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Despite the use of insulin analogues, new technologies and educational efforts, 

severe hypoglycemia remains a major challenge in the treatment of type 1 

diabetes. An estimated 2-6% of death in diabetes are attributable to hypoglycemia 

[1].

Hypoglycemia associated changes of the electroencephalogram (EEG) have been 

established [2] and permanent recording and real-time processing of the EEG may 

be an alternative approach to intermittent or continuous glucose monitoring for the 

prevention of severe hypoglycemia.

We have previously shown that EEG changes can be recorded from 

subcutaneously placed electrodes, and that hypoglycemia associated EEG 

changes can be detected by an automated mathematical algorithm approximately 

20 minutes before the patients are severely affected by hypoglycemia [3]. We 

present further results from experiments in type 1 diabetes patients during insulin 

induced hypoglycemia.

Type 1 diabetes patients were recruited among outpatients of Odense University 

Hospital and Esbjerg Sygehus. The EEG in all studies was analyzed by an 

automated multi-feature model based on a Bayesian learning principle. One-

second EEG epochs were analyzed for the presence of hypoglycemic 

characteristics and integrated over time. A threshold for the presence of 

hypoglycemia was predefined. Results from three protocols are presented:

(A) Proof of concept studies (previously presented): Type 1 diabetes patients 

(N=15) were exposed to intravenous insulin induced hypoglycemia aiming a 

steady fall in blood glucose. Repeatedly cognitive testing was performed and 

EEG was continuously recorded and processed post hoc. The time between 

cognitive impairment and EEG changes compatible with hypoglycemia was 

calculated. At the time of cognitive impairment glucose was infused until 

normoglycemia was achieved. (Fig. 1 and 2)

(B) Meal studies: Type 1 diabetes patients (N=5) with hypoglycemia 

unawareness were exposed to subcutaneous insulin induced hypoglycemia. The 

patients were instructed to ingest a meal (sandwich and juice) when they head an 

alarm sound. Automated real-time EEG analysis was performed and the patients 

received the auditory alarm at the time of EEG changes compatible with 

hypoglycemia. If the patients were not able to correct impending hypoglycemia, 

glucose infusion was given. (Fig. 3)

(C) Sleep studies (preliminary results): Type 1 diabetes patients (N=10) with 

hypoglycemia unawareness were exposed to intravenous insulin induced 

hypoglycemia during daytime and during sleep with real-time auditory alarm at the 

time of automated detection of hypoglycemia. (Fig. 4)

Figure 2: Results from proof of concept studies (protocol A). Panel A 

shows a representative example of the gradual fall in plasma glucose 

concomitant with a steep rise in the EEG-derived integration curve for 

hypoglycemia. Glucose infusion was given at the time of cognitive 

impairment. The primary variable was defined as the time from EEG-

changes to the time of cognitive impairment and glucose infusion.  Main 

results are summarized in Panel B.

Figure 3: Example from a meal-experiment (protocol B). As opposed to 

the proof of concept study, the patient received an auditory alarm at the 

time of EEG-changes, and was instructed to ingest the provided meal at 

this time. In the present example the patient was able to correct 
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Four out of five patients studied in this protocol was able to correct 

hypoglycemia, while the last patient did not react in time and needed 

glucose infusion to correct hypoglycemia.

Figure 4: Example of sleep experiment (Protocol C). Automated 

detection of hypoglycemia during sleep at plasma glucose 3,1mmol/l. The 

patient woke up due to the auditory alarm and was able to avoid further 

fall in plasma glucose by ingestion of the meal. A concomitant 

normalization of the integration curve was seen. The study of automated 

detection of hypoglycemia during sleep is ongoing. So far all patients have 

developed hypoglycemia associated EEG changes during sleep similar to 

what is seen in patients awake. The algorithm are being trained to 

distinguish hypoglycemia from sleep associated EEG-changes.

Figure 5: Prototype of EEG device for permanent use. Signals are 

recorded from an electrode (A) implanted under the skin behind 

the ear and conducted via blue tooth technology to a miniaturized 

EEG device (C) containing software for real-time EEG analysis 

and an auditory alarm. Panel B illustrates the site of implantation.  

Panel D shows a test-person 10 days after implantation of the 

device. No discomfort was reported. A special night device is 

being designed.

EEG-changes associated with hypoglycemia have been 

demonstrated in all patients exposed to insulin induced 

hypoglycemia during daytime and sleep. In the majority of the 

experiments, these changes occur before cognitive impairment and 

in time for the patients to take action.

A hypoglycemia alarm device based on continuous EEG monitoring 

and real-time data processing constitutes a possible alternative or

supplement to available alarm devices based on glucose monitoring.

References

[1] R.B. Tallersalland E.A. Gale, Mortality, in: B.M. Frier, M. Fisher (Ed.)., Hypoglycemia and Diabetes, Clinical 
and Physiological Aspects, Edward Arnold, London, 1993
[2] S. Pramming, B.  et al.: Glycaemicthreshold for changes in electroencephalograms during hypoglycaemiain 
patients with insulin dependent diabetes, Br Med J 296 (1988) 665-667.
[3] C.B. Juhlet al.: Automated detection of hypoglycaemiainduced EEG-changes recorded by subcutaneous 
electrodes in type 1 diabetes subjects - the brain as a biosensor, DiabetologiaSupplement 1 (2008) 

www.hyposafe.com

mail@hyposafe.com

Figure 1: Representative examples of EEG recording during euglycemia (A 

and C) and during hypoglycemia (B and D). The panels A and B are from 

the same patient as are panels C and D. Mean values from the four 

inserted electrodes are shown. During hypoglycemia the appearance of 

slow frequency waves with larger amplitude are seen (note the different 

scaling of the Y-axis). Both amplitude and frequency measures are 

integrated in the mathematical model.
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Panel B

Mean Range

PG at specific EEG-changes (mmol/l) 2.5 2.0 - 3.4

PG at the end of experiment (mmol/l) 2.0 1.8 - 2.7

Time from EEG-changes to end of experiment (minutes) 29 3 - 113

Time from EEG-changes to loss of cognition (minutes) 16 -4 - 73
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