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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 CSI 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 diabetés 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¥I'1D wheyhad 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 drom 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 HbAlcivalue/was reduced to 7.6+0.5 % (—0.6 % vs. baseline,
p<0.05) and remained at this level until the ghd ofithe 6=month study. Likewise, time <3.9 mmol/L (p=0.008),
glycemic variability indexes, such as SD around mean gligose (p=0.010), MAGE (p=0.001), and CONGA
(p=0.007), were all significantly lower af studylend. Consistent with these data, quality of glycemia measured by
the GRADE index and a recently deyeloped Q-score was also improved. The proposed KADIS-CSII program
could become a practicable and efficient toahto support adjusting insulin pump therapy.
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Introduction

Several studies hayesshown that diabetic patients with poor glycemic control who are assigned to insu-
lin infusion therapy aghieve'better improvements in HbAlc levels than those that remain on multiple injec-
tion treatment [ 18], 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
usefSito 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
level§ 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
insuliwboluses 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 areiiden-
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) KABRIS ‘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 theQeptimization” 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-CSIk The¢ KADIS-CSII therapy sup-
port was implemented as follows: First, CGM measurements and patient’s self-gontrol data (CHO-meals,
insulin doses, time etc.) were entered into the KADIS software to generate the «Metabolic Fingerprinty», as
demonstrated in Figure la. The «Metabolic Fingerprint» represents an in§ilico eopy 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 th€ sdftware). Taking the pharmacokinetic dif-
ferences between basal insulin infusion and bolus injections int@,accoumt, the basal insulin rate, sufficient of
predicting the glycemic curve residing in the normal rangegwas ealculated by the KADIS specific mathe-
matical algorithm. Third, meal effects were included in the computersimulation estimating appropriate insu-
lin boluses in relation to the carbohydrate intake (Fig. 1¢).

Settingyand Patients

The pilot study was carried out at the Cliniegof Diabetes and Metabolic Diseases Karlsburg, Germany,
between February and December 2012. Twelye patients with type 1 diabetes on MDI therapy for a minimum
of 2 years were included. MDI therapy censisted of either short-acting insulin Humalog (n = 4),
Novorapid/Actrapid (n = 5), Liprolog (@@ =)2) or Huminsulin (n = 1) in combination with long-acting insulin
Lantus (n = 9), Levemir (n = 2) or Hliminsulin basal (n = 1). Exclusion criteria included clinically significant
nephropathy, neuropathy, retinopathy, ‘@nd 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 admissién a eentinuous 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 conseht priox 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
(yedrs) (years) (%) (kg/m") (U/day)
| 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 25.242.7 51.8+11.4
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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 > CSII | o
-CGM ‘ N ’“\ personalized basedata
- KADIS®-CSI pump-> basal rate — 1_‘ SMBG data
: i -LJ = /\@/
KADIS®
identification
KADIS® basal rate
Calculation
Data analysis, evaluation
Figure 2. Flow chart of the KADIS-CSII study
se result of the KADIS — CSII simulation a proposal was put forward to support the attending

n in adjustment of pump therapy.
Measures of glycemia

Alc 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 L . .
variability, presence of hypoglycaemic episodes
. Glycaemia often outside the target range (50-80 %), high
8.5-11.9 Fair . . .
variability, hypoglycaemic episodes can occur
- - - — 0
6.0-8.4 Satisfactory Glycaemia partially outside the .tar.ge.:t 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.omplettely'v.wthln 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 pairedit-testygand 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
HbAlc 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 fio fugther 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 =30.008). This is consistent with a 62 % decrease in LBGI.
The time glucose levels were in target, range (319-8:9 mmol/L) increased overall from 73 to 86 %
(p = 0.048). Four out of the 12 participants achicved 100 % with glucose levels spent in the target range.
CSII therapy also decreased glycemi€ vagiability: SD 1.8 vs. 2.8 mmol/L (p = 0.010), MAGE 0.9 vs.
1.6 mmol/L (p = 0.001), and CONGAy2.7 vs»4.3 (p = 0.007). It did not significantly decrease the GRADE
score (5.6 vs. 7.3, p = 0.12) butddid 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
 ArERCT baseline at 3 months at 6 months P Value
HbAlc, % 8.2 7.6 7.6 0.052
MGC, mmol/4f(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
Binie > 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
TimeX 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 U daily amount of insulin, whereas CSII-KADIS suggested 21.7 + 5.7 IU (p = 0.35).\With
minor modifications implemented by HCPs under everyday conditions, the mean basal insulin do of
the 6months period consisted of 20.6 = 4.8 U/day (p = 0.24).
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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 geveral
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 thessMetabolic
Fingerprint» and thus estimation of basal and bolus insulin. Generating the «Metabolic Fingefprint» and-gal-
culation of the personalized basal rate setting for a patient by KADIS-CSII takes less thanf10 minutes. This
data does indicate that the use of KADIS would facilitate a successful transition from MDI teypump therapy
within a much shorter period of time than considered traditionally. In addition, the use ofd&ADIS, by the cli-
nician does offer checking out various treatment options or patient preferences by simtlationjin lieu of em-
pirical implementation. It is also of note that the average daily insulin dose compared todMDI therapy could
be reduced by 62 % (22 vs. 52 U/day) and was lower than suggested by, theftraditionalymethod (22 vs.
26 U/day). Furthermore calculation of basal rates by KADIS-CSII results fin persofialized profiles/ distribu-
tion pattern for a patient whereas in case of the traditional method wouldresult in idenfical 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 patencial to avoid hypoglycemia
during adjustment of pump therapy. Using it is straightforward dnd requires users to input body weight,
amount of carbohydrates, total daily insulin dose, and basal insulin|infasion rate. Moreover, it is capable of
discriminating between rapidly and slowly absorbed mealsgand‘the variability in insulin sensitivity is as-
sessed by model-based analysis. Limitations of the study are thejsmall sample size, the dominance of female
gender, and the broad age range (23-61 years) of participants.

The procedure of the program «KADIS®-CSII»f0n 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. PHe%ffetiveness of KADIS®-CSII in these groups of patients
should be subject of further investigations.

In summary, introduction of thedKADIS-GSII 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 efficiengypand flexibility when switch from MDI to pump therapy is required to
optimize glycemic control. KADIS-CSITiis a program that can be effectively used for the conversion of pa-
tients on CSII or the optimizatien ofan existing CSII. For this purpose, a variant already has been created,
which implements the calctlatiofijin “an iPad (TeleDIAB). This makes it possible for the first time in the
presence of CGM datagand, a comresponding 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 parameters4Bhe‘econemic 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.Xaitnke, A. Tomac, E. 3ansuunep

1-TunTi KauT nadeTi TEPATMACHIHIA HHCYJIUHAI COPFBIIITHI
koaaany ymin KADIS-CSH 6aFiapaamachid naiganany

1-Tunti kant nuaGerin (T1D)) emneyme, Tepi actel apkeurel umHCymuHAiI (CSII) y3mikeis eHrizyni
OHTAMNIAHJBIPY YPAiCi CTaHZAPTTBI OO TaObUIabl. Aalia OipHEIIe peT CHTI3reH WHBEKIUINAH KeHiH
CSII tepanmsira kelly KUBIHEA,CORaNBI)byI 3epTTey i MakcaTsl — HHCYJIMHIIK COPFHINITA MaiganaHaThIH
HWHCYIWH TepanuschHBpmaerri Oackapatein KARLSBURG-KADIS xyitecin kommany. Mucymux
COpFBIIITAPhIH Maiinaflany, KesiHae 6i3 oHbH mnpaktukanbk mporecingeri KADIS-CSII Garmapnamachi
yebiHaplk. CoHOalsak HMHCYJIHMH KbICKAa JKOHE y3aK Mep3imai ocep ereTiH emueH TyparbiH MDI ewmin
kabbuinaran TAD-mcH) 1 28Haykactapasl anablH ana 3eprreaik. HbAlc Gacrankel nexreii 8,2 + 0,8 %
Kypaspl, emaeyiinep ik xacol 31,3 = 11,1 apanbiFeinga sxoHe KaHT quabeTiMeH aypy y3akTbeiFsl 15,7 £ 6,7
JKBUTFA TEH 00kl _HAayKacThIH HaKTBUIBI METa0ONUTTI KepceTKimTepiH cumarTalTelH MDI Tepammscst
ke3ingel TIIIoKQ3a JAeHredin y3aikciz 6akputay (CGM) moamimertepi KADIS anroputm kemeriMeH >xysere
acTel. Yunaif eTken cor MDI-nan CSlI-ra ety ymin nerisri tepanus KADIS nerizinne 6axsuisiaem, HbAlc
opTaiiia, M3Hi 7,6 + 0,5 % -Fa TOMEHJE KOHE aNThl alJIbIK 3€PTTCY COHBIHA JICHIH OCHI JeHreine Oobl.
Y coifibigan KADIS-CSII 6araapiaMackl HHCYJIMH COPFBILI TEPANUsIChIH OTY YPAiCiHIe HAKTHI XKOHE THIMII
HOPMAaTHBTIK Kypai 00J1a anasl.

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

IIpumenenune nporpammel KADIS-CSII
AJISl ICTI0JIb30BAHMS HHCYJIMHOBOI0 Hacoca B Tepanum auadera 1 tTuna

HenpepsisHoe noaxoxxHoe BiuBanue nHcynHa (CSII) cTano ctanmapToM B IIpomecce ONTUMHU3ALUH JICICHUS
muabera 1 tuma (T1D). OxHako mepexox OT MHOTOKPATHBIX HHBEKINH K Teparmu CSII sBisieTcs HempoCThIM.
Lems maHHOTO WCCIEAOBaHHS COCTOsUIa B TOM, 4ToOBI mcmonb3oBaTh KADIS-KARLSBURG-cucremy
ympaBieHus] AnabeTOM MpH TEpeBOAe TEPANHK MHCYIMHOM Ha HCIONb30BAaHHE METOJA €ro HEeMpephIBHOTO
BBeieHMs. Hamu npencrasnena pacumpenHas nporpamma KADIS-CSII B mporniecce ee mpakTHYECKOTo MpH-
MEHEHUsI TIPH UCIONb30BaHUU MHCYIMHOBBIX HacocoB. IIpoBeeHo mpeasapuTensHOe HccnenoBanue, 12 ma-
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uuentoB ¢ T1D momyuwnnu tepanuio MDI, cocrosiyto u3 MHCYJIMHA KOPOTKOTO U JJIUTEIBHOTO ACHCTBHS.
Hayvanserit ypoenb HbAlc cocrasisn 8.2+0.8 %, Bo3pact namuentoB — 31.3+11.1 et u npoaomxuTens-
HOCTh nuabera — 15.7+6.7 rona. [laHHbIe HEIPEPHIBHOTO KOHTPOIIs ypoBHs rimoko3bl (CGM) Bo Bpemst Te-
parmmu MDI 65 o6paboransr anroputMoM KADIS, 9T00B XapakTepH30BaTh ONpeAeNICHHbIE MeTabomnde-
ckue mapamerpsl manueHTa. Crycts Tpu Mecsana mocie nepexona ot MDI k CSII Ha ocHOBe ympapnsieMoit
teparuu KADIS cpennee 3nauenne HbAlc 6bm10 cHmkeno go 7.6+0.5 % u ocraBanock Ha 3TOM ypOBHE 10
KOHIIa IecTUMecsiaHoro uccnenopanus. [Ipemnoxennas nporpamma KADIS-CSII MoxkeT cTath peanbHbIM U
3¢ )EKTUBHBIM PEryIHPYIOIHM HHCTPYMEHTOM B IPOLIECCE MEPexXoa K Tepartii HHCYIHHOBBIM HACOCOM.

O

«Biology. Medicine. Geography» Series. No. 4(84)/2016 33





