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ABSTRACT

Neonatal diabetes mellitus (NDM) is a rare
monogenic disorder presenting as uncontrolled
hyperglycemia during the first 6 months of life.
Hyperglycemic hyperosmolar state (HHS) is
quite rare in NDM patients, and reported expe-
rience with this condition is limited. Continu-
ous renal replacement therapy (CRRT) is
frequently used as a mode of dialytic treatment
in critically ill patients with acute renal failure,
but has seldom been used in patients with dia-
betic ketoacidosis (DKA) and HHS. We report

the case of a 2-month-old infant admitted to
our hospital presenting with dyspnea and
lethargy. Blood gas showed severe hyperosmotic
DKA. After 21 h of fluid and insulin therapy, the
baby presented with increased drowsiness and
irregular respiration, which suggested cerebral
edema. Moreover, the DKA and HHS were
exacerbated. After 18 h of CRRT, the patient
gradually recovered from DKA and HHS. The
gene analysis revealed a de novo mutation
(c.602G[A (p.R201H)) of the KCNJ11 gene,
and oral glibenclamide successfully replaced
insulin treatment in the patient.
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INTRODUCTION

Neonatal diabetes mellitus (NDM) is a rare
monogenic disorder that presents as uncon-
trolled hyperglycemia during the first 6 months
of life and may be either permanent or transient
[1]. Signs of NDM include frequent urination,
rapid breathing, and dehydration. In some sev-
ere cases, NDM may first manifest as diabetic
ketoacidosis (DKA). However, hyperglycemic
hyperosmolar state (HHS) is rare in NDM
patients [2].
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Gain-of-function heterozygous mutation in
the KCNJ11 gene, which encodes one subunit of
the ATP-sensitive potassium (KATP) channel, is a
major cause of NDM [3]. Detection of KCNJ11
mutations in NDM patients is of great clinical
value since oral sulfonylurea drugs can replace
insulin therapy to control hyperglycemia in
these patients. Mutations in KCNJ11 can cause a
broad spectrum of phenotypes, ranging from
isolated transient neonatal diabetes to the most
severe cases with neurodevelopmental disabil-
ity, seizures, and insensitivity to sulfonylurea
treatment [4]. Moreover, according to a recent
study by Letourneau et al., infants with KCNJ11
mutation-caused NDM tend to have severe
hyperglycemia and DKA on presentation [5].

Continuous renal replacement therapy
(CRRT) is frequently used as a mode of dialytic
treatment in critically ill patients with acute
renal failure [6]. Continuous venovenous
hemodiafiltration (CVVHDF) is a modality of
CRRT that combines both diffusion and con-
vection. The use of CRRT in DKA and HHS has
not been well investigated, with only a few cases
reported [7–9].

Herein, we present a case of NDM caused by
KCNJ11 mutation that presented with an over-
lap of DKA and HHS and was successfully trea-
ted via CRRT.

CASE REPORT

The girl is the first child of healthy unrelated
parents and was born at full term by vaginal
delivery. Her birth weight was 2.85 kg.
Informed consent was obtained from the indi-
vidual participant’s parents for being included
in the study. About half a year ago, the
2-month-old girl presented to our hospital with
respiratory distress and poor appetite. On
admission, her weight was 4.6 kg. Physical
examination showed that she had a fever,
tachycardia (heart rate 183 bpm), tachypnea
(breath rate 44 bpm), hypoxia (SpO2 95%),
lethargy, and dyspnea. She had sunken eyes,
cold and clammy skin, skin pinch going back
slowly, and cried without tears. Urine exami-
nation showed ketones at 25 mg/dl and urine
glucose at 800 mg/dl. Severe hyperglycemia and

acidosis were also detected (glucose 43 mmol/L,
blood gas pH 6.87, HCO3 5.3 mmol/L, effective
osmolality 321 mOsm/L) (Fig. 1, Table 1). Insu-
lin was at less than 0.5 mU/L (range 3–25 mU/
L); C-peptide was at less than 0.05 ng/ml (range
0.78–1.89 ng/ml); and antibodies for diabetes
were negative.

The patient was given oxygen via a nasal
catheter (1 L/min) and a 50-ml normal saline
bolus over 1 h. A double-lumen central line was
then placed to allow 48 h intravenous admin-
istration of fluids (0.45% saline with potassium
chloride, 5.4–6.5 ml/kg/h) and insulin
(0.05–0.1 U/kg/h). During this period, the
serum glucose level decreased at a rate of about
1 mmol/L/h, but the effective osmolality
increased at a rate of 0.88 mOsm/L/h (Table 1).
After 20 h, the patient presented with increased
drowsiness, dyspnea, and irregular respiration.
The signs of dehydration had not improved. To
release her dyspnea, she was intubated
(SIMV ? PS mode). The blood gas revealed
more severe acidosis and a hyperosmotic state
(glucose 20.6 mmol/L, pH 6.80, HCO3

2.1 mmol/L, effective osmolality 338.6 mOsm/
L) (Fig. 1, Table 1). CBC showed decreased Hb
and hematocrit (Hb 72 g/L, hematocrit 22%).
Liver function showed low albumin (30.2 g/L).
Thus RBC transfusion was given. After obtain-
ing consent from the girl’s parents, CVVHDF
was started. The patient underwent 18 h of
CVVHDF using the Prismaflex device (Gambro,
Lund, Sweden) with a bicarbonate-buffered
replacement fluid (sodium 143 mmol/L, potas-
sium 4.73 mmol/L, chloride 113.3 mmol/L,
magnesium 0.75 mmol/L, bicarbonate
34.8 mmol/L, glucose 10.0 mmol/L, osmotic
pressure 308 mmol/L) via a dual-lumen right
internal jugular vein catheter. Calcium was
administered separately to avoid precipitation.
CVVHDF was performed with anticoagulation
(heparin 15 U/kg/h), using a high-flux mem-
brane of 0.2 m2 surface area HF 20 filter (Gam-
bro Industries, Lyon, France), at a dose of 22 ml/
kg/h and blood flow rate of 26 ml/min. After 6 h
of treatment, since the acidosis was not greatly
improved, we further increased the concentra-
tion of bicarbonate in the replacement fluid
(sodium 146.5 mmol/L, potassium 4.73 mmol/
L, chloride 112.2 mmol/L, magnesium
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0.75 mmol/L, bicarbonate 39.0 mmol/L, glucose
10.0 mmol/L, osmotic pressure 314 mmol/L).
After 18 h of CVVHDF, DKA and HHS were
totally corrected. Signs of dehydration were also
corrected. During CRRT, the serum glucose level
decreased at a rate of about 0.53 mmol/L/h, and
the effective osmolality decreased at a rate of
2.1 mOsm/L/h (Table 1). The next day, we
stopped sedative administration, the patient
gradually recovered consciousness and autono-
mous regular respiration, and the mechanical
ventilation was then stopped. The patient was
then transferred to the department of
endocrinology.

The focused exome sequencing revealed a de
novo heterozygous mutation in KCNJ11 Exon1
(NM_000525.3: c.602G[A; p. (Arg201His)) in
the patient. This mutation was subsequently
confirmed by traditional Sanger sequencing in
the patient and her parents, which showed that
neither of her parents carried this mutation
(Fig. 2). During hospitalization, the girl’s insulin
therapy was gradually replaced by oral gliben-
clamide (initial dose 0.5 mg po qd, maximum

dose 0.5 mg po tid). Now, only a small amount
of glibenclamide is needed (0.1 mg po tid) to
maintain euglycemia. The patient has normal
developmental milestones without any neu-
rodevelopmental disability until the last visit.

DISCUSSION

In this study, we reported a rare case of NDM
caused by KCNJ11 gene mutation that first
presented with an overlap of DKA and HHS.
Interestingly, when routine fluid and insulin
therapy failed to treat DKA and/or HHS, our
case suggests that CRRT should be considered in
acute management.

The overlap of characteristics of DKA and
HHS occurs when patients with HHS have mild
or moderate acidosis caused by hypoperfusion/
lactic acidosis or when patients with DKA have
severe hyperglycemia. Our patient’s disease first
manifested as DKA with severe hyperglycemia.
After routine fluid and insulin therapy for 20 h,
however, the patient developed cerebral and

Fig. 1 Blood gas analysis of the patient during the course
of treatment. The pH value, bicarbonate level, osmotic
pressure, and glucose levels over the whole course of
treatment are show in a–d, respectively. The black lines

indicate the start of CRRT, and the red lines indicate the
end of CRRT
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pulmonary edema, and the ketoacidosis and
hyperosmotic state worsened.

Cerebral edema (CE) is the leading cause of
DKA death, especially in patients under 5 years
old. Our patient experienced sudden disease
onset at a very early age, and she had severe
hypocapnia and acidosis at presentation, which
are all risk factors for CE [2]. After 20 h of
treatment, our patient developed increased
drowsiness and irregular respiratory pattern,
which implied the presence of CE and was a
major cause of the aggravation of her condition.
The underlying mechanisms of CE remain
unknown, and previous studies revealed that
increased utilization of ketone bodies of
immature brains, the low levels of antioxidant
defenses in the brain, a more severe systemic
immune response and neuroinflammatory
responses, the susceptibility of immature
blood–brain barrier, and dysfunction of cere-
brovascular endothelial cells may contribute to
the pathogenesis [10]. Besides, DKA-induced
inflammation will increase systemic inflamma-
tory markers, including heat-shock proteins,

Table 1 Biochemical variables of the patient

Onset Prior to CRRT At the end of CRRT Normal range

Glucose (mmol/L) 43 20.6 11.1 3.92–6.44

pH 6.872 6.801 7.492 7.34–7.45

HCO3
- (mmol/L) 5.3 2.1 23.7 21.4–27.3

BE (mmol/L) - 25.8 - 29.2 0.3 - 3.0 to 3.0

Effective osmolality (mOsm/L)a 321 338.6 300.4 270.0–300.0

Corrected Na? (mmol/L)b 152.4 159.4 144 136.0–145.0

K? (mmol/L) 3.9 4.9 3.2 3.50–5.20

Cr (lmol/L) 17.6 27.6 24.1 45–84

BUN (mmol/L) 7 7.64 4.89 2.90–8.20

UA (lmol/L) 516 614.5 316.5 155–357

Hb (g/L) 101 72 96 110–140

Hematocrit (%) 31.9 22 27.2 34–45

Albumin (g/L) 47.6 30.2 38 38–54

BE base excess, Cr creatine, BUN blood urea nitrogen, UA uric acid, Hb hemoglobulin
a Effective Osm = 2 9 (plasma Na) ? plasma glucose mmol/L
b Corrected Na? = measured Na ? 2 [(plasma glucose - 5.6)/5.6] mmol/L

Fig. 2 The family pedigree. The mutation status of
KCNJ11 c.602 G[A is indicated by the symbol for
each subject. WT indicates wild type. Sanger sequencing of
three members of the family in c.602 position is also
indicated under the symbol of each subject. The red circles
indicate the mutation points

2182 Diabetes Ther (2018) 9:2179–2184



complements, and pro-inflammatory cytokines
IL1b, IL-2, IL-6, IL8, and TNF-a [11, 12].

Pulmonary edema (PE) is a rare complication
of DKA, which can cause hypoxemia and needs
supplemental oxygenation or intubation in
some children [13]. PE is thought to be caused
by a fall in hematocrit and colloid pressure
during fluid treatment and an increase in the
permeability of pulmonary capillary mem-
branes [13]. Moreover, DKA-induced inflam-
mation also plays an important role in the
pathogenesis of PE [14]. Our patient had dysp-
nea on presentation, and the chest X-ray was
normal (Suppl. 1). After 20 h of treatment, her
hematocrit and albumin level fell steeply, and
her dyspnea was aggravated. Therefore, we
supposed that her dyspnea was partly caused by
PE, which might also account for the aggravated
acidosis in the patient after 20 h of treatment. A
blood transfusion was given to the patient to
elevate the hematocrit, and mechanical venti-
lation helped to maintain normal blood oxygen
saturation. After the tracheal tube was removed,
the patient recovered without any pulmonary
sequelae.

CRRT is suited to the renal support of criti-
cally ill patients. The use of CRRT in DKA and/
or HHS is rare, and only limited records are
available in the literature [7–9]. CRRT can
remove in vivo toxicants and metabolites from
patients, as well as correct the disturbance of
water and electrolytes effectively. The CVVHDF
modality of CRRT can not only eliminate the
small molecules such as ketone bodies and
glucose but also clear the inflammatory media-
tors including circulating cytokines and com-
plements efficiently [15]. Therefore, CVVHDF is
very suitable for preventing and/or treating
cerebral and pulmonary edema, as well as cor-
recting severe DKA and HHS in acute
management.

CONCLUSION

Our observation suggests that CRRT has signif-
icant potential in saving critically ill children
with cerebral and pulmonary edema caused by
severe DKA and/or HHS. However, further

studies are still required to assess the value of
CRRT in more cases.
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