, the second 

sensor module including a second transceiver adapted to transmit analyte-

2s concentration data associated with the second patient; and 

a remote monitoring device including a third transceiver adapted to receive the 

analyte-concentration data wirelessly transmitted by one or more of the first and 

second sensor modules, 

wherein the first and second transceivers are adapted to transmit data to one 

30 another and to the remote monitoring device. 

25. A system for monitoring an analyte concentration of one or more 

patients, the system comprising: 
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a sensor module adapted to be borne on a patient, the sensor module including 

a transceiver adapted to transmit analyte-concentration data associated with the 

patient; and 

more than one remote monitoring device, each of the remote monitoring 

s devices including a second transceiver adapted to receive the analyte-concentration 

data wirelessly transmitted by the sensor module. 
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METHOD, SYSTEM AND COMPUTER PROGRAM PRODUCT FOR REAL­
TIME DETECTION OF SENSITIVITY DECLINE IN ANAL YTE SENSORS 

RELATED APPLICATION 

This application claims priority to U.S. Provisional Application No. 60/854,566 

entitled "Method, System and computer program product for real-time detection of 

sensitivity decline in continuous glucose sensors (CGS)" filed on October 26, 2006, the 

disclosure of which is incorporated herein by reference for all purposes. This 

application is related to U.S. Application No. 11/925,689 of Marc D. Breton et al., filed 

October 26, 2007, the disclosure of which is incorporated herein by reference for all 

purposes. 

BACKGROUND 

Analyte, e.g., glucose monitoring systems including continuous and discrete 

monitoring systems generally include a small, lightweight battery powered and 

microprocessor controlled system which is configured to detect signals proportional to 

the corresponding measured glucose levels using an electrometer, and RF signals to 

transmit the collected data. One aspect of certain analyte monitoring systems include a 

transcutaneous or subcutaneous analyte sensor configuration which is, for example, 

partially mounted on the skin of a subject whose analyte level is to be monitored. The 

sensor cell may use a two or three-electrode (work, reference and counter electrodes) 

configuration driven by a controlled potential (potentiostat) analog circuit connected 

through a contact system. 

The analyte sensor may be configured so that a portion thereof is placed under 

the skin of the patient so as to detect the analyte levels of the patient, and another 

portion of segment of the analyte sensor that is in communication with the transmitter 

unit. The transmitter unit is configured to transmit the analyte levels detected by the 

sensor over a wireless communication link such as an RF (radio frequency) 

communication link to a receiver/monitor unit. The receiver/monitor unit performs data 

analysis, among others on the received analyte levels to generate information pertaining 

to the monitored analyte levels. 

In view of the foregoing, it would be desirable to have an accurate assessment of 

the glucose level fluctuations, and in particular, the detection of analyte sensor signal 

drop outs of sensor sensitivity referred to as Early Signal Attenuation (ESA). 
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SUMMARY OF THE DISCLOSURE 

In one embodiment, method, system and computer program product for 

receiving a plurality of analyte sensor related signals, determining a probability of 

signal attenuation associated with the received plurality of analyte sensor related 

signals, verifying the presence of signal attenuation when the determined probability 

exceeds a predetermined threshold level, and generating a first output signal associated 

with the verification of the presence of signal attenuation, are disclosed. 

These and other objects, features and advantages of the present disclosure will 

become more fully apparent from the following detailed description of the 

embodiments, the appended claims and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a block diagram of a data monitoring and management system 

for practicing one or more embodiments of the present disclosure; 

FIG. 2 is a block diagram of the transmitter unit of the data monitoring and 

management system shown in FIG. 1 in accordance with one embodiment of the present 

disclosure; 

FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and 

management system shown in FIG. 1 in accordance with one embodiment of the present 

disclosure; 

FIGS. 4A-4B illustrate a perspective view and a cross sectional view, 

respectively of an analyte sensor in accordance with one embodiment of the present 

disclosure; 

FIG. 5 is a block diagram illustrating real time early signal attenuation (ESA) in 

one embodiment of the present disclosure; 

FIG. 6 is a flowchart illustrating an overall ESA detection routine in accordance 

with one embodiment of the present disclosure; 

FIG. 7 is a flowchart illustrating real-time detection of sensor current 

abnormalities described in conjunction with module 1 of FIG. 5 in accordance with one 

embodiment of the present disclosure; 
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FIG. 8 is a flowchart illustrating verification routine of module 2 in FIG. 5 to 

confirm or reject the output of module 1 in accordance with one embodiment of the 

present disclosure; 

FIG. 9 illustrates a real time current signal characteristics evaluation approach 

based on a sliding window process of module 1 in FIG. 5 in accordance with one 

embodiment of the present disclosure; 

FIG. 10 illustrates bootstrap estimation of coefficients for module 1 of FIG. 5 in 

accordance with one embodiment of the present disclosure; 

FIG. 11 illustrates Gaussian kernel estimation of the normalized sensitivity 

density of module 2 of FIG. 5 in accordance with one embodiment of the present 

disclosure; and 

FIG. 12 illustrates output curve of the first module compared with the output 

curve of the combined first and second modules of FIG. 5, based on a predetermined 

test data set and detection threshold of FIG. 7 in accordance with embodiment of the 

present disclosure. 

DETAILED DESCRIPTION 

As described in further detail below, in accordance with the various 

embodiments of the present disclosure, there is provided method, system and computer 

program product for real time detection of analyte sensor sensitivity decline in data 

processing and control systems including, for example, analyte monitoring systems. In 

particular, within the scope of the present disclosure, there are provided method, system 

and computer program product for the detection of episodes of low sensor sensitivity 

that may cause clinically significant sensor related errors, including, for example, early 

sensor attenuation (ESA) represented by sensor sensitivity ( defined as the ratio between 

the analyte sensor current level and the blood glucose level) decline which may exist 

during the initial 12-24 hours of the sensor life, or during night time use of the analyte 

sensor ("night time drop outs"). 

FIG. 1 illustrates a data monitoring and management system such as, for 

example, analyte (e.g., glucose) monitoring system 100 in accordance with one 

embodiment of the present disclosure. The subject disclosure is further described 

primarily with respect to a glucose monitoring system for convenience and such 

description is in no way intended to limit the scope of the disclosure. It is to be 
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understood that the analyte monitoring system may be configured to monitor a variety 

of analytes, e.g., lactate, and the like. 

Analytes that may be monitored include, for example, acetyl choline, amylase, 

bilirubin, cholesterol, chorionic gonadotropin, creatine kinase ( e.g., CK-MB), creatine, 

DNA, fructosamine, glucose, glutamine, growth hormones, hormones, ketones, lactate, 

peroxide, prostate-specific antigen, prothrombin, RNA, thyroid stimulating hormone, 

and troponin. The concentration of drugs, such as, for example, antibiotics (e.g., 

gentamicin, vancomycin, and the like), digitoxin, digoxin, drugs of abuse, theophylline, 

and warfarin, may also be monitored. 

The analyte monitoring system 100 includes a sensor 101, a transmitter unit 102 

coupled to the sensor 101, and a primary receiver unit 104 which is configured to 

communicate with the transmitter unit 102 via a communication link 103. The primary 

receiver unit 104 may be further configured to transmit data to a data processing 

terminal 105 for evaluating the data received by the primary receiver unit 104. 

Moreover, the data processing terminal in one embodiment may be configured to 

receive data directly from the transmitter unit 102 via a communication link which may 

optionally be configured for bi-directional communication. 

Also shown in FIG. 1 is a secondary receiver unit 106 which is operatively 

coupled to the communication link 103 and configured to receive data transmitted from 

the transmitter unit 102. Moreover, as shown in the Figure, the secondary receiver unit 

106 is configured to communicate with the primary receiver unit 104 as well as the data 

processing terminal 105. Indeed, the secondary receiver unit 106 may be configured for 

bi-directional wireless communication with each of the primary receiver unit 104 and 

the data processing terminal 105. As discussed in further detail below, in one 

embodiment of the present disclosure, the secondary receiver unit 106 may be 

configured to include a limited number of functions and features as compared with the 

primary receiver unit 104. As such, the secondary receiver unit 106 may be configured 

substantially in a smaller compact housing or embodied in a device such as a wrist 

watch, for example. Alternatively, the secondary receiver unit 106 may be configured 

with the same or substantially similar functionality as the primary receiver unit 104, and 

may be configured to be used in conjunction with a docking cradle unit for placement 

by bedside, for night time monitoring, and/or bi-directional communication device. 
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Only one sensor 101, transmitter unit 102, communication link 103, and data 

processing terminal 105 are shown in the embodiment of the analyte monitoring system 

100 illustrated in FIG. 1. However, it will be appreciated by one of ordinary skill in the 

art that the analyte monitoring system 100 may include one or more sensor 101, 

transmitter unit 102, communication link 103, and data processing terminal 105. 

Moreover, within the scope of the present disclosure, the analyte monitoring system 100 

may be a continuous monitoring system, or semi-continuous, or a discrete monitoring 

system. In a multi-component environment, each device is configured to be uniquely 

identified by each of the other devices in the system so that communication conflict is 

readily resolved between the various components within the analyte monitoring system 

100. 

In one embodiment of the present disclosure, the sensor 101 is physically 

positioned in or on the body of a user whose analyte level is being monitored. The 

sensor 101 may be configured to continuously sample the analyte level of the user and 

convert the sampled analyte level into a corresponding data signal for transmission by 

the transmitter unit 102. In one embodiment, the transmitter unit 102 is coupled to the 

sensor 101 so that both devices are positioned on the user's body, with at least a portion 

of the analyte sensor 101 positioned transcutaneously under the skin layer of the user. 

The transmitter unit 102 performs data processing such as filtering and encoding on data 

signals, each of which corresponds to a sampled analyte level of the user, for 

transmission to the primary receiver unit 104 via the communication link 103. 

In one embodiment, the analyte monitoring system 100 is configured as a one­

way RF communication path from the transmitter unit 102 to the primary receiver unit 

104. In such embodiment, the transmitter unit 102 transmits the sampled data signals 

received from the sensor 101 without acknowledgement from the primary receiver unit 

104 that the transmitted sampled data signals have been received. For example, the 

transmitter unit 102 may be configured to transmit the encoded sampled data signals at a 

fixed rate ( e.g., at one minute intervals) after the completion of the initial power on 

procedure. Likewise, the primary receiver unit 104 may be configured to detect such 

transmitted encoded sampled data signals at predetermined time intervals. 

Alternatively, the analyte monitoring system 100 may be configured with a bi­

directional RF ( or otherwise) communication between the transmitter unit 102 and the 

primary receiver unit 104. 
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Additionally, in one aspect, the primary receiver unit 104 may include two 

sections. The first section is an analog interface section that is configured to 

communicate with the transmitter unit 102 via the communication link 103. In one 

embodiment, the analog interface section may include an RF receiver and an antenna for 

receiving and amplifying the data signals from the transmitter unit 102, which are 

thereafter, demodulated with a local oscillator and filtered through a band-pass filter. 

The second section of the primary receiver unit 104 is a data processing section which is 

configured to process the data signals received from the transmitter unit 102 such as by 

performing data decoding, error detection and correction, data clock generation, and 

data bit recovery. 

In operation, upon completing the power-on procedure, the primary receiver unit 

104 is configured to detect the presence of the transmitter unit 102 within its range 

based on, for example, the strength of the detected data signals received from the 

transmitter unit 102 or predetermined transmitter identification information. Upon 

successful synchronization with the corresponding transmitter unit 102, the primary 

receiver unit 104 is configured to begin receiving from the transmitter unit 102 data 

signals corresponding to the user's detected analyte level. More specifically, the 

primary receiver unit 104 in one embodiment is configured to perform synchronized 

time hopping with the corresponding synchronized transmitter unit 102 via the 

communication link 103 to obtain the user's detected analyte level. 

Referring again to FIG. 1, the data processing terminal 105 may include a 

personal computer, a portable computer such as a laptop or a handheld device ( e.g., 

personal digital assistants (PD As)), and the like, each of which may be configured for 

data communication with the receiver via a wired or a wireless connection. 

Additionally, the data processing terminal 105 may further be connected to a data 

network (not shown) for storing, retrieving and updating data corresponding to the 

detected analyte level of the user. 

Within the scope of the present disclosure, the data processing terminal 105 may 

include an infusion device such as an insulin infusion pump or the like, which may be 

configured to administer insulin to patients, and which may be configured to 

communicate with the receiver unit 104 for receiving, among others, the measured 

analyte level. Alternatively, the receiver unit 104 may be configured to integrate an 

infusion device therein so that the receiver unit 104 is configured to administer insulin 
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therapy to patients, for example, for administering and modifying basal profiles, as well 

as for determining appropriate boluses for administration based on, among others, the 

detected analyte levels received from the transmitter unit 102. 

Additionally, the transmitter unit 102, the primary receiver unit 104 and the data 

processing terminal 105 may each be configured for bi-directional wireless 

communication such that each of the transmitter unit 102, the primary receiver unit 104 

and the data processing terminal 105 may be configured to communicate (that is, 

transmit data to and receive data from) with each other via the wireless communication 

link 103. More specifically, the data processing terminal 105 may in one embodiment 

be configured to receive data directly from the transmitter unit 102 via the 

communication link 106, where the communication link 106, as described above, may 

be configured for bi-directional communication. 

In this embodiment, the data processing terminal 105 which may include an 

insulin pump, may be configured to receive the analyte signals from the transmitter unit 

102, and thus, incorporate the functions of the receiver 103 including data processing 

for managing the patient's insulin therapy and analyte monitoring. In one embodiment, 

the communication link 103 may include one or more of an RF communication 

protocol, an infrared communication protocol, a Bluetooth enabled communication 

protocol, an 802.1 lx wireless communication protocol, or an equivalent wireless 

communication protocol which would allow secure, wireless communication of several 

units (for example, per HIPPA requirements) while avoiding potential data collision and 

interference. 

FIG. 2 is a block diagram of the transmitter of the data monitoring and detection 

system shown in FIG. 1 in accordance with one embodiment of the present disclosure. 

Referring to the Figure, the transmitter unit 102 in one embodiment includes an analog 

interface 201 configured to communicate with the sensor 101 (FIG. 1), a user input 202, 

and a temperature measurement section 203, each of which is operatively coupled to a 

transmitter processor 204 such as a central processing unit (CPU). 

Further shown in FIG. 2 are a transmitter serial communication section 205 and 

an RF transmitter 206, each of which is also operatively coupled to the transmitter 

processor 204. Moreover, a power supply 207 such as a battery is also provided in the 

transmitter unit 102 to provide the necessary power for the transmitter unit 102. 
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Additionally, as can be seen from the Figure, a clock 208 is provided to, among others, 

supply real time information to the transmitter processor 204. 

As can be seen from FIG. 2, the sensor unit 101 (FIG. 1) is provided four 

contacts, three of which are electrodes - work electrode (W) 210, guard contact (G) 211, 

reference electrode (R) 212, and counter electrode (C) 213, each operatively coupled to 

the analog interface 201 of the transmitter unit 102. In one embodiment, each of the 

work electrode (W) 210, guard contact (G) 211, reference electrode (R) 212, and 

counter electrode (C) 213 may be made using a conductive material that is either printed 

or etched, for example, such as carbon which may be printed, or metal foil ( e.g., gold) 

which may be etched, or alternatively provided on a substrate material using laser or 

photo lithography. 

In one embodiment, a unidirectional input path is established from the sensor 

101 (FIG. 1) and/or manufacturing and testing equipment to the analog interface 201 of 

the transmitter unit 102, while a unidirectional output is established from the output of 

the RF transmitter 206 of the transmitter unit 102 for transmission to the primary 

receiver unit 104. In this manner, a data path is shown in FIG. 2 between the 

aforementioned unidirectional input and output via a dedicated link 209 from the analog 

interface 201 to serial communication section 205, thereafter to the processor 204, and 

then to the RF transmitter 206. As such, in one embodiment, via the data path described 

above, the transmitter unit 102 is configured to transmit to the primary receiver unit 104 

(FIG. 1), via the communication link 103 (FIG. 1), processed and encoded data signals 

received from the sensor 101 (FIG. 1). Additionally, the unidirectional communication 

data path between the analog interface 201 and the RF transmitter 206 discussed above 

allows for the configuration of the transmitter unit 102 for operation upon completion of 

the manufacturing process as well as for direct communication for diagnostic and 

testing purposes. 

As discussed above, the transmitter processor 204 is configured to transmit 

control signals to the various sections of the transmitter unit 102 during the operation of 

the transmitter unit 102. In one embodiment, the transmitter processor 204 also 

includes a memory (not shown) for storing data such as the identification information 

for the transmitter unit 102, as well as the data signals received from the sensor 101. 

The stored information may be retrieved and processed for transmission to the primary 
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receiver unit 104 under the control of the transmitter processor 204. Furthermore, the 

power supply 207 may include a commercially available battery. 

The transmitter unit 102 is also configured such that the power supply section 

207 is capable of providing power to the transmitter for a minimum of about three 

months of continuous operation after having been stored for about eighteen months in a 

low-power (non-operating) mode. In one embodiment, this may be achieved by the 

transmitter processor 204 operating in low power modes in the non-operating state, for 

example, drawing no more than approximately 1 µA of current. Indeed, in one 

embodiment, the final step during the manufacturing process of the transmitter unit 102 

may place the transmitter unit 102 in the lower power, non-operating state (i.e., post­

manufacture sleep mode). In this manner, the shelflife of the transmitter unit 102 may 

be significantly improved. Moreover, as shown in FIG. 2, while the power supply unit 

207 is shown as coupled to the processor 204, and as such, the processor 204 is 

configured to provide control of the power supply unit 207, it should be noted that 

within the scope of the present disclosure, the power supply unit 207 is configured to 

provide the necessary power to each of the components of the transmitter unit 102 

shown in FIG. 2. 

Referring back to FIG. 2, the power supply section 207 of the transmitter unit 

102 in one embodiment may include a rechargeable battery unit that may be recharged 

by a separate power supply recharging unit (for example, provided in the receiver unit 

104) so that the transmitter unit 102 may be powered for a longer period of usage time. 

Moreover, in one embodiment, the transmitter unit 102 may be configured without a 

battery in the power supply section 207, in which case the transmitter unit 102 may be 

configured to receive power from an external power supply source (for example, a 

battery) as discussed in further detail below. 

Referring yet again to FIG. 2, the temperature detection section 203 of the 

transmitter unit 102 is configured to monitor the temperature of the skin near the sensor 

insertion site. The temperature reading is used to adjust the analyte readings obtained 

from the analog interface 201. The RF transmitter 206 of the transmitter unit 102 may 

be configured for operation in the frequency band of 315 MHz to 322 MHz, for 

example, in the United States. Further, in one embodiment, the RF transmitter 206 is 

configured to modulate the carrier frequency by performing Frequency Shift Keying 
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and Manchester encoding. In one embodiment, the data transmission rate is 19,200 

symbols per second, with a minimum transmission range for communication with the 

primary receiver unit 104. 

Referring yet again to FIG. 2, also shown is a leak detection circuit 214 coupled 

to the guard electrode (G) 211 and the processor 204 in the transmitter unit 102 of the 

data monitoring and management system 100. The leak detection circuit 214 in 

accordance with one embodiment of the present disclosure may be configured to detect 

leakage current in the sensor 101 to determine whether the measured sensor data are 

corrupt or whether the measured data from the sensor 101 is accurate. 

FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and 

management system shown in FIG. 1 in accordance with one embodiment of the present 

disclosure. Referring to FIG. 3, the primary receiver unit 104 includes a blood glucose 

test strip interface 301, an RF receiver 302, an input 303, a temperature detection 

section 304, and a clock 305, each of which is operatively coupled to a receiver 

processor 307. As can be further seen from the Figure, the primary receiver unit 104 

also includes a power supply 306 operatively coupled to a power conversion and 

monitoring section 308. Further, the power conversion and monitoring section 308 is 

also coupled to the receiver processor 307. Moreover, also shown are a receiver serial 

communication section 309, and an output 310, each operatively coupled to the receiver 

processor 307. 

In one embodiment, the test strip interface 301 includes a glucose level testing 

portion to receive a manual insertion of a glucose test strip, and thereby determine and 

display the glucose level of the test strip on the output 310 of the primary receiver unit 

104. This manual testing of glucose can be used to calibrate sensor 101. The RF 

receiver 302 is configured to communicate, via the communication link 103 (FIG. 1) 

with the RF transmitter 206 of the transmitter unit 102, to receive encoded data signals 

from the transmitter unit 102 for, among others, signal mixing, demodulation, and other 

data processing. The input 303 of the primary receiver unit 104 is configured to allow 

the user to enter information into the primary receiver unit 104 as needed. In one 

aspect, the input 303 may include one or more keys of a keypad, a touch-sensitive 

screen, or a voice-activated input command unit. The temperature detection section 304 

is configured to provide temperature information of the primary receiver unit 104 to the 
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receiver processor 307, while the clock 305 provides, among others, real time 

information to the receiver processor 307. 

Each of the various components of the primary receiver unit 104 shown in FIG. 

3 is powered by the power supply 306 which, in one embodiment, includes a battery. 

Furthermore, the power conversion and monitoring section 308 is configured to monitor 

the power usage by the various components in the primary receiver unit 104 for 

effective power management and to alert the user, for example, in the event of power 

usage which renders the primary receiver unit 104 in sub-optimal operating conditions. 

An example of such sub-optimal operating condition may include, for example, 

operating the vibration output mode (as discussed below) for a period of time thus 

substantially draining the power supply 306 while the processor 307 (thus, the primary 

receiver unit 104) is turned on. Moreover, the power conversion and monitoring section 

308 may additionally be configured to include a reverse polarity protection circuit such 

as a field effect transistor (FET) configured as a battery activated switch. 

The serial communication section 309 in the primary receiver unit 104 is 

configured to provide a bi-directional communication path from the testing and/or 

manufacturing equipment for, among others, initialization, testing, and configuration of 

the primary receiver unit 104. Serial communication section 104 can also be used to 

upload data to a computer, such as time-stamped blood glucose data. The 

communication link with an external device (not shown) can be made, for example, by 

cable, infrared (IR) or RF link. The output 310 of the primary receiver unit 104 is 

configured to provide, among others, a graphical user interface (GUI) such as a liquid 

crystal display (LCD) for displaying information. Additionally, the output 310 may 

also include an integrated speaker for outputting audible signals as well as to provide 

vibration output as commonly found in handheld electronic devices, such as mobile 

telephones presently available. In a further embodiment, the primary receiver unit 104 

also includes an electro-luminescent lamp configured to provide backlighting to the 

output 310 for output visual display in dark ambient surroundings. 

Referring back to FIG. 3, the primary receiver unit 104 in one embodiment may 

also include a storage section such as a programmable, non-volatile memory device as 

part of the processor 307, or provided separately in the primary receiver unit 104, 

operatively coupled to the processor 307. The processor 307 is further configured to 

perform Manchester decoding as well as error detection and correction upon the 
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encoded data signals received from the transmitter unit 102 via the communication link 

103. 

In a further embodiment, the one or more of the transmitter unit 102, the primary 

receiver unit 104, secondary receiver unit 105, or the data processing terminal/infusion 

section 105 may be configured to receive the blood glucose value wirelessly over a 

communication link from, for example, a glucose meter. In still a further embodiment, 

the user or patient manipulating or using the analyte monitoring system 100 (FIG. 1) 

may manually input the blood glucose value using, for example, a user interface (for 

example, a keyboard, keypad, and the like) incorporated in the one or more of the 

transmitter unit 102, the primary receiver unit 104, secondary receiver unit 105, or the 

data processing terminal/infusion section 105. 

Additional detailed description of the continuous analyte monitoring system, its 

various components including the functional descriptions of the transmitter are provided 

in U.S. Patent No. 6,175,752 issued January 16, 2001 entitled "Analyte Monitoring 

Device and Methods of Use", and in application No. 10/745,878 filed December 26, 

2003 entitled "Continuous Glucose Monitoring System and Methods of Use", each 

assigned to Abbott Diabetes Care, Inc., of Alameda, California. 

FIGS. 4A-4B illustrate a perspective view and a cross sectional view, 

respectively of an analyte sensor in accordance with one embodiment of the present 

disclosure. Referring to FIG. 4A, a perspective view of a sensor 400, the major portion 

of which is above the surface of the skin 410, with an insertion tip 430 penetrating 

through the skin and into the subcutaneous space 420 in contact with the user's biofluid 

such as interstitial fluid. Contact portions of a working electrode 401, a reference 

electrode 402, and a counter electrode 403 can be seen on the portion of the sensor 400 

situated above the skin surface 410. Working electrode 401, a reference electrode 402, 

and a counter electrode 403 can be seen at the end of the insertion tip 403. 

Referring now to FIG. 4B, a cross sectional view of the sensor 400 in one 

embodiment is shown. In particular, it can be seen that the various electrodes of the 

sensor 400 as well as the substrate and the dielectric layers are provided in a stacked or 

layered configuration or construction. For example, as shown in FIG. 4B, in one aspect, 

the sensor 400 (such as the sensor unit 101 FIG. 1), includes a substrate layer 404, and a 

first conducting layer 401 such as a carbon trace disposed on at least a portion of the 
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substrate layer 404, and which may comprise the working electrode. Also shown 

disposed on at least a portion of the first conducting layer 401 is a sensing layer 408. 

Referring back to FIG. 4B, a first insulation layer such as a first dielectric layer 

405 is disposed or stacked on at least a portion of the first conducting layer 401, and 

further, a second conducting layer 409 such as another carbon trace may be disposed or 

stacked on top of at least a portion of the first insulation layer ( or dielectric layer) 405. 

As shown in FIG. 4B, the second conducting layer 409 may comprise the reference 

electrode 402, and in one aspect, may include a layer of silver/silver chloride 

(Ag/AgCl). 

Referring still again to FIG. 4B, a second insulation layer 406 such as a 

dielectric layer in one embodiment may be disposed or stacked on at least a portion of 

the second conducting layer 409. Further, a third conducting layer 403 which may 

include carbon trace and that may comprise the counter electrode 403 may in one 

embodiment be disposed on at least a portion of the second insulation layer 406. 

Finally, a third insulation layer 407 is disposed or stacked on at least a portion of the 

third conducting layer 403. In this manner, the sensor 400 may be configured in a 

stacked or layered construction or configuration such that at least a portion of each of 

the conducting layers is separated by a respective insulation layer (for example, a 

dielectric layer). 

Additionally, within the scope of the present disclosure, some or all of the 

electrodes 401, 402, 403 may be provided on the same side of the substrate 404 in a 

stacked construction as described above, or alternatively, may be provided in a co­

planar manner such that each electrode is disposed on the same plane on the substrate 

404, however, with a dielectric material or insulation material disposed between the 

conducting layers/electrodes. Furthermore, in still another aspect of the present 

disclosure, the one or more conducting layers such as the electrodes 401,402,403 may 

be disposed on opposing sides of the substrate 404. 

FIG. 5 is a block diagram illustrating real time early signal attenuation (ESA) in 

one embodiment of the present disclosure. Referring to FIG. 5, in one embodiment, the 

overall sensitivity decline detector 500 includes a first module 510 configured to 

perform an estimation of the probability of sensitivity decline based on a window of 

analyte sensor measurements to determine whether a finger stick measurement of blood 

glucose level is necessary. Based on the estimated probability of the sensitivity decline 
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performed by the first module 510, when it is determined that the finger stick 

measurement of the blood glucose level is necessary, as shown in FIG. 5, in one aspect 

of the present disclosure, the second module 520 uses the measured blood glucose value 

to verify or otherwise confirm or reject the estimated probability of the sensitivity 

decline performed by the first module 510. In one aspect, the second module 520 may 

be configured to confirm or reject the results of the first module 510 ( e.g., the estimated 

probability of sensitivity decline) based upon a statistical determination. 

That is, in one aspect, the first module 510 of the sensitivity decline detector 500 

of FIG. 5 may be configured to estimate the probability of the analyte sensor sensitivity 

decline based on an analysis of a window of sensor values (for example, current signals 

from the analyte sensor for a predetermined time period). More specifically, the first 

module 510 may be configured to estimate the probability of the sensor sensitivity 

decline based on a sliding window extractor of sensor current signal characteristics, a 

model based estimation of the probability of sensitivity decline based on the determined 

or retrieved sensor current signal characteristics, and/or a comparison of the estimated 

probability to a predetermined threshold value T. 

Referring back to FIG. 5, the logistic estimator 511 of the first module 510 may 

be configured in one embodiment to retrieve or extract a sliding window of sensor 

current signal characteristics, and to perform the estimation of the probability of the 

sensitivity decline based on the sensor current signal characteristics, and to compare the 

estimated probability of the sensitivity decline to a predetermined threshold T to 

determine, whether verification of the estimated sensitivity decline is desired, or 

whether it can be confirmed that ESA or night time drop outs is not detected based on 

the estimated probability of the sensitivity decline. 

Referring again to FIG. 5, as shown, when it is determined that confirmation or 

verification of the estimated probability of the sensitivity decline is desired (based on, 

for example, when the estimated probability exceeds the predetermined threshold value 

T determined in the first module 510, hypothesis analysis module 521 of the second 

module 520 in the sensitivity decline detector 500 in one embodiment receives the 

capillary blood measurement from a blood glucose measurement device such as a blood 

glucose meter including FreesStyle® Lite, Freestyle Flash®, FreeStyle Freedom®, or 

Precision Xtra TM blood glucose meters commercially available from Abbott Diabetes 

Care, Inc., of Alameda, California. In one aspect, based on the received capillary blood 
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glucose measurement and the analyte sensor current characteristics or values, the 

estimated probability of the sensor sensitivity decline may be confirmed or rejected, 

thus confirming the presence ofESA or night time drop out (in the event the 

corresponding data point is associated with night time sensor current value), or 

alternatively, confirming that the ESA or night time drop out is not present. 

In the manner described, in one aspect of the present disclosure, there is 

provided a real time detection routine based on sensor current signal characteristics, 

where the detector 500 (FIG. 5) includes a first module 510 configured in one 

embodiment to perform the detection and estimation of the probability of the sensor 

sensitivity decline, and a second module 520 configured in one aspect to verify the 

presence or absence ofESA or night time drop outs based on the probability estimations 

determined by the first module 510. Accordingly, in one aspect of the present 

disclosure, ESA episodes or night time declines or drop outs maybe accurately detected 

while minimizing the potential for false alarms or false negatives. 

Referring again to FIG. 5, a sliding window process is used in the first module 

510 of the sensor sensitivity estimator 500 in one embodiment to mitigate between the 

desire for a real time decision process and the necessity of redundancy for sensor 

current characteristics estimation. An example of the sliding window process is 

illustrated in accordance with one embodiment of the present disclosure in FIG. 9. 

For instance, in one aspect, during the processing performed by the first module 

510, at each iteration of the decision process, a time window is selected, and based on 

the sensor current signals determined during the selected time window, one or more 

predetermined sensor characteristics are determined. By way of nonlimiting examples, 

the one or more predetermined sensor characteristics may include the mean 

current signal level, the current signal variance, the average slope of the current signal, 

and the average sensor life ( or the time elapsed since the insertion or transcutaneous 

positioning of the analyte sensor). 

Thereafter, the selected time window is then slid by a fixed number of minutes 

for the next iteration. In one aspect, the width or duration of the time window and the 

incremental step size may be predetermined or established to 60 minutes, thus 

generating non-overlapping time window to minimize potential correlation between 

decisions. Within the scope of the present disclosure, other approaches may be 
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contemplated, for example, where the sliding time windows may include time duration 

of approximately 30 minutes with an incremental one minute step. 

In one aspect, the following expressions may be used to determine the sensor 

characteristic estimations discussed above such as, for example, the sensor signal mean, 

the average slope and the variance values: 

[mean]=( x•xt X'Y 
slope 

\\here Xis a rmtrix \\,1th a oolurm of ls and a oolurm of data index and Y is a colurm vector of current values 

variance =-
1-f ( cwrentt+i -mean) 

2 
\Were t is the index of the first available data point in the titre v.IDdow 

n-I id) 

Referring back to FIG. 5, after estimating or determining the sensor 

characteristics described above, a four-dimensional feature vector corresponding to a 

time window of sensor current signal is generated. In one aspect, the generated feature 

vector and logistic regression approach may be used to estimate the probability that the 

sensor is undergoing or experiencing early signal attenuation (ESA) during each of the 

predetermined time window. In one aspect, the logistic regression approach for 

determination or estimation of the probability of ESA presence Pr[ESA] may be 

expressed as follows: 

Pr[ESA lxn] 
e X p (/3 'X n > 

1 + e x p (/3 · x " > 

X n 

1 

log(meann) 

log (variancen) 

slope
11 

1 o g ( s e n s o r l if e n ) 

(1) 

In one aspect, the coefficient vector fJ plays a significant role in the efficiency of 

the sensor signal attenuation estimation. That is, in one embodiment, a predetermined 

number of sensor insertions may be used to empirically determine or estimate the model 

coefficients. More specifically, in one aspect, a bootstrap estimation procedure may be 

performed to add robustness to the model coefficients. For example, a generalized 
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linear model fit approach may be applied to a predetermined time period to determine 

the coefficient vector fJ. Based on a predefined number of iterations, an empirical 

probability distribution function of each coefficient may be determined, for example, as 

shown in FIG. 10, where each selected coefficient corresponds to the mode of the 

associated distribution. 

After the determination of the one or more sensor current characteristics or 

parameters, and the determination of the corresponding coefficients, the probability of 

ESA presence Pr[ESA] is estimated based on, in one embodiment, the following 

expression: 

l.51 l-l.813xlog( n=)+0.158xskp40.399xlog( mrta11CP)--0.576xlog( &nsotlife) 

Pr[ ES:4 I x.] - l :!rl.51 H.RIN<I"( n=)-Hl I S&<dq"""1.399h,g( ,wiaoce)--0576¾\ £,,uU( e) 
(2) 

It is to be noted that within the scope of the present disclosure, the estimation of 

the probability of the ESA presence Pr[ESA] as described by the function shown above 

may be modified depending upon the design or the associated underlying parameters, 

such as, for example, the time of day information, or the detrended variance of the 

sensor current signal, among others. 

Referring yet again to FIG. 5, after the determination of the probability ofESA 

presence based on the estimation described above, in one aspect, the estimated 

probability is compared to a preselected threshold level, and based on the comparison, a 

request for capillary blood glucose measurement may be prompted. In one aspect, the 

predetermined threshold level may include 0.416 for comparison with the estimated 

probability of ESA presence. Alternatively, within the scope of the present disclosure, 

the predetermined threshold level may vary within the range of approximately 0.3 to 

0.6. 

As described above, in one aspect of the present disclosure, the first module 510 

of the sensor sensitivity estimator 500 (FIG. 5) is configured to perform estimation of 

the probability of ESA presence based on the characteristics or parameters associated 

with the analyte sensor and the sensor current signals. In one embodiment, the second 

module 520 of the sensor sensitivity estimator 500 (FIG. 5) may be configured to 

perform additional processing based on capillary blood glucose measurement to provide 
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substantially real time estimation of the early sensor attenuation (ESA) of the analyte 

sensors. That is, since ESA is defined by a drop or decrease of sensitivity (that is, the 

current signal of the sensor over the blood glucose ratio), the distribution of the 

sensitivity during ESA occurrence is generally lower than the distribution during normal 

functioning conditions. Additionally, based on the non linear relation ship between the 

sensor current level and blood glucose measurements, the ESA presence probability 

estimation using capillary blood measurements may be determined using a bin (e.g., 

category) construction approach, as well as the estimation of the empirical distribution 

functions of the nominal sensitivity ratio. 

More particularly, in one aspect of the present disclosure, the instantaneous 

sensitivity (IS) may be defined as the ratio of the actual current value of the analyte 

sensor and the actual blood glucose value at a given point in time ( defined, for example, 

by the expression (a) below. However, due to noise in the signals, for example, 

particularly in the case of a stand alone measurement such as a single blood glucose 

measurement, the instantaneous sensitivity (IS) may be approximated by determining 

the average sensor current signal levels around the time of the fingerstick blood glucose 

determination, determines, for example, by the expression (b) shown below. 

a. 

b. 

currentt 
DSt = 

BG, 

1 5 

- L, currentt+i 
1 1 ;~ - 5 

(3) 

Given that each analyte sensor has a different sensitivity, and thus the 

instantaneous sensitivity (IS) is highly sensor dependent, the absolute value of the 

instantaneous sensitivity (IS) may not provide reliable indication ofESA presence. On 

the other hand, during manufacturing, each analyte sensor is associated with a nominal 

sensitivity value. Accordingly, the ratio of the instantaneous sensitivity over the sensor 

nominal sensitivity will result in a more sensor independent, reliable ESA detection 

mechanism. Accordingly, the sensitivity ratio Rs(t) at time t may be defined in one 

aspect as follows: 
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5 

R _ IS ( t) _ 1 1
~ currentt+i 

S(t) - S - 11 S BG 
nominal nominal X t 

(4) 

Referring to the discussion above, the blood glucose bin/category construction 

approach in one embodiment may include defining a transformation of the blood 

glucose measurement scale which rectifies a discrepancy between the measured and 

estimated blood glucose values. That is, in one aspect, the defined transformation 

approach corresponds to or is associated with a typical distribution of blood glucose 

levels. For example, the transformation approach defining the various bins/categories 

may be determined based on the following expression: 

r = 1 _509 X el.084xlog(log(BG)-5.381) where BG is in mg/dl 

where the following scaled glucose bins may be defined: 

1. 
2. 
3. 
4. 
5. 
6. 

r < -2, severe hypoglycemia 
-2 <= r <-1, mild hypoglycemia 
-1 <= r < 0, low euglycemia 
0 <= r < 1, high euglycemia 
1 <= r < 2, mild hyperglycemia 
2 <= r, severe hyperglycemia 

(5) 

Upon determination of the bin/category for use with the estimation of the 

probability of ESA presence, in one aspect, kernel density estimation (using Gaussian 

kernel, 24, for example) may be used to estimate the distribution of the sensitivity ratio 

Rs in each bin/category described above. In one aspect, this estimation of the 

distribution in sensitivity ratio Rs is shown in FIG. 11, where for each bin/category 

(including, for example, severe hypoglycemia (binl ), mild hypoglycemia (bin2), low 

euglycaemia (bin3), high euglycaemia (bin4), low hyperglycemia (bin5), and high 

hyperglycemia (bin6)), each chart illustrates the associated distribution where ESA 

presence is detected. 

Referring again to the discussions above, based on the estimation of the 

probability density functions of the estimated distribution of the sensitivity ratio Rs in 
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each bin/category, in one aspect, a non-parametric hypothesis testing approach based on 

Bayes' law may be implemented. For example, in one aspect of the present disclosure, 

from Bayes' law, the estimated probability ofESA presence knowing the sensitivities 

ratio and the blood glucose bin/category may be decomposed based on the following 

express10n: 

where tra is the proportion of events in class a and J;,.t is the previously 

estimated probability density function of Rs in bin/category i for class a. 

(6) 

In addition, to minimize the overall probability of error the following decision 

rule may be applied: 

. ESA .f Pt[ESA I Rs= p &r E bin.] 1 sensor1s 1 __ 1 > 
Pt[ ESA I Rs = p & r E bini] 

⇒ 
~E5A,i (p) > JrESA 

JESA,i (p) Jr ESA 

assuming JrESA = JrESA = 0.5 

⇒ ~ESA,i ( p) > 1 f ( ) /' ( ) 

( ) ⇒ JESA.i P > JksA,i P 
fESA,i p 

Accordingly, based on the above, the hypothesis analysis module (521) of the 

second module 520 shown in FIG. 5 in one embodiment may be configured to 

verify/confirm the presence ofESA for a given analyte sensor based on the capillary 

blood glucose level measurement reading, when the capillary blood glucose 

measurement is in bin/category i, when the sensitivity ratio Rs is less than the 

corresponding defined threshold level ti. For example, given the six blood glucose 

bins/categories (binl to bin6) described above, the respective threshold level ti is: 

ti=l.138, ti=0.853, t3=0.783, t4=0.784, ts=0.829, and t6=0.797. 

(7) 
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In this manner, in one aspect of the present disclosure, the method, system and 

computer program product provides for, but not limited to, early detection of sensitivity 

drops in continuous glucose monitoring systems. Sensitivity drops can be found in the 

first 24 hours, for example, of the sensor life, and while the potential adverse impacts 

may be minimized by frequent calibration or sensor masking, such sensitivity drops 

have clinically significant effects on the accuracy of the sensor data, and in turn, 

potential danger to the patient using the sensor. Accordingly, in one aspect, there is 

provided method, system, and computer program product for estimating or determining 

the probability of the presence of ESA based on the sensor current signal characteristics, 

and thereafter, performing a confirmation or verification routine to determine whether 

the sensitivity drop probability estimated based on the sensor current signal 

characteristics corresponds to a real time occurrence of a corresponding sensitivity drop 

in the sensor. 

Accordingly, sensor accuracy, and in particular in the critical hypoglycemic 

ranges may be improved, multiple calibrations and/or sensor masking may be avoided 

during the early stages of the sensor life, and further, sensor calibration during 

sensitivity drop occurrence which may result in undetected hypoglycemic events, may 

be avoided. 

FIG. 6 is a flowchart illustrating an overall ESA detection routine in accordance 

with one embodiment of the present disclosure. Referring to FIG. 6, in one embodiment 

of the present disclosure, a predetermined number of sensor data is retrieved or 

collected (610), and thereafter, it is determined whether the probability estimation for 

the sensitivity decline determination is appropriate ( 620). In one aspect, one or more of 

the following parameters may be used to determine whether the determination of the 

probability estimation of the sensitivity decline is appropriate: presence or collection of 

sufficient data points associated with the analyte sensor, timing of the probability 

estimation relative to when the analyte sensor was inserted or subcutaneously 

positioned, time period since the most recent determination of the probability estimation 

for the sensitivity decline, among others. 

If is determined that the probability estimation for the sensitivity decline 

determination is not appropriate (620), then the routine shown in FIG. 6 returns to 

collecting additional sensor data points. On the other hand, if it is determined that the 

probability estimation for the sensitivity decline determination is appropriate, then the 
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probability estimation for the sensitivity decline determination is performed (630). 

Thereafter, based upon the determined probability estimation for the sensitivity decline, 

it is determined whether ESA is present or not (640). 

That is, based on the analysis performed, for example, by the first module 520 of 

the sensitivity decline detector 500 (FIG. 5), if ESA is not detected, then the routine 

returns to collection and/or retrieval of additional sensor current data (640). On the 

other hand, if based on the analysis described above ESA is detected (640), then a 

capillary blood measurement is requested (for example, by prompting the user to 

perform a fingerstick blood glucose test and input the blood glucose value) (650). 

Thereafter, the routine shown in FIG. 6 performs the routine for confirming the 

presence or absence ofESA by, for example, the hypothesis analysis module 521 (FIG. 

5). 

Referring again to FIG. 6, if based on the analysis using the capillary blood 

measurement determines that ESA is not present, the routine again returns to the data 

collection/retrieval mode ( 610). On the other hand, if ESA presence is determined, in 

one aspect, an alarm or notification may be generated and provided to the user (680) to 

alert the user. 

FIG. 7 is a flowchart illustrating real-time detection of sensor current 

abnormalities described in conjunction with module 1 of FIG. 5 in accordance with one 

embodiment of the present disclosure. Referring to FIG. 7, in one embodiment, analyte 

sensor data for a defined time period is retrieved or selected. With the analyte sensor 

data, one or more data processing is performed to determine sensor signal 

characteristics, including, for example, the mean current signal, the least squares slope, 

a standard deviation, an average elapsed time since the analyte sensor 

insertion/positioning ( or average sensor life), a variance about the least squares slope 

(710). 

Referring to FIG. 7, predetermined coefficients based on the analyte sensor data 

may be retrieved (720), and applied to the analyte sensor signals to determine or 

estimate the probability ofESA presence (730). Additionally, further shown in FIG. 7 

is a predetermined threshold (740) which in one embodiment may be compared to the 

determined estimated probability ofESA presence (750). In one aspect, the 

predetermined threshold may be determined as the minimum probability of ESA 

presence for declaring such condition, and may be a tradeoffbetween false alarms (false 
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positives, where the threshold may be easy to exceed) versus missed detections ( false 

negatives, where the threshold is difficult to exceed). 

Referring still again to FIG. 7, if it is determined that the estimated probability 

ofESA presence does not exceed the predetermined threshold (750), then it is 

determined that ESA is not present - that is, sensor current signal attenuation is not 

detected (760). On the other hand, if it is determined that estimated probability of ESA 

presence exceeds the predetermined threshold, it is determined that ESA is present -

that is, sensor current signal attenuation is detected (770). In either case, where the ESA 

presence is determined to be present or not present, such determination is 

communicated or provided to the subsequent stage in the analysis (780) for further 

processmg. 

FIG. 8 is a flowchart illustrating verification routine of module 2 in FIG. 5 to 

confirm or reject the output of module 1 in accordance with one embodiment of the 

present disclosure. Referring to FIG. 8, with the continuous glucose data (801) and the 

capillary blood glucose measurement (802), an average function of one or more 

continuous glucose sensor current data point at around the same time or approximately 

contemporaneously with the blood glucose measurement is performed (803). In the 

case where the sensor current data point is a single value, average function will result in 

the value itself - therefore averaging routine is unnecessary. 

Alternatively, in the case where the sensor data includes more than one data 

point, for example, 11 data points centered around the time of the blood glucose data 

point, the average function is performed resulting in an average value associated with 

the plurality of data points. Thereafter, as shown in FIG. 8, a sensitivity value (S) is 

determined based on the calculated average value of the sensor data points as described 

above and the capillary blood glucose measurement (805). For example, the sensitivity 

value (S) associated with the sensor may be determined as the ratio of the determined 

average sensor data point value to the blood glucose value. 

Referring still to FIG. 8, a nominal sensor sensitivity typically determined at the 

time of sensor manufacturing (807) is retrieved and applied to the determined sensor 

sensitivity value (S) to attain a normalized sensitivity ratio Rs (808). 

Referring back to FIG. 8, based on the measured or received capillary blood 

glucose measurement (802), a corresponding glucose bin described above is determined 

or calculated (804), for example, in one aspect, by applying the function described in 
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equation (5) above. Thereafter, a corresponding ESA test threshold tis determined 

(806) based on the calculated or determined glucose bin. For example, as described 

above, each glucose bin (binl to bin6), is associated with a respective threshold level t 

which may, in one aspect, be determined by prior analysis or training. 

Referring still again to FIG. 8, with the normalized sensitivity ratio (808) and the 

calculated bin (806), a comparison is made between the normalized sensitivity ratio and 

the determined or calculated bin (809). For example, in the case where the comparison 

establishes the normalized sensitivity ratio (S) exceeds the calculated bin t, it is 

determined that early signal attenuation (ESA) is not present (811 ). On the other hand, 

when the normalized sensitivity ratio (S) is determined to be less than the calculated bin 

t, then it is determined that ESA in the sensor signals is present. 

FIG. 9 illustrates a real time current signal characteristics evaluation approach 

based on a sliding window process of module 1 in FIG. 5 in accordance with one 

embodiment of the present disclosure. 

FIG. 10 illustrates bootstrap estimation of coefficients for module 1 of FIG. 5 in 

accordance with one embodiment of the present disclosure. Referring to the Figures, 

the bootstrap estimation procedure performed to add robustness to the model 

coefficients may include, in one aspect, a generalized linear model fit applied to a 

predetermined time period to determine the coefficient vector /3. Based on a predefined 

number of iterations, an empirical probability distribution function of each coefficient 

may be determined, for example, as shown in FIG. 10, where each selected coefficient 

corresponds to the mode of the associated distribution. 

FIG. 11 illustrates Gaussian kernel estimation of the normalized sensitivity 

density of module 2 of FIG. 5 in accordance with one embodiment of the present 

disclosure. Referring to FIG. 11, as described above in conjunction with FIG. 5, in one 

aspect, kernel density estimation (using Gaussian kernel, 24, for example) may be used 

to estimate the distribution of the sensitivity ratio Rs in each bin/category described 

above. The estimation of the distribution in sensitivity ratio Rs in one aspect is shown 

in FIG. 11, where for each bin/category (including, for example, severe hypoglycemia 

(binl), mild hypoglycemia (bin2), low euglycaemia (bin3), high euglycaemia (bin4), 

low hyperglycemia (bin5), and high hyperglycemia (bin6) ), the corresponding chart 
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illustrates the associated distribution where ESA presence is detected as compared to the 

distribution where no ESA presence is detected. 

FIG. 12 illustrates a comparison of rate of false alarms (false positives) and 

sensitivity decline detection rate in accordance with embodiment of the present 

disclosure. That is, FIG. 12 represents the relation between ESA detection rate and 

false alarm rate. In one aspect, curve 1210 illustrates the output results of the first 

module 510 in the sensitivity decline detector 500 (FIG. 5) based on the logistic 

regression classifier, while curve 1220 illustrates the combined output of the first 

module 510 and the second module 520 of the sensitivity decline detector 500 (FIG. 5) 

based, for example, on a logistic rule classifier prompting a blood glucose measurement 

in the case of ESA presence probability exceeding a predetermined threshold level. In 

one embodiment, based on a threshold level of 0.416 determining the ESA presence 

probability, the rate ofESA detection is approximately 87.5% and a false alarm rate is 

approximately 6.5%. 

In the manner described above, in accordance with the various embodiments of 

the present disclosure, real time detection of ESA or night time drop outs of analyte 

sensor sensitivities are provided. For example, an analyte sensor with lower than 

normal sensitivity may report blood glucose values lower than the actual values, thus 

potentially underestimating hyperglycemia, and triggering false hypoglycemia alarms. 

Moreover, since the relationship between the sensor current level and the blood glucose 

level is estimated using a reference blood glucose value (for example, calibration 

points), if such calibration is performed during a low sensitivity period, once the period 

comes to an end, all glucose measurements will be positively biased, thus potentially 

masking hypoglycemia episodes. Accordingly, the occurrence of errors in the relation 

between the current signal output of the analyte sensor and the corresponding blood 

glucose level may be monitored and detected in real time such that the patients may be 

provided with the ability to take corrective actions. 

Indeed, real time detection of variations in the glucose levels in patients using 

monitoring devices such as analyte monitoring devices provide temporal dimension of 

glucose level fluctuations provide the ability to tightly control glycemic variation to 

control diabetic conditions. More specifically, in accordance with the various 

embodiments of the present disclosure, the analyte monitoring systems may be 

configured to provide warnings about low glucose levels in real time in particular, when 
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the patient may not be suspecting hypoglycemia or impending hypoglycemia, and thus 

provide the ability to help patients avoid life-threatening situations and self- treat during 

hypoglycemic attacks. 

Accordingly, in one aspect of the present disclosure, the detection of episodes of 

low sensor sensitivity includes a first module which may be configured to execute a 

real-time detection algorithm based on analyte sensor current signal characteristics, and 

further, a second module which may be configured to perform a statistical analysis 

based on a single blood glucose measurement to confirm or reject the initial detection of 

the sensor sensitivity decline performed by the first module. In this manner, in one 

aspect of the present disclosure, accurate detection ofESA episodes or night time drop 

outs or declines in sensor current signal levels may be provided with minimal false 

alarms. 

Accordingly, a computer implemented method in one aspect includes rece1vmg 

a plurality of analyte sensor related signals, determining a probability of signal 

attenuation associated with the received plurality of analyte sensor related signals, 

verifying the presence of signal attenuation when the determined probability exceeds a 

predetermined threshold level, and generating a first output signal associated with the 

verification of the presence of signal attenuation. 

Further, determining the probability of signal attenuation may include 

determining one or more characteristics associated with the received plurality of analyte 

sensor related signals, and applying a predetermined coefficient to the plurality of 

analyte sensor related signals. 

In another aspect, the determined one or more characteristics may include one or 

more mean value associated with the analyte sensor related signals, the least square 

slope associated with the analyte sensor related signals, a standard deviation associated 

with the analyte sensor related signals, an average elapsed time from positioning the 

analyte sensor, or a variance about a least squares slope associated with the analyte 

sensor related signals. 

Also, in still another aspect, the predetermined threshold level may be user 

defined or defined by a system expert. 

In still another aspect, when the determined probability does not exceed the 

predetermined threshold level, the method may further include generating a second 

output signal associated with absence of signal attenuation condition. 
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Additionally, in yet a further aspect, verifying the presence of signal attenuation 

may include selecting a signal attenuation threshold level, determining a sensitivity 

level associated with the analyte related sensor signals, and confirming the presence of 

signal attenuation based at least in part on a comparison of the determined sensitivity 

level and the selected signal attenuation threshold level, where the signal attenuation 

threshold level may be associated with a blood glucose measurement. 

Also, the blood glucose measurement may in another aspect include a capillary 

blood glucose sampling. 

In yet still another aspect, the sensitivity level associated with the analyte related 

sensor may include a ratio of nominal sensitivity associated with the analyte related 

sensor signals and the sensitivity value associated with the analyte related sensor 

signals, where the sensitivity value may be determined as a ratio of the average of the 

analyte related sensor signals and a blood glucose measurement. 

Moreover, confirming the presence of signal attenuation in another aspect may 

include determining that the sensitivity level is less than the selected signal attenuation 

threshold level, which in one aspect, may be determined by a system expert. 

An apparatus in accordance with another aspect of the present disclosure 

includes a data storage unit, and a processing unit operatively coupled to the data 

storage unit configured to receive a plurality of analyte sensor related signals, determine 

a probability of signal attenuation associated with the received plurality of analyte 

sensor related signals, verify the presence of signal attenuation when the determined 

probability exceeds a predetermined threshold level, and generate a first output signal 

associated with the verification of the presence of signal attenuation. 

The processing unit may be configured to determine the probability of signal 

attenuation is configured to determine one or more characteristics associated with the 

received plurality of analyte sensor related signals, and to apply a predetermined 

coefficient to the plurality of analyte sensor related signals. 

The determined one or more characteristics may include one or more mean value 

associated with the analyte sensor related signals, the least square slope associated with 

the analyte sensor related signals, a standard deviation associated with the analyte 

sensor related signals, an average elapsed time from positioning the analyte sensor, or a 

variance about a least squares slope associated with the analyte sensor related signals, 
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where the predetermined threshold level may be user defined, or defined by a system 

expert. 

When the determined probability does not exceed the predetermined threshold 

level, the processing unit may be further configured to generate a second output signal 

associated with absence of signal attenuation condition. 

In still another aspect, the processing unit may be further configured to select a 

signal attenuation threshold level, determine a sensitivity level associated with the 

analyte related sensor signals, and confirm the presence of signal attenuation based at 

least in part on a comparison of the determined sensitivity level and the selected signal 

attenuation threshold level. 

The signal attenuation threshold level may be associated with a blood glucose 

measurement. 

The blood glucose measurement may include a capillary blood glucose 

sampling. 

The sensitivity level associated with the analyte related sensor may include a 

ratio of nominal sensitivity associated with the analyte related sensor signals and the 

sensitivity value associated with the analyte related sensor signals, where the sensitivity 

value may be determined as a ratio of the average of the analyte related sensor signals 

and a blood glucose measurement. 

The processing unit may be further configured to determine that the sensitivity 

level is less than the selected signal attenuation threshold level, which may be, in one 

aspect determined by a system expert. 

In still another aspect, the apparatus may include a user output unit operatively 

coupled to the processing unit to display the first output signal. 

A system for detecting signal attenuation in a glucose sensor in still another 

aspect of the present disclosure includes an analyte sensor for transcutaneous 

positioning through a skin layer of a subject, a data processing device operatively 

coupled to the analyte sensor to periodically receive a signal associated with the analyte 

sensor, the data processing device configured to determine a probability of the early 

signal attenuation (ESA), and to verify the presence of early signal attenuation based on 

one or more predetermined criteria. 
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The data processing device may include a user interface to output one or more 

signals associated with the presence or absence of early signal attenuation associated 

with the analyte sensor. 

Various other modifications and alterations in the structure and method of 

operation of this disclosure will be apparent to those skilled in the art without departing 

from the scope and spirit of the disclosure. Although the disclosure has been described 

in connection with specific preferred embodiments, it should be understood that the 

disclosure as claimed should not be unduly limited to such specific embodiments. It is 

intended that the following claims define the scope of the present disclosure and that 

structures and methods within the scope of these claims and their equivalents be 

covered thereby. 
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WHAT IS CLAIMED IS: 

1. A computer implemented method, comprising: 

receiving a plurality of analyte sensor related signals; 

PCT/US2007/082744 

determining a probability of signal attenuation associated with the received 

plurality of analyte sensor related signals; 

verifying the presence of signal attenuation when the determined probability 

exceeds a predetermined threshold level; and 

generating a first output signal associated with the verification of the presence of 

signal attenuation. 

2. The method of claim 1 wherein determining the probability of signal attenuation 

includes: 

determining one or more characteristics associated with the received plurality of 

analyte sensor related signals; and 

applying a predetermined coefficient to the plurality of analyte sensor related 

signals. 

3. The method of claim 2 wherein the determined one or more characteristics 

includes one or more mean value associated with the analyte sensor related signals, the 

least square slope associated with the analyte sensor related signals, a standard deviation 

associated with the analyte sensor related signals, an average elapsed time from 

positioning the analyte sensor, or a variance about a least squares slope associated with 

the analyte sensor related signals. 

4. The method of claim 1 wherein the predetermined threshold level is user 

defined. 

5. The method of claim 1 wherein when the determined probability does not 

exceed the predetermined threshold level, generating a second output signal associated 

with absence of signal attenuation condition. 

6. The method of claim 1 wherein verifying the presence of signal attenuation 

includes: 
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selecting a signal attenuation threshold level; 

PCT/US2007/082744 

determining a sensitivity level associated with the analyte related sensor signals; 

and 

confirming the presence of signal attenuation based at least in part on a 

comparison of the determined sensitivity level and the selected signal attenuation 

threshold level. 

7. The method of claim 6 wherein the signal attenuation threshold level is 

associated with a blood glucose measurement. 

8. The method of claim 7 wherein the blood glucose measurement include a 

capillary blood glucose sampling. 

9. The method of claim 6 wherein the sensitivity level associated with the analyte 

related sensor includes a ratio of nominal sensitivity associated with the analyte related 

sensor signals and the sensitivity value associated with the analyte related sensor 

signals. 

10. The method of claim 9 wherein the sensitivity value is determined as a ratio of 

the average of the analyte related sensor signals and a blood glucose measurement. 

11. The method of claim 6 wherein confirming the presence of signal attenuation 

includes determining that the sensitivity level is less than the selected signal attenuation 

threshold level. 

12. An apparatus, comprising: 

a data storage unit; and 

a processing unit operatively coupled to the data storage unit configured to 

receive a plurality of analyte sensor related signals, determine a probability of signal 

attenuation associated with the received plurality of analyte sensor related signals, 

verify the presence of signal attenuation when the determined probability exceeds a 

predetermined threshold level, and generate a first output signal associated with the 

verification of the presence of signal attenuation. 
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13. The apparatus of claim 12 wherein the processing unit configured to determine 

the probability of signal attenuation is configured to determine one or more 

characteristics associated with the received plurality of analyte sensor related signals, 

and to apply a predetermined coefficient to the plurality of analyte sensor related 

signals. 

14. The apparatus of claim 13 wherein the determined one or more characteristics 

includes one or more mean value associated with the analyte sensor related signals, the 

least square slope associated with the analyte sensor related signals, a standard deviation 

associated with the analyte sensor related signals, an average elapsed time from 

positioning the analyte sensor, or a variance about a least squares slope associated with 

the analyte sensor related signals. 

15. The apparatus of claim 12 wherein the predetermined threshold level is user 

defined. 

16. The apparatus of claim 12 wherein when the determined probability does not 

exceed the predetermined threshold level, the processing unit is further configured to 

generate a second output signal associated with absence of signal attenuation condition. 

17. The apparatus of claim 12 wherein the processing unit is further configured to 

select a signal attenuation threshold level, determine a sensitivity level associated with 

the analyte related sensor signals, and confirm the presence of signal attenuation based 

at least in part on a comparison of the determined sensitivity level and the selected 

signal attenuation threshold level. 

18. The apparatus of claim 17 wherein the signal attenuation threshold level is 

associated with a blood glucose measurement. 

19. The apparatus of claim 18 wherein the blood glucose measurement include a 

capillary blood glucose sampling. 
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20. The apparatus of claim 17 wherein the sensitivity level associated with the 

analyte related sensor includes a ratio of nominal sensitivity associated with the analyte 

related sensor signals and the sensitivity value associated with the analyte related sensor 

signals. 

21. The apparatus of claim 20 wherein the sensitivity value is determined as a ratio 

of the average of the analyte related sensor signals and a blood glucose measurement. 

22. The apparatus of claim 17 wherein the processing unit is further configured to 

determine that the sensitivity level is less than the selected signal attenuation threshold 

level. 

23. The apparatus of claim 12 including a user output unit operatively coupled to the 

processing unit to display the first output signal. 

24. A system for detecting signal attenuation in an analyte sensor, comprising: 

an analyte sensor for transcutaneous positioning through a skin layer of a 

subject; and 

a data processing device operatively coupled to the analyte sensor to periodically 

receive a signal associated with the analyte sensor, the data processing device 

configured to determine a probability of the early signal attenuation (ESA), and to 

verify the presence of early signal attenuation based on one or more predetermined 

criteria. 

25. The system of claim 24 wherein the data processing device includes a user 

interface to output one or more signals associated with the presence or absence of early 

signal attenuation associated with the analyte sensor. 
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(57) Abstract: The present invention relates to a blood glucose meter (200) 
comprising a blood glucose measuring module (234) for performing a blood 
glucose measuring function and a wireless communication module (236) 
adapted for establishing a wireless communication link with an external de­
vice and exchanging information with the external device via the wireless 
communication link according to a predetermined frequency format and pro­
tocol. The blood glucose measuring module (234) and the wireless commu­
nication module (236) are physically- separate units electrically connected 
in order to allow for an exchange of electrical signals corresponding to in­
formation to be transmitted by the wireless communication module and/or 
information received by the wireless communication module (236). Ac­
cording to the invention, the blood glucose measuring module (234) and 
the wireless communication module (236) both comprise a connector com­
ponent (238, 240), wherein the two connector components (238, 240) are 
adapted to releasably establish the electrical connection between the blood 
glucose measuring module (234) and the wireless communication module 
(236). 
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B1ood g1ucose meter capab1e of wire1ess communication 

The present invention relates to a blood glucose meter com­

prising a blood glucose measuring module for performing a 

blood glucose measuring function and a wireless communication 

module adapted for wireless communication with an external de­

vice, and to a method of constructing such a blood glucose me­

ter. 

Diabetes mellitus is a chronic metabolic disorder caused by an 

inability of the pancreas to produce sufficient amounts of the 

hormone insulin so that the metabolism is unable to provide 

for the proper absorption of sugar and starch. This failure 

leads to hyperglycemia, i.e. the presence of an excessive 

amount of glucose within the blood plasma. Persistent hyper­

glycemia causes a variety of serious symptoms and life threat­

ening long term complications such as dehydration, ketoacido­

sis, diabetic coma, cardiovascular diseases, chronic renal 

failure, retinal damage and nerve damages with the risk of am­

putation of extremities. Because healing is not yet possible, 

a permanent therapy is necessary which provides constant gly­

cemic control in order to always maintain the level of blood 

glucose within normal limits. Such glycemic control is 

achieved by regularly supplying external insulin to the body 

of the patient to thereby reduce the elevated levels of blood 

glucose. 

External insulin was commonly administered by means of typi­

cally one or two injections of a mixture of rapid and interme­

diate acting insulin per day via a hypodermic syringe. While 

this treatment does not require the frequent estimation of 

blood glucose, it has been found that the degree of glycemic 

control achievable in this way is suboptimal because the de­

li very is unlike physiological insulin production, according 

to which insulin enters the bloodstream at a lower rate and 
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over a more extended period of time. Improved glycemic control 

may be achieved by the so-called intensive insulinotherapy 

which is based on multiple daily injections, including one or 

two injections per day of long acting insulin for providing 

basal insulin and additional injections of rapidly acting in­

sulin before each meal in an amount proportional to the size 

of the meal. Although traditional syringes have at least 

partly been replaced by insulin pens, the frequent injections 

are nevertheless very inconvenient for the patient. 

Substantial improvements in diabetes therapy have been 

achieved by the development of blood glucose systems relieving 

the patient of the daily use of syringes or insulin pens. Such 

blood glucose systems usually comprise a battery-operated 

blood glucose meter and one or more separate further devices, 

such as a battery-operated insulin pump. Further, such blood 

glucose systems usually comprise a control unit which is often 

provided as an integral part of the blood glucose meter, but 

may also be provided as a separate device communicating with 

the blood glucose meter and the remaining devices. 

In such systems, the blood glucose meter is used to determine 

the blood glucose concentration, e.g. by receiving blood sam­

ples via enzyme-based test strips and calculating the blood 

glucose value based on the· enzymatic reaction. Advantageously, 

the blood glucose system is configured such that the measured 

value is automatically delivered to the control unit. The in­

sulin pump allows for the delivery of insulin in a more 

physiological manner and can be controlled to follow standard 

or individually modified protocols to give the patient a bet­

ter glycemic control over the course of a day. It can be con­

structed as an implantable device for subcutaneous arrangement 

or can be constructed as an external device that is carried on 

the body of the patient. 
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The operation of the insulin pump and of other devices can be 

controlled and modified by means of the control unit. For ex­

ample, delivery of suitable amounts of insulin by the insulin 

pump requires that the patient frequently determines his or 

her blood glucose level and inputs this value into the control 

unit, which then calculates a suitable modification to the de­

fault or currently in use insulin delivery protocol1 i.e. dos­

age and timing, and subsequently communicates with the insulin 

pump to adjust its operation accordingly. In this regard, it 

may be necessary to use the control unit each time the patient 

eats to instruct the pump to administer a specified amount of 

insulin to cover that meal. Recently, a more or less closed­

loop control has been realized in which the control unit modi­

fies the insulin delivery protocol automatically. 

In view of the permanence of the therapy, it is desirable to 

provide the diabetic patient with flexibility, convenience and 

ease of use in order to increase the quality of his or her 

life. In this regard, it is evident that cable connections be­

tween the indi victual devices of a blood glucose system are 

disadvantageous. Thus, it is known to provide a blood glucose 

meter with wireless communication capabilities. 

In some of such meters, care has been taken to separate the 

part that is responsible · for the measuring functionality 

yielding a metered value corresponding to blood glucose level 

from the part that is responsible for establishing a wireless 

communication link and receiving and/or transmitting informa­

tion via this link. This arrangement has the advantage that in 

case changes to the wireless communication part are made upon 

further development of the blood glucose meter, such changes 

do not have an influence on the blood glucose measuring func­

tionality. In this way, it is ensured that a modi£ ication 

which only relates to the wireless communication part does not 

have an impact on the critical medical functionality so that a 
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new testing and validation of the blood glucose measuring part 

is avoided. In blood glucose meters, this issue is of great 

importance, because uncertainties with regard to the correct 

measurement of blood glucose level cannot be accepted. 

One exemplary blood glucose meter constructed in this way is 

described in US 2003/0065536 Al. This reference discloses a 

blood glucose meter capable of communicating medically rele­

vant data information to another device such as e.g. a central 

server or a mobile terminal. The blood glucose meter includes 

a blood glucose measuring part for executing a blood glucose 

measuring function and a communication part responsible for 

wireless communication according to e.g. radio frequency com­

munication, infrared communication, the Bluetooth protocol 

and/or the TCP/IP protocol. Both parts are connected in such a 

manner that they can exchange data information according to a 

predetermined protocol under the control of the blood glucose 

measuring part. Otherwise, the functionalities of both parts 

are separated in order to obtain two physically and function­

ally separated parts for the above reasons. While this blood 

glucose meter may facilitate advancement to the next product 

cycle to some degree, it lacks desired flexibility for the me­

ter to be easily adapted to operation in different environ­

ments. The communication device part has predetermined func­

tions, and in case a particular application requires a deviat­

ing wireless approach, a complex modification procedure is 

necessary. 

In a different field of medical devices, US 6,731,962 dis­

closes a finger oximeter with remote telecommunication capa­

bilities enabling the oximeter to transmit measurement data 

from a patient to a remote device. The oximetry circuitry and 

the transmission circuitry may be provided on a single or on 

two separate printed circuit boards. This device has the same 
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disadvantages mentioned above for the known blood glucose me­

ter. 

It is the object of the present invention to provide a blood 

glucose meter providing a high degree of flexibility with re­

gard to adapting it to operation in different wireless commu­

nication environments and that remedies the disadvantages 

found in the prior art, and to provide a blood glucose system 

_including such a blood glucose meter as well as a method of 

constructing such a blood glucose meter. 

This object is achieved by a blood glucose meter with the fea-

tures of claim 1, by a blood glucose system with the features 

of claim 23, and by a method with the features of claim 25. 

Further preferred embodiments of the invention are the sub-

ject-matter of the respective dependent claims. 

The blood glucose meter 

blood glucose measuring 

measuring function, i.e. 

forming such function, 

of the present invention comprises a 

module for performing a blood glucose 

the module includes a means for per­

such as e.g. a means that is able to 

analyze blood samples on enzyme-based test strips, that can be 

inserted into a test strip receiving slot of the meter in or-

der to determine the blood glucose level based on the enzy-

matic- reaction. This blood glucose measuring module may be 

adapted to perform all steps necessary to measure, calculate 

and provide a value of blood glucose level. For some applica­

tions, however, it may be advantageous if the blood glucose 

measuring module is adapted to perform only a part of these 

steps, while one or more additional devices, connected to the 

blood glucose meter by means of e.g. a wireless or cable con­

nection, are provided to perform the remaining steps. For ex­

ample, an external sensor may be provided for transmitting a 

signal characteristic of blood glucose level to the blood glu-
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case meter, from which signal the blood glucose meter calcu­

lates and displays the blood glucose level. 

The blood glucose meter further comprises a wireless communi­

cation module adapted for establishing a wireless communica­

tion link with an external device and exchanging information 

with the external device via the wireless communication link 

according to a predetermined frequency format and protocol. In 

the context of the present invention, the term frequency for­

mat refers to the physical characteristics of the wireless 

signals such as frequency or modulation. Although the wireless 

communication link will usually be bidirectional, for simple 

applications the link can also be unidirectional, i.e. the 

wireless communication module may be configured to only trans­

mit or to only receive messages to or from the external de­

vice. 

The blood glucose measuring module and the wireless communica­

tion module are physically separate units. In the context of 

the present invention, this means that the two modules as a 

whole are distinct structural parts which may be completely 

spatially separated from each other. However, they are releas­

ably electrically connected in order to allow for an exchange 

of electrical signals corresponding to information to be 

transmitted by the wireless communication module and/or infor­

mation received by the wireless communication module, i.e. in 

accordance with the considerations mentioned above the ex­

change of signals may be bidirectional or unidirectional. 

It is to be noted that in addition to a means for performing a 

blood glucose measuring function, the blood glucose measuring 

module may also include other means for performing other func­

tions relevant to the operation of the blood glucose meter. 

Only means relating to the wireless communication are neces­

sarily disposed separate from this module and are located in 
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the wireless communication module. In case the blood glucose 

measuring module includes a substantial part of the functional 

means or substantially all functional means of the blood glu­

cose meter, the blood glucose measuring module could also be 

referred to as the main module of the meter~ 

According to the present invention, the blood glucose measur­

ing module and the wireless communication module both comprise 

a connector component adapted to releasably establish the 

electrical connection between the blood glucose measuring mod­

ule and the wireless communication module. Thus, the connector 

component of the blood glucose measuring module and the con­

nector component of the wireless communication module can co­

operate to effect the electrical connection between the two 

modules. This electrical connection is releasable, i.e. it can 

be selectively and repeatedly disconnected and re-established. 

This construction provides the advantage that any connection 

and functional cooperation between the two physically separate 

modules can be easily and readily broken in case it is desired 

to replace one of the modules with another similar module pro­

viding a different functionality. Thus, while the above­

referenced advantages due to separation of the blood glucose 

measuring functionality and the wireless communication func-

. tionali ty into two distinct uni ts, i.e. the functional inde­

pendence of this units, found in prior art blood glucose me­

ters are retained, it is very simple to quickly replace a 

first wireless communication module, which is e.g. adapted for 

communication according to the Bluetooth standard, with a sec­

ond wireless communication module, which is e.g. adapted for 

communication according to the ZigBee or ISM standard, thereby 

adapting the blood glucose meter to a different wireless com­

munication environment. This advantageous flexibility can be 

utilized at the manufacturing stage or even later-on by the 

user. Thus, advantageously the blood glucose meter is con-
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structed such that the frequency format and/or protocol ac­

cording to which the blood glucose meter can communicate with 

an external device can be changed by replacing the wireless 

communication module with another wireless communication mod­

ule which can be connected to the connector component of the 

blood glucose measuring module by means of its own connector 

component and which is adapted to communicate according to a 

different frequency format and/or protocol. 

Moreover, the construction according to the invention provides 

further advantages during the quality control procedure. Be­

cause the electrical connection between the blood glucose 

measuring module and the wireless communication module is re­

leasable and the blood glucose measuring functionality and the 

wireless communication functionality are compartmentalized in 

different modules, separate quality control tests can be per­

formed on the modules after spatially separating the modules. 

This avoids problems and a complicated procedure due to the 

two modules being electrically connected and in close proxim­

ity to each other. Otherwise, problems could arise e.g. due to 

the wireless signal generated by the wireless communication 

module interfering with the quality control testing of the 

blood glucose measuring module. Thus, the likelihood of en­

countering interferences during quality control testing can be 

reduced by performing the two quality control tests entirely 

separately in such a manner that the blood glucose measuring 

module and the wireless communication module are not electri­

cally connected and not in close proximity to each other. 

In an advantageous version of the invention, the blood glucose 

meter is constructed such that the frequency format and/or 

protocol according to which the blood glucose meter can commu­

nicate with an external device can be changed solely by re­

placing the wireless communication module with another wire­

less communication module which is adapted to communicate ac-



Page 193 of 320

WO 2008/061552 PCT /EP2006/011263 

- 9 -

cording to a different frequency format and/or protocol. Thus, 

in order to adapt the meter to a different wireless communica­

tion environment, no other steps but disconnecting the present 

wireless communication module from the blood glucose measuring 

module, removing the wireless communication module and con­

necting a different wireless communication module having the 

desired wireless communication capabilities to the blood glu­

cose measuring module are necessary for the adaptation. In 

particular, no changes whatsoever have to be made to the blood 

glucose measuring module. For this purpose, the electrical 

signals provided and expected by the blood glucose measuring 

module at its connector component are predetermined, and the 

new wireless communication module has to operate in accordance 

with the standard constituted by the corresponding set of pre­

determined signals. 

In a preferred embodiment of the blood glucose meter, the 

blood glucose measuring module comprises a control means oper­

able to control the electrical signals provided by the blood 

glucose measuring module at its connector component. 

It is further preferred if the wireless communication module 

comprises a memory chip connector for electrically connecting 

the wireless communication module with a non-volatile semi­

conductor memory card or a so-called smart card, wherein the 

control means of the blood glucose measuring module is adapted 

to operate in accordance with information stored in a non­

volatile semiconductor memory card or smart card connected to 

the memory chip connector of the wireless communication mod­

ule. In this regard, it is also possible that the memory card 

or smart card includes circuitry which is connected via the 

memory chip connector and the connector components of the two 

modules to the control means of the blood glucose measuring 

device anq then farms part of the control means to thereby 

change or adapt the operation of the control means to the par-
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ticular wireless communication module. In any case, the provi­

sion of a memory chip connector results in increased flexibil­

ity because the signals provided and expected by the blood 

glucose measuring module at its connector may be modified to 

thereby improve the capabilities of the wireless communication 

module and the meter as a whole. 

In the alternative, it is preferred if the control means can 

be reprogrammed in order to change the electrical signals pro­

vided and/or expected during operation by the blood glucose 

measuring module at its connector component, i.e. the electri­

cal signals can be reprogrammed in their functions. In a pre­

ferred embodiment such reprogramming can be effected by the 

wireless communication module. For this purpose, the wireless 

communication module may comprise a memory chip connector for 

electrically connecting the wireless communication module with 

a non-volatile semi-conductor memory card or smart card, 

wherein the control means of .the blood glucose measuring mod­

ule can be reprogrammed in accordance with information stored 

in a non-~olatile semiconductor memory card or smart card con­

nected to the memory chip connector of the wireless communica­

tion module. For example, the meter may be constructed such 

that this reprogramming is effected automatically upon estab­

lishing the releasable electrical connection between the blood 

glucose measuring module and the wireless communication module 

or by inserting a memory card or smart card into the memory 

chip connector. This design provides additional flexibility 

because the memory card or smart card does not always have to 

be present in the wireless communication module. In any case, 

the frequency format and/or protocol according to which the 

blood glucose meter can communicate with an external device 

can advantageously be changed by replacing the wireless commu­

nication module with another wireless communication module 

which is adapted to communicate according to a different fre-
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quency format and/or protocol and suitably reprogramming the 

control means of the blood glucose measuring module. 

It should 

mentioned 

be noted that each 

above could also be 

of the memory 

provided not 

chip connectors 

in the wireless 

communication module, but at a different location in the blood 

glucose meter of the present invention. For example, they 

could be provided in the blood glucose measuring module. In 

any case, in the assembled state of the blood glucose meter 

the memory chip connectors have to be connected to the control 

means of the blood glucose measuring module. However, in most 

cases, disposing the memory chip connector in the wireless 

communication module provides the advantages of particular 

flexibility and space economy within the blood glucose measur­

ing module. 

It is preferred that the wireless communication module com­

prises a memory chip connector for electrically connecting the 

wireless communication module with a non-volatile semi­

conductor memory card. This memory chip connector can be one 

of the memory chip connectors mentioned above or an additional 

memory chip connector. In this way a variety of different 

functions of the wireless communication module and/or the 

blood glucose measuring module may be modified and adapted in 

a particularly simple manner. Further, a memory card or· smart 

card can also serve as a storage means for storing various in­

formation relating to the measurement results obtained by the 

meter. In addition or in the alternative, one or more memory 

chip connectors for connecting a non-volatile semiconductor 

memory card with the blood glucose meter and fulfilling one or 

more of the above or one or more other functions could also be 

provided at other locations in the blood glucose meter of the 

present invention, e.g. in the blood glucose measuring module. 
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For any memory chip connector present in the wireless communi­

cation module (or at a different location), it is advantageous 

if the memory chip connector is orientated such that a set of 

contacts on a memory card connected to the memory chip connec­

tor face downwards allowing a user to more easily observe up­

ward facing artwork on the memory card as it is inserted into 

said blood glucose meter. In this way, the identity of the 

card can be easily verified without a need to remove the card 

from the memory chip connector. 

According to a preferred embodiment of the invention, the 

wireless communication module does not comprise an own power 

supply. Rather, a corresponding power supply for operating the 

wireless communication module is disposed in the blood glucose 

measuring module. This power supply can be the power supply of 

the blood glucose measuring module or a separate, dedicated 

power supply. In any case, the electrical signals provided 

during operation by the blood glucose measuring module at its 

connector component include signals for supplying power to the 

wireless communication module. This construction provides the 

advantage of the possibility of a particularly simple and low­

cost design of the wireless communication module, which is 

highly advantageous in view of the wireless communication mod­

ules being envisaged for interchangeability. 

It is preferred that the wireless communication module com­

prises a transceiver, an antenna impedance matching network 

and an antenna, and possibly also an electrostatic discharge 

(ESD) protection circuit. In this manner, the wireless commu-

nication module is a self-contained unit. Arrangement of the 

antenna in close proximity to the remaining components of the 

wireless communication module is highly advantageous. 

It is further preferred that the blood glucose meter comprises 

a housing in which the blood glucose measuring module and the 
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wireless communication module are enclosed to provide a meter 

which is compact and easily manageable for the user. 

In a preferred embodiment of the invention, the blood glucose 

measuring module comprises or consists of a first printed cir­

cuit board on which blood glucose measuring circuitry and 

possibly further circuitry if the first printed circuit board 

is the main board of the meter - is mounted or provided, and 

the wireless communication module comprises or consists of a 

second printed circuit board, different from the first printed 

circuit board, on which wireless communication circuitry is 

mounted or provided. In this case, it is advantageous if the 

wireless communication module comprises a transceiver, an an­

tenna impedance matching network and an antenna as well as 

possibly an ESD protection circuit, and if all these elements 

of the wireless communication module are mounted or provided 

on the second printed circuit board. Further, a particularly 

simple and efficient design can be realized if the first 

printed circuit board is a motherboard and the second printed 

circuit board is a daughterboard. Further, it is preferred if 

the second printed circuit board is disposed on the first 

printed circuit board. In any case, it is an advantage of this 

construction that the second printed circuit board or daughter 

board helps to economize space on the first printed circuit 

board or mother board. 

It is preferred if one of the connector components of the 

blood glucose measuring module and the wireless communication 

module is the plug component of a plug and socket connector 

and the other connector component is the socket component of 

the plug and socket connection. Such a plug and socket connec­

tion is particularly easy to operate and simple in construc­

tion. The releasable electrical connection may be established 

by directly connecting the plug and the socket, i.e. by in­

serting the plug on the wireless communication module or the 
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blood glucose measuring module into the socket on the blood 

glucose measuring module or wireless communication module, re­

spectively, or by connecting them via an adapter or a cable. 

The connector components of the blood glucose measuring module 

and the wireless communication module may also be adapted to 

be connected by a cable having suitable connector components 

at its ends. Such a construction provides flexibility with re­

gard to the physical arrangement of the two modules within the 

meter. 

The wireless communication module may advantageously be 

adapted to communicate according to the ISM, Bluetooth, ZigBee 

or WLAN standard or even according to two or more of these 

standards. 

The blood glucose meter of the invention described above may 

advantageously be part of a blood glucose meter system further 

comprising at least one further wireless communication module 

similar to the wireless communication module but adapted for 

establishing a wireless communication link with an external 

device and exchanging information with the external device via 

the wireless communication link according to a predetermined 

frequency format and protocol different from the frequency 

format and/or protocol of · the wireless communication module. 

As is evident from the above description, with such a system 

the frequency format and/or protocol according to which the 

blood glucose meter can communicate with an external device 

can be changed by replacing the wireless communication module 

with one of the at least one further wireless communication 

module by establishing a releasable connection between the 

blood glucose measuring module and the new wireless communica­

tion module by means of their connector components. Of course, 

such a system can also be regarded as comprising a blood glu­

cose meter as described above with or without a wireless com-
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munication module connected to the blood glucose measuring 

module as well as a number or set of wireless communication 

modules which are adapted for different wireless communication 

capabilities. This set of wireless communication modules may 

e.g. include wireless communication modules adapted to commu­

nicate according to the ISM, Bluetooth, ZigBee or WLAN stan­

dard or even according to two or more of these standards. 

Any of the blood glucose meters of the present invention de­

scribed above may advantageously be constructed by a method in 

which a blood glucose measuring module for performing a blood 

glucose measuring function is provided and a plurality of 

wireless communication modules are provided, each adapted for 

establishing a wireless communication link with an external 

device and exchanging information with the external device via 

the wireless communication link according to a predetermined 

frequency format and protocol different from the frequency 

format and/or protocol of the other wireless communication 

modules. As noted in detail above, the blood glucose measuring 

modules and the wireless communication module are physically 

separate units and the blood glucose measuring module and each 

wireless communication module comprise respective connector 

components by means of which a selected one of the wireless 

communication modules may be releasably electrically connected 

in order to allow for an exchange of electrical signals corre~ 

sponding to information to be transmitted by the respective 

wireless communication module and/or information received by 

the respective wireless communication module. Subsequently, 

one of the plurality of wireless communication modules is se­

lected in accordance with the desired frequency format and 

protocol, and an electrical connection between the selected 

wireless communication module and the blood glucose measuring 

module is 

components 

method, a 

established 

to thereby 

manufacturer 

by means of the respective connector 

form the blood glucose meter. By this 

or even a user may easily and in a 



Page 200 of 320

WO 2008/061552 PCT /EP2006/011263 

- 16 -

flexibly manner construct a blood glucose meter tailored to a 

particular application. 

In the following, the invention is explained in more detail 

for preferred embodiments with reference to the figures. 

Figure 1 is a top perspective view of a blood glucose meter 

according to the present invention. 

Figure 2 is a schematic diagram showing the blood glucose me­

ter of Figure 1 wirelessly communicating with a plu­

rality of external medical devices. 

Figure 3 is a simplified bottom plan view of a motherboard of 

the blood glucose meter shown in Figure 1. 

Figure 4 is a simplified top plan view of the motherboard 

shown in Figure 3. 

Figure 5 is a simplified top plan view of a daughterboard of 

the blood glucose meter shown in Figure 1. 

Figure 6 is a simplified bottom plan view of the daughterboard 

shown in Figure 5. 

Figure 7 is a bottom plan view of a memory chip for use with 

the daughterboard shown in Figures 5 and 6. 

Figure 8 is a top plan view of the memory chip shown in Figure 

7. 

Figure 9 is a simplified bottom perspective view of the daugh­

terboard shown in Figures 5 and 6. 
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Figure 10 is a simplified bottom perspective view of the blood 

glucose meter with a bottom housing half removed. 

Figure 1 is a perspective view of a blood glucose measurement 

device or meter in accordance with the present invention, 

which in a particular embodiment of the invention is provided 

in the form of a remote controller 200. This remote controller 

200 may e.g. be part of the blood glucose system schematically 

shown in Figure 2. A medical device such as, for example, this 

glucose measurement device 200 may have the ability to wire­

lessly communicate with one or more peripheral medical de­

vices. In the embodiment of this invention shown in Figure 2, 

the blood glucose measurement device or remote controller 200 

communicates via a wireless signal 310 with peripheral medical 

devices such as, for example, an insulin pump 300 for dispens­

ing insulin to the blood circuit of a patient, a continuous 

glucose monitor (CGM) 400, an insulin pen 500, or a combina­

tion thereof. The insulin pump 300 may be an external device 

to be worn on the body of a patient, or it may be constructed 

as an implantable device to be disposed subcutaneously. 

Recently, there has been a continuing development in the field 

of wireless communications and it is likely that these im­

provements will continue in the future. There will also likely 

be a need for additional types of peripheral medical devices 

to wirelessly communicate with a blood glucose measurement de­

vice for facilitating the therapy of people with diabetes. 

This has led to a need for designing a medical device such as 

a blood glucose meter which can have its hardware easily 

adapted to a new wireless communication environment or appli­

cation or upgraded by using a modular architecture. In an em­

bodiment of this invention, the wireless circuitry is compart­

mentalized from the blood glucose measuring circuitry. Thus, 

in such a design, only the wireless circuitry must be replaced 

while the blood glucose measuring circuitry will require lit-
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tle or no modification. In general, this will make adapting, 

changing or upgrading the wireless functionality of a blood 

glucose measurement device faster and easier to perform. 

Remote controller 200 may be used to episodically measure 

blood glucose and to wirelessly control insulin pump 300 

and/or other peripheral medical device(s). In an embodiment of 

this invention, remote controller 200 may be a master and in­

sulin pump 300 and/or other peripheral medical device (s) may 

be a slave. As shown in Figure 1, remote controller 200 in­

cludes a first housing half 201, a display 202, an OK button 

204, a universal port connector 205, a down button 206, a sec­

ond housing half 207, a back button 208, a port cover 209, an 

up button 210, light emitting diode (LED) 212, and a strip 

port connector (SPC) 214. In an embodiment of this invention, 

a first housing half 201 and second housing half 207 may adapt 

to join together to form an ergonomically shaped handheld glu­

cose meter which encloses both a motherboard and a daughter­

board which will be described in detail below. 

Figures 3 and 4 show a simplified schematic bottom and top 

plan view, respectively, of an embodiment of a motherboard 234 

having a bottom surface 252 and a top surface 250. As shown in 

Figure 4, motherboard 234 has mounted on top surface 250, the 

strip port connector 214, the display 202, and a plurality of 

navigation buttons 216, namely the OK button 204, the down 

button 206, the back button 208 and the up button 210 (see 

Figure 1) for effecting user entries e.g. by navigating 

through a menu structure of a user interface. The navigation 

buttons 216 may be utilized for initiating a particular action 

by the remote controller 200 or to input data into the remote 

controller 200, e.g. in order to adjust the operation of the 

insulin pump 300 with regard to various patient parameters 

such as e.g. his or her weight. As shown in Figure 3, mother­

board 234 has mounted on bottom surface 252 an alarm 226, a 
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blood glucose measurement means 220 for determining the level 

of blood glucose, a wired communication port 224, a memory 

230, a first connector 238, a motherboard electrostatic dis­

charge (ESD) circuitry 242, and a microprocessor 228. 

Figures 5 and 6 show a simplified schematic top and bottom 

plan view, respectively, of an embodiment of a daughterboard 

236 having a top surface 254 and a bottom surface 256. As 

shown in Figure 5, daughterboard 236 has mounted on its top 

surface 254, a memory chip port 232, a daughterboard ESD cir­

cuitry 244, an antenna impedance matching network 219, a radio 

frequency transceiver 218, and a second connector 240. As 

shown in Figure 6, daughterboard 236 has mounted on its bottom 

surface 256, a dielectric material 248 and an antenna element 

246 coupled to the transceiver 218. It should be noted that a 

combination of dielectric material 248 and antenna element 246 

may be simply referred to as an antenna. Antenna element 246 

may be a contiguous conductive material having a 3-dimensional 

shape which is disposed on a portion of dielectric material 

248 as also shown in Figure 9. The use of daughterboard 236 

provides an additional set of two surfaces (i.e. top surf ace 

254 and bottom surface 256) in which electronic components can 

be mounted. This allows more electronics to be efficiently en­

closed within first housing half 201 and second housing half 

·207. The daughterboard 236 may also include control electron-

ics, e.g. in the form of a microprocessor, operable to compose 

data frames to be transmitted by means of the transceiver 218, 

to analyze data frames received by the transceiver 218, and to 

activate and deactivate the transceiver 218 to transmit and/or 

receive data frames. 

Motherboard 234 includes all of the functional circuitry re-

quired for performing an 

whereas daughterboard 236 

episodic glucose measurement test, 

includes all of the functional cir-

cuitry required for a wireless communication with one or more 
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peripheral medical devices such as insulin pump 300. From the 

above description, it is evident that the motherboard 234 

forms a blood glucose measuring module in accordance with the 

present invention and that the daughterboard 236 forms a wire­

less communication module in accordance with the present in­

vention. In the shown embodiment, motherboard 234 and daugh­

terboard 236 are electrically connected, respectively, by the 

first connector 238 and the second connector 240, both of 

which are adapted to reversibly mate and to effect a releas­

able electrical connection which can be repeatedly and selec­

tively disconnected and re-established. In an embodiment of 

this invention, motherboard 234 and daughterboard 236 are dis­

posed in a stacking orientation such that when they are mated 

together by means of connectors 238 and 240 bottom surface 252 

of motherboard 234 is orientated in a spaced apart and facing 

arrangement with top surf ace 254 of daughterboard 236 ( see 

Figures 3, 5, and 10). 

Figure 9 shows two batteries 222 which are disposed in a posi­

tion such that a major axis of antenna element 246 is parallel 

to a major axis of batteries 222. Batteries 222 may be dis­

posed in a battery compartment which is integrated as a por­

tion of second housing half 207 (not shown). In the embodiment 

shown in Figures 5, 6 and 9, daughterboard 236 has an "L" 

shape to provide room for batteries 222 which in this case are 

two AAA alkaline batteries as shown in Figures 5 and 9. 

Remote controller 200 may be designed such that it can be op­

erated while on a tabletop or while being held by a user's 

hand. First housing half 201 may be a top surface of remote 

controller 200 and second housing half 207 may be a bottom 

surface of remote controller 200. During the use of remote 

controller 2 00, its bot tom surf ace should be disposed on ei­

ther a tabletop or the user's hand and thus should not be 

viewable by a user. However, the top surf ace of remote con-
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troller 200 should be viewable by a user during use. There­

fore, display 202 and navigation buttons 216 should be mounted 

on top surface 250 of motherboard 234. In addition, top sur­

face 250 of motherboard 234 should be disposed immediately un­

derneath first housing half 201 such that corresponding aper­

tures within first housing half 201 adapt to the shape of dis­

play 202 and navigation buttons 216. This allows display 202 

and navigation buttons 216 to be viewable on the top surface 

of remote controller 200. 

It is desirable to make the size of remote controller 200 

relatively small so that it can easily fit into a palm of a 

user's hand. In general, a length and a width of motherboard 

234 must be about the same as remote controller 200 in order 

to efficiently use all of the usable space available within 

remote controller 200 for mounting electronic components. 

Typically, there is a desire to have sufficiently large navi­

gation buttons 216 and display 202 so that a user can easily 

see and handle them. Therefore, in order to design remote con­

troller 200 as small as possible and have sufficiently large 

navigation buttons 216 and display 202, motherboard 234 should 

have an efficiently packed set of electronic components leav­

ing little to no usable space. In an embodiment of this inven­

tion, the set of electronic components mounted to top surface 

250 on motherboard· 234 may include display 202, navigation 

buttons 216, and strip port connector 214. Figure 4 shows that 

the set of electronic components occupy nearly all of the us­

able area of the top surface of motherboard 234 making it dif­

ficult to mount additional electronic components without in­

creasing the size of motherboard 234. 

Display 202 may be a liquid crystal display (LCD) to show both 

textual and graphical information to a user. A user interface 

{UI) may be a software driven menu that is shown on display 

202 that enables the user to operate remote controller 200. A 
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user can navigate through the UI using navigation buttons 216 

which include up button 210, down button 206, OK button 204, 

and back button 208. In an embodiment of this invention, the 

UI allows a user to operate an insulin pump, query the status 

of the insulin pump, measure blood glucose episodically, and 

to display data on display 202 (e.g. glucose concentration 

versus time). 

Alarm 226 which may be in a variety of forms to warn a user of 

various statuses that might need an actionable response. For 

example, alarm 226 may include an audio alarm (monophonic 

beeps or polyphonic tones) , a vibratory alarm, or a LED 212 

which may be a multi-colored LED that can illuminate red, yel­

low, and green light. In an embodiment of this invention, an 

alarm signal my be used to warn a user that there is a low 

blood glucose reading, a partially filled blood glucose test 

strip, a low reservoir of insulin, an occlusion in insulin 

pump 300, a low battery status for insulin pump 300, a low 

battery status for remote controller 200, and/or an improperly 

filled test strip. 

Blood glucose measurement means 220 may be a potentiostat de­

signed for performing an episodic electrochemical measurement 

of a physiological fluid. In an embodiment of this invention, 

blood glucose measurement means 220 may apply a constant po­

tential such as, for example, about +0.4 V between a working 

electrode and a reference electrode of a disposable test 

strip. A disposable test strip which may be suitable for use 

in the present invention is the OneTouch Ultra test strip 

which is commercially available from Lif eScan, Inc. in 

Milpitas, California, U.S.A. The disposable test strip may be 

inserted into and electrically connected with strip port con­

nector 214. After insertion, a physiological fluid such as 

blood may be applied to the disposable test strip causing the 

test to initiate. A reagent layer on the disposable test strip 
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may proportionally convert an oxidized mediator to a reduced 

to be measured. A portion of the 

mathematically converted to the 

mediator allowing a current 

current may be sampled and 

glucose concentration which is displayed on display 202. 

Port cover 209 in Figure 1 is an elastomeric material that 

covers over a wired connection port 224 and a memory chip port 

232. Examples of a wired connection port may be a universal 

serial bus (USB) or a serial RS232. Wired connection port 224 

may used to connect to a personal computer for transfer­

ring/receiving data and/or a software code. 

Radio frequency (RF) transceiver 218 may be an electronic cir­

cuit capable of receiving and sending a wireless signal to a 

peripheral medical device. RF transceiver 218 may include a 

microprocessor for managing and processing a wireless signal. 

In an embodiment of this invention, RF transceiver 218 may use 

one of a variety of frequency formats and/or protocols such 

as, for example, an Industry-Scientific-Medical (ISM) fre­

quency band, a Bluetooth format, a ZigBee format, and a WLAN 

format. In the ISM frequency band, the frequency may range 

from about 868 MHz to about 928 MHz. Antenna element 246 may 

be mounted to dielectric material 248 which in turn is mounted 

to bottom surface 256 of daughterboard 236. Antenna element 

246 may be used as a conduit for sending and receiving wire­

less signals 310. Antenna impedance matching network 219 may 

be used to compensate for non-idealities or variations in the 

impedance of antenna element 2 4 6. Electrical signals corre­

sponding to wireless signals 310 received by transceiver 218 

are provided, following suitable processing, at connector 240 

of daughterboard 236. Electrical signals corresponding to 

wireless signals 310 to be transmitted by transceiver 218 are 

provided by motherboard 234 at its connector 238. 
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Figures 7 and 8 show a bottom and top plan view, respectively, 

of a memory chip 290 having a bottom surface 260 and a top 

surface 258. Memory chip 290 may be in the form of a non­

volatile semiconductor memory such as, for example, a flash 

memory or an electrically erasable programmable read only mem­

ory (EEPROM). In an embodiment of this invention, memory chip 

290 may be a type of flash memory called a Smart Card as shown 

in Figure 7 and 8. 

Figure 10 is a simplified schematic bottom perspective view of 

remote controller 200 with second housing half 207 removed. 

Memory chip 290 shown in Figures 7 and 8 may be inserted into 

memory chip port 232 for storing data and/or upgrading the 

software in remote controller 200, such as the software in mi­

croprocessor 228. Memory chip port 232 may be in the form of a 

slot on a side portion of remote controller 200 underneath 

port cover 209. Figure 10 shows a partial insertion of memory 

chip 290 into the slot. Memory chip port 232 is a connector 

having a plurality of memory chip port contacts 233 to elec­

trically connect to a corresponding plurality of memory chip 

contacts 292 which are disposed on memory chip 290. Memory 

chip port 232 may be mounted on top surface 254 of daughter­

board 236 allowing memory chip port contacts 233 to be facing 

upwards when inserted. 

Memory chip 290 must be inserted into memory chip port 232 in 

a particular orientation such that a proper electrical connec­

tion can be established between memory chip 290 and remote 

controller 200. However, there are several orientations in 

which memory chip 2 90 may be inserted into memory chip port 

232 and it may not be obvious to a user which way is proper. 

For example, there are four different permutations in which 

memory chip 290 may be inserted into memory chip port which 

are 1) top surface 258 facing upward towards a user and in­

serting initially a first end 2 94, 2} top surface 258 facing 
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upward towards a user and inserting initially a second end 

296, 3) bottom surface 260 facing upwards towards a user and 

inserting initially first end 294, and 4) bottom surface 260 

facing upwards towards a user and inserting initially second 

end 296. 

In an embodiment of this invention, memory chip 290 should 

have some printed artwork, such as an arrow and/or some text 

on either top surface 258 or bottom surface 260, to guide the 

user towards the proper orientation in inserting memory chip 

290 and to clearly identify the memory chip 290. However, bot­

tom surface 260 of memory chip 290 is substantially covered by 

memory chip contacts 292 making it difficult to print the art­

work on bottom surface 260. Thus, the artwork should be 

printed on top surface 258 of memory chip 290. This will allow 

a user to view the artwork on top surface 258 of memory chip 

290 while inserting it into memory chip port 232. In this con­

figuration, memory chip contacts 292 should be facing downward 

and memory chip port contacts 233 should be facing upwards to 

allow for proper electrical connection. 

It should be noted that daughterboard 236 provide an addi­

tional top surface 254 in which memory chip port 232 can be 

mounted such that memory chip port contacts 233 face upwards. 

It is not practical to mount memory chip port to top surface 

250 of motherboard 234 because of a lack of usable space. As 

mentioned earlier, top surface 250 of motherboard 234 was pre­

dominantly occupied by navigational buttons 216 and display 

202. Thus, the use of daughterboard 236 helps conserve space 

by allowing memory chip port 232 to mounted to it with memory 

chip connector contacts 233 facing upwards. This prevents hav­

ing to mount memory chip port 232 to top surface 250 of moth­

erboard 234 which would increase the size of motherboard 234 

which is undesirable increase because this would, in turn, in­

crease the size of remote controller 200. 



Page 210 of 320

WO 2008/061552 PCT /EP2006/011263 

- 26 -

It is an advantage of this invention that remote controller 

200 can adapt or upgrade its wireless hardware in a simple and 

flexible manner. Because the wireless circuitry is compartmen­

talized from the blood glucose measuring circuitry, it is a 

simple procedure to replace the wireless circuitry which in 

this case is located on daughterboard 236. Thus, daughterboard 

23 6 may be swapped with a new one having a different set of 

wireless components mounted thereon while retaining the cir­

cuitry located on the motherboard 234 for measuring glucose. 

It is another advantage of this invention that a modular glu­

cose meter having a wireless functionality can have a simpler 

to perform quality control procedure. Because the functional 

circuitry for the wireless capability and the glucose measure­

ment are on separate circuit boards, separate quality control 

tests can be performed on the spatially separated circuit 

boards. The wireless signal generated by the wireless cir­

cuitry may interfere with the quality control testing for the 

glucose measuring circuitry. This would make the quality con­

trol procedure complicated to perform if both sets of circuits 

are electrically connected and in close proximity to each 

other. Thus, the likelihood of encountering interferences dur­

ing quality control testing will be reduced by performing the 

two quality control tests separately such that motherboard 234 

and daughterboard 236 are not in close proximity to each 

other. 

It is yet another advantage of this invention that daughter­

board 236 helps economizes space on motherboard 234. A suffi­

ciently large LCD and navigation buttons can be mounted to top 

surface 250 of motherboard 234 that are easy for a user to see 

while at the same time allowing remote controller 200 to have 

a relatively small footprint. Further, daughterboard 236 al­

lows memory chip port 232 to be mounted such that the memory 
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chip 290 can be inserted with memory chip contacts 292 facing 

downward. This makes the insertion of memory chip 2 90 easier 

because the artwork can be placed on top surface 258 of memory 

chip 290 prompting and guiding the user to insert memory chip 

290 with the proper orientation. 
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C1aims 

1. A blood glucose meter {200) comprising: 

a blood glucose measuring module (234) for performing a 

blood glucose measuring function and 

a wireless communication module (236) adapted for estab­

lishing a wireless communication link with an external de­

vice and exchanging information with the external device 

via the wireless communication link according to a prede­

termined frequency format and protocol, 

wherein the blood glucose measuring module (234) and the 

wireless communication module (236) are physically sepa­

rate units electrically connected in order to allow for an 

exchange of electrical signals corresponding to informa­

tion to be transmitted by the wireless communication mod­

ule (236) and/or information received by the wireless com­

munication module (236), 

characterized in that the blood glucose measuring module 

(234) and the wireless communication module (236) both 

comprise a connector component (238, 240), wherein the two 

connector components (238, 240) are adapted to releasably 

establish the electrical connection between the blood glu­

cose measuring module (234) and the wireless communication 

module (236). 

2. The blood glucose meter according to claim 1, wherein the 

frequency format and/or protocol according to which the 

blood glucose meter (200) can communicate with an external 

device can be changed by replacing the wireless communica­

tion module (236) with another wireless communication mod­

ule (236) which is adapted to communicate according to a 

different frequency format and/or protocol. 

3. The blood glucose meter according to claim 1 or claim 2, 

wherein the blood glucose measuring module (234) comprises 
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a control means {228) operable to control the electrical 

signals provided by the blood glucose measuring module 

(234) at its connector component {238). 

4. The blood glucose meter according to any of the preceding 

claims, wherein the frequency format and/or protocol ac­

cording to which the blood glucose meter (200) can commu­

nicate with an external device can be changed solely by 

replacing the wireless communication module (236) with an­

other wireless communication module (236) which is adapted 

to communicate according to a different frequency format 

and/or protocol. 

5. The blood glucose meter according to claim 3, wherein the 

wireless communication module {236) comprises a memory 

chip connector (232) for electrically connecting the wire­

less communication module (236) with a non-volatile semi­

conductor memory card (290), and wherein the control means 

(228) of the blood glucose measuring module (234) is 

adapted to operate in accordance with information stored 

in a non-volatile semiconductor memory card (290) con­

nected to the memory chip connector (232) of the wireless 

communication module (236). 

6. The blood glucose meter according to claim ·3, wherein the 

control means (228) can be reprogrammed in order to change 

the electrical signals provided during operation by the 

blood glucose measuring module (234) at its connector com­

ponent (238) . 

7. The blood glucose meter according to claim 6, wherein the 

wireless communication module (236) comprises a memory 

chip connector (232) for electrically connecting the wire­

less communication module (236) with a non-volatile semi­

conductor memory card ( 2 90) , and wherein the control 
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means (228) of the blood glucose measuring module (234) 

can be reprogrammed in accordance with information stored 

in a non-volatile semiconductor memory card ( 290) con­

nected to the memory chip connector (232) of the wireless 

communication module (236). 

8. The blood glucose meter according to claim 6 or claim 7, 

wherein the frequency format and/or protocol according to 

which the blood glucose meter (200) can communicate with 

an external device can be changed by replacing the wire­

less communication module (236) with another wireless com­

munication module (236) which is adapted to communicate 

according to a different frequency format and/or protocol 

and reprogramming the control means ( 22 8) of the blood 

glucose measuring module (234). 

9. The blood glucose meter according to any of the preceding 

claims, wherein the wireless communication module (236) 

comprises a memory chip connector (232) for electrically 

connecting the wireless communication module (236) with a 

non-volatile semi-conductor memory card (290). 

10. The blood glucose meter according to any of claims 5, 7, 

and 9, wherein the memory chip connector (232) is orien­

tated such· that a set of contacts (292) on a memory card 

( 2 90) connected to the memory chip connector ( 2 32) face 

downwards allowing a user to more easily observe upward 

facing artwork on the memory card (290) as it is inserted 

into said blood glucose meter (200). 

11. The blood glucose meter according to any of the preceding 

claims, wherein the blood glucose measuring module (234) 

comprises a power supply for operating the wireless commu­

nication module (236), and wherein the electrical signals 

provided during operation by the blood glucose measuring 
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module {234) at its connector component (238) include sig­

nals for supplying power to the wireless communication 

module (236). 

12. The blood glucose meter according to any of the preceding 

claims, wherein the wireless communication module (236) 

comprises a transceiver (218), an antenna impedance match­

ing network (21) and an antenna (246, 248). 

13. The blood glucose meter according to claim 12, wherein the 

wireless communication module (236) further includes an 

electrostatic discharge (ESD) protection circuit (244). 

14. The blood glucose meter according to any of the preceding 

claims, wherein the blood glucose meter (200) comprises a 

housing (201, 207) in which the blood glucose measuring 

module (234) and the wireless communication module (236) 

are enclosed. 

15. The blood glucose meter according to any of the preceding 

claims, wherein the blood glucose measuring module (234) 

comprises a first printed circuit board on which blood 

glucose measuring circuitry (220) is mounted, and the 

wireless communication module (236) comprises a second 

printed circuit board on which wireless communication cir­

cuitry (218, 219, 246) is mounted. 

16. The blood glucose meter according to claims 12 and 15, 

wherein the transceiver (218), the antenna impedance 

matching network (219) and the antenna (246, 248) are 

mounted on the second printed circuit board. 

17. The blood glucose meter according to claims 13 and 16, 

wherein the ESD protection circuit (244) is mounted on the 

second printed circuit board. 
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18. The blood glucose meter according to any of claims 15 to 

17, wherein the first printed circuit board is a mother­

board and the second printed circuit board is a daughter­

board. 

19. The blood glucose meter according to any of claims 15 to 

18, wherein the second printed circuit board is disposed 

on the first printed circuit board. 

20. The blood glucose meter according to any of the preceding 

claims, wherein one of the connector components (238, 240) 

of the blood glucose measuring module (234) and the wire­

less communication module (236) is the plug component of a 

plug and socket 

nent (238, 240) 

connector and the other connector compo­

is the socket component of the plug and 

socket connection. 

21. The blood glucose meter according to any of claims 1 to 

19, wherein the connector components (238, 240) of the 

blood glucose measuring module (234) and the wireless com­

munication module (236) are adapted to be connected by a 

cable having suitable connector components at its ends. 

22. The blood glucose meter according to any of the preceding 

claims, wherein the wireless communication module (236) is 

adapted to communicate according to the ISM, Bluetooth, 

ZigBee or WLAN standard. 

23. A blood glucose meter system comprising: 

a blood glucose meter (200) according to any of claims 1 

to 19, and 

at least one further wireless communication module (236) 

similar to the wireless communication module (236) but 

adapted for establishing a wireless communication link 
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with an external device 

the external device via 

and exchanging information with 

the wireless communication link 

according to a predetermined frequency format and protocol 

different from the frequency format and/or protocol of the 

wireless communication module {236), 

wherein the frequency format and/or protocol according to 

which the blood glucose meter (200) can communicate with 

an external device can be changed by replacing the wire­

less communication module (236) with one of the at least 

one further wireless communication module (236). 

24. The blood glucose meter system according to claim 23, 

wherein the wireless communication module (236) and the at 

least one further wireless communication module (236) in­

clude wireless communication modules (236) adapted to com­

municate according to the ISM, Bluetooth, ZigBee or WLAN 

standard. 

25. A method of constructing a blood glucose meter (200) ac­

cording to any of claims 1 to 22 comprising the steps of: 

providing a blood glucose measuring module (234) for per­

forming a blood glucose measuring function, 

providing a plurality of wireless communication modules 

{236), each adapted for establishing a wireless communica­

tion link with an external device and exchanging informa­

tion with the external device via the wireless communica­

tion link according to a predetermined frequency format 

and protocol different from the frequency format and/or 

protocol of the other wireless communication modules 

(236), wherein the blood glucose measuring module (234) 

and the wireless communication modules (236) are physi­

cally separate units and wherein the blood glucose measur­

ing module {234) and each wireless communication module 

(236) comprise respective connector components (238, 240) 

by means of which a selected one of the wireless communi-
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cation modules (236) may be releasably electrically con­

nected to the blood glucose measuring module (234) in or­

der to allow for an exchange of electrical signals corre­

sponding to information to be transmitted by the respec­

tive wireless communication module (236) and/or informa­

tion received by the respective wireless communication 

module (236), 

selecting one 

modules (236) 

of the plurality of wireless communication 

in accordance with the desired frequency 

format and protocol, and 

establishing an electrical connection between the selected 

wireless communication module (236) and the blood glucose 

measuring module {234) by means of the respective connec­

tor components {238, 240). 
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adjustment. See 37 CFR 1.704(b). 

Status 

1 )~ Responsive to communication(s) filed on 25 August 2021. 

□ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)D This action is FINAL. 2b) ~ This action is non-final. 

3)□ An election was made by the applicant in response to a restriction requirement set forth during the interview 
on __ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) ~ Claim(s) 23-52 is/are pending in the application. 

5a) Of the above claim(s) is/are withdrawn from consideration. 

6) D Claim(s) is/are allowed. 

7) ~ Claim(s) 23-52 is/are rejected. 

8) □ Claim(s) __ is/are objected to. 

9) D Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )□ The drawing(s) filed on __ is/are: a)□ accepted or b)□ objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)□ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)□ All b)D Some** c)□ None of the: 

1.□ Certified copies of the priority documents have been received. 

2.□ Certified copies of the priority documents have been received in Application No. __ . 

3.□ Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) D Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 8/25/2021. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) D Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) D Other: __ . 

Part of Paper No./Mail Date 20211104 
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Notice of Pre-A/A or A/A Status 

The present application is being examined under the pre-AIA first to invent provisions. 

Status of the Claims 

Claims 23-52 are under examination. 

Double Patenting 

Page 2 

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded in 

public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise 

extension of the "right to exclude" granted by a patent and to prevent possible harassment by multiple 

assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not 

identical, but at least one examined application claim is not patentably distinct from the reference claim(s) 

because the examined application claim is either anticipated by, or would have been obvious over, the 

reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 

(Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 

438, 164 USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1 .321 (d) may be used to 

overcome an actual or provisional rejection based on nonstatutory double patenting provided the 

reference application or patent either is shown to be commonly owned with the examined application, or 

claims an invention made as a result of activities undertaken within the scope of a joint research 

agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP § 2146 et seq. for applications not subject 

to examination under the first inventor to file provisions of the AIA. A terminal disclaimer must be signed 

in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit 

www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed 
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determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A 

web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal 

Disclaimer that meets all requirements is auto-processed and approved immediately upon submission. 

For more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

Claims 23-52 are rejected on the ground of nonstatutory double patenting as being unpatentable 

over claims 1-22 of U.S. Patent No. 8,483,967. Although the claims at issue are not identical, they are not 

patentably distinct from each other because the instant claims require all the limitations of the U.S. Patent 

with additional limitations. Thus, the subject matter of the U.S. Patent encompasses the subject matter of 

the instant claims and are not patentably distinct from each other. 

Claims 23-52 are rejected on the ground of nonstatutory double patenting as being unpatentable 

over claims 1-30 of U.S. Patent No. 11,116,431. Although the claims at issue are not identical, they are 

not patentably distinct from each other because the instant claims require all the limitations of the U.S. 

Patent with additional limitations. Thus, the subject matter of the U.S. Patent encompasses the subject 

matter of the instant claims and are not patentably distinct from each other. 

Contact Information 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to JERRY LIN whose telephone number is (571 )272-2561. The examiner can normally be 

reached M-F, 7am-3:30pm. 

Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Karl 

Skowronek can be reached on (571) 272-9047. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 

Information regarding the status of published or unpublished applications may be obtained from 

Patent Center. Unpublished application information in Patent Center is available to registered users. To 

file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit 

https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional questions, 

contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance 

from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/JERRY LIN/ 
Primary Examiner, Art Unit 1631 
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REMARKS 

Docket No.: A0130.0090.C7 
9368USC7 

Claims 23, 26-31, 33, 35-50, and 53-58 are pending, of which claims 23, 26-31, 33, 35-37, 

39-48, and 50 have been amended without prejudice, and claims 53-58 have been newly added. 

Claims 24-25, 32, 34, 51-52 have been canceled without prejudice, and claims 1-22 remain canceled 

without prejudice. Claim 23 is the only independent claim. Support for the amendments and the new 

claims can be found, for example, at paragraphs [0025], [0030] to [0033], [0038], [0046], and [0051] 

to [0086], as well as Figures 1 to 6, 7 A, and 7B, the original claims, and elsewhere throughout the 

application published as U.S. Publ. No. 2021/0378564. 1 No new matter has been introduced. 

For the reasons set forth below, it is respectfully submitted that the pending claims are 

allowable. 

NON-STATUTORY DOUBLE PATENTING REJECTIONS 

Claims 23-52 were rejected on the ground of non-statutory double patenting over claims 1-22 

of U.S. Patent No. 8,483,967. See 11/9/21 NFOA at 2-3. In addition, claims 23-52 were also rejected 

on the ground of non-statutory double patenting over claims 1-30 of U.S. Patent No. 11,116,431. See 

id. 

It is respectfully submitted that the double patenting rejections have been mooted by the 

Applicants' amendments to claims 23, 26-31, 33, 35-37, 39-48, and 50 in the instant application. As 

such, it is respectfully requested that the non-statutory double patenting rejections be withdrawn. 

CONCLUSION 

Amendments to and/or cancellations of the claims are made without prejudice and solely to 

clarify the issues before the Examiner and/or to advance prosecution of this application and do not 

constitute a de facto acquiescence to any objection and/or rejection. Accordingly, this response does 

not concede that previously pending claims are not patentable. 

1 All citations are provided purely for the benefit of the Examiner. These citations are only examples and in no way 
constitute an exhaustive recitation of all written and depicted support for the claims. Additional support can be found 
elsewhere, including citations from both the specification and figures that are not stated, as well as the knowledge of those 
of ordinary skill in the art. These citations in no way constitute a disclaimer that the claim covers only that subject matter 
which is cited herein and in no way define the inventive subject matter as being only that which is cited herein. 

- 9 -
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The right is reserved to pursue claims to any subject matter supported by the disclosure of this 

application in one or more continuation and/or divisional applications at a later time, including the 

subject matter of any previously pending claims regardless of whether those claims were amended or 

cancelled herein. This may entail the pursuit of broader claims, narrower claims, and subject matter 

that was previously relinquished by virtue of argument or amendment. 

Any silence with regard to the rejections of and/or objections to certain dependent claims 

constitutes a recognition that such are moot based on amendments or remarks made with respect to 

the independent claim from which the dependent claims depend. Such silence does not constitute a 

de facto acquiescence to any objection and/or rejection. 

In view of the foregoing, it is respectfully submitted that all claims are in allowable form. In 

the event that the Examiner deems that a discussion would be helpful in advancing prosecution, the 

Examiner is invited to call the undersigned at (949) 444-5970. The USPTO is hereby authorized to 

charge any outstanding fees to Deposit Account No. 50-5201. 

Dated: December 20, 2021 Respectfully submitted, 

/Glen Liu/ 

Glen Liu 
Registration No.: 75,058 
ONELLP 
23 Corporate Plaza, Suite 150 
Newport Beach, CA 92660 
Attorney for Applicant 

- 10 -



Page 278 of 320

Docket Nos.: A0130.0090.C7 
9368USC7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Wesley Scott Harper 

Application No.: 17/411,154 

Filed: August 25, 2021 

For: METHODS AND SYSTEMS FOR EARLY 
SIGNAL ATTENUATION DETECTION AND 
PROCESSING 

Confirmation No.: 1823 

Art Unit: 1631 

Examiner: Jerry Lin 

RESPONSE TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111 

EFS Web 
Commissioner for Patents 

INTRODUCTORY COMMENTS 

In response to the Non-Final Office Action dated November 9, 2021 ("11/9/21 NFOA"), 

please see the following: 

Amendments to the Claims beginning on page 2 of this paper; and 

Remarks beginning on page 9 of this paper. 
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This listing of claims replaces all previous versions of the claims in the application. 

1-22. (Canceled) 

23. (Currently amended) A glucose monitoring system for backfilling data gaps that 

occur while a user monitors glucose levels, the glucose monitoring system comprising: 

(1) aH OH body uHit eoHfigured to be positioHed OH a user's body, the OH body uHit 

eompnsmg: 

a glucose sensor, a portion of which is configured to be positioned under skin of the user, 

wherein the glucose sensor is configured to sample a biological fluid of the user -aHd to provide 

glueose related sensor data; -aHd 

a data processing and transmitter unit coupled w½th to the glucose sensor, the data processing 

and transmitter unit comprising a power supply, a processor of the data processing and transmitter 

unit, memory of the data processing and transmitter unit, and a radio frequency transceiver of the 

data processing and transmitter unit, wherein the data processing and transmitter unit is configured 

to: 

receive the glueose related sensor data from the glucose sensor and store the sensor 

data in the memory of the data processing and transmitter unit; 

process the glueose related sensor data using calibration data to provide processed 

sensor data, wherein the calibration data comprises data associated with a sensitivity of the 

glucose sensor, and wherein the processed sensor data is stored in the memory of the data 

processing and transmitter unit; and 

store, iH memory of the data proeessiHg aHd traHsmitter uHit duriHg a time period 

assoeiated with a failure mode eoHditioH, the glueose related seHsor data, the proeessed 

seHsor data, or both; aHd 

transmit the processed sensor data over a Bluetooth wireless communication link 

using the radio frequency transceiver of the data processing and transmitter unit; and 

- 2 -
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~a receiver unit[[,]] comprising[[:]] a processor of the receiver unit, memory of the 

receiver unit, a radio frequency transceiver of the receiver unit, [[and]] an antenna, and a display, 

wherein the receiver unit is configured to~ 

receive, using the antenna and the radio frequency transceiver of the receiver unit, 

the processed sensor data traasmitted by the data proeessiag aad traasmitter uait over the 

Bluetooth wireless communication link[[;]].,_ 

a display eoafigured to display aumerieal values aad graphieal represeatatioas of the 

proeessed seasor data; aad 

a proeessor eoupled with memory of the reeeiver uait, whereiH iastruetioas stored ia 

the memory of the reeeiver uait, whea e~ceeuted by the proeessor, eause the proeessor to: 

deteet the preseaee of the data proeessiag aad traasmitter uait whea the data 

proeessiag aad traasmitter uait is vlithia a raage of the reeeiver uait, 

establish the Bluetooth vlireless eommuaieatioH liak vlith the data proeessiag 

aad traasmitter uait, 

output to the display of the receiver unit, a numerical value representing the 

processed sensor data, 

output to the display of the receiver unit, a first line graph that is a substantially 

continuous depiction of the processed sensor data over time, 

output a first graphieal represeatatioH of the proeessed seasor data to the display of 

the reeeiver uait, whereiH the first graphieal represeatatioH eomprises a first liae graph, aad 

·.vhereiH aH ead of the first liae graph eorrelates vlith a time assoeiated vlith a start of the 

failure mode eoaditioa, aad 

output a seeoad graphieal represeatatioH of the proeessed seasor data to the display 

of the reeeiver uait after the failure mode eoaditioH has beeH eorreeted, whereiH the seeoad 

graphieal represeatatioH eomprises a seeoad liae graph haviag a leagth greater thaa the first 

liae graph 

wherein the glucose monitoring system is configured to detect an adverse condition, wherein 

the adverse condition results in the receiver unit displaying a data gap such that the first line graph 

displayed on the receiver unit has an end corresponding to a time associated with a start of the 

adverse condition; 

- 3 -
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wherein, during a time period corresponding to the adverse condition, sensor data, processed 

sensor data, or both, are stored in the memory of the data processing and transmitter unit; 

wherein the receiver unit is configured to output to the display, after the adverse condition is 

corrected, processed sensor data for the time period corresponding to the adverse condition such that 

the data gap is backfilled, and 

wherein the processed sensor data for the time period corresponding to the adverse condition 

that is outputted to the display after the adverse condition is corrected comprises a second line graph 

having a first end corresponding to the time associated with the start of the adverse condition and a 

second end corresponding to a time associated with an end of the adverse condition. 

24-25. (Canceled) 

26. (Currently amended) The glucose monitoring system of claim 23 [[25]], wherein the 

first line graph and the second line graph are outputted to a same graph comprising a first axis 

having a time unit of measurement and a second axis having a glucose concentration unit of 

measurement. 

27. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a sensor communication error. 

28. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a signal error associated with the glucose sensor. 

29. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a signal error associated with the data processing and 

transmitter unit. 

30. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a signal error associated with the receiver unit. 

- 4 -
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31. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a system malfunction associated with the data processing 

and transmitter unit or a system malfunction associated with the receiver unit. 

32. (Canceled) 

33. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises an inability of the receiver unit to display or output at 

least a portion of the graphical represeHta-tioHs of the processed seHsor da-ta to the display the first 

line graph. 

34. (Canceled) 

35. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a sensor instability condition. 

36. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a calibration failure condition. 

37. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a monitoring system failure condition. 

38. (Previously presented) The glucose monitoring system of claim 23, wherein the 

glucose sensor comprises a working electrode and a counter electrode. 

39. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a sensor misposition error. 

- 5 -



Page 283 of 320

Application No. 17/411,154 Docket No.: A0130.0090.C7 
9368USC7 

40. (Currently amended) The glucose monitoring system of claim 23, wherein the on 

body unit further comprises a temperature sensor, and wherein the failure mode adverse condition 

comprises a temperature measurement outside a predetermined range. 

41. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises an analyte level exceeding a predetermined threshold. 

42. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a rate of change of an analyte level exceeding a 

predetermined threshold. 

43. (Currently amended) The glucose monitoring system of claim [[23]] 53, wherein the 

failure mode adverse condition comprises a signal error associated with the blood glucose reference 

data. 

44. (Currently amended) The glucose monitoring system of claim 23, wherein the 

failure mode adverse condition comprises a data unavailability condition. 

45. (Currently amended) The glucose monitoring system of claim 23, wherein the 

instructions stored in the memory of the receiver unit, when executed by the processor, further cause 

the processor is further configured to display the second line graph immediately after the correction 

of the failure mode adverse condition. 

46. (Currently amended) The glucose monitoring system of claim 23, wherein the 

instructions stored in the memory of the receiver unit, ·.vhen executed by the processor, further cause 

the processor is further configured to wait a predetermined period of time after the correction of the 

failure mode adverse condition before displaying the second line graph. 
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47. (Currently amended) The glucose monitoring system of claim 23, wherein the data 

processing and transmitter unit, the receiver unit, or both is further configured to store time 

information associated with the failure mode adverse condition. 

48. (Currently amended) The glucose monitoring system of claim 23, wherein the-eft 

body unit comprises a single integrated housing, and wherein the data processing and transmitter 

unit and at least a portion of the glucose sensor are disposed within [[the]]£! single integrated 

housing. 

49. (Previously presented) The glucose monitoring system of claim 23, wherein the 

receiver unit comprises a mobile phone. 

50. (Currently amended) The glucose monitoring system of claim 23, wherein the time 

period associated with the failure mode adverse condition comprises at least one hour. 

51-52. (Canceled) 

53. (New) The glucose monitoring system of claim 23, wherein the glucose monitoring 

system is further configured for periodic calibration, and wherein the calibration data is based at 

least in part on glucose reference data received after the portion of the glucose sensor has been 

positioned under the skin of the user. 

54. (New) The glucose monitoring system of claim 53, wherein the glucose monitoring 

system is further configured for calibration twelve hours after the portion of the glucose sensor has 

been positioned under the skin of the user. 

55. (New) The glucose monitoring system of claim 23, wherein the data processing and 

transmitter unit is configured to transition from a low-power mode to an operating mode, and 

wherein the data processing and transmitter unit consumes more power from the power supply in 

the operating mode than in the low-power mode. 
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56. (New) The glucose monitoring system of claim 23, wherein the power supply of the 

data processing and transmitter unit is configured to provide power for about three months of 

continuous operation. 

57. (New) The glucose monitoring system of claim 23, further comprising a secondary 

receiver unit, wherein the secondary receiver unit is configured to include a limited number of 

functions as compared with the receiver unit, wherein the secondary receiver unit is configured to 

receive processed sensor data from the data processing and transmitter unit, and wherein the 

secondary receiver unit is a watch. 

58. (New) The glucose monitoring system of claim 23, wherein the glucose sensor is 

further configured to continuously sample the biological fluid of the user to provide the sensor data. 

- 8 -
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Claims 23, 26-31, 33, 35-50, and 53-58 are pending, of which claims 23, 26-31, 33, 35-37, 

39-48, and 50 have been amended without prejudice, and claims 53-58 have been newly added. 

Claims 24-25, 32, 34, 51-52 have been canceled without prejudice, and claims 1-22 remain canceled 

without prejudice. Claim 23 is the only independent claim. Support for the amendments and the new 

claims can be found, for example, at paragraphs [0025], [0030] to [0033], [0038], [0046], and [0051] 

to [0086], as well as Figures 1 to 6, 7 A, and 7B, the original claims, and elsewhere throughout the 

application published as U.S. Publ. No. 2021/0378564. 1 No new matter has been introduced. 

For the reasons set forth below, it is respectfully submitted that the pending claims are 

allowable. 

NON-STATUTORY DOUBLE PATENTING REJECTIONS 

Claims 23-52 were rejected on the ground of non-statutory double patenting over claims 1-22 

of U.S. Patent No. 8,483,967. See 11/9/21 NFOA at 2-3. In addition, claims 23-52 were also rejected 

on the ground of non-statutory double patenting over claims 1-30 of U.S. Patent No. 11,116,431. See 

id. 

It is respectfully submitted that the double patenting rejections have been mooted by the 

Applicants' amendments to claims 23, 26-31, 33, 35-37, 39-48, and 50 in the instant application. As 

such, it is respectfully requested that the non-statutory double patenting rejections be withdrawn. 

CONCLUSION 

Amendments to and/or cancellations of the claims are made without prejudice and solely to 

clarify the issues before the Examiner and/or to advance prosecution of this application and do not 

constitute a de facto acquiescence to any objection and/or rejection. Accordingly, this response does 

not concede that previously pending claims are not patentable. 

1 All citations are provided purely for the benefit of the Examiner. These citations are only examples and in no way 
constitute an exhaustive recitation of all written and depicted support for the claims. Additional support can be found 
elsewhere, including citations from both the specification and figures that are not stated, as well as the knowledge of those 
of ordinary skill in the art. These citations in no way constitute a disclaimer that the claim covers only that subject matter 
which is cited herein and in no way define the inventive subject matter as being only that which is cited herein. 
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The right is reserved to pursue claims to any subject matter supported by the disclosure of this 

application in one or more continuation and/or divisional applications at a later time, including the 

subject matter of any previously pending claims regardless of whether those claims were amended or 

cancelled herein. This may entail the pursuit of broader claims, narrower claims, and subject matter 

that was previously relinquished by virtue of argument or amendment. 

Any silence with regard to the rejections of and/or objections to certain dependent claims 

constitutes a recognition that such are moot based on amendments or remarks made with respect to 

the independent claim from which the dependent claims depend. Such silence does not constitute a 

de facto acquiescence to any objection and/or rejection. 

In view of the foregoing, it is respectfully submitted that all claims are in allowable form. In 

the event that the Examiner deems that a discussion would be helpful in advancing prosecution, the 

Examiner is invited to call the undersigned at (949) 444-5970. The USPTO is hereby authorized to 

charge any outstanding fees to Deposit Account No. 50-5201. 

Dated: December 20, 2021 Respectfully submitted, 

/Glen Liu/ 

Glen Liu 
Registration No.: 75,058 
ONELLP 
23 Corporate Plaza, Suite 150 
Newport Beach, CA 92660 
Attorney for Applicant 
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records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application No. 
17/411,154 
Examiner 
JERRY LIN 

Applicant(s) 
Harper, Wesley Scott 

Art Unit I AIA (FITF) Status 
1631 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the reply filed December 20, 2021. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are See Continuation Sheet. As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to 
PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material __ . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/JERRY LIN/ 
Primary Examiner, Art Unit 1631 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

7. D Other 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220115 
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Continuation of 3. The allowed claim(s) is/are: 23,26-31,33,35-50 and 53-58 



Page 297 of 320

Application/Control Number: 17/411, 154 
Art Unit: 1631 

Notice of Pre-A/A or A/A Status 

The present application is being examined under the pre-AIA first to invent provisions. 

Reasons for Allowance 

The following is an examiner's statement of reasons for allowance: The amendments are 

sufficient to nonstatutory double patenting rejections. The rejections are withdrawn. 

Page 2 

Any comments considered necessary by applicant must be submitted no later than the payment 

of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such 

submissions should be clearly labeled "Comments on Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to JERRY LIN whose telephone number is (571 )272-2561. The examiner can normally be 

reached M-F, 7am-3:30pm. 

Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Karl 

Skowronek can be reached on (571) 272-9047. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 

Information regarding the status of published or unpublished applications may be obtained from 

Patent Center. Unpublished application information in Patent Center is available to registered users. To 

file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit 

https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional questions, 
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Application/Control Number: 17/411, 154 
Art Unit: 1631 

Page 3 

contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance 

from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/JERRY LIN/ 
Primary Examiner, Art Unit 1631 
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Corrected 
Notice of Allowability 

Application No. 
17/411,154 
Examiner 
JERRY LIN 

Applicant(s) 
Harper, Wesley Scott 

Art Unit I AIA (FITF) Status 
1631 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the reply filed December 20, 2021. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 23,26-50 and 53-58 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. D Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/JERRY LIN/ 
Primary Examiner, Art Unit 1631 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220307 
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Type Version 

F 2013-01-01 
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(Date) 30 
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O.G. Print Claim(s) O.G. Print Figure 

(Date) None None 
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INTERNATIONAL CLASSIFICATION 
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A6185/145 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 

CLASS 

NONE 

(Assistant Examiner) 

/JERRY LIN/ 
Primary Examiner, Art Unit 1631 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 
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Examiner 
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Applicant(s)/Patent Under Reexamination 

Harper, Wesley Scott 

Art Unit 
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I rnJl 14s 
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I I I I I 

Total Claims Allowed: 

(Date) 30 
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O.G. Print Claim(s) O.G. Print Figure 

(Date) None None 

Part of Paper No.: 20220307 
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Examiner 
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Harper, Wesley Scott 
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D Claims renumbered in the same order as presented by applicant D CPA 0 T.D. D R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 23 10 36 19 46 28 56 
2 26 11 37 20 47 29 57 
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5 29 14 40 23 50 
6 30 15 41 24 53 
7 31 16 42 25 43 
8 33 17 44 26 54 
9 35 18 45 27 55 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 30 

/JERRY LIN/ 07 March 2022 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1631 

(Primary Examiner) (Date) None None 

U.S. Patent and Trademark Office Part of Paper No.: 20220307 
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Approved for use through 7/31/28. 0MB 0651-0031 
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Substitute for form 1449A/PTO Complete if Known 

Application Number To be assigned 

INFORMATION DISCLOSURE Filing Date August 25, 2021 

STATEMENT BY APPLICANT First Named Inventor Wesley Scott Harper 

Art Unit To be assigned 

(use as many sheets as necessary) Examiner Name To be assigned 

Sheet I 1 I of I 1 Attorney Docket Number A0130.0090.C7 

U.S. PATENT DOCUMENTS 
Examiner U.S. Patent Document Publication Date Name of Patentee or 

Initials Cite Number-Kind Code2 (if known) MM-DD-YYYY Applicant of Cited Document 
No. 1 

1 2002/0107557 A 1 08-08-2002 Edell et al. 
2 2003/0004403 A 1 01-02-2003 Drinan et al. 
3 2004/0247671 A1 12-09-2004 Prescott et al. 
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/JERRY LIN/ Date 
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. 
Include copy of this form with next communication to applicant. 'Applicants unique citation designation number (optional). 2See Kinds of U.S. Patent Documents at www.uspto.gov 
or MPEP 901.04. 'Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4For Japanese patent documents, the indication of the year of the reign of 
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process) an application. Confidentiality is govern by 35 USC 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you are required to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 
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Box 1450, Alexandria, VA 22313-1450 
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United States Patent and Trademark Office 
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17/411,154 

183890 7590 

0neLLP-ADC 
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ISSUE DATE 
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03/23/2022 
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Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

11298056 A0130.0090.C7 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

1823 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571 )-272-7702. Questions relating to issue and publication fee payments should 
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE), 
Stakeholder Support Division (SSD) at (571)-272-4200. 

INVENTOR(s) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors): 

Wesley Scott Harper, Alameda, CA; 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

ABBOTT DIABETES CARE INC., Alameda, CA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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