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Summary. Background: Permanent neonatal diabetes mellitus (PNDM) is characterized by the onset of hy-
perglycemia within the first six months of life. Their diabetes is associated with partial or complete insulin
deficiency with variable degree of intrauterine growth retardation. Insulin therapy corrects the hyperglycemia
and results in improvement of growth. However, no studies have reported the longitudinal growth of these
infants (head circumference, length and weight gain) after starting insulin therapy. Patients and methods: We
assessed the growth parameters weight (Wt), Length (L) and head circumference (HC) in 9 infants with
PNDM, during the first 2 years of their postnatal life. Five infants were on insulin pump therapy (CSII) and
4 were on multiple doses of insulin injection (MDI) therapy. Resu/ts: On insulin therapy for 20+4 months
catch-up growth occurred in the majority of infants. L-SDS increased from -1.45 to -0.65 , HC-SDS from
-2.3 to - 0.51 and Wt-SDS increased from -1.94 to - 0.7 at the end of the 20+4 months of age, after starting
insulin therapy. Two out of 9 infants had a L-SDS <-2 , in 4 Wt-SDS was <-2 and in 1 the HC-SDS was <-2
at at 20+4 months of postnatal growth. The level of HbA,. was lower in infants on CSII compared to those
on MDI (9.6+1%) compared to those on MDI (10.2+2%). However, growth parameters improved signifi-
cantly in both groups (CSII and MDI) with no significant difference among them. Conc/usions: Infants with
PNDM with positive anti-GAD and antiTPO were diagnosed later and their intra-uterine and postnatal
growth differed compared to those with negative antibodies. The majority of infants with PNDM exhibited
significant catch up growth within the first two years of life irrespective of the etiology of diabetes. HbA,.
appeared to be better in infants with PNDM on CSII therapy when compared to those on MDI therapy.
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Introduction

Diabetes mellitus occurs in about 1 in 400,000
newborn infants in the first few months of life. How-
ever, in about half of these babies have a permanent
form of diabetes mellitus (PNDM) (1).

Insulin deficiency leads to hyperglycemia, glyco-
suria with excessive loss of fluids and energy that leads

to dehydration, failure to thrive and ketosis. In some
cases, infants with PNDM also have certain neuro-
logical problems, including developmental delay and
recurrent seizures. This combination of developmental
delay, epilepsy, and neonatal diabetes is called DEND
syndrome (1-6).

A small number of individuals with permanent
neonatal diabetes mellitus have pancreatic aplasia or
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hypoplasia. In these cases insulin and other pancreatic
hormones as well as the digestive enzymes may be af-
fected. Defective pancreatic enzymes lead to malab-
sorption with fatty stools and an inability to absorb
fat-soluble vitamins (7, 8).

PNDM may be caused by mutations in several
genes. In about 90 percent of these cases, the condi-
tion results from new mutations in the gene and oc-
curs in people with no history of the disorder in their
family. About 30% of individuals with PNDM have
mutations in the KCNJ11 gene. An additional 20% of
people with PNDM have mutations in the ABCCS8
gene. These genes provide instructions for making
parts (subunits) of the ATP-sensitive potassium (K-
ATP) channel. Each K-ATP channel consists of eight
subunits, four produced from the KCNJ11 gene and
four from the ABCC8 gene. Mutations in the INS
gene, which provides instructions for making insu-
lin, have been identified in about 20% of individuals
with PNDM. Mutations in the INS gene are believed
to disrupt the cleavage of the proinsulin chain or the
binding of the A and B chains to form insulin, leading
to impaired blood sugar control. In addition, PNDM
can also be caused by mutations in other genes, some
of which have not been identified (9-14).

Insulin therapy is crucial in PNDM to obtain
satisfactory weight gain and growth in these infants.
A variety of methods for providing insulin such as:
intravenous infusion, short-acting and long-acting
subcutaneous injections, or continuous subcutaneous
insulin infusion (CSII) can be used. Some authors
recommended subcutaneous injection of ultralente in-
sulin, rather than lente or isophane (NPH) insulin to
avoid hypoglycemia during treatment. However, there
is currently no license for its use in this age group. In-
sulin glargine treatment is suggested, because of its flat
pharmacokinetic profile which might prove useful in
this condition.

In some centers in Europe, the use of CSII in all
cases of neonatal diabetes mellitus is proposed, stating
that during the neonatal period, CSII therapy is safe,
more physiological, more accurate and easier to man-
age than insulin injections (15-19).

Infants with PNDM have higher risk for defec-
tive growth because for many reasons. They lack the
intrauterine anabolic effect of insulin and born small

for gestational age. In addition, difficult control of
their hyperglycemia may adversely affect their weight
gain and linear growth. The presence of other con-
genital abnormalities like pancreatic aplasia or epi-
lepsy may also compromise normal growth. However,
there is scarce information about longitudinal growth
of infants with PNDM (4, 18). No study assessed the
growth of these infants after inulin treatment using
multiple daily Injections versus CSII therapy.

The present study aimed to evaluate the growth
parameters in relation to diabetes control in all chil-
dren with PNDM diagnosed at Hamad General Cor-
poration (HMC) of Doha, (Qatar).

Patients and methods

Children diagnosed with PNDM within the first
6 months of life, attending to the Diabetes Clinic of
Hamad General Hospital of Doha (Qatar) between
January 2006 and January 2016 were enrolled in the
study. The study protocol was approved by the ethical
committee of Hamad Medical Centre.

The longitudinal growth data [weight (wt), length
(L) and head circumference (HC)] at the time of the
diagnosis and after 12 and 24 months were recorded.
Their diabetes control, monitored by the level of HbA,.
every 3-4 months, was also recorded. Their insulin re-
quirement and the mode of insulin delivery (pens ver-
sus pump) were evaluated Exclusion criteria included
infants diagnosed with Type 1 DM after 6 months
of life and those with other congenital abnormalities
or systemic disorders. Growth data were correlated
to birth size, mid-parental height-SDS and aver-
age HbA,c concentration. The growth data published
by the WHO were used as reference for our infant’s
growth.

Patient anthropometric data are presented as
means+SD and were compared to the appropriate
population (WHO) growth standards of the same age
and sex. Correlations between anthropometric and
clinical variables were assessed using linear regression
equations. A p value of <0.05 was considered to be sta-
tistically significant (20).
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Results

At the age of diagnosis (2.7+1.9 months), our in-
fants with PNDM (5 males and 4 females) had persis-
tent hyperglycemia which continued for more than 6
months and required early insulin therapy.

They were born from a consanguineous marriage.
None had clinical or immunological evidence of con-
genital viral infection.

Five infants were treated with insulin pump
(CSII) and 4 with MDI, using Detemir and Humal-
gue insulin.

At presentation, all infants with PNDM had
low or absent circulating C-peptide (0.45+0.53 ng/
ml; normal range: 0.9-4 ng/ml) and low insulin levels
(1.54+1.7 pU/ml; normal values: 14.6+7.2 - mean 8
pU/ml) during the episodes of hyperglycemia. Their
mean HbA,c concentration was 8.82+0.96 % (normal
values: 5.3+0.24 %, range 4.8-6.0%). One infant had a
low free thyroxine level and a high thyroid-stimulating
Hormone (TSH) value. All patients were negative for
anti-tissue transglutaminase. During the observational
period of study, none of them had exocrine pancreatic
deficiency or developmental delay.

In 4 out of 6 infants with negative anti-GAD an-
tibodies, genetic testing did not document mutations
in the ABCC8 and KCNJ11 genes encoding respec-
tively the SUR1 and Kir6.2 subunits of the voltage-
dependant potassium channel.

At diagnosis, the 9 infants with PNDM had
compromised growth (Wt-SDS: -1.9+1.5, L-SDS:
-1.46+1.2, and HC-SDS: -2.3+0.89). On insulin ther-
apy, for 20+4 months, catch-up growth occurred in
most infants. At the end of the second year of life, Wt-
SDS increased from -1.94 to -0.7, L-SDS increased
from -1.46 to -0.65, and HC-SDS from -2.3 to -0.51.
Two out of 9 had LSDS <-2 and 4 had Wt-SDS <-2,
and 1 infant had HC-SDS <-2 at 20+4 months of
postnatal growth. (Figures 1 and 2). The HC-SDS
was the most affected growth parameter at diagno-
sis (HC-SDS = -2.2) with a catch-up of 1.7 SD in
the first 20 months of insulin therapy. WT-SDS was
also markedly affected at diagnosis (Wt-SDS = -1.95)
with significant improvement of 1.22 SD on insulin
therapy. Length SDS improved 0.79 SD during the 20
months of insulin therapy (Table 1, Figures 1 and 2).
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Figure 1. Growth parameters in infants with neonatal diabetes
mellitus (PNDM) on insulin therapy

All infants with positive antibodies were diag-
nosed between 2 and 6 months of age. The diagnosis of
PNDM was later in infants anti-GAD negative. The
birth size (L, Wt and HC) of infants with PNDM,
positive anti- GAD and anti-TPO antibodies (n=
4) was markedly better than those without antibod-
ies. Both groups had improved growth during insulin
therapy (Table 2, Figure 3).

The average HbA,. of infants on insulin pump
(CSII) therapy (n = 5) was significantly lower than
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Figure 3. Growth parameters in infants with permanent neo-
natal diabetes mellitus (PNDM) with positive versus negative
antibodies

Table 2. Postnatal growth in infants with permanent neonatal diabetes mellitus (PNDM), positive and negative antibodies

Wt-SDS At diagnosis (Dx) At 12 months At 20+4 months
Positive antibodies -0.5625 -0.05 0.075
Negative antibodies -3.05 -2.16 -1.36
L-SDS Dx At 12 months At 20+4 months
Positive antibodies -0.375 0.2425 0.075
Negative antibodies -2.32 -2.06 -1.242
HC-SDS Dx At 12 months At 20+4 months
Positive antibodies -1.8 -0.385 0.005
Negative antibodies -2.68 -1.782 -0.924

Legend: Weight (Wt), Length (L) and head circumference (HC)
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Figure 4. Growth in infants with neonatal diabetes mellitus
(PNDM) on insulin pump versus multiple doses of insulin
injection (MDI). Legend: Weight (Wt), Length (L) and head

circumference (HC).

those on MDI (n = 4) (9.6+1% versus 10.2+2%, re-
spectively). The mean Wt-SDS and L-SDS of infants
on pump therapy were higher than those on MDI.
However, the differences did not achieve a statistical
significance (p = 0.09 and 0.15, respectively), probably
due to the small number of patients (Figure 4).

HbA,. at 20 months of age was correlated signifi-
cantly with L-SDS and HC-SDS (1: -0.55 and -0.43,
respectively; p<0.01).

Discussion

Permeant neonatal diabetes mellitus (PNDM) is
defined as persistent hyperglycemia (plasma glucose
concentration >150-200 mg/dL) in infants young-
er than age six months. Neonatal diabetes mellitus
(NDM) is an infrequent cause of hyperglycemia in
the newborn period. Typically, infants are of low birth
weight and develop hyperglycemia requiring exog-
enous insulin within the first 6 weeks. Intrauterine
growth retardation, failure to thrive, fever, dehydra-
tion, hyperglycemia, acidosis with or without ketonu-
ria are the clinical features of the disease.

In-utero growth retardation is due to loss or
defective insulin secretion by the fetal pancreas that
negative affect fetal growth and metabolism especially
during the last half of gestation. All our patients with
PNDM, with negative anti-GAD antibodies reported
here had intrauterine growth retardation and had low
levels of insulin and C-peptide (21, 22).

Our PNDM patients with negative antibodies
presented with growth retardation at birth, as well
as in other studies, denoting impaired intrauterine
growth. Insulin-like growth factor 1 (IGF-1) axis is
the major hormonal mediator of growth in utero, and
levels of IGF-1 are often very low after preterm birth
(23, 24). Umbilical cord IGF-1 concentrations reflect
fetal IGF-1 levels at birth and correlate with birth
weight. Cord serum IGF-1 concentrations are lower
following intrauterine growth restriction. Infants with
NDM have low concentration of IGF-1 that improves
on insulin therapy (25-29).

In the majority of our infants with PNDM, the
correction of insulin deficiency state lead to signifi-
cant catch up growth in all growth parameters (Wrt,
L, and HC). In the newborn infant, hepatic IGF-1
generation is controlled by nutrition and insulin and
not dependent on growth hormone secretion. The acid
labile subunit levels are reduced, and this means that
much of the circulating IGF-1 is in binary complexes.
Insulin through IGFBP-1 plays an important role in
regulating IGF-1 bioactivity. Finally there is evidence,
that in the newborn infant IGF-1 signaling through
the IGF1 receptor may have a role in maintaining
pancreatic B-cell function. We can assume that insulin
therapy increased linear growth in our patients with
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PNDM through its effect on IGF-1 secretion and in-
directly through improving nutrition (4, 5, 29).

As a result of the scarcity of PNDM case re-
ports, no universal clinical guidelines exist for PNDM.
Though genetic etiologies of many cases of PNDM
have been identified, there has been no consensus on
its management. Various modalities reported as effec-
tive include oral sulfonylureas, intravenous regular in-
sulin, continuous subcutaneous insulin infusion pump
therapy, neutral protamine Hagedorn (NPH) insulin,
and subcutaneous insulin glargine (30-32).

The treatment of neonatal hyperglycemia must be
based on the diagnosis and suspected etiology of the
condition in each case. If severe hyperglycemia per-
sists, exogenous insulin administration may be war-
ranted. Guidelines about when to use insulin treat-
ment and how to provide this form of therapy remain
highly controversial and vary widely among clinicians
and institutions. The treatment is complex because: 1)
dietary compromises the caloric provision; 2) there is
a lack of a pharmacokinetic profile for subcutaneously
administered insulin in neonates; 3) the use of small
insulin doses are highly error-prone; 4) there are lim-
ited data for dilution of commercially available insulin
formulations; and 5) there is a lack of subcutaneous fat
deposits in a small gestational age (SGA) neonate for
the subcutaneous insulin administration (33-36). Fur-
thermore, hypoglycemia is a potentially severe prob-
lem if insulin is administered through a single IV line.

Insulin Detemir is a long-acting basal insulin an-
alogue manufactured by recombinant DNA technique.
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 mono-
mers into systemic circulation following subcutaneous
injection. From a pharmacokinetic perspective, the du-
ration 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 oc-
curring between 3- and 10-hours post-administration.
Lack of subcutaneous fat and /or hypoalbuminemia
could have profound effects on the pharmacokinetics
of insulin Detemir. No studies have evaluated the ef-
ficacy in terms of release pattern or stability of diluted
long-acting insulin products. However, our 4 infants
with PNDM had fairly good response to Detemir

(basal) twice daily and lispro insulin (at prandial time)
(37, 38).

Continuous subcutaneous insulin infusion (CSII)
in our 5 cases of PNDM proved effective with lower
HbA.. concentration compared to MDI therapy. CSII
can control blood glucose with few hypoglycemic
events, which are particularly frequent and dangerous
at this age. Infants tolerated the subcutaneous infu-
sion lines well and we did not observe any side effect.
In addition, postnatal linear growth appeared better
compared to MDI (L-SDS and Wt-SDS). Therefore,
our result support the safety and benefit of CSII re-
ported in other studies in treating this group of infants

(39,40).

In summary:

Infants with positive anti-GAD antibodies were
diagnosed between 2 and 6 months of age. The di-
agnosis of PNDM was later in anti-GAD negative
infants. Infants with PNDM who had positive anti-
GAD and anti-TPO were diagnosed later that those
negative for antibodies and they had also a different

growth pattern. Insulin therapy using CSII appears to
be better than MDI in treating PNDM infants be-

cause of achieving lower HbA . levels.

Conflict of interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

References

1.von Muhlendahl KE, Herkenhoff H. Long-term course of
neonatal diabetes. N Engl ] Med 1995; 333: 704-708.

2. https://ghr.nlm.nih.gov/condition/permanent-neonatal-dia-
betes-mellitus# sources forpage. NIH, permanent neonatal
diabetes mellitus. Reviewed: July 2011, Published: August 2,
2017

3. Polak M, Shield J. Neonatal and very-early-onset diabetes
mellitus. Semin Neonatol 2004; 9: 59-65.

4. Soliman AT1, elZalabany MM, Bappal B, alSalmi I, de Silva
V, Asfour M. Permanent neonatal diabetes mellitus: epide-
miology, mode of presentation, pathogenesis and growth. In-
dian J Pediatr 1999; 66: 363-373.

5. Bappal B, Raghupathy P, de Silva V, Khusaiby SM. Perma-
nent neonatal diabetes mellitus: clinical presentation and
epidemiology in Oman. Arch Dis Child Fetal Neonatal Ed
1999; 80: F209-212.



34

F. Alyafie, A. Soliman, A. Sabt, et al.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Rubio-Cabezas O, Klupa T, Malecki MT; CEED3 Con-
sortium. Permanent neonatal diabetes mellitus--the im-
portance of diabetes differential diagnosis in neonates and

infants. Eur J Clin Invest 201; 41: 323-333.

. Flechtner I, Vaxillaire M, Cave H, Scharfmann R, Froguel P,

Polak M. Neonatal hyperglycaemia and abnormal develop-
ment of the pancreas. Best Pract Res Clin Endocrinol Me-
tab 2008; 22: 17-40.

. Barbarini DS, Haslinger V, Schmidt K, Patch AM, Miiller

G, Simma B. Neonatal diabetes mellitus due to pancreas
agenesis: a new case report and review of the literature.
Pediatr Diabetes 2009; 10: 487-491.

.Polak M, Cavé H. Neonatal diabetes mellitus: a disease

linked to multiple mechanisms. Orphanet J Rare Dis 2007
Mar 9; 2: 12.

Stey ], Steiner DF, Park SY, Ye H, Philipson LH, Bell GI.
Clinical and molecular genetics of neonatal diabetes due to
mutations in the insulin gene. Rev Endocr Metab Disord
2010; 11: 205-215.

Edghill EL, Flanagan SE, Ellard S. Permanent neonatal di-
abetes due to activating mutations in ABCC8 and KCNJ11.
Rev Endocr Metab Disord 2010; 11: 193-198.

Edghill EL, Flanagan SE, Patch AM, Boustred C, Parrish
A, Shields B, Shepherd MH, Hussain K, Kapoor RR, Mal-
ecki M, MacDonald M]J, Stoy J, Steiner DF, Philipson LH,
Bell GI; Neonatal Diabetes International Collaborative
Group, Hattersley AT, Ellard S. Insulin mutation screening
in 1,044 patients with diabetes: mutations in the INS gene
are a common cause of neonatal diabetes but a rare cause
of diabetes diagnosed in childhood or adulthood. Diabetes
2008; 57: 1034-1042.

Ellard S, Flanagan SE, Girard CA, Patch AM, Harries LW,
Parrish A, Edghill EL, Mackay DJ, Proks P, Shimomura K,
Haberland H, Carson D], Shield JP, Hattersley AT, Ash-
croft FM. Permanent neonatal diabetes caused by domi-
nant, recessive, or compound heterozygous SUR1 muta-
tions with opposite functional effects. Am ] Hum Genet
2007; 81: 375-382.

Flanagan SE, Clauin S, Bellanné-Chantelot C, de Lonlay
P, Harries LW, Gloyn AL, Ellard S. Update of mutations in
the genes encoding the pancreatic beta-cell K(ATP) chan-
nel subunits Kir6.2 (KCNJ11) and sulfonylurea receptor 1
(ABCCS) in diabetes mellitus and hyperinsulinism. Hum
Mutat 2009; 30: 170-180.

Woolley SL, Saranga S. Neonatal diabetes mellitus: A rare
but important diagnosis in the critically ill infant. Eur J
Emerg Med 2006; 13: 349-351.

Mitamura R, Kimura H, Murakami Y, Nagaya K, Makita
Y, Okuno A. Ultralente insulin treatment of transient neo-
natal diabetes mellitus. ] Pediatr 1996; 128: 268-270.

Jeha GS, Venkatesh MP, Edelen RC, Kienstra KA, Karaviti
L, Fernandes CJ. Neonatal diabetes mellitus: patient reports
and review of current knowledge and clinical practice. J
Pediatr Endocrinol Metab 2005; 18: 1095-1102.
Tubiana-Rufi N. Insulin pump therapy in neonatal diabetes.
Endocr Dev 2007; 12: 67-74.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kriiger C, Dérr H G, von Miihlendahl K E, Herkenhoff H.
Neonatal diabetes and intra-uterine growth retardation. Eur
J Pediatr 1997; 156: 1-2.

de Onis M1, Garza C, Onyango AW, Rolland-Cachera
MF; le Comité de nutrition de la Société francaise de pédi-
atrie. WHO growth standards for infants and young chil-
dren. Arch Pediatr 2009; 16: 47-53.

Aynsley-Green A, Hawdon JM. Metabolic Disease. In:
Textbook of Neonatology, Rennie JM, Roberton NRC
(eds). 3rd edn. Edinburgh: Churchill Livingstone 1999;
939-956.

von Muhlendahl KE, Herkenhoff H. Long-term course of
neonatal diabetes. N Engl ] Med 1995; 333: 704-708.
Hellstrom A, Ley D, Hansen-Pupp I, Hallberg B, Lofqvist
C, van Marter L, van Weissenbruch M, Ramenghi LA,
Beardsall K, Dunger D, Hird AL, Smith LE.Acta Paediatr
2016; 105: 576-586.

Gluckman PD, Harding JE. The physiology and pathophys-
iology of intrauterine growth retardation. Horm Res 1997,
48 (Suppl. 1): 11-16.

Blethen SL, White NH, Santiago JV, Daughaday WH.
Plasma somatomedins, endogenous insulin secretion, and
growth in transient neonatal diabetes mellitus. ] Clin Endo-
crinol Metab 1981; 52: 144-147.

Ashton IK, Zapf], Einschenk I, MacKenzie IZ. Insulin-like
growth factors (IGF) 1 and 2 in human foetal plasma and
relationship to gestational age and foetal size during mid-
pregnancy. Acta Endocrinol 1985; 110: 558-563.

Lassarre C, Hardouin S, Daffos F, Forestier F, Frankenne F,
Binoux M. Serum insulin-like growth factors and insulin-like
growth factor binding proteins in the human fetus. Relation-
ships with growth in normal subjects and in subjects with in-
trauterine growth retardation. Pediatr Res 1991; 29: 219-225.
Gluckman PD, Johnson-Barrett JJ, Butler JH, Edgar BW,
Gunn TR. Studies of insulin-like growth factor -I and -II
by specific radioligand assays in umbilical cord blood. Clin
Endocrinol 1983; 19: 405-413.

Frystyk J, Ritzel RA, Maubach ], Busing M, Luck R,
Klempnauer J, Schmiegel W, Nauck MA.Comparison of
pancreas-transplanted type 1 diabetic patients with portal-
venous versus systemic-venous graft drainage: impact on
glucose regulatory hormones and the growth hormone/
insulin-like growth factor-I axis. J Clin Endocrinol Metab
2008; 93: 1758-1766.

Jeha GS, Venkatesh MP, Edelen RC, Kienstra KA, Karaviti
L, Fernandes CJ. Neonatal diabetes mellitus: patient reports
and review of current knowledge and clinical practice. J
Pediatr Endocrinol Metab 2005; 18: 1095-1102.

Bharucha T, Brown J, McDonnell C, et al. Neonatal dia-
betes mellitus: Insulin pump as an alternative management
strategy. ] Paediatr Child Health 2005; 41: 522-526.
Beardsall K, Pesterfield CL, Acerini CL. Neonatal diabetes
and insulin pump therapy. Arch Dis Child Fetal Neonatal
Ed 2011; 96: F223-F224.

Barone JV, Tillman EM, Ferry R]. Treatment of Transient
Neonatal Diabetes Mellitus with Subcutaneous Insulin



Postnatal growth of infants with neonatal diabetes CSII versus MDI therapy

35

34.

35.

36.

37.

38.

Glargine in an Extremely Low Birth Weight Neonate. ]
Pediatr Pharmacol Ther 2011; 16: 291-297.

Yaffe SJ, Aranda JA. Pediatric Pharmacology: Therapeutic
Principles in Practice. Philadelphia, PA: WB Saunders Co,
1992.

Kearns GL, Abdel-Rahman SM, Alander SW, Blowey DL,
Leeder JS, Kauffman RE. Developmental pharmacology -
drug disposition, action, and therapy in infants and children.
N Engl ] Med 2003; 349: 1157-1167.

Novo-Nordisk. Levemir [package insert] NovoNordisk;
20009.

Danne T, Lupke K, Walte K, Von Schuetz W, Gall MA.
Insulin detemir is characterized by a consistent pharma-
cokinetic profile across age groups in children, adolescents,
and adults with type 1 diabetes. Diabetes Care 2003; 26:
3087-3092.

Tubiana-Rufi N. Insulin pump therapy in neonatal diabetes.
Endocr Dev 2007; 12: 67-74.

39. Rabbone I, Barbetti F, Marigliano M, Bonfanti R, Piccinno
E, Ortolani F, Ignaccolo G, Maffeis C, Confetto S, Cerutti
F, Zanfardino A, Iafusco D. Successful treatment of young
infants presenting neonatal diabetes mellitus with continu-

ous subcutaneous insulin infusion before genetic diagnosis.
Acta Diabetol 2016; 53: 559-565.

Received: 22 May 2019

Accepted: 22 June 2019

Correspondence:

Ashraf T Soliman MD PhD FRCP

Professor of Pediatrics

Department of Pediatrics, Hamad General Hospital
Rayyan Road - Doha, PO box 3050 (Qatar)
E-mail: atsoliman@yahoo.com



