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 Media e deviazione standard 

HbA1c (%) 7,6±1,3 

HbA1c (%) per gruppo di trattamento:   

Microinfusore 7,1±1,0 

Basal-bolus 7,7±1,3 

Schemi con insulina premiscelata 7,3±1,2 

Insulina + altri anti-iperglicemizzanti 7,9±1,3 

 

Valori medi HbA1c DM 1 - Annali 2023 



History of the evolution of technology for the treatment of type 1 
diabetes

Bassi M et al. Life 2023, 13, 783.



L’algoritmo nei microinfuosori

L’algoritmo inserito nei microinfusori è definito come un insieme di 
«istruzioni» finalizzate alla somministrazione “automatica” di insulina 
sulla base della concentrazione di glucosio rilevata da un sensore per 

mantenere costante il livello stabilito di glucosio (target) minimizzando 
le oscillazioni glicemiche estreme

Il sogno ….

..La libertà dal continuo inseguimento 
glicemico 



Pancreas Artificiale:Molti Algoritmi, tre Approcci

Schettino M 2019

L’algoritmo Proporzionale-Integrale-Derivativo (PID) aggiusta l’infusione di 
insulina sulla base:

• della distanza glicemia del momento rispetto all’obiettivo(componente 
proporzionale) 

• tempo trascorso lontano dall’obiettivo(componente integrale)
• velocità cambiamento della glicemia(componente derivata) 



Pancreas Artificiale:Molti Algoritmi, tre Approcci

Schettino M 2019

Il modello predittivo di controllo (MPC) 
• usa un modello matematico che sulla base della glicemia prevista a 30 minuti eroga la 

basale per mantenere stabile l’obiettivo glicemico.

• modula il rilascio di insulina per minimizzare la differenza tra la previsione futura della 
glicemia e il target in un determinato orizzonte temporale.

Gli algorimi Fuzzy Logic 
- rispondono alle variazioni della glicemia seguendo regole ispirate al modo di agire di un           

diabetologo esperto
- aggiusta la dose di insulina sulla base delle glicemie misurate e della direzione e velocità     
- di cambiamento dei valori glicemici



▪ Ibridi : 

    richiedono intervento del paziente 

   (pasto, esercizio fisico) 

   

▪ Uniormonali : 

    somministrano solo insulina

      

Sistemi di Pancreas artificiale in commercio



Cosa fa?

• Regola e aggiusta automaticamente l’infusione basale di insulina (target glicemici

personalizzabili)

• Somministra boli correttivi

• Previene /riduce al minimo l’ipoglicemia

• Corregge/riduce al minimo l’iperglicemia

Pancreas artificiale “avanzato”



Pancreas artificiale  avanzati
In che cosa si differenziano tra loro

• Microinfusore

• Dispositivo per CGM

• Algoritmo

• Target glicemico

• Apprendimento dell’algoritmo

• Software per download dei dati

• Algortimo integrato nella pompa o in device esterno 





Comparison of main technological characteristics of AHCL systems

Bassi M et al. Life 2023, 13, 783.



Main pivotal, RCT and real-world studies for each HCL and AHCL system

Bassi M et al. Life 2023, 13, 783.



Tempo in range (70-180 m/dl)

Tempo >180 mg/dl

Tempo <70 mg/dl 

Variabilità glicemica

HbA1c 

Efficacia dei sistemi di pancreas artificiale in commercio

Boughton C, Howorka R, Diabetologia 2021,  64:1007-1015;

Benhamou PY et al. Lancet Digital Health 2019



Advantages 
and 

disadvantages 
of each system

Seget S. t al. Pediatr Endocrinol 
Diabetes Metab 2023; 29 (1): 30-36



. 2023 Jul 31;12(8):e230132. doi: 10.1530/EC-23-0132 
. 2023 Jul 31;12(8):e230132. doi: 10.1530/EC-23-0132 
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Dual- hormone artificial pancreas system974 |   DUAL- HORMONE ARTIFICIAL PANCREAS FOR T1D

consequence of the increased subcutaneous adipose tissue 

blood f low.84

Conversely, subcutaneous glucagon is rapidly absorbed, 

displaying an onset of action of 5 minutes, and a time to 

peak plasma concentrations of 10- 20 minutes.85,86 Because 

of such differences in the pharmacokinetics of insulin and 

glucagon, delivering glucagon when hypoglycemia occurs or 

is predicted may offer a more effective strategy to prevent 

hypoglycemia in comparison with suspension of subcutane-

ous insulin during closed- loop operation, particularly under 

circumstances of rapidly dropping blood glucose levels, such 

as during aerobic exercise.87,88 Small doses of subcutaneous 

glucagon lead to a rapid and remarkable increase in blood 

glucose levels in a dose- dependent manner.86 In fact, it has 

been shown that mini- dose glucagon (150 µg) administered 

subcutaneously effectively treats hypoglycemia (<70 mg/dL) 

in an outpatient setting,89 prevents exercise- induced hypo-

glycemia, and results in less postintervention hyperglycemia 

compared with carbohydrate ingestion during 45 minutes of 

aerobic activity in individuals with T1D.52

Preliminary evidence shows that dual- hormone artif icial 

pancreas (insulin and glucagon) is not superior to single- 

hormone (insulin alone) artificial pancreas in reducing noc-

turnal hypoglycemia in patients with T1D, suggesting that 

single- hormone system may be sufficient in counteracting 

slow overnight declines in glucose levels.30,75,90,91 However, a 

potential effect of glucagon (infused subcutaneously through 

dual- hormone artif icial pancreas systems) on lowering noc-

turnal hypoglycemia risk cannot be excluded. A randomized 

crossover trial demonstrated greater efficacy of dual- hormone 

artificial pancreas versus single- hormone system in reducing 

nocturnal hypoglycemia among children and adolescents 

with T1D attending a diabetes camp and participating in 

higher- than- usual levels of daytime physical activity.92

Larger and longer studies are warranted to better establish 

the role of dual- hormone artif icial pancreas delivering insulin 

plus glucagon in improving nocturnal glucose control follow-

ing different daytime activities mimicking real- life glucose 

excursions (eg, continuous moderate to high- intensity aero-

bic exercise, high- carbohydrate and/or high- fat meals, etc). 

Further studies are also needed in order to evaluate whether 

using glucagon in dual- hormone artif icial pancreas systems 

is able to lead to better glucose control and time in range 

by allowing more aggressive insulin delivery and relying on 

glucagon to treat hypoglycemia. Nonetheless, the addition of 

glucagon to a dual- hormone artif icial pancreas system does 

not completely abrogate the risk of hypoglycemia, particu-

larly in the presence of high circulating insulin concentra-

tions or if glucagon delivery fails.93,94 Indeed, another aspect 

worth mentioning is that insulin and glucagon absorption 

rates are positively correlated under closed- loop conditions, 

with slower absorption of insulin being associated with 

F I GURE 3 Schematic diagram illustrating the concept of a dual-  hormone artificial pancreas system. A dual-  chamber pump is equipped with 

two infusion sets for subcutaneous infusion of insulin in conjunction with glucagon or pramlintide (an amylin analog). A real-  time continuous 

glucose monitor sensor inserted in the subcutaneous space (A) transmits information about interstitial glucose measurements t o a control algorithm 

device (CAD; B). The CAD hosts a control algorithm (dosing algorithm) that analyzes and processes glucose readings from the gl ucose sensor 

and communicates wirelessly with the dual-  chamber pump (C), which automatically delivers insulin and glucagon or pramlintide based on glucose 

values. *Novel coformulations of insulin and pramlintide are currently under investigation and may allow for the development of  dual- chamber 

pump artificial pancreas systems capable of combined subcutaneous delivery of insulin, glucagon and pramlintide (triple-  hormone artificial 

pancreas) [Color figure can be viewed at wiley  onlin elibr ary.com] 
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Zeng B et al. Diabetes Obes Metab 2022;24(10):1967-1975

outcome and Egger's test,19,20 where a P value less than 0.05 indi-

cates the presence of publicat ion bias.

For the primary outcome, we conducted prespecified subgroup

analyses based on study setting (outpatient or inpatient), population

(adult or adolescent), and duration of intervention (24 hours or

overnight). P for the difference was calculated using random-effects

meta-regression, and a difference between the estimates of these

subgroups was considered significant if Pinteraction < 0.10.21 All the

analyses were performed with Stata 14.

3 | RESULTS

3.1 | Characteristics of included studies

This systemat ic literature search init ially identif ied 460 records and,

after excluding duplicates and irrelevant papers, 53 papers were

evaluated in full text for eligibility (Figure S1). Finally, 17 randomized

crossover trials (438 participants) in 16 papers were included in the

present meta-analysis.9,22-36 Five studies were three-way crossover

trials,9,29-31,36 and one study was a four-way crossover trial.26 We

included nine trials in the analysis of DH versus SH, 13 trials of DH

versus SAP/ CSII, and two trials of DH versus PLGS. Three trials only

enrolled adolescents,29,34,35 two trials9,31 enrolled patients aged

12 and above but only one trial9 reported the results of adolescents.

Insulin and glucagon art if icial pancreas systems were used in all tri-

als, except one32 which used an insulin and pramlint ide art if icial pan-

creas system. Eight trials were conducted in the United

States,25-27,33-36 seven were conducted in Canada,9,22,28-32 and two

were conducted in the Netherlands.23,24 Four trials had inpatient

sett ings,22,28,32,33 and the remaining 13 trials had outpat ient set-

tings. The characterist ics of individual studies are summarized in

Table 1. Most examined items were assessed as being of low or

unclear risk of bias except blinding. Because of the nature of the

FI GU RE 1 Forest plot for time in target range comparing dual-hormone artificial pancreas systems (DH) with single-hormone artificial

pancreas systems (SH), sensor-augmented pumps (SAP)/ continuous subcutaneous insulin infusion (CSII), and predict ive low glucose suspend

systems (PGLS). MD, mean difference

1970 ZENG ET AL.
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Time in target range



Zeng B et al. Diabetes Obes Metab 2022;24(10):1967-1975

Time in 
hypoglycaemia

intervention, blinding for part icipants and personnel was impractica-

ble. The detailed risk of bias assessment results are shown in

Table S1. The quality of evidence for each outcome was rated

according to the GRADE framework (Table S2).

3.2 | Primary outcome

All meta-analysis results are presented as pooled effect estimates for

DH versus control treatments. There was no significant difference in

time in target range between DH and SH in nine trials (MD 2.69%,

95% CI 0.38 to 5.76, P = 0.09, I2 = 63%; GRADE: low). Compared

with SAP/ CSII, DH resulted in 16.05% (95% CI 12.06 to 20.05, P

< 0.001, I2 = 83%; GRADE: moderate) more time in target range in 13

trials. Compared with PLGS, DH increased 6.89% (95% CI 2.63 to

11.14, P = 0.002, I2 = 0%; GRADE: low) more time in target range in

two trials (Figure 1).

The primary outcomes stratified by study setting, population and

duration of intervention are shown in Table S3. Compared with SH,

the use of DH showed a significant improvement (P = 0.03) in time in

target range in inpatient settings (without exercise) but not in outpa-

tient settings, and a significant interaction (P = 0.09) was observed.

No significant difference was observed in other subgroup analyses

comparing DH with SH. When comparing DH with SAP/ CSII, outpa-

tient setting was associated with a greater difference for time in tar-

get compared with inpatient setting (with exercise), although the test

for interaction was not significant (P = 0.11). The more favourable

effect of DH use compared with SAP/ CSII use was more evident for

time in target range in overnight and adolescent subgroup analyses.

No subgroup analysis was performed for DH versus PLGS because

only two trials were included.

A post hoc sensitivity analysis was performed by excluding a rapid

insulin and pramlintide artificial pancreas system.32 The time in target

range was also similar in the DH and SH groups (MD 1.38%, 95% CI

FI GU RE 2 Forest plot for time in hypoglycaemia comparing dual-hormone artificial pancreas systems (DH) with single-hormone artificial

pancreas systems (SH), sensor-augmented pumps (SAP)/ continuous subcutaneous insulin infusion (CSII), and predict ive low glucose suspend

systems (PGLS). MD, mean difference

ZENG ET AL. 1971
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CONCLUSIONI
• I sistemi di infusione automatica di insulina sono in continua e rapida 

evoluzione, e i sistemi Closed Loop(microinfusore, CGM e algoritmo di 

controllo) hanno ulteriormente migliorato il controllo glicemico, riducendo il 

peso del diabete migliorando la qualità della vita.

• Siamo tutti in attesa di arrivare a sistemi «Full-Closed Loop» (completa 

autonomazione della terapia), ma la sfida presente e futura sarà quella di 

acquisire sempre maggiori capacità per sfruttare al meglio gli sviluppi offerti 

dalla tecnologia armonizzandoli però al massimo con le richieste e le 

possibilità(anche economiche) dei pazienti e tenendo ben presente anche 

l’impatto sul piano ecologico.



Sempre più sistemi per la somministrazione 
automatica di insulina

RUOLO EDUCATIVO DELL’INFERMIERE 

                  Donatella Gaviglio
     CPSE  DH DIABETOLOGICO

        ASO SANTA CROCE E CARLE
 



LA FORMAZIONE del paziente è parte 
fondamentale del percorso di EDUCAZIONE 

TERAPEUTICA
INFERMIERE

DIABETOLOGO

SPECIALIST

PAZIENTE



LA TECNOLOGIA… QUESTA SCONOSCIUTA

L’infermiere deve possedere competenze specifiche:

• Penna intelligente

• Microinfusore integrato

• Patch pump

Ogni sistema prevede modalità di scarico e condivisione dei dati 
glicemici con diverse caratteristiche



QUALI CONOSCENZE E COMPETENZE DEVE 
RAGGIUNGERE LA PERSONA CHE UTILIZZA IL 

SISTEMA?

• Impostazione

• Gestione

• Manutenzione

• Conoscere quando e come intervenire

• Conoscere le criticità

• CONDIVISIONE DEI DATI SU PIATTAFORMA



Ruolo dell’infermiere (sensori e penna intelligente)
- Individuazione del paziente, illustrazione tipologia e caratteristiche dei sistemi 
- Contatto con il paziente e con lo specialist della ditta (quando previsto) 

SUPPORTO NELLA CONFIGURAZIONE DEI SISTEMI:
- Smartphone/smartwatch: SCARICARE L’APP
- Telecomando/pod

• Controllare data e ora sul dispositivo

• Creazione profilo utente

• Durante la configurazione, i sistemi guidano  l’utente in pochi step (video tutorial o guide passo-passo con 
immagini)

• Impostazioni allarmi
• Addestramento all’inserimento del sensore
• Per l’impianto del sensore impiantato predisposizione del materiale occorrente



Ruolo dell’infermiere (microinfusori)
- Individuazione del paziente, illustrazione della tipologia di sistemi
- Contatto con il paziente e con lo specialist della ditta 

SUPPORTO NEL TRAINING E NELLA CONFIGURAZIONE DEI SISTEMI
- Smartphone/smartwatch: SCARICARE L’APP
- Telecomando/pod
- Impostazioni data/ora 
- Impostazioni velocità, rapporto I/CHO, fattore di correzione, sospensioni, allarmi…

Controllare data e ora sul dispositivo

Creazione profilo utente – predisposizione condivisione dati per creazione report

Durante la configurazione, i sistemi guidano  l’utente in pochi step



VERIFICA
• Corretto utilizzo

• Ispezione sedi corporee utilizzate per canule/sensori

• Conservazione idonea dei dispositivi e insulina

• Visualizzazione dei report e prima analisi con il paziente 
(sostituzione set, inserimento carboidrati, gestione 
ipo/iperglicemia, tempo di utilizzo) 

• Gestione emergenze

• Valutare le criticità riferite dal paziente e anche i motivi alla base di 
un utilizzo scorretto



EDUCAZIONE TERAPEUTICA
…dovrebbe permettere al paziente di acquisire e mantenere le capacità e

le COMPETENZE che lo aiutano a vivere in MANIERA OTTIMALE con la

sua malattia…

…E’ finalizzata ad aiutare il paziente e la sua famiglia a comprendere

la natura della malattia e dei trattamenti, a collaborare attivamente alla 
realizzazione del PERCORSO terapeutico e a prendersi cura del proprio

stato di salute, per mantenere e migliorare la propria qualità di vita

       (OMS 1998)

RIPRESA EDUCATIVA

(“formazione per l’autogestione

 e /o addestramento 

all’utilizzo dei relativi meccanismi” ex cod. 

94.42.2) 



Evaluation of the Adherence to Continuous Glucose Monitoring in 
the Management of Type 1 Diabetes Patients on Sensor-Augmented 

Pump Therapy: The SENLOCOR Study

 Sylvie Picard 1, Hélène Hanaire 2, Sabine Baillot-Rudoni 3, Elisabeth Gilbert-Bonnemaison 4, Didier Not 5, Yves Reznik 6, Bruno Guerci 7

Conclusioni: nei pazienti con diabete di tipo 1, una formazione di 6 mesi sulla SAP che ha 
coinvolto un team multidisciplinare, e in particolare HCPN, ha migliorato il controllo 

metabolico con un elevato livello di aderenza e soddisfazione.
(HCPNS: infermieri domiciliari)

Observational Study 2016 Diabetes Technology & Therapeutics 

Mar;18(3):127-35



TAKE HOME MESSAGE

    Importanza del Team 



Grazie per 
l’attenzione



Bassi M et al. Life 2023, 13, 783.

GRAZIE PER L’ATTENZIONE
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