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Abstract

The use of insulin pump therapy (continuous subcutaneous insulin infusion) has increased dramatically in youth
with type 1 diabetes (T1D) in the past decade. In this review we provide background and practical clinical advice
on insulin basal rates and bolus doses and on the advantages of pump therapy with exercise. Acute compli-
cations of T1D (hypoglycemia and diabetic ketoacidosis) in the context of pump therapy are reviewed. The
advantages of pump therapy in the school setting and in hospitalized patients are discussed. Finally, diabetes
management in the 21st century, in which pump therapy is combined with continuous glucose monitoring, and
its potential for a closed-loop pancreas are presented.

Introduction

Insulin pump (continuous subcutaneous insulin infusion
[CSII]) therapy became more widely accepted for youth

with type 1 diabetes (T1D) in the mid-1990s after the avail-
ability of the rapid-acting insulin, insulin lispro. Previously,
pediatric diabetologists were cautious about pump use in
children, particularly as a result of the threefold increase in
severe hypoglycemia reported among intensively treated
patients in the Diabetes Control and Complications Trial.1 Of
these, two-thirds used an insulin pump at some time, and all
used regular insulin. With advances in insulin development
and in pump features, however, the fear of severe hypogly-
cemia associated with intensive diabetes management has
diminished.

It is impossible in this short article to describe all aspects of
insulin pump care in youth (here defined as children 5–18
years of age) with diabetes. A more complete description,
including our program for starting an insulin pump, is pro-
vided elsewhere.2 A consensus statement on insulin pump
therapy in the pediatric age group may be helpful to health-
care providers.3 Table 1 lists some advantages and disad-
vantages of insulin pump use in children.

Although insulin pump use is becoming more and more
popular among families having a youth with T1D, it is not for
everyone. In order for pump therapy to succeed, the youth as
well as the parents must want the pump. Diabetes nurse-
educators listed 12 other important factors to determine who
should start pump therapy.4 They all agreed that doing ade-
quate numbers of blood glucose (BG) tests per day was the
most important criterion. Most pediatric centers require this
for pump initiation, as this is not only a measure of compli-
ance, but also a necessity for safety. Other criteria for initiation
of insulin pump therapy in youth vary between centers. Rates

of discontinuation of insulin pump therapy in youth, gener-
ally between 7% and 18% in the United States,5,6 may relate to
the rigidity of criteria for initiating treatment.

Basal Insulin Rates

Basal insulin rates are important in controlling BG levels
throughout the 24-h period. They are important in turning off
glucose production by the liver and in preventing fat break-
down and ketogenesis. As only a rapid-acting insulin is used
in the pump, a small dose is delivered approximately every
10 min, much as with human islet insulin production.7

Determining initial basal rates

Hourly basal insulin rates vary for people of different ages,
with the highest levels in adolescents8 (Fig. 1). This is pre-
sumably secondary to high levels of growth hormone and=or
other counter-regulatory hormones. The total 24-h basal
insulin dose is often determined using a slight reduction
(10–20%) of the injected basal insulin (insulin glargine or in-
sulin detemir). Other physicians calculate the average total
daily dose of injectable insulin, reduce the total by 20–30%,
and then give half of this dose as basal insulin.

One of the advantages of insulin pump use in youth is the
ability to administer multiple daily basal rates. In one study of
youth using insulin pumps, use of more basal rates and
younger age were the only two factors predictive of good
glycemic control.9 Initially, slightly lower rates are often used
during the night for safety. Generally, prepubertal children
tend to have peak basal rates at 9–10 p.m., whereas pubertal
patients have peak basal rates in the early morning hours.10

Following initiation of insulin pump therapy, we adjust basal
rates on a daily basis as needed in the first week and then on a
less frequent basis, focusing on identification of patterns. Basal
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rate changes will have their desired effect in 1–2 h, and there-
fore basal rate changes should be made with this under-
standing. In addition, higher or lower basal rates can be set on
the alternate basal patterns and used on days previously
shown to be related to longer periods of high or low BG levels
(e.g., with exercise days, sick days, vacation days, menses, etc.).

Testing of basal rates

The first basal testing is usually done after hourly basal
rates have stabilized. The method of doing this has been de-
scribed previously.2 The nighttime=early-morning rates are
evaluated first, as youth tend to vary their time of awakening.
This is the time of greatest concern for parents and is the most
important time to check. It is particularly important for col-
lege students who are often out of the home setting. It is
helpful to have a parent or other person available to help test
BG levels when breakfast is omitted and the person fasts (and
often sleeps) until lunch. If BG levels are below or above range
(usually 70–180 mg=dL), the condition is treated, the basal

testing is discontinued, and the basal rates are adjusted ac-
cordingly. Further basal testing of this and other periods of
the day can then be scheduled. Obviously, the use of contin-
uous glucose monitoring (CGM) can be very helpful in facil-
itating testing of basal rates.

Temporary basal rates

Another advantage of using an insulin pump in youth is the
ability to use temporary basal rates. We recently evaluated
factors related to improvement in hemoglobin A1c (HbA1c)
levels in youth using an insulin pump.11 The more frequent
use of temporary basal rates was the number one factor re-
lating to improvement in the HbA1c level. (Admittedly, this
may just be a reflection of paying closer attention to the per-
son’s diabetes.) Short-term temporary basal rates for exercise
and for hypoglycemia are very important and are discussed in
the respective sections below. Similarly, the loss of basal rate
insulin (e.g., dislodging=plugging of the infusion cannula) is
discussed below under ketoacidosis.

Table 1. Advantages and Disadvantages of Insulin Pump Use in Children

Advantages Disadvantages

1. Improved blood sugar control 1. Remembering to give insulin boluses with food intake
2. Insulin availability and convenience 2. Ketonuria or ketoacidosis
3. Use of multiple basal rates 3. Psychological factors
4. Use of temporary basal rates 4. Expense
5. Ease of administering multiple boluses 5. Weight gain
6. Reduction of hypoglycemia 6. Skin infections
7. Flexibility and freedom 7. Insulin unavailability and instability
8. Control of post-meal blood sugar=CGM values 8. Infusion site locations and set changes
9. Ease of adjusting insulin doses with exercise 9. Physical=logistical considerations

10. Ease of adjusting insulin doses with travel

Adapted from Chase.2

FIG. 1. Average hourly basal rate values by age group: age 11–20 years (dark squares), age 21–60 years (light squares), age
3–10 years (dark triangles), and age >60 years (light triangles). Reprinted with permission from Scheiner and Boyer.8 Color
images available online at www.liebertonline.com=dia.
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Bolus Insulin Dosages

In addition to the use of basal insulin as discussed above,
CSII therapy allows users to conveniently administer bolus
insulin to control postprandial BG levels and to correct ele-
vated BG levels. Danne et al.12 demonstrated that patients
taking more of their daily insulin as boluses had significantly
lower HbA1c levels than patients taking fewer boluses. For-
tunately, most insulin pumps include a ‘‘smart pump’’ feature,
which helps the user to calculate insulin bolus dosages based
on a preset insulin-to-carbohydrate (I=C) ratio and a correc-
tion factor and calculates the insulin on-board from previous
boluses. The user then enters the current BG value and the
amount of carbohydrate to be consumed. He or she may then
accept the recommended insulin dosage or alter it as desired.
Special note should be made that different pumps use slightly
different algorithms to calculate doses and that these differ-
ences can be a clinically significant issue.13

Bolus dosing for food

For patients already using injections of rapid-acting insulin
before meals and carbohydrate counting, the pump bolus
dosages for meals should be close to the previous insulin
doses. The ‘‘Rule of 500’’ is useful for estimating the I=C ratio
when previous values have not been determined. This in-
volves determining the total insulin dose for the day and di-
viding this number into 500. Pump users can then fine-tune
their I=C ratios for different times of the day to account for
variations in insulin sensitivity. Some types of food (e.g., high
fat, high carbohydrate) affect the postprandial glycemic

profile differently and will not be well covered by a single
dose of rapid-acting insulin. The insulin pump allows for
special boluses (e.g., ‘‘extended combination bolus’’) to ac-
commodate these meals, with part of the insulin given as an
immediate bolus and the other part over an extended time
period.2,14

Individuals using CGM to monitor their glucose values
may be able to look at trend graphs to evaluate bolus dosing.
Others must evaluate the I=C ratio by testing the BG level 2
and 4 h after the meal. If the doses are set correctly, the
postprandial glucose level should be within the American
Diabetes Association recommended range of <180 mg=dL
(<10 mmol=L).15

Timing of food boluses

Although the availability of rapid-acting insulin analogs has
contributed to improved control of postprandial glucose
levels, these insulins peak approximately 90–100 min after
administration (Fig. 2). Glucose levels, by contrast, peak ap-
proximately 60 min after food is consumed, although this will
vary depending on macronutrient and fiber content. Cobry
et al.16 have demonstrated that, because of this time discrep-
ancy, pre-bolusing 20 min prior to a meal significantly reduces
postprandial glucose excursions. It is advisable when the BG is
>70 mg=dL for most patients with T1D to administer insulin
boluses 20 min before eating. Insulin pump therapy facilitates
the administration of multiple bolus insulin doses, which helps
to make this goal more attainable. For young children, whose
food intake may be unpredictable, a portion of the bolus can be

FIG. 2. Blood sugar and insulin peaks. *The blood sugar peaks about 60 min after beginning to eat. Rapid-acting insulins
peak 100 min after injection. Adapted from Chase.2 Color images available online at www.liebertonline.com=dia.
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given 20 min before eating to correct for any elevation in the
BG level above target and to cover the carbohydrates that are
sure to be consumed. Then, after the meal, a second bolus to
cover any additional carbohydrates can easily be administered
(without having to give another injection).

Missed boluses for food

Missing boluses for meals has been shown to contribute
significantly to elevated HbA1c levels in children using CSII
therapy.17 Cited as the most common reason for missing bo-
luses, ‘‘forgetting’’ to bolus is a significant challenge for chil-
dren and adolescents using insulin pumps. Even missing a
bolus for afternoon snacks leads to higher and longer gly-
cemic excursions.18 Pediatric care providers must emphasize
the importance of bolusing for all carbohydrate intake in
order to attain optimal glycemic control.

Bolus dosing for correction of hyperglycemia

For treatment of hyperglycemia, the individual’s correction
factor (sensitivity factor) must also be set to determine how
much each unit of insulin will decrease the BG level. If un-
known, this can be estimated by dividing the total daily
insulin dose into 1,500 for insulin-resistant people or 1,700–
2,000 for insulin-sensitive people.2 To evaluate the efficacy of
the correction factor, the BG level should be tested 2–4 h after a
correction dose is given. If the dosing is set correctly and
other factors known to affect BG have been avoided, the
value should have returned to the ‘‘target level’’ in this time.
Moreover, we generally recommend patients begin by setting
the duration of insulin action at 3 h with subsequent adjust-
ments based on the desire to be more or less aggressive with
correction doses.

Exercise and Insulin Pumps

Hypoglycemia incidence with exercise in T1D

Exercise is important for all youth, particularly in relation
to body weight and cardiovascular health. One of the greatest
advantages of insulin pump therapy in youth with T1D
relates to the reduction of hypoglycemia during and after
exercise.

The DirecNet study group used a standardized 60-min
afternoon treadmill session, during which 11 of 50 youths
had low BG values (<60 mg=dL).19 When these youths were
followed during the night following the exercise day, 48% had
low BG values. The same 50 children were followed after a
different (randomized) non-exercise day, and only 28% ex-
perienced nocturnal hypoglycemia. Nocturnal hypoglycemia
was more frequent during the night when the pre-bedtime BG
was �130 mg=dL. Clearly, hypoglycemia during and after
exercise continues to be a challenge in T1D, for which pump
therapy provides therapeutic flexibility.

Physiology of exercise-induced hypoglycemia
in youth with T1D

The physiologic mechanism of exercise-induced hypogly-
cemia in youth with T1D likely relates to three major factors:

1. Exercise enhances insulin sensitivity.
2. Insulin production diminishes to very low levels during

strenuous exercise in people who do not have diabetes.

In contrast, youth with T1D who have not reduced
previously administered insulin (by shot or insulin
pump) have relative hyperinsulinemia during exercise.

3. Youth with diabetes have diminished recognition of
hypoglycemia and diminished production of counter-
regulatory hormones.20,21

Prevention of hypoglycemia with exercise

Using a randomized crossover design, 49 children, 8–17
years old, using insulin pump therapy, used the same Direc-
Net structured exercise session referred to above on two
different days.22 On a day in which the insulin was stopped
during the exercise, 16% of the youths had BG values
<70 mg=dL. On the other day, the insulin was continued, and
43% of subjects experienced hypoglycemia (P¼ 0.003).
Clearly, the ability to diminish insulin levels during heavy
afternoon exercise is easily possible with an insulin pump and
provides a great advantage in reducing hypoglycemia during
exercise. When the exercise is less strenuous, a lesser reduc-
tion (e.g., a 50% temporary basal rate) may be all that is nee-
ded. For some youth, the initial reduction in insulin may need
to occur 15, 30, or 60 min prior to the exercise. This is because
the current rapid-acting insulins peak approximately 95 min
post-administration. In addition, if the exercise is 1–2 h after
an insulin dose, a 15–30-g carbohydrate snack prior to the
exercise may help to prevent hypoglycemia. Trial and error
can be used to find the optimal management for a given
individual and a given exercise, but requires additional BG
monitoring.

Some youth experience delayed hypoglycemia during the
night following days of heavy exercise. It has been shown that
use of a 20% temporary basal rate reduction from 9 p.m. to
3 a.m. (in addition to discontinuing the insulin dose during
the exercise) can be very helpful in preventing the nocturnal
hypoglycemia.23

In summary, using the pump shutoff feature or temporary
basal reduction can be very effective in decreasing hypogly-
cemia, both during exercise and when it occurs during the
night following exercise. Similar modifications are more dif-
ficult with injection therapy. Additionally, as with making
any changes in pump therapy, adjustments are often more
successfully made based on repeat patterns rather than on
single occurrences. A diligent person=family will find what
works best for a given situation.

Acute Complications and Insulin Pump Use

Hypoglycemia

The fear of hypoglycemia is the number one fear among
families having a child with T1D. It is often the limiting factor
in the goal of attaining optimal glycemic control. Hypogly-
cemia prevention in youth is discussed in the above section on
exercise and in the insulin pump and CGM section below.
Almost every study, including one from our center,5 has
reported fewer severe hypoglycemic events in the period of
pump use compared to pre-pump therapy. This is likely in
part related to elimination of insulins (e.g., NPH) that peak
during the night when food is not being eaten and that vary
in the timing of peak activity.

There is also the advantage of being able to ‘‘fine-tune’’ the
basal insulin delivery to fit the individual child, with as many
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as 48 different basal rates possible in a day (although most
youth use eight or less). Basal-rate checking was discussed
earlier, and it is important to be certain rates are set correctly.
Likewise, the use of temporary basal rates is important in
‘‘thinking ahead’’ to prevent hypoglycemia. Although exer-
cise is the most obvious indication, reducing basal rates on a
day with unexplained low glucose levels, less food intake, or
sudden onset of an illness (e.g., vomiting, diarrhea) can be
very beneficial. Obviously, with acute situations, it is not
possible for youth using injection therapy to reduce the dose
of long-acting insulin given earlier in the day or the previous
night.

Diabetic ketoacidosis (DKA)

The incidence of DKA in youth using insulin pumps is
lower than in non-pump users, although the characteristics of
patients on each type of treatment may explain some of this
difference. The incidence for all subjects in our clinic (injec-
tions or insulin pumps) was 8=100 patient-years.24 The
incidence was significantly higher in subjects with under-
insurance and associated problems. In contrast, the incidence
of DKA among youths using an insulin pump at our clinic
was 3.98=100 patient-years.5 Very few pump users have un-
derinsurance (due to the high cost of insulin pump therapy).
Thus, pump users are a select group, which may contribute
to the decreased incidence of DKA in this population. The
primary reason for episodes of DKA in youth using pumps
relates to the loss of the rapid-acting insulin infusion due to
the cannula dislodging or plugging. The use of a CGM can be
helpful in providing an early warning of hyperglycemia and
impending DKA.

Insulin Pump Use in the School Setting

Because youth may spend more of their awake time in a
school setting than they do at home, safety while at school is
very important and necessitates some level of education about
insulin pumps (as well as about overall diabetes) for school
personnel. This is especially true for younger children who
may require supervision with pump data entry for carbohy-
drate intake or a BG level, as well as with insulin adminis-
tration. In addition, someone in the school setting must have
the ability to recognize and treat acute emergencies such as
hypoglycemia and hyperglycemia with ketones. Table 2 out-
lines some of the issues that will need to be dealt with by the
school.

Most states in the United States now require a school health
plan for youth with T1D (see example in Chase2). No written
plan can cover all possibilities, nor is a plan meant to override
parental decisions or to place unwarranted burdens upon
schools. A cooperative approach best serves the interests of
the student and family, as well as of the school. Good com-
munication and education are the keys to successful insulin
pump use in the school setting. The American Diabetes As-
sociation has developed suggestions for care of children with
diabetes in the school setting (www.diabetes.org), which may
be helpful.

Insulin Pump Use in Hospitalized Patients

Several publications have shown the importance of ag-
gressive diabetes management in patients hospitalized with

serious medical conditions.25–28 Meticulous glycemic control
in the hospital setting was initially reported to improve both
morbidity and mortality in adults,24–28 although data for
youth are limited.29 More recent studies30,31 have not shown a
reduction in mortality as a result of intensive insulin therapy.
Hypoglycemia is a concern and was clearly increased with
intensive therapy,30,31 although the use of CGM (intravenous
or subcutaneous) may help to circumvent this problem.
Subcutaneous protocols have also been developed that may
have value in specific circumstances.26,27

What then is the role of insulin pump use and subcutaneous
insulin administration in youth with T1D who are hospital-
ized? We have previously advocated for people with T1D
being allowed to continue to use their insulin pumps for
elective and non-acute hospitalizations.32 If basal insulin rates
are correctly set, fasting for elective surgical procedures is
usually uneventful. However, some hospitals insist on pump
removal, particularly for surgical procedures. The dose of
injected insulin is then often calculated using outdated
methods (e.g., sliding scales), resulting in variable glucose
levels. Administration of intravenous insulin is frequently
used in surgery and intensive care settings. Frequent BG
monitoring (and=or use of CGM) then provides safe control of
insulin delivery. Omission of insulin can result in hypergly-
cemia and is obviously dangerous. Unfortunately, research
studies have not been done to compare outcomes using in-
sulin pumps in non-acute hospitalizations.

Insulin Pump and CGM Use

At present, the combination of using an insulin pump to-
gether with CGM represents the optimal form of diabetes
management, although challenges exist as with any new
technology. Use of CGM, with warnings for high and low
glucose levels, helps to maximize insulin pump benefits. A
detailed description of how to use CGM data is provided
elsewhere.2 As with pump initiation, it is crucial that the
youth as well as the parents be committed to using CGM. If
CGM is not consistently used at least 6 days a week, full
benefit and HbA1c lowering are not likely to be achieved.33

There are advantages and disadvantages to implementing
both devices in youth. The youth must wear two devices,
which requires the use of two insertion sites. For children and

Table 2. Diabetes Care Topics to be Discussed

in the School Setting

Blood sugar testing—where and when to test
Record keeping
Management of hypoglycemia
� Glucagon injections
� Disconnecting from the pump
� Treatment of mild, moderate, and severe lows

Management of hyperglycemia
� Ketone testing
� Giving correction boluses using the pump
� Giving insulin injections
� Changing pump sites—where and when

Carbohydrate counting—who will decide insulin dosing for
lunch and snacks

Exercise—when to adjust insulin and how to monitor
Safeguarding the pump when it is disconnected

Adapted from Chase.2
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adolescents, many of whom are sensitive about their diabetes,
having multiple devices attached to the body can be a deter-
rent. Furthermore, some youth=families struggle with the vast
quantities of information provided. Parents of youth must be
careful not to allow the huge amounts of information from the
CGM and insulin pump to negatively impact the child’s
normal life.

For youth who are unwilling to do frequent BG testing,
CGM provides more complete information about the glucose
patterns. However, youth are often disappointed when they
learn that wearing a CGM device does not eliminate the need
for fingerstick BG testing. The two types of data provided by
CGM include real-time and retrospective data (Table 3). Both
can be useful to youth=families with T1D. Using real-time
CGM data, including trend arrows and alarms, the adjust-
ment of bolus dosing and implementation of temporary basal
rates may help to minimize glucose variability and to avoid
hypoglycemic and hyperglycemic events. For youth who
sleep through alarms during the night, many parents use a
baby monitor placed near the CGM receiver to hear alarms
themselves and to help the youth respond appropriately.

If the family will set a time once weekly to review the CGM
data, events causing high glucose levels (e.g., missed insulin
boluses for food) or low glucose levels can be evaluated, and a
plan can be developed for future prevention. CGM may help
the family to identify how different activities (sports, gym,
sleepovers, etc.) impact glucose levels and to adjust accord-
ingly. Education at a knowledgeable clinical center is a neces-
sary component of CGM and insulin pump therapy, especially
to enable users to make insulin adjustments in the home set-
ting. Overall, the combination of an insulin pump and a CGM
device provides many youths with T1D the best opportunity to
achieve and=or maintain optimal glycemic control.

In conclusion, tremendous progress has been made in
insulin pump therapy in recent decades. More extensive re-
views of the clinical application of CSII are available.2 Insulin

pump use has continued to increase in youth with T1D, and in
the future, CSII combined with CGM holds promise for an
artificial pancreas.
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