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Abstract

Management of infants with type 1 diabetes is challenging to both
the families and the medical team. In general, they have unpre-
dictable oral intake and activity level, limited ability to express their
needs, and low insulin requirement demanding more precise adjust-
ment. We report a breast-feeding infant with multiple food allergies
and type 1 diabetes managed smoothly with insulin pump and con-
tinuous glucose monitoring system.
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Introduction

Management of infants with type 1 diabetes is a major challenge to
both the families and the medical team. First, this is a rare condition
in this age group and hence the experience is scarce. Second, this
very young group has their specific age - and development - related
characteristics that are distinct from other age groups. In general, they
have unpredictable appetite and activity level, and limited ability to
express their needs. In addition, due to their small size, their insulin
requirement is much lower than older children. This makes precise
adjustment of insulin difficult. On one hand, we would like to achieve
good glycaemic control to reduce the risk of long - term diabetic com-
plications. On the other hand, strict metabolic control might increase
the risk of hypoglycaemia, which, if recurrent, could have adverse
effects on neurocognitive outcome [1]; it also could lead to hypo-
glycemia unawareness and could be especially worrying in this age
group. Therefore, good glycaemic control and risk of hypoglycaemia
is particularly difficult to balance in this age group.

We report an infant with type 1 diabetes managed smoothly with
insulin pump and continuous glucose monitoring system.
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Case Report

A 9-month old girl, with good past health except multiple food al-
lergies including cows and soya milk, was admitted for severe diabetic
acidosis. The blood glucose was 51 mmol/L and B-Hydroxybutyrate
(BOHB) was 9.6 mmol/L on admission, while pH and bicarbonate
were 6.98 and 2.8 mmol/L respectively. Her antibodies to Glutamic
Acid Decarboxylase (anti-GAD), Islet Antigen-2 (IA-2) antibody and
anti-islet cell antibody were all positive. She was stabilized with insu-
lin infusion and feeding was resumed after 2 days. She was transited
to MDI (Multiple Dose Injection) of subcutaneous insulin with lispro
and detemir.

During the transition to subcutaneous insulin, great challenges
were encountered. First, she had history of multiple food allergies
and was still predominately breast-feeding ad lib before the diagnosis
of type 1 diabetes. During her recovery, she refused all kinds of food
except direct breast-feeding. In addition, her oral intake was very un-
predictable. This makes estimation of carbohydrate intake extremely
difficult.

She was put on continuous glucose monitoring (Smartguard™ Sus-
pend by Sensor), afterwards and the trend of glucose readings with
respect to breast-feeding duration and timing of breast-feeding was
closely observed. The subcutaneous insulin was titrated accordingly,
and a fair glucose profile was achieved.

Subsequently, in addition to continuous glucose monitoring, she
was also transited to Subcutaneous Insulin Infusion (CSII) pump ther-
apy (Medtronic MiniMed® 640G System). The daily insulin require-
ment dropped from 8 to 9 units (0.89 to 1 unit/kg/day) to 5 to 6 units
(0.63 to 0.67 units/kg/day). The basal insulin ranged from 0.025 to
0.75 units per hour, contributing to around 30 % total daily insulin
dose. However, some challenges were noted in the initial phase.

Insulin Sensitivity Factor

Since her total insulin requirement was very low, her insulin sen-
sitivity factor was around 20 to 25 mmol/L/unit. However, the pump
set-up only allows insulin sensitivity factor to be set between 0.3 to
22.2 mmol/L/unit. To overcome this, at the period in which the insu-
lin sensitivity factory exceed 22.2 mmol/L/unit, instead of setting the
‘target blood glucose’ to be in the normal range, a much higher target
was set. In this way, the correction dose would not be over-calculated,
even though the insulin sensitivity factor was not exactly her ‘real’
insulin sensitivity factor.

Very Low Basal Rate

With such a low total daily insulin dose, her basal insulin rate
could be as low as 0.025 unit per hour in certain period of the day.
In the Medtronic MiniMed® 640 G System, if the basal insulin rate
of less than 0.05 units per hour, insulin would only be delivered at
pulses at 0 minute and 30 minute of an hour. Therefore, if the pump
was transiently disconnected for daily routine e.g. napkin change or
showers at those specific times, basically no basal insulin would be
delivered, and it would cause glucose level to shoot up.
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Variable Carbohydrate Content and Glycaemic
Index in Breast Milk

Since the infant refused to be fed with bottle but direct breast-feed-
ing, the volume of breast milk could not be accurately determined.
Probably partly because of the variations between foremilk and hind
milk composition, the carbohydrate content and glycaemic index ap-
peared to vary a lot throughout the day. With close observation of the
glucose trend in the CGMS, duration and timing of breast-feeding,
we have several observations. First, foremilk has very high glycae-
mic index and raises glucose very quickly. This was frequently used
as a very effective and convenient ‘hypoglycaemia treatment’ in this
patient. Second, if the duration of breast-feeding is long enough and
that mother felt that her breast engorgement was completely emptied,
the glycaemic index appeared to be much lower and the glucose lev-
el would be sustainably high, sometimes requiring the use of square
wave bolus to cover for that feeds.

Skin Irritation and Repeated Dislodgement

In the initial period of using both the insulin pump and CGMS,
a lot of skin irritation was observed. This was ameliorated with use
of skin prep before application of CGMS sensor and infusion port,
followed by application of emollients and topical steroid cream to
reddish areas. The dislodgement was also a serious problem with the
infusion port almost falling off daily after hot showers. Difference
infusion set (MiniMed Sure-T® infusion set and MiniMed Mio® infu-
sion set) and sites (thighs and gluteal region) had been tried but the
condition remained similar. Eventually, this problem was solved by
prior application of skin prep and extra tape on both the sensor and
the infusion port.

After around 2-week of adaptation, we finally managed to over-
come some of these challenges. A satisfactory glucose profile was
achieved (Figure 1). She is currently 2 years of age with normal de-
velopment and her A1C remained at 6.5 % to 6.8 %. There was no
further hospital admission related to her diabetes.

Figure 1: Good glycaemic control with the use of CGMS and insulin pump.

Discussions

Since diabetes mellitus is less common among young infants, ex-
perience in managing this very special group is, in general, scarce.
Together with their unique features of variable and unpredictable
physical activity and carbohydrate intake, and inability to communi-
cate with their complaints, it makes the management of diabetes par-
ticularly challenging. The use of CSII pump integrated with CGMS
system might ameliorate the difficulties; yet, the experience in this
unique group is also scarce.

In general, using CSII pump therapy required more vigilance es-
pecially on the technical aspects and frequent glucose monitoring
than basal/bolus insulin injection regimen. However, as reported in
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qualitative studies, the CSII pump therapy allows more ‘freedom,
flexibility, and spontaneity in daily lives’ [2], ‘no longer having to
administer painful injections’, ‘fewer restrictions on the frequency,
timing and carbohydrate contents of snacks and meals; and improve-
ments in family life and their child’s glycaemic control’ [3]. In our
case, the use of CSII pump therapy, together with CGMS in this case
helped both the parents and the medical team to manage this infant’s
unpredictable and restricted diet issues smoothly. A smaller pump bo-
lus could be given first before meal, and further doses could be given
if she ate more. In this way, even if she refused food, it was no longer
an issue as the bolus given prior to meal was only a small bolus. This
flexibility relieved many anxieties and potential conflicts on eating
between the caretakers and the child. In addition, a more precise in-
sulin dose could be given as bolus (increment as low as 0.025 units)
conveniently without insulin dilution. With the suspend before low
function, basically our patient had minimal hypoglycaemic episodes,
even with such a good HbA lc level. This would not be easily achiev-
able with basal/bolus regime of insulin injection.

In the past decade, the use of CSII pump therapy in children has
increased remarkably worldwide, though there is still significant vari-
ability among countries in the use of pump technology, contributed by
both reimbursement issues and expertise in pump management. There
are growing evidences on the safety and better metabolic control with
CSII pump therapy when compared to MDI [4-7]. Results from a
multi-centered childhood diabetes registry involving more than 16
000 type 1 diabetic children showed that, both HbA1c and daily insu-
lin dose (U/kg/d) are lower among children treated with CSII, when
compared to basal/bolus regimen, after adjustment for age, gender,
and diabetes duration [5]. Similarly, results from three large, transat-
lantic paediatric registries involving 54,410 children and adolescents
also revealed lower mean HbAlc among the pump users than those
receiving insulin injection therapy [6]. It has also been reported in a
large prospective cohort that, the use of CSII in adolescents is associ-
ated with lower rates of microvascular complication, independent of
glycemic control or social economic status [8]. To date, there is only
one retrospective study on medium term outcome of CSII pump thera-
py among type 1 diabetic children. It included subjects who used CSII
for at least 5 years and reported significantly glycaemic improvement
in terms of better A1C 1 year after CSII therapy initiation; with the
use of advanced pump features associated with greater improvement
in HbAlc. No significant differences were observed for body mass
index, insulin requirement or other adverse events and hence it was
concluded that its use is safe and effective in the pediatric population
[9]. However, long-term data is not available at the moment and its
benefits among infants or toddlers are not well described.

Since the insulin dose of infants could be very low, this makes
the in-built occlusion detection system unreliable. For example, with
the Medtronic MiniMed® 640G System, the occlusion alarm would
only be triggered by an average of 2.23 units of missed insulin (stan-
dard bolus) or 1.97 units of missed insulin (quick bolus). In an infant
whose total daily dose is only 5 units, this alarm system would not
detect insulin delivery occlusion. Therefore, it is extremely important
to have close blood glucose monitoring, desirably CGMS to prevent
DKA related to tubing blockage.

The prediction of insulin requirement with respect of breast-feed-
ing was especially challenging in this case. However, with CGMS
and very close communication between the mother and the medical
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team, it is not impossible. We could, of course, suggest changing to
elemental formula for her cows and soya milk protein allergy rather
than continuing with breast-feeding to minimize all these challenges.
Nevertheless, we understand the benefits of breast-feeding and also
respected mother’s strong wish to continue with breast-feeding. We
also believe that we should try our best to facilitate our diabetic chil-
dren to grow up like other ordinary children as far as possible.

Recently, the closed loop system has been shown to improve gly-
cemic control and reduce nocturnal hypoglycemia in both young peo-
ple and adults with TIDM [10]. However, the system, similar to our
current system, was designed mainly for older children but not infants
or toddlers, and hence the aforementioned challenges would still exist
at the moment. On the other hand, with the real time CGMS, some
parents might be tempted to control their children’s blood glucose
level very tightly, which could potentially induce unnecessary stress
and anxiety. Appropriately coaching and counseling by the medical
team is needed to achieve a reasonably good metabolic control with-
out inducing too much unnecessary pressure and frustrations to the
families.

In summary, we report an infant with type 1 diabetes managed
successfully with CGMS and insulin pump. The integrated system al-
lows a more precise glycaemic control and is safe, more physiological
and easier for the insulin administration. The success in management
does not just lie on the technology, but also close communications
and sharing of experience between the parents and the diabetic team.
A multidisciplinary team with special expertise in managing young
children with diabetes is essential.
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