
Inpatient Diabetes in the 21st Century:
CSI or CSII

Mark Evans
Institute of Metabolic Science, 

Wolfson Diabetes Endocrine Clinic
Cambridge

@MEvansCambridge



ME has received speaker/ writers fees, travel support, & 
research support from:

Abbott Diabetes Care, AstraZeneca, Dexcom, Eli Lilly, 
Medtronic, Cellnovo, Novo Nordisk, Roche, Boehringer

Ingelheim, Sanofi Aventis.

Disclosures



National Diabetes Inpatient Audit 
Hospital characteristics, 2018

England and Wales

9 May 2019

V1.0



Solutions for the 2020s?

• Research based evidence!
• Glucose monitoring
• IT monitoring and decision support
• Automated insulin delivery
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CSII and Inpatients
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Closed-Loop

N = 70

Control

N = 66

Gender (M/F) 50/20 43/23

Age (yrs) 68 ± 10 68 ± 14

BMI (kg/m2) 32.7 ± 8.2 32.1 ± 8.1

HbA1c (%) 8.1 ± 1.9 8.0 ± 1.9

Duration of diabetes (yrs) 17 ± 11 16 ± 11

Duration on insulin (yrs) 10 ± 9 8 ± 9

Total daily insulin dose (U/24h) 64 (59) 51 (39)

Data presented as mean ± SD

Study Population



Results – Overall Glucose Control

Closed loop

N = 70

Control

N = 66
P

*Time in target 5.6-10 mmol/l (%) 66 (18) 39 (15) <0.001

Mean glucose (mmol/l) 8.5 (1.6) 10.5 (2.4) <0.001

SD of glucose (mmol/l) 2.6 (1.0) 3.3 (1.1) <0.001

Between days CV of glucose (%) 15.6 (8.0) 21.7 (12.2) 0.001

Time > 10 mmol/l (%) 23.6 (16.6) 49.5 (22.8) <0.001

Time < 5.6 mmol/l (%) 10.6 (6.7) 9.0 (13.2) 0.37

Time < 3.0 mmol/l (%) 0.0 (0.0 – 0.1) 0.0(0.0 – 0.0) 0.80

AUC < 3.0 mmol/l (mmol/l x mins) 0.0 (0.0 – 17.1) 0.0 (0.0 – 0.0) 0.63

Analysis by intention to treat

* Primary endpoint

Data are presented as mean (SD) or median (IQR) 
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Bally L et al, N Engl J Med. 2018
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closed-loop

control

Glucose profile

Bally L et al, N Engl J Med. 2018
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Median (IQR) total daily insulin (U/24h):

Closed-loop: 44.4 (27.2-70.6)

Control: 40.2 (36.5-65.5)

P=0.50

Insulin profile

Bally L et al, N Engl J Med. 2018



Safety Evaluation

• No severe hypoglycaemic episodes in either period

• No hyperglycaemia with ketosis in either period
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Sobngwi et al Diabetes Care 2010

Haemodialysis patients?

*
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• Closed-loop (n=9), control (n=8)

• Number of haemodialysis sessions: 

4.2±1.5 (CL) and 3.6±2.5 (control)

• Study duration: 8.0±3.1 (CL) and 

7.7±4.8 days (control)

Haemodialysis patients
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Glucose profile in dialysis patients

• 38% more time spent in target (95% confidence interval 24.4 to 50.8; 

p<0.001)

• 37% less time above target (p=0.001)

• No difference in hypoglycaemia (p=0.82)

• Similar amounts of insulin delivered (p=0.42)

Bally L et al, Kidney International 2019
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Glucose management during nutrition support

• Hyperglycaemia during nutrition 

support

• Up to 88% of patients receiving 

parenteral nutrition

• Up to 30% of patients receiving 

enteral nutrition

• Adverse effects on patient morbidity 

and mortality
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Nutrition Support

Glucose 
Sensor

Insulin 
Pump

Control 
Algorithm 
Device

• Two-centre RCT

• Inpatients on parenteral and/or enteral nutrition requiring s.c. insulin therapy

• Efficacy and safety  of fully automated closed-loop insulin delivery with Fiasp

vs. conventional s.c. insulin therapy

• Up to 15 days or until hospital discharge

Closing the loop on nutrition support



Study population

Data presented as mean ± SD
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Closed-Loop

N = 21

Control

N = 22

Male sex – no./total no [%] 14/21 [67] 17/22 [77]

Age (yrs) 66 (14) 69 (10)

BMI (kg/m2) 27.0 (4.3) 29.3 (5.1)

HbA1c (%) 7.3 (1.6) 7.4 (1.8)

Duration of diabetes (yrs) 11 (14) 7 (8)

Duration on insulin (yrs) 3 (9) 3 (6)

Total daily insulin dose (U/kg/24h) 0.6 (0.4) 0.6 (0.3)



Admission reasons

Closed-loop

N = 21

Control

N = 22

Infection/Sepsis 3 (14) 2 (9)

Renal 1 (5) 2 (9)

Malignancy 6 (29) 9 (41)

Gastrointestinal 8 (38) 6 (27)

Respiratory 1 (5) 0 (0)

Neurological 3 (14) 2 (9)

Medical/surgical 7/14 8/14

Emergency/elective 13/8 12/10

Charlson Comorbidity Score 8 (4) 6 (2)

Data presented as N (%). CCI P=0.010 
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Nutrition regimens

Closed-loop

N = 21

Control

N = 22

# patients on PN 6 7

# patients on EN 14 12

# patients on PN + EN 1 3

Daily CHO received as PN (g/24h) 131 (55) 145 (73)

Daily CHO received as PN (g/24h) 176 (65) 182 (75)

Daily CHO received as oral intake (g/24h) 53 (45) 36 (38)

Total carbohydrate (g/24h) 207 (57) 210 (76)

28

Data presented as mean ± SD. PN, parenteral nutrition; EN, enteral nutrition; CHO, carbohydrate



Closed-loop

N = 21

Control

N = 22
P

*Time in target 5.6–10.0 mM (%) 68.5 (15.5) 36.4 (26.6) <0.001

Mean glucose (mM) 8.5 (1.2) 11.4 (3.4) 0.001

SD of glucose (mM) 2.3 (0.8) 3.4 (1.4) 0.003

Time > 10 mM (%) 22.2 (15.7) 54.8 (29.7) <0.001

Time < 5.6 mM (%) 9.3 (6.3) 8.7 (10.3) 0.82

Time < 3.0 mM (%) 0.0 (0.0 – 0.2) 0.0 (0.0 – 0.8) 0.37

AUC < 3.0 mM (mM x mins) 0.0 (0.0 – 4.4) 0.0 (0.0 – 20.1) 0.39

Total daily insulin dose (U) 54 (26 – 83) 40 (29 – 53) 0.41
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Results - overall glucose control

Analysis by intention to treat

* Primary endpoint

Data presented as mean (SD) or median (IQR) 

ADA_2 ANGELA03 2014.ppt


30

Glucose profile in patients receiving nutrition

support

control

closed-loop

Boughton L and Bally L et al, Lancet DE 2019



pancreatico-duodenectomy (enteral nutrition)

stroke (enteral nutrition)
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total pancreatectomy (parenteral nutrition + oral intake)

pancreatico-duodenectomy (parenteral nutrition + oral intake)
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Acceptability 

outcomes
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