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ABSTRACT 
 

 

Background The relationship between admission hyperglycaemia and adverse 

outcome in myocardial infarction has been shown consistently. However, achieving 

and maintaining normoglycaemia in STEMI-patients has proven difficult. This 

study aimed to investigate the efficacy of sensor augmented insulin pump therapy 

(SAP) to treat hyperglycaemia. 

Methods In a randomised controlled pilot trial, we assigned 20 patients, aged 30-80 

years, admitted with STEMI and hyperglycaemia (>=7.8 mmol/l) to receive either 

48 hours of strict glycaemic control with an subcutaneous insulin pump augmented 

with a continuous glucose monitor (SAP group) or to treatment according to 

standard practice (Control group) with glucose measured by blinded CGM. The 

main outcome measure proportion of time spent in hyperglycaemia. 

Results The median treatment time was 47.0 hours (IQR 46.2 to 48.0) in the SAP 

group and 44.6 (IQR 22.0 to 48.6) in the Control group. The median proportion of 

time >=7.8 mmol/l was 14.6% (IQR 10.5 to 18.5) in the SAP group and 36.3% in the 

control group (IQR 26.0 to 80.4), p=0.006. The proportion of time <=3.9 mmol/l was 

8.9% (IQR 8.3 to 12.5) in the SAP group vs. 0% (IQR 0 to 2) in the Control group, 

p<0.001. Plasma glucose decreased significantly in SAP group as compared to the 

Control group, p=0.025.  

Conclusions SAP therapy is effective in reducing hyperglycaemia in STEMI 

patients on the coronary care unit. This is accompanied by a small but significant 

increase in hypoglycaemia. Although a promising tool for in-hospital 

hyperglycaemia therapy, SAP needs improvement before continuing to large scale 

randomised controlled trials.    
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INTRODUCTION 

 

In patients admitted for acute myocardial infarction (AMI), elevated admission 

glucose levels are strongly predictive of heart failure, shock and mortality. 1-4 In the 

first randomised controlled study to treat Diabetic Patients with Acute Myocardial 

Infarction (DIGAMI), intensive glucose lowering therapy significantly reduced both 

short- and long term mortality. 5;6 Two following trials aiming to treat 

hyperglycaemia in patients with- and without diabetes mellitus and AMI (DIGAMI 

2 and HI-5) could not reproduce earlier  results.7;8 The authors attributed this to 

disappointing recruitment rates, but also to the lack of significant difference in 

glucose control achieved between the intervention and control groups. Indeed, post-

hoc analyses showed that hyperglycaemia remained an important predictor of 

mortality.7;8 Recently, Kosiborod and colleagues showed that glucose normalisation 

after AMI is associated with improved survival. 9 It thus seems important but 

difficult to lower glucose in the coronary care setting.  An important barrier to 

implementation of  intensive glucose control in the coronary care unit may be the 

fear for hypoglycaemia that invariably accompanies glucose lowering therapy.10;11 

Furthermore, it has proven hard to handle postprandial glucose excursions in 

hospitalised patients who resume normal eating.12  The use of insulin pumps 

augmented with a continuous subcutaneous glucose monitor (CGM) could improve 

glucose lowering therapy in the coronary care unit (CCU). Using the continuous 

stream of glucose data with preset alarms for hypo- and hyperglycaemia, the 

subcutaneous insulin infusion rates can be adjusted to maintain euglycaemia. 

Furthermore, a mealbolus advisor can be used to limit postprandial 

hyperglycaemia.13 The system has already proven beneficial in treating patients 

with type 1 diabetes in outpatient settings.14-16 In this study, we investigated the 

efficacy of sensor augmented pump therapy to treat hyperglycaemia in patients 

admitted to the CCU for AMI. 

 

METHODS 

 
Design and patients 

We performed a randomised controlled pilot trial, including patients admitted to 

the CCU of the Academic Medical Centre (Amsterdam, The Netherlands), a 

university hospital. Patients with an admission glucose of >=7.8 mmol/l (measured 

from a venous blood sample using the Accu-Check Inform®, Roche Diagnostics, 

Basel Switserland), aged 30-80 years, and ST-elevation myocardial infarction 

�����	���������	����	�������	��	�����	��������������	��	���	���

119



(STEMI), treated by primary percutaneous coronary intervention (PCI), were 

included. Exclusion criteria were known diabetes mellitus type 1, abdominal 

abnormalities that might hinder either glucose measurement by the sensor or the 

continuous subcutaneous insulin infusion and simultaneous participation in other 

studies. The study was approved by the ethic committee of the Academic Medical 

Centre and performed in accordance with the declaration of Helsinki. All patients 

provided written informed consent. The study is registered with controlled-

trials.com, ISRCTN55085730. 

 

Procedures 

After inclusion, patients were randomised to either 48 hours of glucose control with 

sensor augmented pump therapy (SAP group) or blinded continuous monitoring 

only with treatment according to standard practice (Control group). A flow chart is 

provided in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the SAP group, preceding PCI, an intravenous starting insulin bolus was 

injected based on the admission glucose, using an adapted standardised algorithm 

(Appendix 1)  from Bode et al and adjusted by Nobels et al. 17;18 The Paradigm® 

Real-Time system (Medtronic MiniMed, Inc., Northridge, CA), combines a 

continuous glucose sensor and insulin pump. Both need insertion subcutaneously in 

the abdominal periumbilical area at different sites. Two hours after insertion and 

Figure 1- study flow-chart, SAP=Sensor Augmented Pump, CGM= Continuous subcutaneous Glucose Monitor 
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initiation (inherent to the system), the system could be calibrated and the CGM 

and insulin pump were started. The CGM provides a glucose value every 5 minutes. 

The alarm thresholds were set at 4.7 mmol/l for hypo- and 6.1 mmol/l for 

hyperglycaemia. Because the frequency of the alarms requesting a blood glucose 

check and recalibration was too time consuming for the nursing personnel we 

changed the upper alarm threshold to 7.1 mmol/l after the first 5 patients in the 

SAP group. On request of the nursing staff, the lower alarm threshold was set at 

4.4 mmol/l and the upper at 7.5 mmol/l for the last two patients.  

The nursing staff was instructed to adjust the basal insulin rates responding to 

alarms according to the algorithm (Appendix 1). Using the BolusWizard® the study 

staff calculated the mealtime insulin bolus. The BolusWizard® program provides a 

mealtime insulin bolus advice taking into account the current glucose value, insulin 

administration rate, patient specific insulin/carbohydrate sensitivity and the 

amount of carbohydrates to be ingested. The insulin/carbohydrate sensitivity was 

based on the total daily insulin need of the patient, which was calculated from the 

amount of insulin needed to achieve normoglycaemia in each particular patient.  

In the control group the CGM of the Paradigm® Real-Time system was inserted 

before or shortly after PCI. The CGM readings were not made available to the 

treating physician and the patient. If patients had glucose levels above 15 mmol/l 

during 3 consecutive routine glucose measurements, standard practice at our 

institution indicated that therapy should be started. To minimize bias, 

responsibility for the initiation or adjustment of insulin remained with the treating 

physician or consulting internal medicine physician. All patients were instructed 

not to consume snacks in between the regular meals provided by the hospital. 

In both groups the CGM was calibrated according to manufacturersÊ instructions 

using venous blood samples every 6 hours. The glucose values for calibration were 

determined using the Accu-Check Inform® (Roche Diagnostics, Basel Switserland).  

In the SAP group, additional calibrations were performed if there was a false alarm 

(Appendix 1). Routine venous blood samples for glucose determination were taken 

before PCI and at 24 and 48 hours after admission. Blood was collected in heparine 

gel tubes and centrifuged for 10 min at 1600 x g and 18À C for immediate glucose 

determination.  

 

Outcome measures and statistical analyses 

The main outcome measure was the proportion of time spent hyperglycaemia 

(>=7.8 mmol/l) as measured by continuous subcutaneous glucose monitor (CGM) 

during 48 hours. Also we calculated the proportion of time spent in hypoglycaemia 
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(<=3.9 mmol/l), spent within the initial alarm target range (4.7-6.1 mmol/l) and the 

Area Under the Curve (AUC) for hypo- and hyperglycaemia. 

Differences in plasma glucose values during admittance were assessed. 

Furthermore we calculated CGM accuracy with the mean absolute difference 

(MAD). The standardised venous recalibration samples taken every 6 hours were 

compared with the last sensor value before recalibration (MAD = |CGM value - 

blood glucose| / blood glucose). Thus, we did not use the additional calibration 

values performed in the SAP group in case of a false alarm.  Finally, the number of 

alarms to which the nursing staff had to respond in the SAP group was assessed as 

well as the number of hypoglycaemic episodes (plasma glucose <=3.9 mmol/l) that 

were followed by oral or intravenous glucose administration. 

A formal power analysis was not possible, because this is the first study applying 

SAP in the CCU. Therefore, we aimed to include 20 patients to be randomised in a 

1:1 ratio. Results were presented as mean � SD or median with IQR were 

appropriate. For the between group differences from the sensor derived endpoints, 

we used the Mann-Whitney-U test or the student T test. The between group 

difference for the plasma glucose values were tested using an ANOVA model for 

repeated measurements. All analyses were performed in SPSS 16.0 (SPSS Inc., 

Chicago, IL, USA). 

 

RESULTS 

 

After screening 45 patients we randomised 20 patients to either 48 hours of SAP 

therapy or standard care. In both the SAP group and Control group one patient 

dropped-out because of transferral to another hospital. In the Control group, one 

patient withdrew informed consent. Thus 9 and 8 patients were eligible for 

analyses in the SAP- and Control group, respectively. All patients resumed eating 

regular meals after admission. The baseline characteristics are provided in Table 1. 

The median amount of IV insulin given as a bolus before PCI in the SAP group was 

3.6 IU (IQR 3.3-4.8). Hereafter, 102.9 IU (IQR 67.6 to 147.3) were given 

subcutaneously with the insulin pump, of which 82% (IQR 69-92) was basal insulin 

In the Control group no insulin therapy was initiated by the treating physician. 

The median treatment time the SAP group was 47.0 hours (IQR 46.2 to 48.0) and in 

the Control group 44.6 (IQR 22.0 to 48.6), p=0.67. Figure 2 shows the median 

glucose values for both groups as measured every 5 minutes by the CGM system (2 

hours after initiation). 
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Time (hours after randomisation)

SAP group
Control group
Upper Line 7.7 mmol
Lower line 3.9 mmol/l

48 hours

 SAP group 
(n=9) 

Control group 
(n=8) 

Age, years (mean ± SD) 58 ± 8 62 ± 7 
Male gender, n (%) 8 (89) 5 (63) 
Diabetes mellitus, n (%) 
Insulin treatment on admission, n (%) 

4 (44) 
1 (11) 

2 (25) 
0 (0) 

Smoking, n (%) 5 (56) 5 (63) 
Hypertension, n (%) 3 (33) 2 (25) 
Hypercholesterolemia, n (%) 3 (33) 1 (13) 
Previous MI, n (%) 3 (33) 1 (13) 
Family history of CAD, n (%) 5 (56) 1 (13) 
Culprit vessel   
-LAD, n (%) 3 (33) 3 (38) 
-RCA, n (%) 5 (56) 4 (50) 
-LCX, n (%) 1 (11) 1 (13) 
HbA1c (median, IQR) 6.5% (6.0-7.5) 5.7% (5.5-6.5) 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1- Cohort characteristics, SAP=Sensor Augmented Pump, MI= Myocardial Infarction, CAD= 
Coronary Artery Disease, LAD= Left Anterior Descending, RCA= Right Coronary Artery, LCX= 
Left Circumflex 

Figure 2- median sensor glucose values every 5 minutes after start measurements sensor for both groups. 
SAP= Sensor Augmented Pump 
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The percentage of time spent in hyperglycaemia during the 48 hours after PCI was 

significantly smaller in the SAP group: 14.6% (IQR 10.5 to 18.5) vs. 36.3% (IQR 

26.0 to 80.4), p<0.01. The proportion of time spent in hypoglycaemia was 

significantly greater in the SAP group (8.9%, IQR 8.3 to 12.5) as compared to the 

Control group (0%, IQR 0 to 1.5), p<0.001 and the percentage of time spent in the 

initial alarm target range of 4.7 to 6.1 mmol/l was 32.7% (IQR 28.4 to 36.0) in the 

SAP group and 2.2% (IQR 0.2 to 27.7) in the control group, p=0.036. The AUC for 

hyperglycaemia was significantly smaller in the SAP group (0.1 mmol/l/min, IQR 

0.0 to 0.1) as compared to the Control group (0.2 mmol/l/min, IQR 0.1 to 0.4), 

p=0.015. When comparing the AUC for hypoglycaemia this was 0.02 mmol/l/min 

(IQR 0 to 0.02) in the SAP group and 0 mmol/l/min (IQR 0 to 0) in the Control 

group, p<0.01.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The median plasma glucose in the SAP group decreased from 10.3 mmol/l (IQR 9.0 

to 13.1) pre-PCI to 4.8 mmol/l (IQR 4.0 to 7.4) after 24 hours and 4.6 mmol/l (IQR 

4.2 to 7.1) after 48 hours (Figure 3). In the Control group, the median glucose pre-

PCI was 9.1 mmol/l (IQR 8.6 to 11.4), which decreased to 7.7 mmol/l (IQR 6.3 to 

10.5) after 24 hours and 6.9 mmol/l (IQR 6.1 to 11.5) after 48 hours. The plasma 

glucose in the SAP group decreased significantly more as compared to the Control 

group, p=0.025.  

Figure 3- median plasma glucose values for both groups. The plasma glucose decreased significantly 
more in the SAP group, P=0.025. PCI= Primary percutaneous Coronary Intervention SAP= Sensor 
Augmented Pump 
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In total we measured 7620 valid sensor values during the study. In 6% of the 

monitoring time the sensor did not generate a signal. On four occasions a sensor 

had to be replaced because of sensor failure. The mean number of calibrations per 

24 hours was 9 (�4) in the SAP group and 4 (�1) in the Control group and the 

median number of paired regular calibration values (every 6 hours) per patient was 

5 (IQR 4-6.5). The accuracy of the CGM based on the regular calibration values did 

not differ significantly between both groups with an MAD of 21.6% (�9.6) in the 

SAP group and 18.5% (�8.8) in the control group (p=0.50).  

In the SAP group, the nursing staff responded 11 times (�6) per 24 hours to an 

alarm, with an equal distribution between the hypo- and hyperglycaemic alarms. In 

the majority of the cases, the patient needed to indicate that the alarm was going 

off because the acoustic signal was too weak to be heard by the nurse on the 

coronary care unit. The basal rate was adjusted 9 times (�5, mean � SD) per 24 

hours. The BolusWizard® advice was followed 75% of the time. In 25% of the time 

the advised amount of insulin was lowered by the study staff.  In the SAP group, 

hypoglycaemia (plasma glucose <=3.9 mmol/l) followed by glucose administration 

occurred 11 times in 6 patients. Of these, 3 patients had known diabetes. All events 

were without clinical sequelae and occurred at least 23 hours after admission with 

a median temporary distribution of 31.4 hours (IQR 26.7-36.6) after admission. In 

the Control group, no hypoglycaemia was observed. No other device related adverse 

events occurred. 

 

DISCUSSION 

 

In this randomised controlled trial we showed that sensor augmented insulin pump 

therapy in patients with STEMI and admission hyperglycaemia lowered the 

proportion of time spent in hyperglycaemia. This was accompanied by a significant 

increase in the percentage of time in normoglycaemia, but also an increase in 

hypoglycaemia and workload. 

The (CREATE)-ECLA, Pol-GIK and GIK trials all aimed to deliver high 

concentrations of insulin in glucose-insulin-potassium solution to patients with 

AMI, without lowering the mean glucose levels.19-21 All of these trials yielded 

negative results. In patients with diabetes mellitus, the first DIGAMI trial 

successfully lowered the glucose during admittance and thereafter, thereby 

improving survival.6 Targeting the mean glucose in the CCU seems more important 

than the administration of insulin, as also indicated by Kosiborod and colleagues.9 

In contrast with the DIGAMI 2 and HI-5 trial, we were able to lower median 
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glucose values during CCU admittance after STEMI.7;8 The reduction of the 

proportion of time spent in hyperglycaemia that we found was also shown in the 

trials investigating SAP therapy in diabetes mellitus type 1 patients.14-16;22 An 

increase in hypoglycaemia is not a consistent finding in these trials; however they 

all concern intensively insulin treated type 1 patients, with hypoglycaemia 

occurring in both arms of the studies. In our study, only the SAP group received 

strict glucose control with ensuing hypoglycaemia. 

The use of a continuous glucose sensor in a CCU setting was investigated before in 

an exploratory study by Rowen and colleagues.23 They concluded that the use of 

CGM was helpful to the nursing personnel, without an increase in workload. This is 

in contrast with our findings, as most of the personnel indicated that the workload 

substantially increased due to SAP treatment. Besides paying attention to CGM 

alarms and checking the plasma glucose, the nursing staff had to follow the 

treatment algorithm and perform calibrations at set times. The number of alarms 

to which the nursing staff had to respond was experienced as high (11 times (�6) 

per 24 hours).To decrease the workload, we changed the alarm thresholds for the 

hyperglycaemic alarm during the trial. One important explanation for the false 

positive or negative alarms is the inaccuracy of the interstitial glucose 

measurements as compared to the plasma glucose. In our trial we found the MAD 

to be 18.5 to 21.5%. It should be noted that we used venous plasma samples to 

determine the glucose calibration values, whereas the usual outpatient practice is 

to calibrate against capillary blood. However, our results are in line with previous 

studies investigating the CGM in the ICU.24;25 The somewhat higher calibration 

rate in the SAP group did not lead to a different accuracy of CGM measurements in 

both groups, which may be due to the fact that sensor accuracy is more influenced 

by the timing  rather than the frequency of the calibration.26 We only calibrated the 

sensor when glucose values were stable and the patient was not eating. 

On many occasions, the patient had to alert the nurse that an alarm was signalling. 

It is therefore likely that not all alarms were addressed immediately and this could 

have contributed to the hypoglycaemia developed in 6 patients. The observation 

that the acoustic signal of the SAP is not loud enough in the hospital setting has 

also been made by Logtenberg et al.24 We have however used a device designed for 

treatment in the outpatient setting and necessary adjustments for the in-hospital 

setting were to be expected. 

Due to logistic reasons we were not always able to complete the 48 hours of 

treatment time. Figure 3 clearly shows that the median sensor value lines meet 

before completion of the preset 48 hours of intervention. Although this is a 
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limitation of the trial, plasma glucose in SAP was lower as compared to the Control 

group up to 48 hours.   

Because this was a pilot trial, it was limited by its relative small sample size. 

Therefore, despite appropriate randomisation procedures, the percentage of 

patients with diabetes mellitus was almost twice as high in the SAP group (44%) as 

compared to the Control group (25%), which was also reflected in a higher 

admission glucose and HbA1c in the SAP group. However, despite this baseline 

difference putting the SAP group at the disadvantage, glucose in the SAP group 

was significantly lower as compared to the Control group in the first 48 hours. 

Notably, there was also a spontaneous glucose decrease in the Control group from 

baseline to 48 hours.            

This is the first randomised controlled pilot trial showing that in hyperglycaemic 

STEMI patients, SAP clearly significantly reduces the duration of hyperglycaemia 

as well as plasma glucose levels, when compared with hyperglycaemic control 

patients. This is however accompanied by a small but significant increase of 

hypoglycaemia and considerable workload for the nursing staff.  Accuracy and 

alarm functions need improvement in this setting. Although a promising tool for in-

hospital hyperglycaemia therapy SAP needs improvement, especially with regard 

to sensor accuracy and the alarm function of the device, before continuing to large 

scale randomised controlled trials.    
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the basal insulin rate 
 3.C

alibrate the device* 
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hen the patient is not eating and w

hen the sensor indicates stable 
glucose values.   
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E/u=number of insulin units per hour 

 
Intravenous starting insulin bolus pre-PCI: 
 

Only for patients randomised to the sensor augmented pump group 
- Determine the starting rate in K2, -Multiply by 1.5, - Give I.V.  

Glycaemia 

(mmol/l) 

K1 
(E/u) 

K2 
(E/u) 

START 

K3 
(E/u) 

K4 
(E/u) 

K5 
(E/u) 

K6 
(E/u) 

K7 
(E/u) 

K8 
(E/u) 

K9 
(E/u) 

K10 
(E/u) 

> 25 4.4 8.8 13.2 17.6 22.0 26.4 30.8 35.2 39.6 44.0 
21.4 - 25 3.6 7.2 10.8 14.4 18.0 21.6 25.2 28.8 32.4 36.0 
18.5 - 21.3 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0 27.0 30.0 
16.1 - 18.4 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 
13.9 - 16.0 2.1 4.2 6.3 8.4 10.5 12.6 14.7 16.8 18.9 21.0 
12.1 - 13.8 1.7 3.4 5.1 7.2 8.5 10.2 11.9 13.6 15.3 17.0 
10.4 - 12.0 1.4 2.8 4.2 5.6 7.0 8.4 9.8 11.2 12.6 14.0 
9.1 - 10.3 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6 10.8 12.0 
8.4 - 9.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
7.8 - 8.3 0.9 1.8 2.7 3.6 4.5 5.4 6.3 7.2 8.1 9.0 
7.3 - 7.7 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0 
6.7 - 7.2 0.7 1.4 2.1 2.8 3.5 4.2 4.9 5.6 6.3 7.0 
6.2 - 6.6 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0 
5.9 - 6.1 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
5.6 - 5.8 0.4 0.9 1.3 1.8 2.2 2.7 3.0 3.6 4.0 4.5 
5.3 - 5.5 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 
5.0 - 5.2 0.3 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.5 
4.7 - 5.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 
4.4 – 4.6 0.2 0.5 0.7 1.0 1.2 1.5 1.7 2.0 2.3 2.5 
4.2 - 4.3 0.2 0.4 0.6 0.8 1.0 1.2 1..4 1.6 1.8 2.0 
3.9 - 4.1 0.1 0.3 0.4 0.6 0.7 0.9 1.0 1.2 1.3 1.5 
3.3 - 3.8 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
< 3.3 0 0 0 0 0 0 0 0 0 0 

Advice Glucose range (mmol/L) 

Specific General 

 
 
16.1 - > 25 

 
Check ketones at glucose > 16.7 
mmol/L 

 
Consult doctor if E/u=> 24.0  

 
6.2 – 16.0 - 

 
 
If glycaemic range has been lowered: 
remain in same column 
 
If glycaemic range unaltered: move 1 
column to the right 
 

 
4.7 – 6.1 - If glycaemia remains within this zone: 

stay in same column 
 
< 3.3. – 4.6 

- 

 
Consult doctor if E/u =<0.2 and 
glucose=<4.1 

 

If glycaemia < 4.7 mmol/L: move 1 
column to the left 

Glycaemia (mmol/l) Glucose 30% Action 
3.3 - 3.8 20 ml  
2.8 - 3.3 30 ml  
< 2.8 40 ml  

o Move 1 column to the left 
o Re-check BG after 15 min 
o BG 2x < 3.3 mmol/L: consult doctor  
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