
Geltende Norm
Wie alle erhältlichen Insulin-Infusionspumpen erfüllt das mylife™ OmniPod® Insulin-Management-System die 
Anforderungen der IEC 60601-2-24 Medizinische elektrische Geräte – Teil 2 – 24: Besondere Festlegungen 
für die Sicherheit von Infusionspumpen und Infusionsreglern.

mylife™ OmniPod® Abgabegenauigkeit
Das mylife™ OmniPod® Insulin-Management-System arbeitet ohne Infusionsset. Es ist nicht einfach, die Abgabe-
genauigkeit auf die gleiche Weise wie bei herkömmlichen Pumpen mit Infusionssets zu messen. Leider wurden 
in einigen direkten Vergleichsstudien und in Einzelteststudien fragwürdige, nicht validierte Messmethoden ver-
wendet, die die Genauigkeit der Ergebnisse negativ beeinflussen können1.
Deswegen haben Zisser et al. unter Berücksichtigung der Arbeitsweise einer künstlichen Bauchspeicheldrüse 
und auf Verlangen der US-amerikanischen Lebens- und Arzneimittelbehörde FDA (Food and Drug Administra-
tion) zwei Messmethoden mit höherer Genauigkeit identifiziert, um die Abgabegenauigkeit des mylife™ OmniPod®  
nach zuweisen 2,3. In dem Artikel Novel Methodology to Determine the Accuracy of the OmniPod® Insulin Pump: A 
Key Component of the Artificial Pancreas System im “Journal of Diabetes Science and Technology” (November  
2011) untersuchten Zisser et al. die Genauigkeit des mylife™ OmniPod® mit digitalen Mikroskopen zur Messung 
des sphärischen Bolus beim Verlassen der Kanüle und einer Berechnung des Bolusvolumens.

 
mylife™ OmniPod® – Abgabegenauigkeit 

Mehr Freiheit. Mehr Lebensfreude. Mit mylife™.
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22.4–23.1 °C (72.4–73.6 °F) and barometric pressure  
1015–1020 Pa (see Table 1 and Figures 6 and 7).

Method 2
Spherical Bolus
We used a simple method of measurement using the  
microscope’s field of view. If one knows the magnification 
power (150X in our case) along with a known measure-
ment within the microscope’s field of view [in this 
case, the outer diameter of the OmniPod’s cannula  
(0.022 ± 0.0015 inches or 0.0558 ± 0.0038 cm)], then linear 
distances within the field can be measured (in this case, 
the diameter of the spherical bolus). Figure 4 shows 
the distal tip of the cannula and the spherical insulin 
bolus. From the diameter, one can derive the radius 
and thus the volume of the bolus using the following 
formula:

V = 4πr3

3
                          (1)

Two OmniPods were used in this experiment. The Omni-
Pods were filled with Humalog insulin (Lilly) per the 

Table 1.
Results of Method 1 Showing Mean Dose Delivered across All Tested Bolus Doses as well as Standard 
Deviation, 95% Confidence Interval, Relative Error, and Relative Standard Deviation

Bolus dose (U) Repetitions Mean bolus  
dose (U) SD (U) 95 confidence 

interval (U) Relative error Relative SD

0.05 20 0.050 0.003 0.043–0.056 -0.7% 6.7%

0.1 10 0.099 0.005 0.090–0.109 -0.9% 4.8%

0.2 5 0.2 0 0.2–0.2 0.0% 0.0%

1 10 1.001 0.018 0.966–1.036 0.1% 1.8%

6 10 6.029 0.037 5.957–6.101 0.5% 0.6%

Figure 6. Absolute mean deviation from the target dose.

Figure 7. Trumpet curve showing relative mean percent accuracy 
for doses delivered. Red line represents 95% confidence interval; 
logarithmic scale is used.

manufacturer’s recommendations. Insulin was tinted 
with food coloring, just as in the previous method.  
Each Omni-Pod delivered 20 individual boluses of  
0.05 U (0.5 µl). Using this method, we could actually 
measure the volume of each 0.05 U bolus as opposed to 
method 1, in which we needed to average the error after 
summing multiple boluses (see Figure 8).

Results
The first OmniPod delivered an average bolus of 0.504 ±  
0.013 µl (mean total diameter = 0.9879 mm). The second 
OmniPod delivered an average bolus of 0.506 ± 0.015 µl. 
All results fall into the previously estimated 95% confidence 
interval. The experiment environment was as follows: 
temperature 22.2–22.7 °C (72–73 °F) and barometric pressure 
1014–1016 Pa (see Table 2).

We have also compared the two methods by comparing 
the results for delivering 0.5 µl of insulin by the OmniPod 
(see Figure 9). Difference was found to be not statistically 
significant, p = .86.

Distale Spitze der Kanüle 
und sphärischer Insulinbolus

1514

Novel Methodology to Determine the Accuracy of the OmniPod Insulin Pump:  
A Key Component of the Artificial Pancreas System Zisser

www.journalofdst.orgJ Diabetes Sci Technol Vol 5, Issue 6, November 2011

Discussion

Insulin is often given in small doses (<1 U), especially 
to children and infants with type 1 diabetes. Dosing is 
weight adjusted, and precision is paramount. Overdosing 
insulin can cause life-threatening hypoglycemia, early 
symptoms of which small children or infants may not 
be able to identify or show. Underdelivering insulin is 
potentially dangerous due to development of acute DKA 
and long-term complications, such as cardiovascular 
disease, retinopathy, nephropathy, neuropathy.7 Both 
extremes of hypoglycemia or hyperglycemia may lead to 
coma or death.

Insulin is currently administered via syringes, pens, or 
pumps. Several studies have assessed the accuracy of 
syringes and pens delivering low doses of insulin.8–11 
A study by Keith and associates8 compared accuracy of 
two syringes, three pens, and one pump. Syringes were 
found unacceptably inaccurate at doses lower than 5 U, 
overdosing by as much as 31% at a 1 U dose.

At the dose of 5 U, all devices were reasonably precise 
and accurate (<5% error for all devices), which was not 
true for smaller doses of 1 and 2 U. Pump (H-TRON-
plus V100, Disetronic Medical Systems Inc.) was the most 
precise device, with tendency to underdose. None of 
the devices were both precise and accurate at doses 
less than 5 U. In this review, we compared data from 
Keith and associates8 to OmniPod data acquired by 
method 1, looking at the accuracy of different devices 
delivering 1 U of insulin. Other studies by Casella and 
coworkers,9 Gnanalingham and colleagues,10 and Lteif 
and Schwenk11 produced similar results, concluding that 
syringes are very inaccurate and pens are more accurate  
than syringes at delivering small doses of insulin (<5 U).  
Another observation related to insulin pens noted during 
this project was that, if the plunger end of a pen was 
depressed after the dose had been administered, additional 
insulin was expressed from the needle tip. This amount  
was not quantified.

Continuous subcutaneous insulin infusion via pumps 
provides fewer fluctuations in insulin–glucose profile  

Figure 8. Distal tip of the cannula and a spherical insulin bolus. 
The outer diameter of the OmniPod’s cannula (black bar) measures 
0.022 ± 0.0015 in. or 0.0558 ± 0.0038 cm.

Figure 9. Pipette versus sphere for an OmniPod delivering 0.5 µl of 
insulin. ns, not significant.

Table 2.
Results of Method 2 Showing OmniPod 1 and OmniPod 2 Delivering Target 0.5 µl of Insulin

Target dose (µl) Runs, (n) Mean measured 
diameter (mm) 

Mean delivered 
dose (µl) SD 95 confidence 

interval Z score

OmniPod 1 0.5 20 0.98735 0.504 0.013 0.00569739 .689

OmniPod 2 0.5 20 0.98845 0.506 0.015 0.00657391 .689
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and has been shown to improve patient glycemic control 
and lower insulin dose requirements.12–18

There are limited data on insulin pump dosing precision, 
but several studies have shown that there are limitations 
in traditional pump design, which may adversely affect 
the treatment. The study by Zisser and associates19 showed 
a siphon effect of conventional insulin pumps. In the 
benchtop study, changes in insulin delivery depend on the 
position of the cannula, ranging from 74.5% of expected 
dose when pumping upward to 123.3% when pumping 
downward at a rate of 1 U/h. Insulin delivery of the 
OmniPod system was not affected by pumping direction.

Two new approaches were applied to measure the volume 
delivery of the OmniPod insulin pump. Both methods 
require simple tools, are fast, and show good reproducibility. 
Method 1 showed OmniPod’s high accuracy (>99%) and 
precision (93.3% to 99.4%), and method 2 confirmed these 
results at the lowest delivery volume, with all results 
falling into the 95% confidence interval estimated by 
method 1. In addition, there was no statistical difference 
between the results of method 1 and method 2 (t-test 
p = .86). Both methods can be applied for measuring 
volume delivery of other types of medical pumps as well.

In the future, visualization methods for quantifying 
amounts of insulin could be further optimized using 
image analysis software. For method 2, image analysis 
tools could be used to measure multiple diameters of the 
sphere and derive a measurement with a higher degree 
of accuracy.

Conclusion
Bench testing results obtained during two experiments 
showed that OmniPod is extremely accurate, with a 
relative error ranging from -0.9% to 0.96% for all doses  
(0.05, 0.1, 0.2, 1, and 6 U). This is much lower than 
any other insulin injection devices previously tested by 
Keith and associates8 (see Figure 10), Gnanalingham and 
colleagues,10 and Lteif and Schwenk.11
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Figure 10. Absolute deviation from target dose at 1 U for syringes, 
pens, and pumps.
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Schlussfolgerung
Diese Studie zeigte die hohe Genauigkeit des mylife™ OmniPod® in einer Dosisspanne von 0,05 U bis 6 U. 
Bei einem Zielbolus von 0,05 U betrug die mittlere abgegebene Dosis 0,0497 ± 0,003 U mit Methode 1, bei 
0,5 µl (≙ 0,05 U) betrug die mittlere abgegebene Dosis 0,505 ± 0,014 µl mit Methode 2. Die relative Mess-
abweichung lag zwischen -0,90 % und 0,50 % für alle gemessenen Dosen (0,05, 0,1, 0,2, 1 und 6 U)2.

1 Insulin Pump (Dose-to-Dose) Accuracy: What Does it Mean and When Is It Important? (H. Zisser, MD), 2014
2 Novel Methodology to Determine the Accuracy of the OP Insulin Pump: A Key Component of the artificial Pancreas System (H. Zisser, MD et al.), 2011
3 Analysis of Novel Methods to determine the accuracy of OP Insulin Pump: A Key Component of the artificial Pancreas System (Manual Ochoa, MS and Balak Ziaie, PH.D), 2011

Bolus dose (U) Repetitions Mean bolus  
dose (U)

SD (U) 95 confidence 
interval (U)

Relative error Relative 
SD

0.05 20 0.050 0.003 0.043 – 0.056 - 0.7 % 6.7 %

0.1 10 0.099 0.005 0.090 – 0.109 - 0.9 % 4.8 %

0.2 5 0.2 0 0.2 – 0.2 0.0 % 0.0 %

1 10 1.001 0.018 0.966 – 1.036 0.1 % 1.8 %

6 10 6.029 0.037 5.957 – 6.101 0.5 % 0.6 %

Table 1
Results of Method 1 Showing Mean Dose Delivered across All Tested Bolus Doses as well as Standard 
Deviation, 95 % Confidence Interval, Relative Error, and Relative Standard Deviation

Target dose (µl) Runs, (n) Mean measured 
diameter (mm) 

Mean delivered 
dose (µl)

SD 95 confidence  
interval

Z score

OmniPod 1 0.5 20 0.98735 0.504 0.013 0.00569739 .689

OmniPod 2 0.5 20 0.98845 0.506 0.015 0.00657391 .689

Table 2
Results of Method 2 Showing OmniPod 1 and OmniPod 2 Delivering Target 0.5 µl of Insulin

Die Studie von Zisser et al. zeigte die Genauigkeit des mylife™ OmniPod® selbst bei so geringen 
Dosen wie 0,05 U.
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