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II
n the last decade, there has been an exponential increase in the utilization of continu-

ous subcutaneous insulin infusion pumps (CSII or “pumps”) in children and adoles-

cents with type 1 diabetes (T1D), including neonates and very young children. Factors

that have contributed to this include the constantly increasing incidence of T1D (1), the

intensification of diabetes treatment aiming for lower glycemic targets, informed largely by

the outcomes of the Diabetes Control and Complications Trial (DCCT) (2, 3) and appreci-

ation of high rates of unrecognized hypoglycemia (especially nocturnal) associated with

more traditional insulin injection regimens (4). Other influences include the increased

attention paid to quality of life issues associated with diabetes management and improving

health professional experience with CSII in parallel with technological advances. In some

places, the costs to individual patients/families using this therapy have been reduced by

government funding schemes. Hence it is timely and important to specifically consider

complications of insulin pump therapy in this age group. 

The complications to be considered include diabetic ketoacidosis (DKA) and overall

glycemic control, hypoglycemia, dermatological complications, weight gain, quality of

life/psychosocial effects and financial costs. Attention will be given to the relative impor-
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tance of these as well as to the timing of

the publications, since there has been an

improvement both in technology and

patient education over time.

Diabetic ketoacidosis and glycemia

Diabetic ketoacidosis (DKA)

The use of either rapid-acting insulin ana-

logues more recently, or even regular

human insulin previously, administered as

basal and bolus subcutaneous infusions

attempts to mimic physiological insulin

secretion. However, the short half-life of

these types of insulin means that insulin

deficiency with subsequent ketogenesis

may occur after only a few hours if there

is an interruption in insulin delivery or

absorption (5). This may occur due to

mechanical malfunction of the pump,

power failure (e.g. inadequate battery

charge), an empty insulin reservoir, tubing

factors (e.g. air within or kinking) or site

issues. The latter may include inappropri-

ate placement/kinking/blockage of the

subcutaneous catheter or failure of subcu-

taneous absorption (e.g. associated with

prolonged use of a site). Other factors that

may precipitate DKA include insulin inac-

tivation (e.g. expired or exposed to

extremes of temperature) and inappropri-

ate management during an intercurrent ill-

ness. These latter issues are not unique to

insulin pump therapy.

Reports of DKA incidence in pump-using

youth are variable. Ludvigsson et al.

reviewed randomized and non-random-

ized trials comparing CSII and modern

multiple daily injections using insulin

analogues (6) and concluded that episodes

of DKA were more common in the groups

treated with CSII. In a chart review of 291

patients with mean age(+/-SD) 13.3+/-3.7

years with mean duration of CSII 3.7+/1.9

years (range 1-9 years), the incidence of

DKA increased from 1.39 events pre-CSII

to 3.98 events per 100 patient-years while

on CSII therapy (7). Hanas et al. (8) iden-

tified an increased incidence of DKA in

the first year after CSII commencement,

suggesting an initial ‘learning curve’.  

Paradoxically, studies of a small number

of patients with recurrent DKA on injec-

tion therapy have demonstrated decreased

DKA episodes after changing to CSII (9,

10), presumably due to the protective

effect of the continuous basal insulin infu-

sion. 

In a national prospective quality study of

childhood diabetes in Norway, insulin

pump therapy was noted to increase from

1% of patients in 2001 to 28% in 2004.

The incidence of DKA did not increase

during that time period (11). In a multi-

centre, matched-pair cohort analysis com-

paring CSII and multiple daily injections

in paediatric patients, the rate of DKA was

lower at baseline in the CSII group and

remained significantly lower over all the 3

years of follow-up. After 3 years, the rate

of DKA per 100 patient-years was

0.67+/0.67 for CSII compared to

1.10+/0.59 for MDI (12). 

Hanas et al. summarised studies reporting

the number of episodes and incidence of

DKA in patients using CSII (published

1984-2006), MDI (published 1989-2005)

and diabetes populations on mixed thera-

py (published 1998-2005) (8). The DKA

episodes per 100 patient-years ranged

between 0-9, 0-15 and 1.6-8 for each

group respectively, exemplifying the large

variation in DKA incidence. This fact, in

addition to the variability in published

studies design (randomized controlled

trial versus ‘real-life’   retrospective clini-

cal studies), duration of CSII, selection

criteria, availability of advanced pump

features, time since diagnosis and patient

age may influence published outcomes.

Our own experience in this regard is

derived from the first 73 children and ado-

lescents with T1D using insulin pumps for

>6 months in our clinic (Hospital for Sick

Children, Toronto). We demonstrated sig-

nificant differences in HbA1c (-0.8%),

BMI (+1.45 kg/m2) and total daily dose of

insulin (-0.23 U/kg/day) between the start

of CSII and evaluation 6-30 months later.

Three unexpected DKA episodes due to

pump failure were noted in the first year.

Since then there has been about 1

episode/yr in more than 250 pump users.

We attribute this change to an enhanced

awareness of the rapidity with which keto-

sis develops in the face of pump failure

(13).

Strategies to minimise DKA include edu-

cation about the frequency and impor-

tance of blood glucose monitoring, and

the timing and regularity of infusion site

changes. Furthermore, education about

the management of rising blood glucose

levels, including conversion to subcuta-

neous injections in the event of pump fail-

ure is imperative. Travel plans should be

provided. Other strategies include 24 hour

phone access to both specialist medical

and manufacturer advice. Keeping a writ-

ten record of pump settings in the event of

pump failure is essential.  Blood ketone

checking may facilitate early detection of

metabolic deterioration after CSII inter-

ruption (5, 14). Providing a proportion of

basal insulin by a daily subcutaneous

injection of insulin glargine has been pro-

posed (13, 14), but is not considered as the

standard of care at this time.

Glycemia 

Non-controlled observational, non-ran-

domized and randomized studies have

reported either lowered or stable HbA1c

with CSII use, rather than a deterioration

of glycemic control (reviewed in (15-17)).

Initial improvements in HbA1c have often

not been sustained in observational stud-

ies. Randomized controlled studies with

many years of follow-up are needed. An

association between lower number of

insulin boluses per day and suboptimal

glycaemic control has been documented

in several studies (18-20). Most recently,

90 days of pump programming data from

1041 patients aged 0-18 years treated with

CSII in 30 centers from 16 European

countries and Israel were obtained during

routine clinical visits (20). There was a

significant negative correlation between

HbA1c and daily bolus number, but not

between HbA1c and total daily insulin

dose. The use of less than 6-7 daily bolus-

es was a significant predictor of an HbA1c

level above 7.5%. 

Although still under debate, it is being

increasingly considered whether gly-

caemic variability contributes to long-

term diabetes-related complication risk

(21-23). Utilising continuous glucose

monitoring, CSII has been associated with

diminished (24-27) or stable (28), rather

than accentuated glycemic variability

compared to injection therapy. 
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Hypoglycaemia 

Across the pediatric age range, a consis-

tent benefit of insulin pump therapy has

been reduction in rates of hypoglycaemia

(reviewed in (6, 15). In many studies, this

was in the context of an improved HbA1c.

Conversely, Hanas et al. described person-

al experience and personal communica-

tions of incidents of severe hypogly-

caemia, due to intentional or inadvertent

over-bolusing e.g. nocturnally (8). In one

case, this was thought to be the cause of

death.  

Dermatological complications

The subcutaneous in-situ catheter is both a

foreign body and potential entry route for

bacteria. Insertion site infections associat-

ed with CSII were reported in older ado-

lescents and adults in the 1980s (29-33).

In 177 patients observed for a mean dura-

tion of 36 months, the total prevalence of

infected sites was 35.5% (31). This was

defined as an area of inflammation that

progressed despite removal of the needle

and that required antibiotic therapy for

resolution. Insulin pump therapy was dis-

continued in 29% of patients, with infec-

tion the principle determining factor. A

case of toxic-shock syndrome (34) and a

case of acute bacterial endocarditis (35)

attributed to catheter-related infections

were described more than 20 years ago. 

Chantelau et al. observed 140 patients for

a total of 518 patient-years of CSII (33).

Based on self-report data, there were 134

cases of subcutaneous inflammation (0.26

cases per patient-year), 35 of which

required antibiotic treatment. At final fol-

low-up, 51% of patients had erythema at

the current infusion site on physical exam-

ination, with antibiotic treatment initiated

in 1.7% of patients. Whitish scars on their

abdominal skin were present in 48% of

patients and subcutaneous nodules palpa-

ble in 19%.

Local infections at injection sites have

been reported in contemporary cohorts

with variable rates (e.g. 2.7 events per 100

patient-years of follow-up (36)).

Few studies have assessed the issue of

dermatological complications in the mod-

ern era of insulin pump therapy.

Significant cases of lipoatrophy have been

reported in the context of rapid-acting

insulin analog therapy delivered by CSII

(37, 38). This appears to have an immune-

mediated basis.

We conducted a cross-sectional study of

50 consecutive children and adolescents

with T1D who had been using pumps for

more than 6 months (39). Dermatological

changes were frequent. The most common

were scars <3 mm diameter (94% of

patients), erythema not associated with

nodules (66%), subcutaneous nodules

(62%) and lipohypertrophy (42%).

Increased severity of changes was associ-

ated with lower adiposity, assessed by

body mass index. There was no associa-

tion between severity and HbA1c, insulin

brand or site. Infusion sets inserted at 90o

were associated with fewer skin compli-

cations than those inserted at a lower

angle. There was a mild increased

echogenicity of the dermis and hypoder-

mis which may be caused by increased

deposition of the extracellular matrix,

either transiently or permanently. Fewer

than 5% of patients and parents had con-

sidering stopping insulin pump therapy

due to skin-related concerns.

A limited number of studies have assessed

bacterial colonization of the subcutaneous

catheters and the relationship between this

and local skin colonization,

Staphylococcus aureus carrier state (nasal

carriage) and skin inflammation (40, 41).

In a cohort of 40 subjects aged 1.9-15.6

years with T1D for 0.1-12 years and CSII

treatment for 0.01-4.4 years, skin inflam-

mation of the injection site was observed

in 10 (25%) (41). Bacterial colonization

was detected in 9 (21%) of 43 catheters.

In another study of  children with T1D 1-

19 years old (mean 11 years), bacterial

colonization of the subcutaneous catheter

was present in 34 of 141 (24.2%)

catheters and 20 of  94 children (31.9%)

(40). In both studies, the organism was

usually Staphylococcus epidermidis and

to a lesser extent Staphylococcus aureus,

or a mixed growth. In both studies, there

was an association between catheter colo-

nization and local skin colonization, in

addition to HbA1c. Neither identified an

association between Staphylococcus

aureus carrier state and catheter coloniza-

tion.   

Adherence with advised infusion site

preparation, catheter insertion technique,

site duration and site rotation may mini-

mize dermatological complications.

Longitudinal studies to assess and com-

pare the outcomes of different practices /

interventions are required. It is particular-

ly important to consider this issue due to

the development of continuous glucose

monitoring that utilises subcutaneous

insertion of sensors.

Weight alterations

Intensification of insulin therapy to attain

improved glycaemic control utilising mul-

tiple daily subcutaneous injections has

been associated with weight gain and

increased cardiovascular risk factors (42).

With the increased dietary flexibility

afforded by CSII, a potential complication

to be considered is weight gain. However,

CSII has been associated with reduced
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total daily insulin doses, often with a

reduced HbA1c (reviewed in (6)). This

may be related to more effective insulin

delivery and may also influence weight

dynamics. 

A small increase in BMI z-score was

reported in a cohort of 70 patients aged 2-

12 years after switching from injection to

CSII therapy (25). However, other non-

randomized paediatric studies have identi-

fied either no change or a decrease in BMI

z-score  (reviewed in (15), (36, 43))

Similarly, BMI changes have not been

identified in  a randomized controlled trial

(44) or in a matched-pair cohort analysis

comparing CSII to multiple daily injec-

tions (12). In the recent international

Consensus Statement (16), well controlled

long-term trials were recommended to

assess this further. 

Quality of Life / Psychosocial issues

Potential stressors, benefits and expecta-

tions associated with the conversion to

pump therapy may differ for the patient

and family depending on the age of the

patient and prior insulin regimen (45).

CSII may be an intensive change of thera-

py with the need for arrangement of

altered supervisory responsibilities (e.g.

very young children).  Barnard et al.(46)

conducted a systematic review of the pub-

lished literature addressing quality of life

associated with insulin pump use in chil-

dren and adults with T1D, noting the

paucity of randomized controlled trials

studying this outcome. The outcomes

have been mixed, with both improve-

ments and no improvements in quality of

life measures reported. Although difficult

to scientifically prove, a compelling argu-

ment for quality of life benefit is that the

majority of patients in CSII studies are

reported to continue with this method of

insulin delivery, even if metabolic

improvements are not achieved (e.g.

(47)).  

Costs and economics

Direct costs for CSII in children exceeds

that for multiple daily injections by a con-

siderable amount (48). The amount paid

by the families compared to that subsi-

dized by the government varies depending

on locality. To exemplify this issue, fund-

ing arrangements for CSII and consum-

ables in the authors’ locations of practice

will be compared.

'To date, government funding has not been

available for the insulin infusion pump

itself for Australian patients with T1D.

However, the Type 1 Diabetes Insulin

Pump Program is a new collaboration

between the Juvenile Diabetes Research

Foundation, Diabetes Australia and the

Australian Government. This provides

means-tested subsidies of up to $2500 to

people under the age of 18 years towards

the cost of an insulin pump. Pumps may

be funded via private health insurance

policies or by the patients themselves.

Insulin pump consumables, in addition to

other products for the self-management of

diabetes (syringes, blood and urine glu-

cose testing reagents) are subsidized for

all patients through the National Diabetes

Services Scheme (NDSS). People who are

resident in Australia, have been diagnosed

with diabetes by a medical practitioner,

and hold a current Australian Medicare

card are eligible to register with the

NDSS. This scheme is a Commonwealth

Government initiative administered by

Diabetes Australia Ltd. Patient co-pay-

ment for one particular infusion set is

$13.20 for 10 sets and $8.80 for 10 reser-

voirs / cartridges of that brand. However,

the actual cost without the subsidy would

be $180 and $80 respectively. The maxi-

mum number of products subsidized in

any 180 day period is 90 infusion sets and

90 reservoirs / cartridges. 

In December 2006, the government of the

Province of Ontario, Canada began a pro-

gram that provides funding for insulin

pump therapy to children and youth aged

18 years and under with T1D. In 2008,

this was extended to all age groups.

Through the Ministry of Health and Long-

Term Care, the Assistive Devices Program

fully funds the cost of an insulin pump

and provides a yearly grant of $2400 for

associated supplies. The clinical criteria

include: - not having success with multi-

ple daily insulin injections, willing and

able to use an insulin pump; demonstra-

tion to the diabetes assessment team of an

ongoing commitment to blood glucose

monitoring, the safe and appropriate use

of the insulin pump, participation in an

insulin pump education program and reg-

ular diabetes clinic attendance. Other

Canadian provinces do not have the same

funding scheme.

In addition to this, health professional

time for CSII commencement and ongo-

ing support needs to be considered. 

The ‘Cost Effectiveness of Insulin Pump

Therapy’ was reviewed by Cohen and

Shaw (49). Utilizing a modeling analysis,

treatment with CSII was associated with

an improvement in life expectancy of

0.537 years for Australian adolescents

with T1D, with incremental cost effective-

ness ratio of $A77,851 per life-year

gained compared with multiple daily

injections (50). Such estimates are limited

because long-term HbA1c reductions

associated with CSII are unknown. Such

estimates do not incorporate indirect

potential benefits of CSII on quality of life

and psychological functioning.

The costs of CSII exclude its use from

many parts of the developing world where

access to basic insulin and urine or blood

glucose monitoring supplies remain

uncertain. The availability of such tech-

nology in the developed countries further

enhances the gaps in health care delivery

between “have” and “have not” societies

(51).  

Conclusion

Long-term systematic follow-up of differ-

ent paediatric age-groups will be impor-

tant to fully appraise the advantages and

complications of insulin pump therapy.

Many factors may influence and modify

this including: commencement of CSII in

very young children and / or soon after

diagnosis of T1DM, use of sensor-aug-

mented CSII and further advancement of

pump features. As government funding

opportunities increase, this may influence

the patient and family milieu utilising

CSII, with a potential influence on out-

comes. As an increasing number of young

people utilise CSII, appropriate transition

and adult programmes for patients on

insulin pump therapy are imperative. 

(References available on request)
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DD
ecreased insulin sensitivity in

target tissues (muscle, fatty and

liver tissue) along with reduced

secretory ability of B-cells of the pan-

creas largely contribute in varied extent

to the pathogenesis of type 2 diabetes

mellitus. Diabetes is a disease that is

determined mainly by genetic predispo-

sition and extrinsic factors (life style).

Worldwide, there occurs significant

increase in incidence of type 2 diabetes

mellitus; the estimated number of

patients with diabetes for year 2007 is

246 millions (approx. 6% of the popula-

tion).

Insulin treatment in  type 2 diabetes

When the measures concerning diet and

treatment regimen together with treat-

ment using oral antidiabetics fail, we

usually start the insulin treatment. In

patients with type 2 diabetes mellitus,

the insulin treatment is indicated espe-

cially due to primary or secondary fail-

ure of the oral antidiabetic drug (OAD)

therapy, and of course, during pregnancy

and lactation, providing the diet and reg-

iment measures are insufficient. Basic

indications are provided in Figure 1. In

contrast to a still high number of insuffi-

ciently controlled patients, according to

various sources, only 13-28% of the

patients with type 2 diabetes mellitus,

who use hypoglycemia inducing drugs,

are treated with insulin. This late com-

mencement of insulin therapy may be

due to common opinion of patients and

physicians that it is the last possible ther-

apeutic method of type 2 diabetes.    

Temporarily, insulin treatment is indicat-

ed in patients with type 2 diabetes melli-

tus during acute deterioration of overall

state during infection, sepsis, acute car-

diovascular accidents, trauma and other

states of acute stress, when increase in

counter regulating hormones, insulin

resistance and suppression of autogenous

insulin secretion occurs. In patients in

critical state, we usually choose continu-

ous intravenous insulin infusion with

dose correction according to actual

glycemia. An alternate possibility is

intensified insulin regimen, which we

choose even in patients in pre- and post-

operative period. We try to provide the

best metabolic control together with

treatment of associated diseases. 

In some patients, it is appropriate to nor-

malize their state using insulin therapy

upon first diagnosis of type 2 diabetes

and commence the treatment with diet

and oral antidiabetics after reaching opti-

mal values of glycemia. Insulin treat-

ment is naturally always indicated in

cases of hyperglycemic hyperosmolar

coma or diabetic ketoacidosis that

belong to rare manifestations of type 2

diabetes.   

Discussed question is the insulin therapy

indication for the reason of late compli-

cations of diabetes. Most authors do not

recommend blanket conversion of

patients to insulin treatment as long as

the existing therapy (diabetic diet, OAD)

allows sufficient metabolic control. In

these cases, we keep the well-proven

therapy and indicate the insulin treat-
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ment only upon insufficient control. A

specific problem is diabetic polyneu-

ropathy, especially the painful forms of

symmetric sensory polyneuropathy and

diabetic amyotrophy, where intensified

insulin treatment often has a positive

effect.

Allergy to OAD is frequently described

in literature as the reason for insulin

treatment. In practice, it is usually possi-

ble to choose different OAD. More com-

mon are cases, when the treatment with

oral antidiabetics is contraindicated;

especially in disease of the liver, kidney,

cardiovascular and respiratory system. 

CsII treatment in type 2 diabetes 

Insulin pumps (CSII - Continuous

Subcutaneous Insulin Infusion) have

become a common way of treatment of

diabetes mellitus within last 30 years.

CSII is a special form of intensified

insulin regimen (IIR). It comes the clos-

est to physiologic secretion by simulat-

ing basal and prandial (bolus) insulin

production. CSII treatment is spread

among patients with type 1 diabetes the

most, although the worldwide abundance

of the therapy differs significantly (from

about 20% in USA or Israel to less than

5% of patients with type 1 diabetes in

Denmark or Great Britain). Even though

the patients with type 2 diabetes consti-

tute an absolute majority, the proportion-

al representation of CSII treatment is

only very sporadic among them; max. 5-

15% of all patients treated with CSII.

The main reason for CSII treatment in

type 2 diabetes is insufficient con-

trol of diabetes by treatment using

other insulin regimens. Insulin

pump treatment often leads to

improvement of glycemic control,

reduction of insulin doses, insulin

sensitivity amelioration, and stabi-

lization or reduction of weight. 

Based on our experience and in

agreement with several previously

published studies (only short-term

studies with little number of patients),

the CSII treatment may be effective in

affecting painful forms of diabetic neu-

ropathy. The mode of action has not been

satisfactory explained so far. Perhaps it

is related to the improvement of

glycemic control, or the decrease in

glycemia fluctuation, but we can not

exclude the possible vasodilatory effect

of insulin that has been demonstrated by

numerous experimental studies.

With the development of transplantation

surgery, the number of indications in

patients after kidney transplantation

increases, as there is a pursuit of the best

glycemic control possible in order to

avoid recurrence of diabetic nephropathy

in kidney graft.

effect of CsII treatment in 

type 2 diabetes

Contribution of CSII treatment has been

very well documented in type 1 diabetes.

Positive effect on glycemic control

improvement, decrease in glycated

hemoglobin HbA1c, glycemia variability

reduction, reduction of incidence of par-

ticularly severe hypoglycemia episodes,

and improvement of quality of life and

regimen flexibility. The same positive

effect is expected in patients with type 2

diabetes, although there is not enough

quality and especially unequivocal data

available. The results from insulin pump

utilization in type 2 diabetes are very

limited and no long-term, randomized,

controlled study confirming unambigu-

ous effect has been published so far.

The short-term effect of CSII treatment

has been documented the best so far - on

glycemic control, insulin resistance, fib-

rinolytic system and endothelial dys-

function. Use of CSII (slow desensitiza-

tion) at allergy to insulin was published

as a case study. (1) On the contrary, the

possible long-lasting effect of CSII treat-

ment - affecting late micro- and

macrovascular complications of type 2

diabetes - stays uncertain.

Short-term CSII treatment (7-21 days)

leads to reaching remission shortly after

first diagnosis of type 2 diabetes, at a

time of dietary or oral antidiabetic treat-

ment failure (2-4). Induced good

glycemic control shows long-lasting

duration even in consecutive dietary or

OAD therapy. Remission inducement is

described together with correction of

insulin sensitivity, beta-cell function and

lipid profile (5-8). Fast inducement of

normoglycemia through CSII treatment

is an important predictive factor of suc-

cess of the consequent therapy of dia-

betes (diet or OAD) (9-10).

Short-term CSII also leads to correction

of parameters of the fibrinolytic system -

improvement (decrease) of the plasmino-

gen activator inhibitor type 1 (PAI-1) and

tissue plasminogen activator (tPA).

These changes are associated with most-

ly insulin sensitivity improvement dur-

ing CSII treatment, a strong relationship
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is also described between triglycerides

and fibrinolytic parameters. (6) Apart

from an improvement of glycemic con-

trol, the bi-weekly CSII treatment in

patients with insufficient glycemic con-

trol of the type 2 diabetes leads to a cor-

rection of serum levels of soluble adhe-

sion molecules - intercellular adhesion

molecule 1 (ICAM-1), vascular cellular

adhesion molecule 1 (VCAM1) and E-

selectin. (11) No changes of oxidative

stress parameters even at normalization

of glycemia during CSII treatment were

described. (12)

In an Israeli study comparing CSII treat-

ment to multiple daily injections (MDI)

in type 2 diabetes, the authors described

the positive effect of CSII on glycemic

control, weight and insulin dosage in

obese, distinctly insulin resistant

patients. In a randomized crossover

study (CSII - lispro vs. MDI - human

insulin, 40 patients, BMI 30-45kg/m2,

18 weeks of CSII treatment), CSII treat-

ment significantly decreased glycated

hemoglobin HbA1c and area under curve

(AUC) of glycemia, no significant differ-

ences in weight, insulin dose or parame-

ters of lipid metabolism were described.

The limitation of the study lies in com-

parison to insulin analog used for CSII

treatment to intensified regimen using

human insulin preparations (13, 14). 

Nevertheless, two other great studies did

not find any significant differences in

glycemic control between CSII and MDI

treatment; i.e. decrease in HbA1c,

increase in weight, insulin dosage or

treatment complications did not differ

between each other. Randomized study

(CSII - lispro vs. MDI - lispro +

glargine) in 107 patients older than 60

years with CSII treatment duration 12

months proved comparable improve-

ment in glycemic control (HbA1c

decreased by 1.7±1.0% to 6.6% in CSII

vs. 1.6±1.2% to 6.4% in MDI), incidence

of hypoglycemia, weight gain (CSII +2.1

vs. MDI +2.6 kg) and a satisfaction with

therapy (15). Another big randomized

study (CSII - aspart vs. MDI - aspart +

NPH) in 127 patients with type 2 dia-

betes did not show any differences in

glycemic control improvement (HbA1c

in CSII 8.2±1.37 vs. 7.6±1.22%, in MDI

8.0±1.08 vs. 7.5±1.22%), insulin dosage,

glycemic profiles, weight (CSII

96.4±17.0 vs. 98.1±18.1, MDI 96.9±17.9

vs. 97.6±19.2 kg/m2) even safety of the

therapy (hypoglycemia in CSII 0.8±1.6

vs. MDI 1.2±3.1 episodes/patient/30days)

(16). Greater satisfaction and a prefer-

ence for CSII treatment was described in

the abovementioned studies (10, 16).

Owing to the development of diabetic

microangiopathic complications, the

dependence on the degree of glycemic

control was repeatedly proven. In partic-

ular, studies from the 1980s performed

mainly in type 1 diabetes indicated the

positive effect of CSII on the develop-

ment and course of microvascular

(retinopathy, neuropathy, and nephropa-

thy) and macrovascular complications

(affecting risk factors of atherosclerosis).

These results together with potential pos-

itive influence of CSII on insulin sensi-

tivity may be an important factor for

choosing  CSII treatment. 

Register of patients treated with CsII

in the Czech Republic

In the Czech Republic, the patients treat-

ed with insulin pumps are registered

since 1998 in the Register of patients

treated with insulin pumps (17). Data

regarding insulin pump introduction,

glycemic control and course of CSII

treatment are collected from 56 cooper-

ating departments of diabetology within

an interval of at least a year and central-

ly evaluated. To the 31 December 2007

we kept record of data regarding treat-

ment of 2703 patients with diabetes in

total, 208 thereof having type 2 diabetes.

Our results show that insulin pump treat-

ment in patients with type 2 diabetes is

as effective as in patients with type 1 dia-

betes regarding glycemic control -

(Graph 1).  Unlike patients with type 1

diabetes, no significant reduction in

insulin dose occurs (before CSII:

47.57±16.975 in type 1 vs. 64.17±32.183

U/24hrs in type 2; after 2 years of CSII

treatment: 40.98±16.270 vs. 63.03±

30.340 U/24hrs). The most common

indication in patients with type 2 dia-

betes is poor control of diabetes, late dia-

betes complications (especially diabetic

neuropathy) and insulin resistance -

(Graph 2).

Drawbacks of CsII treatment 

in type 2 diabetes

In comparison with type 1 diabetes, CSII

treatment in type 2 diabetes is not con-

nected with an increase in the number of

complications. Possible disadvantages of

CSII treatment (hypoglycemia, weight

gain, risk of infection around catheter
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Graph 2. Proportional representation of CSII treatment indications - Register of patients treat-

ed with insulin pumps in the Czech Republic, 2007. Values express the percentage of indication

in patients.



insertion) are not common and their inci-

dence can be reduced by quality educa-

tion, rigorous operation of CSII and

adherence to the treatment. Particularly,

the incidence of hypoglycemia, which

often constitutes a limiting factor of

intensified treatment in elderly patients,

does not differ from MDI or CSII treat-

ment in type 1 diabetes. Similarly, inci-

dence of local complications (infection

around catheter insertion) does not differ

either (15, 16).

As during dietary, OAD or other forms

of intensified regimen treatment,  it is

also necessary in the course of CSII

treatment to improve insulin sensitivity

by weight reduction, observance of prin-

ciples of diabetic (usually reducing)  diet

and regular physical activity. Often, too

much emphasis on the technical prob-

lems of CSII treatment causes regimen

and dietary measures to be neglected.

This can lead to an uncontrolled increase

in insulin doses and weight and con-

versely to deterioration of insulin resist-

ance and other risk factors of atheroscle-

rosis. Quality and targeted individual

education of patients is the basis for suc-

cess of our complex treatment.

High cost of CSII treatment (cost of

insulin pump and accessories) and high-

er personal demand may create an obsta-

cle in the treatment.

Conclusion

In view of the limitations of so far pub-

lished studies, it is desirable to obtain

clearer evidence of long-lasting positive

effect from wide population of patients

with type 2 diabetes, which we lack so

far. In practice, it is possible to use CSII

treatment in preconception care or dur-

ing pregnancy, in case of marked insulin

resistance, diabetes instability upon use

of other intensified insulin regimens,

incidence of common and especially

severe hypoglycemia episodes. CSII

can also be used in patients after kid-

ney transplantation, where there is a

pursuit of the best glycemic control

possible in order to avoid recurrence

of diabetic nephropathy in kidney

graft.

CSII treatment in type 2 diabetes is an

alternative to intensified insulin ther-

apy and can be beneficial to specific

groups of patients (Figure 2).

Nonetheless, upon consideration of the

possible risks, higher economic and per-

sonal demand and most of all the

absence of clear and evidential data

regarding treatment benefit, at present,

there is no reason for wider distribution

of CSII in therapy of type 2 diabetes. 
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- pregnancy and lactation, potentially 

preconception care

- marked insulin resistance

- failure of other intensified insulin regimens 

- posttransplantation period

- allergy to insulin (slow desensitization)

figure 2: Potential of CSII treatment in type 2 

diabetes




