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Transient Neonatal Hypocalcemia: Presentation and
Outcomes

WHAT’S KNOWN ON THIS SUBJECT: Late-onset hypocalcemia is
common in neonates, often presents with seizures or tetany, and
is often attributed to transient hypoparathyroidism.

WHAT THIS STUDY ADDS: Late-onset hypocalcemia in neonates is
often a sign of coexisting vitamin D deficiency and
hypomagnesemia and is readily managed with therapy of limited
duration, and neonates presenting with tetany or seizures due to
hypocalcemia are unlikely to benefit from neuroimaging studies.

abstract
OBJECTIVE: To determine the incidence of moderate-to-severe
transient neonatal hypocalcemia in term neonates and to describe
the characteristics of affected infants and the outcomes of their
management.

METHODS: We reviewed medical records of all term infants ,31 days
of age who presented to Children’s Medical Center Dallas from 2001 to
2009 with hypocalcemia (ionized calcium,1.00 mmol/L [4.00 mg/dL]).

RESULTS: Seventy-eight infants met criteria. Median (interquartile range)
age at admission was 8.0 (7.0–10.0) days, and median duration of
admission was 3.0 (2.0–4.0) days. Most infants were male (71.8%) and
Hispanic (62.8%). Neonates were generally severely hypocalcemic and
hyperphosphatemic. Seventy-five of 78 were hypomagnesemic, and the
majority had low or inappropriately normal parathyroid hormone
responses. Levels of 25-hydroxyvitamin D were #62.4 nmol/L (25 ng/mL)
in all 42 infants in whom they were determined. All infants responded
to therapy of limited duration with 1 or more of the following: calcium
supplements, calcitriol, low phosphorus formula, and magnesium
supplementation. Neuroimaging did not affect management decisions
in any neonate.

CONCLUSIONS: Moderate-to-severe late-onset neonatal hypocalcemia
is more common in Hispanic and male infants, is often a sign of
coexistent vitamin D insufficiency or deficiency and hypomagnesemia,
and is readily managed with therapy of limited duration. Neonates
presenting with seizures who are found to be hypocalcemic are
unlikely to benefit from neuroimaging evaluations. Pediatrics
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Neonatal hypocalcemia is a potentially
life-threatening condition, with repor-
ted prevalence varying by gestational
age,maternal and infant comorbidities,
and perinatal factors.1 Because of the
higher concentrations of calcium in
neonates (up to 1.5 mmol/L, compared
with 1.12–1.32 mmol/L in older chil-
dren and adults),2–4 neonatal hypocal-
cemia is often defined as an ionized
calcium ,1.22 mmol/L.5 Although some-
times clinically silent, it may present
with signs of neuromuscular irritability
(ranging from myoclonic jerks to seiz-
ures), apnea, cyanosis, and/or cardiac
rhythm disturbances.6

Hypocalcemia in this age group has
various causes, which are commonly
differentiated by the time of onset.
Early-onset neonatal hypocalcemia is
defined as occurring within the first 4
days of life and is usually secondary to
anexaggerationof thenormaldecline in
serum calcium levels in the first 1 to 2
days of life.7 Late-onset neonatal hypo-
calcemia usually occurs 5 to 10 days
after birth, and the differential includes
transient hypoparathyroidism, transient
parathyroid hormone (PTH) resistance,
DiGeorge syndrome, maternal vitamin D
deficiency, malabsorption, intake of for-
mula high in phosphorus content, and
hypomagnesemia.7–9

There have been few reports regarding
infants presenting in acute care set-
tings with seizures or tetany, the eti-
ology of which was later found to be
hypocalcemia.10–17 In many of these
reports, the infants received extensive
workups that included cultures of blood,
urine, and cerebrospinal fluid; complete
blood cell counts; blood chemistries;
EEGs; electrocardiograms; and/or neu-
roimaging studies. To our knowledge,
there have been no contemporary large-
scale studies describing the diagnosis
of hypocalcemia in the neonate, es-
pecially when limited to transient hy-
pocalcemia. The largest modern case
series of which we are aware described

21 Taiwanese infants diagnosed with
late-onset hypocalcemia over the span of
12 years. This report limited detailed
discussion to those 5 infants who had
a final diagnosis of pseudohypopar-
athyroidism.17 In the current study,
we aim to determine the incidence
of moderate-to-severe neonatal hypo-
calcemia in term neonates without
an identified syndromic, cardiac-
associated, or iatrogenic etiology and
to describe the characteristics of af-
fected infants and the outcomes of their
management at our institution.

METHODS

Charts were reviewed under a protocol
approved by the Institutional Review
Board at the University of Texas
SouthwesternMedical Center. To identify
infants ,31 days of age presenting to
our institution between 2001 and 2009
(the beginning date marking the earli-
est availability of our electronic medical
records) with moderate-to-severe
hypocalcemia, we searched the billing
databases of Children’s Medical Center,
Dallas and University of Texas South-
western Medical Center for the following
diagnoses: hypocalcemia (International
Classification of Diseases, Ninth Revi-
sion codes 275.40, 275.41, and 275.49),
hypocalcemia of the newborn (775.4),
tetany (781.7), vitamin D deficiency
(268.0, 268.2, and 268.9), hypoparathy-
roidism (252.1), and DiGeorge syndrome
(279.11). We defined moderate-to-
severe hypocalcemia as ionized calcium
,1.00 mmol/L (4 mg/dL) (potentio-
metric ion-selective electrode meth-
odology, ABL800, radiometer [Westlake,
OH]). We collected demographic in-
formation, results of biochemical data
and investigative studies, and the types
and durations of therapies. Levels of
25-hydroxyvitamin D (25[OH]D) were
determined by ARUP Laboratories (Salt
Lake City, UT) by quantitative chemi-
luminescent immunoassay (DiaSorin
LIAISON [DiaSorin Inc, Stillwater, MN]

coefficient of variation 2.9%–12.9%).
We defined vitamin D deficiency as
25(OH)D ,50 nmol/L (20 ng/mL) per
the recent Endocrine Society Clinical
Practice Guideline.18 All statistical analy-
ses were performed by using PASW 18
(SPSS Inc, Chicago, IL). Because assump-
tions of normality were not met, non-
parametric (Spearman) tests were used
for correlations.

RESULTS

Demographics

The initial search of billing databases
yielded425neonates. Of these, 347were
excluded from longitudinal analyses for
the reasons outlined in Table 1. Seventy-
eight infants admitted to Children’s
Medical Center, Dallas between January
2001 and October 2009 were ascer-
tained with a final diagnosis of transient
neonatal hypocalcemia and initial ion-
ized calcium levels,1.00 mmol/L. By
comparison, over that same time period
there were 386 807 births in Dallas
county, which has only 1 other children’s
hospital (data provided by the Texas
Department of State Health Services,
Center for Health Statistics, on February
18, 2011), and 183 839 total admissions
to our facility (11 772 of whom were
neonates).

The median (interquartile range [IQR])
age at admission for the 78 affected
neonates was 8.0 (7.0–10.0) days, and
the median duration of admission was
3.0 (2.0–4.0) days. Fifty-six were male
(71.8%, vs 58.1% of all neonates admit-
ted to the hospital over the sameperiod,
P = .02 [x2 with Yates correction]).
Forty-nine (62.8%) were Hispanic (vs
50.8% of all neonates, P = .04 [Fig 1]).
Eleven of the 78 neonates were infants
of mothers with diabetes. All but 2 of the
78 presented with seizure-like activity
that was deemed consistent with tetany
in the context of low calcium levels.
Of the 2 infants who did not present
with tetany, 1 presented with decreased
urine output (with normal renal function)
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and the other with cold symptoms and
a low-grade fever with a negative sepsis
evaluation.

Biochemical Characteristics

Infants were generally severely hy-
pocalcemic, hyperphosphatemic, and
hypomagnesemic with low or inap-
propriately normal PTH responses

(reported if checkedbeforeanycalcium
treatment) (Table 2). Levels of 25(OH)D
were #62 nmol/L (25 ng/mL) in all 42
infants in whom they were determined,
,50 nmol/L (20 ng/mL) in 35, and,30
nmol/L (12 ng/mL) in 10.

Sixty-seven infants were exclusively
formula-fed, whereas 8 were both
formula-fed and breastfed, and only
3 were exclusively breastfed. There
were no associations between the type
of feeding and any biochemical param-
eter, including levels of total calcium,
ionizedcalcium,phosphorus,magnesium,
or 25(OH)D (data not shown).

Total and ionized calcium levels were
each significantly correlated with both
magnesium and PTH levels, but there
wasno correlation betweenmagnesium
and PTH levels themselves (Table 2).
There were also no correlations be-
tween vitamin D levels and any other
biochemical parameters.

Therapies

Sixty-nine infants were initially treated
with intravenous (IV) calcium. Other
therapies prescribed per standard of
care at our institution included oral
calcium carbonate (in 76 subjects,
median [IQR] duration of therapy 1.0
[0.5–1.5] months at a median dis-
charge dose of 77 [43–101] mg/kg per
day elemental calcium), oral calcitriol
(60 subjects, median duration of therapy

1.0 [0.6–1.5] months at a median dose of
0.25 mcg daily [56 of 60 subjects were
treated with this dose]), and low-
phosphorus formula (Similac PM 60/
40, Abbott Nutrition, Columbus, OH) (71
subjects, median duration of therapy 1.8
[1.0–2.5] months). In addition, 55 sub-
jects received treatment with IV, in-
tramuscular, and/or oral magnesium.
Infants receiving IV or intramuscular
magnesium (42 subjects) were treated
with a median dose of 4.9 (2.9–6.0) mg/
kg elemental magnesium, divided in 1 or
2 doses in most cases. Twenty-five in-
fants were treated with oral magnesium
at a median initial treatment dose of 6.4
(3.3–33.8) mg/kg per day of elemental
magnesium, of whom only 4 were dis-
charged from the hospital on oral mag-
nesium (at a median discharge dose of
8.0 [5.3–21.5] mg/kg per day with a me-
dian duration of therapy of 0.75months).
Neonates treated for hypomagnesemia
did have significantly lower median
magnesium levels on presentation (0.55
[0.45–0.60] mmol/L vs 0.62 [0.58–0.70]
mmol/L,P, .001 [Mann–WhitneyU test]),
but the use of magnesium supplementa-
tion did not affect the duration of hospi-
talization (data not shown). All infants
included in this reportwere followeduntil
they were off all therapies.

Investigative Procedures

Blood and cerebrospinal fluid cultures
and neuroimaging studies (head com-
puted tomography scan and/or MRI)
showednoclinically significantfindings
whenever performed (Fig 2). EEGs were
abnormal in 5 of 23 infants. Four of the
5 were started on phenobarbital but
rapidly weaned off after seizures were
deemed more consistent with hypocal-
cemic tetany. None of the 5 had recurrent
seizures after their hypocalcemia was
corrected.

Although we intentionally left children
with known syndromic diagnoses out of
our analyses, fluorescence in situ hy-
bridization to detect microdeletions of

TABLE 1 Subject Acquisition Scheme

Inclusion (n) Exclusion (n) Final Data Set (n)

Age ,31 days and met
International Classification
of Diseases, Ninth Revision
criteria (425)

Incomplete medical records
or not applicable (17)

Included in analyses (78)

Premature (81)
Primary management at outside facility (3)
DiGeorge syndrome (26)
Secondary hypocalcemia (194)
Congenital heart disease (115)
Critical illness, other cause (36)
Renal disease (3)
Neurologic disorder (11)
Gastrointestinal disorder (18)
Nonspecific syndromic features (6)
Other identified metabolic disease (4)
Other systemic presentation (1)

Ionized calcium .1.00 mmol/L (26)

FIGURE 1
Demographic characteristicsofall neonateswith
hypocalcemia compared with all neonatal
admissions to the samehospital during the same
study period. P = .02 for comparison of gender,
and P = .04 for comparison of race.
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chromosome band 22q11.2 was docu-
mented negative in 7 of the 78 infants
in this study. Conversely, only 1 of 26
infants diagnosed with DiGeorge syn-
drome at,31 days of life at our institu-
tion over this period initially presented
with hypocalcemia.

DISCUSSION

To our knowledge, this study repre-
sents the largest reported case series
describing infants with late-onset
moderate-to-severe transient neonatal
hypocalcemia. Our data suggest a prev-
alence of this condition of ∼0.02% in
our population, recognizing that we
may have missed infants who re-
mained asymptomatic (unlikely at the
calcium thresholds we report), that the
1 smaller children’s hospital in Dallas
Countymay have treated someneonates
with this condition, and conversely that

our hospital’s catchment area is much
larger than Dallas County.

Late maturation of the parathyroid axis
is thought to be a predominant cause of
transient neonatal hypocalcemia, as
suggestedby the inappropriately lowor
normal PTH levels and highphosphorus
levels in these infants.19 These bio-
chemical features may obscure the di-
agnosis of vitamin D deficiency, which
was also common in our neonates, be-
cause vitamin D deficiency more com-
monly presents in older infants and
children with low-to-normal phosphorus
levels due to secondary hyperparathy-
roidism (and resultant phosphaturia).
These observations extend previous
case series of ∼20 patients each in the
United States20 and Qatar15 that sug-
gested that hypovitaminosis D may co-
exist with relative hypoparathyroidism
in the setting of symptomatic transient

late-onset hypocalcemia. Ashraf et al20

found that 13 of 23 infants presenting
with late neonatal hypocalcemia had 25
(OH)D levels,32.5 nmol/L (13 ng/mL).

Lendingcredence toanetiologicrole for
hypovitaminosis D in late-onset neo-
natal hypocalcemia is that comparison
with available data on the vitamin D
status of healthy infants of comparable
ethnic backgrounds suggests a higher
prevalence of vitamin D deficiency and
lower absolute 25(OH)D levels in our
study population. In urban Massachu-
setts, Merewood et al21 found that in
a predominantly Hispanic and African
American population of 376 newborns,
58% were vitamin D deficient com-
pared with 83% of available values in
our patients (P , .002, x2 with Yates
correction). Moreover, median 25(OH)D
levels were 43 nmol/L (no IQR repor-
ted) in the healthy newborns, com-
pared with 35 (IQR 29–45) nmol/L
in our patients. In a separate study of
111 healthy neonates in South Carolina,
Hollis et al22 reported mean (SD) 25
(OH)D levels of 46 (25) nmol/L, com-
pared with 38 (17) nmol/L in our pop-
ulation (P , .03, t test).

That no hypocalcemic infant had a 25
(OH)D level .62 nmol/L (25 ng/mL)
suggests that higher levels might be
protective against hypocalcemia. This
threshold differs from levels recom-
mended by the recent Institute of Medi-
cine report,23 which defined vitamin D
deficiency as 25(OH)D ,30 nmol/L (12
ng/mL) and inadequate vitamin D levels
as 30 to 50 nmol/L (12–20 ng/mL). By
using these definitions, 10 of our 42
infantswith known 25(OH)D levelswere
vitamin D deficient, and an additional
25 infants had inadequate levels. How-
ever, the 2011 Endocrine Society Clini-
cal Practice Guideline suggests that
vitamin D sufficiency should be defined as
25(OH)D levels.75 nmol/L (30 ng/mL).18

At this level, calcium excretion in the
urine appears to be normalized, and
intestinal calcium transport appears to

TABLE 2 Biochemical Data at Admission

n Median (IQR) Units Reference Range

Calcium, total 67 1.5 (1.4–1.7) mmol/L 2.0–2.7
Calcium, ionized 78 0.81 (0.73–0.89) mmol/L 1.1–1.3
Phosphorus 78 3.2 (2.9–3.5) mmol/L 1.6–2.6
Magnesium 78 0.58 (0.50–0.62) mmol/L 0.7–1.0
PTH, intact 46 4.8 (3.6–7.9) pmol/L 1.3–6.8
Vitamin D (25-OH) 42 35 (29–45) nmol/L 75–200

Selected Correlations (No Correlations With Vitamin D Levels Were Significant)
Spearman r P

Calcium, total versus magnesium 0.39 .001
Calcium, ionized versus magnesium 0.35 .002
Calcium, total versus PTH 0.33 .03
Calcium, ionized versus PTH 0.33 .03
Magnesium versus PTH 0.14 not significant

FIGURE 2
The 78 neonates had various combinations of investigative studies performed, with blood culture as the
most commonly performed study.

e1464 THOMAS et al
 at Chulalongkorn University Fac of MED on June 7, 2012pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


be optimal.22,24 By this recent guideline,
all of the hypocalcemic infants in our
study who had a 25(OH)D level drawn
were vitamin D insufficient or worse.
These data provide a rationale for the
investigation of the vitamin D status of all
neonates presenting with moderate-to-
severe late-onset neonatal hypocalcemia.

The predominance of formula feeding in
our vitamin D–deficient infants (similar
to that described in the study by Ashraf
et al20) suggests that maternal vitamin D
status is the dominant determinant of
the infant’s vitamin D status at this age.
Indeed, maternal and infant 25(OH)D
levels are known to be correlated.15,20 It
would have been interesting to also
know the vitamin D status of the moth-
ers of our patients, but these data were
unavailable. Standard practice in our
population of pregnant mothers is daily
supplementation with a prenatal vita-
min that provides 400 IU of vitamin D.25

There is evidence that this dose is in-
adequate to maintain vitamin D suffi-
ciency during pregnancy. Hollis et al22

found that pregnant women supple-
mented daily with 4000 IU of vitamin D
were more likely to achieve a 25(OH)D
level .80 nmol/L (32 ng/mL) than
women supplemented daily with 2000
or 400 IU of vitamin D. The magnitude of
the disparity between the recom-
mendations by Hollis et al22 and our
current practice suggests a high like-
lihood of vitamin D deficiency in our
mothers and their offspring. It would
be worthwhile to investigate whether
higher doses of maternal vitamin D sup-
plementation in our population might
achieve vitaminD sufficiency and thereby
play a role in decreasing the prevalence
of late-onset neonatal hypocalcemia.

Whereas the relatively high frequency of
Hispanic infants in our series might be
explained by a greater prevalence of
vitamin D deficiency in that population,
the predominance of males has not
been previously reported, and an ex-
planation for this observation is not

obvious. Available data do not allow us
to distinguish between gender-specific
differences (at least in our population)
in such factors as neonatal vitamin D
levels, PTH secretion, ordietary calcium
absorption or an ascertainment bias
due to increased susceptibility ofmales
to hypocalcemic seizures. We found no
differences in the vitamin D levels of
malesversus females (datanot shown).
Population-based studiesmight be able
to address some of these possibilities.

Although a seasonal variation in the
incidence of neonatal hypocalcemia (ie,
decreased incidence insummermonths)
would support an etiologic role for vi-
tamin D deficiency in the pathogenesis of
late-onset neonatal hypocalcemia, our
data did not show seasonal variations in
either vitamin D levels or incidence of
hypocalcemia (not shown). This is con-
sistent with the observed lack of sea-
sonal variation in vitamin D levels in our
obesity clinic population, particularly
among Hispanic and African American
patients, which may reflect lifestyle
choices in our locale that limit sun
exposure.26

In addition to the high prevalence of
vitamin D deficiency, 75 of 78 infants
were also hypomagnesemic, a well-
recognized risk factor for hypocalce-
mia.27 It is noteworthy but not surprising
that magnesium and PTH levels were
not correlated in our patients. Mag-
nesium is necessary for both PTH
secretion and peripheral responsive-
ness to PTH,27 and decreased PTH se-
cretion due to hypomagnesemia may
have been partially counterbalanced
by compensatory increases in PTH se-
cretion in response to hypocalcemia
caused by alterations in responsi-
veness to PTH. The coexistence of mul-
tiple biochemical abnormalities in this
population suggests a synergistic role
for hypoparathyroidism, vitamin D
deficiency, and hypomagnesemia in
causing severe late-onset neonatal
hypocalcemia.

A retrospective determination of the
necessary duration of therapy for
a purportedly transient condition,
without prospectively defining the cri-
teria for adjusting and eventually stop-
ping treatment, might be confounded by
variations in practice between physi-
cians. Nevertheless, our study suggests
that only 1 to 2 months of individualized
treatment is necessary for neonates
with transient hypocalcemia, aside from
ongoing routine vitamin D supplemen-
tation. Recommendations for the man-
agement of neonatal hypocalcemia in
widely used pediatric texts (Table 3)
are inconsistent in their recommenda-
tions for the use of infant formulas with
low phosphorus content and are often
nonspecific in their recommendations
of particular forms of vitamin D to treat
these infants. Our data suggest a role
for calcium and magnesium supple-
mentation, low-phosphorus formula,
and supplementation with both the
activated form of vitamin D (calcitriol,
ie, 1,25-dihydroxyvitamin D) and 1 of its
inactive parent compounds (vitamin D2
[ergocalciferol] or vitamin D3 [chole-
calciferol]). Calcitriol supplementation
compensates for the body’s inability
to efficiently convert 25-hydroxylated
forms of vitamin D to 1,25-dihydroxy-
lated forms due to decreased 1-a hy-
droxylase activity in the setting of
hypoparathyroidism.

Our data suggest that electrophysio-
logic, genetic, and radiographic studies
should not play a role in the initial
evaluation of neonates with moderate-
to-severe hypocalcemia. The 1 infant
with DiGeorge syndrome who pre-
sented with hypocalcemia (not included
in the analyses) had dysmorphic facies,
and whereas the hypocalcemia was
transient, this infant was diagnosed
with congenital heart disease soon af-
terward. It is also noteworthy that this
infant had an initial 25(OH)D level of 147
nmol/L (59 ng/mL), whichwas∼4 times
higher than the mean 25(OH)D level of

ARTICLE

PEDIATRICS Volume 129, Number 6, June 2012 e1465
 at Chulalongkorn University Fac of MED on June 7, 2012pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


all other subjects, suggesting a dis-
tinct pathogenetic mechanism for hy-
pocalcemia in this condition. Our data
suggest that performance of fluores-
cence in situ hybridization studies in
these neonates is not indicated in
the absence of concurrent facial dys-
morphia or cardiac pathology, except
in cases of persistent hypoparathy-
roidism.

Additionally, our data suggest that
neuroimaging studies areof lowyield in
this neonatal population. No evidence-
based guidelines exist for the evalua-
tion of neonatal seizures. The American
Academy of Neurology’s Practice Pa-
rameter for the evaluation of first
nonfebrile seizures only extends re-
commendations down to children 1

month of age and older and advises
that MRIs are the preferred imaging
modality and that they should be “se-
riously considered” in children under 1
year of age.28 Our data lead us to rec-
ommend that head computed tomog-
raphies and MRIs should be withheld
from the evaluation altogether in
infants,1 month of age with seizures
and concurrent moderate-to-severe
hypocalcemia, unless there is evidence
of trauma, congenital anomalies of
the head, or persistent seizures after
the hypocalcemia has been treated.
However, although no patient had pos-
itive blood or cerebrospinal fluid cul-
tures, we refrain from suggesting that
these studies be omitted given the po-
tentially devastating consequences if

diagnosis of a serious neonatal infec-
tion is delayed.

In summary, we recommend that the
evaluation of neonates presenting with
late-onset hypocalcemia should include
an initial assessment of calcium, phos-
phorus, magnesium, intact PTH, and 25
(OH)D levels. Neuroimaging and genetic
studies can be deferred in the absence
of focal neurologic findings or features
of dysmorphism or cardiac abnormal-
ities, respectively. Although manage-
ment should be individualized, therapy
with calcium supplements, vitamin D
in the form of 1,25-dihydroxyvitamin D
and D2 or D3, magnesium (IV and/or
oral), and a formula low in phosphorus
for a short duration of 1 to 2 months
appears to be effective in treating neo-
nates presenting with late-onset hypo-
calcemia.

CONCLUSIONS

Moderate-to-severe late-onset neonatal
hypocalcemia is more common in His-
panic andmale infants, is usually a sign
of coexistent vitamin D deficiency and
hypomagnesemia, and is readily man-
aged with therapy of limited duration.
Neonates presenting with seizures who
have moderate-to-severe hypocalce-
mia but no other causes for concern
are unlikely to benefit from studies to
screen for DiGeorge syndrome or from
neuroimaging studies.
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