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a b s t r a c t 

Purpose: The aim of the current study is to develop a prediction model for glucose levels applicable for all 

patients admitted to the ICU with an expected ICU stay of at least 24 h. This model will be incorporated 

in a closed-loop glucose system to continuously and automatically control glucose values. 

Methods: Data from a previous single-center randomized controlled study was used. All patients received 

a FreeStyle Navigator II subcutaneous CGM system from Abbott during their ICU stay. 

The total dataset was randomly divided into a training set and a validation set. A glucose prediction 

model was developed based on historical glucose data. Accuracy of the prediction model was determined 

using the Mean Squared Difference (MSD), the Mean Absolute Difference (MAD) and a Clarke Error Grid 

(CEG). 

Results: The dataset included 94 ICU patients with a total of 134,673 glucose measurements points that 

were used for modelling. MSD was 0.410 ± 0.495 for the model, the MAD was 5.19 ± 2.63 and in the 

CEG 99.8% of the data points were in the clinically acceptable regions. 

Conclusion: In this study a glucose prediction model for ICU patients is developed. This study shows that 

it is possible to accurately predict a patient’s glucose 30 min ahead based on historical glucose data. This 

is the first step in the development of a closed-loop glucose system. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Acute hyperglycemia is a common finding in patients at the In- 

ensive Care Unit (ICU) as a response to severe illness [1 , 2] . This

tress-induced hyperglycemia may occur independently of pre- 

xisting diabetes mellitus and is associated with poor outcome and 

ortality [3–5] . Also, both hypoglycemia and glucose variability 

re associated with poor outcome [6–8] . Tight glucose regulation 

ay reduce glucose variability [9 , 10] , however the optimal blood 

lucose level in ICU patients is still debated [11] . Intervention stud- 

es show conflicting results on effect and safety of tight glucose 

ontrol (i.e. risk for hypoglycemia). However, it may result in bet- 

er outcomes if safely implemented [2 , 9 , 10 , 12 , 13] . 
∗ Corresponding author: OLVG, Department of Intensive Care, Oosterpark 9, 1091 

C Amsterdam, The Netherlands. 

E-mail address: M.vandenBoorn@olvg.nl (M. van den Boorn). 
# These two authors contributed equally. 
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The safe implementation of tight glucose control is difficult 

n clinical practice. Current protocols require frequent human in- 

erventions. In most ICUs, nurses perform glucose measurements 

y protocol at specified discrete time intervals with Point of Care 

PoC) equipment. Then, insulin dose is manually adapted based on 

he results of these measurements and is administered via a sy- 

inge pump. Boluses are given when necessary [14] . It has been 

emonstrated that this approach is labour-intensive [15 , 16] . The 

rotocol is not always followed properly in daily practice, espe- 

ially in times with an increased workload for the nurses. 

Closed-loop systems are a promising tool for tight glucose reg- 

lation and reducing workload [16–19] . For example, Leelarathna 

t al. showed that patients spent significantly more time in the 

arget glucose range using a closed-loop glucose control system 

ompared to local protocol [20] . In general, in a closed-loop sys- 

em, blood glucose is continuously measured with a Continuous 

lucose Monitor (CGM), which detects the glucose levels (near- 

continuously in the interstitial space. These measurements are 

sed to predict future blood glucose levels or insulin sensitivity. 

https://doi.org/10.1016/j.cmpb.2021.106105
http://www.ScienceDirect.com
http://www.elsevier.com/locate/cmpb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cmpb.2021.106105&domain=pdf
mailto:M.vandenBoorn@olvg.nl
https://doi.org/10.1016/j.cmpb.2021.106105
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ased on these predictions the appropriate amount of insulin is 

utomatically administered to keep blood glucose level in the tar- 

et range. 

The use of CGMs is already common in diabetes patients [21] , 

owever not in ICU setting. The accuracy of subcutaneous CGMs 

s satisfactory and they are most likely able to detect important 

lucose fluctuations and hypoglycemic events quicker than the tra- 

itional PoC glucose measurement [22 , 23] , while reducing nursing 

orkload [15] . The majority of available glucose prediction algo- 

ithms are targeted on an outpatient diabetic population [24–27] . 

hese algorithms use a wide variety of parameters, such as physi- 

al activity, insulin administration and carbohydrates intake. In ICU 

atients the main factors influencing glucose regulation and the 

ccurrence of insulin resistance are the severity of illness, (phys- 

cal) stress and medication [28–30] . Therefore these factors should 

e taken into account when developing a glucose prediction algo- 

ithm for the ICU. Two main categories of prediction algorithms 

n ICU patients are available: algorithms that predict insulin sen- 

itivity or insulin admittance and algorithms that predict glucose 

evels. 

Most available algorithms calculate or predict changes in insulin 

ensitivity or directly predict the insulin admittance, such as the 

ifferent versions of the STAR algorithm [39–41] , the Model Predic- 

ive Control algorithm [42–49] , proportional integral derivative al- 

orithms [50] , Bayesian network models [51] or AI models [52] . In 

ome of the versions of the MPC algorithms and the STAR model, 

.g. Wang et al [43] and Penning et al [41] the predicted insulin 

ensitivity is used to calculate a range of possible future glucose 

alues, but none of them calculates an exact value. Furthermore, 

ost of these algorithms are based on PoC measurements and not 

n CGM measurements. 

Algorithms that predict glucose levels are scarce [31–37] . All of 

hese algorithms have their limitations, some are based on PoC 

easurements instead of CGM, others are only tested in specific 

atients groups and only a few of them are used in clinical practice 

owadays. The algorithms use extended and different techniques 

ith a number of input values. E.g. Pappada et al. [38] developed a 

eural network to predict glucose, but they only included patients 

ith either a diagnosis of type 1 diabetes mellitus (DM1) or type 

 diabetes mellitus (DM2) or no pre-existing DM diagnosis but 

n initial glucose of ≥150 mg/dl upon ICU admission. Zhang et al 

36] developed a prediction model, but they only predict acute hy- 

oglycemic events and not the glucose values itself. 

In our research we focus on the development of a glucose pre- 

iction model, which we think is the first step in a closed-loop 

odel. The prediction of glucose is preferred for the tight glucose 

egulation and management, because it is possible to validate the 

lucose prediction. This makes it possible to validate and optimize 

very single step of the closed-loop model. 

We believe that a simple algorithm is necessary to make it 

roadly applicable and accepted in the ICU population. Therefore, 

 new ICU prediction algorithm has to be developed. The aim of 

he current study is to develop a glucose prediction model appli- 

able for all patients admitted to the ICU with an expected ICU 

tay of at least 24 h. The intention is to incorporate the model in a

losed-loop glucose system to continuously and automatically con- 

rol glucose values. 

. Methods 

.1. Data collection 

Data of a previous single-center randomized controlled study 

as used [53] . The patients in this research were recruited be- 

ween September 2015 and June 2016. The patients recruited in 

his study were all mixed ICU patients, both surgical and non- 
2 
urgical admitted to ICU of the OLVG hospital in the Netherlands. 

atients were recruited if they were older than 18 years and if the 

atients had an expected length of stay in the ICU of at least 48 h.

ontinuous glucose measurements of at least 4 h. had to be avail- 

ble. Patients were excluded when they were admitted for a ke- 

oacidosis or after a pancreatectomy. 

Patients received standard care during the study. Glucose of the 

atients was regulated with intravenous insulin guided by a com- 

uterized guideline [14] , PoC tests and manual adjustments of the 

nsulin pump. The glucose target range was 6.0-9.0 mmol/L. All pa- 

ients received a FreeStyle Navigator II subcutaneous CGM system 

rom Abbott (Abbott Park, Illinois, United States) during their ICU 

tay. The CGM system needed calibration 1, 2, 10, 24 and 72 h af- 

er application of the sensor. Calibrations were performed manu- 

lly. The CGM device has a 1-h stabilization period, during which 

lucose measurements were not performed. The sensor was con- 

ected through wireless communication to a receiver, which dis- 

layed the real-time glucose values every minute and saved glu- 

ose values every 10th minute. For ten patients the data was ex- 

orted every 1 min, because the default settings were changed. The 

tudy was approved by the local medical ethics committee based 

n Dutch and European legislation. 

.2. Data preparation 

The CGM data was checked for data gaps. We defined a data 

ap as missing glucose measurements for more than 15 min. If 

 data gap existed, the data set was separated and the largest 

art without missing data per patient was used. If the data gap 

as smaller than 15 min, the data was interpolated. If the total 

mount of data left was less then 4 h, patients were excluded from 

he study. Finally, the total dataset was randomly divided into two 

roups: a training set A and validation set B. It was ensured that 

oth sample sets had comparable patient characteristics with re- 

pect to gender, age, Body Mass Index (BMI) and severity of illness 

easured by Acute Physiology And Chronic Health Evaluation IV 

APACHE IV) [54] . 

.3. Mathematical model 

A mathematical glucose prediction model was developed. In 

his model, individual characteristics involved in the insulin- 

lucose interaction were indirectly estimated using historical glu- 

ose data. The first and second derivative of previous data points 

f glucose data were calculated in this model to predict the glu- 

ose value over 30 min. The first derivative was used to predict the 

hange of glucose (dG in mmol/L) over time (dT in minutes) and 

he second derivative was used to predict the speed of the change. 

sing Eq. 1 the blood glucose (mmol/L) of the patient is predicted 

0 min ahead. 

 G mat ( T x+30 ) = G x + 30 ∗
[ 

mean 

(
dG 

dT 

)x 

x −t h 

] 

+30 ∗
[ 

mean 

(
d 

2 G 

d T 

2 

)x 

x −t h 

] 

(1) 

here BG mat is the predicted glucose in (mmol/L) at time T plus 

0 min, G is the glucose of the current observation x in mmol/L, 

0(min) is the interval over which the glucose is predicted, dG 
dT 

and 

d 2 G 

dT 2 
, are the first and second derivative and t h is the time over 

hich the first and second derivative are averaged. The deriva- 

ive is calculated by taking the difference between two consecutive 

ata points. 
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Fig. 1. Overview of the inclusion of patients. 

2

t

C

d

m

1

d

s

2

p

r

(

M

w

r

a

M

c

c

o

e

c

t

t

n

u

e

b

"

u

s

p

S

g

t

3

w

t

t

o

d  

o

I

t

s

w

a

t

a

3

w  
.4. Parameter optimization 

Parameter t h was optimized based on the data in group A. For 

his, the outcome parameters Mean Squared Difference (MSD) and 

lark Error Grid (CEG) were used [55] . 

In order to optimize the averaging time t h (used to calculate the 

ifference between first and second glucose measurement) of the 

athematical model the values of t h of 30, 60, 90, 120, 150 and 

80 min were used. Parameter t h was determined based on test 

ataset A and the optimal value was used in the validation data 

et B. 

.5. Analysis/statistics 

To analyse the accuracy of the prediction model, different ap- 

roaches were used. First, the MSD was used to calculate the accu- 

acy of the prediction model in comparison to the golden standard 

see Eq. 2 ). 

SD = 

1 

n 

n ∑ 

n =1 

( glucos e n − mode l n ) 
2 

(2) 

Secondly, the Mean Absolute Difference (MAD) in percentages 

as calculated, see Eq. 3 . The MAD demonstrates the prediction er- 

or of the mean absolute difference between the prediction model 

nd the golden standard. 

AD = 

1 

n 

n ∑ 

n =1 

| mode l n − glucos e n | 
glucos e n 

∗ 100% (3) 

A CEG was used to analyse the accuracy of the model. A CEG 

onsists of five different regions [55] . Region A represents glu- 

ose values that deviate from the reference by no more than 20%, 

r are in the hypoglycemic range ( < 3.9 mmol/L) when the refer- 

nce is also < 3.9 mmol/L. Values within this range are considered 

linically accurate, because they would lead to clinically correct 

reatment decisions. Upper and lower region B represents values 
3 
hat deviate from the reference by > 20% but would lead to be- 

ign or no treatment based on the predicted value. Region C val- 

es would result in overcorrecting acceptable blood glucose lev- 

ls; such treatment might cause the actual blood glucose to fall 

elow 3.9 mmol/L or rise above 10 mmol/L. Region D represents 

dangerous failure to detect and treat" errors. Actual glucose val- 

es are outside of the target range. Region E represents an oppo- 

ite therapy treatment, in which a hyperglycemia is treated as hy- 

oglycemia or vice versa. 

The model and statistics were implemented in Python 3.0 and 

PSS 22.0 respectively. Mean and Standard Deviation (SD) were 

iven when data was normally distributed and median and In- 

erquartile Range (IQR) when not. 

. Results 

The dataset contained data of 101 general ICU patients, of 

hich one patient was diagnosed with ketoacidosis, and no pa- 

ients had a pancreatectomy. Two patients were excluded because 

hey had continuous glucose measurements for less than 4 h. An- 

ther four patients were excluded because they had no continuous 

ata set of at least 4 h due to datagaps. Fig. 1 gives an overview

f the included and excluded patients. The definitive dataset of 94 

CU patients contained a total of 134,673 glucose measurements 

hat were used for modelling. The data was divided into a training 

et (A) and a validation set (B) of equal size. Patient characteristics 

ere comparable between these data sets. In Table 1 patient char- 

cteristics of both groups are shown. In Table 2 data characteris- 

ics of the patients, such as number of datapoints and information 

bout hyper- and hypoglycaemic events is shown. 

.1. Parameter optimization 

The MSD for different t h is shown in Table 3 . The lowest MSD 

as found for a t of 180 min. At a t of 180 the highest percent-
h h 
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Table 1 

Patient characteristics for training set A and validation set B. 

Variable Training set A (n = 47) Validation set B (n = 47) Total Cohort 

Age (years) ± SD 69.4 ± 10.8 68.7 ± 12.3 69.1 ± 11.5 

Sex, male 22 (46.8%) 31 (66.0%) 53 (56.4%) 

History of diabetes 10 (21.3%) 9 (19.2%) 19 (20.2%) 

Admission 

– Medical 

18 (38.3%) 12 (25.5%) 30 (31.9%) 

– Surgical 

26 (55.3%) 33 (70.2%) 59 (62.8%) 

– Unknown 

3 (6.4%) 2 (4.3%) 5 (5.3%) 

BMI (kg/m2) ± SD 27.5 ± 5.4 27.5 ± 4.3 27.5 ± 4.9 

APACHE IV pm 

∗ (%) ± SD 41.0 ± 30.6 38.5 ± 29.8 39.8 ± 30.1 

Died in the ICU 10 (21.3%) 8 (17.0%) 18 (19.2%) 

∗predicted mortality 

Table 2 

Data characteristics of group A and B. 

Variable Training set (n = 47) Validation set (n = 47) Total Cohort 

Data points ∗ 65,724 68,949 134,673 

# patients with hypo 2 10 41 

# patients with hyper 31 36 38 

duration of hypo in minutes (median ± IQR) 17 ∗∗ 31 ± 85.5 

duration of hyper in minutes (median ± IQR) 41.5 ± 157.59 36 ± 129.5 

# boluses 27 35 62 

∗total amount of data points used for modelling 
∗∗ indefinite IQR 

Table 3 

Accuracy of the model with different t h . 

t h (minutes) MSD (median ± IQR) Clark error (region A,B,C,D,E) Percentage of datapoints in region A (%) 

30 0.42 ± 0.81 (59860, 4193, 55, 51, 3) 93.3 

60 0.31 ± 0.49 (60168, 3167, 33, 32, 1) 94.9 

90 0.27 ± 0.50 (59766, 2819, 22, 32, 0) 95.4 

120 0.25 ± 0.50 (59175, 2678, 0, 33, 0) 95.6 

150 0.25 ± 0.49 (58658, 2434, 0, 33, 0) 96.0 

180 0.23 ± 0.49 (58082, 2249, 2, 29, 0) 96.2 

Table 4 

Accuracy values of the model in the test (A) and validation group (B). 

Variable MSD (median ± IQR) MAD(median ± IQR) Clark error (region A,B,C,D,E) Percentage of datapoints in region A (%) 

Model group A 0.27 ± 0.50 5.03 ± 3.12 (59766, 2819, 22, 32, 0) 95.4 

Model group B 0.40 ± 0.45 5.19 ± 2.63 (62541, 3300, 14, 115, 3) 94.8 
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ge (96.2%) of data points where in region A. We continued with a 

 h of 90 min in the validation data set. 

.2. Model validation 

Fig. 2 shows the measured glucose values and the predicted val- 

es of a typical patient. 

The model is validated in validation data set B. During this val- 

dation, a t h of 90 min was used. In table 4 the results of the vali-

ation are shown. 

In Fig. 3 the Clarke Error Grid of all patients of group B is

hown. 

In group A of the mathematical model 62,575 data points 

99.9%) were in the clinical acceptable regions (i.e. in regions A or 

); 95.4% in region A and no values were found in region E. In

roup B 65,841 data points (99.8%) were in the clinical acceptable 

egions; 94.8% in region A and 3 points were in region E (0.004%). 
4 
The data points in region E for validation set B were caused by 

easurements in two patients. The result of one of these patients 

s visualized in Fig. 4 . 98 of the 115 data points in region D were

lso caused by this patient. Please observe the level of fluctuating 

lucose values in this patient. 

. Discussion 

In this study, a glucose prediction model for ICU patients was 

eveloped. It was hypothesized that historical glucose data could 

e a predictor for future glucose values. This study shows that 

ur model was able to accurately predict a patient’s glucose level 

0 min ahead, based on historical glucose data. 

Previous studies that developed a glucose prediction model 

or ICU patients used different model approaches like a neural 

etwork model [25 , 34] , a linear model with several input vari- 

bles [24] or a mathematical model with constant endogenous glu- 
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Fig. 2. Results of the model for a typical patient. 

Fig. 3. Clarke Error Grid of all patients in group B. 

Fig. 4. Results of the model for a patient with 2 data points in region E. 
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5 
ose production and other physiological parameters for a real time 

odel [26] . Different techniques were used to quantify and vali- 

ate these models. A mean absolute difference percentage of 9% 

nd a CEG with 100% of the data points in region A and B were

easured in the first model of Pappada et al. [25] . This model was

ased on data from 14 patients and tested on only 5 patients. No 

ypoglycaemic events occurred in the data from these 5 test pa- 

ients, but the authors hypothesize that the model may overesti- 

ate hypoglycaemic extremes. The model also had a reduced abil- 

ty to predict hyperglycaemia, with a successful prediction value of 

3.6% in elevated glucose values. In the updated model of Pappada 

t al. [34] an average mean absolute difference percentage of 10% 

as reported, which ranged from 1.0% for a prediction horizon of 

 min to 10.6% for the maximum prediction horizon of 135 min. 

he model demonstrated accuracy in prediction of hyperglycemic 

lucose values ( > 86% of values predicted for a prediction horizon 

f 135 min), but the predictive accuracy for hypoglycemic values 

as significantly less: 53.6%, 34.4%, and 0.0% of hypoglycemic val- 

es ( < 70 mg/dl) reported in CGM data for prediction horizons of 

0, 60, and 135 min respectively. The model of Zhang [31] had an 

djusted R-squared value of 0.83. Zhang developed a multivariable 

inear regression model based on discontinuous glucose measure- 

ents from finger pricks and is therefore not suitable for a closed- 

oop glucose system, in which continuous adaptation of the insulin 

elivery should be possible. The model of Lin et al. [33] is based 

n physiological parameters, such as insulin kinetics and gastric 

lucose absorption. This model requires many population assump- 

ions, which is difficult to assess in a diverse patient population at 

 general ICU. It described a 75 th percentile prediction error within 

he lower bound of typical glucometer measurement errors of 7–

2% [26] . Unfortunately the authors did not present a CEG, thus 

liminating the possibility to describe whether the model performs 

onsistently well in all glucose ranges. Zhang et al [36] developed 

 model to predict hypoglycemic events. Their classification tree 

odels accurately predicted 82.12% of acute hypoglycemic events 

nd 76.99% of severe acute hypoglycemic events. It is difficult to 

ompare these results with our results, but our CEG shows that al- 

ost all data point are in the clinical acceptable range. Van Herpe 

t al. [37] developed an adaptive input-output model and predicted 

he glucose value 1 and 4 h ahead. This model results in a mean 

SE of 171 (mg/dL2) with a standard deviation of 90 (mg/dL2) for 

he prediction one hour ahead. When converted to mmol/L this re- 

ults in a MSE of 0.73. They used a dataset of only 15 patients. 

The resulting model of our study performed with a MSD of 0.4, 

 MAD of 5.2% and more than 99% of the data points in the clinical

cceptable region. Compared to the results of the models described 

bove, this is better than most models and comparable with the 

odel of Van Herpe et al [37] . The mean time of a hypoglycaemic

vent was 62 min and the mean time of a hyperglycaemic event 

as 110 min. In total, 16.2% of the data points were in the hypo- or

yperglycaemic region. The different insulin sensitivity prediction 

tudies used the time in target range as a model result, which is 

ot comparable with our outcome parameters. 

Currently there is no standard for the accuracy of continuous 

lucose sensors in ICU patients, although this would be of value 

n the comparison of the different sensors [56] . We therefore used 

he standard for glucose sensors for self-testing. According to ISO 

5197:2013 criteria, regarding glucose sensor for self-testing, at 

east 95% of the values should be in region A and no more than 

% of the values in region B [28] . Our model predicts with an ac-

uracy of 95.4% in region A and 4.5% in region B, surpassing the 

SO norm. Predicting the correct glucose value in ICU patients is 

ore difficult than in patients with diabetes mellitus, because the 

nsulin sensitivity may vary during their ICU stay due to changes 

n severity of the patients’ condition. Because the predicted glu- 

ose values will be used in a closed-loop system, the accuracy of 
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[  
he prediction is very important for further research. The key to 

cceptance of a closed-loop glucose system on an ICU is a system 

hat prevents the occurrence of hypo- and hyperglycemic events. 

herefore, it is necessary that the prediction model predicts these 

vents correctly. A Clark Error Grid is a good method to show how 

ell the model performs in those clinical relevant regions [55] . In 

he test data set there were no data point in regions D and E where

he treatment for hypoglycemia and hyperglycemia are exchanged. 

n the validation group 3 data points are in region E. These data 

oints are caused by measurements from two patients, which con- 

ributed respectively 2 and 1 data points in region E. This is caused 

y an over- and undershoot in the prediction model because of fast 

hanging glucose values in these patients. Although, in a previous 

tudy [53] the reliability of the CGM was satisfactory, we expect 

hese values were caused by wrong measurements of the sensor. 

owever, due to a limited amount of Accucheck measurements and 

ntermittent glucose level measurements of these patients, we can- 

ot determine this with certainty. 

During the preparation of the dataset, several gaps in the data 

et were found. Most of these gaps were found in the middle of the 

tudy period, making it unlikely that insertion mistakes or expira- 

ion of the sensor were responsible for these gaps [53] . The sensor 

equires calibration after certain time slots. In some patients, the 

alibration was not performed on time, which led to data gaps. 

his led to less data to include in our study, but still over 130,0 0 0

ata points were available. The required calibration was performed 

uring the measurements. In some patients the calibration resulted 

n an adaptation of the glucose value. We did not include the cal- 

bration value into the model, because the model itself will adapt 

fter a couple of data points. In further studies a sensor with an 

ncreased accuracy and a decreased calibration error is preferred. 

In our model we used a maximum averaging time of 180 min. 

his maximum was chosen, because of practical reasons; averag- 

ng over more than 180 min, needs at least 180 + 30 = 210 min

o start the first prediction while it was preferred to start the pre- 

iction model as soon as possible. However, the model needs some 

ime to have enough data points to be able to calculate the forth- 

oming glucose value. The results show that increasing the aver- 

ging time results in a lower MSD (0.23 at x = 180 and 0.27 at

 = 90 min) and a higher percentage of measurements in region 

 of the CEG (96.2% compared to 95.4%). The time of 90 min was

hosen to use as averaging time, after a consideration between per- 

ormance and practical use. CGM data contains noise, therefore an 

verage time of 90 min is necessary to optimize data with at least 

 data points. 

The model we developed does not include any physiological pa- 

ameters. In case of insulin rate changes or variations in glucose in- 

ake (IV or enteral), this could result in a delayed response of the 

odel. To investigate if this impacts the accuracy of the model, we 

alculated the correlation of the deviations between the predicted 

nd the observed CGM values and the insulin administration and 

lucose intake. We did not find such a correlation. Therefore addi- 

ion of a physiological component to the model would not improve 

he outcome. 

The training set and validation set showed different numbers 

f patients with hypoglycaemic and/or hyperglycaemic events. The 

atients were divided in two groups based on their patient char- 

cteristics and not on the amount of hypo- and hyperglycaemic 

vents. Despite these differences the model performed well on 

ataset B, with less than 1% of the data points in region D and

 of the Clark Error Grid. 

. Conclusion 

The prediction of glucose value of ICU patients is the first step 

n the development of a closed-loop system to regulate glucose of 
6 
ritically ill patients. In this study a prediction model was devel- 

ped and tested in a critically ill patient population. The model 

redicted glucose values within the clinically relevant range for 

9.8% of the cases in the validation dataset, which was within the 

SO 15197:2013 criteria. 
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