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An externally worn insulin pump which communicates wirelessly to a continuous glucose monitor (CGM)
worn as a patch on the skin. The CGM measures blood glucose levels and the result is fed into a small
computer which calculates how much insulin (if any) needs to be delivered by the insulin pump. The dose
is then delivered into the body, completing the cycle. (Diabetes UK)
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A continuous glucose monitor is a small device that you wear just under your skin. It measures your
glucose (sugar) levels continuously throughout the day and night, letting you see trends in your levels and
alerts you to highs and lows. (Diabetes UK)
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‘Do-it-yourself’ artificial pancreas systems (DIY APS) use continuous glucose monitoring, insulin pumps
and open source smartphone software (available freely on the internet) linking the former together so
that they function as an ‘artificial pancreas’.
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A flash glucose monitor is a small sensor that you wear on your skin. It records your glucose (sugar) levels
continuously throughout the day and you can access them by scanning the sensor whenever you want
to. (Diabetes UK)
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The term HbAlc refers to glycated haemoglobin. By measuring glycated haemoglobin (HbAlc),
clinicians are able to get an overall picture of what our average blood sugar levels have been over a period
of weeks/ months. For people with diabetes this is important as the higher the HbAlc, the greater the risk
of developing diabetes-related complications. (Diabetes.co.uk)
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A hormone made in the pancreas, which is an organ in your body that helps with digestion. Insulin helps
your body use glucose (sugar) for energy. When you have diabetes, sometimes your pancreas doesn't
make any insulin, doesn’'t make enough or the insulin it makes doesn’'t work properly. That's why some
people with diabetes are insulin-dependent, which means they need to take it as medication. Taking
insulin helps you control your blood sugar levels. (Diabetes UK)
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An insulin pump is a small electronic device that gives your body the regular insulin it needs throughout
the day and night. It is attached to your body by a tiny tube called a cannula which goes just under your
skin. (Diabetes UK)
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Multiple dose injection (MDI) therapy, also known as multiple daily injections, is an alternative term for the
basal/bolus regime of injecting insulin. The therapy involves injecting a long acting insulin once or twice

daily as a background (basal) dose and having further injections of rapid acting insulin at each meal time.
(Diabetes.co.uk).
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* In the first month following diagnosis of Type 1 diabetes, the majority (81.5%) of PDUs reported that
they typically managed their newly diagnosed children and young people with multiple daily
injections (MDI), as recommended by NICE (NG18, 2015). One PDU reported that they typically used
pre-mixed insulin, one other used a combination of MDI and pre-mixed insulin, and the remainder of
PDUs (17.3%) reported that they typically used a combination of MDI and insulin pump therapy.
* No PDUs reported typically starting all newly diagnosed children and young people with Type 1
diabetes on insulin pump therapy within the first month of diagnosis.
* Qver three-quarters (76.7%) of PDUs did not start any child or young person with Type 1 diabetes on
insulin pumps within the first month of diagnosis.
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https://spectrum.diabetesjournals.org/content/14/2/84.full
https://spectrum.diabetesjournals.org/content/14/2/84.full

National Paediatric Diabetes Audit - Spotlight audit report: Diabetes-related technologies 2017-18

*  Waiting times for initiation of insulin pump therapy varied by country and region, with half of the 12
PDUs in Wales reporting a typical wait of six months or greater after approval compared to 4.3% of
161 English PDUs (Figure 2).
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+ Afifth (19.7%) of PDUs had a dedicated insulin pump therapy clinic but there was considerable
regional variation (Figure 3). PDUs with dedicated insulin pump clinics overall tended to have a
lower proportion of children and young people with Type 1 diabetes on insulin pump therapy (33.6%)
compared to those that had no such service (39.7%).
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* The majority of consultants (89.9%), PDSNs (91.6%) and dietitians (75.5%) working in PDUs had
attended a recognised insulin pump training programme.
* In PDUs who reported psychology support (n=154), 14.3% had at least one psychologist who had
been insulin pump trained. In PDUs with a diabetes educator (n=19), 63.2% had at least one
diabetes educator that had been insulin pump trained.
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* One-tenth (9.7%) of the 25,687 children and young people from 162 PDUs who provided data
were using a continuous glucose monitor (CGM) with alarms (not including flash glucose
monitoring or DIY closed loop systems). This was similar to the percentage of children and young
people with Type 1 diabetes reported to the 2017/18 NPDA core audit using CGM with alarms
(9.4%).

+  The majority (78.5%) of patients using CGM were receiving insulin via an insulin pump. This is
similar to the results of the 2017/18 core audit where 76.4% (1,519/1,988) of children and young
people with Type 1 diabetes using CGM were on insulin pump therapy.

* In PDUs providing numbers, 2,505 (12.9% of the total caseload) children and young people with
Type 1 diabetes were reported as using Freestyle Libre. However, a quarter (24.3%) of PDUs did
not know how many of their caseload were using such devices.

+ Twenty-nine children and young people in total for England and Wales were reported to be
using a DIY closed loop artificial pancreas to manage their diabetes (an unapproved system used
outside of a clinical trial). Nine PDUs were unaware if any children and young people within their
caseload were using such a system.
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+ Almost all (99.9%) children and young people with Type 1 diabetes managed on insulin pump
therapy had their insulin pump funded by the NHS. The majority (85.4%) of those using CGM
were funded by the NHS, with most of the rest being self-funded (11.4%).
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+ The 2017/18 NPDA report (RCPCH, 2019) showed that insulin pump use and use of CGM is more
prevalent amongst children and young people with characteristics associated with lower HbAlc
including younger age, shorter duration of diabetes, White ethnicity and living in the least
deprived areas. It also showed that on average, users of insulin pump therapy and CGM achieved
lower HbAlc targets. However, the NPDA has not previously examined whether better outcomes
associated with insulin pump and/or CGM usage are attributable to the characteristics of the
children and young people with diabetes using these technologies.

+ Datafrom the NPDA 2017/18 core audit showed that that there was a small, yet statistically
significant, inverse relationship between the case mix adjusted mean HbAlc and the percentage
of children and young people with Type 1 diabetes using insulin pump therapy within each PDU
(Figure 4). This means that there was a slight trend towards lower HbAlc at PDUs with higher
percentages of insulin pump users once the case mix factors recorded by the audit had been
controlled for (Figure 4). However, only 3.5% of the variability of mean adjusted HbAlc could be
accounted for by the proportion of insulin pump users.

* There was no significant relationship between (unadjusted) median PDU HbAlc and the
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proportion of patients with Type 1 diabetes using an insulin pump within each clinic, with an
R-squared 0.020 (P value 0.077).
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* In PDUs where the wait for initiation of insulin pump therapy was longer, there was a trend towards
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+ Data from the NPDA 2017/18 core audit shows that median HbAlc was lower amongst those using
CGM compared to those not using CGM in England and Wales, and in all regions. This was found in
almost all (144 out of 155) of the PDUs where children and young people with Type 1 diabetes were
using CGM.
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+ A multiple regression model was constructed to examine the effect of treatment regimen type and
CGM usage on the HbAlc of children and young people with Type 1 diabetes. After controlling for the
effect of different demographic and social characteristics, compared to children and young people
using MDI without CGM, mean HbAlc was lower amongst children and young people with Type 1
diabetes who were:

o using MDI and CGM
0 using insulin pump therapy without CGM
o0 using insulin pump therapy and using CGM

+ Use of insulin pump therapy combined with CGM was associated with the greatest difference in
mean HbAlc, with a reduction of 6.4 mmol/mol (P-value <0.001), compared to those using MDI
without CGM. This was followed by use of insulin pump therapy without CGM, with a difference 5.0
mmol/mol (P-value <0.001).

+ Children and young people on MDI and CGM had, on average, a lower HbAlc of 2.6 mmol/mol (P-
value =0.001), compared to those who were not using CGM.
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On MDI and using CGM
On insulin pump therapy and not using CGM
On insulin pump therapy and using CGM

Male (cf female)
Age (in whole years)

Duration (in whole years)

Ef g € W of
Asian

-2.57 (-4.06 to -1.07)
-4.94 (-5.44 to -4.44)
-6.36 (-7.24 t0 -5.47)

-1.27 (-L71t0 -0.84)

0.74 (0.68 to 0.81)
0.83 (0.76 t0 0.9)
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This PDU level spotlight audit on the usage of diabetes related technology has demonstrated huge
variation in practice across England and Wales. Although over 80% of PDUs generally start all newly
diagnosed children and young people with Type 1 diabetes on MDI regimens, the trend is towards
increasing use of diabetes related technologies with nationally just over 1 in 3 children with Type 1
diabetes using an insulin pump and 1in 10 using CGM. Itis important therefore, that those prescribing and
initiating the use of such technologies at great cost to the NHS are using them to their full capability.

Although NICE (NG18, TA151) recommends use of insulin pumps and CGM in certain cases, the benefits
in terms of improved blood glucose levels and HbAlc are often small and financially costly. However,
this must be carefully balanced against potential improvements in quality of life and reduced burden of
disease in children and young people and their families and the potential reduction in long term risks
of future complications. The importance of the data from this audit is that this is a natural experiment
rather than a controlled trial. This makes the findings of better glycaemic control in those using these
technologies even more powerful. However, there remains much to learn from the variability in practice
and how this impacts on quality improvement.

It is reassuring to know from this audit that almost all PDUs (>90%) are applying some form of
competency/ training programme before initiating insulin pump therapy in an aim to ensure
appropriate selection of patients and education. It is also good to see that in nearly all PDUs, NHS
funding is now provided for those requiring diabetes-related technology. However, there remains a large
variation in outcomes between PDUs despite the use of such selection criteria. More needs to be done
to ensure efficient usage of limited resources. It is notable that the majority of PDUs are utilising the
assistance of insulin pump company representatives at the initiation of pump therapy. PDUs should
provide a wide choice of pumps in order to facilitate shared decision making around pump choice, but
there is potential for constraints around this if PDUs have stronger relationships with particular pump
companies over others.

Cost benefit remains difficult to calculate in children with Type 1 diabetes as no studies have followed
the whole life course of individual patients. Although not within the remit of audit, there is evidence that
such interventions and intensification of therapy may provide long term savings. For example, Herman
et al,, (2018) undertook an economic analysis of the results from the diabetes control and complications
trial/lepidemiology of diabetes interventions and complications (DCCT/EDIC) and found evidence of
value for money when the least expensive intensive therapy needed to safely achieve treatment goals for
patients with Type 1 diabetes is used. This is important as not all children and young people need such
technologies to achieve excellent outcomes. In this audit, Figure 7 shows us that PDUs who achieve well
overall in terms of median HbAlc achieve comparatively better results for both MDI and insulin pump
users. This tends to suggest there are circumstances where MDI and insulin pump users can do equally
well. In order to identify and support best practice in education and management for users of insulin
pumps and MDI the NPDA will break down unit level HbAlc outcome by treatment regimen in future
rounds of audit.

Waiting times in excess of 6 months must be frustrating and unacceptable to most families who have
made a decision to use diabetes-related technology. The evidence from this audit that PDUs with longer
waits are associated with poorer HbAlc is worrying. It suggests that there is something intrinsically
different in the way such services with longer waits are managed that leads to poorer outcomes. Every
PDU needs to examine their waiting lists and explore the reason behind long waits.

The finding of an association between median HbAlc and the proportion of children and young
people in a PDU using insulin pump therapy is of interest, but it only accounts for 3.5% of the variability
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suggesting intrinsic differences in the way individual PDUs are using and managing such technology.
This is further confounded by the finding that running dedicated insulin pump services within a PDU
makes no difference to the achievement of target HbAlc levels. This tends to suggest that there is a lot
to learn from each other regarding the optimal usage of technologies that are designed to improve
diabetes control and quality of life and does not support the hypothesis that increasing
technology usage in a PDU will improve average HbAlc. PDUs need to explore their operating procedures
before embarking on a ‘technology for all’ strategy. Following future rounds of audit, and where numbers
allow, the NPDA will publish PDU-level HbAlc data taking into account case-mix for those on insulin
pumps and MDI separately as well as combined in order to identify which PDUs are achieving the best
outcomes for children and young people using insulin pumps. This will enable identification of PDUs
whose practices are supporting the best outcomes for those using insulin pumps and will support the
identification and sharing of best practice.

One in eight children were using flash glucose monitoring as a method for monitoring glucose control.
However, it is of concern that a quarter of PDUs did not know how many of their caseload were using
such devices. It was not possible to explore outcomes for those using flash glucose monitoring using
NPDA data as it is not collected at patient level. It is likely that use of flash monitoring has increased
significantly since these spotlight audit data were collected since flash glucose monitors have become
available on prescription in England and Wales for children and young people meeting necessary criteria
in the meantime.

Twenty-nine children and young people in total for England and Wales were reported to be using a DIY
closed loop artificial pancreas system to manage their diabetes (an unapproved system used outside of
a clinical trial). This may represent an underestimate as many PDUs were unaware if any of their families
were using this technology.

Finally, in this large cohort of children and young people, the regression modelling clearly
demonstrates improvements in HbAlc with the use of insulin pump. This improvement is augmented
further by combining the use of insulin pump with CGM and is reassuring when one considers the
financial outlay for new technologies. This effect has also been demonstrated in other parts of Europe
(Mdnkemédller, 2019) and the USA (Foster, 2019). However, the regression model also evidences inequalities
in outcomes as children or young people living in the least deprived areas can be expected to have an
HbAlc that is 5.7 mmol/mol lower than a patient living in the most deprived areas. Furthermore, some
black and minority ethnic (BME) groups collectively have higher HbAlc compared to those of white
ethnicity which needs addressing. Since only 14.4% of the variation in HbAlc is explained by the model,
there are likely other factors which are contributing to the difference in outcomes that were not included
in the analysis, such as clinic level factors, individual and family factors, and wider socio-economic
factors. This requires ongoing surveillance through quality assurance programmes to ensure PDUs are
supported in their goal to achieve better outcomes for children and young people with diabetes who
deserve nothing less.
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This diabete‘s related technology audit has uncovered large variability in practice across PDUs in
England and Wales in both usage and outcomes. Although the modelling suggests that the use of
an insulin pump and CGM might lead to an improved HbAIlc, it is not clear how optimal usage of such
technologies within a PDU or across PDUs might be achieved so that everyone has that opportunity.
Unmeasurable clinic factors must come into play to account for the variability which need open discussion
through national and local networks.

17



National Paediatric Diabetes Audit - Spotlight audit report: Diabetes-related technologies 2017-18

\ ~O0 - (&
RN Syl 00 B

For PDUs:

1. Each multidisciplinary team should review their practice in the usage and outcomes associated with
use of diabetes related technology in comparison to national and regional findings in this report,
using the unit level summaries published alongside this report.

2. Each PDU should understand and take into account the potential benefits that insulin pump
therapy and CGM might provide individual patients with Type 1 diabetes regardless of their
demographics.

3. PDUs with longer waiting times for insulin pump initiation should discuss with their funding bodies
to ensure a more timely pathway to initiation.

4. All PDUs should have a written policy or guideline for insulin pump therapy discontinuation or
withdrawal when it is ineffective or unsafe.

5. All PDUs should have a written policy and/or guideline for the management of children and young
people with diabetes on insulin pump therapy who are admitted to hospital, and all should have a
written policy/guideline for the those undergoing a surgical procedure.

For regional networks:

6. Discussion of the variability in the usage and outcomes associated with use of diabetes related
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For patient level data the total number of patients in the denominator will be the total number of patients
reported by the clinics returning data for each question.

Number of paediatric diabetes Total - n 173 161 12
units who submitted spotlight

data

Number of patients with Type 1 Total - n 25847 24549 1298

diabetes receiving treatment
within PDUs on 31st March 2018.

Number of patients with other Total - n 1243 1205 38
types of diabetes receiving

treatment within PDUs on 3lst

March 2018.

Number of patients with all types  Total - n 27090 25754 1336
of diabetes receiving treatment
within PDUs on 3ist March 2018.

Number of newly diagnosed Total - n 3267 3072 195
children with Type 1 diabetes

receiving care from a PDU within

the audit year (Ist April 2017 to 3lst

March 2018)

18 At diagnosis (within the first Multiple daily injections 815 (141/173) | 814 (131/161)  83.3 (10/12)
month), which best describes your using a basal bolus
unit's practice with regards to how regimen - % (n/N)
newly diagnosed children and . . .
young people with Type 1 diabetes Premixed insulin - % (n/N) = 0.6 (1/173) 0.6 (1/161) 0 (0/12)
are managed? Insulin pump therapy - %  17.3 (30/173) 174 (28/161)  16.7 (2/12)
(n/N)

A combination of
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34 Does your unit have a written Yes - % (n/N) 95.8 96.8 83.3 (10/12)
policy/guideline for the (160/167) (150/155)
management of children and

young people with diabetes on No - % (n/N) 3.6 (6/167) 2.6 (4/155) 16.7 (2/12)
insulin pump therapy who are Don't know - % (n/N) 0.6 (1/167) 0.6 (1/155) 0 (0/12)
undergoing surgery?
N/A-n
6 161 12
35 Is there provision for children and  Yes - % (n/N) 994 99.4 (157/158) 100 (12/12)
young people with diabetes on (169/170)
pumps or their parents to
continue to self-manage (when No - % (n/N) 0.6 (1/170) 0.6 (1/158) 0 (0/12)
clinically appropriate) after Don't know - % (n/N) 0.0 (0/170) 0.0 (0/158) 0.0 (0/12)
admission to hospital?
N/A-n
3 161 12
36 Do you have a written policy/ Yes - % (n/N) 38.7 (67/173) 1 37.3(60/161) | 58.3(7/12)
guideline for insulin pump therapy
withdrawal when it is ineffective/ No - % (n/N) 51%2/173 60.9 (98/161) 417 (5/12)
unsafe? ( )
Don't know - % (n/N) 1.7 (3/173) 1.9 (3/161) 0 (0/12)
37 Do your patients on insulin pump  Yes - % (n/N) 98.8 (171/173)  99.4 (160/161) 917 (11/12)
therapy have access to 24-hour
technical (non-clinical) support? No - % (n/N) 06 (U173) 06 (1/161) 0(0/12)
Don't know - % (n/N) 0.6 (1/173) 0 (0/161) 8.3 (1/12)
38 Who provides this technical Consultant - % (n/N) 8.2 (14/171) 8.7 (14/160) | 0 (0/11)
support for your patients on insu-
lin pump therapy? (Select all that PDSN - % (n/N) 23.4 (40/171) | 25 (40/160) 0 (0/11)
apply) Dietitian - % (n/N) 0.6 (1/171) 0.6 (1/160) 0 (0/12)
Pump company - % (n/N)  98.2 (168/171) 98.1 (157/160) 100 (11/11)
Another insulin pump site | 1.2 (2/171) 1.3 (2/160) 0 (0/11)
- % (n/N)
Other - % (n/N) 0.6 (1/171) 0.6 (1/160) 0 (0/11)
39 As of 31st March 2018, enter the Total - n 356 333 23
number of consultants within your Percentage of consultants  89.9 895 95.8 (23/24)

service who have ever attended a
recognised insulin pump therapy
training session

who have ever received (356/396) (333/372)
pump training - % (n/N)

Percentage of units that 96 (166/173) | 96.3 (155/161) 91.7 (11/12)
had at least one consult-

ant who received pump

training - % (n/N)

40 As of 3lst March 2018, enter the Total - n 513 484 29
:é‘rcqlf: \rNorf Opﬁfvgseb’éih;agggg 4a Percentage of PDSNswho 916 92.4 80.6 (29/36)
have ever received pump  (513/560) (484/524)

recognised insulin pump therapy

Tall -0
training session training - % (n/N)

Percentage of units that 98.8 (171/173)  98.8 (159/161) 100 (12/12)
had at least one PDSN

that received pump

training - % (n/N)
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41 As of 31st March 2018, enter the Total - n 213 200 13
num_ber of dietitians within your Percentage of dietitians 75.5 75.8 72.2 (13/18)
service who have ever attended a .
recognised insulin pump therapy who have. ever reocelved (213/282) (200/264)
training session pump training - % (n/N)
Percentage of units that 83.2 84.5 (136/161) 66.7 (8/12)

had at least one dietitian  (144/173)
who received pump train-
ing - % (n/N)

42 As of 31st March 2018, enter the Total - n 23 20 3
number of psychologists within
your service who have ever
attended a recognised insulin
pump training session

Percentage of units that 12.7 (22/173) | 11.8 (19/161) 25 (3/12)
had at least one

psychologist who received

pump training - % (n/N)

Percentage of units with
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Professor Justin Warner, Clinical Lead, RCPCH and Consultant in Paediatric Endocrinology and
Diabetes, University of Wales Hospital

Sl M a_&ﬂ oo .

Ms Holly Robinson, NPDA Project Manager, RCPCH
Mr Mark Hannigan, Head of Clinical Standards and Quality Improvement, RCPCH

Fsy b -

Ms Jackie Lee, NPDA Project Co-ordinator, RCPCH
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Professor Anne Greenough, Vice President for Science and Research, RCPCH (Chair)

Dr Fiona Campbell, Consultant Paediatric Diabetologist, Leeds Teaching Hospitals NHS Trust

Ms Kate Fazakerley, Parent Representative
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NHS Trust
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Dr Fiona Campbell, Consultant Paediatric Diabetologist, Leeds Teaching Hospitals Trust and the
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Dr Nivedita Aswani, Consultant in General Paediatrics and Diabetes, Derby Hospitals NHS
Foundation Trust
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Dr Abdul Moodambiail, Paediatric Diabetologist, Barts and the London NHS Trust

Dr Bill (William) Lamb, Consultant Paediatric Diabetologist (Retired)
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