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Abstract 53 

Background: Glycemic control (GC) is hard to implement safely in intensive 54 

care due to patient variability. GC has been wrongly blamed for increased 55 

hypoglycemic risk instead of protocol design, limiting its adoption. STAR is a 56 

model-based, patient-specific, risk-based GC framework modulating 57 

intravenous (IV) insulin and nutrition, accounting for both inter- and intra- 58 

patient variability. This study assesses STAR GC’s ability to provide safe and 59 

effective control across a large cohort.  60 

Methods: This study was performed in Christchurch Hospital Intensive Care 61 

Unit, New Zealand. Patients were treated with STAR GC between April 2019 62 

and December 2024. STAR GC episodes not complying with filtering criteria 63 

were excluded. Results are analyzed in terms of performance, safety and 64 

workload.  65 

Results: Of 1340 adult ICU patients totaling 1958 STAR GC episodes, 1085 66 

patients and 1430 episodes (86,010 hours of control) remained after filtering. 67 

71% of blood glucose (BG) measurements were in the target band for a median 68 

[IQR] BG of 124 [110 – 148] mg/dL. Only three (0.21%) severe hypoglycemia 69 

events (BG < 40 mg/dL) occurred, two unrelated to the control design. High 70 

median [IQR] nutrition delivery (89.0 [17.2 – 100.0]) %goal feed was achieved 71 

with median [IQR] insulin rate of 4.5 [2.0 – 6.0] U/h. Results were consistent 72 

per-patient and improved once in the target band.  73 

Conclusions:  STAR provides safe, effective control for all patients in this large 74 

cohort, with minimal hypoglycemia and high nutrition rates. The protocol 75 

adapts to patients’ specific needs and tolerances encouraging STAR’s adoption 76 
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in other ICUs. The quality of control also enables prospective assessment in the 77 

future of GC’s impact on patient outcomes.  78 

 79 

1. IntroducFon 80 

Stress-induced hyperglycemia (SIH) and insulin resistance affects 30-50% of 81 

patients admitted to intensive care units (ICU) [1]. SIH results from stress-82 

related hormonal responses, systemic inflammation, and insulin resistance. 83 

Safely normalizing glycemia for all patients using glycemic control (GC) is 84 

essential [1], as hyperglycemia and glycemic variability are associated with 85 

increased mortality, morbidity, and ICU length of stay [1,2]. 86 

 87 

Studies have shown GC benefits patients by providing safe and effective 88 

control with reduced mortality, morbidity, and, thus, indirect care costs [3-5]. 89 

However, achieving consistent GC remains challenging due to inter- and intra- 90 

patient variability [6]. Importantly, this variability, not GC strategies 91 

themselves [7], is the primary contributor to poor GC outcomes and increased 92 

risks of hypoglycemia. Many studies, including the landmark NICE-SUGAR, and 93 

GLUCONTROL have revealed the limitations of traditional approaches, failing 94 

to provide safe and effective control to all patients [8-11]. While intensive 95 

insulin therapy could improve patient outcomes, it can significantly increase 96 

the risk of hypoglycemia, associated with severe brain damage and increased 97 

mortality [12,13]. 98 

 99 
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The clinical implementation of GC protocols is impeded by fear of 100 

hypoglycemia and the associated workload, especially in ICUs with low nurse-101 

to-patient ratio [14,15]. Recent results have been confounded by poor protocol 102 

designs, and a lack of consensus has led many ICUs worldwide to adopt 103 

permissive hyperglycemia strategies [16,17], mainly guided by studies showing 104 

the inability to provide safe intensive GC. However, the limitations of 105 

traditional GC protocols are often rooted in poor clinical and human factors 106 

design [18]. Most protocols lack patient-specific adaptability, leading to 107 

suboptimal control outcomes, including increased hypoglycemia and glucose 108 

variability [19]. Additionally, ICU workload results in low compliance and 109 

increased human errors with non-automated, highly demanding protocols 110 

[20]. There is thus a need for patient-specific, safe and effective solution 111 

addressing the challenges of GC and balancing control quality with clinical 112 

workload [20,21].  113 

 114 

Recent advancements in model-based and predictive artificial intelligence (AI) 115 

driven GC protocols offer unique new approaches to these challenges. By 116 

explicitly accounting for inter- and intra- patient variability, some protocols 117 

enable personalized and adaptive glucose management [22]. Model-based 118 

approaches use patient-specific physiological data and real-time 119 

computational models to create a digital twin of the patient. This digital twin 120 

can be used to simulate glucose-insulin dynamics and identify patient-specific 121 

response to treatment through insulin sensitivity identification. Combined 122 

with predictive AI technology, it allows to tailor treatment to each individual 123 
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patient by forecasting variability and risk, and thus, patient-specific response 124 

to treatment. [22,23] This way, the risks of hyper- and hypo- glycemia can be 125 

balanced based on predicted risks, and the optimal treatment can be 126 

recommended to clinical staff [24]. Unlike conventional table-based or 127 

clinically-derived protocols, computerized model-based protocols can deliver 128 

safe, effective, and consistent GC across diverse ICU populations, despite 129 

targeting lower glycemic ranges [3,6]. 130 

 131 

In addition, the role of nutrition in managing SIH should be emphasized. 132 

Nutrition interacts directly with insulin therapy and metabolic regulation, 133 

necessitating an integrated approach for optimal GC outcomes [25]. The 134 

adequate amount of nutrition is patient-specific and depends on patient’s 135 

metabolism and tolerance [26,27]. Very few GC protocols modulate nutrition 136 

in addition to insulin. Current studies emphasize the urgent need for 137 

personalized nutrition therapy solutions based on important metabolic factors, 138 

such as insulin sensitivity [25,27]. An automated, model-based protocol 139 

optimizing GC outcomes, workload, and nutrition could significantly improve 140 

outcomes in ICU patients. 141 

 142 

This study presents the results of a 5-year observational trial involving 1085 143 

patients treated with the STAR (Stochastic TARgeted) GC protocol framework 144 

implemented at the Christchurch Hospital Intensive Care Unit, New Zealand. 145 

The objective is to demonstrate it is possible to control BG levels in a safe (low 146 
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rates of severe hypoglycaemia, BG <40mg/dL) and effective (high time in the 147 

target band, BG in 80-145 mg/dL) way for all ICU patients. 148 

 149 

2. Methods 150 

2.1. STAR GC protocol 151 

STAR is a model-based, patient-specific, and risk-based dosing GC approach 152 

accounting for both inter- and intra- patient variability [22,23]. Using a 153 

validated physiological model and a 3D stochastic model, it identifies and 154 

predicts patient-specific insulin sensitivity evolution in the next three hours 155 

[23,28] to simulate patient-spectific treatment impact on BG and assess hypo- 156 

and hyper- glycemic risk. These predicted risks are balanced to offer clinicians 157 

optimal treatment recommendations to safely maintain BG in the 80-145 158 

mg/dL (4.4-8.0 mmol/L) target band [23]. Uniquely, STAR GC and its 159 

predecessor SPRINT are the first protocols modulating both IV insulin and 160 

enteral/parenteral nutrition to control glycemia [22,29], accounting for the 161 

significant interplay between glycemia, nutrition, and clinical outcomes [25]. 162 

The STAR GC protocol and its implementation are further presented in detail 163 

in [22,23]. 164 

 165 

STAR GC is implemented on AndroidÔ tablets at the patient’s bedside. Nurses 166 

input BG level, insulin and nutrition data in the tablet, allowing STAR GC to 167 

compute a treatment suggestion. Nurses can choose the suggested treatments 168 

or adapt rates according to their clinical judgment. This occurs when nurse 169 

believe the treatment suggested by STAR GC may be unsafe. Typical concerns 170 
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include hyperglycemia following a high nutrition rate or a low insulin dose, 171 

hypoglycaemia following a high insulin dose or when suggested treatment 172 

interval is considered too long. BG is measured using either blood gas analyzer 173 

or glucometers as continuous glucose monitors have not yet been fully 174 

validated for use in ICU patients. STAR GC is initiated after two consecutive BG 175 

measurements over 145 mg/dL (8.0 mmol/L) within a 4-hour period and 176 

stopped after 6 hours of BG levels in the target band at low insulin rates (£ 177 

2U/h). Insulin and nutrition are dosed in increments. A maximum 6 U/h insulin 178 

bolus is administered in increments between 0.5 and 2.0 U. An additional 3 U/h 179 

background insulin infusion can be administered to highly insulin resistant 180 

patients. Nutrition is delivered in rates between 30% and 100% goal feed (GF) 181 

and can be adjusted by up to ±30% at each intervention [22]. GF is determined 182 

for each patient based on age, sex and weight, and on the recommended 25 183 

kcal/kg/day [22,30]. In case of hypoglycemia, insulin is stopped, and a dextrose 184 

bolus (10 mL of 50% glucose) is administered.  185 

 186 

2.2. Cohort 187 

This study considered adult patients treated with STAR GC between April 2019 188 

and December 2024 at the Christchurch Hospital ICU, New Zealand. All patient 189 

STAR GC episodes were included. Multiple episodes can arise from 190 

interruptions due to clinical procedures, re-admission, or reinitiation of STAR 191 

GC after stability and/or stoppage of IV insulin. Thus, a patient refers to a single 192 

ICU admission and an episode is a period of uninterrupted STAR GC [29]. STAR 193 

GC episodes lasting less than 10 hours, with >120%GF nutrition, and those 194 
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targeting different band were excluded as they are not representative of long-195 

term glycemic control or the STAR GC guidelines, respectively.  196 

 197 

All adult ICU patients receiving IV inulin and meeting the inclusion criteria were 198 

included. There are no additional filtering criteria based on patient condition 199 

or demographic. Patients received either enteral, parenteral, combined, or no 200 

nutrition when clinically indicated.  201 

 202 

2.3. Ethic approval and consent 203 

STAR GC is implemented as standard of care in the Christchurch Hospital ICU, 204 

New Zealand. This study is implemented as a clinical practice change and did 205 

not require ethics approval as the New Zealand Health and Disability Ethics 206 

Committee Upper South Regional Ethics Committee B (Ref: URB/07/15/EXP) 207 

approved the analysis and use of de-identified data as a clinical data audit. 208 

 209 

2.4. Analysis 210 

Outcomes are analyzed using typical GC metrics [31-33]. BG data is linearly 211 

interpolated and hourly resampled for better outcomes assessment and 212 

comparison [34]. The different outcomes are assessed at cohort and per-213 

episode level to check if a high-quality control is achieved for all patients and 214 

not only at a cohort perspective. Both approaches ensure full coverage of the 215 

actual results. Results are also analyzed once in the target band to assess STAR 216 

GC ability to maintain patients stable once in the band. 217 

 218 
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Primary outcomes include safety, performance and workload indicators. Safety 219 

is assessed by incidence of severe hypoglycemia. Severe hypoglycemia is 220 

characterized by the percentage below 40 mg/dL or 2.2mmol/L and by the 221 

number of STAR GC episodes presenting severe hypoglycemia. Performance is 222 

characterized by the %BG in the normoglycemic target band (145-180 mg/dL). 223 

Workload is represented by the number of BG measurements performed per 224 

day.  225 

 226 

Secondary outcomes include time spent in moderate and severe 227 

hyperglycemia (%BG in 145-180 mg/dL or 8.0-10.0 mmol/L and %BG > 180 228 

mg/dL or 10 mmol/L) and below the target band and in moderate 229 

hypoglycemia (hypoglycemia (%BG < 80 mg/dL or 4.4 mmol/L and %BG < 230 

72mg/dL or 4.0 mmol/L) They also include median [IQR] nutrition (%GF), 231 

insulin (U/h) rates and summary glycemia statistics (median [IQR] BG levels). 232 

Time to reach the target band is also reported as this time is not predefined by 233 

STAR GC and is specific to each patient.  234 

 235 

3. Results 236 

In total, there were 1958 STAR GC episodes from 1340 patients between April 237 

2019 and December 2024. After applying the filtering criteria, 1430 (73%) STAR 238 

GC episodes from 1085 patients (81%) were considered in the study. The 239 

number of episodes excluded per criterion is shown in Figure 1.  240 

 241 
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 242 

Fig.1 GC episode filtering from the original 1340 patients. 243 
 244 

Cohort demographics are presented in Table 1. From the 1085 patients, 67% 245 

were male, with a median [IQR] age of 65 [54 – 72] years. The median [IQR] 246 

ICU stay under STAR GC was 1.7 [0.8 – 3.1] days. Among the 30.8% of patients 247 

with diabetic history, 5.5% patients had type 1 diabetes, and 25.3% patients 248 

had type 2 diabetes. These demographics reflect typical ICU populations. 249 

Table 1. Patient demographics 250 
Cohort demographics STAR 

Number of patients 1085 
Age (years) 65 [54 – 72] 
% (#) Male / Female 67% (729) / 33% (356) 
Episode length (days) 1.7 [0.8 – 3.1] 
Diagnosed Type 1 Diabetes 5.5 (60) 
Diagnosed Type 2 Diabetes 25.3 (275) 

Data is given as median [25th – 75th percentiles] where appropriate. 251 

 252 

Results for the whole cohort are presented in Table 2 and 3. Those results 253 

represent mean across the entire cohort giving a general view of the control 254 

performance. In total, 53,584 BG measurements were made for 86,010 hours 255 

of control resulting in 14.9 measurements/day or one measurement every 1.6 256 

hours. Once in target band, the workload decreased to 14.2 257 

measurements/day, where some workload is due to nursing choice rather than 258 

protocol. 259 

 260 
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71.2 %BG were in target band for a median BG of 124 [110 – 148] mg/dL. In 261 

total, 1398 episodes (97.8%) reached the target band, for which the %BG in 262 

target increased to 79.1% for a median BG of 121 [108 – 139] mg/dL. 263 

Table 2. Cohort clinical results 264 
 STAR 
Number of patients 1085 
Number of GC episodes 1430 
Hours of control (h) 86010 
Total BG measurements 53584 
BG measurements/day 14.9 
Median BG (mg/dL) 124 [110 – 148] 
Median insulin (U/h) 4.5 [2.0 – 6.0] 
Median nutrition (%GF) 89.0 [17.2 – 100.0] 
%BG in 80-145 mg/dL 71.2 
%BG in 145-180 mg/dL 16.3 
%BG > 180 mg/dL 11.7 
%BG < 80 mg/dL 0.9 
%BG < 72 mg/dL 0.3 
%BG < 40 mg/dL <0.01 
Episodes with min. BG < 40 mg/dL (%) 3 (0.21) 

Data is given as median [25th – 75th percentiles] where appropriate. 265 

Table 3. Cohort clinical results once target band reached 266 

Data is given as median [25th – 75th percentiles] where appropriate. 267 

 268 

 STAR 
Number of patients 1065 
Number of GC episodes 1398 
Hours of control (h) 77245 
Total BG measurements 45819 
BG measurements/day 14.2 
Median BG (mg/dL) 121 [108 – 139] 
Median insulin (U/h) 4.0 [2.0 – 6.0] 
Median nutrition (%GF) 90.9 [31.7 – 100.0] 
%BG in 80-145 mg/dL 79.1 
%BG in 145-180 mg/dL 14.1 
%BG > 180 mg/dL 5.9 
%BG < 80 mg/dL 1.0 
%BG < 72 mg/dL 0.4 
%BG < 40 mg/dL <0.01 
Episodes with min. BG < 40 mg/dL (%) 3 (0.21) 
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In addition, very low incidence of BG below the target band and light and 269 

severe hypoglycemia (1 %BG < 80 mg/dL, 0.3 %BG < 72 mg/dL and <0.01 %BG 270 

< 40 mg/dL) was observed. Out of the 1430 episodes, only 3 severe 271 

hypoglycemia events occurred in 3 episodes (0.21% of episodes). The incidence 272 

of mild and severe hyperglycemia was 16.3% and 11.7% respectively, which 273 

dropped to 14.1% and 5.9% once the target band was reached Table 3. 274 

 275 

Those results were achieved with a median nutrition of 89.0 [17.2 – 100.0] %GF 276 

and 90.9 [31.7 – 100.0] %GF once target band is reached showing higher 277 

nutrition delivery rates when in target. Finally, the median [IQR] insulin was 4.0 278 

[2.0 – 6.0] U/h over the entire cohort. Figure 2 shows the blood glucose, the 279 

total amount of nutrition administered in %GF and kcal/day, and the number 280 

of patients under STAR GC as a function of episode length.  281 
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 282 
Fig.2 BG level, nutrition and patients under STAR GC over time during GC. BG level (top), total 283 
amount of nutrition administered in %GF (second to top) and in kcal/day (third to top), and 284 
number of patients under STAR GC (bottom) are shown as a function of the number of days 285 
under GC. The first three panels are expressed as median (IQR). The shaded band in the top 286 
panel represents the target range (80-145 mg/dL) 287 
 288 

Per-episode results for the whole episodes and once target band is reached are 289 

presented in Table 4 and 5. Those results give information on how the control 290 

framework adapts to each episode and possibly detects subgroups of patients. 291 

The median workload was 15.7 [13.3 – 18.0] measurements/day and 14.7 [12.4 292 

– 16.9] measurements/day once in target band. The median STAR GC episodes 293 

length was 1.7 [0.8 – 3.1] days and the median time to reach the target was 4.0 294 

[1.9 – 8.0] hours. Median starting BG was 202 [167 – 245] mg/dL. 295 

 296 



page 15 of 27 

Results considering performance showed a median per-episode BG of 130 [119 297 

– 146] mg/dL with 72.7 [54.0 – 86.7] %BG in target. This result shows that 75% 298 

of patients had at least 50% of their BG levels within the target band. Once 299 

target band is reached, median BG decreased with 121 [112 – 131] mg/dL and 300 

%BG in the different band increased with 88.0 [70.4 – 98.5] %BG in 80-145 301 

mg/dL target band (75% of patients remained at least 70% of the time in the 302 

target band). 303 

Table 4. Per-episode clinical results 304 
 STAR 
Number of GC episodes 1430 
Episode length (days) 1.7 [0.8 – 3.1] 
Starting BG (mg/dL) 202 [167 – 245] 
BG measurements/day 15.7 [13.3 – 18.0] 
Median BG (mg/dL) 130 [119 – 146] 
Median insulin (U/h) 4.0 [3.0 – 5.8] 
Median nutrition for those fed (%GF) 95.0 [67.9 – 100.0] 
%BG in 80-145 mg/dL 72.7 [54.0 – 86.7] 
%BG in 145-180 mg/dL 13.6 [7.1 – 23.1] 
%BG > 180 mg/dL 7.7 [1.3 – 21.0] 
%BG < 80 mg/dL 0.0 [0.0 – 0.0] 
%BG < 72 mg/dL 0.0 [0.0 – 0.0] 
%BG < 40 mg/dL 0.0 [0.0 – 0.0] 
Episodes with min. BG < 40 mg/dL (%) 3 (0.21) 

Data is given as median [25th – 75th percentiles] where appropriate. 305 

  306 

Regarding safety, there was virtually no hypoglycemia, with only 3 (0.21%) of 307 

1085 patients experiencing severe hypoglycemia (BG < 40 mg/dL). For two of 308 

these patients (0.18%), no insulin was being administered when the 309 

hypoglycemic event occurred. For hyperglycemia, the incidence of moderate 310 

and severe hyperglycemia was 13.6 [7.1 – 23.1] % and 7.7 [1.3 – 21.0] % 311 

respectively, significantly reduced once target band is reached (7.4 [0.0 – 18.8] 312 

% and 0.0 [0.0 – 0.0] %). 313 
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 314 

 315 

Table 5. Per-episode clinical results once target band reached 316 

Data is given as median [25th – 75th percentiles] where appropriate. 317 

 318 

Finally, these outcomes were achieved with per-episode median insulin rates 319 

of 4.0 [3.0 – 5.8] U/h for the whole cohort and 3.5 [2.5 – 5.0] U/h once target 320 

band is reached. Median nutrition rates achieved were high 95.0 [67.9 – 100.0] 321 

%GF and 97.9 [74.1 – 100.0] %GF once in the target band, based only on 322 

episodes where patients were fed.  323 

 324 

 325 

4. Discussion 326 

This large cohort study shows the ability of STAR GC to provide safe, effective, 327 

control with long time in target band (71.2% BG in 80-145 mg/dL) and low 328 

hypoglycemia (0.9% BG < 80 mg/dL; <0.01% BG < 40 mg/dL). These results 329 

 STAR 
Number of GC episodes 1398 
Time to target (hours) 4.0 [1.9 – 8.0] 
Starting BG (mg/dL) 131 [121 – 139] 
BG measurements/day 14.7 [12.4 – 16.9] 
Median BG (mg/dL) 121 [112 – 131] 
Median insulin (U/h) 3.5 [2.5 – 5.0] 
Median nutrition for those fed (%GF) 97.9 [74.1 – 100.0] 
%BG in 80-145 mg/dL 88.0 [70.4 – 98.5] 
%BG in 145-180 mg/dL 7.4 [0.0 – 18.8] 
%BG > 180 mg/dL 0.0 [0.0 – 2.8] 
%BG < 80 mg/dL 0.0 [0.0 – 0.6] 
%BG < 72 mg/dL 0.0 [0.0 – 0.0] 
%BG < 40 mg/dL 0.0 [0.0 – 0.0] 
Episodes with min. BG < 40 mg/dL (%) 3 (0.21) 
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outperform most GC studies and are consistent at both cohort and per-patient 330 

levels (Tables 2 and 4). 331 

 332 

There were only three episodes of severe hypoglycemia (0.21% of patients), 333 

exceeding other protocols (1-7%) [4,8,29]. STAR GC ability to provide 334 

consistently safe control to virtually all patients suggests the association of GC 335 

with increased hypoglycemia reported in many recent landmark studies, 336 

including NICE-SUGAR, is likely a result of poor control protocol design rather 337 

than GC itself. Hence, the benefits of intensive GC on patient outcomes may 338 

finally be assessed without the bias from avoidable hypoglycemia due to using 339 

protocols with less safety, performance, and personalization, and could thus 340 

show improved outcomes for these patients [12,18]. 341 

 342 

When analyzing the three adverse events (0.21% of episodes), two (0.18%) 343 

occurred without the patient receiving any insulin at the time the 344 

hypoglycaemia occurred and for the immediate hours before and after the 345 

event, and are thus not a result of the STAR GC recommendation. The last 346 

occurred from a sudden extreme rise in insulin sensitivity, and is influenced by 347 

many different factors [35]. However, the low incidence of hypoglycemia 348 

demonstrates safety suitable for regular clinical use.  349 

 350 
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STAR GC also achieved high nutrition rates at cohort (89.0 [17.2 – 100.0] %GF) 351 

and per-episode (95.0 [67.9 – 100.0] %GF), corresponding to 1440 [240 – 1800] 352 

kcal/day and 1584 [1200 – 1810] kcal/day. Those rates match the best 353 

worldwide [26] due to the digital-twin enabled personalized care. As a result, 354 

while some patients remain at low feed rates for the first days, others can 355 

assimilate nutrition much earlier. Feeding patients according to their specific 356 

tolerance and need is associated with improved outcomes [26,27]. 357 

 358 

The workload required to achieve the results is relatively high clinically (14.9 359 

measurements/day, 1.6/hour) and may be challenging in ICUs with lower 360 

nurse-to-patient ratios [14,33]. However, STAR GC allows choices of 1-3 hourly 361 

intervals and protocol compliance studied during STAR GC validation study was 362 

96-99% with some measurements taken more frequently by choice [29, 36]. 363 

Equally, longer measurements intervals are being investigated to reduce 364 

workload with good control [33], and validated virtual trials [37] have already 365 

shown STAR GC can deliver safe, effective control with 8-10 366 

measurements/day. A trade-off can thus be considered to further reduce 367 

workload while maintaining high BG safety and efficacy. 368 

 369 

Only 32 episodes (2.2%) did not reach the target band, with median (IQR) 370 

episode of 13.6 [11.5 – 16.5] hours. Once in target band, STAR GC maintained 371 

BG within range for ~80% of time and 88 [70.4 98.5] % per-patient. Nutrition 372 

also increased when considering only data once in target band, while workload 373 
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decreased (14.9 vs. 14.2 measurements/day). The hours before reaching target 374 

band are hyperglycemic with hourly measurements and often where nutrition 375 

has typically not been started.  376 

 377 

The high quality of control achieved is directly attributed to the more recent 378 

and complex 3D stochastic models implemented in STAR GC, which 379 

incorporate more date to forecast insulin sensitivity [28]. These models 380 

provide tighter prediction inducing more aggressive insulin dosing for stable 381 

glycemia. When there is a higher risk of glycemic variability, they provide wider 382 

predictions inducing more conservative insulin dosing to limit the risk of 383 

hypoglycemia. Considering more data allowing a better representation of the 384 

metabolic state of the patient positively impacts future insulin sensitivity and 385 

the control, consequently improving patient outcomes. The high efficacy and 386 

safety observed in this study reflects this high-quality control with greater 387 

patient-specificity. In this case, the increased incidence of hypoglycemia 388 

associated with glucose control would be seen as a question of protocol design 389 

rather than control or target range [18]. Finally, it could help to assess the 390 

impact of GC on patients’ outcomes without the concern of higher 391 

hypoglycemia risk seen in large recent RCTs such as NICE-SUGAR or others 392 

[8,9]. 393 

 394 

The performance of STAR GC can be compared with that of other validated 395 

computerized glycemic control systems used in intensive care, such as the 396 
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LOGIC-Insulin and Glucommander algorithms. While such protocols provide 397 

safe and effective control [38-40], STAR GC has been shown to achieve more 398 

stable glycemic regulation and reduce the occurrence of hyper and 399 

hypoglycemia. The better performance of STAR GC can be attributed to its 400 

unique design. Unlike other protocols, STAR GC modulates both insulin and 401 

nutrition to control blood glucose, rather than adjusting insulin alone. 402 

Moreover, it uses a predictive stochastic model simulating patient glycemic 403 

trajectories and allowing personalized and risk-based recommendations which 404 

is not present in other GC protocols. 405 

 406 

Considering all the elements discussed above, STAR GC framework provides 407 

safe and effective control with patient-specific care. High quality control is 408 

achieved for all patients regardless of their condition. This automated, 409 

computerized protocol easily adapts to different ICU guidelines and practices, 410 

and can be integrated with electronic health record to further facilitate its use. 411 

In addition, the data collected for this study represent five years of use of the 412 

protocol and more than 1000 patients adding confidence in the results 413 

obtained. This large cohort shows the protocol is effective on large populations 414 

with potentially large variations between patients.  415 

 416 

A key limitation of this study is its results originate from a single-center 417 

observational study, rather than a large multi-center, international RCT. RCTs 418 

are the gold standard to validate such protocol but they often suffer from 419 
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variability between the different centers in the way patients are treated, data 420 

reported, and often lack the full picture where nutrition is typically left to local 421 

clinical practice and often not analyzed despite its impact on control 422 

[3,8,41,42]. While the variability between practices is real, the benefit from a 423 

computerized system, such as STAR GC, thus provides a mean to standardize 424 

control (across ICUs, nurse shifts, etc.) and compensate for variability seen. 425 

STAR GC has been consistently tested in different ICUs from Belgium, Hungary, 426 

Malaysia, and New Zealand, and has always shown its ability to provide safe 427 

and effective control [14,29,43]. Multi-center RCT could be conducted to 428 

further validate STAR GC, but each center included has to ensure its ability to 429 

provide a safe and effective control before assessing the impacts of STAR GC 430 

on patients outcomes [6,7,21].  431 

 432 

In this study, patient outcomes (such as mortality, complications, etc.) are not 433 

assessed and analyzed. The primary objective of this work is to demonstrate 434 

safe and precise control can be achieved as soon as the protocol used is well-435 

designed. Therefore, the focus was placed on the control performance and the 436 

risks directly associated with it. An analysis of the patient outcomes could be 437 

considered as part of future work since some studies suggest safe and effective 438 

GC improves outcomes in critically ill patients [12,32,44]. 439 

 440 

 441 

5. Conclusions 442 
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STAR GC provided safe and effective control for nearly all the 1085 patients in 443 

this 5-year study, with almost no incidence of hypoglycemia despite targeting 444 

normoglycemic ranges. These results thus suggest tight GC control can be 445 

achieved safely for all patient when using computerized, patient-specific 446 

protocols accounting for inter- and intra- patient variability. Therefore, the 447 

associated risk of hypoglycemia with tight GC reported in many GC studies is a 448 

causality from poor protocol design. 449 

 450 

Low incidence of hypoglycemia, high time in normoglycemic ranges, and 451 

tailored nutrition are all associated with improved outcomes in ICU patients. 452 

While this study did not directly investigate association with patient outcomes, 453 

it proves tight GC does not necessarily imply increased hypoglycemia, often 454 

affecting the potential benefit from reduced hyperglycemia.  455 

 456 

It is also important to note that with such computerized and automated 457 

protocols, even ICUs with limited financial and nursing staff resources can 458 

provide safe and effective GC protocols to patients, overall reducing the costs 459 

of care from high quality control. Future work will investigate potential benefit 460 

from unbiased tight GC on patient outcomes. 461 

 462 

 463 
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