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This study evaluated the safety and efficacy of tubeless patch pump called EOPatch in patients with well-controlled type 1 diabetes 
mellitus (T1DM). This 4-week, two-center, open-label, single-arm study enrolled 10 adult patients diagnosed with T1DM with 
glycosylated hemoglobin less than 7.5%. The co-primary end points were patch pump usage time for one attachment and number 
of serious adverse events related to the patch pump. The secondary end points were total amount of insulin injected per patch and 
changes in glycemic parameters including continuous glucose monitoring data compared to those at study entry. The median us-
age time per patch was 84.00 hours (interquartile range, 64.50 to 92.50). Serious adverse events did not occur during the trial. 
Four weeks later, time in range 70 to 180 mg/dL was significantly improved (70.71%±17.14% vs. 82.96%±9.14%, P=0.01). The 
times spent below range (<54 mg/dL) and above range (>180 mg/dL) also improved (All P<0.05). Four-week treatment with a 
tubeless patch pump was safe and led to clinical improvement in glycemic control. 
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INTRODUCTION 

Multiple daily injection (MDI) therapy and continuous subcu-
taneous insulin infusion (CSII) with an external pump are 
standard methods of intensive insulin therapy for diabetes. 
CSII increases patient satisfaction and is effective for glycemic 
control, prevention of hypoglycemia, and decreasing cardio-
vascular mortality compared to MDI [1-4]. An insulin infu-
sion set (IIS) delivers insulin from a pump to subcutaneous tis-
sue and consists of a plastic tube connected to a cannula or 
needle [5]. Problems related to IIS include kinking, dislocation 
or leakage of cannula, reservoir leakage, a loose connection be-
tween the reservoir and cannula, or occlusion [6]. IIS failure is 

important because it is the most common problem in patients 
using insulin pumps, and defects can cause serious adverse ef-
fects such as diabetic ketoacidosis (DKA). Patch pumps gener-
ally are small and attach directly to the skin without tubing to 
reduce IIS-related problems [7]. They also are easy to train pa-
tients to use, maintain insulin at similar temperatures inside 
the patch pump, and show low variation in insulin delivery ac-
cording to position [8]. 

A Korean company, EOFLOW (Seongnam, Korea), has de-
veloped the EOPatch, a disposable patch type insulin pump 
that was approved by the National Institute of Food and Drug 
Safety Evaluation (NIFDS) in Korea in December 2017 (Prod-
uct license No. 17-959). A new model that was upgraded with 
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an interlinking blood glucose meter, alarm, and usage time was 
developed and approved by the NIFDS in June 2020. 

We investigate patch pump usage time for one attachment, 
serious adverse events, and glycemic outcomes in patients with 
well-controlled T1DM. 

METHODS

Study design and procedures
We performed this study at Samsung Medical Center (SMC) 
and Asan Medical Center (AMC), Korea, from March 2020 
through July 2020. The study flow is outlined in Supplementa-
ry Fig. 1, and specific training programs are described in the 
Supplementary Material. Participants used Dexcom G5 to 
check glucose and advanced diabetes manager (ADM) to con-
trol insulin dose and infusion rate (Supplementary Figs. 2 and 
3). Bluetooth-connected EOBridge (Supplementary Fig. 4), 
which is an application for Android and iOS, allows partici-
pants and guardians to monitor insulin dose and patch pump 
operation. In the 4th week, investigators collected the ADM 
and assessed exact insulin doses and usage times. We also con-
ducted patch pump satisfaction survey (Appendix 1). 

Patients
We enrolled adults (19 years of age or older) who were diag-
nosed with T1DM more than 6 months prior, had used MDI 
or an insulin pump for more than 3 months, and were in a 
well-controlled diabetic state (glycosylated hemoglobin 
[HbA1c] less than 7.5%). A full list of the inclusion and exclu-
sion criteria is provided in the Supplementary Material. 
Among 10 participants, one dropped out within 3 days due to 
personal circumstances. The nine remaining patients were in-
cluded in final analysis. The subjects voluntarily participated in 
the study and provided written informed consent. The study 
protocol was conducted in accordance with the principles of 
the Declaration of Helsinki and Good Clinical Practice guide-
lines. The protocol was approved by the Institutional Review 
Boards of SMC (no. 2019-11-220-011) and AMC (no. S2019-
2494-0001). 

End points 
The co-primary end points were patch pump usage time for 
one attachment and number of serious adverse events. Serious 
adverse events were defined as severe hyperglycemia (glucose 
>400 mg/dL for at least 20 minutes), severe hypoglycemia 

characterized by altered mental and/or physical functioning 
that requires assistance from another person for recovery, or 
DKA [9,10]. The secondary end points were total amount of 
insulin injected per patch and changes in HbA1c, glycoalbu-
min, and continuous glucose monitoring (CGM) data. 

Statistical analysis
Data are presented as mean±standard deviation or median 
(interquartile range [IQR]) for continuous variables or as 
number with percentage for categorical variables. Compari-
sons of glycemic outcomes and CGM data before and after us-
ing the investigational device were performed using the paired 
t-test or Wilcoxon’s signed rank test. All P values were two-
tailed, and P values <0.05 were considered statistically signifi-
cant. All statistical analyses were performed using SAS version 
9.4 (SAS Institute, Cary, NC, USA).

RESULTS 

Baseline characteristics of the study sample are shown in Table 
1. The mean age was 38 years, most participants were female 

Table 1. Baseline characteristics of the study sample

Patient characteristic Value

Number 10

Age, yr 38±12

Male sex 1 (10)

Body mass index, kg/m2 22.2±3.5

Years since diagnosis 8.1±7.7

Duration of insulin use, yr 8.1±7.7

Conventional pump user 1 (10)

Real-time CGM before trial

   Dexcom 6 (60)

   Freestyle Libre 3 (30)

   Guardian 1 (10)

Insulin brand 

   Humalog (Eli Lilly) 10 (100)

Daily total insulin dose, units 36.90±11.25

HbA1c, % 6.56±0.37

Fasting plasma glucose, mg/dL 145.30±30.78

Current smoker   0

Values are presented as mean±standard deviation or number (%).
CGM, continuous glucose monitoring; HbA1c, glycosylated hemo-
globin. 
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(90%), and the mean duration of DM was 8.1 years. The mean 
of total patch usage time is 683.2 hours and the patch was at-
tached for 99.3% of 687.7 hours of study period except for re-
placement time. The median patch usage time was 84.00 hours 
(IQR, 64.50 to 92.50). Nine of 84 patches (10.7%) were used for 
less than 24 hours, six patches (7.1%) were used for less than 48 
hours, nine patches (10.7%) were used for less than 72 hours, 
11 patches were used for 84 hours, and 49 patches were used 
over than 84 hours. The reasons for less than 84 hours were due 
to inlet blockage, pump malfunction, or ADM smart controller 
malfunction, unexplained hyperglycemia that occurs without 
apparent medical, dietary insulin dosage, or pump explana-
tion, and last visit. The median insulin amount per patch was 
122.90 units (IQR, 86.05 to149.86), with a minimum of 2.60 
units and maximum of 186.60 units. Serious adverse events re-
lated to investigational devices did not occur in any partici-
pants. There were no significant differences in HbA1c, glucose 
management indicator (GMI), and glycoalbumin (Table 2). 
The time in range (TIR, 70 to 180 mg/dL) significantly in-
creased (70.71%±17.14% vs. 82.96%±9.14%, P=0.01) (Table 
2). The times spent below range (TBR, <54 mg/dL) and above 
range (TAR >180 mg/dL) also improved (Table 2). The total 
daily dose of insulin (TDD) was not different in the nine par-
ticipants before and after using a patch pump, 38.33±10.92 
and 37.55±8.99 units, respectively (P=0.639). There were sig-
nificant differences in simple satisfaction scores between con-
ventional pump or MDI and investigational device (5.78±1.99 
vs. 8.78±1.09, P=0.002). In the EOPatch satisfaction question-
naire, most participants reported they were satisfied with the 
device and its usefulness (Supplementary Table 1). 

DISCUSSION 

We observed a median patch usage time of 84.00 hours (IQR, 
64.50 to 92.50), and the median insulin amount per patch was 
122.90 units (IQR, 86.05 to 149.86). Serious adverse events did 
not occur during the trial. After the trial, TIR 70 to 180 mg/dL, 
TBR <54 mg/dL, and TAR >180 mg/dL were significantly im-
proved. In addition, patients were more satisfied with tubeless 
patch pump than with MDI or other conventional pumps. 

The Omnipod, manufactured by the Insulet Corporation, is 
the most widely used patch pump, can be used for 3 days (72 
hours). Treatment outcomes using the Omnipod system in-
clude improved glycemic control and reduction of hypoglyce-
mic events compared to MDI usage and were not inferior to 

those of conventional CSII [7,11]. The EOPatch uses Teflon 
cannulas like the Omnipod, minimizing the inconvenience 
caused by needles [12,13]. The motor mechanism is different 
from that of actuation of the Omnipod, which is a shape mem-
ory alloy [8]. The EOPatch uses an electroosmotic pump that 
allows precise automatic insulin delivery using electrochemis-
try, which allows a more compact size and enables correct in-
sulin delivery capacity with less noise and heat than existing 
pumps [14]. EOPatch usage time is 3.5 days compared to 3 
days for the Omnipod. In this study, 71.4% of patch pumps 
were used for more than 72 hours, and median patch usage 
time was 84 hours. Based on that, the cost burden should be 
decrease and allow patients to replace the pump only twice per 
week with regular usage. 

This was a short 4-week study that did not allow a sufficient 
length of time to evaluate HbA1c. Therefore, we observed no 
significant statistical differences in HbA1c, GMI, or mean 
plasma glucose level. However, results of CGM data were im-
proved. In particular, mean TIR significantly improved from 
70% to 83% without change in TDD, which is a considerable 
advantage considering that 70% and 80% of each TIR corre-
sponds to HbA1c 7.0% and 6.5% [15]. Considering that all the 
participants in our study already had used CGM before study 
entry and HbA1c was less than 7.5%, effective carbohydrate 
counting and precise insulin dose calculation using bolus cal-
culator might allow glycemic improvements. However, these 
advantages are not limited to tubeless patch pump and can be 
experienced with all insulin pumps. 

Table 2. Glycemic outcomes before and after EOPatch usage

Variable Before After P value

HbA1c, % 6.56±0.37 6.39±0.26 0.10

Glycoalbumin, % 18.43±2.89 17.57±2.18 0.14

Mean fasting glucose, 
mg/dL

145.30±30.78 135.50±14.20 0.17

Glucose management 
indicator, %

6.83±1.06 6.38±0.52 0.19

TIR 70–180 mg/dL, % 70.71±17.14 82.96±9.14 0.01

TBR <70 mg/dL, % 3.17±1.59 2.03±1.71 0.13

TBR <54 mg/dL, % 1.02±0.87 0.27±0.21 0.02

TAR >180 mg/dL, % 18.03±9.69 12.97±7.92 0.02

TAR >250 mg/dL, % 7.03±10.14 1.78±1.54 0.07

Values are presented as mean±standard deviation.
HbA1c, glycosylated hemoglobin; TIR, time in range; TBR, time be-
low range; TAR, time above range.
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According to T1DM exchange clinical registry data, com-
pared with the fair/poor control group (HbA1c same or over 
8.5%), the excellent control group (HbA1c less than 6.5%) was 
characterized by fewer missing insulin doses and more fre-
quent meal or correction bolus [16]. In other words, with more 
frequent bolus insulin injections, patients achieve better con-
trol of diabetes, highlighting the importance of pump usage. 
However, CSII is used in only about 5% in T1DM in Korea 
compared to 63% in United States [17], which can be ex-
plained by lack of reimbursement for prescription, education 
and training of insulin pump by National Health Insurance, 
and the low prevalence of T1DM [18]. 

This study has several limitations. First, this is a single-arm 
study, with a small number of participants and a short observa-
tion period. Second, the effects of selection bias could not be 
excluded because of the nonrandomized study design. Third, 
there might be volunteer bias because we enrolled patients 
with well-controlled T1DM (HbA1c less than 7.5%) and pro-
vided structured education. Therefore, it might be difficult to 
generalize our glycemic outcomes to real clinical settings. 

In conclusion, the median usage time of the tubeless patch 
pump was 3.5 days, and 4-week usage was safe and led to clini-
cally meaningful improvement in glycemic control, including 
severe hypoglycemia and TIR in patients with well-controlled 
T1DM. 

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
online at https://doi.org/10.4093/dmj.2021.0299.
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Appendix 1. EOPatch user satisfaction survey

Research Participant’s Registration Number: Date of Survey:        /        /         (MM-DD-YYYY)      

1. What was your previous method of injecting insulin?

① Multiple Daily Injection (MDI) ② Insulin pump ③ Continuous Subcutaneous Insulin Infusion (CSII)

2. Compared to conventional insulin injection methods, were you satisfied with the design, size, and weight of the ADM in this study?

① Very Satisfied ② Satisfied ③ Somewhat Satisfied ④ Dissatisfied ⑤ Very Dissatisfied

3.  Compared to conventional insulin injection methods, do you think the menu, directions/explanations, icons, and images in the ADM were 
easy to understand?

① Very Easy To Understand ② Requires Some Thinking  ③ Very Difficult To Understand

4.  Compared to conventional insulin injection methods, do you think the information and data in the ADM (such as the insulin injection 
graph) were helpful?

① Very Helpful ② Helpful ③ Somewhat  ④ Not Helpful ⑤ Not Helpful At All

5. Compared to conventional insulin injection methods, were you satisfied with the design, size, and weight of the patch pumps in this study?

① Very Satisfied ② Satisfied ③ Somewhat Satisfied ④ Dissatisfied ⑤ Very Dissatisfied

6. Compared to conventional insulin injection methods, where (on your body) did you most often apply/attach the patch pump and why?

1st:                                                             2nd:                                                             3rd:                                                             

Reasons:                                                                                                                                                                                                                                                                

7. Compared to the conventional insulin injection methods, did you find the process of attaching the patch pump to be easy/simple?

① Very Easy ② Easy ③ Not Easy Nor Difficult ④ Difficult ⑤ Very Difficult

8. Compared to conventional insulin injection methods, are you satisfied with your daily life while using the patch pump in this study?

① Very Satisfied ② Satisfied ③ Somewhat Satisfied ④ Dissatisfied ⑤ Very Dissatisfied

9. Compared to conventional insulin injection methods, what did you find inconvenient while using the patch pump for a month?

Reasons:                                                                                                                                                                                                                                                                

10. Compared to conventional insulin injection methods, what is your overall satisfaction level with the patch pump?

① Very Satisfied ② Satisfied    ③ Somewhat Satisfied    ④ Dissatisfied    ⑤ Very Dissatisfied

11. How satisfied are you with decrease in worry about diabetes you achieved with the insulin patch pump? 

① Very Satisfied ② Satisfied    ③ Somewhat Satisfied    ④ Dissatisfied    ⑤ Very Dissatisfied
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12. How satisfied are you with the decrease in worry about insulin injection pen/needles that you achieved with the insulin patch pump?

① Very Satisfied    ② Satisfied    ③ Somewhat Satisfied   ④ Dissatisfied    ⑤ Very Dissatisfied

13. What are your thoughts regarding minor problems/errors that occurred while using the insulin patch pump?

① Very Satisfied    ② Satisfied    ③ Somewhat Satisfied    ④ Dissatisfied    ⑤ Very Dissatisfied

14. Compared to conventional insulin injection methods, what are your opinions on the pros and cons of the patch pump in this study?

Pros:                                                                                                                                                                                                                                                                      

Cons:                                                                                                                                                                                                                                                                     

15. If you have any thoughts on a function that should be added to the updated product, please list them.

Reasons:                                                                                                                                                                                                                                                                

                                                                                            Research Subject’s Signature and Date:                                                                                                       

                                                                     Research Assistant/Manager’s Signature and Date:                                                                                                       


