European Journal of Pediatrics (2023) 182:1949-1963
https://doi.org/10.1007/500431-023-04833-4

REVIEW q

Check for
updates

Safety, metabolic and psychological outcomes of Medtronic MiniMed
670G in children, adolescents and young adults: a systematic review

Chiara Mameli'>® - Giulia Marie Smylie' - Alessio Galati® - Biagio Rapone3® - Roque Cardona-Hernandez*
Gianvincenzo Zuccotti'”® . Maurizio Delvecchio?

Received: 6 November 2022 / Revised: 18 January 2023 / Accepted: 20 January 2023 / Published online: 21 February 2023
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract

Hybrid closed loop (HCL) systems are the combination of a pump for insulin delivery and a glucose sensor for continuous
glucose monitoring. These systems are managed by an algorithm, which delivers insulin on the basis of the interstitial glucose
levels. The MiniMed™ 670G system was the first HCL system available for clinical purpose. In this paper, we reviewed
the literature about metabolic and psychological outcomes in children, adolescents and young adults with type 1 diabetes
treated with MiniMed™ 670G. Only 30 papers responded to the inclusion criteria and thus were considered. All the papers
show that the system is safe and effective in managing glucose control. Metabolic outcomes are available up to 12 months
of follow-up; longer study period are lacking. This HCL system may improve HbAlc up to 7.1% and time in range up to
73%. The time spent in hypoglycaemia is almost neglectable. Better improvement in blood glucose control is observed in
patients with higher HbAlc at HCL system start and larger daily use of auto-mode functionality.

Conclusion: The Medtronic MiniMed™ 670G is safe and well accepted, without any increase in the burden for patients.
Some papers report an improvement in the psychological outcomes, but other papers do not confirm this finding. So far, it
significantly improves the management of diabetes mellitus in children, adolescents and young adults. Proper training and
support by the diabetes team are mandatory. Studies for a period longer than 1 year would be appreciated to better understand
the potentiality of this system.

What is Known:

o The Medtronic MiniMed™ 670G is a hybrid closed loop system which combines a continuous glucose monitoring sensor with an insulin pump.

o [t has been the first hybrid closed loop system available for clinical purpose. Adequate training and patients support play a key role in diabe-
tes management.

What is New:

o The Medtronic MiniMed™ 670G may improve HbAlc and CGM metrics up to I1-year of follow-up, but the improvement appears lower than
advanced hybrid closed loop systems. This system is effective to prevent hypoglycaemia.

o The psychosocial effects remain less understood in terms of improvement of psychosocial outcomes. The system has been considered to pro-
vide flexibility and independence by the patients and their caregivers. The workload required to use this system is perceived as a burden by
the patients who decrease the use of auto-mode functionality over time.
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Introduction

Nearly four decades ago, the Diabetes Control and Compli-
cation Trial showed that intensive insulin treatment is more
effective than the standard treatment in improving the blood
glucose control [1]. This milestone was a breakthrough in
diabetes management. Ever since, clinicians and research-
ers aimed to develop new strategies to reduce the risk of
hypoglycaemia and to manage hyperglycaemia, definitively
improving the blood glucose control.

The progressive improvement of insulin pumps and the
availability of continuous glucose monitoring (CGM) were
both further steps in diabetes management. The uptake of
insulin pumps has rapidly increased worldwide, and the pos-
sibility that a sensor can transfer by a transmitter the inter-
stitial glucose values directly to the insulin pump addition-
ally increased the adoption of these devices. Companies are
working to develop integrated systems, so-called artificial
pancreas (AP) or “closed loop” systems, which can auto-
matically manage the glucose values.

The Medtronic MiniMed™ 670G system (Medtronic,
Northridge, CA) was the first hybrid closed-loop (HCL)
system available on the market for clinical purpose [2].
This system combines the MiniMed™ 670G insulin pump
with the Guardian™ 3 CGM glucose sensor, which are
managed by an algorithm called SmartGuard™ technology
(Medtronic, Northridge, CA) [2]. The algorithm is based on
a modified proportional-integral-derivative software [3] that
responds to the real-time interstitial glucose values meas-
ured by the sensor every 5 min [2]. The algorithm works by
increasing, decreasing, or suspending the insulin delivery to
obtain the pre-fixed target blood glucose [4]. The HCL func-
tionality, which is named auto mode, targets a glucose value
of 120 mg/dL, which can be increased to 150 mg/dL by the
patient in the case of physical activity or any other need.
The system switches from auto to manual mode for several
reasons, but in particular because of missing sensor calibra-
tions (the Guardian™ 3 sensor require 2 calibrations/day),
prolonged hyperglycaemia and inconsistent sensor readings.
The basal insulin dose is determined by the system on the
basis of previous total daily insulin dose and fasting inter-
stitial glucose value, while the actual base dose also takes
patients CGM values and active insulin values into account
[5]. The parameters to calculate the pre-meal insulin dose
(insulin to carbohydrates ratio, insulin sensibility factor and
so on) are set up by the patient.

The Medtronic MiniMed™ 670G system has been avail-
able for more than 4 years now, and increasing evidence
on the clinical and the psychological outcomes has been
published during this time. In this manuscript, we review the
existing literature about this system to summarize the meta-
bolic and psychological outcomes in children, adolescents
and young adults patients.

@ Springer

Methods

This review is reported according to the PRISMA statement
for reporting systematic reviews [6].

Search strategy and selection criteria

We searched Medline (PubMed) from inception to 10
August 2022 using the following search terms: MiniMed
670G, hybrid closed loop system. We omitted terms related
to type 1 diabetes (T1D) or paediatric age to avoid missing
potentially relevant studies. Non-English language literature
was excluded while no publication date nor publication sta-
tus restrictions were imposed.

We included all randomised trials, observational studies,
retrospective studies and case reports regarding children,
adolescents and nonpregnant young adults with T1D that
were treated with the Medtronic MiniMed™ 670G in auto
mode. Articles regarding all types of inpatient and outpatient
setting (normal living conditions, hotels, diabetes camps),
prior and during the COVID-19 pandemic, irrespective of
duration of intervention, or baseline insulin treatment (mul-
tiple daily insulin injections, insulin pumps, with or without
CGM) were included (Fig. 1).

Data extraction

Two reviewers (GMS and AG) worked independently and
screened all records, excluding duplicates. Initially, records
were screened at title and abstract level, and potentially eli-
gible studies were assessed in full text. If multiple records of
one study were retrieved, we collected data from all records,
and used data from the report with the most recent publica-
tion date. Articles reporting no original data (reviews, com-
mentaries, guidelines and editorials) as well as articles that
did not provide information on these specific outcomes were
excluded. Disagreements between reviewers were resolved
by discussion and consensus.

Outcomes

Safety outcomes included severe hypoglycaemia events (glu-
cose level < 54 mg/dl) that required third party assistance
and diabetic ketoacidosis (DKA).

The metabolic outcomes were proportion (%) of time
when the sensor glucose level was within normoglycaemic
range (3.9-10 mmol/L; 70-180 mg/dL; TIR), proportion (%)
of time when the sensor glucose level was below normogly-
caemic range (< 3.9 mmol/L; <70 mg/dL; TBR), proportion
(%) of time when the sensor glucose level was above nor-
moglycaemic range (> 10.0 mmol/L;> 180 mg/dL, TAR),
glycated haemoglobin (HbA1c) while using the Medtronic
MiniMed 670G in auto mode, mean sensor glucose (SG)
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Fig. 1 Flow diagram of study
selection process
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(n=3)

Records excluded by screening of title and
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A4

Records assessed for eligibility in full text (n = 80)

Excluded (n = 50)

Wrong patient population (n = 8)
Wrong study design (n = 10)
Wrong interventions (n = 6)
Multiple study records (n= 1)

Not cligible comparisons (n = 6)
Pump different from 670G or pump
model not specified (n = 17)
Reviews/guidelines (n = 2)

Records included in the review (n = 30)

level and coefficient of variation (CV). When available, TIR,
TAR and TBR were extracted both for 24- and overnight
periods (as defined in each individual study).

Psychological outcomes included fear of hypoglycaemia
and sleep quality.

Information that were extracted from each included paper,
where provided: (1) characteristics of participants (age, sex,
duration of diabetes, HbAlc at baseline and treatment prior
study enrolment), inclusion and exclusion criteria in case of
trials; (2) type of intervention (switching from multiple daily
insulin injections/insulin pump, with or without CGM to the
Medtronic MiniMed 670G in auto mode), type of outpatient
setting, and follow-up duration; and (3) type of outcome meas-
ure (metabolic outcomes such as TIR, HbA1c, TBR, mean SG,
CV; psychological outcomes such as fear of hypoglycaemia and
sleep quality; safety outcomes such as risk of DKA and severe
hypoglycaemic events that required third party assistance).

Patient involvement

No patients were involved in definition of the research question,
outcome measures, interpretation and the writing of the results.

Data analysis
Extracted data were evaluated and synthesized using a nar-

rative analysis. Evidence from qualitative studies was syn-
thesized thematically. If data were collected in cohort with a

difference age range, we considered only data about children,
adolescents and young adults if clearly available.

Results
Characteristics of the included studies

Figure 1 shows the study selection process. The original
database search resulted in 734 records from Medline. The
first phase of screening excluded 654 records. This process
left 80 records to assess for eligibility by screening the
full-text articles (we were not able to assess two records
for eligibility because full-text was not available, these
two records were therefore excluded). The second phase of
screening excluded 50 records. This left 30 unique articles
that were included in this review (2 randomized controlled
trials, 1 randomized trial, 2 randomized crossover trial, 14
observational studies, 5 retrospective studies, 2 observa-
tional + retrospective study and 4 case reports) [4, 5, 7-34].

Table 1 shows characteristics of the 30 studies included
in the systematic review and their participants at baseline.

Outcomes
Metabolic outcomes

Data from a randomized control study run in a 7-day and
7-night nonstructured camp setting show that the HCL is
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effective in improving the CGM metrics. However, the
results were similar in the control and in the study group,
suggesting that the “study effect” and the education may
significantly affect the metabolic outcomes [17]. Data about
longer follow-up are provided in the following sections.

Data at 3 months. The first report about metabolic out-
comes in a large cohort of paediatric patients was provided
by Garg et al. [4], who reported that HbAlc significantly
dropped from 7.7 to 7.1% after a 3-month study period in
30 adolescents and young adult patients aged 14-21 years.
The CV and the standard deviation score of SG were sig-
nificantly reduced as well, but these goals were reached
by a significant increased of the total daily dose of insulin,
overall of the pre-meal boluses. The TIR increased from
60.4 to 67.2%, paralleled by a reduction of the TBR (from
4.3 to 2.8%; the decrease was more evident overnight) and
of the TAR (from 35.3 to 30.0%). Similar data about the
TIR, with an increase from 57 to 65%, and TAR, with a
decrease from 2.5 to 2.2%, were reported in real-world
setting switching from manual mode to auto mode in the
same age group by Stone et al. [30]. The improvement
in the metabolic outcomes was irrespective of CGM use
before using the Medtronic MiniMed™ 670G [15].

An increase in the total daily dose of insulin was not
confirmed by Messer et al. [5]. In their study (31 patients,
14-26 years old), they investigated the setup parameters
of the algorithm to provide useful suggestions for clinical
practice. The authors showed that the baseline HbAlc of
7.8% decreased by 0.75% and the TIR increased by 14%,
without a significant change in the total daily dose of insu-
lin. Interestingly, they showed that a frequent tuning of
the carbohydrates to insulin ratio is mandatory in the first
month of treatment to reach such goals.

The efficacy of the system was confirmed in 105
younger patients (age 7-13 years), who presented a TBR
of 1.9%, a decrease in HbAlc from 7.9 to 7.5%, and an
increase in TIR from 56.2 to 65.0%. Again, an increase in
the total daily dose, overall of the pre-meal boluses, was
described [20].

Data at 6 months. Real-world data in 92 youths aged
2-25 years show that the use of the HCL system declined
significantly after 6 months, prompting the authors to high-
light the need for patients support and intervention strate-
gies. The use of the auto mode functionality decreased sig-
nificantly from 65.5% at 1 month to 51.2% at 6 months [12].
Patients who used the auto mode functionality presented a
baseline HbAlc of 8.7%, which significantly decreased to
8.2% and 8.4% after 3 and 6 months, respectively. In paral-
lel, the TIR increased from 50.7% at baseline to 58.7% and
56.9% after 3 and 6 months, respectively. The prevalence of
hypoglycaemia was neglectable (TBR always < 3%). Inter-
estingly, the patients with higher baseline HbA1c presented
a larger decrease at 6 months (from 10.7 to 9.3%), with a

decrease by 0.07% in HbA lc for each 10% increase in auto
mode use. The effect of time spent in auto mode on glu-
cose control was confirmed by Duffus et al. [19] in a cross-
sectional study recruited 96 patients aged between 10 and
21 years after a mean time of 188 day. In this study, each
increase of 3.4-h spent in auto mode per day was associated
to a reduction in the HbAlc by 0.1% and each 8.6 h per day
to an increase of the TIR by 5%.

Data at 12 months. Two studies run in 30 patients (age
10.2+2.4 years) [26] and 111 patients (age 3—16 years) [31]
evaluated the effect of this HCL at 1 year with similar find-
ings. The baseline HbAlc dropped from 8.2 and 8.5% to
7.1% [26] and 7.3% [31], respectively. The time spent in
auto mode ranged from 85 to 90% at 3 months to 80 to 85%
at 1 year of follow-up, higher than previous data at 6 months
[12]. The use of the auto mode functionality allowed a sig-
nificant increase of TIR from 46.9 to 73.4% [26] and from
55.7 t0 67.3% [31]. An increase in the total daily dose of
insulin was found [26] but not confirmed [31]. Finally, the
HCL confirmed to be safe also at 12 months, with a TBR
reduction from 5.9 to 3.2% [31].

A reduction about the use of CGM in real world was
confirmed in 115 patients younger than 25 years. Its use
decreased from 71% at month 1 to 49-55% at month 12, and
the TIR from 60.4-63.3% to 53.6-61.3% [13].

Off-label use. Despite the system is approved for patients
above 7 years of age, two studies were run in younger chil-
dren. Forlenza et al. [21] reported a mean HbAlc of 8% at
baseline and of 7.5% 3 months later in 46 children, with an
increase in TIR from 55.7 to 63.9%, without any change in
TBR (3.3% at baseline, 3.2% at 3 months). The time spent
in auto mode was higher than what was reported in older
patients by previous papers. Salehi et al. described similar
results after a mean period of 6.3 months [29]. The data from
von dem Berge et al. showed that this system was efficient in
managing the blood glucose control in pre-school children
as much as in primary school children [33].

Safety: DKA and severe hypoglycemic events

The first data report about the safety of this HCL system was
obtained in 124 patients aged 10-75 years (30 adolescents
and 94 adults) in a one-arm 3-month study [10]. The authors
concluded that the Medtronic MiniMed™ 670G system was
associated with few serious or device-related adverse events.
De Bock et al. showed that the HCL system is effective to
protect against exercise-induced hypoglycaemia. In this in-
clinic 4-day study, 8 patients (7 of them were adolescents
and 1 was adult) who underwent a 45-min exercise on a
stationary bicycle at 55% of their peak rate of oxygen con-
sumption were recruited. None of the 7 adolescent patients
experienced exercise-induced hypoglycaemia or nocturnal
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hypoglycaemia [16]. Eventually, Wood et al. confirmed the
safety of the system in 105 patients aged 7-13 years who
underwent an in-hospital hypoglycaemia induction protocol
of 90 min. During this session, the patients could bike, or
walk, or play Nintendo® Wii games, or any other aerobic
activities. The hypoglycaemia alert was set at 65 mg/dl, and
the “suspend before low” function was able to prevent 80%
of the hypoglycaemias in 79 of the patients who experienced
a blood glucose value below 65 mg/dl. None of the patients
presented severe hypoglycaemia nor rebound hyperglycae-
mia [34].

Data on the occurrence of severe hypoglycaemia events
were available in 9 different studies plus 3 case reports
(total of 491 patients; age range 2-21 years) [7, 9-11, 20,
21, 23, 24, 26, 29, 31]. Follow-up duration was very differ-
ent among studies, ranging from 1 to 12 months, with the
majority of the studies lasting for about 3 months. Overall,
the occurrence of severe hypoglycaemia events while using
the Medtronic 670G system in auto mode in an outpatient
setting was very low. Nevertheles, Varimo et al. who ret-
rospectively followed 111 patients aged 3 to 16 years for
12 months in an outpatient setting reported one episode of
severe nocturnal hypoglycaemia. It occurred in a 15-year-
old patient after disconnecting the CGM at bed time for an
unknown reason [31].

Finally, in the case report by Dominguez-Riscart et al.
[18], the HCL system proved to be effective in blood glu-
cose management and safe to prevent hypoglycaemia in a
9-year-old boy who underwent appendectomy. The authors’
message “take your pump to surgery” can be an interesting
suggestion to take into consideration.

No episodes of diabetic ketoacidosis were reported in any
of the studies.

Psychological and sleep quality outcomes

Few studies explored psychological and sleep quality out-
comes in the paediatric population and youths.

One very short study conducted on 14 adults and 15 ado-
lescents (age 14—40 years) showed a decrease in diabetes
management distress and a more positive attitude towards
diabetes technology, after a 4-5-day usage of this device,
without any change in hypoglycaemia fear [8]. The authors
hypothesized that a longer exposure to the HCL technology
might have had a bigger impact on this outcome (Table 2).

A longer study (3 months) was conducted by Beato-
Vibora et al. on a similar population (58 patients aged
7-63 years starting on the 670G system) [9]. Only adults
and adolescents older than 13 years old completed a set of
questionnaires that showed that, by the end of the study,
diabetes management distress, quality of life, treatment sat-
isfaction and also fear of hypoglycaemia had all improved.
Moreover, the percentage of patients with poor sleep quality
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was reduced from 49 to 40%, suggesting that the better gly-
caemic control and less glycaemic variability that can be
achieved thanks to this HCL system have a positive impact
on sleep quality and counteract the negative effects of the
system alarms and the finger sticks requirements that the
system demands.

On contrast, Cobry et al. reached opposite findings. In
an observational study, they evaluated the impact of the
Medtronic 670G system on sleep and quality of life in 37
adolescents (aged 10-17 years) and their parents over a
3-month period [14]. During the study, both objective and
subjective sleep data were collected through a wrist-worn
accelerometer, a sleep diary and the Pittsburgh Sleep Qual-
ity Index questionnaire. Results showed that neither ado-
lescents’ nor parents’ sleep characteristics changed signifi-
cantly pre—post device initiation. Adolescents’ mean total
sleep time decreased from 7 h 16 min to 7 h 9 min, while
parents’ total sleep time decreased from 6 h 47 minto 6 h
38 min. Also there were no significant differences in most
of the survey measures regarding parental and adolescent
diabetes distress and hypoglycaemia fear.

Similar psychosocial outcomes were also obtained by
Berget et al. in 92 youth (aged 2-25 years) and their pri-
mary caregiver during the first 6 months of 670G HCL sys-
tem usage [12]. Across time, no changes in hypoglycaemia
fear or diabetes-related problems were found and 30% of the
participants discontinued the HCL by the end of the study.

The study by Abraham et al. is to our knowledge the only
one that assessed psychosocial outcomes in a long-term ran-
domized clinical trial [7]. One hundred thirty-five patients
between 12 and 25 years of age were randomly assigned to
either the control group for conventional therapy (continu-
ous subcutaneous insulin infusion or multiple daily insulin
injections with or without CGM) or the intervention group
for HCL therapy for a 6-month period. Psychosocial measures
were collected by validated questionnaires, and hybrid closed-
loop therapy was associated with improved diabetes-specific
quality of life and treatment satisfaction compared with con-
ventional therapy. While no change in diabetes distress and
fear of hypoglycaemia were observed between groups.

Roberts et al. [28] explored the patients’ and caregiv-
ers’ lived experience with a semi-structured interview after
6 months on MiniMed™ 670G. The participants acknowl-
edged the benefits of this system in improving glycaemic
outcomes. Interestingly, according to their answers the
device provided flexibility and independence.

Discussion

Efficacy and safety play a very important role in the choice
of starting an automated insulin delivery system. Nowa-
days, various HCL systems are available on the market with
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Table 2 (continued)

(5

this HCL system in improving glycaemic outcomes

Both youth and parents acknowledged the benefits of
and in providing flexibility and independence

Main findings

- Semi-structured interview at the end of the

Questionnaire
study

Methods

11.0+4.9 years; HbAlc 64 +9 mmol/mol; 10

parents

17 patients, 17.5 +4.2 years; diabetes duration:
Follow-up: 6 months

Population and follow-up duration

Roberts et al. (2022) [28]

Autor and year [ref]

Springer

- Open-ended questions were to explore the
lived experiences of families using HCL

The interviews were audio-recorded, transcribed

and analysed using thematic analysis

4Children < 18 years completed the Children Hypoglycemia Fear Survey (CHFS) - Worry subscale; caregivers of children completed the Parents Hypoglycemia Fear Survey (PHFS) - Worry

subscale, while young adults completed the Hypoglycemia Fear Survey 2 (HFS-II) - Worry subscale

°Children aged 8-17 years completed the Problem Area in Diabetes-Pediactric version (PAID-Peds); caregivers completed the Problem Area in Diabetes—Parent Report (PAID-PR) while young

adults completed the Problem Areas in Diabetes (PAID). Adolescents completed the Problem Area in Diabetes—Teen (PAID-T) while their parents completed the Problem Area in Diabetes—

Parent Report (PAID-PR)

some differences in terms of physical device, algorithm and
glucose sensor, which allow to personalize the choice of
the system. Even if the MiniMed™ 670G system has been
replaced by MiniMed™ 780G and other closed-loop sys-
tems, such as Tandem Control-IQ and DBLG-1 system, we
think that reviewing the available may be useful for clini-
cians and researchers. Our systematic review shows that the
MiniMed™ 670G system may improve the metabolic con-
trol in paediatric population and youths and it is safe.

Data about the metabolic outcomes in children, adoles-
cents and young adults over the first 12 months on Mini-
Med™ 670G are available, and most of them were run in
patients older than 7 years of age, in keeping with the mar-
ket authorization. Two studies were run in patients younger
than 7 years. No data beyond 12 months of HCL utilization
are still available in literature. Short-term data show that
the MiniMed™ 670G reduces the HbAlc levels to 7-7.5%
and increases TIR at least to 65% [2, 4, 5, 20]. Contrast-
ing data are reported about the daily insulin dose, which
is reported increased, in particular as pre-meal boluses [4,
20], or unchanged [5]. Notably, the fine-tuning of the car-
bohydrates to insulin ratio setup in the first month on HCL
plays a key role in the improvement of the glucose control
[5]. A consistent decrease in HbAlc levels to 7.1-7.3% is
confirmed by data from longer follow-up (1 year), with a
TIR of 67-73% [26; 31]. The patients in the retrospective
study by Varimo et al. [31] had better baseline control than
in other papers commonly reported. The authors attribute
these potentially to patients being better at carb counting
and consistently taking boluses before meals.

All the studies show that the time spent in hypoglycae-
mia is about 2-3% irrespective of the study duration, within
the recommended clinical targets [35]. As expected, real-
life study evaluated cross-sectionally the effect of auto-
mode use, showing that longer period of use allows larger
improvement in blood glucose control. In particular, HbAlc
improves by 0.07% for each 10% increase in auto mode use
[12] or by 0.1% for each daily 3.4-h increase of time spent
in auto mode [18]. Furthermore, each daily 8.6-h increases
the TIR by 5% [18].

Behind the data showing the effectiveness of this HCL
in improving the blood glucose control, some data from
the same research group [12, 13] show data that the use of
CGM may decrease over time, reducing the time spent in
auto mode. These papers highlight the need for appropriate
training programs and support by the diabetes team, to moti-
vate the patients to use CGM and the auto mode functional-
ity as much as possible to take advantages from the system.

Data about off-label patients deserve some comments.
Patients younger than 7 years old have special needs, overall
in consideration of the hypoglycaemia unawareness. In these
patients, the system is safe in preventing hypoglycaemia and
yields HbAlc level of 7.5% with a TIR above 60% [21, 29].
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Even at this age, the MiniMed™ 670G represents a reli-
able tool to get good glucose control, as much as in older
patients [33]. This system proved to be efficient also during
the COVID-19 pandemics, when the physical activity was
restricted. There is evidence that the blood glucose control
did not worsen and improved in the patients who continued
physical activity during this period [32]. The time spent in
hypoglycaemia is always lower than 3% [4, 5, 20].

Different authors highlighted the key role of the educa-
tion in diabetes management and of the training in the use
of devices. Interestingly, virtual training programs can be
provided to optimize the time spent by physicians for educa-
tion of the patients [25, 27].

Safety of hybrid closed-loop systems can be assessed
through the incidence of diabetes-related potential life-
threatening adverse events such as diabetic ketoacidosis,
and severe hypoglycaemia events requiring third party
assistance. Data about safety come from studies with dif-
ferent follow-up duration, up to 12 months. Overall, the
occurrence of severe hypoglycaemia events while using
the Medtronic 670G system in auto mode in an outpatient
setting was very low [31]. It is to note that in their paper,
Varimo et al. [31] reported a better baseline control than
other authors. The result seems to suggest that the system
works safely and rather improves the low glucose exposure
to patients who demonstrate good therapy adherence.

Interestingly, the MiniMed™ 670G system may prevent
from hypoglycaemia even during perioperative procedure
[18]. Our systematic revision also showed that no episodes
of diabetic ketoacidosis were reported in any of the stud-
ies. These data confirm the safety of Medtronic 670G sys-
tem in auto mode while used in the home setting.

Other automated insulin delivery systems are avail-
able for clinical purpose, and advanced HCL (AHCL)
systems are largely used nowadays. Data from short-term
randomized clinical trials (MiniMed™ 670G HCL versus
MiniMed™ 780G AHCL) in 113 adolescents and young
adults [36] and 60 children and adults [37] show that
results about the blood glucose control favoured the AHCL
system. The auto mode exits with the AHCL system were
lower, and thus, the closed-loop usage was higher. Fur-
thermore, data from more than 4000 users of MiniMed™
780G showed that TIR was 76% and closed-loop usage
94% in real-life setting, with only 1 auto mode exit per
week and 3.4 fingerpricks per day over a mean follow-up
of 54 days [38]. Real-world data from more than 12,000
paediatric and adult users confirmed these results over a
6-month follow-up period [39]. All these findings suggest
that usability is improved in this system.

The Control-IQ AHCL system improved TIR of 11% in
101 patients, 613 years old, after 4 months [40] and in 168
patients older than 14 years [41], with significant reductions
in HbAlc and TBR [40] as compared to sensor-augmented

pump (SAP) in randomized control trials. Median closed-
loop usage was 90% or above. No severe hypoglycaemia
or DKA events were reported in the paediatric study [40].
Improvement in TIR was confirmed in children by the
12-week extension study [42]. Real-world retrospective data
from more than 9000 users older than 6 years (80% having
type 1 diabetes) showed a closed-loop use of 94%, with TIR
of 74% and TBR of 1%, stable over a 1-year follow-up [43].

Data from the randomized control trial by Kariyawasam
et al. [44] comparing the Diabeloop system versus SAP over
6 weeks in 17 patients (6—12 years old) showed that TIR
improved from 59% with control to 66% with close loop,
without any DKA or hypoglycaemia. The closed-loop usage
was 99%.

Studies comparing the CamAPS FX system to SAP
showed more favourable outcomes in AHCL users across
all CGM metrics, with an increase in TIR of 11% in the
12-week study in 86 children, adolescents and adults
older than 6 years (HbAlc> 58 mmol/mol) [45] and of
15% in the 6-month study in 133 patients aged 6-18 years
(HbAlc> 53 mmol/mol) [46]. There were no severe hypo-
glycaemia events and one DKA event [45] in the AHCL
group due to infusion set failure. This AHCL system has
been more effective in improving the blood glucose con-
trol than SAP also in 74 children aged 1 to 7 years over
4 months, being TIR increased by 9% [47].

Few data and no randomized clinical trials are available
about the Omnipod 5 system, available in the USA since
early 2022. This a HCL system, not a AHCL, and a study in
235 users (111 between 6 and 18 years old) showed a closed-
loop usage of 96% at 3 months [48]. One hypoglycaemia
event, due to delayed eating after a pre-prandial bolus, and
one DKA event, due to infusion site failure, occurred in the
paediatric group. TIR and TBR were 68% and 1.8%, respec-
tively, in the paediatric group.

Besides the benefits of the MiniMed™ 670G system,
the major concern is the decrease in auto mode use over
time with a high rate of dropouts. Berger et al. [12] showed
that the use of HCL functionality declined from 66% at
1 month of use to 51% at 6 months and that 30% of the
patients discontinued auto mode use after 6 months of Mini-
Med™ 670G. The workload required to use HCL was the
main reason for HCL discontinuation [49]. Similar results
were reported by Lal et al. [50], who observed a decline in
auto mode use after 1 year of HCL system in 79 patients
aged 9-61 years. Twenty-six of them (32.9%) discontinued
HCL by 12 months because of sensor issues (62%), prob-
lems obtaining supplies (12%), hypoglycaemia fear (12%),
multiple daily injection preference (8%) and sports (8%). No
data are provided only for children and adolescents.

The decline in fingerstick calibration over time leads to
a decrease in the use of CGM use and thus to a decrease in
HCL use. Furthermore, system alarms burden the patients

@ Springer



1960

European Journal of Pediatrics (2023) 182:1949-1963

especially overnight. The result is that auto mode exits and
frequent alarms may prompt the users to drop out HCL func-
tionality. All these findings support the key role of educa-
tion in diabetes management and of the training in the use
of devices. The patients need proper education about tech-
nology and appropriate support from healthcare providers,
and rights expectations should be set during training and
follow-up.

The emotional burden of living with T1D is extensive,
and people commonly report psychological distress regard-
ing the practical aspects of diabetes management and the
fear of bad outcomes such as severe hypoglycaemia. Over-
time, diabetes technologies have progressed considerably,
and the MiniMed™ 670G could provide an opportunity not
only for improved glycaemic control, but also for enhanced
quality of life among youth with T1D and their caregiv-
ers. Results are however conflicting, and whether or not this
device has improved psychosocial outcomes has not yet been
clearly established.

Although the MiniMed™ 670G has improved glycaemic
control, its psychosocial effects remain less understood and
whether or not this device has improved psychosocial out-
comes in youth with T1D and their caregivers has not yet
been clearly established. What, to this day, can be undoubt-
edly inferred, is that its use is not linked to an increase of
diabetes perceived burden, even in preschool patients. Inter-
estingly, the system has been considered to provide flexibil-
ity and independence by the patients and their caregivers
[28].

Finally, the treatment cost of MiniMed™ 670G (and in
general the cost of insulin pump and continuous glucose
monitoring) is higher than that of multiple daily injections.
However, recent findings showed that over patient lifetimes,
the incremental clinical benefits associated with the use of
670G is likely to be cost-effective relative to the continued
use of insulin pump in people with type 1 diabetes, particu-
larly for those with a fear of hypoglycaemia or poor baseline
glycaemic control [51]. Therefore, given the positive effects
of pumps and continuous glucose monitoring on type 1 dia-
betes health outcomes, it is possible that short-term costs are
offset by future savings.

Strengths and limitations of study

This is the first systematic review on the metabolic, safety
and psychological outcomes of the MiniMed™ 670G in
children, adolescents and young adults. Several limitations
must be considered when interpreting the results of this
work. First, different kinds of studies were included (both
clinical trials and observational studies and case reports),
but most of them were observational ones with potential bias
(for instance, observational studies are likely only to report
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success, while those patients who stopped using this sys-
tem are often not included in this kind of study). However,
evidence from randomized clinical trials, real-world stud-
ies on 670 pumps and their effects on glycaaemic on safety
outcomes are a helpful method for evaluating its safety and
effectiveness. Second, most trials had a small sample size,
limiting the precision of our effect estimates. Furthermore,
references 23 to 27 report data from the same study group.
Third, the age range of the population varies among studies
and included patients beyond the paediatric age; therefore,
we cannot perform a systematic review focused only on
paediatric patients. Moreover, as a possible limitation, this
systematic review was restricted to English language, poten-
tially limiting the generalizability of the findings to English
literature and reducing the number of patients including in
this data analysis.

Implication and conclusion

Our systematic review has shown that MiniMed™ 670G
Hybrid Closed-Loop System is an efficacious and safe treat-
ment approach for children and adolescents with type 1 dia-
betes, leading to increased time in near normoglycaemic
range, and reduced time in hypoglycaemia and hypergly-
caemia, without increasing the risk of severe hypoglycae-
mic events and secondary DKA. In spite of the improved
outcomes, more aggressive and advanced HCL systems
are required to keep on increasing time in range values and
decrease the therapy withdrawal. Currently, multiple HCL
systems have been developed by different companies and
commercially available in many countries. Their clinical
implication, safety and cost-effectiveness, and long-term
efficacy in paediatric population are under investigation.
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