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SUMMARY
Introduction: Hypocalcemia in preterm infants could occurs as early or late. Causes of late
onset of hypocalcaemia: maternal vitamin D deficiency, metabolic syndromes, congenital
abnormalities, iatrogenic (transfusion, bicarbonate therapy, phototherapy, antibiotics).
Case report: The authors describe the occurrence of late hypocalcemia following transfusion of erythrocytes to the second newborn from a twin pregnancy born prematurely in the
32/33 week of gestation. Mother is diabetic and has hypertension, edema, hypothyroidism,
and preeclampsia during pregnancy. Due to the detected pyelectasis in newborn, prophylactic use of cephalexin was introduced. At the end of the first month of life, anemia
appear indicating a transfusion. The infant received 50 ml an O+ leukodepleted RBC transfusion. Immediately after transfusion was completed, there is a short-term deterioration
of the general condition. Cyanosis, stiffness, trismus, and bradycardia appear within a few
seconds. DAT was negative, bilirubin in the reference range. After transfusion, laboratory,
echosonographic examination, neurological examination, EEG and ECG showed normal results. It was concluded that the adverse reaction was probably caused by transfusion.
Conclusion: In preterm infants, hypocalcaemia may occur during transfusion due to citrate
overload. Children of diabetic mothers, on antibiotic and photo therapy are at higher risk
of developing hypocalcemia. Future studies should evaluate incidence rate of adverse
transfusion reactions in newborns.
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INTRODUCTION

© The Serbian Medical Society 2014

Neonatal hypocalcemia with a special
reference to prematurity
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Hypocalcemia is a common metabolic problem in newborns [1,2]. In term and preterm
infants weighing >1500 g hypocalcemia is defined as total serum calcium concentration <
2 mmol/L (8mg/dL) or ionized calcium < 1.1
mmol/L (4.4mg/L). Hypocalcemia in preterm
very low birth weight infants weighing <1500 g

is total serum level < 7 mg/dl (1.75 mmol/L)
or ionized calcium <4 mg/dL (1 mmol/L). It is
also defined as an ionized calcium level < 3.0
to 4.0 mg/dL (< 0.75 to 1.10 mmol/L), depending on the method used [3,4,5]. The concentration of serum calcium in newborns reaches
levels seen in older children and adults by two
weeks of age [6, 7].
Early neonatal hypocalcemia occurs
within 48-72 hours of birth and it is most com-
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monly seen in preterm infants and very low
birth weight infants, infants asphyxiated or
depressed at birth, infants of diabetic mother,
and intrauterine growth restricted infants. The
degree of hypocalcaemia is connected with the
severity of diabetes in the mother. Magnesium
depletion in mothers with diabetes mellitus
causes a hypomagnesaemia state in the fetus,
which induces functional hyperparathyroidism and hypocalcaemia in the infant. In addition infants of diabetic mothers have higher
serum calcium in utero and this may also
suppress the parathyroid gland. A high incidence of birth complications due to difficult
delivery and, in some cases, higher incidence
of preterm birth in infants of diabetic mother
are contributing factors for hypocalcemia. Infants with intrauterine growth restriction may
develop hypocalcaemia because of decreased
transplacental passage of calcium. In addition,
decreased accretion is present if they are delivered preterm or have experienced perinatal
asphyxia as a result of placental insufficiency
[8,9]. Causes of early onset hypocalcaemia:
prematurity, preeclampsia, infant of diabetic
mother maternal intake of anticonvulsants
(phenobarbitone, phenitoin sodium), maternal hyperparathyroidism [9,10]. Perinatal
stress/asphyxia, neonatal asphyxia, can lead to
elevated levels of serum calcitonin, which inhibits calcium leaching from bones and consequential low calcium levels in blood iatrogenic
(alkalosis, use of blood products, diuretics,
phototherapy, lipid infusions etc) hypoalbuminemia [11].
Causes of late onset of hypocalcaemia: hypomagnesemia, maternal vitamin D
deficiency [12,13], malabsorption, renal insufficiency, hepatobiliary diseas, PTH resistence,
primary and secondary hypoparathyroidism,
metabolic syndromes (Kenny-caffey syndrome long-chain fatty acyl CoA dehydrogenase deficiency, Kearns-sayre syndrome), congenital abnormalities (DiGeorge syndrome),
hypoalbuminemia, iatrogenic (lipid infusions,
bicarbonate therapy, loop diuretics, glucocorticosteroids, phosphate therapy, alkalosis,
phototherapy, antibiotics [14,15]. The cause of
late-onset hypocalcemia is usually ingestion
of cow’s milk or baby formula soymilk with
a high phosphate load; elevated serum phosphate leads to hypocalcemia [3,16]. Hypocalcemia also appears due to transfusion with
citrated blood products [17,18,19].
Signs of neonatal hypocalcemia inwww.hophonline.org

clude hypotonia, tachycardia, tachypnea,
apnea, poor feeding, jitteriness, tetany, and
seizures. Similar symptoms may occur with
hypoglycemia and opioid withdrawal. Neonatal hypocalcemia is diagnosed by measurement
of total or ionized serum calcium; ionized calcium is the more physiologic measurement,
because it does not require correction for protein concentration and pH. Prolongation of
the corrected QT interval (QTc) on ECG also
suggests hypocalcemia [5].
Adverse transfusion reactions (ATRs)
Transfusion-associated adverse reactions
(TAARs) can be immune and non-immune,
hemolytic and non-hemolytic, and by the
time of onset they can be early (24-72 hours
after transfusion) and late (after 3 days to 3
months). The most severe are Acute Haemolytic Reactions in response to erythrocyte antigens. Plasma ingredients most often cause
allergic reaction, TACO, TRALI. The presence
of leukocytes in the blood components gives
the largest spectrum of possible side effects: fever, tachycardia tachypnea, nausea, headache,
bradycardia, hypotension, GVHD [20].
Hypocalcemia belongs to early noninfectious, non-hemolytic adverse reaction
[19].
The prevalence of TAARs was significantly reduced in the transfusions when leukoreduction is done in blood units. Particularly,
the prevalence of allergy reactions and febrile
non-hemolytic reaction (FNHTRs) were significantly reduced. With the advance in transfusion medicine, blood transfusions are considered to be safe in general. However, there
is still some risk of complications. The risks
include circulatory overload, transfusion reactions, blood-borne infection, red blood cell allosensitization and hypocalcemia [21,22].
Critically ill patients receiving transfusions are often unstable and can therefore
present signs and/or symptoms compatible
with adverse transfusion reactions (ATRs)
during or after transfusion. Thus ATRs may be
underdiagnosed in these critically ill children,
with signs and symptoms being attributed to
the patient’s underlying disease. The incidence
of Transfusion adverse events (TAE) is often
underestimated, and due to their dependence
on passive reporting they are underreported
[23,24,25].
The aim: to present case report of a
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newborn with a symptoms of hypocalcemia as
transfusion adverse event

CASE REPORT
The authors describe the occurrence of hypocalcemia following transfusion of erythrocytes (RBC) to the second newborn from a
twin pregnancy born prematurely in the 32/33
week of gestation. Due to vital indications for
the mother, lung maturation was induced with
dexamethasone vial 4 mg/ml, and a cesarean
section was performed at 32/33 weeks of gestation. The newborn is male, body weight (BW)
1430g, body length 41 cm, head circumference 29 cm, Apgar score 8 in the first minute.
Pregnancy was induced by assisted reproduction methods (IVF / ET & It BR & gt). This is
the first pregnancy of this 49-year-old mother,
who is diabetic and has hypertension (160/
90mmHg), edema, hypothyroidism, and preeclampsia during pregnancy. Maternal blood
group is A RhD positive, anti-erythrocyte antibody screening negative, direct anti-human
globulin test (DAT) negative, indirect antihuman globulin test (IAT) negative.
The mother gave written informed
consent to publish her and the child’s clinical
case anonymously.
At birth, in the operating room, the
newborn cried. Physical finding: acrocyanotic,
normal heart function, but the respirations of
the newborn were irregular, so positive pres-

sure ventilation (PPV) was applied. Upon
admission to the intensive care unit, pediatric
status was performed, the child was moderately dyspnoeic, pale pink skin, heart rhythm was
correct, tones were clear, noise was not heard,
symmetrically audible breathing sound was
easily weakened basally. Neurological findings: appropriate for age and gestational age.
Non-invasive nasal continuous positive airway
pressure (nCPAP) was applied for one day and
i.v. hydration was started according to the recommendations [26]. Diffuse oxygen therapy
was continued for the next 6 days. Complete
blood count of the first day of life in the reference range (Hemoglobin is 205 g/L, hematocrit 0.597). The blood group of the newborn
is O RhD positive, direct antihuman globulin test (DAT) negative. Bilirubin was 162.4
μmol/L on the second day (reference values
102.9–128.6 μmol/L) so discontinuous phototherapy was applied until bilirubin dropped to
normal level within one week.
Minimal enteral intake (MEN) was
started (APTAMIL PREMATURE a 400gr
given 0.030) on the second day, gradually increased in volume and well tolerated with
progress in body weight. From the ninth day
on full enteral intake. At the end of the first
month of life, the newborn reached a weight of
2 kg.
At the end of the second week, there
is an increase in laboratory parameters for
infection (CRP 15.9 mg / l), with good clini-

Figure 1. Display of hemoglobin
values by days from birht
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cal condition. As CRP was maintained, urine
culture was performed and Klebsiella and
Enterobacter were isolated, and ultrasound
examination of the abdomen showed pyelectasis of the left kidney (sonographically identified pyelectasia of the left kidney), antibiotic
therapy was included according to the antibiogram (Amikacin 26mg at 36h IV, Pamecil amp
75mg 12h i.v.). Antibiotic and diffuse oxygen
therapy continued for the next 10 days. Due
to the detected pyelectasis, prophylactic use of
cephalexin was introduced.
At the end of the first month of life,
signs of anemia appear: hemoglobin (89g / l,
Hct 0.25) (Figure 1). After the clinical examination, the pediatrician and the clinical transfusiologist indicate an erythrocyte transfusion.
Fifty (50) ml of O RhD + leukodepleted RBC
in optimal additive solution are required. An
crossmatch was performed between neonatal
EDTA plasma and 2-day-old donor erythrocytes. The reaction was negative. The infant received an O+ leukodepleted RBC transfusion
in optimal additive solution. Transfusion rate
is in accordance with current recommendations (5 mL/kg/hr)/.
Immediately after the end of the
transfusion, there is a short-term deterioration
of the general condition. Cyanosis, stiffness,
trismus, bradycardia and generalized hypertonia occur within a few seconds. The signs receded after the application of oxygen for a few
seconds.
The blood bank was immediately informed and the investigation was initiated. The
study of the transfusion reaction did not prove
an immune reaction to the applied blood (DAT
was negative). He showed no signs of jaundice,
bilirubin in the reference range for that age
of the child (14.3 μmol/L). After transfusion,
laboratory, echosonographic examination of
the heart and abdomen, neurological examination, EEG and ECG were performed, which
showed normal results. In the further clinical
course of the newborn with a stable general
condition, care in the crib was continued, with
normal vital parameters, with progression to
BW. Calcium values 24 hours after transfusion were 2.53 mmol / L (satisfactory values
for preterm LBW infants is greater than 1.75
mmol / L), which is a sign of recovery. It was
concluded that the adverse reaction was probably caused by transfusion, in accordance with
the existing literature [19].
The newborn is discharged after 44
www.hophonline.org

days of hospitalization (October 30, 2020).
At discharge, the body weight is 2650 g, head
circumference of newborn is 35 cm, chest circumference is 33 cm, body length is 49 cm
meaning good general condition. Laboratory
parameters (CBC, CRP, glycemia, urea, creatinine, proteins, albumins, electrolytes) within
the reference values. Screening for preterm
ostopenia neat, Ca 2.53 mmol / l, P 2.31 mmol
/ l, Alkaline Phosphatase 250 U / L. Skin pink,
clean. Head of correct configuration, large
fontanelle (LF) at the level of the surrounding
bones. The auscultatory finding on the lungs
is normal. Cardiac action is rhythmic, tones
clear, discreet systolic murmur. Abdomen soft,
liver and spleen within physiological limits.
The navel finding is neat. Neurological finding:
discrete hypotonia of neck and trunk muscles,
reflexes are symmetrically induced.

DISCUSSION
An adverse transfusion reaction occurs in
1.6% of children in pediatric intensive care
units (ICUs) and affects 10.8% of transfused
children in ICUs. In 15 percent of cases, these
ATRs represented a vital threat to already critically ill patients [23].
Hypocalcemia is a common metabolic problem in newborns. Hypocalcemia occurs
in approximately 30% neonatus [1]. About
33% of premature babies develop hypocalcemia within 48 hours of birth (early hypocalcemia), in 10-20% of babies born to diabetic
mothers or other endocrinology disorder,
mothers with hyperparathyroidism during
pregnancy, maternal hypovitaminosis D during pregnancy [10]. Hypocalcaemia can occur
even in the absence of risk factors [1].
During pregnancy, calcium (Ca) is
transferred actively from the maternal circulation to the fetus by a transplacental Ca pump.
The majority of fetal Ca accretion occurs in the
third trimester. This process results in higher
plasma Ca concentrations in the fetus than in
the mother, which in turn results in fetal total
and ionized Ca concentrations of 2.5 to 2.75
mmol/L and 1.5 mmol/L, respectively, in umbilical cord blood at term.
After the abrupt cessation of placental transfer of Ca at birth, neonatal total serum
Ca falls to 2 to 2.25 mmol/L), and ionized Ca
falls to levels as low as 1.1 to 1.35 mmol/L at
24 hours after delivery. Serum Ca concentration subsequently rises, reaching levels seen
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in older children and adults (from 2.1 to 2.7
mmol/L) by two weeks of age [6,7].
Hypocalcemia, low levels of calcium
in the blood could be related to 22q11. 2 deletion syndrome [27], and other genetically
determined disorders: Di George’s syndrome,
CATCH 22 syndrome, activating mutations
of the calcium sensing resceptor (CSR). Also
due to genetically determined metabolic syndromes: Kenny-caffey syndrome, long-chain
fatty acyl CoA dehydrogenase deficiency, Kearns-sayre syndrome [27]. In addition, hypocalcaemia may be iatrogenic due to neonatal
therapy: blood componenets, lipid infusions,
bicarbonate therapy, diuretics (loop diuretics), glucocorticosteroids, phosphate therapy,
Alkalosis, Phototherapy, aminoglycosides
(mainly gentamicin), viral gastroenteritis,
phototherapy, high phosphate intake (cow
milk) [3,10,28]. Newborn hypocalcemia can
also occur as a result of excessive maternal calcium intake during pregnancy [29]. Neonatal
asphyxia, can lead to elevated levels of serum
calcitonin, which inhibits calcium leaching
from bones and consequential low calcium
levels in blood [10].
The work of Rayannavar et al indicates that hypocalcemia is associated with
congenital heart disease in deletion syndrome
22q11.2, however in our case the ECHO of the
heart indicated a physiological finding of the
heart cavities and valves which excludes the
etiology of this syndrome [30].
The newborn in this case is male .
In the study of Thomasa TC on 78 newborns,
it was established that hypocalcemia is more
common in male newborns. (71.8%) Moderate-to-severe late-onset neonatal hypocalcemia is more common in male infants [31].
Kargar et al. suggest that hypocalcemia may occur due to phototherapy [32]. In
our case, the appearance of symptoms of hypocalcemia after transfusion cannot be explained
by the additional effect of phototherapy because phototherapy ended in the first week of
life and hypocalcemia as part of transfusion
occurred at the end of the first month of life
[14]. The occurrence of hypocalcemia cannot
be explained by a diet based on cow’s milk formula because the child is fed an adapted milk
formula for artificial feeding of newborns-Aptamil [16].
Cases of hypocalcaemia due to the
use of antibiotics, primarily amikacin, have
been described. Since we have therapeutically
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administered amikacin in the case of our newborn, we can consider it an additional factor in
the development of hypocalcemia [15].
Transfusion reactions can occur to
all the ingredients present in a unit of blood.
In addition to ATR on blood components, adverse reactions may also occur to the optimal
additive solution (OAS) [33,34]. and other
unexpected ingredients [18]. When large volumes of blood components containing citrate
are transfused rapidly, increased plasma citrate
chelates calcium ions resulting in hypocalcaemia and its symptoms. Hypocalcaemia caused
by citrate overload can usually be treated by
slowing down the infusion rate. Calcium replacement is indicated in massively transfused
patients, particularly those with severe liver
disease or if symptoms of hypocalcaemia are
severe [34]. OAS is used to preserve the functionality of blood components, during storage,
with citrate being its obligatory ingredient. Citrate is necessary to prevent blood clotting, to
keep blood components fluid and functional
until use. Stored blood is anticoagulated using
citrate (3 g/unit of RBC), so pediatric unit of
50 ml contains approximately ten times less
citrate (0.3g). In our case the newborn of 2 kg
received a total of 0.3 g which is 0.15 g / kg.
There are reported that during massive transfusion in adults, sodium citrate of 0.317 g /
kg / hr was fatal therefore in preterm infants
the risk is higher because citrate clearance is
reduced due to immature liver [19,23].
According to the guidelines, the
transfusion rate in neonatology is of 5mL/ kg/
hr. The total therapeutic dose is generally 15
mL/ kg for non-bleeding neonates [25,35]. In
neonates at risk for developing hypoclycemia
(maternal diabetes, prematurus, neonatal asphyxia), the transfusion rate needs to be adjusted [36]. When there are clinically justified
reasons for the occurrence of hypocalcemia
such as maternal diabetes, growth retardation, preeclampsia, autoimmune diseases and
the child undergoes phototherapy, the recommended transfusion rate should be reduced
to the lowest possible level (1 mL/kg/hr) [9,
31,36].
An acronym CATS: convulsions, arrhythmias, tetany, stridor and spasms is used
for complicatioons due to hypocalcemia [37].
Critically ill patients receiving transfusions are often unstable and can therefore
present signs and/or symptoms compatible
with ATRs during or after transfusion. Thus
Volume 8 • Number 3 • December 2021 • HOPH
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ATRs may be underdiagnosed in these critically ill children, with signs and symptoms being attributed to the patient’s underlying disease.
Although transfusion-induced side
effects are rare, clinicians should consider neonatal hypocalcemia prevention measures as
an effective therapeutic approach. Measures
to prevent hypocalcemia include: Proper control of blood sugar during pregnancy may help
avoid development of neonatal hypocalcemia.
Regular medical screening at periodic intervals with tests and physical examinations are
strongly recommended for pregnant women
with gestational diabetes, hyperparathyroidism, or any other illnesses [11]. Among blood
tests, ionized calcium, phosphate, alkaline
phosphatase, magnesium, albumin, and creatinine levels in addition to serum total calcium
level should be measured [11].
To evaluate calcium (Ca) status, we
recommend measurement of ionized Ca in
whole blood rather than total Ca, because it
more accurately reflects the physiologically
available Ca [6,11].This is particularly important in the first week of life when hypocalcemia is most common and accurate assessment
is essential.
Awareness of transfusion risks has led
to a reduction in the number of transfusions
given to newborns with birth weights from
1.0-1.5kg from 83% in 1982 to 36% in 1993
[38,39,40]. The results of the study by Kirpallani et al., as well as the ETTNO Randomized
Clinical Trial, did not show a protective benefit
of RBC transfusion for cognitive disorders, ie
the advantage of the liberal over the restrictive
transfusion approach. [40,41].
The studies indicate that transfusion
was often applied where it was not necessary
[38,42]. In order to reduce transfusion adverse
reactions in the most vulnerable pediatric subpopulation of VLBW neonates, it is necessary
to enable close and continuous collaboration
between pediatricians-neonatologists, transfusion medicine specialists and clinical pharmacologists in order to obtain „dedicated” blood
components, both with regards to quality and
quantity. able to meet the particular needs of
the neonate, especially considering the now increased survival of extremely low birth weight
(ELBW) babies and to establish appropriate
transfusion criteria for these VLBW infants
and write modern guides with precise criteria
and recommendations [43].
www.hophonline.org

Transfusion in pediatrics and neonatology should be used in accordance with the
recommendations for transfusion in pediatrics
and neonatology. In the further development
of these transfusion indications, it is necessary
to report in more detail the adverse reactions
to transfusion in neonatals and prematures
[1,35,36,44].

CONCLUSION
Transfusion advere reaction in our case occurred due to sodium citrate overload. The
newborn received 50 mL of RBC so he received a total 0.3 g of citrate or 0.15 g/kg.
The newborn in our case was at
higher risk of developing symptoms of hypocalcemia because he was born prematurely, his
mother is diabetic and he was on photo therapy and antibiotic therapy.
Improved surveillance of transfusions
given to PICU patients and better knowledge
of these reactions by health care professionals
should enhance the safety of transfusions by
early recognition of reactions.
Hemovigilance systems should aim at
identifying specifically the number and types
of adverse transfusion reactions that occur in
the pediatric population because the incidence
of the events may differ from the adult population. Successful pediatric haemovigilance is
possible with multidisciplinary teams of pediatricians, clinical transfusiologists and clinical
pharmacologists.
Future studies should evaluate incidence rate of adverse transfusion reactions in
newborns reported by hemovigilance systems
compared to observation prospective studies.
The autors insist on respecting side effects reporting and introduction of stimulation and
the possibility of sanctioning within the audit
control.
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Hipokalcemija novorođenčeta usled transfuzije
eritrocita: prikaz slučaja
Biljana S. Otašević, Bojana O. Petrović, Emina S. Čolak, Tatjana V. Nikolić,
Aleksandar O. Stefanović, Ljubinka I. Nikolić
A
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KRATAK SADRŽAJ
Uvod: Kod prevremeno rođene dece može biti rana i kasna. Uzroci kasne hipokalcemije: deficijencija vitamina D majke, metabolički sindromi, kongenitalne abnormalnosti, jatrogeni (transfuzija, terapija bikarbonatima, fototerapija, antibiotici).
Prikaz slučaja: Autori opisuju pojavu hipokalcemije kod prevremeno ređenog drugog
blizanca (32/33 nedelje gestacije) nakon transfuzije eritrocita. Majka je u trudnoći
imala dijabetes, hipertenziju, edeme, hipotiroidizam i preeklampsiju. Zbog detektovane pijelektazije novorođenčetu je ordiniran cefaleksin. Krajem prvog meseca
živora novorođenče pokazuje znake anemije zbog čega je transfundovano sa 50 ml
leukoredukovanih eritrocita krvne grupe O+. Neposredno nakon završetka transfuzije
stanje novorođenčeta se pogoršava. Javlja se cijanoza ukočenost, trizmus I bradikardija u trajanju od nekoliko sekundi. DAT je negativan, bilirubin u referentnom
opsegu. Nakon transfuzije, vrednosti laboratorijskih, ultrazvučnih, neuroloških nalaza, EEG i EKG su u fiziološkim granicama. Zaključeno je da je neželjena reakcija
najverovatnije prouzrokovana transfuzijom.
Zaključak: Kod prevremeno rođene dece hipokalcemija se može javiti u toku transfuzije zbog preopterećenja citratom. Deca majki dijabetičara, deca na antibiotskoj i
foto terapiji su u većem riziku za razvoj hipokalcemije. Potrebne su buduće studije da
evaluiraju incidence neželjenih transfuzijskih reakcija kod novorođenčadi.
Ključne reči: hipokalcemija, novorođenče, citrat, transfuzijske neželjene reakcije
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