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Technological inventions are being used recently to enable the treatment of diabetes mellitus more effective 

and easier to comply. Insulin pumps, after the implementation of readily available insulin pens, have made the 

transition to a very important stage in diabetes therapy. Insulin pumps have also enabled the transition from 

intermittent injection patterns to treatment modalities that provide continuous insulin infusion in diabetic 

subjects. Remedial studies on the next stage, the artificial pancreas, are still ongoing. Each of these treatments 

has its own advantages, some difficulties, and safety issues. We aimed to discuss the features of insulin pump 

devices in present short review.   
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Introduction 

Insulin therapy is needed to ensure glycemic 

control in all patients with Type 1 diabetes 

mellitus (DM) and many Type 2 DM patients, 

and daily multiple-dose insulin treatment is 

usually required in the later stages of the disease 

[1]. Daily multiple dose insulin treatment is a 

difficult regimen to apply for certain diabetic 

subjects, thus well glycemic control cannot be 

achieved in these individuals [2]. The idea of 

providing continuous insulin infusion via an 

insulin pump has emerged in order to provide 

treatment compliance and better blood glucose 

control. The first insulin pump was tested on 

patients with Type 1 DM in 1976, and 

researchers were concluded that this treatment 

could provide physiological glucose 

concentration in blood of the diabetic patients 

[3]. While the insulin pumps produced at that 

time were the size of a backpack, their size was 

reduced to the size of a cell phone currently. 

Insulin pump has become a much more 

frequently and effectively used treatment 

option in diabetes mellitus during last 35 years, 

the method owing to the developing computer 

technologies and new analog insulins [4]. The 

rate of insulin pump use as a treatment modality 

varies from country to country which depends 

on the differences in health and insurance 

systems. While about 64% of Type 1 DM 

patients in the United States treated with an 

insulin pump [5], this rate rises to 70-93% in 

certain centers in Europe [6]. These rates are 

predicted to increase in the future as 

technological advances in diabetes therapy 

evolve in the following years. 

 

Types of insulin pumps 

Patch and micro insulin pumps: These pumps 

are smaller in size than conventional insulin 
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pumps. It consists of two parts; the first part is 

both electronic and mechanical part, which is 

the insulin reservoir connected to the skin with 

a short cannula, and the other is the electronic 

part that enables the control of insulin release 

with a wireless connection [7]. While some of 

this pump type provides bolus therapy in 

addition to the programmed basal insulin 

infusion, some of them, which are frequently 

used for Type 2 DM patients, do not allow a 

programmable basal infusion release, and give 

fixed bolus doses [8]. There are contradictory 

results in studies on this type of insulin pumps. 

In addition to studies showing that there was no 

difference in HbA1c levels when using 

different types of pumps in patients using daily 

multi-dose insulin therapy [9], other studies 

observed a significant improvement in HbA1c 

levels and a decrease in the required daily 

insulin dose and the rate of hypoglycemia after 

switching the treatment to the patch insulin 

pump [10].  

Sensor integrated insulin pumps: While there 

is no increased risk of hypoglycemia in many 

studies in adult patients using insulin pumps, 

there are studies showing that the risk of 

hypoglycemia increases in the pediatric age 

group [11]. Based on this, the idea of 

integrating a continuous glucose monitoring 

system into insulin pumps has emerged. When 

these devices detect hypoglycemia, they 

automatically stop insulin infusion. It has been 

shown that a better glycemic control is provided 

with less risk of hypoglycemia with this type of 

insulin pump [12]. While it reduces the risk of 

hypoglycemia, it does not protect against 

hyperglycemia, hence this is the disadvantage 

of this type of insulin pumps. Therefore, the 

idea of an artificial pancreas has been put 

forward.  

Dual hormone closed loop system (Artificial 

pancreas): Glucagon is released from 

pancreatic alpha cells in response to 

hypoglycemia in healthy individuals. This 

protective mechanism may not be activated in 

patients with type 1 DM and susceptibility to 

hypoglycemia increases even in cases that 

insulin secretion is interrupted. Dual hormone 

closed-loop systems aim to better mimic this 

physiological process by directing both insulin 

and glucagon release and by releasing glucagon 

when hypoglycemia is occurred or predicted 

[13]. There are some obstacles to widely use of 

dual hormone systems, such as the need for a 

double chamber infusion pump and the lack of 

stable glucagon formulations [14]. Studies on 

this system have shown that this system 

provides better glycemic control compared to 

the other insulin pump devices, although these 

studies involve small population and short-term 

follow up [15,16]. 

Traditionally dual hormone approach has 

included the addition of glucagon, but different 

studies are currently testing the addition of 

pramlintide with insulin alone or with insulin 

and glucagon. Other adjunct therapies, such as 

glucagon-like peptide-1 and sodium glucose 

co-transporter-2 inhibitors used in conjunction 

with advanced algorithms, also have the 

potential to improve postprandial glucose 

control compared to existing artificial 

pancreatic systems. Each of these therapies 

which recommended as addition to the closed 

loop systems, have their own advantages, 

difficulties and safety problems [17]. 

 

Comparison of insulin pump and intensive 

insulin therapy 

The DCCT (Diabetes Control and 

Complications Trial) study has shown reduced 

micro and macrovascular complications in 

1441 patients with type 1 DM whom provided 

tight glycemic control by intensive insulin 

therapy or an insulin pump for 6.5 years, 
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compared to patients received conventional 

therapy [18]. The EDIC (Epidemiology of 

Diabetes Interventions and Complications) 

study showed that when patients in the DCCT 

study were followed for diabetic complications 

for 30 years, tight glycemic control also 

reduced micro and macrovascular 

complications in the long term [19]. In the same 

period, many studies showed that frequent and 

severe hypoglycemia increased cardiovascular 

morbidity and mortality by causing 

proinflammatory, prothrombotic effects and 

endothelial dysfunction [20]. After studies 

revealed that insulin pump therapy provides 

better HbA1c reduction with a lower risk of 

hypoglycemia compared to multiple injection 

therapy in type 1 DM patients, the use of insulin 

pumps has started to increase worldwide [10]. 

However, randomized controlled studies for 

Type 2 DM patients did not yield satisfactory 

results as they did in Type 1 DM patients. In a 

study by Raskin et al., which included 132 

patients, a similar decrease in HbA1c was 

observed in both groups when the daily multi-

dose insulin treatment was compared with 

insulin pump. However, at the end of the study, 

93% of the patients using insulin pumps stated 

that they would prefer to use an insulin pump 

instead of previous insulin treatments due to 

ease of use, comfort and flexibility in treatment 

[21]. In another randomized controlled study by 

Herman et al., in which the insulin pump and 

multiple insulin injection treatments were 

compared on 107 patients, including those aged 

60 years and above, a nonsignificant decrease 

in HbA1c was observed. Unlike the previous 

study, there was no significant difference 

between treatment satisfaction in both groups, 

and at the end of that study, the HbA1c levels 

of both groups were below 7%, unlike the study 

conducted by Raskin et al. [22]. In addition to 

these studies, there are reports showing that the 

insulin pump reduces HbA1c more effectively, 

but both the number of patients in these studies 

were less than the previous studies and the 

designs of the studies were different [23]. 

Globally, the use of insulin pumps for type 2 

DM is considered in patients whose blood 

glucose levels were not well controlled with 

daily multiple dose insulin therapy. 

 

Indications of insulin pump treatment 

Inadequate glycemic control despite use of 

daily multiple dose insulin therapy in patients 

with type 1 DM [24,25]; 

- Pronounced Dawn phenomenon, severe 

insulin sensitivity 

- Frequent episodes of severe hypoglycemia or 

insensitivity to hypoglycemia 

- Brittle diabetes (including recurrent diabetic 

ketoacidosis episodes) 

- Patients whose lifestyle requires flexibility 

(shift workers, long-distance drivers, etc.) 

- Patients planning pregnancy but not achieving 

the targeted level of glycemic control before 

pregnancy 

For type 2 DM patients [24,25]; 

- Patients under insufficient glycemic control 

despite regular follow-up under basal-bolus 

therapy 

- Dawn phenomenon 

- Patients with severe insulin resistance 

(patients required 500 units of insulin daily) 

 

Contraindications of insulin pump 

treatment 

Regardless of the type of diabetes mellitus, 

patients who are thought to be unable to provide 

the expected glycemic control with insulin 

pump can be summarized as follows [24,25]; 

- The subjects who do not want or are not able 

to measure fingertip glucose 3-4 times a day. 

- Patients with a low level of education and low 

motivation to learn carbohydrate counting 
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- Patients with severe psychiatric disorders  

(psychosis, severe anxiety, depression, etc.) 

- Patients who are concerned that the use of 

insulin pumps may affect their lifestyle (contact 

sports, patients who think it will affect their sex 

life, etc.) 

- Patients with unrealistic expectations about 

the insulin pump 

 

Insulin pump and pregnancy 

Insulin resistance increases as the week of 

gestation progresses with the effects of human 

placental lactogen, cortisol and prolactin. The 

need for insulin increases 2-3 folds as the 

gestational and pregestational diabetic patients 

approach to the end of pregnancy. These 

physiological changes cause a predisposition to 

ketosis during the fasting period (especially in 

the early stages of pregnancy) and to 

hyperglycemia during postpartum (especially 

in the later stages of pregnancy) [26]. 

The positive effect of insulin pump on glycemic 

control during pregnancy has not been clearly 

established. In a meta-analysis of 307 patients 

in which randomized controlled trials were 

evaluated, no superiority of the insulin pump 

over daily multi-dose insulin was observed 

[27]. In another retrospective study, it was 

reported that diabetic ketoacidosis and neonatal 

hypoglycemia were observed more frequently 

in patients using insulin pumps during 

pregnancy compared to the patients received 

daily multiple dose insulin [28]. Therefore, 

patients using insulin pumps during pregnancy 

should be warned about technical problems 

related to the pump, intensive training should be 

given to the patients and the patient should be 

followed closely.  

 

Complications of insulin pump 

Several complications are associated with 

insulin pump treatment due to mechanical 

failure of the pump, set or injection port. These 

complications have been reported at rates 

varying around 45% to 84% in different studies 

[29,30]. The risk of developing diabetic 

ketoacidosis and glycemic fluctuations increase 

during pump failure since insulin infusion is 

interrupted. Another complication is skin 

reactions such as infections at the infusion site, 

bruising and itching. In addition, 

lipohypertrophy may develop in the infusion 

area and this picture disrupts glycemic control 

[31]. The most important way to avoid these 

complications is providing adequate pump 

training to the patients, teaching the patient how 

to solve those mechanical problems, and to 

explain how to start subcutaneous insulin 

therapy in cases where the pump is failed. 

 

Conclusion 

Insulin pump would be one of the main 

treatment options in patients with diabetes 

mellitus in the near future. The use of insulin 

pumps will become widespread with 

technological advances which will reduce their 

complications and increase their efficiency. 
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