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and model of pathophysiology
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Abstract

Background: Subcutaneous fat necrosis of the newborn (SCFN) is a rare disease occurring in the first days of life.
Characteristically, the infants show hard nodules in subcutaneous tissue, purple or erythematous in color and appear
on the upper back, cheeks, buttocks and limbs. In most cases, SCFN is a self-limiting disease, as the nodules disappear
in up to 6 months. A severe complication associated with SCFN is hypercalcaemia. Pathophysiological mechanisms
causing SCFN or associated hypercalcaemia are not fully understood yet.

Methods: A systematic literature research including the six biggest databases for medical research has been used to
identify all published case reports of SCFN. N = 206 publications has been identified containing n = 320 case reports.
All cases have been classified into four subgroups (depending on reported serum-calcium-level): hypercalcaemia, nor-
mocalcaemia, hypocalcaemia or no information given. Reported maternal factors, birth characteristics, details about
SCFN, diagnostics, therapy and long-term observations have been extracted from publications.

Results: This is the first systematic literature research that summed up all published cases of SCFN from 1948 up to
2018. Information about serum calcium level was given in 64.3% of the cases. From those, the majority showed hyper-
calcaemia (70.5%) (normocalcaemia 25.1%, hypocalcemia 4.3%). 89.3% of newborns with hypercalcaemia showed
suppressed levels of the parathormone. Maternal gestational diabetes, maternal hypertensive diseases during preg-
nancy, macrosomia (> 4000g), asphyxia and therapeutic hypothermia are risk factors for SCFN. Histological findings
showed a granulomatous inflammation in 98% of cases.

Conclusion: We identified that maternal, birth characteristics and therapeutic measures are probably risk factors for
SCFN. These risk factors should be taken into account within the care of neonates.
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Background

Subcutaneous fat necrosis (SCFN) is a very rare form
of panniculitis in the newborn, in which inflammation
of the subcutaneous adipose tissue usually occurs in
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the first days after birth [1]. It usually affects mature or
transferred infants, who clinically present with single or
multiple erythematous nodular/plaque-like indurations.
The back, shoulders, buttocks, cheeks and extremities are
considered predisposed sites. In addition to maternal fac-
tors such as gestational diabetes or maternal hyperten-
sion, birth asphyxia, meconium aspiration, or therapeutic
hypothermia for the treatment of perinatally occurring
hypoxic-ischemic encephalopathies (HIE) are thought to
be risk factors for the development of subcutaneous adi-
pose tissue necrosis. In most cases, the disease has a good
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prognosis with complete healing within several weeks
to months. However, various complications can occur,
which can sometimes have long-term consequences in
children with SCEN. Long-term complications of neo-
natal subcutaneous fat necrosis include atrophic scars
at the affected skin sites and persistent nephrocalcino-
sis. The most important acute complication of SCFN is
hypercalcaemia, which should be diagnosed and treated
in time because of its possible lethal course. Clinical indi-
cations for this are vomiting, somnolence, muscle weak-
ness, nephrocalcinosis and cardiac arrhythmias.

The underlying pathophysiological of SCEN is not
yet sufficiently understood. Several possible causes and
mechanisms are discussed in the literature: (a) less perfu-
sion leads to hypoxic cellular damage of the subcutaneous
adipose tissue [2], (b) the special composition of neona-
tal adipose tissue causes crystallisation of the fat during
hypothermia [3], (c) mechanical pressure is a triggering
factor of tissue hypoperfusion [4], (d) there is a relation-
ship between hypothermia/birth complications and the
function or localisation of brown adipose tissue [5]. Con-
comitant hypercalcaemia is one of the most common
complications of subcutaneous adipose tissue necrosis
in the newborn. This is thought to be caused by the fol-
lowing mechanisms: extrarenal vitamin D secretion by
macrophages [6, 7] and direct calcium release from the
skin lesions [8—10]. Holzel first suggested a relationship
between the occurrence of asphyctic events during birth
and the development of subcutaneous adipose tissue
necrosis [2]. In perinatal asphyxia, hypoxia and hyper-
capnia occur and are triggered by impaired placental or
pulmonary gas exchange in the neonate [11]. The hypoxia
that occurs leads to the initiation of the diving reflex in
the neonate as well as increased activity of the sympa-
thetic nervous system [12, 13]. As a result, there is a shift
in blood volume towards vital organs such as the heart,
brain, and adrenal glands and concomitant generalised
peripheral vasoconstriction [13, 14]. As a result, the per-
fusion of cutaneous tissues also decreases. Another cause
that leads to a decrease in perfusion in the cutaneous tis-
sue due to vasoconstriction is a drop in temperature as in
the case of therapeutic hypothermia [15-17].

The aim of the systematic review was to summarise
previously published case reports of neonates with sub-
cutaneous fat necrosis and to develop a pathophysiologi-
cal model for the SCEN on the basis of findings from
literature review.

Methods

Literature research

Six literature databases (PubMed/MEDLINE, OvidSP,
Cochrane Library, BIOSIS, DIMDI, Google Scholar)
were searched for defined search terms. The search

Page 2 of 16

terms listed below were used using Boolean operators
as part of the systematic literature search: subcutaneous
fat necrosis AND newborn, subcutaneous fat necrosis
AND hypercalcaemia, fat necrosis AND newborn AND
hypercalcaemia, fat necrosis AND newborn AND case,
fat necrosis AND newborn AND case, subcutaneous fat
necrosis AND nephrocalcinosis, subcutaneous fat necro-
sis AND vitamin D, subcutaneous fat necrosis AND
hypocalcaemia, “subcutaneous fat necrosis” AND “case
report” EndNote 20 (Alfasoft GmbH, Frankfurt, Ger-
many) was used as reference management tool. The first
step consisted of examining all titles or abstracts accord-
ing to defined inclusion and exclusion criteria. Inclusion
criteria were defined as: Confirmed SCEN diagnosis,
case report or case series, newborn/child < 2 years and
publication date between 1949 and 2018. Exclusion cri-
teria were defined as: No case report or case series, other
underlying disease (e.g. pancreatitis), report from ani-
mals, animal experiments, age of the patient > 2 years,
text or abstract not available in English, German, Span-
ish or Italian. The remaining texts were included in the
second step. This consisted of screening the full texts
according to inclusion and exclusion criteria. The fol-
lowing mentioned parameters were collected in a data-
base per case report/case series: (1) maternal factors: age
at birth of the child (years), gravida (number), maternal
risk factors (e.g. previous diseases), risk factors during
pregnancy (e.g. maternal smoking), (2) birth characteris-
tics: sex, gestational week, mode of birth (vaginal or sec-
tio ceasarea), birth weight (grams), APGAR score, birth
complications and their therapy, diagnostics in newborn
shortly after birth, (3) characteristics of the SCFN: age
at appearance of typical skin lesions, time point and age
at diagnosis, type of diagnosis (clinical or histological),
age at onset of electrolyte disturbance, macroscopic and
microscopic description of skin lesions, additional symp-
toms, diagnostic (laboratory findings, further diagnostics
e.g. sonography, electrocardiogram, therapy (admin-
istered drugs (time, amount, duration)), (4) course of
the disease: time point of healing, time point of the last
follow-up, duration between appearance of subcutane-
ous fat necrosis and electrolyte disturbance or between
appearance and healing of skin lesions, long-term
consequences.

Definition of sub-groups

To identify possible differences between patients with
or without concomitant hypercalcaemia, the patient
population was divided into four subgroups: (a) patients
with laboratory-proven hypercalcaemia (n = 146), (b)
patients with laboratory-proven normocalcaemia (n =
52), (c) patients with laboratory-proven hypocalcaemia
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(n =9) and (d) patients without laboratory information
regarding calcium levels (n = 113).

Results

Literature research

The systematic literature search resulted in a total
number of n = 2.255 articles (Fig. 1). Due to the search
terms used, duplicates occurred both within the indi-
vidual databases searched and between the various
databases themselves. These duplicates were identified
and automatically removed using the literature man-
agement programme. A number of n = 373 articles
remained, which corresponded to the pre-selection. In
the selection process that followed the systematic lit-
erature search, n = 74 articles were excluded in the first
screening. N = 299 articles were included in the full-
text analysis (Table S1). In the second selection step, a
further n = 93 articles were excluded with indication of
the respective reason (Table S2). A total of n = 206 pub-
lications were finally included in the analysis. Because
some publications described multiple case reports, this
resulted in a collective of n = 320 reported cases with
diagnosed SCEN. Distribution of patients among sub-
groups revealed n = 52 patients with normocalcaemia
(16.3%), n = 146 patients with hypercalcaemia (45.6%),
n = 9 patients with hypocalcaemia (2.8%) and n = 113
patients had no information in this regard (35.3%).
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Clinical characteristics of subcutaneous fat necrosis (SCFN)
Diagnosis

In 34.1% (n = 109) of all cases, the diagnosis of subcuta-
neous fat necrosis was made on the basis of the clinical
symptoms. In another 50% (» = 160) of the case reports,
histological examination was indicated in case of exist-
ing clinical suspicion, which contributed to the diagno-
sis. Lower proportions were diagnosed by radiological
methods (n = 17, 5.3%) and postmortem diagnosis (n =
4, 1.3%). In n = 30, no indication of the type of diagnosis
was given (data not shown).

Time of diagnosis

The diagnosis of subcutaneous fat necrosis (SCFN) in
newborns occurred in a short time interval after delivery
(median 7 days) (Table 1). In the group of patients with
hypercalcaemia, the diagnosis took place 1 day earlier
(median 6.5 days) than in the group of patients with nor-
mocalcaemia (median 7.5 days). Exclusively in the group
of patients with hypercalcaemia, subcutaneous adipose
tissue necrosis also occurred at > 30 days of age. In 3.4%
of all cases (n = 11), the occurrence of subcutaneous fat
necrosis was diagnosed in temporal connection with a
performed surgery. The time interval between the oper-
ation and the appearance of the skin lesions was 14-35
days. Among the n = 11 cases, n = 10 operations on the
heart were described, as well as n = 1 operation of an
abdominal hernia. In n = 5 patients, hypothermia treat-
ment was performed during surgery.

Database research

Screening (of titles and abstracts)

Identification of publications

Included publications

N=2.255
Exclusion of duplicates

N=1.882

N=373

Exclusion

N=299

Exclusion N=03

N=206

N=320 Patients with SCFN

n=52 patients with normocalcemia (16.3%)
n=146 patients with hypercalcemia (45.6%)
n=9 patients with hypocalcemia (2.8%)
n=113 patients had no information (35.3%)

Fig. 1 Flow chart of systematic literature research
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Table 1 Characteristics of SCFN in newborns

Subgroups
All patients (n = Normocalcaemia Hypercalcaemia Hypocalcaemia (n No information about
320) (n=52) (n = 146) =9) calcium level (n =113)
Age at diagnosis of N 297 42 136 8 108
SCFN [days after birth]  ean +5p 113+ 116 111491 1184120 63458 1144123
Size of skin lesion N 83 20 36 1 26
2

(em?) mean £ SD 17.3 +38.1 19.0 +33.8 2434503 38+0 8.1+938
Symptoms attimeof N 285 22 194 6 63
diagnosis
Radial paresis N (%) 30(10.5) 1(4.5) 0(0.0) 0(0.0) 29 (46.0)
Vomiting, diarrhoea N (%) 29(10.2) 1(45) 25(129) 0(0.0) 3(4.8)
Failure to thrive N (%) 28(9.8) 1(4.5) 27 (13.9) 0(0.0) 0(0.0)
Fever N (%) 25(8.8) 3(13.6) 17 (87) 0(0.0) 5(7.9)
Heart disease N (%) 21(74) 6(27.3) 13(6.7) 2(333) 0(0.0)
Weight loss N (%) 18 (6.3) 1(4.5) 16 (8.2) 0(0.0) 1(1.6)
Poor feeding (breast N (%) 18 (6.3) 209 15(7.7) 0(0.0) 1(1.6)
milk/formula)
Increased excitability N (%) 17 (6.0) 0(0.0) 16 (8.2) 0(0.0) 1(1.6)
Muscular hypotonia N (%) 11(3.9) 0(0.0) 8 (4.1) 1(16.7) 2(3.2)
Lethargy N (%) 11(3.9) 0(0.0) 8 (4.1) 0(0.0) 3(4.8)
Dehydration N (%) 10 (3.5) 0(0.0) 8(4.1) 0(0.0) 3(4.8)
Further® N (%) 37(23.5) 6(27.3) 41 (21.1) 3(50.0) 17 (27.0)
Serum calcium con- N - - 111 - -
centration [mmol/I] Mean &+ SD - _ 36406 _ _
lonised calcium N - - 19 - -
(mmol/I] Mean£SD - - 18410 - -
Vitamin D concentra- N 33 - - - -
tion (250HD3) N9/ Mean +£SD 239+ 158 - - - -
ml]
1,25(0H)2D3 [pmol/ll N 39 - - - -

Mean £SD 2129+ 1353 - - - -
Parathormon concen- N 28 - - - -
tration [pmol/I] Mean+SD 14.1 % 385 - - - -
Serum triglycerid con- N 18 2 14 2 -
centration [mg/dl] Mean £ SD 3463 £177.9 214475 3833+£1835 21924127 -
Time between N 122 - 114 8 -
diagnosis of SCFNand  pjean + 5D 186 + 322 - 193+ 327 88+ 240 -
electrolyte distur-
bance
Calcificationsinrela- N 97 5 85 1 6
tion to localisation
Kidney N (%) 46 (47.4) 0(0.0) 45 (53.0) 0(0.0) 1(16.7)
subcutanous N (%) 36 (37.1) 5(100) 26 (30.6) 1(100) 4(66.7)
Brain N (%) 4(4.1) 0(0.0) 4(4.7) 0(0.0) 0(0.0)
Myocard N (%) 3(3.1) 0(0.0) 2(24) 0(0.0) 1(16.7)
Liver N (%) 3(3.1) 0(0.0) 3(3.5) 0(0.0) 0(0.0)
Blood vessels N (%) 22.1) 0(0.0) 2(24) 0(0.0) 0(0.0)
Stomach N (%) 1(1.0) 0(0.0) 1(1.2) 0(0.0) 0(0.0)
Bronchia N (%) 1(1.0) 0(0.0) 1(1.2) 0(0.0) 0(0.0)
Metaphyses N (%) 1(1.0) 0(0.0) 1(1.2) 0(0.0) 0 (0.0
Symptoms and course N 140 26 65 8 41

of SCFN
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Table 1 (continued)
Subgroups

All patients (n = Normocalcaemia Hypercalcaemia Hypocalcaemia (n No information about

320) (n=52) (n = 146) =9) calcium level (n =113)
duration until healing  Mean £ SD  90.8 £ 65.1 90.8 + 60.2 1006 £ 783 79.5 +439 773+418
[days]
Localisation neutrophilic granulocytes, histiocytes and multinuclear

The characteristic skin lesions were reported in n = 176
children (85.4%) and were most frequently located on the
back (21.7%), followed by the thighs (17%), upper arms
(14.2%) and buttocks (9.3%) (Fig. 2). In n = 320 case
reports, n = 812 skin lesions were described. In each
child, the characteristic necrosis occurred in three differ-
ent localisations (data not shown).

Size of necrosis

The size of the necrosis varied greatly from 0.1 x 0.4
cm to 15 x 19 cm (Table 1). A tendency towards larger
skin lesions was observed in the group of newborns
with hypercalcaemia compared to the other two groups
of newborns dependent on serum calcium concentra-
tion (normo- and hypocalcaemia). Size of the lesion was
weakly positively correlated with serum calcium concen-
tration (r = 0.23; p > 0.05, data not shown).

Pathological finding of lesion

A description of the histologic picture was available for
n = 157 case reports. In patients in whom histological
examination was performed, characteristic features of
SCEN were described, including necrosis of adipocytes
in the subcutaneous tissue with surrounding granuloma-
tous reaction, an inflammatory infiltrate of lymphocytes,

giant cells in the subcutis, and partial deposition of cal-
cium salts in the necrotic tissue (data not shown).

Clinical characteristics of neonates with subcutaneous fat
necrosis (SCFN)

Gender distribution

Males and females were equally affected (n = 149 males
vs. n = 158 females) (Table 2). In the group of neonates
with hypocalcaemia (n = 8), primarily females were
affected (n = 7 females versus n = 1 male).

Birth weight

Evaluation of birth weight without regard to the week of
pregnancy the newborns show a trend towards higher
birth weights in the group of patients with hypercalcae-
mia compared with newborns in the group with normoc-
alcaemia (Table 2). The normocalcaemia group was the
only one in which birth weights of less than 2000 g were
described. In the hypocalcaemia group, birth weights
were a median of 1150 g below the total group of new-
borns (median 3700 g). Overall, n = 74 infants had birth
weights > 4000 g or were explicitly described as macroso-
mia. Evaluation of birth weights showed a trend towards
higher birth weights in the group of patients with
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Fig. 2 Reported localisation of subcutaneous fat necrosis in patients (n =number of patients in whom it was reported)
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Table 2 Birth characteristics in newborns with SCFN
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subgroups

All patients (n = 320)

Normocalcaemia Hypercalcaemia Hypocalcaemia No information about

(n=52) (n=146) (n=9) calcium level (n =113)
Sex N 307 50 138 8 111
Male N (%) 149 (48.5) 24 (48) 65 (47.1) 1(12.5) 59 (53.1)
Female N (%) 158 (51.5) 26 (52) 73 (52.9) 7(87.5) 52 (46.9)
Birth weight N 218 35 91 4 88
Mean £ SD 36064759 32324937 3873+650 29751763 36381560
APGAR score < 3 N 115 19 68 3 15
1 min N (%) 78 (61.4) 12 (46.2) 47 (68.1) 3 (66) 9(59.3)
Complications that N 522 78 284 17 146
occurred during or in the
first days after birth
Asphyxia N (%) 62 (11.9) 8(10.3) 30(10.6) 4(23.5) 20(13.7)
Respiratory distress N (%) 49 (9.4) 10(12.8) 26 (9.2) 2(11.8) 11(7.5)
Meconium aspiration N (%) 48 (9.2) 3(3.8) 35(12.3) 0(0.0) 10 (6.8)
Meconium in amniotic N (%) 41 (7.9) 6(7.7) 18 (6.3) 3(17.6) 14 (9.6)
fluid
Hypoglycaemia N (%) 41 (7.9) 4(5.1) 22(77) 1 15(10.3)
Hypoxic-ischemic N (%) 35 8(10.3) 1 534
encephalopathy
Cerebral seizures N (%) 27 (5.2) 4(5.1) 18 (6.3) 0(0.0) 5(34)
Sepsis or infection N (%) 22(4.2) 0(0.0) 11(3.9) 0(0.0) 11(7.5)
Hypoxaemia N (%) 20(3.8) 0(0.0) 10 (3.5) 0(0.0) 8(5.5)
Peripheral cyanosis N (%) 20(3.8) 5(6:4) 7(2.5) 0(0.0) 8(5.5)
Tachypnea N (%) 14 (2.7) 2(2.6) 5(1.8) 2(11.8) 5(34)
Hypotension N (%) 14 (2.7) 2(26) 9(3.2) 1(5.9) 201.7)
Anaemia/thrombocy- N (%) 14 (2.7) 2(26) 5(1.8) 0(0.0) 8(5.8)
topenia
Acute renal failure N (%) 10 (2.0) 2(2.6) 7(2.5) 0(0.0) 1(0.7)
Foetal disstress N (%) 10 (2.0) 3(3.8) 7 (2.5) 0(0.0) 0(0.0)
Bradycardia N (%) 10 (2.0) 1(1.1) 6(2.1) 0(0.0) 3.1
Dystocia N (%) 5(1.0) 3(3.8) 0(0.0) 1(5.9) 1(0.7)
Further N (%) 80 (15.3) 13 (16.7) 48 (16.9) 2(11.8) 17(11.6)
Treatment of birth complications
Drugs N (%) 78 (30.5) 14 (26.4) 37(30.3) 3(37.5) 24(32.9)
Intubation and ventilation N (%) 75(29.3) 15(28.3) 34 (27.9) 2(25.0) 24 (32.9)
Therapeutic hypothermia N (%) 51(19.9) 11 (20.8) 27 (22.1) 1(12.5) 12(16.4)
treatment
Reanimation N (%) 46 (18.0) 11(20.8) 23(18.9) 1(12.5) 11(15.1)
Coma N (%) 3(1.2) 0(0.0) 1(0.8) 0(0.0) 2(27)
Phototherapy N (%) 2(0.8) 2(3.8) 0(0.0) 0(0.0) 0(0.0)
Reduction of the intracra- N (%) 1(0.4) 0(0.0) 0(0.0) 1(12.5) 0 (0.0)

nial pressure

hypercalcaemia (median + 136 g) than in the other two
groups of infants (hypo- and normocalcaemia).

APGAR score

N = 78 (61.4%) of all newborns for whom an APGAR
score after the first minute of life was available had a
1-min APGAR of < 3 points, and only #» = 13 infants

(10.2%) had a 1-min APGAR of > 8 points (Table 2).
Especially in the group of patients with SCFN and with
hypercalcaemia, 68.1% of the newborns (n = 47) had
APGAR values between 0 and 3 and only 4.3% (n = 3)
had an APGAR value of > 8. More than 60% of the
infants (# = 56) showed an APGAR value of < 8 after
10 min.



Frank et al. Molecular and Cellular Pediatrics (2022) 9:18

Birth complications

The most frequently described birth complications were
asphyxia (n = 62, 11.9%), respiratory distress (n = 49,
9.4%) and meconium aspiration (n = 48, 9.2%). In the
group of neonates with SCFN and normocalcaemia, res-
piratory distress (n = 10, 12.8%) dominated, whereas in
the group of neonates with SCFN and hypercalcaemia,
meconium aspiration (n = 35, 12.3%) occurred more
frequently. Other complications that has been described
were meconium in the amniotic fluid, hypoglycaemia,
hypoxic-ischemic encephalopathy and cerebral seizures.

Treatment of birth complications

In 30.5% (n = 78) of all cases with birth complications
and information about the treatment of the birth com-
plications that occurred, drug therapies were initiated. In
29.3% (n = 75) of the neonates with birth complication
an intubation and ventilation were performed. Thera-
peutic hypothermia treatment was initiated in 19.9%
(n = 51) of the neonates. There were no differences
in the reported treatments of birth complications
between the three groups of calcium levels in infants
with SCEN.

Amniotic infection/early onset newborn sepsis

In N = 22 case reports, early onset sepsis or newborn
infection was reported as a complication that occurred
during or in the first days after birth in the children. In all
cases the infection was present prior to the SCFN.

Clinical symptoms

In the group of patients with hypercalcaemia, the typi-
cal symptoms of hypercalcaemia such as vomiting (n =
25, 12.9%), poor neonatal feeding (n = 15, 7.7%), failure
to thrive (n = 27, 13.9%), lethargy (n=8, 4.1%) and mus-
cular hypotonia (n = 8, 4.1%) were reported (Table 1).
In contrast, concomitant cardiac disease was most fre-
quently reported in patients with normal calcium levels
(n = 6, 27.3%). Laboratory chemistry was mainly used to
investigate parameters of calcium balance. The detected
serum calcium concentrations in the patients with hyper-
calcaemia (45.6% of all neonates) ranged from 2.59 to
5.34 mmol/l (3.6 + 0.6 mmol/l) for total calcium and for
1.33-5.60 mmol/l (1.8 £+ 1.0 mml/l) for ionised calcium.
The diagnosis of concomitant hypercalcaemia was made
in a period from 19 days before to 270 days after the first
appearance of subcutaneous fat necrosis. The median
of the data in terms of the length of time between the
appearance of subcutaneous fat necrosis and hypercal-
caemia was 10 days. The diagnosis of hypocalcaemia was
related to a shorter duration between diagnosis of SCEN
and the diagnosis of electrolyte disturbance.
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Serum vitamin D concentration

Serum vitamin D concentrations were measured exclu-
sively in the group of patients with SCEN and diagnosed
hypercalcaemia (with the exception of one patient)
(Table 1). 81.8% of the measured 25(OH)D3 concentra-
tions were within the normal range. A 1,25(OH)2D3 defi-
ciency was present in 33.3% of the patients (n = 13). An
elevation of 1,25(OH)2D3 was described in 46.2% (n =
18) of the neonates. For n = 28 patients, data on meas-
ured serum 1,25(0OH)2D3 and parathyroid hormone
(PTH) concentrations were reported. Regardless of the
level of 1,25(0OH)2D3, 89.3% of these patients showed
PTH below the reference range. This corresponds to an
overall proportion of 18% of all hypercalcaemia patients
with a PTH-independent elevation of serum calcium.
Only one patient showed an elevation of PTH at several
times in the upper normal limit.

Serum triglycerides

Serum triglyceride concentrations were reported in n = 27
patients (Table 1). 70.4% of them (n = 19) showed a
hypertriglyceridemia. In 78.9% of the patients with
hypertriglyceridemia (n = 15), hypercalcaemia occurred
simultaneously.

Calcifications in different tissues

Calcification in different tissues was described in 21.9%
of the neonates (n = 70) (Table 1). 47.4% of calcifications
were localized renally and 37.1% of the calcifications
were localized in the subcutaneous tissues. Patients with
calcifications showed higher calcium concentrations than
patients without calcifications (3.9 = 0.6 mmol/l vs. 3.4
+ 0.6 mmol/l) (data not shown). For patients with persis-
tent calcifications serum calcium concentrations of 4.2 +
0.5 mmol/l were reported. These calcium concentrations
were higher than in patients with a temporary calcifica-
tion. In the group of neonates with normoglycaemia, cal-
cifications were present in affected skin regions, whereas
in the group of neonates with hyperglycemia all calcifica-
tions occurred outside the necrosis (data not shown).

Duration until resolution of symptoms

The median duration of time between appearance and
healing of the affected skin lesion showed no differ-
ences in infants with SCEN and with diagnosed normo-
or hypercalcaemia (Table 2). In the group of neonates
with SCEN and with diagnosed hypercalcaemia, the
longest disease courses in the amount of 365 days have
been described. Complete healing of skin lesions was
described for N = 136 (42.5%) patients. No information
about the course of necrosis were available for N = 137
(42.8%) of the neonates with SCEN. 4.1% (N = 13) of the
neonates with SCFN died.
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Long-term consequences

In N = 137 patients, no information regarding long-term
effects were available. Complete healing of skin lesions
without other long-term conseqeunces was reported
in N = 136 case reports. For n = 34 patients long-term
consequences such as scars on the affected skin sites
and calcifications in various tissues have been described.
Majority of long-term consequences have been described
in the group of infants with concomitant hypercalcae-
mia. We observed a tendency for greater size of lesions
in the group of infants with hypercalcaemia compared to
the other groups of infants. The time of the last follow-
up in these patients was between 2 months and 10 years
of age. Another frequently described long-term conse-
quence was nephrocalcinosis. This episode occurred in n
= 21 infants with SCEN, and the age of the infants at the
last follow-up ranged from 4 months to 15 years. There
was no restriction of renal function recorded. Further
reported long-term conseqeunces were calcifications of
the myocardium (described in n = 3 patients) and calcifi-
cations at other sites such as the vena cava or in subcuta-
neous tissue (described in n = 2 patients). N = 2 patients
described persistent movement disorders due to the
paresis of the radial nerve and in # = 1 patient persistent
nephrolithiasis was described.

Treatment of SCFN-associated complications in neonates
Treatment of birth complications

N = 78 (30.5%) of cases received medical therapy and »
= 75 (29.3%) were intubated or ventilated. Therapeutic

Page 8 of 16

hypothermia treatment was initiated in n = 51 (19.9)
neonates, using either a cooling mat, selective head cool-
ing, or ice packs. Furthermore, reanimation had to be
initiated in # = 46 (18%) of the infants for whom infor-
mation regarding postnatal therapy was available.

Treatment of hypercalcaemia

Intravenous fluid substitution (i.v. hydration) was most
frequently reported (in #n = 73 case reports) to treat the
hypercalcaemia in newborns with SCEN. The administra-
tion of diuretics has been described for n = 72 patients
and the administration of glucocorticoids has been
described for n = 66 patients. Neonatal calcium- and
vitamin D-deficient nutrition was started in » = 60 neo-
nates with hypercalcaemia. Less frequently, bisphospho-
nates were administered (n = 23). Prophylactic neonatal
vitamin D administration was not started or interrupted
for the time being (n = 14), or various citrates were
administered (n = 20) (data not shown).

Maternal risk factors related to SCFN in newborns
Maternal and pregnancy parameters

Information about maternal age at time point of delivery
or number of pregnancies was available in only n = 73
of all case reports (n = 320) (Table 3). Mean maternal
age at time of delivery of the child was 30.8 &£ 6.7 years.
On average, it was the 3rd pregnancy (2.9 %+ 2.6). In one
third of the newborns, diagnosed with SCFN, the pres-
ence of gestational diabetes mellitus (GDM) (n = 24) or
maternal arterial hypertension or preeclampsia (n = 19)

Table 3 Maternal characteristics that are potentially related to the development of SCFN in their newborns

Subgroups

All patients (n = 320)

Normocalcaemia Hypercalcaemia Hypocalcaemia No information about

(n=52) (n=146) (n=9) calcium level (n = 113)
Maternal age at delivery N 73 14 28 1 28
(years) Mean SD 308467 314458 303454 30 307 + 805
Gestational diabetes N 24 3 10 1 10
% 233 15.8 333 100 323
Hypertension/preeclampsia N 19 5 4 0 9
% 184 263 133 0 290
Diabetes mellitus type 1 N 6 1 3 0 3
% 58 53 10 0 9.7
Maternal smoking N 6 2 2 0 3
% 58 10.5 6.6 0 9.7
Pregnancy duration (weeks) N 17 22 57 2 36
Mean £SD 393 £26 383+£37 39.7 £2.1 41+0 383+£3
Mode of delivery N 320 52 146 9 113
Vaginal N (%) 120 (37.5) 24 (46.2) 36 (24.7) 2(222) 58(51.3)
Sectio N (%) 154 (48.1) 23 (44.2) 83 (56.8) 7(77.8) 41(36.3)
No information available N (%) 46 (14.4) 5(9.6) 27 (18.5) 0(0.0) 14 (12.4)
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or diabetes mellitus type 1 (DM1) (n = 6) or the intake
of various medications or maternal smoking (n = 6) were
reported as pregnancy characteristics. The presence of
GDM or DM1 was higher in the group of neonates with
SCEN and with hypercalcaemia than in the group of neo-
nates with normocalcaemia (GDM n = 10 vs. (n = 3);
DMI1 n = 3 vs. n = 1). In n = 19 cases, maternal arte-
rial hypertension or preeclampsia was described as preg-
nancy characteristics.

Duration of pregnancy

Pregnancy duration was reported for n = 247 neonates
(77%). The average pregnancy duration was 39.3 £ 2.6
weeks (Table 3). 90% of the newborns were born after the
38th week of pregnancy. Ten percent of newborns were
born preterm (< 38th week of pregnancy). Newborns
without an electrolyte disturbance were born at 38.3 +
3.7 weeks of pregnancy, whereas newborns who devel-
oped hypercalcaemia during the disease course were
born at 39.7 £ 2.1 weeks of pregnancy.

Type of delivery

While in the group of newborns with SCEN and normoc-
alcaemia, vaginal delivery and section were performed
with equal frequencies (n = 24 vs. n = 23), in the group
of newborns with SCEN and with hypercalcaemia there
was a significantly higher proportion of section (n =
83, 56.8%) compared to vaginal delivery (n = 36, 24.7%)
(Table 3). The main reasons for a cesarean section were
foetal distress (58.3%, n = 60) and failure to progress in
the birth process (14.6%, n = 15).

Discussion

The aim of this systematic review was to identify pub-
lished cases of diagnosed SCEN in newborns in the lit-
erature, to summarise the described clinical feature, to
identify risk factors for the development of SCEN and to
summarise hypotheses of pathophysiology. We screened
n = 2.255 publications. N = 206 publications were finally
included in our analysis. In these, n = 320 cases of new-
borns with SCEN were described. We have observed that
(1) there were no gender differences in diagnosis of SCFN
in newborns, (2) the typical skin lesions of SCEN appear
usually 1 week after birth and were localized especially
on the back, shoulders, cheeks and proximal limbs, (3)
in most of the cases of newborns with SCEN, mothers
reported GDM, hypertension or preeclampsia during
pregnancy, (4) approximately 10 days after the presence
of typical skin lesion of SCEN, altered serum calcium
concentrations were described and 45.6% of the new-
borns with SFCN developed a hypercalcaemia (independ-
ent from PTH in 18% of the cases), (5) most of the skin
lesions healed without complications within 3 months,
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(6) in those newborns with SCEN and with hypercalcae-
mia it has been observed that there was a longer duration
of pregnancy, a higher birthweight, bigger skin lesions,
more concomitant symptoms and a longer course of dis-
ease compared to newborns with SCFN and with normal
serum calcium levels, (8) in 14.7% of the newborns with
SCEN long-term consequences have been described.

Gender differences in diagnosis of SCFN

Our observation of equal distribution of sex in newborns
diagnosed with SCEN is consistent with previous find-
ings from literature [18, 19]. This observation indicated
a sex-independent pathophysiological mechanism for the
development of SCFN.

Relationship between maternal metabolic factors

and SCFN in newborns

In the majority of the published cases of newborns with
SCEN, the mother reported GDM, hypertension or
preeclampsia during pregnancy. This is in line with litera-
ture, where it has been shown that the pregnancy meta-
bolic complications such as GDM and hypertension or
preeclampsia were significantly more frequent in mothers
of children with SCFN compared to the total complications
of pregnancy in the normal population (GDM 14.4 vs. 5.4%,
hypertensive pregnancy diseases: 18.2 vs. < 8%) [20, 21].

As a consequence of GDM, the fetus experiences an
increased insulin secretion. This can lead to an increase
in the amount of foetal adipose tissue and thus in an
increase in the birth weight [22]. In the presented sys-
tematic review, n = 74 newborns (33.9%) with later diag-
nosed SCEN had birth weights > 4000 g or were explicitly
described as macrosomia. This is in line with literature,
where it has been described that the incidence of mac-
rosomia in neonates with SCFN was higher than in the
general population (33.9 vs. < 10%) [23, 24]. It is assumed
that a birth weight > 4000 g is related to an increased
mechanical pressure at birth and an associated hypoper-
fusion of the tissue [25].

It is supposed that a placental insufficiency, caused
by hypertensive pregnancy complications, is the link
between hypertension or preeclampsia during preg-
nancy and the development of SCEN in newborns. Pla-
cental insufficiency is associated with an increased risk of
poorer foetal outcome, which includes a higher risk for
the occurrence of birth complications [8, 26].

Relationship between birth complications and SCFN

42.2% of the described birth complications in newborns
with SCEN (asphyxia, respiratory weakness, HIE, hypox-
aemia, infection or sepsis, peripheral cyanosis, hypoten-
sion, anaemia, foetal distress, bradycardia) were related
to peripheral tissue hypoxia. For 37.9% of the newborns
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with SCEN it has been described that a therapeutic
intervention in the form of resuscitation and therapeu-
tic hypothermia after birth was conducted. It is assumed
that a peripheral oxygen depletion occurred in these
infants because of the indication for the intervention or
because of the intervention itself. It is hypothesised that
an oxygen depletion leads to hypoxia and that a hypoxic
cell damage promotes the necrosis in skin lesions [2].
Figure 3 summarizes the possible causes and influences
leading to the hypoxic cell damage in the context of
SCEN in the newborn.

Localisation of SCFN in newborns

In the case reports evaluated in the present review, the
characteristic skin lesions of subcutaneous adipose tis-
sue necrosis were most frequently on the back, buttocks,
cheeks and proximal extremities. It is hypothesised that
there is a relationship between the location of SCFN and
the areas in which primary brown adipose tissue is local-
ized in neonates. In the newborn, brown adipose tissue
is localized interscapular (diamond-shaped), in the neck,
infraclavicular and axillary, along the intercostal arteries,
esophageal and tracheal, around large vessels, surround-
ing the kidneys and adrenal glands, and on the posterior
abdominal wall [27-29]. Ichimiya et al. examined biopsy
material from two children with SCEN from the affected
skin sites. Immunohistochemical staining with antibod-
ies against UCP-1, a protein specific for brown adipose
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tissue, demonstrated the presence of brown adipose tis-
sue within the necrotic tissue [5]. But within the here
presented systematic review, the affected skin areas of
SCEN were only in 34.5% of all cases in areas for which
the presence of brown adipose tissue has been described.

Age of onset and size of skin lesion typical for SCFN

in newborns and duration until electrolyte disturbances
were detected

For the majority of newborns with SCEN the presence
of typical skin lesions has been described within the
first week of birth. The presence of typical skin lesions
for SCEN on a later time point has only been reported
in newborns with SCEN and with diagnosed hypercal-
caemia. The latest time point of presence of typical skin
lesions for SCF has been reported at day 70 after birth.
In 98% of the newborns with SCEN the associated elec-
trolyte disturbance occurred within a period of 5 months.
This observation is in line with a previous work, which
described that electrolyte alterations in newborns with
SCFN were obtained within the first 6 months [30]. In
70.5% of the newborns with SCEN and for which serum
calcium levels have been reported, a hypercalcaemia has
been described. In previous case reports and reviews of
cases of newborns with SCEN, the frequency of hyper-
calcaemia has been reported in the range between 25
and 69% [18, 19]. The diagnosis of hypercalcaemia was
described at a median of 10 days after the presence of
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typical skin lesion of SCEN. Since the presence of a
hypercalcaemia is rare in neonates [31], this electrolyte
disturbance seems to be related to SCEN in newborns.
Interestingly, the time between the presence of typi-
cal skin lesions of SCEN and the diagnosis of an altered
serum calcium level was shorter in the group of patients
with SCEN and hypocalcaemia than in the group of
patients with SCFN and hypercalcaemia. The evalua-
tion of the size of the skin lesions showed no correlation
with serum calcium levels newborns with SCEN. How-
ever, there is a tendency for larger lesions in the group
of patients with hypercalcaemia compared to all other
patients. Furthermore, we observed that the presence of a
hypercalcaemia in newborns with SCEN is related to pro-
longed course of the disease, compared to newborns with
SCEN and normal serum calcium levels. One hypothesis
is, that this prolonged disease course is related to the ten-
dency of larger skin lesions in newborns with SCFN and
hypercalcaemia. It is assumed, that the size of skin lesion
correlates with the extent of inflammation and the resulting
immune response [10, 32, 33]. Since we observed in a sub-
group of patients with reported levels of serum 1,25(OH)2D3
and parathyroid hormone (PTH) that the majority of
these patients showed a suppressed PTH level, independent
of serum 1,25(0OH)2D3 levels, a PTH-independent but
immune-stimulated hypercalcaemia is assumed.

Relationship between serum calcium level

and calcifications in newborns with SCFN

In the presented systematic review, n = 70 newborns
with SCFN showed calcifications, of which 84.3% were in
the subgroup of newborns with SCEN and hypercalcae-
mia. 37.1% of the described calcifications were directly
in the necrotic skin area and 47.4% were present in form
of nephrocalcinosis/nephrolithiasis. Calcifications that
occurred outside subcutaneous tissue were found exclu-
sively in the group of newborns with SCEN and diag-
nosed hypercalcaemia. 58.7% of renal calcifications were
still persistent at the last follow-up visits, without con-
comitant impairment of renal function. Retrospectively,
patients with persistent nephrocalcinosis had the high-
est serum calcium levels. Calcifications in various tissues
are a frequent complication of hypercalcaemia [34]. We
assume that calcifications in subcutaneous tissues arise
primarily from a local process that is probably triggered
by the necrosis itself.

Relationship between the duration of the symptoms

of SCFN and serum calcium levels

Within the presented systematic review, we observed that
the duration of the symptoms of SCEN ranged between
14 and 365 days. We identified a dependency of dura-
tion of symptoms from measured serum calcium levels
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in newborns with SCEN. The duration of symptoms of
SCEN was similarly in the group of newborns with SCFN
with normal serum calcium levels and those with a
hypocalcaemia, but was longer in newborns with SCEN
and diagnosed hypercalcaemia. The longest described
duration of symptoms in the amount of 365 days has
been described in a patient with SCFN associated hyper-
calcaemia [35]. It is assumed that the presence of a
hypercalcaemia in newborns with SCEN is a risk factor
for a longer course of the disease. As we described before,
newborns with SCEN and diagnoses hypercalcaemia
tend to larger skin lesions. We hypothesise that a longer
duration of symptoms in these patients could related to
the larger size of skin lesion.

Therapy of SCFN-associated hypercalcaemia

Sixty percent of the newborns with SCEN with diag-
nosed hypercalcaemia were treated by iv. fluid
substitution, administration of loop diuretics and glu-
cocorticoids. Other patients received a low-calcium/
low-vitamin D diet. In 20% of the newborns with SCEN
with diagnosed hypercalcaemia a bisphosphonate
therapy was introduced. This form of therapy has pri-
marily described for newborns with a severe form of
hypercalcaemia [36-38]. To sum up, the treatment of
a hypercalcaemia in neonates includes a low calcium/
vitamin D diet, discontinuation of calcium/vitamin D,
i.v. hydration and the use of loop diuretics (e.g. furo-
semide). In addition, glucocorticoids or bisphospho-
nates can be used [31].

Long-term consequences of SCFN

Long-term consequences have been identified in this
systematic review in one of four newborns with SCFN.
These long-term consequences include scars at the
affected skin sites and persistent nephrocalcinosis. N =
13 infants died during the course of the disease, but in
60% of these the cause of death was not related to SCFN
and in the remaining # = 5 infants, the cause of death
remained unclear. However, it must always be taken into
account when interpreting these observations that persis-
tent calcifications are associated with the higher serum
calcium concentrations in newborns within the course of
the disease. As we have discussed in the section before,
an early identification of altered serum calcium levels
and the initiation of the treatment of increased serum
calcium level may reduce the risk of persistence calcifica-
tions. The results of this work suggest that calcifications
in subcutaneous tissues are mainly due to a local process
that is probably triggered by necrosis itself. However,
calcifications outside the subcutaneous tissue occurred
only when there was a systemically effective elevation of
serum calcium levels.
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Discussion of possible pathomechanisms

for the development of the SCFN in newborns

Mechanical compression as a cause of SCFN

In individual cases, skin lesions at sites that could
be associated with a local traumatic event have been
described in the literature [4]. In addition, shoulder
dystocia during delivery was reported in several infants
reported and their skin lesions subsequently appeared in
the neck, shoulders, axilla, sites that may be consistent
with the presence of shoulder dystocia [39-41]. However,
because subcutaneous adipose tissue necrosis also occurs
in infants without shoulder dystocia at the same sites, no
causal relationship between a possible mechanical com-
pression and the occurrence of the disease.

Therapeutic hypothermia as a cause of SCFN in newborns

In the literature, the implementation of therapeutic
hypothermia in newborns is discussed as an important
risk factor for the development of SCFN [14, 42]. Dur-
ing therapeutic hypothermia, the body temperature is
lowered to a target temperature of 33.5 & 0.5 °C (rectal)
for a period of 72 h [33]. As a result of the physiologi-
cal response to a cold stimulus, blood flow is redirected
from the periphery to the vital organs [16, 17, 43]. It is
assumed that the associated hypoxia in the skin leads to
necrosis of adipocytes [14, 42]. The maintenance of this
metabolism can only be ensured by an increase in perfu-
sion. But it remains questionable whether the fall in tem-
perature alone is sufficient to induce a great difference in
oxygen demand and perfusion that is related to hypoxic
cell damage in the adipocytes. We assumed rather that
there is an interplay with other risk factors for the devel-
opment of SCEN, such as the birth complications or
macrosomia at birth.

Furthermore, an important role of the brown adi-
pose tissue is discussed. Both, in animal models and in
humans, it has been shown, that an exposure to a cold
environment is related to an activation of thermogen-
esis in brown adipose tissue [27, 44, 45], to an increased
glucose uptake into the brown adipocytes [46, 47], to an
increased oxygen demand [12], and to an increase in per-
fusion [46, 48]. These findings suggest that the metabo-
lism within the brown adipose tissue increases with a
decrease in external temperature. In contrast, only in
34.5% of all patients SCEN appeared in locations, where
brown adipose tissue has been detected before.

Furthermore, it is assumed that the use of therapeutic
hypothermia is associated with a resolution of crystal-
lisation of fat within adipocytes. A higher melting point
of the subcutaneous adipose tissue of the neonate com-
pared to adults due to the altered fatty acid composition
is assumed to increase the risk of crystallisation. The adi-
pose tissue of the newborn has a higher proportion of
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saturated fatty acids compared with the adipose tissue of
adults [49, 50]. It is assumed that a lowering of the tem-
perature, for example by therapeutic hypothermia in the
subcutaneous adipose tissue is related to an easier crys-
tallisation of the neonatal adipose tissue due to the higher
melting point. The development of the melting tempera-
ture of fat was also studied by Channon and Harrison [3].
They showed an decrease of the melting temperature of
fat with increasing age [3]. They also compared the adi-
pose tissue of children with sclerema neonatorum, a dis-
ease which also belongs to the group of panniculitides,
with adipose tissue of healthy children of the same age.
Thereby, the children with sclerema neonatorum showed
a higher melting temperature and a higher content of
saturated fatty acids in the adipose tissue than healthy
children of the same age [3]. Comparing the data of a
neonate with SCEN with the data on fatty acid propor-
tions in subcutaneous adipose tissue in adults [51], the
diseased neonate shows a significantly higher proportion
of saturated palmitic acid (48.4% versus 21.4% in adults)
and a significantly lower proportion of unsaturated oleic
acid (29.1% versus 38.2% in adults). The observations
from this case report support the notion that there may
be a relationship between the composition of neonatal
subcutaneous adipose tissue and the development of the
disease.

Discussion of pathomechanisms for the development

of a hypercalcaemia in the presence of SCFN in newborns
Extrarenal vitamin D formation as a cause of hypercalcaemia
Within the presented systematic literature review, we
observed that 89.3% of newborns with SCEN and with
reported data on serum 1,25(OH)2D3 and on para-
thyroid hormone (PTH) had a suppressed PTH level,
independent of the serum 1,25(OH)2D3 level. A PTH-
independent hypercalcaemia is assumed. Within litera-
ture an extrarenal 1,25(0OH)2D3 formation as a trigger
for the elevation of serum calcium levels in newborns
with SCEN is discussed [10, 32, 52]. The formation of the
active 1,25(OH)2D3 (calcitriol) from its biologically inac-
tive form 250HD3 (=calcidiol) occurs by hydroxylation
by the enzyme 25-hydroxyvitamin D3-1la-hydroxylase
(la-hydroxylase). The enzyme la-hydroxylase belongs
to the group of CYP-450 enzymes [37] and is primar-
ily expressed in the epithelial cells of the proximal renal
tubule [6, 53, 54]. The physiological function and regu-
lation of renal la-hydroxylase is characterised by the
PTH-dependent stimulation and by a negative feed-
back mechanism through its own reaction product,
1,25(0OH)2D3. This negative feedback mechanism is
thereby mediated via nuclear vitamin D receptors (VDR)
[55]. Since subcutaneous adipose tissue necrosis pre-
sents both, the histological picture of a granulomatous
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disease and a high risk of hypercalcaemia, a similar path-
omechanism as in other granulomatous diseases (e.g.
sarcoidosis or tuberculosis) is assumed [53]. Extrarenal
expression of la-hydroxylase has been demonstrated
in various patients with granulomatous diseases [7, 56,
57]. Farooque et al. [52] investigated the expression of
la-hydroxylase in skin samples from two patients with
histologically confirmed diagnosis of SCEN. He was able
to demonstrate very strong expression of la-hydroxylase
in the inflammatory infiltrate of subcutaneous adipose
tissue necrosis in both cases. A crucial role seems to be
played by the lack of feedback mechanisms in periph-
eral macrophages, triggered by the antagonistic effect
of y-interferon on 1,25(0OH)2D3 effects at the level of
mRNA (messenger RNA) synthesis in cells [26, 58]. The
peripheral form of la-hydroxylase is mainly subject to
immunoregulatory processes through IFN- y and IL-2.
Both IFN- y and IL-2 contribute as cytokines to the devel-
opment of granulomatous reactions by stimulating cell
differentiation from macrophages to epithelioid and for-
eign body giant cells [59]. For many years, the literature
has considered an exuberant reaction with an accumu-
lation of T helper cells as a possible cause of sarcoidosis
[60]. Ramstein et al. [61] recently described an increased
transformation of Th17 cells to Th17.1 cells. They also
demonstrated that Th17.1 cells are a major source of
IEN-y produced in sarcoidosis patients. It is assumed that
also in patients with SCEN, the specific differentiation of
certain T helper cells serves as a source of IFN-y, leading
to stimulation of peripheral la-hydroxylase.

The degradation of 1,25(0OH)2D3 occurs by the
enzyme 24a-hydroxylase to its inactive metabo-
lite 24,25(0OH)2D. This reaction step is stimulated
by the increase in 1,25(OH)2D3, ensuring a constant
1,25(0OH)2D3 level in plasma [56]. Bahadur et al. [32]
observed elevated 1,25(0OH)2D3 levels in their patient
with SCEN concomitant with low levels of the inactive
degradation product 24,25(OH)2D. They concluded an
impaired degradation by the enzyme 24a-hydroxylase,
which is encoded by the gene CYP2A41 [62]. The obser-
vations made in this patient support the findings of
Vidal, Ramana and Dusso [63] who described the mech-
anism of decreased transcription of 24«a-hydroxylase. It
seems that there is a direct protein-protein interaction
between the transcription factor STAT1 and the vita-
min D receptor, preventing binding to the associated
vitamin D response element (VDRE) and, as a con-
sequence, no transcription of 24a-hydroxylase [63].
Assuming that the enzymatic regulatory mechanisms
within the vitamin D balance is the same in SCEN as
in other granulomatous diseases, it can be assumed
that the increase in serum 1,25(OH)2D3 levels is the
result of increased expression of the peripheral form of
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la-hydroxylase with concomitant decreased expression
of peripheral 24a-hydroxylase.

Direct calcium release from the necrotic skin areas

Several authors suggest that in newborns with SCEN and
associated hypercalcaemia, there is a direct release of
calcium from the necrotic skin areas [9, 43, 63]. Due to
the results of this review that there could not be found a
correlation between the size of skin lesion and serum cal-
cium level, this hypothesis does not seem to be the main
cause of hypercalcaemia.

Methodological strengths of the work

A strength of this work lies in the systematic execution
of the literature search following the guidelines of the
PRISMA statement [64]. In the selection of literature
databases, emphasis was placed on a close reference and
the largest possible collection of publications on medi-
cal topics in order to obtain the largest possible num-
ber of hits. Thus, the search could be reproduced in n =
5 of the n = 6 databases searched. However, the use of
the online search engine Google-Scholar cannot be com-
pared to the other databases in terms of reproducibility,
as search algorithms may change here over time, leading
to different results. Because of the size of this database
and the goal of identifying all case reports published to
date, the online search engine was included despite its
weakness. Regarding the search terms used, it should be
noted that their selection before the actual search pro-
cedure may have resulted in reduced sensitivity. Thus, it
cannot be ruled out that a limitation of the number of
hits resulted from the search terms used and the applica-
tion of a Boolean operator. Another strength of this study
is the comparison of a large patient collective. In previ-
ous literature, only case series of up to n = 17 patients
have been published. Thus, the amount of data generated
here is clearly superior to previous publications in this
regard and may thus provide new insights. Furthermore,
no comparison of data depending on concomitant elec-
trolyte disturbance has been published in the literature
so far. The division into subgroups depending on the
reported serum calcium level performed here aimed to
identify possible risk factors favouring the occurrence
of such an electrolyte disturbance. The systematic litera-
ture search was followed by the selection of studies to be
included in this work. Two consecutive screening steps
were performed. This was to ensure the most specificity
of the included studies was achieved.

Limitations

We assumed that not all available clinical data of new-
borns with SCEN were published by the authors. As a
result, for some parameters there was only a small data
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set available for analysis. Furthermore, the comparability
of published laboratory data in newborns with SCFN is a
critical issue, since there are differences in the measure-
ment method.

Conclusion

Within this systematic literature review, we identified
maternal risk factors that are related to the develop-
ment of SCEN in newborns. These risk factors include
a maternal GDM, hypertension or preeclampsia during
pregnancy as well as therapeutic hypothermia treat-
ment. Furthermore, we summed up the hypotheses
to suggest a pathophysiological model for the devel-
opment of SCEN in newborns. It is assumed that a
hypoxic cell damage could be related to the develop-
ment of SCEN in newborns. It is hypothesised, that
there is an imbalance of cellular oxygen demand and
the amount of available oxygen in the subcutaneous
adipose tissue. This imbalance is associated with pre-
natal risk factors, birth complications and therapeutic
interventions. Some newborns with SCEN were diag-
nosed with hypercalcaemia. Within this systematic
literature review we identified risk factors that may
serve as hints in the clinical course of the SCEN and
are helpful to rapidly identify hypercalcaemia and thus
treat it before the onset of concomitant symptoms. An
extrarenal synthesis of Vitamin D, as it is known from
granulomatous diseases, seems to be the reason of
hypercalcaemia in SCEFN. Although SCEN in newborns
is considered a benign, self-limited condition, it can
have dangerous extracutaneous side effects. Clinicians
should know risk factors related to SCFN in newborns
and should monitor newborns with SCEN to avoid the
risk of serious complications, with particular reference
to hypercalcaemia.
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