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N
early a decade old, continuous

glucose monitoring (CGM) systems

have gone through remarkable

changes, incrementally improving as new

features and technologies are incorporated. 

It has now been demonstrated that CGM, in

conjunction with intensive insulin regimens,

can be a useful tool in managing glucose

control. These studies have shown that for

adults with Type 1 diabetes, the use of CGM

can improve or lower haemoglobin A1C levels

and reduce time spent in hypoglycaemia and

hyperglycaemia.

Next generation CGM: A fully implanted,

long-term wear sensor 

A different type of CGM is in its final stages

of development that is unique in so many

ways. Based on fluorescence sensing

technology, this next generation CGM sensor

from Senseonics is designed to be fully

implanted subcutaneously in the upper arm or

abdomen. And unlike the three to seven day

CGMs currently available, the implanted

sensor is designed to last up to six months 

of wear.

For some, the real value of an implanted 

long-life glucose sensor is that once it’s in

place, it allows for continuous glucose

monitoring without the hassle of inserting and

removing the sensor on a frequent basis.

Studies have demonstrated that those who

wear CGM sensors more often gain better

glycaemia control than those who do not wear

the sensor as often. This suggests that

continuous sensor wear without interruption

from frequent insertion or removal of the

sensor due to its long duration may offer the

most benefit to the user.

Senseonics mission

At Senseonics, our mission is to develop and

commercialise transformative glucose

monitoring products that enable people with

diabetes to confidently live their lives with ease.

Confidently live life with ease
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F
our decades after the introduction of

the first blood glucose meter for

people with diabetes, more and more

technological options are becoming available

that fit patients’ lifestyles to better help them

manage their disease.

One such option that is rapidly approaching

is the use of wireless micro-sensors that

can remain operational within the human

body to help manage both health and disease

states. Implantable medical micro-sensors

have the near-term potential to bring about

revolutionary applications for in vivo
continuous analyte detection and monitoring,

such as glucose monitoring and feedback

control for an insulin pump that can help to

create an artificial pancreas.

And now, the first long-term implantable

continuous glucose sensor to assist people

with diabetes has entered the clinical study

phase and has been implanted into more than

100 human volunteers in several countries.

From an intensive research programme ongoing

since 1997, Senseonics is presently in advanced

stages of development for an entirely solid state

and non-enzymatic, fluorescence-based

continuous glucose monitoring system.

The Senseonics implantable continuous

glucose monitoring system

The system consists of three major components:

1. Sensor – a biocompatible sensor is inserted

in the upper arm or abdomen;

2. Transmitter – worn over the sensor and

communicates with the sensor and smartphone;

3. Mobile medical application for a smartphone.

The transmitter is worn over the sensor

where it powers and interrogates the sensor

approximately every two minutes. When

data is received from the sensor, the

transmitter then wirelessly communicates

with a smartphone to display glucose and

historical/trend information. 

Novel fluorescence
technology shines on new
continuous glucose sensor 
Enhance quality of life, health and wellbeing…
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Fig. 1: Senseonics continuous glucose monitoring system
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Fig.3: Sensor assembly – the fully assembled glucose
sensor and its key components

Senseonics sensor

The Sensor is based on the reversible and

specific binding of glucose to a glucose sensitive

fluorescent molecule where fluorescence intensity

is directly proportional to surrounding glucose

concentration.The changing fluorescence intensity

(Fig. 2) is captured by a small photodiode

within the sensor that converts the glucose

dependent fluorescent light intensity into a

glucose dependent responsive electrical current.

At the core of the sensor is an application-

specific integrated circuit (ASIC), the first of

its kind to integrate fluorescent excitation

along with current, voltage, and temperature

sensing including wireless near-field

communications capabilities. 

The optical components for light emission

detection are also incorporated using two

integrated photodiodes. A temperature sensor

has also been integrated and is used within the

executed measurement sequence to monitor

minor temperature fluctuations.

The sensor is remotely powered via a wireless

13.56MHz inductive link for communication

and to control its digital and analogue circuitry

to take the various optical, thermal, and

voltage measurements.

Miniaturisation of the device has required

some creative thinking and novel design. To

save space, an antenna has been printed with

an electronic circuit and functions as the

secondary coil. This antenna is then energised

wirelessly using the external transmitter as a

primary coil. The energy from the internal

antenna is then used to flash a light emitting

diode (LED), which is used as the light source

to initiate the glucose modulating fluorescence.

The combination of the low power circuitry

with the highly miniaturised optical system

enables this sensor to achieve accurate

continuous glucose measurement.

Sensor internal component selection is

important, as all materials used must be

compatible with the subsequent application of

the glucose indicator chemistry and with the

biological environment once implanted.

The sensor is held in a small, rigid biocompatible

encasement. The sensing chemistry is deposited

on the exterior surface of the encasement over

the optical region of the internal electronics.

The fluorescent indicator is polymerised onto

the surface of the sensor in a biocompatible

hydrogel forming an interpenetrating graft

network with the encasement material. The

structure of this graft matrix is designed to be

very similar to the structure of bone. This

structure supports biocompatibility with the

surrounding tissue, minimising the fibrotic

capsule that typically surrounds a foreign body

which may inhibit functionality.

Fig. 2: Senseonics glucose sensor indicator
transduction schematic
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Senseonics transmitter

Worn over the sensor, the external Transmitter

provides a number of roles for the system. It

supplies power to the sensor, obtains

fluorescent signal, calculates glucose

concentrations, wirelessly transmits the data to

a smartphone, and stores the glucose data.

The transmitter energises the sensor and flashes

the LED approximately once every two minutes.

When the LED is energised, the LED excitation

light causes the indicator chemistry to fluoresce

in direct proportion to the glucose concentration.

The signal is then wirelessly sent back to the

transmitter for processing. This entire process

is completed within 20 milliseconds.

Using Bluetooth low energy technology, the

transmitter will wirelessly transfer data to a

Mobile Medical (MM) application developed

specifically for the Senseonics system. The

MM application will have the ability to poll

the transmitter every two minutes. The

transmitter may also transmit data via micro-

USB to a PC for long-term historical data

archival. 

When the transmitter is communicating with a

sensor, the transmitter will vibrate when a

user-settable alert condition is observed or

predicted from the glucose level. The

transmitter will also send a ‘push’ message to

the MM application, which will communicate

an alert to the user. 

Senseonics MM Application

The MM application serves to receive the data

from the transmitter and display the

information to the user via the user’s

smartphone. Additionally, the MM application

may be used to further report the aggregate

glucose data in various report forms to assist

the user and the user’s caregiver in reviewing

glucose patterns. Fig.4 is one example of a

glucose report that may be generated.

Like all continuous glucose monitoring

systems, the Senseonics system will require

periodic calibration. The system uses an

algorithm that updates the sensor’s calibration

with finger stick measurements collected from

a standard home blood glucose meter.

Calibration points are entered through the MM

application interface on the smartphone.

Summary

An implantable glucose sensor for extended

life continuous operation, which can provide

meaningful diabetes self-management

assistance, and help to alleviate the worry and

constant threat of complications for the user, is

in near-term development. Following 14 years

of highly focused multidisciplinary research

and development, Senseonics has now joined

with clinicians and diabetes researchers

internationally to establish clinical study sites

across Europe, South Africa, India and the US,

each with a unique capability and expert insight

to work through the remaining requirements to

enable this long-term glucose sensor. This final

push will help deliver a long needed change

for people with diabetes and their families

worldwide to enhance quality of life, health,

and wellbeing. 
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Fig. 4: A glucose report



D
iabetes UK has announced a groundbreaking

new partnership with 10 NHS organisations.

Through the Improving Local Services

Together project, the NHS will be supported at a local

level to engage people living with diabetes in order to

improve the care that they receive.

Amongst those organisations for this year, a strong mix

has been achieved in terms of size, geographic location,

demographics and levels of experience of user

involvement. In particular, we will be working with

seven Clinical Commissioning Groups, which provides

an exciting opportunity to work with these organisations

as they continue to develop and find their feet in the

new NHS arrangements. It will also mean that users in

these areas will be able to influence at an early stage of

the design and planning of diabetes services, as they

will contribute to the commissioning decisions.

The 10 NHS organisations that we will be providing

Intensive Support to in the first year of the project are:

● Central London Community Healthcare NHS Trust;

● East Lancashire Hospitals NHS Trust;

● Hardwick Clinical Commissioning Group;

● Herts Valleys Clinical Commissioning Group;

● Islington Clinical Commissioning Group;

● Mansfield and Ashfield Clinical Commissioning Group;

● Medway Clinical Commissioning Group;

● North Hampshire Clinical Commissioning Group;

● Royal Derby Hospital;

● Torbay and South Devon Clinical Commissioning

Group.

We will also be working with two hospital trusts and a

community healthcare trust, giving us a broad range of

different organisations to support and an opportunity to

impact diabetes services

at different points of the

process.

The Improving Local

Services Together Project

aims to engage 100 NHS

organisations over the

course of two years to increase skills and knowledge of

patient engagement models, aimed at ensuring that

people living with diabetes are able to influence

decisions over the planning, design and delivery of

local diabetes services. Diabetes UK will achieve this

through a mixture of approaches, including:

● ‘Intensive Support’ – an ongoing offer of advice,

guidance and support over the course of a year to

ensure that recruited organisations’ service

improvement work fully involves the people and

communities it will benefit;

● Action Learning Sets – a programme of sessions

over a year, allowing a fixed group of NHS staff the

opportunity to share learning and experiences of

patient engagement;

● User Involvement Workshops – half-day workshops

providing NHS staff with information and practical

tools for user involvement.

It is widely acknowledged that effective user involvement

can help achieve tangible improvements to services. By

engaging with service users and incorporating their

views into service planning and delivery, NHS

organisations can design services that meet the health

needs of their local diabetes community. This can lead

to a better patient experience of health services as well

as boosting health outcomes through improved service

uptake and self-management of their condition.

All NHS bodies are legally required to engage with

service users, but in practice many do not have the

expertise to do this effectively – and with the NHS

undergoing such wide-reaching changes there is a

The right Type of action
Project Manager Alex Devereux describes how Diabetes UK and the NHS can work together
to assist the provision of health promotion by improving local services for diabetics…

06



danger that this is seen as less of a priority.

Considering that diabetes is one of the biggest health

challenges facing the UK, with 2.9 million people

diagnosed and an estimated 850,000 people who are

living with the condition but don’t know it, the need to

focus on diabetes is greater than ever.

The Improving Local Services Together Project will

work with the 10 NHS organisations initially to offer

advice, guidance and support over the course of a year

to ensure that local work to improve health services

fully involves the people and communities it will benefit.

In the User Involvement in Local Diabetes Care pilot

project, we worked with three NHS organisations with

very different challenges and experiences. Each project

site was able to identify where the involvement of users

had made a major impact on services and how users

had had an impact on decisions.

Following a successful funding bid to the Department

of Health for the Improving Local Services Together

Project, we are now able to enhance the offer to a

further 20 organisations over the course of two years.

Diabetes UK has recently completed the recruitment

and selection process for the first year of the project,

and we’ve been overwhelmed by the clear enthusiasm

of NHS organisations to listen to service users. A key

element of the project from Diabetes UK’s point of

view is using this enthusiasm to build engagement that is

sustainable beyond the life of the project. To this end,

the offer to the NHS organisations is very much

focused on supporting and advising them on effective

approaches rather than undertaking activities on their

behalf. This includes designing an effective structure

for user involvement groups, advice for planning

recruitment processes and training and development for

identified staff in facilitating user groups.

This drive to build capacity within the NHS to embed

user involvement is also behind the other elements of the

project, including the Action Learning Set programmes

and a series of half-day workshops for NHS staff, all

aimed at increasing their skills and knowledge of how

to put in place effective engagement models within their

own organisations.

Alex Devereux
Project Manager, Improving Local
Services Together

Diabetes UK

Tel: +44 (0)20 7424 1000

info@diabetes.org.uk
www.diabetes.org.uk
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Attacking diabetes at the source: Paola Testori Coggi

With the growing prevalence of diabetes proving one of the 21st Century’s fastest emerging global health

problems, the European Commission’s Director General for Health and Consumers, Paola Testori Coggi,

believes that Europe must take concerted action against the root causes of the condition.

Speaking in November 2012, Coggi argued that Europe could not afford to overlook the links between lifestyle

and diabetes, and should act immediately – particularly against the rise of obesity.

“With more than half of the adult population and a quarter of children in the European Union currently

overweight or obese, we must acknowledge that this is now very much a European problem,” she said. “If we

look at the figures on diabetes in Europe, most of the increase we see is in Type 2 diabetes.

“Tackling non-communicable diseases such as diabetes is the main reason that the European Commission has

made addressing obesity a priority of its public health policy,” the Commissioner continued. “The 2007 white

paper on a ‘strategy for Europe on nutrition, overweight and obesity related health issues’ sets out how the

Commission is playing its part in addressing this societal challenge.”

Coggi suggested that the acceleration of the trend is particularly worrying in children. “Already in 2002, the

International Association for the Study of Obesity estimated that each year an additional 400,000 children were

becoming overweight or obese,” she said. “It is conservatively estimated that over 20,000 obese children in the

EU now have Type 2 diabetes, while over 400,000 have an impaired glucose tolerance.

“The European Commission is committed to taking coordinated action against non-communicable diseases at

global as well as European level. I hope that ‘World Diabetes Day’ helped to raise awareness on the need to be

persistent at addressing the diabetes epidemic across the European Union.”
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