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Neonatal diabetes mellitus (NDM) results from impaired insulin secretion. While rare, NDM presents
complex challenges with regard to the management of glycemic control. NDM is classified as transient
neonatal diabetes mellitus (TNDM) or permanent neonatal diabetes mellitus (PNDM). Determination of
TNDM vs. PNDM s usually possible only after medical management has been initiated. Management of
NDM begins with insulin; however, the correct dose, choice of formulation, and route of administration are
complicated by the risk of neonatal hypoglycemia. For the first time, the successful management of TNDM
in an extremely low birth weight (ELBW) neonate with the long-acting subcutaneous insulin analog, insulin
glargine, is reported. In addition, potential pharmacokinetic barriers to treating ELBW neonates diagnosed
with NDM with subcutaneous insulin products are discussed.
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INTRODUCTION

Defects in insulin secretion and beta-cell devel-
opment comprise neonatal diabetes mellitus
(NDM), a rare manifestation of insulin-dependent
diabetes mellitus reported to occur at an incidence
of 1:300,000 to 500,000 live births. NDM is broadly
defined as persistent hyperglycemia within the first
month of life lasting at least 2 weeks and requiring
management with insulin. It typically presents with
intrauterine growth retardation, volume depletion,
profound hyperglycemia, glycosuria, polyuria, ke-
tonuria, and ketoacidosis.! NDM is subclassified
into transient neonatal diabetes mellitus (TNDM)
or permanent neonatal diabetes mellitus (PNDM).
The diagnosis of TNDM vs. PNDM is not typically
clear initially as a result of similar presenting
symptoms and often requires further workup.
PNDM accounts for approximately 50% of all
cases of NDM and is most commonly caused by
mutations in potassium channels on pancreatic 3
cells leading to decreased insulin secretion. TNDM
accounts for the remaining half of NDM cases.

Between 60% and 80% of patients with TNDM
display genetic mutations, most commonly chro-
mosome-6 abnormalities (uniparental disomy).’
The course of TNDM is highly variable, ranging
from permanent resolution within the first several
weeks or months of life to recurrence later in
childhood. Long-term sequelae of either type of
NDM include developmental delay, cardiac anom-
alies, seizures, poor weight gain, and recurrence of
diabetes at an older age.’

CASE REPORT

A 28-week gestational age, 680-g female, mono-
zygotic twin was born to a GIP1 mother (who had
had 1 pregnancy and delivered once) via emergent
caesarean section secondary to breech presentation.
Oligohydramnios, abnormal placental sharing, pre-
term labor, and twin gestation complicated the
pregnancy. The mother received 2 courses of
betamethasone prior to delivery as a result of
preterm labor and received enoxaparin throughout
the pregnancy secondary to anti-phospholipid
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Table. Glucose Measurements (Serum or Point of Care)
Prior to Day of Life (DOL) 10

DOL Glucose (mg/dL)
6 78

7 79, 87, 104

8 94, 126

9 135, 166

syndrome. Initial health issues during the immedi-
ate newborn period included intrauterine growth
retardation, neonatal respiratory distress syndrome,
patent ductus arteriosus, and right renal agenesis.
The patient was transferred to our institution
from an outlying hospital on the sixth day of life
(DOL) based on suspicion of coarctation of the
aorta after abnormal echocardiogram findings.
Prior to transfer, the patient was maintained on
parenteral nutrition and had not received any
enteral feeding. On DOL 7, trophic feeds of
expressed breast milk at 6 mL/kg/day were initiated
in addition to parenteral nutrition, with a total
glucose infusion rate of 9 mg/kg/min (protein 2.5 g/
kg/day and lipid 2.8 g/kg/day). On DOL 9,
expressed breast milk was increased to 12 mL/kg/
day, and parenteral dextrose calories were advanced
to a total glucose infusion rate of 10 mg/kg/min.
On DOL 10, serum glucose was found to be 204
mg/dL. Glucose measurements prior to that time
are depicted in the Table. Follow-up glucose
measurements by point-of-care testing (Accu-chek,
Roche, Indianapolis, IN) at the bedside ranged
from 244 mg/dL to 500 mg/dL. At this time, trophic
feeds as well as parenteral nutrition were stopped,
and the patient’s dextrose-containing intravenous
fluids were switched to 0.2% saline at maintenance
volume (total glucose infusion rate of 0 mg/kg/min).
Bedside glucose readings were discontinued, and
serum glucose measurements were evaluated at the
central clinical laboratory. Repeat serum glucose
measurements remained profoundly elevated, peak-
ing at 1943 mg/dL (Figure 1). The patient’s elevated
serum B-hydroxybutyrate (0.3 mmol/L; reference
range 0-0.29 mmol/L) was indicative of ketonemia.
The patient’s only other medication at this time was
10 mg/kg/day of caffeine (Cafcit, Bedford Labs,
Bedford, OH) for apnea of prematurity, which
continued throughout the hospitalization. Full
septic workup, including blood cultures and C-
reactive protein measurements, was ultimately
negative. NDM was presumptively diagnosed in
the absence of other causes for the profound
hyperglycemia observed, such as infection, medica-
tion-induced glucose dysregulation, intravenous

fluid preparation error, and pancreatic structural
abnormalities (normal ultrasound).

On DOL 10, regular insulin (Humulin R, Eli
Lilly, Indianapolis, IN) was initiated as a continu-
ous infusion (0.02 unit/kg/hr) along with a protocol
for intravenous fluids, as documented in Figure 1.
Prior to initiation of regular insulin, the patient’s C-
peptide level was 8.6 ng/mL (reference range 0.4-2.2
ng/mL), which may have been indicative of
endogenous insulin response in light of profoundly
elevated serum glucose. The goal was to lower
serum glucose by 100 mg/dL hourly until euglyce-
mia (70-200 mg/dL) was attained. Excessive urinary
output (>3 mL/kg/hr) was replaced at equal
volumes with intravenous 0.9% saline every 4
hours. Continuous trophic feedings were restarted
on DOL 11 and slowly advanced throughout the
hospitalization. The regular insulin infusion was
lowered to 0.01 unit/kg/hr as blood glucose rapidly
fell and was continued until DOL 12, by which time
serum glucose was well controlled under 200 mg/
dL.

On DOL 12 (see Figure 2) the patient was
transitioned to subcutaneous insulin detemir (Lev-
emir, Novo Nordisk, Princeton, NJ) administered
once every 24 hours (0.42 unit/kg/day) into the
abdomen or buttocks. This conservative dose was
selected based on the usual insulin requirements of
a newly diagnosed type 1 diabetic (0.8-1 unit/kg/
day) and the fact that neonates are likely to have
highly variable responses to subcutaneous insulin.
As a result of the minute dose that was to be
administered (0.3 units/dose), a 1:10 dilution of
insulin detemir in 0.9% saline was prepared using
0.1 mL of commercially available 100 unit/mL
insulin detemir added to 0.9 mL of 0.9% saline to
yield a 10-unit/mL diluted product. A volume of
0.03 mL of this dilution was drawn up in an insulin
syringe and administered. The patient received
insulin detemir doses on DOLs 12 and 13. However,
the patient did not tolerate this regimen as a result
of profound hypoglycemia, which occurred within a
few hours post-dose, as well as hyperglycemia,
which occurred after the time of peak effect of
insulin detemir (Figure 2). On DOL 14, the patient
was transitioned to subcutaneous insulin glargine
(Lantus, Sanofi, Bridgewater, NJ) administered
every 12 hours (0.27 unit/kg/day) into the abdomen
or buttocks. The daily insulin dose was lowered as a
result of the severe hypoglycemia encountered with
insulin detemir. As with the insulin detemir dose, a
minute dose of insulin glargine (0.1 units/dose) was
required. In this instance, a 1:100 dilution of insulin
glargine in 0.9% saline was prepared using 0.1 mL
of commercially available 100-unit/mL insulin
glargine added to 9.9 mL of 0.9% normal saline
to yield a 1-unit/mL diluted product. A volume of
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Figure 1. Clinical course, days of life 10 and 11. KCl, potassium chloride; Kphos, potassium phosphate; IVF,

intravenous fluids.

-¢- = Blood glucose (mg/dL); -*- = Glucose infusion rate (mg/kg/min); -A- = Enteral nutrition (mL/hr).

(A) Serum glucose noted to be 1943 mg/dL. Parenteral nutrition and trophic feeds were discontinued, and dextrose
was removed from subsequent intravenous fluids. (B) Continuous regular insulin infusion (0.02 unit/kg/hr) was
begun. IVF contained 0.9% normal saline (NS) + 20 meg/L KCl + 20 meg/L Kphos at 1.5 times maintenance rate.
The amount of dextrose in the IVF was titrated based on serum glucose. No dextrose was added if serum glucose
was >300 mg/dL; D5W was added once serum glucose was 200 to 300 mg/dL; and D10W was added once serum
glucose was below 200 mg/dL. (C) As a result of a rapid decline of serum glucose the insulin infusion was reduced

to 0.01 unit/kg/hr.

0.1 mL of this dilution was drawn up in an insulin
syringe and administered. The patient received the
aforementioned dose of insulin glargine from DOL
14 through DOL 19 (see Figure 3) with excellent
response, since only several glucose measurements
were outside the euglycemic range of 70 to 200 mg/
dL. On DOL 19, persistent euglycemia prompted
discontinuation of insulin glargine. To date, the
patient has displayed no further episodes of
hyperglycemia or hypoglycemia and has not re-
quired further treatment with any insulin products.
Genetic studies to evaluate for mutations related to
PNDM and TNDM were deferred, as this patient’s
condition fully resolved rapidly. The patient was
discharged from the neonatal intensive care unit
after a lengthy hospitalization secondary to poor
weight gain, nosocomial infections, cholestasis, and
chronic lung disease.

DISCUSSION

Common causes of hyperglycemia in neonates
include metabolic stress, infection, medications, and
hepatic immaturity. In very low birth weight

(<1500-g) neonates, the incidence of hyperglycemia
is as high as 20% to 86%.* Hyperglycemia in
extremely low birth weight (ELBW; <1000-g)
neonates has been associated with the development
of intraventricular hemorrhage, necrotizing entero-
colitis, retinopathy of prematurity, infection, and
late mortality.” Although the patient in this case
was premature and of ELBW, her profound
hyperglycemia was atypical for a neonate.

The management of a hyperglycemic neonate
presents multiple clinically significant challenges.®
These issues include 1) compromise of caloric
provision if glucose is withheld; 2) lack of a
pharmacokinetic profile for subcutaneously admin-
istered insulin in neonates; 3) use of small doses that
are highly error-prone; 4) limited data for dilution
of commercially available insulin formulations; and
5) lack of subcutaneous fat deposits in a premature
neonate through which to administer subcutaneous
insulin.

Absorption of drugs from subcutaneous injec-
tion sites is affected by several interpatient vari-
ables, such as blood flow to the injection site,
muscle mass, and quantity of adipose tissue and
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Figure 2. Clinical course, days of life 12, 13, and 14.

-¢- = Blood glucose (mg/dL); -*- = Glucose infusion rate (mg/kg/min); -A- = Enteral nutrition (mL/h).

(D) Regular insulin infusion discontinued. Initiation of subcutaneous insulin detemir given every 24 hours. Enteral
nutrition restarted slowly. Parenteral nutrition restarted to provide more caloric intake. (E) Serum glucose was 21
mg/dL, and the patient was given several D10W boluses (1 ml/kg/dose). Glucose infusion rate was increased as a
result of profoundhypoglycemia and reduced following sufficient rise in serum glucose. (F) Hyperglycemia noted as
serum glucose trends above 200 mg/dL approximately 12 to 15 hours after insulin detemir dose. (G) Insulin detemir
dose given and followed by another episode of profound hypoglycemia (<50 mg/dL) shortly after administration.
(H) Discontinued insulin detemir as a result of inconsistent response pattern. Initiation of subcutaneous insulin
glargine administered every 12 hours.
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Figure 3. Clinical course, days of life 15 to 19.
-#- = Blood glucose (mg/dL); -*- = Glucose infusion rate (mg/kg/min); -A- = Enteral nutrition (mL/hr). |. Adequate
euglycemia (70-200 mg/dL) obtained. Discontinued insulin glargine.
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muscle. Absorption may also be affected by
physiochemical characteristics of drugs, such as
pH, ease of diffusion through capillary membranes,
and surface area over which the volume of injection
spreads.” With regard to developmental pharma-
cology, subcutaneous drug absorption is usually
reduced in preterm infants as a result of lower
regional perfusion and reservoir mass, making this
administration route problematic.®

Insulin detemir is a long-acting, basal insulin
analogue manufactured by recombinant DNA
expression in Saccharomyces cerevisiae, with re-
moval of an amino acid residue at position B30 and
placement of a 14-carbon fatty acid attached to the
amino acid residue at B29. The prolonged action of
insulin detemir is the result of reversible binding of
the fatty acid residue to serum albumin, which
slows release of active insulin monomers into
systemic circulation following subcutaneous injec-
tion.” From a pharmacokinetic perspective, the
duration of action of insulin detemir is dose-
dependent, ranging from 5.7 to 23.2 hours, with
onset of action at approximately 1 to 3 hours and
with peak effect occurring between 3 and 10 hours
post-administration. The pharmacokinetics of insu-
lin detemir have been evaluated in patients as young
as 6 years of age and do not differ significantly
when compared to pharmacokinetics in adolescents
and adults.'® There have been no pharmacokinetic
studies evaluating insulin detemir in neonates. As
mentioned previously, lack of subcutaneous fat
could have profound effects on the pharmacokinet-
ics of insulin detemir. Ample amounts of subcuta-
neous fat are essential to achieve sustained release
of free insulin. In the absence of fatty acid residues,
insulin detemir will not maintain the same pharma-
cokinetic profile. Another possible contributing
factor to response to insulin detemir is serum
albumin. Neonates, especially those who are
premature, are often found to be hypoalbuminemic.
In addition, neonatal albumin has diminished
binding affinity compared with albumin of an older
child. In our patient, an ELBW neonate with
minimal subcutaneous fat, we observed a peak
effect of insulin detemir resulting in hypoglycemia
followed by hyperglycemia. We hypothesize that
these issues resulted from too-rapid release of free
insulin. Also, at the time of insulin detemir
initiation, the patient’s serum albumin measure-
ment was 1.7 g/dL (reference range 2.6-4.4 g/dL),
which may have contributed to the lack of response.
The manufacturer’s information states that this
product should not be diluted or mixed with other
types of insulin as a result of the potential for
alteration of the product’s pharmacokinetic profile.
No studies have evaluated the efficacy in terms of
release pattern or stability of diluted long-acting

insulin products. However, given the volume of
commercially available solution that would have
been required for the dose (0.003 mL), it was felt
that preparing a dilution would have been the best
way to administer subcutaneous insulin detemir in
this patient. The dilution of detemir product may
have adversely affected its pharmacokinetic profile
in this ELBW neonate.

Insulin glargine is another long-acting analogue
produced by recombinant DNA technology using
nonpathogenic strains of Escherichia coli for the
production medium. Insulin glargine differs from
human insulin in that glycine is substituted for
asparagine at position A21, and 2 arginine residues
are added at the C-terminus of the B-chain. This
formulation is dissolved in solution at acidic pH.
The prolonged duration of action after subcutane-
ous injection results from formation of micro-
precipitates (hexamers) at neutral physiologic pH,
which gradually release active insulin monomers
over a 24-hour period without the pronounced peak
typically observed with insulin detemir. With regard
to pharmacokinetics, the onset of action for insulin
glargine resembles that of insulin detemir. Studies
in patients as young as 6 years of age have not
found any significant difference with regard to
safety and efficacy for glargine when compared with
findings in adults.'" As is the case with insulin
detemir, no pharmacokinetic studies have evaluated
insulin glargine in neonates. As with insulin
detemir, insulin glargine should be administered
subcutaneously, but it should not be diluted or
mixed with other insulin formulations. In the case
of insulin glargine, if one were to use the
commercially available product undiluted, the
volume required for this patient would have been
0.001 mL. As with insulin detemir, we felt it was
necessary to dilute insulin glargine to facilitate drug
administration in this patient. Our patient experi-
enced a more favorable response to insulin glargine
than to insulin detemir. It was felt that dosing of
insulin glargine every 12 hours was safer for this
patient since the newborn experienced poor glyce-
mic control with once-daily dosing of insulin
detemir as a result of the apparent lack of a
consistent insulin release pattern. Dosing insulin
glargine every 12 hours allows for a short window
of time to evaluate the pharmacokinetics of insulin
glargine and to better make dose adjustments were
permitted. The delayed and sustained release of
insulin glargine depends on the rise in ambient pH
upon administration and not upon the availability
of fatty acid residues, as in the case of insulin
detemir.

As a result of the rarity of NDM, no universal
clinical guidelines exist for TNDM or PNDM.
Though genetic etiologies of TNDM have been
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identified, there has been no consensus on its
management.'> !> Various modalities reported as
effective include oral sulfonylureas, intravenous
regular insulin, continuous subcutaneous insulin
infusion pump therapy, neutral protamine hega-
dorn (NPH) insulin, and subcutaneous insulin
glargine*'®!7 Loomba-Albrecht et al'” described
a neonate who developed TNDM on DOL 3 and
subsequently failed subcutaneous insulin therapy as
a result of glucose excursions. This infant required a
prolonged continuous insulin infusion and was
weaned off insulin after initiation of glyburide,
and the TNDM resolved by DOL 49.'7 Bharucha.®
reported 2 infants who failed to maintain glycemic
control once transitioned from intravenous to
subcutaneous insulin but who attained euglycemia
when transitioned to subcutaneous insulin infusion
pump therapy. They suggested a protocol to
determine the proper insulin pump basal rate and
correctional scale.® Jeha et al' described 3 cases of
successful management of TNDM with insulin
glargine. Two of 3 cases involved term neonates
(one with uniparental disomy on chromosome 6)
who developed disease at DOL 7 and 8§, respective-
ly, who failed transition from intravenously admin-
istered regular insulin to subcutaneous NPH
insulin. After NPH insulin failure, the 2 patients
were switched to subcutaneous insulin glargine and
exhibited lower mean serum glucose measurements
(251 mg/dL to 162 mg/dL, 302 mg/dL to 225 mg/
dL, respectively) and fewer hypoglycemic episodes
(1.5 to 0.6 episodes per 24 hours, 0.9 to 0.3 episodes
per 24 hours) than while on NPH insulin. Neither of
these patients required insulin by 1 year of age. The
third case involved a term neonate with intrauterine
growth retardation who developed TNDM on DOL
1 and was transitioned from intravenous regular
insulin to subcutaneous insulin glargine. Through-
out the hospitalization, the patient’s mean serum
glucose was 189 mg/dL, and the infant exhibited 0.3
episodes of hypoglycemia per 24 hours. This patient
remained insulin dependent at 1 year of follow-up.
In these 3 cases, insulin glargine was initiated at 0.5
to 1 unit/day and titrated by 0.5 unit/day to a goal
glucose of 150 to 220 mg/dL. The final insulin dose
upon discharge ranged between 0.7 and 1 unit/kg/
day. The authors did not report how insulin
glargine was prepared or where it was administered.

CONCLUSION

The rarity of TNDM has limited the evidence
available with which to validate the use of
subcutaneous insulin in neonates. Pharmaceutical
properties and mechanisms of sustained activity
support our conclusion that insulin glargine may be

more efficacious than insulin detemir in the
treatment of an ELBW neonate with limited
subcutaneous fat deposits. The experience with
our patient indicates that the release pattern of
glargine, as a truly “peak-less” insulin, may be most
ideal for TNDM management during the neonatal
period and early infancy, when patients are
frequently or continuously fed. Our findings were
similar to those of Jeha et al' It may be prudent in
the future to perform studies evaluating the stability
and pharmacokinetics of different dilutions of long-
acting insulin products, which may be used in this
patient population. Although unanswered ques-
tions remain regarding the use of long-acting insulin
products in neonates, we hope that our recent
experience may help to guide other clinicians
managing TNDM.
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