Electronic Supplementary Material: overview of recommendation algorithm used in GRIP

1. Input/output parameters

The decision support algorithm has two outputs: the proposed insulin pump rate and the proposed interval to the next glucose measurement. The algorithm must be executable at any point in time, and the algorithm must be able to give useful recommendations, even if actions taken were different from the recommendations generated by the algorithm at earlier points in time.

Parameters available to the algorithm can be divided in two categories, one type of parameter is assumed constant for a patient during one admission, and the other type of parameter may vary with time. 

Admission-constant parameters:

Patient age

Patient sex

Reason of admission

Referring specialism

History of diabetes

Length

Weight

The collection of time-varying parameters starts at the beginning of the admission. For efficiency purposes, the GRIP system only keeps events from the last 3 days in memory at all times. Earlier values must be retrieved from the on-disk database when needed.

Time-varying parameters:

Glucose level

Insulin dose

Both enteral and parenteral glucose administration

Noradrenalin dose

Dopamine dose

Steroid use

High or low mean arterial pressure

Diuresis

Hemofiltration therapy

Presence of an arterial line

A choice of additional laboratory parameters, for instance oxygen saturation or CRP. (Currently collected in the database, but not yet used in the recommendation algorithm).

2. Current algorithm

The current algorithm was empirically derived from expert knowledge and a review of published protocols. The source code of the algorithm has been published at http://grip-glucose.sourceforge.net/.

The high level overview of the insulin dosing part of the algorithm has been described before (Vogelzang et al., BMC Med Inform Decis Mak 2005), and is repeated here for convenience:

The basis for our pump rate algorithm is the following formula: 

ΔI = (1 + 0.25·Ī)·(0.2·(G0 - Gtarget) + 0.3·Δ-4hG)

In this formula, ΔI is the proposed change in pump rate, Ī is the mean pump rate over the 4 hours preceding the last glucose measurement, G0 is the most recent glucose value, Gtarget is the target glucose value, and Δ-4hG is the change in glucose level between the last glucose value and the value 4 hours earlier (this value is linearly interpolated). The first term of the formula ensures that when a patient has been receiving a high insulin dose recently, the change the algorithm suggests will be larger than when the recent insulin dose was low. 

In contrast with the insulin recommendation algorithm, which was deliberately kept simple, the timing recommendation algorithm is considerably more complex. In contrast with the insulin algorithm, the timing algorithm uses data from a period longer than 4 hours ago.

Figure 1 shows the high level calculation of the interval. Three different sub-algorithms each calculate an interval, of which the minimum is taken. Then a number of checks, mainly on the insulin dose, are performed that can further reduce the calculated interval. 
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The three main algorithms work as follows:

Hypo-risk interval algorithm.

This algorithm tries to estimate the current risk of hypoglycemia. Central in this calculation is the amount of administered glucose to the patient. The higher the amount of administered glucose, the lower the risk of hypoglycemia. In this calculation, glucose administered via the enteral route is weighted as less important than glucose administered via the parenteral route. Other factors incorporated in the hypoglycemia risk calculation are whether steroids have recently been stopped, whether the patient had a hypoglycemic episode in the last three days and whether the glucose level showed a quick drop recently. The hypoglycemia risk, which ranges from 0 to 1 is converted to a time  interval by a piecewise linear function.

Glucose-based algorithm.

The most recent glucose measurement is directly converted to an interval by an inverse U-shaped piecewise linear function that gives low intervals for high and low glucose values, and high intervals for in-range glucose values. This function is used for both the current glucose level as well as an extrapolated glucose value 4 hours in the future.

Insulin-based algorithm.

The current insulin dose is used in a function gradually decreasing the interval from 24 hours for no insulin to 1 hour for 10 IU/h.

3. Simulated scenarios

For a more direct insight in how the insulin recommendation behaves, we calculated the advised pump rate and recommended measurement time for a number of glucose scenarios for two different patients. The glucose target has been set at 6.5 mmol/L.

Patient 1: 48-year old male patient with diabetes, has been admitted for 3 days for abdominal sepsis, receives 1000 Kcal/day on a gastric feeding tube and 10 ml/h glucose 40% on a central venous catheter. The insulin pumprate has been running at 2.5 IU/h for the past few hours. 18 hours ago the patient had a mild hypoglycemic episode (glucose of 2.8 mmol/L).

The following table shows the new advised pump rate by the program, together with the recommended time until the next glucose level:


Current glucose



1.8
3.0
4.5
6.0
7.5
9
11
15

Glucose 4h ago
1.8
OFF 30m
OFF 1.5h
OFF 3.0h
1.1 2.0h
2.0 2.0h
3.0 2.0h
3.2 2.0h
3.2 2.0h


3.0
OFF 30m
OFF 1.5h
OFF 3.0h
1.1 4.0h
2.0 2.0h
3.0 2.0h
3.2 2.0h
3.2 2.0h


4.5
OFF 30m
OFF 30m
1.0 3.0h
2.3 7.0h
3.5 2.0h
4.7 2.0h
4.9 2.0h
4.9 2.0h


6.0
OFF 30m
OFF 30m
1.0 1.5h
2.3 7.0h
3.5 4.0h
4.7 2.0h
4.9 2.0h
4.9 2.0h


7.5
OFF 30m
OFF 30m
0.6 30m
1.8 5.5h
3.0 5.5h
4.2 2.0h
4.9 2.0h
4.9 2.0h


9
OFF 30m
OFF 30m
OFF 30m
1.3 1.5h
= 6.0h
3.7 4.0h
4.9 2.0h
4.9 2.0h


11
OFF 30m
OFF 30m
OFF 30m
0.6 30m
1.9 4.0h
3.1 4.0h
4.7 2.0h
4.9 2.0h


15
OFF 30m
OFF 30m
OFF 30m
OFF 30m
0.6 30m
1.8 1.5h
3.4 2.0h
4.9 2.0h

Note that a number of these scenarios are impossible when the algorithm would have been followed properly. For instance, if the glucose 4 hours ago had been 1.8 mmol/L, the program would have advised stopping the insulin already, so the insulin could not have been running at 2.5 IU/h.

Patient 2: 72-year old female patient, has been admitted 4 hours ago after major trauma. Enteral nutrition has just been started at 500 Kcal/day, and no insulin has been started yet.

As the previous table, this table shows the advised pump rate and recommended time until the next glucose by the program.


Current glucose



1.8
3.0
4.5
6.0
7.5
9
11
15

Glucose 4h ago
1.8
OFF 30m
OFF 1.5h
OFF 4.0h
OFF 2.0h
0.6 2.0h
1.4 2.0h
1.5 2.0h
1.5 2.0h


3.0
OFF 30m
OFF 1.5h
OFF 4.0h
OFF 4.0h
0.6 2.0h
1.4 2.0h
1.5 2.0h
1.5 2.0h


4.5
OFF 30m
OFF 30m
OFF 4.0h
OFF 4.0h
0.6 2.0h
1.4 2.0h
1.5 2.0h
1.5 2.0h


6.0
OFF 30m
OFF 30m
OFF 1.5h
OFF 4.0h
0.6 4.0h
1.3 2.0h
1.5 2.0h
1.5 2.0h


7.5
OFF 30m
OFF 30m
OFF 30m
OFF 4.0h
0.3 4.0h
1.0 2.0h
1.5 2.0h
1.5 2.0h


9
OFF 30m
OFF 30m
OFF 30m
OFF 1.5h
OFF 4.0h
0.8 4.0h
1.5 2.0h
1.5 2.0h


11
OFF 30m
OFF 30m
OFF 30m
OFF 30m
OFF 4.0h
0.4 4.0h
1.3 2.0h
1.5 2.0h


15
OFF 30m
OFF 30m
OFF 30m
OFF 30m
OFF 30m
OFF 1.5h
0.6 2.0h
1.5 2.0h

(Again in this case, for example in cases where glucose was high 4 hours ago, insulin would have already been started if the recommendation given at that time had been followed).

