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COMMENTARY

Abstract
Intensive insulin therapy has an inherent risk of hypoglycemia that can lead to loss of consciousness, cardiac 
arrhythmia, seizure, and death (“dead-in-bed syndrome”). This risk of hypoglycemia is a major concern for 
patients, families, and physicians. The need for an automated system that can alert in the event of severe 
hypoglycemia is evident. In engineering systems, where there is a risk of malfunction of the primary control  
system, alert and safety mechanisms are implemented in layers of protection. This concept has been adopted 
in the proposed system that integrates a hypoglycemia prediction algorithm with a global position system 
(GPS) locator and short message service such that the current glucose value with the rate of change (ROC) 
and the location of the subject can be communicated to a predefined list. Furthermore, if the system is linked to 
the insulin pump, it can suspend the pump or decrease the basal insulin infusion rate to prevent the pending 
event. The system was evaluated on clinical datasets of glucose tracings from the DexCom Seven® system.  
Glucose tracings were analyzed for hypoglycemia events and then a text message was broadcast to a predefined 
list of people who were notified with the glucose value, ROC, GPS coordinates, and a Google map of the 
location. In addition to providing a safety layer to a future artificial pancreas, this system also can be easily 
implemented in current continuous glucose monitors to help provide information and alerts to people with 
diabetes.
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Introduction

Intensive insulin therapy has an inherent risk of hypo-
glycemia that can lead to loss of consciousness, cardiac 
arrhythmia, seizure, and death (“dead-in-bed syndrome”).1,2 
This risk of hypoglycemia is a major concern for patients, 
families, and physicians. It is assumed that, in the future, 
fully automated insulin delivery systems, such as the 
artificial pancreatic β cell, will regulate the glucose 
concentrations yet minimize the risk of hypoglycemia. 
However, there is both a current and future need for an 
automated system that can provide remote monitoring as 
well as alert individuals, family members, and emergency 
services in the event of severe hypoglycemia. 

Up-to-date information is the key to a successful operation. 
This is true for tactical military plans as well as 
civilian business decision making and medical triage. 
Telemedicine, the use of information and communication 
technology to support medical care and decision making, 
has been broadly used to enhance medical care and 
to provide up-to-date medical information.3 The use of 
telemedicine includes electronic medical records, telephone 
interviews and follow-up by health care providers, 
uploading of medical data to databases, remote analysis  
of x rays, remote medical consultation, and telesurgery.4–10

Telemedicine has been widely used as a means to improve 
glycemic control of people with type 1 diabetes mellitus 
(T1DM) and to reduce medical expenses.11 Chase and 
colleagues have demonstrated in a clinical study that 
the use of telemedicine in lieu of a clinical visit is as 
useful as the clinical visit and can reduce medical costs.12 
Use of Internet tools, smart phones, and communication 
protocols such as short message service (SMS) and general 
packet radio service have been reported previously 
by several researchers such as Rami and associates,13 
Gomez and coworkers,14 and Rigla and colleagues15 as 
tools that can be used to improve glycemic control.  
In those applications, the users have transmitted medical 
data such as glucose, insulin, and meal data to a Web site 
that is monitored by medical providers using smart 
phones and then received medical advice.13–15 All of these 
novel applications require some level of user interaction and 
aim to improve overall glycemic control and assist users 
in controlling their diabetes. Telemedicine technology 
can also be used to implement and automate systems 
that can monitor, alert, and locate people with T1DM 
who need medical assistance. Recently, the notion of the 
compatibility of the artificial pancreas (AP) with other 
devices and the use of a telemedicine system that will 

provide the needed safety layer was suggested by  
Dr. David C. Klonoff at the Food and Drug Administration/
National Institutes of Health/Juvenile Diabetes Research 
Foundation AP workshop with the idea of integrating 
continuous glucose monitoring (CGM) and a global 
positioning system (GPS) known as KlonStar (Knowledge of 
Loop Operations Necessary System to Assist Repairs).16 
This automated system is very important due to an 
altered level of consciousness resulting from severe 
hypoglycemia that may prevent a person with T1DM 
from taking corrective action or giving a clear report 
to emergency responders. We propose an intelligent 
telemedicine system that can detect adverse events 
in real time, suggest a solution, and then alert and  
broadcast the location of the event. For example, a health 
care provider or 911 operator can receive notification 
of a medical event with an electronic record of glucose 
level and its rate of change (ROC), analyze the situation, 
and assign an optimal solution. Such a system can be 
a lifesaving solution, enhance medical treatment, and 
optimize the workload on the medical personnel.17

Alerts and Alarms
One way to address the need for automated response 
to life-threatening situations can be adopted from the 
process industry (chemical and nuclear), where a risk 
of malfunction of the primary control system causes 
implementation of alert and safety mechanisms in 
layers of protection. In this case, each chemical plant 
or unit that has inherent risk is protected by several 
layers of passive and active alarms and fully automated 
actuators; therefore, the overall risk associated will be 
minimal, and the likelihood for a catastrophic event 
is remote.18,19 As can be seen from Figure 1, the layers 
in the context of diabetes are as follows: (a) AP system 
that combines CGM, continuous subcutaneous insulin 
infusion (CSII), and a control algorithm that should be 
able to regulate the glucose level (this is not a safety layer 
but rather a primary system that aims to regulate glycemia); 
(b) predictive alarm that shall alert the patient and 
suggest a correction; (c) active alarm in case of severe 
hypoglycemia that will make an audible sound and/or 
call an emergency contact; and (d) automated dialer to 
emergency medical services. All the different algorithms 
are based on glucose information from continuous glucose 
sensors and have been developed and evaluated using 
computer simulation of T1DM subjects using historical 
CGM data.
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Figure 2 illustrates the monitoring layers in which CGM 
data are analyzed by an alert algorithm. If predefined 
conditions such as hypoglycemia are flagged by the 
algorithm, appropriate actions are performed, including 
the following: (a) alert the patient to take corrective  
action, (b) issue an emergency call, and (c) suspend insulin 
delivery. The system integrates a hypoglycemia prediction 
algorithm with a GPS locator, SMS, and email, such that 
the current glucose value with the ROC and the location 
of the subject at risk for a hypoglycemic event can be 
communicated to the user, a caregiver, a physician, and 
a call center. Furthermore, if the system is linked to the 
insulin pump, it can suspend the pump or decrease the 
basal insulin infusion rate to prevent the hypoglycemic 
event. 

This alert system has been realized using a communication 
module from the artificial pancreas software (APS), which 
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Figure 1. Layers of protection diagram divided into four layers: (A) AP system (sensor, pump, and controller), the primary system that aims to 
regulate glycemia; (B) predictive alarm that should alert the patient and suggest mitigation; (C) active alarm when the patient reaches the severe 
hypoglycemic range; and (D) call emergency medical service since the patient is not responsive to any other alarm.20 RF, radio frequency.
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Figure 2. Schematic illustration of the prototype telemedicine system 
in the context of diabetes, where the E911 device can broadcast an 
alert to the user, caregiver, physician, and call center by either email 
or text (SMS) message. RF, radio frequency.
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was approved by the Food and Drug Administration to 
be used in clinical studies,21 along with a GPS receiver 
and wireless Internet connection to a personal computer. 
The E911 module, where safety algorithms analyze the  
data and suggest action, was monitoring real-time CGM 
data. 

Pilot Evaluation
The prototype system was evaluated on clinical data 
records of glucose tracings from the DexCom Seven® 
system (DexCom, San Diego, CA) using the hardware-
in-the-loop evaluation platform.22 Historical glucose 
readings were introduced to the DexCom transmitter and 
then obtained from the DexCom receiver using the APS. 

These glucose readings were analyzed for hypoglycemia 
events, and if the alert condition was met, a text message 
was broadcast to a predefined list with the glucose value, 
ROC, GPS coordinates, and a Google map of the location. 
As demonstrated in Figures 3 and 4, the E911 module 
flagged a pending hypoglycemia event where glucose was 
90 mg/dl and the ROC was -1 mg/dl. An SMS message 
was then sent to the health care provider with the 
information and the location of the subject, including a 
Google map.

In the context of diabetes management, this alert and 
mitigation system not only provides a safety layer to 
a future AP using predictive alarms, but can also be 
easily implemented in current CGMs using a series of 
threshold alarms with predefined actions, as illustrated 
in Figure 5. The E911 module analyzes glucose data 
(continuous glucose) and sends different alerts as glucose 
levels continue to fall and no user interaction is detected. 

It should be disclosed that the conceptual design needs 
to be further evaluated with extensive field studies.  
Both communication interference as well as the use of 
cellular networks in lieu of wireless communication need to 
be evaluated. The use of cellular triangulation in cases 
that the GPS signal is inefficient or unavailable should  
be examined as well in a final prototype.

Figure 3. An example of the message received by the physician to his 
mobile device, where (a) the message including time, glucose, ROC, 
and GPS coordinates with a hyperlink to Google Maps are presented 
in the upper left panel; (b) the Google map pinpointing the subject 
location is presented in the upper right panel; (c) detailed address 
information is presented in the lower left panel; and (d) a satellite 
view of the location is presented in the lower right panel.
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Figure 4. Illustration of the performance of a simple alert algorithm on 
historical CGM tracing denoted as blue circles, where the algorithm 
alerts are marked as black diamonds. As can be seen, a warning 
is issued to the user when glucose is ~120 mg/dl, and an SMS is 
sent when crossing the 90 mg/dl threshold. The red and magenta 
dotted lines denote the 60 mg/dl (clinical) and 70 mg/dl (algorithm) 
hypoglycemia threshold, respectively.
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Conclusions
The proposed E911 alert system can be used in the 
general population and/or can be directly transferred 
to medical military applications, such as the Warfighter 
Physiological Status Monitoring23,24 and the Electronic 
Information Carrier for use on the battlefield to transmit 
data immediately to a central command post. Use can be 
extended to more comprehensive applications in surgical 
units to optimally address different medical conditions 
that need to be detected, analyzed, and treated with 
limited resources.

The long-term advantages of using the E911 module 
may be that treatment and compliance will be improved 
with CGM,25 and thus long-term complications will be 
minimized. E911 could also be used to monitor pregnant 
women with diabetes, since tight glycemic control 
using insulin during pregnancy increases the risk of 
hypoglycemia. Thus it would be beneficial to monitor 
pregnant women with diabetes and increase the chances  
for a healthy, normal-weight baby.26

This monitoring, alert, and mitigation system can not 
only provide a safety layer to a future AP, but also be 
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Figure 5. A simplified version of a decision support system to be embedded in CGM devices, where CGM data are analyzed and, as predefined 
thresholds are crossed as defined by both continuous glucose and its ROC, predefined actions are preformed. Alerts are sent in the form of a text 
messages (SMS) to the user, physician, and emergency medical service, depending on the severity of the hypoglycemic event. CG, continuous 
glucose; MD, physician.



1506

Enhanced 911/Global Position System Wizard: A Telemedicine Application  
for the Prevention of Severe Hypoglycemia—Monitor, Alert, and Locate Dassau

www.journalofdst.orgJ Diabetes Sci Technol  Vol 3, Issue 6, November 2009

easily implemented in current CGMs to help provide 
information and alert to people with diabetes (T1DM, 
type 2 diabetes mellitus, and pregnant women with 
diabetes) as well as a monitoring and supervision system 
to health care providers. The E911 module is especially 
useful to people with T1DM, such as in cases of hypo-
glycemia unawareness and prevention of seizure and 
death (dead-in-bed syndrome) and as a means for parents 
to monitor children with T1DM attending school or at 
play away from home.
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