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Subcutaneous fat necrosis (SCFN) is a noninfectious panni-
culitis that occurs in term infants who experience significant
distress in 1st weeks of life, including hypoxic ischemic
encephalopathy (HIE).1–3 Since the introduction of therapeu-
tic hypothermia for HIE, there have been a few case reports
SCFN published following this modality of treatment.4–6

Although, most cases of SCFN resolve spontaneously, SCFN
may be associated with hypercalcemia, which may some-
times reach dangerous levels.7–9 Approaches used for the
management of this potentially life-threatening condition,
include hyperhydration, calciuric diuretics, corticosteroids
and in more resistant cases pamidronate, a bisphospho-
nate.9–14We report our experience on the use of pamidronate
in two cases of severe hypercalcemia associated with SCFN

following therapeutic hypothermia for HIE. We believe that
with increasing use of therapeutic hypothermia for HIE,
clinicians are likely to encounter this condition more
frequently.

Case Report

Case 1
A full-term female infant, born by emergency caesarean
section due to fetal distress to a 34-year-old primi gravida
mother whose pregnancy was complicated with gestational
diabetes controlled by diet. Resuscitation in case room in-
cluded intubation at birth for thick meconium and blood
clots; baby required intermittent positive pressure
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Abstract Subcutaneous fat necrosis (SCFN) is a noninfectious panniculitis that occurs in term
infants who experience significant distress in the 1st weeks of life, including hypoxic
ischemic encephalopathy (HIE). Since the introduction of therapeutic hypothermia for
HIE, there have been a few published case reports of SCFN, following this modality of
treatment. Although, most cases of SCFN resolve spontaneously, SCFN may be
associated with hypercalcemia, which may sometimes reach dangerous levels.
Approaches used for the management of this potentially life-threatening condition,
include hyperhydration, calciuric diuretics, corticosteroids, and in more resistant cases
pamidronate, a bisphosphonate.We report our experience on the use of pamidronate in
two cases of severe hypercalcemia associated with SCFN following therapeutic hypo-
thermia for HIE. We believe that with increasing use of therapeutic hypothermia for HIE,
clinicians are likely to encounter this condition more frequently.
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ventilation on 100% oxygen and was transferred to the
neonatal intensive care unit (NICU). Her Apgar scores were
1, 6, and 8 at 1, 5, and 10 minutes, respectively, and the
cord pH was 6.85 and BE was �17. Based on clinical exami-
nation, cord pH and BE, the baby was diagnosed to have HIE
and qualified for therapeutic cooling.

Baby underwent a complex course at the NICU which
included persistent pulmonary hypertension secondary to
meconium aspiration that was managed with surfactant
therapy, high-frequency ventilation, inhaled nitric oxide
and prostacyclin, multiorgan dysfunction that involved resis-
tant hypotension with globally decreased biventricular func-
tion required inotropes (managed with multiple normal
saline boluses, dopamine, dobutamine, and hydrocortisone
infusions); acute renal failure and developed disseminated
intravascular coagulopathy at 4 hours of life (required multi-
ple transfusions of fresh frozen plasma, cryoprecipitate as
well as red blood cells and platelets transfusions). Baby had
partial sepsis work-up and completed 5 days course on
antibiotics.

P-therapeutic hypothermia was initiated within the 1st
hour of life and continued for 72 hours. The core body
temperature was maintained at 34°C during cooling and
after 72 hours the baby was rewarmed at a rate of 0.5°C/h
until a normal body temperature of 36.5°C was reached.
There were no clinical seizures or abnormal neurological
symptoms noted during her hospital stay. Magnetic reso-
nance imaging (MRI) of the brain performed on the 5th day of
life demonstrated small areas of questionable ischemic
changes in the occipital cortex bilaterally. Electroencephalo-
gramwas done twice (on days 3 and 5) and showed nonspe-
cific slowing with no epileptogenic potentials or subclinical
seizures.

On the 10th day of life, she developed nodular, indurated,
erythematous lesions in the right shoulder and interscapular
space typical suggestive of SCFN (►Figs. 1 and 2) with total
affected area approximately 17cm2 of skin surface. In view of
potential risk of hypercalcemia serial calcium levels were
done during the first 3 weeks of life and were unremarkable.
However, on the 26th day of life her calcium level was
4.15 mmol/L (normal range 1.9–2.6 mmol/L) with ionized
calcium of 1.86 mmol/L (normal levels). Other laboratory
tests showed normal levels of phosphate (1.92 mmol/L),
alkaline phosphatase (172 units/L), and 25-hydroxy vitamin
D (100 mmol/L). Parathyroid hormone level was significantly
decreased (less than 4 mg/L—normal range is 13–54 mg/L).
Vitamin D supplements were stopped, and oral feeds were
stopped. Intravenous fluids were given for hyperhydration
and furosemide was started in a dose of 1 mg/kg per dose
every 12 hours.

Despite this aggressive treatment, calcium levels did not
show significant improvement (calcium was 3.56 mmol/L),
pamidronatewas started on day 27 of life in a dose of 0.25mg/
kg, and level of total calcium postinfusion was 3.5 mmol/L
with ionized calcium of 1.5 mmol/L. Given the small decrease
in calcium levels, a higher dose of 0.5 mg/kg on three
consecutive days starting on day 28 of life resulted in nor-
malization of calcium levels. Total duration of hypercalcemia

(with treatment) was about 1 week. No side effects were
observed during treatment.

Total calcium before discharge home on day 33 of life was
2.94 mmol/L with ionized calcium 1.6 mmol/L. To date, all
calcium levels postpamidronate treatment have been normal
last calcium level at the age of 2months was 2.65mmol/L and
phosphate 1.79 mmol/L. Mild nephrocalcinosis was noted on
renal ultrasound on 26th dayof life. A repeat renal ultrasound
on 45th day of life showed signs of resolution of the neph-
rocalcinosis (►Fig. 3). Baby continues to gain weight on
exclusive breastfeeding. The follow-up of serum calcium level
will be continued till 6 months. Vitamin D is on hold at least
for next 3 months.

Case 2
A full-term female infant, born by spontaneous vaginal
delivery to a 27-year-old primi gravida mother with an
uneventful pregnancy. At the time of birth there was a knot
in the umbilical cord and thick meconium was present. Her
Apgar scores were 5, 7, and 7 at 1, 5, and 10 minutes,
respectively; the cord pH was 7.11 (BEwas not documented);
baby cried and was vigorous at birth, resuscitation in case

Fig. 1 Subcutaneous fat necrosis on baby N, on day 12 of life, with
nodular, indurated, erythematous lesions in the right shoulder and
interscapular space.

Fig. 2 Same infant on day 20 of life, lesions are less erythematous,
started to resolve.
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room included oral suction only. Baby initially did well but
within 1st hour of life developed progressive respiratory
distress that required intubation and surfactant administra-
tion. In view of worsening condition baby was transferred to
the level-three intensive care.

Course at NICU was complicated and included persistent
pulmonary hypertension secondary to meconium aspira-
tion that wasmanagedwith surfactant therapy, mechanical
ventilation, and inhaled nitric oxide. Systemic hypotension
managed with normal saline boluses, dopamine, and do-
butamine. Although blood cultures were negative, the baby
received 7 days of antibiotics for presumed sepsis. Themost
serious part of clinical course was HIE that presented on the
1st day of life with central hypotonia, tonic-clonic seizures,
and abnormal eye movements. Therapeutic hypothermia
was initiated immediately and continued for 72 hours.
Seizures were treated with phenobarbital. Follow-up
MRI showed bilateral occipital subdural hematomas and
follow-up electroencephalogram was normal. At the age of
14 days she developed firm erythematous subcutaneous
lesions on the nape of her neck, between the scapula and
over the shoulders which were diagnosed as SCFN. Approx-
imate affected area was about 18 cm2 of skin surface.
Calcium level at the time was high normal (2.82 mmol/L).

At the age of 29 days she was readmitted through the
emergency room for failure to thrive, hypotonia, and lethargy
and found to have critical hypercalcemia with a total calcium
level of 4.25 mmol/L and ionized calcium of 1.91 mmol/L. She
was immediately transferred to pediatric intensive care unit
with diagnosis of serious hypercalcemia secondary to SCFN.
Initial management was hyperhydration, diuretics, and
methylprednisolone 2 mg/kg/dose, and one dose of pamidr-
onate 0.5 mg/kg. Initial normalization of calcium level was
followed by rebound up to 3.19 mmol/L, and a repeat dose of
pamidronate was given which normalized the calcium. No
side effects were observed during treatment. Total calcium
before dischargehome on day 38 of lifewas 2.71mmol/L with
ionized calcium 1.4 mmol/L. Babywas subsequently kept on a
low vitamin D and low calcium diet (Calcilo XD). She was
followed by Pediatrician, endocrinology, and nephrology

clinics for failure to thrive, hypercalcemia and bilateral neph-
rocalcinosis. Subsequent calcium levels at follow-up till the
age of 3 months were normal (►Fig. 4).

Discussion

SCFN is a noninfectious inflammatory disorder of adipocytes
presenting within 1st weeks of life as erythematous, indurat-
ed, painful, subcutaneous nodules usually located over the
cheeks, back, shoulders, and buttocks. Although the cause is
unknown, typically, there is a history of intrauterine or
perinatal distress in almost all cases. Predisposing conditions
include but are not limited to ischemic injury, perinatal
hypoxia, hypothermia, meconium aspiration, Rh incompati-
bility, obstetric trauma, sepsis, gestational diabetes, and
preeclampsia.2,3,11 The subcutaneous fat in infants has a
high concentration of saturated fatty acids (stearic and pal-
mitic acids) with a high melting point. In addition, enzyme
systems involved in fatty acid metabolism are not fully
developed.1,9,12 Different stressors may exacerbate this en-
zyme defect and result in increased levels of saturated fatty
acids in fat deposits. At the same time, high melting point of
the saturated fatty acids may cause crystallization of fat,
result in adipocyte necrosis triggering a granulomatous reac-
tion.5,7,15 SCFN is mostly a self-limited process that resolves
within weeks or months. However, this condition known to
be associated with frequent metabolic complications as hy-
poglycemia, hypertriglyceridemia, or with hematological
complications as anemia and thrombocytopenia. Hypercal-
cemia is the most dangerous one. Local lesions gradually
become in afibrosedwith fat atrophy. There are no commonly
known cosmetic consequences of this condition.3,7,9 The
differential diagnoses include sclerema neonatorum, erythe-
ma nodosum, and bacterial cellulitis. Common comorbidities
associated with SCFN include hypoglycemia, anemia, throm-
bocytopenia, hypertriglyceridemia, and potentially life-
threatening hypercalcemia.2,10,14,16 Hypercalcemia usually
develops when skin lesions begin to resolve. However, skin
lesions usually resolve over a period of weeks to several
months, while hypercalcemia can persist longer and require

Fig. 3 Calcium level for infant N: before, during, and after the
treatment.

Fig. 4 Calcium level for infant F: before, during, and after the
treatment.
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regular monitoring. In some cases hypercalcemia may pres-
ent as late as up to 6 months after the fat necrosis resolved.8

The exact cause of hypercalcemia in SCFN is unknown.
Possible explanations include high levels of 1, 25-dihydrox-
yvitamin D3 secreted by macrophages resulting in increased
calcium absorption, increased prostaglandin activity leading
to osteoclast activation, and direct calcium release from
necrotic fat cells.7,17,18

The first line of treatment for hypercalcemia in infants
with SCFN is hyperhydration, calcium wasting diuretics, and
dietary vitamin D and calcium restriction. In case of danger-
ously high hypercalcemia alternative choices are corticoster-
oid therapy and pamidronate.9,14,16,19

Corticosteroids act slowly than pamidronate and in most
cases help to achieve normalization in serum calcium level
within a week. The mechanism of their action is interference
with the metabolism of vitamin D and increase renal calcium
excretion, raising the risk of common complications such as
nephrocalcinosis.4,5,14

In situations when a rapid response is desired, pamidro-
nate is another valid option. Pamidronate belongs to the
bisphosphonates group of drugs and acts by inhibiting the
activity of osteoclasts and blocking dissolution of bone calci-
um phosphate (hydroxyapatite) crystals. Bisphosphonates
bind closely to hydroxyapatite bone mineral surfaces and
are selectively internalized by osteoclasts, where they inhibit
their activity.18 Nitrogen-containing bisphosphonates inhibit
the mevalonate pathway, the main target being farnesyl
diphosphate synthase.17

Side effects of pamidronate include an acute “flu-phase”
reaction with fever, myalgia, bone pain, vomiting, and hypo-
calcemia. Three to four doses of pamidronate 0.25–0.5 mg/kg
have been found to be both effective and well tolerated in
neonates.14,15,19 Alos et al16 reported four patients with
severe hypercalcemia secondary to SCFN who received three
to four doses of pamidronate (0.25–0.50 mg/kg/dose). The
author suggested that pamidronate may be used as first-line
treatment for severe hypercalcemia in infants with SCFNwith
the aim of reducing nephrocalcinosis. To date only 11 patients
with hypercalcemia secondary to SCFN treated with intrave-
nous pamidronate havebeen reported in the literature.16,20 In
the two presented cases we described the effective normali-
zation of calcium levels after pamidronate treatment and not
to corticosteroids. In the first case, pamidronate was started
early, used in daily injections regimen, and did not cause any
side effects.

Conclusion

In conclusion, newborns with HIE treated with therapeutic
hypothermia can develop SCFN which may lead to signifi-
cant hypercalcemia. With the increasing use of therapeutic
hypothermia for HIE, health caregivers looking after infants
are likely to encounter this condition more frequently. In
the two presented cases of critical hypercalcemia that did
not respond to diuretics and hyperhydration, pamidronate
was effective as a fast and safe treatment for hypercalcemia
that could minimize or totally eliminate the need for

therapy with corticosteroids and decrease the length of
hospital stay.
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