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OBOCHOBAHMUE. B nocneaHue rogbl NpoBefieHbl MHOTOUMCIIEHHbIE MUMOTHbIE U KNVHUYECKNe NCCNIefoBaHnA C NpUMeHe-
HVEM CMCTEM C 3aKPbITbIM KOHTYPOM YMPaBneHus rmkemMmen, B TOM YKCIe C yyacTUeM AeTeit 1 NOAPOCTKOB B YCIOBUAX,
MaKCVMaJIbHO MPUGIMKEHHBIX K PeanbHOW XKI3HM NaLNEeHTOB.

LLEJIb. CpaBHWTb 3ddEKTUBHOCTL U 6E€30MaCHOCTb NPUMEHEHUA CUCTEM C 3aMKHYTbIM KOHTYPOM YNpaBieHNsa Fnkemu-ei
y [eTeil 1 NoAPOCTKOB C CaxapHbiM ArabeTom 1 Tvna B YCNOBUAX, MaKCUManbHO MPUOIVXKEHHbIX K peanbHOW XK3HK,
Mo CPaBHEHUIO C TPAAULMOHHOW MOMMOBOW MHCYNMHOTEPANMeEl (C HenpepbiBHbIM MOHUTOPUPOBAHUEM MIKEMUY NN 6e3)
Ha OCHOBE pPe3ysnbTaToB MPOBEAEHHbIX PAHAOMU3NPOBAHHBIX KNMHUYECKUX nccnegoBanHnin (PKN).

METO/bI. B cuctematmyecknii 063op BKioueHbl pesynbTatbl 28 PKW, onybnukoBaHHble go 15 vioHaA 2017 1. u NponHAeKCU-
poBaHHble B 6a3e MEDLINE. [1na cpaBHeHWA 3G $EKTUBHOCTY OLIEHNBANIOCh BPEMSA HAaXOXAEHMA MNKEMIY B Anana3oHe oT 3,9
o 10 MmMonb/n, a Takxke MeraHa rnKemny 1 ee BapnabenbHOCTb NO AaHHbIM HEMPEPbIBHOrO MOHUTOPUpOoBaHuA. besonac-
HOCTb CpaBHMBaNach Mo NPOAOKNTENBHOCTY FTMMOMIMKEMUI (BPEMEHUN HAXOXKAEHWA INKEMIM B fnana3oHe <3,9 MMonb/n).

PE3VJIbTATbI. Bo Bcex nccneioBaHMAX OTMEYANOCh 3HAUNTENbHOE YBENMYEHME BPEMEHN HAXOXAEHUA MNKeMUM B Lene-
BOM Auana3oHe B HOYHOM MHTepBasne. B 3 PKM npu aHanu3e Bcex CyTOK NOKa3aHO CHKEHME A0 BPEeMEHW HaxoXaeHnA
rMMKemMumn B LeneBoM AmnanasoHe. Tonbko ogHo PKW nokasano cTtaTucTnyeckn 3Haummoe pasnuyve mexgy MOHOropMo-
HaJIbHOW 1 GUrOPMOHANIbHOWN CUCTEMO B OTHOLEHUWN BPEMEHU, MPOBEAEHHOrO B LiefeBblX 3HaueHnAxX. CpeaHsaa rmnkeMmmm
1 NoKasaTenv BaprabenbHOCTW MKEMUY B NCCIeAOBaHNAX U3MEHANNCH Pa3HOHaMNPaBieHHO, Kak NpU OLleHKe B HOUHOM
WHTepBasne BpeMeHM, Tak U NMPu OLleHKe 3a Bce CYTKU. [1pofomK1TeNbHOCTb rMNOrMKEMIMIA B HOYHOE BPeMsA B 6OMbLUMHCTBE
PKW 3HaurmMo cHu3mnach, 1 Tonbko B 2 PKW 3aduKcrpoBaHo yBennyeHmne BpeMEHN HaXOXKAEHUs FIMKEMUN B fMana3oHe
<3,9 mmonb/n, B ogHoMm PKW He 6bino oTMeueHO pasnuunii C TpaguLMOHHON NOMMOBON MHCYyNMHoTepanuvei. Mpu oueHke
rMYKeMUK 3a CYTKM NPOAOKMUTENIbHOCTb rMMNornnkeMmii B pasHoix PK/ nameHanacb pasHoHanpasneHHo. PaznnyHaa meto-
[lON10T A OLLEHKU MKEMUYECKOTO KOHTPONA 1 Hebonbluaa NpofoikuTenbHOCTb PK/ He no3Bonunmv npoBecTn MeTaaHanms
pe3ynbTaToB 1 peann3oBaTh KONMMYeCTBEHHOE X 0600LLeHMe.

3AKNIOYEHUE. bonblmHcTBo PKW cBMAeTenbCTBYIOT O NpenMyLLecTBax CUCTEM C 3aMKHYTbIM KOHTYPOM YNpaBieHuns ru-
Kemuen nepep TPaANLVOHHO NOMMOBOW MHCYIMHOTepanuvel B OTHoLeHNN 3GGeKTUBHOCTY 1 6e30MacHOCTU y feTell ¢ ca-
XapHbIM AnabeTom 1 TMna B yCNIOBUAX NOBCeAHEBHON X13HU. Heobxoanmo npoBeaeHve 6onee anntenbHbix PKU ¢ yHndmumn-
POBaHHOW OLIEHKO 3G PEKTUBHOCTI 1 6E30MacHOCTH, a TaKKe aHaSIM30M KYMYIATUBHbIX NoKasaTesnei (B Tom uncne - HbA, )
ANA nosyyeHns yoeanTenbHbIX JOKa3aTeNbCTB HaNMUMA UM OTCYTCTBUA MPEVMYLLECTB CUCTEM C 3aMKHYTbIM KOHTYPOM
ynpasfieHVA MKeMmen nepes TpaanLMOHHOM MOMMOBONM UHCYAMHOTepanuen.

KJTKOYEBDIE CJTOBA: caxapHbliii AnabeT 1 TMna; AeTy; NoAPOCTKM; UCKYCCTBEHHAs MOAKeNy[OYHas »Kene3a; MOMIMoBas UHCY-
NIMHOTEPanus; 3aMKHYTbI KOHTYP; PaHAOMU3MPOBAHHbIE KIIMHMYECKNEe NCCNIE[OBAHMS; CCTeMaTUYeCKniA 0630p.
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BACKGRAUND: A closed-loop glucose control system or ‘artificial pancreas’ consists of three components — a Continuous
Glucose Monitor (CGM), infusion pumps to deliver hormone(s) and a sophisticated dosing algorithm to control hormone de-
livery. In the past years, numerous studies with closed-loop system devices were conducted with gradual shift to out-of-hos-
pital environment and with lengthening study duration.

AIMS: To compare efficacy and safety of closed-loop insulin pump use in children with type 1 diabetes mellitus in compare
with conventional insulin treatment (continuous subcutaneous insulin infusion (CSIl) with our without CGM) based on ran-
domized control trials data (RCT).

METHODS: In the systematic review we have include 28 randomized controlled trials results indexed in PubMed, Medline
databases published till 15 June 2017. The efficacy on metabolic control in this study evaluated by the proportion of time
within target range (preferably 70 to 180 mg/dl if reported) and mean (median) glucose based on sensor measurements, and
the safety evaluated by time in hypoglycemia (below 70 mg/dl if reported).

RESULTS: Increased time in range in the night period was observed in all RCT. Only 3 RCT showed decrease of the time in
range within 24 h evaluation period. In one RCT the significant positive differences have been shown in the time in range for
dual hormone closed-loop glucose control system in compare with insulin-only artificial pancreas. Mean glycaemia and glu-
cose variability changes were not in the same manner in different RCT, both in the night only and in 24 h estimation period.
Night hypoglycemia duration decreased in most RCT with closed-loop control in compare with CSlI, and increased only in 2
RCT. When all-day estimation period the time in hypoglycemia changed not in the same manner in different RCT. Valuable
methodology differences of the glycaemic control estimation within observed RCT brought significant complications in the
data analysis and made impossible the results quantitative estimation to prepare a metaanalysis.

CONCLUSIONS: Much work has been done to develop effective and safe artificial pancreas, but not all RCTs confirmed
advantages of closed-loop glucose control in compare with CSIl in children and adolescents in real life. More research with
prospective randomized control design required to prove benefits of closed-loop glucose control. Further RCTs should have
an uniform methodology for glycemic control assessment and long duration that will allow to use cumulative measuresin a
closed-loop efficacy estimation (HbAk).

KEYWORDS: Diabetes Mellitus, Type 1; Insulin Infusion Systems; Pancreas, Artificial; Closed-Loop; CSlI; CGM; sensor augmented pump;

systematic review; randomized control trial; children

INTRODUCTION

Precise glucose control is crucial for patients with
type 1 diabetes [1]. More than 20 years ago results
of Diabetes Control and Complications Trial (DCCT)
and the Epidemiology of Diabetes Interventions and
Complications (EDIC) follow-up study of the DCCT cohort
showed that most people with type 1 diabetes should
be treated intensively to achieve glycated hemoglobin
Alc (HbA1c) levels as close to normal as possible and
as early as possible in the course of the disease to
prevent or postpone the late disease complications
[2]. Consequently, intensive day-to-day management
remains the standard of care in type 1 diabetes
management recommendations [3]. However, an up-
to-date data based on national registries show that an
important proportion of the patients worldwide do not
reach the goal of desired metabolic control [4-7], which
is HbA1c below 7.0% (53 mmol/ mol) for adults [8] and
below 7.5% (58 mmol/mol) for children and adolescents
[9, 10]. There is a strong surge for technologies that could
provide intensive insulin therapy and thereby improve
metabolic control and at the same time minimizing
glucose excursions that can be harmful for developing
brain structure [11-13].

Continuous glucose monitoring (CGM) can enable
patients, their families and care-givers as well as clinicians
to make better-informed decisions on how to control
blood glucose levels, but only when this is fully adopted
in day-to-day care [14, 15]. Improvements in recent years
have allowed for better accuracy and simplicity of CGM

use, and, consequently, more successful implementation
[16], effective also with non-adjuvant use [17, 18].
Sensor-augmented insulin pump therapy and threshold-
suspend features added to CGM may additionally reduce
the burden of hypoglycemia and increase time in target
range, but thereis limited effect on time in hyperglycemia
[19].

A closed-loop system or artificial pancreas consists
of three components - a CGM, infusion pumps to deliver
hormones, and a sophisticated dosing algorithm [20, 21]
to control single (insulin) our dual (insulin and glucagon
- also called bihormonal or bionic system) hormone
delivery. In the past years, numerous studies with closed-
loop system devices were conducted with gradual shift
to out-of-hospital environment and with lengthening
study duration.

With the present review we are outlining data from
randomized controlled trials with out-of-hospital closed
loop glucose control for patients with type 1 diabetes.

DATA SOURCE

We searched PubMed from database inception until
15th of July, 2017, using the search terms and medical
subject headings (MeSH) artificial pancreas OR closed-
loop OR closed loop in outpatient setting (home OR
outpatient OR camp OR hotel) in patients with type 1
diabetes for reports of randomized controlled trials.
References and related citations of articles were screened
to identify other relevant articles. To be included into
the review, studies had to be RCTs comparing closed-
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Figure 1. Study flowchart for selection of trials for inclusion.

loop use with conventional insulin treatment (CSlI
with our without CGM) and the study aim to achieve
an improvement in metabolic control with reported
glycemic outcomes analysis. The primary endpoint of
this review was proportion of time within target range
(preferably 70 to 180 mg/dl if reported, additionally we
looked also into time in hypoglycemia (below 70 mg/dI
if reported) and mean (median) glucose based on sensor
measurements [22]. In present review we followed
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) statement and checklist.

RESULTS

We present search results, number of trials reviewed
and selected in Figure 1. Twenty-nine reports on 28
randomized controlled trials containing and analyzing
data on 739 adults, children and adolescents with
type 1 diabetes were included into this review (Table

1). Thirteen comparisons evaluated glycemic control
for the overnight period, in 14 trials the observational
period was both day and night, one trial evaluated day
and night glycemic control for the adult population
and overnight for pediatric population. In 15 RCTs the
model predictive control (MPC) algorithm was used,
proportional integrative derivative (PID) in nine, four
used fuzzy logic algorithm driven closed-loop. Clinical
trials were diverse in number of patients included (from
eight to 75), duration of observational period (from one
night to 12 weeks), clinical setting (camp, hotel, at home)
and included participant’s average age. Two clinical
trials appraised both dual and single hormone system
in a three-way comparison, five trials evaluated dual
hormone system use, and all the other trials appraised
single hormone system. The usual comparator was
sensor augmented pump (SAP), in three trials with low
glucose suspend (LGS) function turned on, in all three
the comparator was single hormone system.
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5 388 - N é " é 33 § TIME IN TARGET GLYCEMIC RANGE
51555 33 8882358 ¢8 . .
a |V 99 v ARVERVARS) The first RCT contrasted single hormone
closed-loop control with SAP in outside hospital
e settings in 2013, including 54 adolescents with

Q *E type 1 diabetes [23]. Median time (IQR) within
§ S = . » range 70 to 140 mg/dl| for the overnight period
(] 2 R S was 4.4 (2.8 to 6.7) hours with closed-loop

E Z § § ? °N\° § § § § 3\01 E’ %, § E‘ compared to 2.8 (1.5 to 4.4) hours with SAP
g -g o - g M oM T N Q © e o c: (p<0.05).

S § i ' ! In next four years additional eleven trials

55 including 348 participants evaluated overnight

© € glycemic control with single hormone closed-

loop control. In all but two there was a
significant improvement in time spent in target
range (Table 1).
w | g g S . g a S g g g g From the year 2014 several trials with single-
£ |68 8 2/825/8<x3 5 8 ¢/&8 8 gl 2 hormone closed-loop control evaluation and
S |x = S = g 7:‘: $ % = 8 = 2 9| ¢ 24/7 observational period showed significant
52839221822 28 3/28 3 g improvement in time spent within target range
2, *E 2 c *E v % 2V % *E 2 c *E 2 sl g [31, 32, 37, 44-46]. Out of those, Thabit and
S| £ 23S @£ 82 7 £ 2o = 2 s colleagues reported the longest randomized out
5 |E g ECH G E E E g g f hospital study to date. Participants includin
SlEe |ETne 2 EE |EE | §  ofhospitalstudy pants including
— = = = J both adults (evaluated for day and night period)
S and children (only overnight period) that were
g evaluated for 12-week period with closed-loop
§ and than sensor-augmented pump glucose
K control or other way around. Among both adults
c © fz_‘: and children the percentage of time when the
°§ ‘_g '_g %, © g glucose was within target range was increased
o a a s = £ with closed-loop glucose control (for adult
E & & a E s population with paired difference 11%, p<0.001
£ = = x = g and with 8.9 %,p<0.001 for children) [32].
- §. Additional three trials compared closed-
’c|‘>. loop glucose control to LGS feature enabled SAP
[a) [35, 40, 51], none showed improvement in time
c s spent within range.
% " - é Seven trials including 101 children and
5 =z < = § = adolescents and 117 adults contrasted the
': ° 3 2 2 *2 use of dual hormone closed-loop with SAP
S o = < in outpatient setting. Six out of seven trials
b 2 revealed a significant increase in time spent
. ° within target range [30, 33, 39, 42, 43, 47].
5 5 Three trials had a three-way comparison
g 5 = ~ s § design between dual-hormone (insulin and
Y ™ g glucagon) closed-loop, single-hormone
2 g closed-loop and conventional insulin pump
o] therapy. Only one of them showed a significant

v ° . .

£ 2 difference between dual-hormone single-
8~ o~ ~ o O hormone closed-loop glucose control in terms

:g £ N - N Cﬁ of time spent within target range (p=0.032)
© 2 [30].

& & To date only two outpatient day-and-night
“:,3 _ z trials evaluated the use of closed-loop in
E‘: E § g = § young preadolescent children [43, 45]. These
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the percentage of time spent in target range with single-
hormone closed-loop glucose control [45].

TIME SPENT IN HYPOGLYCEMIA

In nine out of ten outpatient RCTs single-hormone
closed loop glucose control reduced time spent in
hypoglycemia (Table 1). The difference between two
treatment modalities was less pronounced for the 24/7
observational period where only three trials reported
reduced time spent hypoglycemia during single-
hormone closed-loop use [31, 32, 45].

Compared to LGS enabled feature treatment group
single-hormone closed-loop use improved time in
hypoglycemia in one out of three trials [35].

For the subgroup of trials with dual-hormone systems
closed-loop insulin-delivery reduced time spent in
hypoglycemia (p=0.048, p<0.01, p<0.0001, p<0.0001,
p=0.017) in five RCTs [33, 43, 47, 48, 52], in one trial
including both adult and adolescent population the
percentage of time in hypoglycemia was reduced in
adult population (p=0.001), but not among adolescents
(p=0.23) [39]. Likewise, another dual closed loop study
failed to show a significant difference (p=0.139) in the
percentage of time spent in hypoglycemia [42]. In a three
way comparison dual-hormone system improved time
spent in hypoglycemia below 76 mg/dl (p=0.032) in one
of three RCTs comparing single-hormone closed-loop
use [30].

MEAN GLUCOSE AND GLUCOSE VARIABILITY

Nine trials (four for overnight and five for 24/7
evaluation) with single-hormone and additional four with
dual-hormone use showed a significantly reduced mean
(median) glucose during single-hormone closed-loop
(Table 1). In two trials mean glucose was increased [38,
45] and in other seven there was no difference between
the treatment groups, including the comparison between
single and dual-hormone system (Table 1).

To date, several trials comparing closed loop with SAP
reported significantly lower glucose variability [23, 25,
31, 32, 37]. However, no significant decrease was showed
in eight additional trials including 202 participants
[28, 29, 34, 36, 38, 45, 46], and a trial conducted on 16
adolescents reported an increase of 3% in glucose
variability within each night (p<0.003) [24]. Compared to
LGS system closed-loop glucose control reduced glucose
variability in one trial [35], in other two this glucose
outcome was not reporeted.

Similar observations were reported in a subgroup of
trials with dual hormone system used, where four out
of seven trials achieved significant decrease in glucose
variability [39, 42, 43, 47] and the remaining three studies
revealed no significant difference in glucose variability
[30, 33, 48].

DISCUSSION
Closed-loop glucose control represents the state-of-

the art in type 1 diabetes management and with rapid
development in recent years promises to become a part

of unsupervised clinical care [53, 54]. Current data almost
unanimously support the use of closed-loop as safe and
efficacious therapeutic option, with clinically relevant
improvement in time spent in target range. Recent meta-
analysis showed clinically significant improvement of
more than 12 % of time spent in target range with the
use of closed-loop systems compared to glucose control
without computer algorithm [55], and without increased
riskof hypoglycemia or blood glucose excursions.This was
achieved with both dual-hormone and single-hormone
system. Head to head comparison between both systems
revealed slight difference favoring dual-hormone system
[52]. Closed-loop glucose control was effective also in
reducing time in hypoglycemia. The difference was more
pronounced for the overnight period. There was little
improvement in time in range or time in hypoglycemia
compared to LGS systems. However, closed-loop reduced
glucose variability, which can be harmful for developing
brain in children.

As this glycemic outcome was not accessed in all trials,
it is impossible to draw generalized conclusions on the
main question of this review. Also within this review we
didn’t estimate the effectiveness of closed-loop systems
in compare with conventional CSIl by HbA1c because of
the extremely short duration of published RCTs.

Due to lack in consistency in terms of reporting
basic glycemic outcome measures between study
reports, a consensus statement was published recently
to enable unified outcomes reporting and with it easier
interpretation of study results and widespread use to
improve the lives of people with type 1 diabetes [22].

CONCLUSION

Much work has been done to develop effective
and safe artificial pancreas, but not all RCTs confirmed
advantages of closed-loop glucose control in compare
with CSll in children and adolescents in real life. Absence
of uniform methodology for glycemic control assessment
(glycemic variability indexes, target ranges, hypo- and
hyperglycaemia levels) makes impossible a quantitative
comparison of different RCTs results. Further RCTs with
a uniform methodology for glycemic control assessment
required to prove benefits of closed-loop glucose control.
Future researches should have also enough duration
to make usable cumulative measures in a closed-loop
efficacy estimation (HbA1c).
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