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Abstract 
 
Tight glycaemic control in critically ill patients is used to reduce mortality in intensive care units. However, its usage is debatable in 
reducing hypoglycaemia or accurately maintain normoglycaemia level. This paper presents the assessment for two ‘wider’ Stochastic 

TARgeted (STAR) glycemic controllers, namely Controller A (blood glucose (BG) target 4.4-8.0 mmol/L) and Controller B (BG target 
4.4-10.0 mmol/L) with 1 to 3 hour nursing interventions. These controllers were assessed to determine the better control on diabetic and 
non-diabetic patients. 66 diabetic and 66 non-diabetic critically ill patient’s data from Hospital Tunku Ampuan Afzan (HTAA) were 
employed for virtual trial simulations with a clinically validated physiological model. Performance metrics were assessed within the per-
centage time in band (TIB) of 4.4 to 8.0 mmol/L, 4.4 to 10.0 mmol/L, and 6.0 to 10.0 mmol/L. Controller A shows better performance in 
normoglycaemic TIB of 4.4 to 10.0 mmol/L where non-diabetic and diabetic patients achieved 92.5% and 83.8% respectively. In conclu-
sion, Controller A is higher in efficiency and safer to be used for both patients cohorts. However, higher clinical interventions in diabetic 
patients within this control raise the alarm to reduce nursing workload. This is believed to improve clinical interventions burnout and 

ensure patient’s comfortability. 
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1. Introduction 

Critically ill patients in the intensive care unit (ICU) are suscepti-
ble to stress hyperglycaemia with comorbidities like diabetes 
mellitus, sepsis, myocardial infarction, as well as a high mortality 

rate [1]. Hyperglycaemia is a condition where non-diabetic or 
diabetic patient’s blood glucose (BG) level is higher than 10.0 
mmol/L [2], or when both types of patient have instantaneous BG 
measurement of 11.9 mmol/L [3]. In 2001, Van de Berghe et al., 
proposed to treat hyperglycaemia in ICU with tight glycaemic 
control (TGC) using control tight target range of 4.4 to 6.1 
mmol/L and the approach reduced mortality up to 40% [4]. Since 
then, most ICU opts to use TGC even though the target range of 

glucose control is still being debated over their resulting number 
of hypoglycaemia, longer period of stay and higher nursing work-
load [5], [6]. 
Different type of controls have been reported in many TGC stud-
ies [7], [8], and the preferred approach is the sliding-scale protocol 
[9]. Chase et al., Okabayashi et al., and Lin et al., proposed model-
based protocol with TGC studies as a solution to reduce mortality 
and hypoglycaemia events [10]–[12]. Most studies [10]–[15] tried 

to optimize glycaemic control performance in ICU patients  but 
none have explicitly distinguished the treatment between the dia-
betic and non-diabetic patients. A study on the impact of a proto-
col between these two types of patients was done recently by 
Jamaludin et al., [16] on retrospective patients data, resulting in 

82% and 70.6% of BG levels were within normoglycaemic band 
for non-diabetic and diabetic cohort under Stochastic TARgeted 
(STAR) glycaemic control protocol.  
The STAR protocol generates optimal patient-specific insulin and 
nutrition treatments that maximizes BG control and nutrition in-
take, while maintaining a maximum 5% risk of hypoglycaemia 
(low blood sugar level) incidences [17]. Jamaludin et al. studies 

suggested a revision of the physiological ICING model used in the 
protocol to account for dysfunction of pancreatic function experi-
enced by diabetic patients. The model’s descriptions are presented 
in supporting information section. Secondly, their BG control 
assessment was applied to a wider and normal BG target range of 
4.4 to 10 mmol/L and was found to introduce a high number of 
hypoglycemic episodes.  
The STAR protocol has already been implemented in New Zea-

land [18], Hungary [19], [20] ICUs and latest in a Malaysian Hos-
pital ICU, in the form of pilot study [21]. The latter focused main-
ly on the assessment of the protocol without discriminating the 
critically ill patients status. In Jamaludin et al., BG target was used 
as a benchmark on the same retrospective patients data from our 
previous study [22] but this time focus is on the protocol fit errors 
with tighter target range control of 4.4 – 8.0 mmol/L called Con-
troller A in this paper. The study investigated BG fit errors be-

tween the two types of patients to see if the chosen physiological 
model efficacy has impact on the results. Results demonstrated 
very low fit errors for each type of patients and no significant 
difference between them. Simulation of STAR protocol on these 
patients and on the target control were shown to deliver real time 
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model-based insulin therapy efficiently with low number of hypo-
glycemia incidences.  
This paper digs deeper into the interrelationship between the two 
type of patients towards the use of STAR protocol by determining 
the control performance with 2 BG targets, Controller A (BG 4.4 
to 8 mmol/L) and [16] Controller B (BG 4.4 to 10.0 mmol/L). Up 
to date, the interrelationship between diabetic status and BG target 
control has not been verified, whether wider BG used on diabetic 

patient may lead to higher efficiency which in results may lower 
nursing workload. Percentages of time in band (TIB) were com-
pared to determine which glycaemic control performs better on 
diabetic patients. The TIBs and other metrics such as patient’s 
safety, model protocol efficacy, and nursing workload interven-
tions are assessed through a virtual trial method. 

2. Methodology 

Retropective data of 132 critically ill patients from Hospital 
Tunku Ampuan Afzan (HTAA), Malaysia treated with sliding-
scale insulin therapy in the ICU were used in this study. They 
were divided into equal cohorts of diabetic and non-diabetic pa-
tients with almost identical median and interquartile range [IQR] 
of age, weight and height. Their demographics per cohort can be 

referred to in Table 1. 
 

Table 1: Patient’s Demographic for HTAA 

Characteristics Non-Diabetic Diabetic 

Age (years) in 

Median [IQR] 
55 [34-62] 58 [50-67] 

Gender: 

Female 

Male 

 

24 (36.3%) 

42 (63.7%) 

 

34 (51.5%) 

32 (49.5%) 

Weight (kg) 

in Median [IQR] 
70 [60-80] 70 [60-80] 

Height (cm) 

in Median [IQR] 
161 [157-168] 160 [153-166] 

Category of patient: 

Medical 

Surgical 

Neuro 

ENT 

Urology 

Opthal 

 

37 

20 

9 

0 

0 

0 

 

39 

20 

3 

2 

1 

1 

LOS (days) 5 [3-5.5] 5[4-5.5] 

Mortality (0:1:2)* 42:22:2 36:30:0 

*0 for non- survivors, 1 for survivors and 2 for unknown. 

 
Numbers of patients for Medical and Surgical ICU admission 
between cohorts are also similar. However, the percentage of pa-
tient’s gender, number of admitted patients under ears, nose and 
throat (ENT), urology and ophthalmology were different. Actual 
patient’s length of stay (LOS) signifies the treatment days of the 
patient’s in the ICU. Minimum time of 12 hours on the day of ICU 

admission and discharged were considered as one day. Both co-
horts have an average of 5 LOS days. Lastly, patients are classi-
fied under three groups of mortality namely as non-survivors, 
survivors and unknown. Both cohorts have high number of mor-
tality (42 and 36 patients). 
Once patient’s demographics were identified, a dataset consisting 
of BG measurements (mmol/L), given insulin (U/hr) and given 
dextrose (g/hr) were extracted to start the assessment using a vir-
tual trial framework [20], [23]. The trial is divided into two big 

steps, where the first step is virtual fitting to identify insulin sensi-
tivity (SI) profile from clinical data, a parameter that represents 
hourly metabolic rate for each patient. It was done using an inte-
gral fitting method [24]. SI can capture patient specific blood glu-
cose response to insulin and highly variable dynamic of insulin 
kinetics [25].  
In the second step, both cohorts BG performance were then simu-
lated using the generated SI profiles. MATLAB Software was used 

for the virtual simulation. The simulation uses Intensive Control 

Insulin Nutrition Glucose (ICING) model [12] and SI profile to 
loop the STAR control algorithm by utilizing the current and pre-
vious reading of BG, insulin and dextrose to propose next best 
insulin and dextrose recommendation based on chosen target 
range [12], [18]. Virtual simulation BG target for Controller A 
was set to 4.4 – 8.0 mmol/L following STAR protocol guidelines 
[18], while Controller B was set to 4.4 – 10.0 mmol/L [16], the 
range for normoglycaemia. The maximum insulin dose was 

capped at 9 U/hr for both BG controllers. Feed given was mostly 
enteral nutrition with goal dextrose rate between 30 to 100%.  
Performance of STAR protocol was captured through the percent-
age of BG measurements within time in band (TIB) over the total 
measurements. Nursing workload in this work was defined as the 
total number of glucometer reading, insulin administration and 
feed adjustment between 1-3 hours depending on nurse’s decision 
for intervention. Execution practicality of the protocol was deter-

mined through nursing workload and patient safety where maxi-
mum risk must be below 5% for BG < 4.0 mmol/L (mild hypogly-
caemia) and BG < 2.2 mmol/L (severe hypoglycaemia).  
Median and interquartile range (IQR) of BG, insulin, feed, glucose 
rate, number of nursing workload, TIB 4.4 – 8.0 mmol/L, TIB 4.4 
– 10.0 mmol/L, TIB 6.0 – 10.0 mmol/L, %BG  >  10.0 
mmol/L, %BG < 4.0 mmol/L and %BG < 2.0 mmol/L were virtu-
ally simulated using ICING model by incorporating STAR Proto-

col were then tabulated. Mann-Whitney test was chosen to quan-
tify statistical significance of diabetic and non-diabetic cohort 
simulation results. This non-parametric test was chosen to test the 
difference between the two independent samples. The value for 
this test is significant if the p-values is less than 0.05. This test 
was performed on 2 different BG controllers and presented in a 
quadrant cross-validation p-value analysis. 

3. Results and Discussion 

Table 2 shows the list of results from simulated glycaemic control 
performance in median and interquartile range [IQR] while Figure 
1 shows the quadrant of Mann-Whitney significant comparison 
test between the simulations. The length of stay (LOS) totalled up 
to 15903.75 hours. Median nursing workload (NW) for diabetic 
patients was greater by 10 from non-diabetic patients for both BG 

controllers. The table shows median and [IQR] of nursing work-
load interventions for diabetic (35 [44-54]) and non-diabetic (45 
[53-59]) patients which are significantly different by 0.00051 in 
Controller A. Virtual simulation for Controller B results show the 
median and [IQR] of nursing workload in diabetic (36 [28-45]) 
and non-diabetic (43 [38-51]) resulting in p-value of 0.00063. The 
BG measurements for Controller A and B of diabetic patients are 
significantly different to non-diabetic patients with 0.00063 and 

0.0013 respectively. This means that a higher nursing effort is 
needed in measuring BG for sliding scale method to ensure dia-
betic cohort has a manageable glycaemia.  
Simulated median blood glucose (BG) levels and insulin doses for 
diabetic patients (8.3 mmol/L and 7.0 u/hr) are higher than non-
diabetic patients (7.4 mmol/L and 5.0 U/hr) in Controller A. As 
for Controller B, median of BG (8.6 mmol/L) and insulin (7.0 
U/hr) in diabetic patients is almost similar in reading to Controller 

A, but significantly different with p-value 0.00002. Controller A 
shows the feed rate for diabetic patients (2.9 g/hr) are much lower 
at 50th percentile as compared to non-diabetic patients (4.2 g/hr). 
At 75th percentile, the difference between diabetic (5.2 g/hr) and 
non- diabetic (6.6 g/hr) are 1.4 g/hr. In Controller B the feed me-
dian increased by 2.1 g/hr and 1 g/hr in non-diabetic and diabetic 
patients respectively.  
The median percentage of TIB 4.4 – 8.0 mmol/L and 4.4 – 10.0 

mmol/L for diabetic patients for both controllers are higher with 
total difference of 20.4 % and 30.1 %. Percentage TIB of 4.4 – 
10.0 mmol/L shows better performance in Controller A rather than 
Controller B for both non-diabetic (92.5% versus 90.9%) and 
diabetic patients (83.8% versus 82.3%). This suggested that, these 
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patients are better controlled under Controller A with tighter BG 
range. In addition, the p-value test of TIB 4.4 – 8.0 mmol/L and 
TIB 4.4 – 10.0 mmol/L in Figure 1 (d) shows there are no signifi-
cant difference between Controller A and B in non-diabetic pa-
tients. Meanwhile, Controller A percentage TIB of 6.0 – 10.0 
mmol/L for non-diabetic cohort is lower with small difference in 
median and IQR. Overall, Controller A shows good performance 
in all three TIBs including for both cohorts patient safety limits.  

Figure 1 shows the Mann-Whitney test results in between two 
controllers and in between their diabetic status. Quadrant 1(a) is 
the Controller A results between Diabetic (D) and Non-Diabetic 
(ND). Quadrant 1(b) is the cross analysis between Controllers A & 
B between Diabetic and Diabetic. Quadrant 1(c) shows the results 
of Controller B between Diabetic to Non-Diabetic. Lastly, Quad-
rant 1(d) shows the cross analysis of Controllers A & B between 
Non-Diabetic and Non-Diabetic. The p-value analyses of BG were 

significant in Figure 1(a) and 1(b) but not in 1(c) and 1(d). The p-
value of Insulin (I) were only significant in 1(a) and 1(d). As for 
feed (F), only Controller A (D-ND) and Controller B (D-ND) 
analyses were significant. All TIB 4.4 – 8.0 mmol/L, and TIB 4.4 
– 10.0 mmol/L all showed significant p-values except for in Fig-
ure 1(d).  Other than in Figure 1(b), all TIB of 6.0 – 10.0 mmol/L 
analyses were significant. The measurement for BG <4.0 mmol/L 
and BG <2.2 mmol/L are not statistically significant except for in 

Figure 1(d). 
 

Table 2: Virtual simulations 

Simulation 

Test 

(Median 

[IQR]) 

Protocol Controller A Protocol Controller B 

Non-

Diabetic 
Diabetic 

Non-

Diabetic 
Diabetic 

BG (mmol/L) 
7.4 [5.9 - 

9.1] 

8.3 [6.5 - 

10.1] 

7.3 [5.8 - 

9.6] 

8.6 [6.3 - 

10.7] 

Insulin (u/hr) 
5.0 [2.0 - 

8.0] 

7.0 [3.5 - 

8.0] 

5.0 [2.0 - 

8.0] 

7.0 [3.5 - 

8.0] 

Feed (g/hr) 
4.2 [1.9 - 

6.6] 

2.9 [1.9 - 

5.2] 

6.3 [2.3 - 

6.6] 

3.9 [1.9 - 

6.6] 

Glucose rate 

(% goal) 

64.6 [29.8 - 

100.6] 

44.7 [29.8- 

79.5] 

95.6 [34.8- 

100.6] 

59.6 [29.8 

- 100.6] 

SI (L/mU.min) 
0.25 e

-3
 

[0.16-0.34] 

0.15 e
-3

 

[0.08-0.22] 

0.25e
-3

 

[0.16-0.34] 

0.15 e
-3 

[0.08-

0.22]  

Number of 

Nursing 

Workload 

35 [44-54] 45 [53-59] 36 [28-45] 
43 [38-

51] 

Number of 

BG measure-

ment 

4433 5383 3890 4571 

(Interpolated) Hourly Resampled Statistics 

Time in target 

band % BG 

(4.4 - 8.0 

mmol/L) 

81.6 [61.1 - 

90.3] 

62.9 [43.1 - 

73.6] 

75.5 [52.1 - 

88.3] 

52.2 [33.8 

- 72.0] 

Time in target 

band % BG 

(4.4 - 10.0 

mmol/L) 

92.5 [83.1 - 

96.1] 

83.8 [73.8 - 

91.4] 

90.9 [83.2 - 

95.8] 

82.3 [68.8 

- 90.4] 

Time in target 

band % BG 

(6.0 - 10.0 

mmol/L) 

58.3 [50.0 - 

66.7] 

61.6 [48.6 - 

70.8] 

61.3 [49.3 - 

68.7] 

58.9 [51.4 

- 68.8] 

% BG (>10.0 

mmol/L) 

4.0 [2.1 - 

13.7] 

14.5 [5.3 - 

24.1] 

4.9 [2.1 - 

14.1] 

16.5 [6.2 - 

30.7] 

% BG (< 4.0 

mmol/L) 

0.0 [0.0 - 

1.3] 

0.0 [0.0 - 

1.6] 

0.0 [0.0 - 

1.4] 

0.0 [0.0 - 

1.4] 

% BG (< 2.0 

mmol/L) 

0.0 [0.0 - 

0.0] 

0.0 [0.0 - 

0.0] 

0.0 [0.0 - 

0.0] 

0.0 [0.0 - 

0.0] 

 

 
Fig. 1: Quad p-value analysis of Controller A and Controller B. (a) The 

analyses of Controller A between Diabetic (D) to Non-Diabetic (ND). (b) 

The analyses of Controllers A & B between D and D. (c) The analyses of 

Controller B between D to ND. (d) The analyses of Controllers A & B 

between ND and ND. 

 

Figure 2(a) shows an example of patient’s profile for a non-
diabetic patient with 76 hours of stays while Figure 2(b) shows 
patient’s profile of a diabetic patient with 140 hours of stay. From 
top to bottom, the first panel shows the real and simulated BG 
measurements. The second panel shows simulated plasma insulin 

(I) and interstitial insulin (Q), the third panel shows insulin sensi-
tivity (SI) which represents the hourly dynamic metabolic rate, and 
the last panel shows the provided insulin and enteral (EN) and 
parenteral (PN) dextrose. The SI profile for Figure 2 (b) is more 
dynamic and the given insulin as well as feed rate were higher for 
non-diabetic patient in Figure 2 (a). The more stable SI for non-
diabetic patient indicates that this particular patient was under 
better glycaemic control with STAR protocol and ICING model.  
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Fig. 2: Patient’s profile of (a) Non-diabetic and (b) Diabetic patients in the 

ICU. First panels show the blood glucose (BG) [mmol/L] clinical data 

(cross), BG fitted data (red line) and BG limit of 4.4 to 8.0 (blue lines). 

The second panels show the simulated plasma insulin (straight line) and 

the interstitial insulin (dotted line). The third panels and the last panel 

shows the recommended insulin (pink line) and enteral (EN) and par-

enteral (PN) feed (blue and red lines). 

 
Figure 3 shows the two cohorts’ cumulative distribution frequency 
(CDF) of median blood glucose level on two controllers. This 
figure illustrates the CDF percentile in the y-axis versus the me-
dian BG reading in the x-axis. This result shows an important gap 

in median blood glucose reading between the two cohorts with 
glycaemic control using STAR protocol. Blood glucose reading in 
diabetic and non–diabetic patients at 75th percentile shows the 
median BG is within the boundary of 8.0 – 10.0 mmol/L. Diabetic 
patients CDF for both controllers is less tight but at 75th percentile, 
the median BG target was less than 10.0 mmol/L. The surpassed 
BG was still acceptable because through insulin infusion, BG 
reading was still under control. Most importantly, Figure 3 shows 

no episodes of hypoglycaemia. 
 

 
Fig. 3: Cumulative Distribution Frequency (CDF) of Controller A and 

Controller B versus Median BG for non-diabetic and diabetic cohorts. 

This paper studied which glycaemic target controller is better in 
performance by assessing the percentage of glycaemic time in 
band (TIB). Based on the simulation of Controller A results, the 
percentage TIB within 4.4 – 8.0 mmol/L for diabetic and non-
diabetic cohorts achieved 62.9% and 81.6% where as for Control-
ler B, the TIBs are significantly lower at 52.2% and 75.5% respec-
tively. Similarly, for TIB of 4.4 – 10 mmol/L results, Controller A 
percentages are higher for both diabetic and non-diabetic. The 

third assessment, the TIB within 6.0 – 10.0 mmol/L for Controller 
A shows diabetic cohorts is higher than non-diabetic with 61.6% 
over 58.3%. The performances in this paper show that Controller 
A (BG target of 4.4 – 8.0 mmol/L) performs better towards diabet-
ic patients rather than Controller B (BG target control 4.4 – 10.0 
mmol/L).  
For insulin administration, there is significant difference in Quad-
rant 1(a) and 1(d) and the feed given are significant in Quadrant 

1(a) and 1(c). This suggested that the clinical insulin interventions 
for diabetic patients did not change in insulin administration and 
the feed only increased by +1 g/hr despite differences in BG target 
control. The amount of insulin infusion and feed given were 
automatically recommended in STAR protocol which are within 
the range of 2 to 9 U/hr and 30 to 100% targeted glucose rate 
respectively. This is because diabetic patients cannot depend on 
endogenous insulin secretion as their pancreas is unable to secrete 

sufficient insulin to normalize blood glucose level. Thus the re-
quirement of external insulin either by infusion or bolus. The feed 
given were within 1.9 to 6.6 g/hr. Insulin administration was 
slightly higher and feed given was almost similar to Christchurch 
Hospital [26]. From these virtual trial results, patient immediate 
response can either be from insulin alone or combination of 
insulin and feed [18]. 
One advantage of ICING model and STAR protocol using the 
chosen target ranges, was the absence of severe hypoglycaemia 

episodes which provides good patient safety. Table 2 shows simu-
lation results percentage of BG < 4.0 mmol/L (mild hypoglycae-
mia) for both glycaemic target control are less than 2.0% at 75th 
percentile for diabetic and non-diabetic patients, which is less than 
5% maximum risk as expected with STAR protocol. Based on 
Figure 2, both groups attained normoglycaemic level after an av-
erage of 10 hours under STAR treatment. If we zoomed into the 
BG performance, median CDF plots for both cohorts were within 

the range below 10 mmol/L at 75th percentile.  
Controller A nursing workload for diabetic and non-diabetic pa-
tients was significantly different to Controller B and lower by p-
value = 0.00051 and p-value = 0.000063 if compared to Controller 
B. Even though the total nursing workload was higher for diabetic 
patients, this number of clinical interventions were expected as 
diabetic patient or critical care patients required more attention in 
the intensive care unit compared to patient without diabetes [27]. 

Further comparative studies need to be conducted with the data 
coming from the conventional approach in Malaysia ICU, namely 
the sliding scale approach to understand the difference of nursing 
workload in both diabetic and non-diabetic patients.  
Finally, the study was conducted with retrospective patients data 
receiving only insulin infusion treatment. Despite STAR protocol 
ability to recommend insulin in bolus form, any conclusion cannot 
be made regarding STAR protocol’s ability in this aspect to fur-

ther reducing nursing workload, as insulin bolus requires less 
nurse’s intervention to modify the titrate. This can be done if more 
patients data with such treatment can be obtained.  

4. Conclusion 

In conclusion, this paper assessed STAR protocol virtual simula-

tions on HTAA patient demonstrated good performance of Con-
troller A rather than less tight BG of Controller B. Nursing work-
load was also assessed, confirming the need for improvements in 
future for less clinical intervention in diabetic patients. In the 
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meantime, generalizing the protocol performance in different clin-
ical setting for diabetic cohorts will be our next work target.  
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