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Abstract Insulin pump therapy, also known as continuous
subcutaneous insulin infusion (CSII), is an important and
evolving form of insulin delivery, which is mainly used for
people with type 1 diabetes. However, even with modern in-
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sulin pumps, errors of insulin infusion can occur due to pump
failure, insulin infusion set (IIS) blockage, infusion site prob-
lems, insulin stability issues, user error or a combination of
these. Users are therefore exposed to significant and potential-
ly fatal hazards: interruption of insulin infusion can result in
hyperglycaemia and ketoacidosis; conversely, delivery of ex-
cessive insulin can cause severe hypoglycaemia. Neverthe-
less, the available evidence on the safety and efficacy of CSII
remains limited. The European Association for the Study of
Diabetes (EASD) and American Diabetes Association (ADA)
have therefore joined forces to review the systems in place for
evaluating the safety of pumps from a clinical perspective. We
found that useful information held by the manufacturing com-
panies is not currently shared in a sufficiently transparent
manner. Public availability of adverse event (AE) reports on
the US Food and Drug Administration’s Manufacturer and
User Facility Device Experience (MAUDE) database is po-
tentially a rich source of safety information but is insufficient-
ly utilised due to the current configuration of the system; the
comparable database in Europe (European Databank on Med-
ical Devices, EUDAMED) is not publicly accessible. Many
AEs appear to be attributable to human factors and/or user
error, but the extent to which manufacturing companies are
required by regulators to consider the interactions of users
with the technical features of their products is limited. The
clinical studies required by regulators prior to marketing are
small and over-reliant on bench testing in relation to ‘predi-
cate’ products. Once a pump is available on the market, insuf-
ficient data are made publicly available on its long-term use in
a real-world setting; such data could provide vital information
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to help healthcare teams to educate and support users, and
thereby prevent AEs. As well as requiring more from the
manufacturing companies, we call for public funding of more
research addressing clinically important questions in relation
to pump therapy: both observational studies and clinical trials.
At present there are significant differences in the regulatory
systems between the USA and European Union at both pre-
and post-marketing stages; improvements in the European
system are more urgently required. This statement concludes
with a series of recommended specific actions for
‘meknovigilance’ (i.e. a standardised safety approach to tech-
nology) which could be implemented to address the shortcom-
ings we highlight.

Keywords Adverse events - CSII - Insulin - Pump - Safety -
Subcutaneous - Technology - Therapy

Abbreviations

AE Adverse event

CGM Continuous glucose monitor

CSII Continuous subcutaneous insulin infusion
EMA European Medicines Agency

EU European Union

EUDAMED  European Databank on Medical Devices

FDA Food and Drug Administration

N Insulin infusion set

MAUDE Manufacturer and User Facility Device
Experience

MDI Multiple daily insulin injection

NCA National Competent Authority

SMBG Self-monitoring of blood glucose

Introduction

Insulin therapy by means of continuous subcutaneous insulin
infusion (CSII) is an efficient and flexible method of insulin
delivery that can be associated with improved glycaemic man-
agement and clinical outcomes [1, 2]. Insulin pumps have
evolved rapidly since their introduction nearly 40 years ago,
and are now smaller, more precise and more reliable than their
predecessors. There is growing use of insulin pumps in indi-
viduals with type 1 diabetes of all age groups, as well as in
some individuals with type 2 diabetes. The ratio of children to
adults using an insulin pump appears to vary across countries.
Many pumps now have dedicated meters for self-monitoring
of blood glucose (SMBG) that can automatically send blood
glucose readings to the pump and are equipped with algo-
rithms for suggesting bolus doses based on user-estimated
grams of carbohydrate and blood glucose level. Recently in-
troduced systems consist of a dedicated continuous glucose

monitor (CGM), an insulin pump and a control algorithm that
includes a ‘threshold suspend’ or ‘low glucose suspend’
feature. In this way, basal insulin infusion is interrupted
for 2 h if the glucose level reaches a pre-specified value
and the patient does not react to the hypoglycaemia alert
[3, 4]. Increasingly automated ‘closed-loop’ systems are being
developed.

The increasing use of pumps and innovative technology
have been widely welcomed by the international diabetes
community. However, there are associated challenges, includ-
ing potential risks to users. In this context, the American Di-
abetes Association (ADA) and the European Association for
the Study of Diabetes (EASD) have joined forces to review
the systems in place for evaluating safety from a clinical per-
spective. The aim was not to replicate overviews of CSII ther-
apy available elsewhere [5], but instead to consider how
healthcare professionals, pump manufacturers, regulatory au-
thorities and policymakers can best ensure the safety of new
and longstanding users of insulin pumps as the technology
continues to develop. We gathered evidence from clinical ex-
perience, the published literature, regulatory authorities and
pump manufacturers.

It was recognised that rapid innovation in this field
and the continuous introduction of new features dictate
a short product lifecycle for each specific model of
pump. The approaches used for ensuring device safety there-
fore differ in significant ways from those required for drug
safety.

Current use of CSII therapy

In general, CSII is a treatment option for adults with type 1
diabetes who are motivated to improve glycaemic control fol-
lowing a trial of multiple daily insulin injection (MDI) therapy
and who can show the level of self-care required for adher-
ence. The situation is broadly similar in children, although in
some countries CSII is routinely started at the time of diagno-
sis. Guidelines are available recommending either broad [5] or
narrow [6] indications (see 3a in the text box of recom-
mendations below). Although there is no overall consen-
sus, it is widely accepted that those with frequent, se-
vere hypoglycaemia and/or hypoglycaemia unawareness
may derive particular benefit. Individuals with type 2
diabetes may be considered for CSII therapy in some coun-
tries. As CSII is more expensive than MDI, some healthcare
and insurance systems will only reimburse the additional
costs when they judge the health economic data to show
evidence of significant benefit. However, other healthcare
and insurance systems, including in the USA, increasingly
consider CSII to be a lifestyle choice and are adapting policies
accordingly.
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Rates of CSII use appear to vary greatly internationally [7,
8]. The total number of pump users worldwide is unknown as
the numbers sold and operating are not currently reported by
the manufacturers, but estimates from financial reports sug-
gest that the number may be 0.75-1.0 million. A recent
Medtronic MiniMed Paradigm and 530G pump recall includ-
ed 444,374 units in the USA and 293,000 patients elsewhere
[9]. We would consider it helpful to have a more accurate
estimate of the number of insulin pumps in use to allow a
more reliable calculation of the rates of pump malfunctions
and human errors. More detailed information on use of the
different models would also help to understand usage patterns,
tracking outcomes and making informed estimates of treat-
ment costs (see 2a, 4b).

Classification of medical devices and requirements
for market approval

The various makes and models of pump available use different
technological solutions for delivering insulin. To obtain mar-
keting approval, manufacturing companies must submit a
premarket notification demonstrating fulfilment of regulatory
requirements [10—13]. The principal criterion is that the pump
is at least as safe and effective as a ‘predicate’ device already
in clinical use. Satisfactory mechanical performance under
highly controlled conditions, physical robustness (e.g. impact
of water or temperature) and adequate precision of insulin
delivery must be demonstrated. All those released on to the
market should fulfil certain standards of precision when new,
e.g. the International Electrotechnical Commission (IEC) stan-
dard 60601-2-24 for infusion pumps in the USA.

In the USA, the Food and Drug Administration (FDA)
classifies insulin pumps as Class II (moderate risk) devices.
However, those that are part of an integrated system with a
CGM are classified as Class III (higher risk) devices. Class 111
devices are required to go through a Premarket Approval pro-
cess involving scientific and regulatory review of extensive
original data to evaluate safety and effectiveness. It is impor-
tant to note that clinical studies are not required for Class II
insulin pumps to be granted marketing authorisation: manu-
facturers are generally only required to perform small ‘human
factors’ studies to verify that pump users can understand and
properly use the device or newly introduced features. In con-
trast, clinical trials are required for Class III systems, but the
focus of such studies is on the safety of the algorithms and
functionality of the system rather than on the performance of
the pump per se.

From a clinical perspective, it is clear that daily use of
devices containing electronic and moving parts in a wide va-
riety of conditions poses considerable challenges to perfor-
mance. For example, the precision of insulin infusion rates
over the lifespan of a pump might be acceptable at the time
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of manufacture but may not be as precise following several
years of real-world use. We consider that bench testing at the
pre-marketing stage provides insufficient information for
users and healthcare professionals on longer term durability
in the real world (see 2d).

In the European Union (EU), pumps are classified as Class
IIb. Review of marketing applications is delegated to ‘notified
bodies’ who can exercise considerable discretion in the nature
of the evaluation they require in order to grant certification
(the ‘CE mark”). This system provides a lower level of safe-
guard than that used in the USA against a device posing a
significant risk of harm being distributed in the marketplace
[14]. In 2011, following highly publicised issues with non-
diabetes medical devices (breast implants and hip replace-
ments), the EU Commission urged notified bodies to act only
within their areas of expertise and to exercise their full range
of regulatory powers. Use of a database for sharing safety
information on medical devices amongst national competent
agencies and regulatory authorities was made obligatory (see
below). Since then, there has been a strong political will to
strengthen the system, but more fundamental changes have
been delayed (see 1a).

Adverse event reporting after market approval

Once insulin pumps and other medical devices are marketed,
associated adverse events (AEs) or concerns can be reported
either to the manufacturers or directly to the regulators: the
FDA in the USA or the National Competent Authority (NCA)
in the EU [15]. The FDA requires that manufacturers report
and analyse spontaneously-reported AEs associated with all
medical devices. It has the authority to impose additional post-
marketing surveillance requirements on the manufacturer. In
the EU, post-marketing and pre-marketing evaluation is dele-
gated to the individual national authorities.

AE reports from insulin pump users provide a potentially
rich source of information for quality assurance and
improving safety (see 5a). In the EU, AEs are compiled in
the EU-wide database known as the European Databank on
Medical Devices (EUDAMED). This database is accessible
to notified bodies and NCAs (e.g. the Medicines and
Healthcare Products Regulatory Agency in the UK, the
Agency for the Safety of Health Products in France), but
cannot be accessed by the public. We have therefore
focused on the FDA’s adverse reporting system and relied
primarily on the Manufacturer and User Facility Device
Experience (MAUDE) database as a source of data (www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/search.
cfim, accessed 24 December 2014).

Detailed reporting is time consuming and provides no di-
rect benefit for physicians: our analysis of MAUDE (see be-
low) suggests that the majority of reports are submitted by
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users, as AEs listed contain less detail than would be expected
from physician-submitted reports. In cases of pump failure or
malfunction, the device is usually returned to the manufacturer
for analysis but the outcomes of the resulting investigations
are not made public (see 2e).

Companies are required to share the AE data they receive
with the regulatory authorities. Each has its own procedure for
reviewing and categorising incoming reports and is responsi-
ble for identifying any pattern of serious harm associated with
use of its products. Much of the responsibility for ensuring
safety is therefore delegated to the pump companies them-
selves (including companies that provide insulin infusion sets
[[ISs] and insulin products). The FDA has powers to react to
specific concerns via a range of options, e.g. requesting the
company to provide additional data, intensify surveillance,
issue letters to users/physicians or recall the device. National
authorities in the EU (rather than the European Medicines
Agency [EMAY]) provide more limited oversight.

AE reports on the MAUDE database are publicly available
and contain information including manufacturers, device
brand names and dates of reported events. However, the sys-
tem is only searchable using pre-selected categories in a menu
system rather than by user-selected keywords. It is therefore
difficult to apply clinically relevant filters to reports, e.g. mod-
el of pump or demographic group affected. It is not possible to
extract the types of AE that are most likely to occur at different
stages in an individual’s journey of care. Moreover, it is diffi-
cult to interpret the extent to which individual events were
finally attributed to device or IIS malfunction, user error or a
combination of these (see 2g).

For the calendar year 2013, our search of MAUDE pro-
duced 24,066 manufacturer and user device reports covering a
wide variety of insulin pump-related issues. The menu search
term selected was ‘pump, infusion-insulin’. It is possible that
more reports are available under additional search terms, but
this phrase provided the longest list of relevant reports. In this
analysis, there were nearly 30 times as many reports relating to
a pump from one of the smaller manufacturers (n=19,564) as
there were for one of the most frequently used pumps
(n=718). These differences confirm that understanding and
comparing reported rates of AEs is problematic: the data are
not suitable for comparative analysis, but individual reports do
highlight important issues that emerge in routine clinical
practice.

In a published 10 year retrospective study of AEs reported
to the FDA, 1,594 reports related to insulin pumps were doc-
umented between 1996 and 2005, including 13 deaths [16].
Notably, the number of serious and fatal medical device AEs
rose by about 17% per year between 2001 and 2009. The
reason for this trend is uncertain but may be related to the
expanding use of pumps. As with our own analysis, this study
was uncontrolled and lacked FDA verification of the accuracy
and completeness of the reported AEs (see 1b).

On the basis of our investigations, we believe that a more
standardised and transparent approach to identifying,
reporting and cataloguing AEs would help both patients and
healthcare providers understand the risks associated with in-
sulin pump therapy (see 1a—c). This could be achieved in large
part by improvements to the MAUDE and EUDAMED sys-
tems. For example, better access to these data coded with
relevant keywords could help to identify common causes of
AEs and foster the development of tailored approaches to re-
education and/or reassessment of suitability for ongoing pump
therapy following critical events (see 3b).

Owing to the speed of innovation, small modifications are
made over time to pumps, their associated software/menu sys-
tems and the manufacturing process without undergoing clin-
ical studies or being publicly announced. Manufacturers have
to document such changes in both the USA and the EU, but
these data are not publicly accessible. More transparency
would be of help to quantify and understand the impact of
such changes on the rates of AE reports and their contents
(see 21).

The FDA has now approved two sensor-augmented pump
systems and one threshold suspend system, which are Class 111
systems. After approval of the threshold suspend system, the
FDA also required the company to undertake a significantly
enhanced post-marketing surveillance study, which will re-
quire active follow-up of all users with periodic phone survey
or, in some cases, office visit follow-up. This higher level of
reporting related to actual (real-world) user experience may
provide an opportunity for assessing the value of enhanced
post-marketing surveillance of pump use. For instance, it
may determine how many button and infusion set errors,
blank screens and actual pump failures occur during use of
this device. If informative, it could serve as a model for in-
creased surveillance of Class IT pumps (see 1b, ¢, 2c, 4b).

Customer complaints and pump recalls

When a user returns a pump to the manufacturer, its perfor-
mance status following real-life use can be evaluated. The
FDA informed us that all publicly available data from such
analyses are listed in MAUDE. However, as with AEs,
although some information is available in individual reports,
it is not currently possible to extract a summary of the prob-
lems most frequently found and categorise them as mechani-
cal, electronic or related to the IIS (see 1b). In our view, an
opportunity is therefore missed to glean relevant information
about safety.

To supplement information available from MAUDE, we
asked companies for summarised information on how many
calls they receive, how they assess the incoming information
(e.g. malfunction vs user error), how many pumps are returned
and how they select what they report to the regulatory
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agencies. We sent a formal request seeking such information
(signed by the ADA and EASD) to the manufacturers
(Animas, Cellnovo, Medtronic MiniMed, OmniPod, Roche
and Tandem) on 20 June 2014. All replied promptly stating
they would provide the requested information within a few
weeks. By the time this statement went to press, we had re-
ceived information from three companies in the form of an in-
person meeting with Tandem, a conference call with OmniPod
and a PowerPoint presentation from Roche Diagnostics. From
the two meetings it was clear that no primary data on pump
approval or safety data would be available, although compa-
nies were in general willing to share information on the pro-
cess by which they tested their pumps, their perception of the
regulatory process, and their systems for AE reporting.

We also sought information on pump and pump-related
device recalls. In a search under ‘Medical Device recalls’
for pumps in the FDA Medical Device Recalls database
(www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/
search.cfim, accessed February 2014) 124 entries were found
for the past 12 years. However, many of these entries were
duplicates, and the actual number of discrete recalls was 10.
Interestingly, most of the issues related to IISs and cartridges
rather than pumps themselves (see below).

Technical aspects and human factors

Many pumps offer a variety of programmable boluses accord-
ing to the type of meal ingested. However, these boluses are
named differently by each manufacturer, posing a challenge
for education and training. Furthermore, the speed with which
a given insulin bolus (e.g. 10 units) is applied once it has
begun differs considerably between insulin pumps; our
knowledge about the impact of such differences on metabolic
control is scarce [17]. From a clinical point of view we con-
sider it important to have information on whether these en-
hanced features are considered helpful by either users or
healthcare professionals as an aid to achieving good
glycaemic control (see 2b, 4b).

Most (but not all) pumps have the facility to receive blood
glucose values directly from an SMBG meter. Provided the
estimated carbohydrate content of the meal is entered by the
user, this allows the pump to calculate correction doses and
meal boluses according to consideration of ‘insulin on board’.
When used correctly, an insulin dose calculator can help to
prevent errors by decreasing both overtreatment and
undertreatment; such features claiming increased safety by
thus preventing both hypoglycaemia and hyperglycaemia are
highlighted in marketing materials. Many pump users might
benefit from these, but almost no good evidence exists in
support of this assumption [18]. We are aware of users who
appear to derive benefit from pump therapy without being able
to make full use of these features, and providers who are
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reluctant to advocate them in the absence of more definitive
supporting evidence.

An important aspect of medical device design and devel-
opment is human factors engineering, which is the study and
optimisation of how people use and interact with technology.
Over the last decade, the FDA has established clear require-
ments for the design and evaluation of new medical devices
with respect to human factors [19]. Manufacturers of insulin
pumps are required to evaluate the handling of new devices by
regular users rather than just engineers and highly trained
laboratory personnel. These measures are intended to verify
that the devices will work safely, accurately and reliably be-
fore they reach the market. However, studies of actual every-
day use are not required.

Human factors studies and analyses occur in a number of
settings, including evaluation in the clinic of user performance
in adjusting pump functions or inserting IISs. There will usu-
ally be a focus on a specific aspect, e.g. understanding written
instructions or being able to read a display. These evaluations
complement typical clinical trials, which are not sensitive to
identifying or quantifying many aspects of human perfor-
mance. Human factors evaluation of insulin pump systems is
an important part of the FDA’s pre-market evaluation process.
It is to be welcomed, but we believe that more studies are
required to guide efforts to optimise the design of pumps ac-
cording to the needs of different groups of users (see 2b, 3c, 4a).

Insulin infusion sets

When insulin infusion is genuinely blocked for any reason,
the user needs to be warned as soon as possible because there
may be only a few units of insulin in the subcutaneous depot
around the tip of the infusion needle/cannula. This insulin
is fully absorbed within hours, so hyperglycaemia or
ketoacidosis can rapidly develop following catheter occlusion
if the glucose level is already elevated or rising quickly. How-
ever, this requirement is balanced by the need to minimise
inappropriate warnings that may cause ‘alarm fatigue’. De-
pending on the technology used by the pump and the infusion
rate required by the user, it can be many hours before an
occlusion alarm is signalled, leaving the user at risk of serious
harm. Inappropriate handling while changing the insulin car-
tridge or technical errors with the IIS represent additional
sources of risk e.g. priming the infusion set while it is con-
nected to the user or connecting the infusion set without due
attention (see 2b, c).

The number of publications focusing on IISs is small.
However, many AEs on the MAUDE database relate to IIS
difficulties. The reasons for occlusion vary and may relate to
the frequency of IIS change, ‘kinking’ of the catheter in the
skin or of the tube between the pump and the catheter. The
mechanisms underlying blockage are not well understood,; it is
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speculated that a complex interaction can occur between the
plastic material used in the IIS, the insulin formulation used,
the way the insulin is pumped and the infusion site. This might
be due to differences in the physico-chemical stability of in-
sulin related to the properties of the IIS. It is noteworthy that in
the USA, labels for the duration of insulin cartridge usage vary
between products: e.g. Apidra (insulin glulisine; B3Lys,
B29Glu human insulin)}—new cartridge recommended every
2 days; Novolog (insulin aspart; B28 Asp human insulin)—
new cartridge every 5 days.

Insertion of IISs at the same skin site over and over again
raises the risk of local skin reactions, including lipohypertrophy
[20]. From clinical experience, only a limited area of skin may
remain available for catheter insertion in those who have used
pump therapy for many years. There have been some case
reports of lipohypertrophy/lipoatrophy in association with
pump use or specific insulin types. However, there are very
few systematic data on the epidemiology of lipohypertrophy
in patients on CSII, including the extent to which insulin ab-
sorption from such skin areas is impaired (see 4b).

We were unable to find guidelines on use of IISs specifi-
cally with insulin pumps, or on assessing difficulties associat-
ed with the long-term use of pump infusion sites over long
periods of time. However, IIS issues have led to the greatest
number of recalls by the FDA in the USA (see above). The
pump and the IIS should be considered as parts of a system,
rather than as individual components [21]. However, this is
not currently the case, as some IISs are cleared as part of the
pump system under different product codes and some are
cleared as a separate device product code. AE reporting is
typically coded under the assigned product code when
cleared. Therefore, IIS issues might be listed on different
FDA websites (see 2c¢).

Education and training

Our analysis of the MAUDE database suggested that the ma-
jority of AEs relate to human factors/user error rather than to
technical pump malfunction per se, and that preventable AEs
may occur more commonly in non-specialised practices. Ra-
tional strategies for reducing AEs caused by user error
include:

1. appropriate selection of candidates for pump therapy;

2. providing those beginning pump therapy with appropriate
(and ongoing) education and support;

3. ensuring that healthcare professionals supporting pump
users are themselves well-trained and supported;

4. ensuring that teams supporting pump users contain a crit-
ical mass of members with the necessary skill mix (med-
ical, nursing, dietetics, diabetes educators) (see 5b).

Registries: sources of real-world pump use data

A US survey from the 1980s stated that 25% of CSII pumps
malfunctioned: 29% of these malfunctions were due to drive
failure and 14% due to battery issues [22]. It is likely that these
proportions are lower with modern pumps, but the available
information is insufficient for this to be concluded with certainty.

In the USA, the T1D Exchange Clinic Registry includes over
26,000 individuals with type 1 diabetes from over 70 centres
across the USA on MDI or CSII [23, 24]. It represents a variety
of demographic settings and approaches to diabetes management,
but covers the more skilled and experienced centres with a rela-
tively large volume of pump usage. In a report from this registry,
individuals with the best HbA,. levels were more likely to be
using CSII. In children, 69% in excellent glycaemic control used
pumps compared with 41% of those in poor control [23]. Of the
627 adults in excellent control (HbA;.<6.5% [48 mmol/mol]),
54% were using an insulin pump compared with 46% in the
fair/poor control group (HbA.>8.5% [69 mmol/mol));
p=0.001 [23]. Of 6,500 pump users who provided baseline and
1 year follow-up data, 4.4% had discontinued pump use in the
past year, with a variety of reasons noted, most commonly relating
to user comfort. Reported rates of ketoacidosis were similar
between MDI and CSII users [24]. The T1D Exchange Clinic
Registry is closely allied to Glu, a US patient networking site that
collects data on insulin pump use: this could also be a useful
source of safety information if the data were made available for
these purposes [25].

In the EU, diabetes registries containing data from all (or at
least most) of the total users in the population are established in
Sweden, Scotland, Austria and Germany. Information from the-
se registries on real-life use of pumps has been published [26];
more could be extracted with greater support, e.g. on user out-
comes, HbA . levels, frequency of SMBG, bolus administra-
tion, frequency of IIS changes, type of IIS used, type of insulin.
Results from unselected cases from these cohorts might differ
from those of clinical trials. In one survey of 640 new pumps
from four different insulin pump manufacturers, 36% were re-
ported to have a defect of some sort including 16% which had
failed and 6.5% which required replacement due to a mechan-
ical defect [27, 28]. To date, registries have focused on
collecting data on metabolic control, but they should be encour-
aged to include a wider range of items in their databases, cov-
ering—among other aspects—AEs with insulin pumps. In the
literature, several multicentre reports on the rate of and risk for
discontinuation of insulin pumps as an indicator of patient/
doctor dissatisfaction have been published [29, 30] (sce 4a).

Clinical trials

Classical large multicentre clinical trials of sufficient
duration to derive outcome data with insulin pumps
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are of limited feasibility as a result of rapid innovation
and the introduction of new models during the period of
study. However, there are already examples of large pub-
licly funded clinical trials addressing clinically relevant
issues (e.g. Relative Effectiveness of Pumps Over MDI
and Structured Education [REPOSE], NCT01616784).
More funding should be made available for such trials.
Care should be taken to ensure that trials financed or
supported by manufacturing companies are conducted by
independent investigators to minimise bias and ensure
credibility (see 4b).

Summary

By harnessing innovative technology, modern insulin pumps
appear to provide clinically important and increasing benefits
for people with diabetes. This Position Statement aims to con-
tribute to the improvement of pump technologies by stimulat-
ing the adoption of a more rigorous, standardised and trans-
parent approach to safety, namely ‘meknovigilance’ (from the
Greek mekhanikos, meaning ‘of the nature of or pertaining to
machines’). On the basis of the evidence summarised above,
we recommend the specific actions listed in the text box.

Recommended actions
1. The regulators (EU/FDA) should:

¢) publish an annual summary of regulatory activities

design

3. International and national professional societies should:

under real-world conditions

5. Healthcare teams should:

international guidelines

a) harmonise standards to be met by pump manufacturing companies at both pre- and post-marketing stages

b) provide, publicise and maintain a single publicly accessible international database (expanded from the current MAUDE
system) for AE reporting. This should be searchable according to clinically relevant keywords such as demographics,
user errors, components involved (hardware, software, IIS), consequences of event (diabetic ketoacidosis,
hypoglycaemia, etc.), and model/year of pump manufacture

2. Pump manufacturing companies should be required to provide with transparency to the regulators:
a) annual estimates of the number of individuals who use their insulin pumps (including basic demographic data)
b) the results of clinical research conducted into the human factors associated with newly introduced features of pump

¢) updated data on the compatibility of their pumps with specific insulin formulations and infusion sets

d) systematic data on the durability and precision of insulin pumping over years of real-world clinical usage
e) open data on the results of testing pumps that are recalled or returned

f) open listings of changes in device function, features and specifications reported to authorities

g) fully anonymised reports of all AEs categorised according to 1(b) above

a) provide updated evidence-based guidelines on indications for insulin pump therapy
b) recommend appropriate forms of structured education required for new and established pump users
c) set standards for levels of staffing and skills required by teams of healthcare professionals providing initial and ongoing
education and support for pump users (supporting reimbursement of these activities by payers)
4. International and national research funding bodies should:
a) provide or facilitate funding for well-designed independent clinical trials of safety, efficacy, outcomes and adherence

b) provide or facilitate significant financial support for long-term data collection within new and existing registries

a) encourage and support pump users under their care to report all AEs
b) provide structured training/regular updates for pump users under their care according to standards set by national and
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