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Abstract

Background: Neonatal nonoliguric hyperkalemia (NOHK) is a metabolic abnormality that occurs in extremely premature
neonates at approximately 24 h after birth and is mainly due to the immature functioning of the sodium (Na+)/potassium
(K+) pump. Magnesium sulfate is frequently used in obstetrical practice to prevent preterm labor and to treat preeclampsia;
this medication can also cause hypermagnesemia and hyperkalemia by a mechanism that is different from that of NOHK.
Herein, we report the first case of very early-onset neonatal hyperkalemia induced by maternal hypermagnesemia.

Case presentation: A neonate born at 32 weeks of gestation developed hyperkalemia (K+ 6.4 mmol/L) 2 h after birth. The
neonate’s blood potassium concentration reached 7.0 mmol/L 4 h after birth, despite good urine output. The neonate and
his mother had severe hypermagnesemia caused by intravenous infusion of magnesium sulfate given for tocolysis due to
pre-term labor.

Conclusion: The early-onset hyperkalemia may have been caused by the accumulation of potassium ions transported
through the placenta, the shift of potassium ions from the intracellular to the extracellular space in the infant due to the
malfunctioning of the Na+/K+ pump and the inhibition of renal distal tube potassium ion secretion, there is a possibility
that these mechanisms were induced by maternal and fetal hypermagnesemia after maternal magnesium sulfate
administration. Because neonatal hyperkalemia poses a significant risk for the development of life-threatening cardiac
arrhythmia, this case highlights the necessity of maternal blood magnesium monitoring during magnesium sulfate
administration and neonatal blood potassium monitoring when there is severe maternal hypermagnesemia at delivery.

Keywords: Neonatal nonoliguric hyperkalemia, Progressive early-onset hyperkalemia, Maternal hypermagnesemia,
Na+/K+-ATPase, Renal outer medullary potassium channel

Background
Neonatal nonoliguric hyperkalemia (NOHK) is a fre-
quently observed electrolyte imbalance that occurs in
nonoliguric premature infants during the first days after
birth [1]. NOHK results secondary to potassium shift
from the intracellular space to the extracellular space
partly because of the malfunctioning of the Na+/K+

pump due to the immature activity of Na+/K+-ATPase
[2]. It can cause life-threatening cardiac arrhythmia as a
severe complication [3].

Magnesium is a modulator of the Na+ and K+ ion
transport systems in numerous tissues, and hypermagne-
semia inhibits K+ ion transport from the extracellular to
the intracellular space through the Na+/K+ pump [4].
Additionally, hypermagnesemia inhibits renal distal tube
K+ ion secretion by the renal outer medullary K+

(ROMK) channel, which is an inward-rectifying K+ ion
channel responsible for basal K+ ion secretion [5, 6]. An
overdose of magnesium sulfate, frequently used in ob-
stetrical practice for the prevention of preterm labor and
to treat preeclampsia, can cause maternal hypermagne-
semia [7]. Because the magnesium ion administered to
the mother readily crosses the placenta, infants born to
mothers with hypermagnesemia often develop transient
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hypermagnesemia during the first days after birth [8].
Moreover, it has been reported maternal and neonatal
magnesium concentrations were highly correlated [9].
Although transient hyperkalemia during magnesium

sulfate therapy in two pregnant drug abusers has been
reported [7], there has been no report on neonatal
transient hyperkalemia caused by maternal magnesium
sulfate therapy. Here, we present the case of a male
infant at 32 weeks gestation (weight 1268 g) that de-
veloped hyperkalemia immediately after birth due to
neonatal and maternal transient hypermagnesemia
after administration of magnesium sulfate.

Case presentation
A 29-year-old Japanese woman in her second pregnancy
was being treated for pregnancy-induced hypertension
and preeclampsia with a drip infusion of magnesium sul-
fate at 30 weeks 2 days gestation. The dose of continu-
ously infused magnesium sulfate was 0.1 g/h on day 1,
0.5 g/h on day 2–5, and 1.0 g/h on day 6–12. The dose
was increased to 2.0 g/h to control an imminent preterm
delivery on day 12, just before an emergency transfer to
our hospital. During this treatment, maternal serum
magnesium levels were not monitored. The mother had
no medical conditions or any intake of other medica-
tions within these 12 days, which could have influenced
blood potassium concentration.
On admission to our hospital, the patient could not

mobilize independently because of hypotonia caused by
severe hypermagnesemia and hypocalcemia (Table 1).
On the same day, she delivered a male infant through
vaginal birth. Her laboratory analysis at 7 h before and
7 h after delivery showed that the serum concentration
of potassium, sodium, and creatinine ranged from 4.3 to
6.0 mmol/L, 133 to 128 mmol/L, and 0.85 to 0.95 mg/

dL, respectively. These levels returned to within normal
ranges at 5 days after delivery.
The male infant was born at 32 weeks gestation

weighing 1268 g and with Apgar scores of 8 at 1 min
and 9 at 5 min. He was immediately admitted to the
neonatal intensive care unit in our hospital. There was
no evidence of respiratory distress syndrome on chest
radiograph, and he had a stable microbubble test. His
heart rate was 130 beats per minute, and the arterial
blood pressure was 42/22 mmHg, with normal contrac-
tion of the left ventricle confirmed by echocardio-
graphic examination. His muscle tone was determined
to be within the normal range by two expert neonatolo-
gists. The size and shape of both kidneys on ultrason-
ography were within the normal range, and his first
urine was observed at 2 h after birth.
Laboratory data showed that his venous blood potas-

sium concentration was 6.4 mmol/L at 2 h after birth
and reached 7.0 mmol/L at 4 h after birth even though
he had sufficient urine output (Table 1, Fig. 1).
Glucose-insulin combined therapy was administered
for 54 h with an insulin infusion rate between
0.9 units/kg/day and 1.9 units/kg/day to maintain his
serum potassium concentration below 6.0 mmol/L. All
blood samples were obtained from a catheter inserted
directly into the right radial artery. During the ther-
apy, he was not given potassium. His urine output was
4.1 mL/kg/h during the first 8 h, 6.2 mL/kg/h during
the next day, and 3.3 mL/kg/h during the third day
after birth with insufficient urinary potassium excre-
tion (Table 1).
Laboratory analysis of his umbilical blood also

showed hypermagnesemia at birth, which gradually
subsided (Table 1, Fig. 1). The serum calcium concen-
tration remained over 7.3 mg/dL with intravenous drip
administration of calcium sulfate. Although transient

Table 1 The progression of blood and urine laboratory data of the mother and the infant

Mother Infant

Sampling time Day of delivery
(7 h before delivery)

1 day after delivery
(7 h after delivery)

5 days after delivery
(at discharge)

Day of birth 1 day after birth 2 days after birth 30 days after birth

Mg (mg/dL) 9.9 5.9 – 8.7 7.7 5.9 2.0

Ca (mg/dL) 6.3 6.2 8.0 8.5 8.0 8.8 9.7

P (mg/dL) – – – 10.4 8.7 6.2 6.9

K (mmol/L) 4.3 6.0 4.8 6.4 6.0 5.2 3.4

Na (mmol/L) 133 128 138 131 136 139 140

Cre (mg/dL) 0.85 0.95 0.56 0.82 1.07 1.10 0.32

BUN (mg/dL) 20.3 25.7 14.1 22.2 25.0 19.8 3.5

Urine K
(mmol/L)

– – – 13 16 3 –

FeK (%) – – – 36.5 24.9 4.4 –

Mg serum magnesium concentration, Ca serum calcium concentration, K serum potassium concentration, Na serum sodium concentration, Cre serum creatinine
concentration, BUN Blood urea nitrogen, serum, FeK Fractional excretion of potassium, Urine K Urine potassium concentration (a spot urine specimen)
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hyponatremia was observed at 6 h after birth, it recov-
ered in 24 h without sodium administration.
After resolution of NOHK, the neonate’s serum con-

centrations of potassium and magnesium were within
the normal range. He was discharged from our hospital
at 72 days after birth with no clinical complications and
had normal growth and development at 3 years of age.

Discussion
NOHK is a metabolic disorder that usually occurs in
extremely premature neonates; therefore, the onset at
32 weeks old in the neonate presented in this case is
less expected. Furthermore, the clinical course in this
case was very unique in terms of the early onset at 2 h
after birth and prolonged for 54 h under glucose-
insulin combined therapy.
One possible explanation as to the cause of the early

onset hyperkalemia is maternal hyperkalemia caused by
hypermagnesemia [7]. Usually, the fetal plasma K+ ion con-
centration is higher than the maternal plasma concentra-
tions [10] because of active K+ ion transport across the
placenta [11]. In this case, the maternal potassium concen-
tration increased from 4.3 mmol/L at 7 h before delivery to
6.0 mmol/L at 7 h after delivery. It is therefore possible
that the excess K+ ions might have crossed from the
mother to the fetus through the placenta and might have
partially contributed to early onset neonatal hyperkalemia.
Alternatively, the prolonged hyperkalemia may have

been secondary to a shift in K+ ions from the intracellular
to the extracellular space. In premature infants with
NOHK, erythrocyte Na+/K+-ATPase activity is significantly
lower and the malfunctioning of the Na+/K+ pump induces

a K+ ion shift from the intracellular to the extracellular
space [1, 2]. This case may illustrate that even in an infant
at 32 weeks gestation, Na+/K+-ATPase activity may be im-
mature and result in malfunctioning of the Na+/K+ pump.
In addition to prematurity, neonatal hypermagnesemia
may produce a K+ ion shift from the intracellular to the
extracellular space because of the high concentration of
magnesium ions, which modulates the Na+/K+ ion trans-
port systems in numerous tissues and inhibits the Na+/K+

pump exchange [4].
An additional mechanism whereby neonatal hyper-

magnesemia results in hyperkalemia is through the in-
hibition of renal distal tubule K+ ion secretion.
Magnesium is thought to inhibit renal distal tube K+

ion secretion by suppressing the ROMK channel,
which is an inward-rectifying K+ ion channel respon-
sible for basal K+ ion secretion [5, 6]. In the neonate
described in this case, post-delivery urine output was
sufficient; however, the fractional excretion of potas-
sium (FeK) at 0, 1, and 2 days after birth was 36.5,
24.9, and 4.4%, respectively, and these levels of excre-
tion are lower than the average FeK (40 ± 5%) in
NOHK during the first few days after birth [12]. The
amount of urinary excretion of potassium is larger in
an infant with NOHK than an infant with normokale-
mia [13]. However, in this case, it is interesting that
urinary excretion of potassium was suppressed despite
hyperkalemia, because of hypermagnesemia.
Thus, this progressive early-onset hyperkalemia may

be caused by maternal and fetal hypermagnesemia. The
underlying mechanism of this hyperkalemia is mainly
assumed to be secondary to hypermagnesemia and

Fig. 1 The neonate’s clinical course until 72 h after birth. The clinical course of the patient is shown. The main indicators include the serum potassium
and magnesium concentrations and infusion rate of insulin until 72 h after birth
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subsequent malfunctioning of the Na+/K+-ATPase and
inhibition of secretion in the ROMK channel.

Conclusion
Maternal and fetal hypermagnesemia can induce rapidly
progressive hyperkalemia in neonates. Because hyperkale-
mic infants are at high risk of developing life-threatening
cardiac arrhythmias, we highlight the necessity of maternal
blood magnesium monitoring during intravenous infusion
of magnesium sulfate for tocolysis, as well as neonatal
blood potassium monitoring when there is maternal severe
hypermagnesemia at delivery.
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