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Abstract 

Extremely preterm infants are prone to hyperglycemia which is associated with increased mortality and morbidity. 
Insulin sensitivity is variable in extreme prematurity, and its monitoring, prevention, and treatment are a significant 
challenge in the NICU. Frequent changes in fluid composition and volumes, as well as large growth and adaptational 
nutrient requirements are limited by difficult vascular access and blood sampling and risk of drug incompatibilities. 
Insulin treatment requires specific access and significantly increases fluid intake and sampling. Clinicians, therefore, 
often compromise by reducing glucose intake and accepting higher glycemia. We report a case series of 11 extremely 
low birth weight (ELBW) preterms, born between 23 5/7 and 27 6/7 weeks of gestation, treated for transient hyper‑
glycemia during the first 2 weeks of life by continuous subcutaneous insulin infusion (CSII). Insulin concentration was 
10 IU/ml, administered via 13 mm Accu‑Chek® Tenderlink catheters and a commercial insulin pump (Accu‑Chek® 
Combo, Roche Diabetes Care). Insulin treatment was initiated when glycemia was > 252 mg/dL (14 mmol/l) in two 
consecutive blood glucose determinations, except for one case when glycemia was 234 mg/dL (13 mmol/l), despite 
a previous decrease in glucose infusion rate. The starting dose for the CSII was between 0.01 and 0.08 IU/kg/h. The 
average duration of the CSII was 5 days (1–16 days). CSII in extreme preterm neonates with hyperglycemia was clini‑
cally feasible and practical by sparing IV lines and volume and appeared as more rapidly effective than continuous IV 
administration. No adverse events like hypoglycemia or skin infection were recorded.
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Introduction
Hyperglycemia in newborns is usually defined by plasma 
glucose concentrations ≥ 150  mg/dL (8.3  mmol/L) [1]. 
Studies examining consequences of hyperglycemia or 
treatment thresholds have used varying and higher glu-
cose thresholds: Zamir et  al. set levels ≥ 180  mg/dL 
(10 mmol/L) when evaluating consequences, and Lemel-
man et al. recommend treatment with insulin if glucose 
levels are ≥ 250 mg/dL (13.8 mmol/L) [2, 3].

This condition occurs frequently in extremely low 
birth weight (ELBW) neonates, especially during the 
first days after birth. The risk is inversely related to ges-
tational age and birth weight and increases with the 
severity of accompanying diseases: acute intracranial 
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bleeding, necrotizing enterocolitis, sepsis, and surgery 
are stressing events that frequently trigger hyperglyce-
mia. Hyperglycemia may also be induced by medica-
tions, such as caffeine, steroids, or vasoactive drugs [4].

Neonatal hyperglycemia has been associated with 
adverse clinical outcomes in the literature, such as 
increased mortality [5–7], grade 3 and 4 intraventricu-
lar hemorrhage (IVH) [5], late onset bacterial [6] and 
fungal infection [8, 9], retinopathy of prematurity [10–
12], necrotizing enterocolitis (NEC) [6], bronchopul-
monary dysplasia [5], and prolonged length of stay in 
hospital [5].

This association of hyperglycemia with adverse out-
comes has led to frequent treatment of the condition 
with insulin at different thresholds, although its benefits 
remain a matter of debate in terms of improvement of 
survival and decrease in morbidity [13, 14]. Treatment 
thresholds vary in clinical practice between centers and 
target prevention of metabolic complications such as 
increase in blood osmolality or dehydration that occur 
from osmotic diuresis.

In preterm neonates, insulin is usually adminis-
tered intravenously (IV). The continuous infusion rate 
may vary from 0.1 to several ml/h, leading to large 
fluid volumes administration for ELBW, and the treat-
ment requires in general a dedicated venous access. An 
unpredictable delay in onset of the insulin action due to 
adsorption of insulin to the polyvinyl or polyethylene 
tubing of the central lines, often of many hours, further 
complicate the treatment. The risk of inadvertent hypo-
glycemia during this initiation of treatment, until steady 
state, therefore, necessitates frequent invasive blood glu-
cose measurements.

Continuous subcutaneous insulin infusion (CSII) may 
present several advantages over IV administration: a 
higher insulin concentration leads to lower fluid volumes, 
less adsorption of insulin to the tubes and catheters, and 
the access is arguably less invasive and at lower risk of 
infections but clearly eases access in ELBW where venous 
lines are notoriously complicated.

Most of experiences available in the literature report 
the use of CSII for neonatal diabetes in term newborns 
[15–18] and only few case reports applied this practice 
to treat transient neonatal hyperglycemia in ELBW [19, 
20]. The first experience of successful CSII treatment in a 
ELBW neonate born at 28 weeks postmenstrual age with 
transient neonatal diabetes 13 days after birth was reas-
suring and was used as a base for starting a CSII protocol 
[21].

To our knowledge, we report the largest case series 
of CSII treatment in 11 ELBW born between 23 and 
27 weeks of gestation and presenting neonatal hypergly-
cemia during the first 2 weeks of life.

Methods
Context
We started our CSII protocol with a high security profile 
setting the threshold for CSII to a high level to reduce 
the risk of iatrogenic hypoglycemia. We based our proto-
col on theoretical considerations and literature [16–18]. 
However, to account for individual variations in response, 
we also tailored the initial and subsequent doses based 
on our previous experience [21]. Several concerns had 
to be overcome for the use of CSII in ELBW infants. The 
insertion and use of a subcutaneous catheter had to be 
adapted to the tiny anatomic insertion sites and scarce 
subcutaneous tissue. The precise volume of insulin solu-
tion to flush the subcutaneous catheter after insertion 
and avoid spill-over with inadvertent overdosage had to 
be measured. The effect of subcutaneous insulin being 
delayed in onset and prolonged after interruption of the 
perfusion, we had to design a dose-adjustment proto-
col to avoid overdosage and subsequent hypoglycemia. 
Finally, the neonatal intensive care unit (NICU) staff had 
to be trained to use subcutaneous insulin pumps safely.

Patients
Eleven ELBW neonates, 5 girls and 6 boys, born between 
23 5/7 and 27 6/7  weeks of gestation needing insu-
lin treatment for transient hyperglycemia during the 
first 2 weeks of life were included. One ELBW neonate, 
treated successfully by CSII was not included because 
the parents have denied consent to the use of the medical 
data.

Birth weight ranged from 415 to 890  g, with two 
patients presenting intrauterine growth restriction 
(IUGR) [case 6, 415  g, below the 3rd percentile (< P3), 
and case 9, 690  g, between 3rd and 5th percentile (P3–
5)]. All ELBW babies were on partial oral feeding (at least 
a priming of human milk at 10 ml/kg/day) and parenteral 
nutrition with an average glucose infusion rate of 6.3 mg/
kg/min (range 4.5–8 mg/kg/min). Three patients had sep-
sis, confirmed by blood culture; eight were under hydro-
cortisone therapy due to chronic or acute lung disease 
and one had isolated intestinal perforation with complete 
recovery after surgery. The most important clinical char-
acteristics of the 11 newborns and their management are 
summarized in Table 1.

At the beginning of our experience, three cases (cases 
1, 2, and 3) were initiated on IV insulin treatment and 
switched to CSII after 1 to 9 days until treatment could 
be stopped. Another patient (case 11) received IV insu-
lin at the discretion of the physician in charge but was 
switched to CSII on day 3 due to difficult venous access 
after peripheral venous catheter extravasation. In cases 
5, 7, 8, 9, and 10 we directly administered insulin by the 
pump. Case 4 received CSII at day 1, with a persistent 
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hyperglycemic state in a clinical setting of stage 4 IVH, 
pulmonary hemorrhage, and extreme metabolic aci-
dosis, causing death at day 2. In one case (case 6), CSII 
administered from day 1 to day 8, did not allow a satisfac-
tory glycemic control, but neither did the last 2  days of 
IV administration: the patient had severe IUGR < P3 and 
NEC when CSII was initiated, and deceased at day 10 due 
to septic shock.

Insulin treatment, whether IV or SC (subcutane-
ous), was initiated when glycemia was > 252  mg/dL 
(14 mmol/L), except for case 11, who was started on IV 
insulin, when glycemia was 234 mg/dL (13 mmol/l).

The starting dose for CSII was between 0.01 and 
0.08  IU/kg/h. The average duration of CSII was 5  days 
(1–16 days).

Continuous subcutaneous insulin infusion
CSII was performed using an Accu-Chek® Combo insu-
lin pump and 13  mm Accu-Chek® Tenderlink catheters 
(Roche Diabetes Care) which were inserted subcutane-
ously into the patients’ thighs (as shown in Fig. 1). These 
insulin pumps were not originally designed for neonatal 
use, which mean that the standard insulin concentra-
tion of 100 IU/ml would have limited delivery in ELBW 
to a minimal rate of 0.05  IU/h. As we considered mini-
mal rates of 0.005  IU/h to be necessary, the insulin was 
diluted 1/10 to reach a concentration of 10  IU/ml, thus 
allowing minimal perfusion rates of 0.005 IU/h Since the 
commercial pumps used displayed insulin dosage instead 
of infusion rate, our ‘non-standard’ insulin concentra-
tions required continuous recalculation of insulin dosage. 
To avoid calculation errors, we used a dosage spreadsheet 
to convert the information displayed on the pump to the 
dose delivered to the patient (as shown in Fig. 2).

The insulin dose was systematically adapted to the 
patient’s glycemic values that were measured frequently, 
every 1 to 3  h, especially at therapy onset. The stand-
ard concentration of ultra-rapid insulin (Insulin aspart, 
100 IU/mL, 10 mL, NovoRapid®, Novo Nordisk Pharma 
AG, Zürich, Switzerland) was used by the pharmacy to 
prepare sterile insulin glass vials (40  IU/4  mL in NaCl 
0.9%). The subcutaneous catheter and its site were sys-
tematically changed by trained personnel every 3  days 
without any report of local inflammatory reaction. Tub-
ing and insulin cartridges were simultaneously changed.

Glucose control
Blood glucose controls were all performed by Point-
of-Care Test (POCT), either with glucometers (Accu-
Chek Aviva®, 4  mcl) or an ABL blood gas analyzer 
(ABL800 FLEX® Radometer, 30  mcl). Following ref-
erence values were used: hypoglycemia was defined 
as blood glucose level < 47  mg/dL (2.6  mmol/L) [22] 

and hyperglycemia was defined as blood glucose 
level > 150 mg/dL (8.3 mmol/L) [1].

A standard operation procedure (SOP) was used to 
maintain target blood glucose levels within safe bounda-
ries, particularly to prevent hypoglycemia.

As the risks of iatrogenic hypoglycemia on insulin 
treatment were considered higher than those of hyper-
glycemia, the threshold for insulin therapy was set to a 
high level: treatment was started after two consecutive 
blood glucose values over 252 mg/dl (14 mmol/l) within 
3 h after reducing glucose infusion to a minimal rate of 
6 mg/kg/min.

CSII (NovoRapid®, 10  IU/mL) dosage was initiated 
at medical discretion (see Table  1) and after a learning 
curve we achieved the following recommendation:

– For glycemia between 252 and 288  mg/dL (14–
16 mmol/L): start at 0.01–0.03 IU/kg/h,

– For glycemia > 288–360  mg/dL (> 16–20  mmol/L): 
start at 0.04–0.06 IU/kg/h,

– For glycemia > 360  mg/dL (> 20  mmol/L): start at 
0.07–0.1 IU/kg/h.

Blood glucose was measured every 30 min in the first 
hours after initiation of CSII to check treatment response 

Fig. 1 Accu‑Chek® Combo insulin pump inserted subcutaneously 
into the thigh of a preemie manikin
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and prevent hypoglycemia. After reaching a steady 
state, blood controls were spaced to 1, 2 or 3 h depend-
ing on treatment response and trend. In case of insulin 
dose changes, blood glucose was rechecked after 30 min. 
Treatment was stopped when glycemia was between 144 
and 180 mg/dL (8–10 mmol/L).

The treatment was continuously reported on an auto-
mated Microsoft Excel® spreadsheet, with immediate 
calculation and visualization of insulin dosage adminis-
tered (IU/kg/h) and infusion rate (ml/h), as well as blood 
glucose values and glucose infusion rate.

Each new laboratory value was interpreted by a neona-
tologist to adjust insulin infusion rate. In case of hypo-
glycemia, the recommendation was to stop the pump 
without disconnection and to treat immediately with 
an IV glucose bolus followed by 15  min checks until 
normalization.

As an example, we report the trend of glycemia and 
insulin treatment in one of our patients (case 2) in Fig. 3. 
The characteristics of the patient and his treatment are 
summarized in Table 1.

Discussion
Medico‑technical aspects
We treated 11 ELBW preterm neonates by subcutaneous 
insulin with good results in 9 patients. Two patients died 
of IVH and sepsis respectively (cases 4 and 6), without a 
satisfactory glycemic control by CSII, probably due the 
severe clinical course. Overall, the subcutaneous tech-
nique was effective and efficient, with a fast response 
time, allowing to spare IV lines and to reduce volume 
administration. We didn’t experience any adverse events: 
even if in 1 case we observed a rapid decrease in blood 
glucose, with consequent immediate interruption of the 

Fig. 2 Microsoft Excel® spreadsheet used to convert information displayed on the pump to the real dose delivered to the patient
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pump, none of the patients had iatrogenic hypoglycemia. 
No inflammatory skin reaction or infection of the subcu-
taneous infusion site was observed.

To implement CSII treatment, we had to overcome tech-
nical and educational challenges. Since there was no spe-
cific insulin pump available for newborns on the market, 
we had to use an insulin pump designed to treat patients 
with type 1 diabetes (Accu-Chek® Combo insulin pump), 
which was loaded with 1/10 diluted insulin. To avoid 
potential dosage errors, we had to secure this off-label use 
of the pump, and to this end, we developed an automated 
Microsoft Excel® calculation spreadsheet. This spreadsheet 
used the individual weight and insulin concentration of the 
treated neonate to calculate the effective insulin infusion 
rate (IU/kg/h) and flow rate (ml/h), which replaced the dis-
played pump infusion rate.

The introduction of the CSII technique relied on multi-
disciplinary collaboration between pharmacologist, pedi-
atric diabetologists, nurses specialized in diabetes, and 
neonatology physicians and nurses. The pharmaceuti-
cal expertise was necessary to determine the insulin con-
centration and dilution, the choice of the appropriated 
dilution medium, and to evaluate the stability of the prep-
aration. The advice of the pediatric diabetologists and 
nurses was useful for the choice of the insulin pump and 
perfusion material and to gain experience with the use of 
SC insulin and its particular dynamics. Finally, the input 

by nurses specialized in diabetes was necessary to imple-
ment the technical knowledge into the neonatology team, 
as described below.

Pharmaceutical considerations when using CSII 
in the neonate
Adsorption of insulin to the infusion material
One of the reasons for unpredictable delays in the onset 
of action during continuous IV administration of insu-
lin in neonates is the adsorption of insulin to the infu-
sion material. Adsorption is inversely proportional to 
the insulin concentration and has been observed with 
different material such as polyvinylchloride, polyeth-
ylene and polypropylene. Adsorption may occur in the 
syringe, tubing or in-line filters [23, 24]. This issue may be 
clinically insignificant in adults or children, but it plays 
a major role in the effect variability and delay observed 
in neonates due to the very low concentrations and flow 
rates of insulin used in this population [25]. The Accu-
Chek® Combo pump’s cartridge system and infusion set 
for subcutaneous use contain plastic material that may 
result in adsorption, similar to IV infusion systems. How-
ever, due to a higher insulin concentration, and reduced 
contact surface of the syringe and shorter subcutaneous 
infusion set, we may assume a less significant adsorption, 
contributing to decreased variability and delay in insulin 
delivery.

Fig. 3 Glycemia (mmol/L) trend during individually adapted continuous subcutaneous insulin infusion rate (IU/kg/h)  in patient 2 over time (hours)
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Choice of the insulin concentration
In the limited literature available, concentrations of either 
10 IU/mL or 40 IU/mL have been used for CSII [16, 18, 
26, 27]. After considering the expected doses, reasonable 
subcutaneous volumes, and previous publications, we 
concluded that the 10 IU/mL concentration was the opti-
mal choice.

Choice of the dilution medium
The chosen insulin product (NovoRapid®,) contains 
two preservatives: phenol 1.5  mg/mL, and metacresol 
1.72 mg/ml. Initially, we considered using the same pre-
servatives as the insulin dilution medium. For safety 
reasons, we excluded these excipients due to a potential 
neurotoxicity in preterm neonates. We estimated the 
maximum exposition dose of a 1-kg patient receiving 
0.1  IU/kg/h to be 2.4  IU/day, or 0.16  mg/day of phenol 
(the maximum recommended dose in adults is 50  mg/
day, and the lethal dose is 1000  mg) and 0.14  mg/day 
of metacresol (considered at minimal risk for level 
0.1 mg/g/day) [17, 28]. We deemed this level of risk to be 
inappropriate and decided to dilute insulin with unpre-
served NaCl 0.9%.

Preparation of the dilution
To minimize the microbiological risk of the dilution pro-
cess, we initially considered the possibility to prepare 
and fill the Accu-Chek® Combo pump reservoir in the 
pharmacy under sterile conditions. However, due to the 
proprietary reservoir’s inability to be sealed for long-
term storage after filling and its lack of tamper-proof 
features, we had to explore other options. The pharmacy 
preparation of insulin at 10  IU/mL in sterile syringes 
(40 IU/4 mL in NaCl 0.9%) for later transfer by the nurse 
into the pump reservoir unfortunately showed rapidly 
degradation of insulin over the time. We finally produced 
sterile insulin glass vials (40 IU/4 mL in NaCl 0.9%) with 
a stability of 3  months in the fridge (+ 2 to + 8  °C), that 
could be stocked in the unit and was easily transferrable 
to the pump reservoir for CSII.

Stability of the insulin dilution in the reservoir
Insulin aspart (NovoRapid®, NovoLog®) is chemically 
stable for 6 days in the Accu-Chek cartridge system [29]. 
Considering microbiological stability, our institutional 
good practice is to use continuous intravenous (IV) drug 
solutions for a maximum of 24  h to limit the micro-
biological risk of parenteral infusion. The subcutaneous 
administration of insulin presented risks of flow rate 
irregularities and inadvertent injection of an initial bolus 
at each solution replacement. As the administration is 

subcutaneous and not IV, we decided to use the insu-
lin solution for up to 72  h before changing the pump 
reservoir.

Nursing aspects
To ensure the safety and reliability of insulin adminis-
tration, two Clinical Nurse Specialists (CNS) in neo-
natology and diabetology, in collaboration with the 
medical team and the pharmacist, trained a small team 
of reference nurses in using the Accu-Chek Combo® 
pump for CSII.

Three challenges were identified for the efficient imple-
mentation of this complex procedure:

1. The placement of the 13 mm subcutaneous catheter 
(Accu-Chek Tender Link Canula®) proved to be a 
challenge due to the length of the catheter (13 mm), 
which represents almost 2/3 of the thigh length of 
an ELBW infant. Particular care was needed to avoid 
cutaneous lesions and limit leg movements during 
the procedure.

2. Changing from a standard 100  IU/mL insulin solu-
tion to a 10-IU/mL solution to increase the precision 
of weight-adapted insulin dosage resulted in a dis-
crepancy between the dose displayed on the screen 
and the actual dose administered. This required the 
nurse team to recalculate the dose manually.

3. Maintenance of nurse competence in the use of CSII 
was challenging, given the low exposure to the tech-
nique in their daily practice (5–6 cases/year).

A detailed, written step-by-step procedure was devel-
oped for all components, starting from the device prep-
aration and reservoir filing with diluted insulin, pump 
programming and dosage rates according to a patient-
specific dosage chart. A training was organized and 
delivered by the CNS on a one-on-one nurse teaching by 
completing the entire procedure. In addition, the CNS 
was called in, and performed bedside coaching dur-
ing the first real-life set-up, as well as follow-up during 
team shifts. No incidents have been reported during this 
implementation phase regarding the set-up of the system, 
the handling of the pump or possible skin lesions.

Conclusions
Our experience with CSII by pump in extreme preterm 
neonates has confirmed the advantages of this technique 
(sparing venous catheters, reducing volume infusion, 
avoiding drugs interactions, efficacy and practicality) 
but several safety issues need to be addressed before the 
technique can be adopted as standard of care in NICUs. 
The necessary dosage dilution leads to an off-label use of 
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the pediatric insulin pump, designed for management of 
diabetes in much larger children and adults. The risk of 
inadvertent hypoglycemia requires highly qualified per-
sonnel for the pump management, which depends on 
rigorous training of medical and nursing staff before and 
during the application of the technique.

The use of CSII was welcomed by the nursing and med-
ical staff. Further studies on management of the pump in 
ELBW and adaptation of this already-existing technol-
ogy in neonatal care, which is likely possible via a soft-
ware update, could make treatment safer by providing 
the effective insulin administration directly. In this case 
series, we have demonstrated a safe duration of three 
days for the subcutaneous catheter, which we changed 
after this duration as a safety procedure. The relatively 
high treatment thresholds chosen for initiation and stop 
of the CSII may be adapted with developing technology 
and increasing competence of the nursing and medical 
teams.
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