MEOULIMHA
MEDICINE

UDC 616-018:616:379-012.54:542:116.2
L. Vogtl, K.-D. Kohnertz, P. Heinkez, A. Thomas® , E. Salzsieder?

'Diabetes Service Center, Karlsburg, Germany,
Institut of Diabetes «Gerhardt Katschy, Karlsburg, Germany;
3Medtronic, Meerbusch, Germany
(E-mail: vogt@diabetes-karlsburg.de)

Use of the KADIS-CSII program for adjusting insulin pump therapy
in type 1 diabetes

Continuous subcutaneous insulin infusion (CSII) has become a standard for treatment optimization of type 1
diabetes (T1D). However, the transition from Multiple Dose Injection (MDI) to CSII therapy can be challenging.
The objective of the present study was to use KADIS, the Karlsburg Diabetes Management System, for individ-
ual basal and bolus insulin adjustments in patients with type 1 diabetes while switching from MDI to pump ther-
apy. We describe the extended KADIS-CSII program and its practical application for adjustment of insulin
pump therapy. We conducted a pilot study including 12 patients with T1D who had received MDI therapy con-
sisting of short- and long-acting insulin injections. Baseline HbAlc was 8.2+0.8 %, age 31.3£11.1 years, and
diabetes duration 15.7+6.7 years (mean+SD). Data derived from continuous glucose monitoring (CGM) during
MDI therapy were processed by the KADIS algorithm in order to characterise the patient’s specific metabolic
parameters. Those were used to estimate individual basal infusion rate patterns as well as insulin boluses based
on carbohydrate consumption for the transition to CSII. Three months after transitioning from MDI to CSII
based on KADIS guided therapy, the mean HbAlc value was reduced to 7.6+0.5 % (—0.6 % vs. baseline,
p<0.05) and remained at this level until the end of the 6-month study. Likewise, time <3.9 mmol/L (p=0.008),
glycemic variability indexes, such as SD around mean glucose (p=0.010), MAGE (p=0.001), and CONGA
(p=0.007), were all significantly lower at study end. Consistent with these data, quality of glycemia measured by
the GRADE index and a recently developed Q-score was also improved. The proposed KADIS-CSII program
could become a practicable and efficient tool to support adjusting insulin pump therapy.
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Introduction

Several studies have shown that diabetic patients with poor glycemic control who are assigned to insu-
lin infusion therapy achieve better improvements in HbAlc levels than those that remain on multiple injec-
tion treatment [1-5]. Compared with Multiple Dose Injection (MDI), the essential advantages of continuous
subcutaneous insulin infusion (CSII) include adjustable basal rates and flexible delivery of short-acting insu-
lin boluses for meals according to individual lifestyle preferences. While currently available conventional
insulin pumps may differ by some specific features, all of them provide similar basic functionality allowing
users to deliver pre-programmed pattern of basal insulin adjustable for times of lower and higher insulin de-
mand, like during exercise or acute illness. Boluses are given before meals based on actual blood glucose
levels and the anticipated food intake. Pumps can also provide decision support by calculating the insulin
bolus dose needed to cover for the amount of carbohydrates to be consumed. The flexible use of short-acting
insulin boluses at mealtimes and continuous basal insulin infusion around the clock does represent an accept-
able compromise, closely mimicking physiologic pattern of insulin secretion. Consequently, if handled ade-
quately users can achieve near-normoglycemia without extensive glucose fluctuations and without increasing
the risk for hypoglycemia.

The transition from MDI to insulin pump therapy does allow for therapy optimization by determining
individualized basal insulin infusion rate pattern, which differ from patient to patient and vary within periods
of the day. The basal insulin dose is usually calculated as a percentage of the total daily insulin requirement.
In order to establish variable rate pattern one can introduce fasting periods and compensate changing blood
glucose levels by adjustments of the basal rates. In practice this procedure of compensation is cumbersome
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and usually requires several days until blood glucose levels remain relatively steady. After a 24-h basal insu-
lin profile has been established, meal boluses can be refined considering respective carbohydrate intake. The
whole process of building up basal rate profiles and determining meal boluses correctly is rather time-
consuming and represents a challenge for most family physicians as well as their patients.

We have previously developed the personalized counseling program KADIS® (Karlsburg Diabetes Man-
agement System) [6—8]. The program is based on a mathematical model describing the glucose metabolism in
the form of a coupled system of differential equations. The individual metabolic situation, including food in-
take, insulin therapy, anti-diabetic medication, physical activity, and lifestyle, is reflected by a so-called «Meta-
bolic Fingerprint» for each patient. Endogenous factors, such as insulin sensitivity and insulin reserve are iden-
tified during the process and responsible for the individual expression of the fingerprint profile.

Based on CGM measurements and patients’ metabolic control data, we have expanded the KADIS pro-
gram for implementation in CSII therapy to determine individual basal insulin rates and meal boluses. Here
we are presenting a pilot study using the expanded KADIS program supporting the optimization of
basal/bolus insulin delivery by pump with focus on T1 while switching from MDI to CSIL

Research Design and Methods

KADIS-based adjustment of CSII therapy. For this purpose, the original KADIS-program was extended
and implemented in the CSII therapy, as further referred to as KADIS-CSII. The KADIS-CSII therapy sup-
port was implemented as follows: First, CGM measurements and patient’s self-control data (CHO-meals,
insulin doses, time etc.) were entered into the KADIS software to generate the «Metabolic Fingerprint», as
demonstrated in Figure l1a. The «Metabolic Fingerprint» represents an in silico copy of the patient’s meta-
bolic status. Second, as shown in Figure 15, an initial setting of the basal rate was performed on the com-
puter, omitting meals and insulin boluses (switch off within the software). Taking the pharmacokinetic dif-
ferences between basal insulin infusion and bolus injections into account, the basal insulin rate, sufficient of
predicting the glycemic curve residing in the normal range, was calculated by the KADIS specific mathe-
matical algorithm. Third, meal effects were included in the computer simulation estimating appropriate insu-
lin boluses in relation to the carbohydrate intake (Fig. 1¢).

Setting and Patients

The pilot study was carried out at the Clinic of Diabetes and Metabolic Diseases Karlsburg, Germany,
between February and December 2012. Twelve patients with type 1 diabetes on MDI therapy for a minimum
of 2 years were included. MDI therapy consisted of either short-acting insulin Humalog (n = 4),
Novorapid/Actrapid (n = 5), Liprolog (n = 2) or Huminsulin (n = 1) in combination with long-acting insulin
Lantus (n =9), Levemir (n = 2) or Huminsulin basal (n = 1). Exclusion criteria included clinically significant
nephropathy, neuropathy, retinopathy, and women who were pregnant or breast feeding. Mean age of the
participants was 31.3 + 11.1 years, diabetes duration 15.7 & 6.7 years, and baseline HbAlc 8.2 + 0.8 %.

After hospital admission a continuous glucose monitoring was performed over 6 days, using the iPro
system (Medtronic MiniMed). All participants performed a MDI therapy during this CGM. All participants
signed informed consent prior to study entry. The main patient characteristics are shown in Table 1.

Table 1
Baseline characteristics of the study patients
Patient Age Gender Diabetesduration HbAlc BMI2 Insulinrequirement
(years) (years) (%) (kg/m") (U/day)
1 38 m 26 8.0 30.0 66
2 25 w 19 8.0 29.0 50
3 23 w 14 8.5 22.4 41
4 25 w 22 10.3 23.5 39
5 61 w 5 7.6 274 36
6 26 w 19 8.4 24.1 61
7 28 w 16 7.5 25.5 54
8 36 m 15 8.1 25.4 66
9 25 w 13 8.5 23.5 60
10 24 m 18 8.7 21.5 42
11 40 m 2 7.3 22.6 42
12 25 w 19 7.5 274 64
N=12 | 31.3#11.1 8f/4m 15.7+6.7 8.2+0.8 25.2+2.7 51.8+11.4
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a) «Metabolic Fingerprint» — After enter-
ing the measured data from continuous glu-
cose monitoring (glucose curve with red
dots), insulin dosing (3 x short-acting insulin,
1 x long-acting insulin; bar graph in the mid-
dle), and the meals as CHO (lower part of the
figure), the model is fitted to the metabolic
control of the patient and the glucose curve
(blue) is finally simulated by the KADIS®
model system

b) KADIS®-based profile of the insulin
basal rate — After omitting the insulin bolus
as well as meals, and considering the different
pharmaco-kinetics of bolus insulin injections
and continuous insulin infusion (CSII) is
determined by simulation of the individual
basal rate (bar graph)

¢) KADIS®-based transition to CSII ther-
apy — Meals are added again and the insulin
boluses determined in relation to the amount
of carbohydrates consumed. The expected
glucose curve for the KADIS®-CSII setting
of the individual basal rate and meal insulin
boluses (red bar in the middle) is shown in
blue

Figure 1. Procedure for KADIS® CSII-based assessment of the basal rate and the adjustment of boluses
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The data flow for application of KADIS-CSII is shown in Figure 2. Comprising of:

(1) personalized mathematical adjustment to the acute individual metabolic situation «Metabolic Fin-
gerprinting;

(2) KADIS-based computer simulation of change of insulin injection from MDI to CSII therapy, taking
pharmacokinetics under MDI and continuous insulin infusion into account;

(3) simulation of food omission and mathematical determination of individual basal insulin rate;

(4) simulation of meal insulin boluses dependent on food intake and changing circadian insulin sensi-
tivity.

Visit 1 — Switch MDI >CSOI ~ —— - :

-CGM | s plemn.hd basedata
- KADIS®-CSH pump-> basal rate pps) \ SMBG data
ok i . Y
KADIS®
2 : identification
KADIS® basal rate Simulation applying
Calculation traditionally used basal insulin rate

Visit 2 e el gy B3 e o
- CGM 8 -CGM B
- KADIS®.CSI | - KADIS®-CSTI ||

Data analysis, evaluation

Figure 2. Flow chart of the KADIS-CSII study

Based on the result of the KADIS — CSII simulation a proposal was put forward to support the attending
physician in adjustment of pump therapy.

Measures of glycemia

HbAlc levels were estimated from blood samples by standard procedure. The following measures were
derived from CGM profiles: mean glucose concentration (MGC), standard deviation around mean glucose
(SD), time spent in hypoglycemia and hyperglycemia, high blood glucose index (HBGI), low blood glucose
index (LBGI), interquartile range, mean amplitude of glycemic excursion (MAGE), and continuous overall net
glycemic action (CONGA). In addition, the quality of glycemic control was assessed by the Glycemic Risk
Assessment Diabetes Equation (GRADE) score and a newly developed Q-score [9-10]. The Q-score does rep-
resent a combined value of various qualitative measures of glucose control that has been proven an effective
determination of metabolic risk for an individual patient. Q-score evaluation criteria are depicted in Table 2.
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Table 2
Q-Score evaluation criteria

Q-Score Clinical evaluation of the quality of glycemic control
Glycaemia mostly outside the target range (>80 %), very high
>12.0 Poor e . .
variability, presence of hypoglycaemic episodes
. Glycaemia often outside the target range (50-80 %), high
8.5-11.9 Fair L . .
variability, hypoglycaemic episodes can occur
- - - — 0
6.0-8.4 Satisfactory Glycaemia partially outside the .targfzt range (20-50 %),
reasonable variability
- — —
40-5.9 Good Glycaemia mpst}y within the target range (80 100 %),
low variability, no hypoglycaemic episodes
- — —
<40 Very good Glycaemle} c.ompleta'ely'v.vnhln the target range (80—-100 %),
negligible variability, no hypoglycaemic events

Primary outcomes were the HbAlc value and time in hypoglycemia (<3.9 mmol/L). Secondary out-
comes included glycemic variability and quality of glycemic control.

Statistical analysis

Data are presented as mean+SD values unless otherwise specified. Individual comparisons within pa-
tients between MDI and CSII treatment were performed using the paired t-test and between group compari-
sons using analysis of variance. The mean area under the glucose curve (AUC) was calculated by the trape-
zoidal method. A P-value of <0.05 was considered statistically significant. Analyses were carried out using
SPSS, version 12.0.

Results

Table 1 shows the baseline characteristics of the participants included in the study. Prior to CSII therapy
HbA1c levels ranged from 7.3—10.3 % (56-89 mmol/mol). Switching to CSII therapy reduced HbAlc values
by an average 0.6 % (p<0.052) during 3 month with no further decrease until the end of the study at 6 month.
As shown in Table 3, CGM mean glucose was not significantly decreased, while time spent at glucose levels
<3.9 mmol/L was reduced by a mean of 64 % (p = 0.008). This is consistent with a 62 % decrease in LBGI.
The time glucose levels were in target range (3.9-8.9 mmol/L) increased overall from 73 to 86 %
(p =0.048). Four out of the 12 participants achieved 100 % with glucose levels spent in the target range.
CSII therapy also decreased glycemic variability: SD 1.8 vs. 2.8 mmol/L (p = 0.010), MAGE 0.9 vs.
1.6 mmol/L (p = 0.001), and CONGA 2.7 vs. 4.3 (p = 0.007). It did not significantly decrease the GRADE
score (5.6 vs. 7.3, p = 0.12) but did improve the quality of glycemic control as estimated by the Q-score
(8.0 vs. 12.6, p = 0.001).

Table 3
Comparison of glycemic parameters at baseline and after 3 and 6 months duration
MDI CSII CSII
Parameter baseline at 3 months at 6 months P Value
HbAlc, % 8.2 7.6 7.6 0.052
MGC, mmol/l (mg/dl) 7.5 [135] 8.3 [149] 7.3 [131] 0.065
SD, mmol/l (mg/dl) 2.8 [50] 2.2 [40] 1.8 [32] 0.010
MAGE, mmol/l (mg/dl) 1.63 [29] 1.09 [20] 0.91 [16] 0.001
Time > 8.9 mmol/l, h/day 6.87 8.22 5.54 0.359
AUChyper, mg/dlxday 19.50 17.03 12.31 0.166
Time < 3.9 mmol/l, h/day 2.87 0.65 1.02 0.008
AUChypo, mg/dlxday 2.35 0.41 0.54 0.010
Glucose levels in target range, % 72.7 74.5 86.0 0.048
Glucose Range, mmol/l (mg/dl) 10.5[189] 8.6 [155] 6.9 [124] 0.006
HBGI 2.51 2.59 1.94 0.166
LBGI 1.70 0.42 0.65 0.011
GRADE 7.27 6.89 5.61 0.115
CONGA? 4.34 3.63 2.65 0.007
Q-Score 12.6 9.7 8.0 0.001
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MGC, Mean Glucose Concentration; SD, Standard Deviation of Glucose Concentration; MAGE, Mean
Amplitude of Glucose Excursion; Glucose Range (Max/Min), HBGI, High Blood Glucose Index; LBGI,
Low Blood Glucose Index; GRADE, Glycemic Risk Assessment Diabetes Equation; CONGA, Continuous
Overall Net Glycemic Action; Q-score, Quality of glycemic control.

Comparison of the basal rate estimates using the KADIS-CSII algorithm e.g. with the default scheme pro-
posed by Renner [11, 12] for setting the basal insulin rate did reveale significant differences (Fig. 3). The differ-
ences consisted in dose, which were on average lower than by the traditional method, and in dynamics/distribution
of the basal rate. Fig 4 demonstrates an example in case of identical basal insulin dose recommendation resulting
in differences of distribution between KADIS-CSII and the Renner method. The method by Renner suggested an
average 26.6 £ 6.6 IU daily amount of insulin, whereas CSII-KADIS suggested 21.7 £ 5.7 TU (p = 0.35). With
minor modifications implemented by HCPs under everyday conditions, the mean basal insulin dose at the end of
the 6months period consisted of 20.6 + 4.8 U/day (p = 0.24).

0,00

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

Figure 3. Basal rate profiles obtained for 26 TU with KADIS®-CSII adjustment (red)
and after using the default profile by Renner et al. (light blue)
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Figure 4. Samples of individual basal rate profiles with KADIS®-CSII of patients included in present study
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Discussion

Our study shows that the KADIS-CSII program, which was specifically developed for recom-
mendations of insulin pump therapy, is able to efficiently provide basal rates and insulin meal boluses. The
capabilities of our algorithm outperform most widely used empirical approaches, which require several time-
consuming meal omission tests until the basal insulin infusion profile can be established followed by adjust-
ing meal boluses to minimize postprandial glucose excursions. The KADIS-CSII program, however, allows
an instant assessment of basal insulin rate and meal boluses necessary to achieve glucose levels in target
range by simulation, provided CGM profiles and respective inputs were recorded over a duration of several
days. Herein, we have mainly used the iPro monitoring system to record glucose values over 6 days. It is
conceivable that the longer the glucose monitoring time, usually 6—14 days, the more precise the «Metabolic
Fingerprint» and thus estimation of basal and bolus insulin. Generating the «Metabolic Fingerprint» and cal-
culation of the personalized basal rate setting for a patient by KADIS-CSII takes less than 10 minutes. This
data does indicate that the use of KADIS would facilitate a successful transition from MDI to pump therapy
within a much shorter period of time than considered traditionally. In addition, the use of KADIS by the cli-
nician does offer checking out various treatment options or patient preferences by simulation in lieu of em-
pirical implementation. It is also of note that the average daily insulin dose compared to MDI therapy could
be reduced by 62 % (22 vs. 52 U/day) and was lower than suggested by the traditional method (22 vs.
26 U/day). Furthermore calculation of basal rates by KADIS-CSII results in personalized profiles/ distribu-
tion pattern for a patient whereas in case of the traditional method would result in identical pattern, including
the same initial basal rate, for a given amount of insulin.

In addition, an important feature of the KADIS-CSII algorithm is the potencial to avoid hypoglycemia
during adjustment of pump therapy. Using it is straightforward and requires users to input body weight,
amount of carbohydrates, total daily insulin dose, and basal insulin infusion rate. Moreover, it is capable of
discriminating between rapidly and slowly absorbed meals, and the variability in insulin sensitivity is as-
sessed by model-based analysis. Limitations of the study are the small sample size, the dominance of female
gender, and the broad age range (23—61 years) of participants.

The procedure of the program «KADIS®-CSII» on the identification of a «metabolic fingerprint» should
be tested for other patients and age groups, which are known to have variable basal rate profiles. In particu-
lar, in children and adolescentsthis is known. The effectiveness of KADIS®-CSII in these groups of patients
should be subject of further investigations.

In summary, introduction of the KADIS-CSII program into clinical practice circumvents time-
consuming meal omission tests to build up individual basal insulin rates and cover prandial insulin defi-
ciency. It may thus increase efficiency and flexibility when switch from MDI to pump therapy is required to
optimize glycemic control. KADIS-CSII is a program that can be effectively used for the conversion of pa-
tients on CSII or the optimization of an existing CSII. For this purpose, a variant already has been created,
which implements the calculation in an iPad (TeleDIAB). This makes it possible for the first time in the
presence of CGM data and a corresponding user access to transfer patients to a CSII therapy to support
online. The clinical relevance of KADIS-CSII is the immediate achieve optimum adjustment of the insulin
pump parameters. The economic relevance relates to the time savings for the diabetes team, but also for the
patients without burdening meal omission and other tests as well as access to a telemedicine solution. Finally
KADIS-CSII provides personalized basal rates considering the typical daily life style of patients. These ad-
vantages are to be confirmed in a randomized, controlled clinical trial with a larger number of patients.
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JI. ®orT, K.-JI. Konepr, I1. Xaitake, A. Tomac, E. 3ansuunep

1-TunTi KanT AUa0eTi TepanusiCbIHAA HHCYJIMHII COPFBILITHI
Kosany ymin KADIS-CSII 6arnapiaaMachbiH naijajgany

1-Tunti xant puaberin (T1D) emmeynme Tepi actel apkeunel mHCymuHAi (CSII) y3mikeis  eHrizyni
OHTAMJIAHIBIPY YPAiCI CTAaHIAPTTHI OOJNBIN TaObUIANbL. Ajalifa OipHeEIIe peT CHTI3reH WHBEKIUSINAH KeHiH
CSII repanusra Kellly KUBIHFa COFaabl. byl 3epTTey/iH MakcaThl — HHCYJIMHIIK COPFBINITA MaliaanaHaThH
HMHCYIWH TepanuschiHbIH auaberti Oackapatein KARLSBURG-KADIS xyitecin kommany. Mucymux
COPFBILITAPBIH Taiinanany kesinge 06i3 oHbH mnpakTtukanbiK nponecingeri KADIS-CSII Garmapiamacsi
yeoinablK. CoHIai-ak MHCYJHH KbICKA JKOHE y3aK Mep3iMai ocep ereTiH emHeH TypateiH MDI emin
kabbuinaran T1D-men 12 naykacrapiasl anabsiH ana 3eprresik. HbAlc Gacrankel nenreii 8,2 + 0,8 %
Kypajpl, emaenyminepain xacol 31,3 = 11,1 apansiFsiHga sxoHe KaHT AuabeTiMeH aypy y3akThirsl 15,7 £ 6,7
JKBUTFA TeH Oosimbl. HayKacTBIH HaKTBUIBI METaOONUTTI KepceTKimTepiH cumarTailTelH MDI Tepanmscst
Ke3iHJe TIII0OK03a AeHrediH ys3mikciz Oakpiray (CGM) moamimerrepi KADIS anroputM kemerimeH sxysere
actel. Y1 ait etked coH MDI-nan CSlI-ra ety ymin Herisri tepanus KADIS Herizinge 6akputbiabi, HbAlc
oprama MoHI 7,6 + 0,5 % -Fa TOMEHJe kKOHE aNThl alJIbIK 3€pPTTEY COHBIHA JICIIH OCHI JeHreine Oobl.
¥combuirad KADIS-CSII 6araapiaMacsl HHCYJIHH COPFBIII TEPAITUSICHIH OTY YPAICIHIC HAKThI )KOHE THIMIII
HOPMATHUBTIK Kypa 0oJ1a anajpl.

JI. ®orT, K.-JI. Konepr, I1. Xaitake, A. Tomac, E. 3ansunnep

IIpumenenune nporpammel KADIS-CSII
AJISl NCTI0JIb30BAHMS MHCYJIHHOBOI0 Hacoca B Tepanum auadera 1 tTuna

HenpeprisHoe noaxoxxHoe BiuBanue nucynHa (CSII) cTano cTanmapToM B IIpomecce ONTUMU3ALUH JICICHUS
muabera 1 tuma (T1D). OxHako mepexox OT MHOTOKpATHBIX HHBEKINH K Teparuu CSII sBisieTcs HempoCThIM.
Lems maHHOTO WCCIENOBaHHS COCTOsUIa B TOM, 4ToObI mcnoib3oBaTh KADIS-KARLSBURG-cucremy
ynpaBieHus: AuabeToM MpH MepeBOAe TePalK WHCYJIMHOM Ha HCIIOIb30BAHHE METOJA €ro HEMpepHIBHOTO
BBeeHus. Hamu npencrasnena pacumpenHnas nporpamma KADIS-CSII B mpouiecce ee mpakTHUECKOTO MpHU-
MEHEHUsI TIPH UCIONb30BaHUU MHCYIMHOBBIX HacocoB. IIpoBeeHo mpeapapuTensHOe HccnenoBanue, 12 ma-
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uenToB ¢ T1D momyunnu tepanuio MDI, cocrosiyio U3 HHCYIMHA KOPOTKOTO U AJIMTENBHOTO AEHCTBUS.
Havanensiii yposens HbAlc cocrasimsin 8.2+0.8 %, Bo3pact nareHToB — 31.3+11.1 et u nmpogomkuTens-
HOCTh Auabera — 15.7+6.7 rona. JlanHbIe HENPEPHIBHOTO KOHTPOJS ypoBHS Itoko3sl (CGM) Bo Bpems Te-
parmun MDI 6sutnt 06paboTanst anropurMoM KADIS, 4To65! XapakTepu3oBaTh ONpeelIcHHbIe MeTadoIde-
ckue napamerpsl nanueHTa. Coycrs Tpu Mecaua nocie nepexona ot MDI k CSII Ha ocHoBe ynpasiseMoit
teparnuu KADIS cpennee 3nauenne HbAlc 6bm10 cHmkeno go 7.6+0.5 % u ocraBanock Ha 3TOM ypOBHE 10
KOHIIa mecTuMecsuHoro uccuenosanus. [pennoxennas nporpamma KADIS-CSII moxer cTaTh peanbHbIM U
3¢ (EKTUBHBIM PEryIHPYIOIHM HHCTPYMEHTOM B IPOLIECCE MEPeX0a K Teparii HHCYIHHOBBIM HACOCOM.
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