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Nasal continuous positive airway pressure
with head cap fixation as a contributing
factor to extensive scalp necrosis in a
preterm neonate with early-onset sepsis
and scalp hematoma
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Abstract

Background: Nasal continuous positive airway pressure (CPAP) is widely used in the treatment and prevention of
respiratory distress in preterm neonates, with only few severe adverse skin effects reported.

Case presentation: A preterm neonate was born at 34 + 1 weeks of gestation, birth weight 1860 g, and presented
with early-onset sepsis (EOS) and scalp hematoma. He developed respiratory distress day 2 after birth. Antibiotics,
nasal CPAP and other supportive treatment were initiated. A scalp hematoma in the occipital region was complicated
by nasal CPAP cap pressure leading to an extensive scalp necrosis equaling 6% of the total body surface. Debridement
and skin grafting were performed day 11, and 51, respectively. The boy survived with good healing of the skin graft.

Conclusion: The nasal CPAP head cap contributed to the development of severe, but potentially preventable, scalp
necrosis in a preterm with birth-related scalp skin injury and EOS.
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Background
Nasal continuous positive airway pressure (CPAP) is a
well-established noninvasive form of respiratory care,
widely used as prevention or treatment of respiratory
distress in preterm infants [1–3]. Nasal CPAP supports
the spontaneous breathing by improving oxygenation,
reducing airway resistance, improving the synchrony of
the thoracoabdominal movements, and enhancing the
inflation reflex [1, 2]. The nasal CPAP is usually well
tolerated, but adverse effects such as gastric distension,
pneumothorax, nasal complications, and skin trauma
occur [1, 2]. We present the first report of use of nasal
CPAP with head cap as a contributing factor for the de-
velopment of severe scalp necrosis in a preterm neonate
with early-onset sepsis (EOS) and scalp hematoma.

Case presentation
The boy was born at 34 + 1 weeks of gestation, birth weight
1860 g (− 2 SD), to a 36-year-old gravida 4, para 1. In late
pregnancy, the mother was diagnosed with group B
streptococcus and treated with oral antibiotics. Premature
rupture of membrane led to hospitalization for close moni-
toring using cardiotocography and fetal scalp electrode.
Penicillin G was given twice intravenously and oxytocin
was administrated continuously for stimulation of contrac-
tion. Vaginal examination showed a straight occipito-
posterior presentation. Because of lack of progression in
labor, vacuum-assisted labor was tried twice followed by
acute cesarean. Apgar score was 1/9 and 5/10, umbilical
cord pH 7.24, and Base Excess − 4.5mmol/L.
After birth the infant was transferred to the in-house neo-

natal department. On day 2, staring, hypertonia, respiratory
distress, apnea, and increased gastric residuals were observed,
along with a gradually increasing, firm swelling in the occipi-
tal region of the scalp. No convulsions were observed.
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Treatment with bi-nasal flow CPAP (appropriate size Argyle®
short nasal cannula fixed with a cotton head cap, Benviniste
ventile, heated and humidified air, 5–6 cm H2O pressure),
caffeine, intravenous ampicillin, and gentamycin was com-
menced. Cefotaxime was added to the treatment because of
E-coli in both blood and cerebrospinal fluid. The respiratory
distress along with blood gas values gradually improved. The
results of repeated ultrasound scans of cerebrum and abdo-
men along with echocardiography were normal.
No signs of skin infection were initially registered. On day

3, skin darkening in the occipital region of the scalp was ob-
served. From day 4 to day 6, the skin in the line of the CPAP
cap on the right side of occipital area became increasingly
dark and hard, and a small ulceration in this area was ob-
served. During day 8 a spontaneous rupture of a part of the
dark skin area followed by secretion of pus was observed.
The CPAP was discontinued, the cap removed, and a plastic
surgical assessment was made. During day 9 and day 10, a
defect and increasing maceration of the skin in the occipital
area gradually developed (Fig. 1A). In this period leucocytes
increased to 37.1 E109/L, while C-reactive protein had a bi-
phasic course. On day 11, a reassessment of the skin was
made, and debridement of the skin lesion in the occipital
area equaling 6% of the total body surface was carried out
during general anesthesia. The necrotic skin along with sur-
rounding healthy tissue was removed, saving the periosteum
for possibility of later skin grafting. Antibiotic treatment was

reduced to cefotaxime, and the infant’s clinical condition as
well as infection parameters improved. On day 51, skin graft-
ing was successfully performed using skin from the back.
Good healing of the skin graft was observed at surgical
follow-up, apart from a small degree of tightening of the graft
and occasional wounds (Fig. 1B).

Discussion
Our patient developed an extensive scalp necrosis as a
result of a combination of CPAP treatment cap pressure,
EOS and scalp hematoma.
The skin matures around week 33 of gestation, but is at

this time thin, vulnerable, and has increased transdermal
water loss [4, 5]. Although the skin in preterm infants
matures within few weeks after birth, special attention to
skin care and skin lesions is needed [4, 5]. Significant risk
factors for skin injuries in neonates include low birth-
weight, low gestational age, skin texture, limited number
of position changes, and nasal CPAP [4, 5]. In general,
skin lesions as a result of nasal CPAP treatment are mild
and a rather common complication affecting 20 to 60% of
the patients, whereas severe skin lesions with necrosis are
rare [6, 7]. Severe skin lesions primarily affect the nose,
while few lesions in the occipital region and in the fore-
head have been reported [4–7]. In Denmark, nasal CPAP
has been widely used for more than 30 years [8] with no
reported major skin injuries. Local-made, hospital washed,
appropriate size 100% cotton head caps with bands tight-
ened below the chin have been used routinely and ex-
changed once daily with inspection for skin injuries as for
our patient. The neonatal database from our ward counted
845 preterm infants (age < 32 weeks or birth weight <
1500 g) treated with CPAP from 2006 to 2015. Of those,
277 had sepsis and only the present patient had severe
skin complications.
Scalp hematomas occur in up to 4% of vacuum or for-

ceps deliveries, but only in rare cases scalp hematomas
become infected, most commonly by E-coli, Staphylo-
coccus and Streptococcus species [9, 10]. Infected scalp
hematomas may occur more often after needle aspir-
ation, fetal monitoring, and instrumental delivery, as in
our patient. Infected scalp hematoma should be sus-
pected with increasing scalp hematoma, erythema, fluc-
tuation, and relapse of a systemic infection. Clear signs
of abscess in the scalp should be treated with incision,
aspiration, antibiotics covering the most common mi-
crobes present in scalp hematomas, and often followed
by surgical debridement [9, 10]. On day 2 our patient
developed a scalp hematoma with no early signs of infec-
tion. The use of nasal CPAP with head cap from day 2
was judged to contribute to the development of the skin
infection and necrosis by skin pressure, as well as delay
in diagnosis, as the skull was inspected during cap
changes only once daily.

Fig. 1 Extensive scalp necrosis before (a), and after surgery (b)
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Guidelines for the prevention and early detection of
skin trauma of the scalp, ears and nostrils are essential
for the use of nasal CPAP. Some studies suggest that
general skin assessment should be carried out no less
than every 4 h as a part of preventive care [4, 5]. In this
process, the Braden Q score is suggested as a useful in-
strument in evaluating the risk of pressure ulcers [5].
Preventive care with gel pillows, foam mattresses, skin
barrier products, and correction of position should be
taken in consideration [4, 5]. Regarding nasal CPAP, the
importance of adequate size of the CPAP equipment is
stressed, as well as the proper placement of the equip-
ment on the infant [4–6]. Other possibilities to poten-
tially prevent nasal CPAP-related skin injuries include
other fixation devices such as comfort wrap headgear to
allow easier inspection, single nasal prong and nasal high
flow support. Skin injuries should be managed with re-
positioning of the infant, barrier protection, respiratory
care, antibiotics, and plastic surgical assistance [4, 5].
Our report highlights the importance of close observa-
tion and skin care in preterm infants with nasal CPAP,
especially in case of EOS and scalp injury at birth.

Conclusion
In preterm neonates with birth-related scalp skin injury
and EOS, nasal CPAP with head cap may contribute to
the development of extensive scalp necrosis. This severe
complication is potentially preventable by regular skin
inspection and skin care, as well as appropriate position-
ing of the CPAP cap. If signs of major skin injury occur,
expert plastic surgical assistance should be acquired.

Abbreviatons
CPAP: continuous positive airway pressure.; EOS: Early-onset sepsis.
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