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Perioperative Care of a Pediatric Patient With
PHACES Syndrome

Archana Ramesh?, Richard Cartabuke?®, Joseph D. Tobias® ¢

Abstract

PHACE syndrome is a neurocutaneous syndrome that was origi-
nally described by Dr. Ilonia Frieden in 1996. The term PHACE
is an acronym for the main components of the syndrome includ-
ing: Posterior fossa malformations of the central nervous system
(CNS); Hemangioma typically involving the skin of the head or
neck; Arterial lesions usually involving the cerebral vasculature;
Cardiac abnormalities, most commonly aortic coarctation; and
Eye abnormalities. When accompanied by ventral developmental
defects, it is termed PHACES syndrome, with the “S” represent-
ing sternal cleft or supraumbilical raphe. Patients may present for
a variety of surgical procedures including the airway, CNS or the
heart. Airway compromise secondary to hemangiomas and the po-
tential for alterations in cerebral blood flow due to abnormalities
of the cerebral arterial vasculature present major challenges for the
anesthetic management of these patients. The perioperative impli-
cations of PHACES syndrome are discussed and previous reports
of anesthetic care are reviewed.
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Introduction

PHACE syndrome was originally described in 1996 by Dr.
Ilonia Frieden [1]. Prior to this, Reese et al reported nine
cases of hemangiomas associated with posterior fossa ab-
normalities including Dandy-Walker malformations [2]. In
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several of the patients, associated arterial abnormalities were
also noted. The term PHACE is an acronym for the main
components of the syndrome including: Posterior fossa mal-
formations of the central nervous system (CNS), particularly
Dandy-Walker malformation and agenesis or hypoplasia of
the cerebellum or cerebellar vermis; Hemangiomas, specifi-
cally segmental facial hemangiomas or airway hemangio-
mas; Arterial lesions usually involving the cerebral vascula-
ture, which may present as agenesis, aneurysm, or occlusion
of the carotid arteries and its branches; Cardiac abnormali-
ties, most commonly aortic coarctation; and Eye abnormali-
ties, specifically microphthalmos [3]. When accompanied by
ventral developmental defects, it is termed PHACES syn-
drome, where the “S” represents sternal cleft or supraumbili-
cal raphe. There is a female to male ratio of 8:1 suggesting
that PHACES is an X-linked dominant disorder that causes
in utero demise in the male fetus. The disorder is general-
ly considered to be one of the neurocutaneous syndromes.
Given the associated dermatologic and CNS involvement, it
may be confused with Sturge-Weber syndrome (SWS) [4].
Distinguishing features of PHACE include hemangiomas as
opposed to the capillary malformation (port wine stain) ob-
served with SWS as well as cerebral arterial manifestations
rather than the classical leptomeningeal involvement (angio-
matosis or malformations) in SWS. Given the multi-system
involvement of the disorder, patients may present for surgi-
cal procedures of the airway, CNS or the heart. The periop-
erative concerns of such patients are discussed and previous
reports of anesthetic care are reviewed.

Case Report

Institutional Board Review is not required at Nationwide
Children’s Hospital (Columbus, Ohio) for the presentation
of single case reports. The patient was a 2-year-old, 14.7 kg
child with PHACE syndrome who presented with subglottic
hemangiomas, chronic otitis media, sleep-disordered breath-
ing, and tonsillar hypertrophy. He was originally diagnosed
with PHACE syndrome in infancy, manifestations of which
included cutaneous hemangioma on the cheek, lower lip,
mucosal surfaces, and left mandibular angle; a subglottic
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hemangioma, intracranial arterial tortuosity, and a sternal
cleft. He also had a history of episodes of stridor which had
not required therapy. The patient was the product of a full-
term gestation with spontaneous vaginal delivery and a birth
weight of 3.5 kg. There were no prenatal problems. Con-
genital heart disease (CHD) included a patent foramen ovale
and a patent ductus arteriosus, both of which had resolved
spontaneously by 3 months of age. Past surgical procedures
included direct laryngoscopy and bronchoscopy with triam-
cinolone injection into the subglottic hemangioma, bilater-
al ear tube insertion, and adenoidectomy at the age of 15
months. Magnetic resonance imaging performed at 1.5 years
revealed arterial tortuosity affecting the posterior distribu-
tion of the cerebral vasculature, particularly the basilar artery
and the superior cerebellar arteries with smaller circumfer-
ential vessels involved as well. The tortuosity appeared most
prominent at the interpeduncular cistern with some exten-
sion to the right ambient cistern. Magnetic resonance angi-
ography 6 months later demonstrated the abnormal vessels
filling the cisterns, as described above, without significant
change from the previous examination. Additionally, there
was abrupt narrowing of the terminal segments of the inter-
nal carotid and basilar arteries. Apart from stuttering, he was
developmentally appropriate for age with a normal neuro-
logical exam.

The child was admitted on the morning of the surgery
for bilateral examination under anesthesia of the external au-
ditory canals and tympanic membranes, direct laryngoscopy,
rigid bronchoscopy, and tonsillectomy. He was held nil per
os (NPO) for 6 h. His preoperative vital signs revealed an
oxygen saturation of 97%, blood pressure of 112/63 mmHg,
and a heart rate of 112 beats/min. He was transported to the
operating room and routine monitors were applied according
to American Society of Anesthesiologists’ guidelines. An-
esthesia was induced with sevoflurane in oxygen. Follow-
ing anesthetic induction, a 20 gauge peripheral intravenous
cannula was placed and propofol (15 mg) was administered.
Following the topical application of lidocaine (50 mg) to the
trachea, direct laryngoscopy was performed while maintain-
ing spontaneous ventilation with the insufflation of sevoflu-
rane via the laryngoscope and subsequently the rigid bron-
choscope. No significant abnormalities were observed. The
trachea was intubated with a 3.5 mm cuffed endotracheal
tube (ETT) following completion of the bronchscopy. With
the cuff deflated, an airleak around the ETT was noted at 25
c¢mH, 0. Breath sounds were equal and bilateral with positive
end-tidal carbon dioxide recorded by capnography. Anesthe-
sia was maintained with sevoflurane (expired concentration
2-4%) in a combination of air and oxygen to maintain mean
arterial pressure (MAP) within 25% of preoperative values.
Fentanyl (25 pg) and acetaminophen (250 mg) were admin-
istered for postoperative analgesia. Additional medications
included dexamethasone (0.25 mg/kg) and ondansetron (0.15
mg/kg). Estimated blood loss was 25 mL. Total intraopera-
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tive fluids totaled 300 mL. Following the surgical procedure,
the patient’s trachea was extubated and he was transferred to
the post-anesthesia care unit. He was weaned to room air and
transferred to the inpatient ward for postoperative monitor-
ing with continuous pulse oximetry. Postoperative analgesia
was provided by a combination of oral acetaminophen and
hydrocodone elixir. His postoperative course was unremark-
able and he was discharged home the following day.

Discussion

There are several perioperative concerns to consider when
planning anesthetic care for patients with PHACE syn-
drome. As with any anesthetic care, appropriate preopera-
tive preparation begins with a thorough history and physical
examination. Of primary concern to anesthesia providers is
the associated presence of airway hemangiomas which may
complicate airway management. Extracutaneous hemangio-
mas occur in approximately 25% of children with PHACE
syndrome with subglottic hemangiomas being the most com-
mon. Durr et al retrospectively reviewed their experience
with airway hemangiomas in 23 patients with PHACE syn-
drome [5]. Twelve of the 23 patients (52%) had documented
airway hemangiomas. Six of the patients underwent airway
examination in the operating room at their institution. Five
(83%) of the patients had subglottic hemangiomas while
three (50%) had additional hemangiomas within the airway
located on the epiglottis, vocal folds, posterior pharyngeal
wall, and tracheal wall. Treatment included propranolol, cor-
ticosteroids, and vincristine. Although one patient required
tracheostomy for airway obstruction, all were symptom free
at follow-up which ranged from 13 to 76 months. The authors
noted the frequent occurrence of potentially life-threatening
airway hemangiomas in patients with PHACE syndrome and
concluded patients with a history of respiratory symptoms,
such as unexplained tachypnea, stridor, or hoarseness should
be referred for airway evaluation. Depending on the patient’s
status, this may include awake nasal endoscopy to evaluate
the upper airway or more commonly, direct laryngoscopy,
and bronchoscopy in the operating room under general an-
esthesia [6].

The appropriate equipment for dealing with the diffi-
cult airway should be readily available prior to anesthetic
induction, as recommended by Engelehart [7]. General an-
esthesia can be induced by the inhalation of sevoflurane in
100% oxygen with the maintenance of spontaneous venti-
lation. Following anesthetic induction, general anesthesia is
maintained with spontaneous ventilation via insufflation of
sevoflurane in 100% oxygen through the distal port of the
operating laryngoscope and through the rigid bronchoscope.
Neuromuscular blocking agents are generally avoided. The
administration of an anticholinergic agent may be helpful to
prevent reflex bradycardia associated with airway stimula-
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tion as well as reducing airway secretions to improve visu-
alization [8]. However, this should be weighed against the
need to prevent changes in MAP or heart rate in patients with
significant cerebrovascular disease. Topical lidocaine (3 - 5
mg/kg of a 2-4% solution) can be applied to the airway to
supplement anesthesia prior to airway instrumentation. The
preoperative medical therapy employed in the treatment of
airway hemangiomas may impact perioperative care. Pa-
tients on prolonged corticosteroid therapy may require the
administration of a stress dose of hydrocortisone, depend-
ing on the duration of treatment and the extent of the sur-
gical procedure. Propranolol is a mainstay of treatment for
infantile hemagiomas with a reported response rate of 98%
[9]. Propranolol may be held the day of surgery given con-
cerns regarding its hemodynamic effects with potentiation
of intraoperative bradycardia or hypoglycemia. However,
prolonged withdrawal of therapy may lead to rebound tachy-
cardia and hypertension, which may be deleterious in the
patient with significant cerebrovascular disease. Other less
common therapy for hemangiomas such as vincristine may
result in autonomic or motor neuropathy. Although this rare-
ly impacts anesthetic care, vincristine has been reported to
cause isolated vocal cord paresis [10].

Another major concern of children with PHACE syn-
drome, as noted in our patient, is the presence of arterial ab-
normalities with cerebral and cervical arterial malformations
being the most common [11]. The arteriopathy most com-
monly involves the internal carotid artery and its embryonic
branches, followed by the middle cerebral artery. In addition
to anomalous origin and abnormal course of these vessels,
hypoplasia, tortuosity, stenosis, and occlusion have been
reported. These anomalies are generally located on the ip-
silateral side of the cutaneous hemangiomas. Persistent em-
bryonic arteries especially of the trigeminal artery and Moy-
amoya phenomena have also been reported [12]. In a review
of 39 case series with a total of 115 children with PHACE
syndrome by Heyer et al, 89 of the 115 patients (77.4%) had
cerebrovascular anomalies. Although the exact cause for the
arterial anomalies is not clear, it has been proposed that the
cerebral vascular development in the early embryonic period
(< 5 weeks) is affected [12]. Burrows et al, in a retrospec-
tive study of eight children with cervicofacial hemangiomas
and intracranial arterial anomalies, proposed that the arte-
rial malformations may be congenital or develop later in
life [13]. This involvement may also be progressive [14].
Although neurological sequelae are rare, the clinical impact
may be significant when acute ischemic stroke occurs. This
may present as new-onset seizures or acute hemiparesis. The
incidence of such problems generally coincides with the time
of the most rapid growth of the hemangioms (6 - 18 months
of age). Since abnormal cerebral vasculature is a major risk
factor for arterial ischemic stroke, it has been suggested that
children with PHACE syndrome should undergo neuroim-
aging to view the arterial architecture of the brain [14, 15].
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There is no evidence-based support for the medical treatment
of PHACES patients at risk for acute ischemic stroke [16].
However, prophylactic treatment regimens may include the
use of anti-platelet medications such as acetylsalicylic acid
(aspirin). Consultation with surgery, cardiology, and neurol-
ogy may be required to determine a perioperative plan re-
garding the continuation of such therapy.

The predisposition of these patients to acute ischemic
stroke and seizures mandates that appropriate attention be
focused perioperatively on factors that affect cerebral blood
flow (CBF) and oxygen delivery. The anesthetic regimen
should maintain the appropriate depth of anesthesia while
minimizing hemodynamic effects that alter cerebral perfu-
sion pressure and CBF. Hemodynamic depression may oc-
cur throughout the anesthetic care, but is most likely to oc-
cur during anesthetic induction. Perioperative hypotension
should be treated promptly with a direct acting a-adrenergic
agonist such as phenylephrine (1 - 2 pg/kg). Potential ad-
verse effects related to intraoperative hypocarbia, such as de-
creases in CBF, suggest that intraoperative hyperventilation
should be avoided [17-19]. These changes may have greater
clinical significance in patients with decreased CBF related
to ischemic disease processes. Javault et al suggested neu-
romonitoring with the use of near infrared spectroscopy, as
well as the bispectral index, when there are concerns regard-
ing CBF and the potential for cerebral ischemia [20]. In spe-
cific clinical scenarios, transcranial ultrasound and Doppler
may also be used to complement near-infrared spectroscopy
in assessing cerebral perfusion.

Although our patient did not have a history of seizures
requiring anticonvulsant therapy, seizures may accompany
the arteriopathy of PHACE syndrome. Preoperative manage-
ment to limit the incidence of perioperative seizures includes
optimizing anticonvulsant therapy and documentation of
therapeutic anticonvulsant levels prior to surgery. Routine
anticonvulsant medications should be administered the
morning of the procedure despite concerns of the patient’s
NPO status. Maintenance doses of anticonvulsant agents
should be administered intraoperatively and postoperatively.
As enteral administration may not be feasible, alternative
routes of delivery (intravenous or transrectal) should be con-
sidered. Consultation with the neurology or pharmacology
service is suggested when questions arise concerning dosing
conversion from enteral to intravenous administration or in-
traoperative redosing.

The child with PHACE syndrome also has the potential
for associated cardiovascular anomalies. Our patient had a
history of a patent foramen ovale and patent ductus arterio-
sus, which had closed spontaneously by 3 months of age.
However, clinically significant cardiovascular lesions are
not uncommon in these patients. Analysis of data from 50
children with PHACE syndrome revealed that 37% of these
had cardiovascular anomalies, with aortic coarctation and
aberrant subclavian artery being the most common [3]. The
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coarctation of the aorta that occurs in children with PHACE
syndrome is atypical. Unlike the classical type, there is in-
volvement of the aorta proximal to or at the level of the ori-
gin of great vessels. Hence, the classic blood pressure gradi-
ent observed between the upper and lower extremities may
not be present. The aortic segment involved in these children
may be much longer compared to relatively discrete involve-
ment of the classical type. The other cardiac abnormalities
reported include aortic arch abnormalities, tetralogy of Fal-
lot, septal defects, and stenosis of the semilunar valves [21].

The exact perioperative care of patients varies, depend-
ing on the type of CHD that is present. Screening for the
presence of a coarctation during the preoperative evaluation
includes auscultation of the heart as well as blood pressure
(BP) and pulse checks in all four extremities. Echocardiog-
raphy and consultation with a cardiologist should be con-
sidered, based on the nature of the CHD. Anesthetic goals
focus on reducing the cardiovascular stress proximal to the
obstruction by maintaining a normal heart rate and left ven-
tricular filling pressure, ensuring adequate perfusion of the
tissues, and control of the systemic vascular resistance [22,
23]. BP monitoring at two points (proximally and distally to
the obstruction) should be considered to ensure adequate BP
control pre-coarctation and maintenance of an adequate BP
distal to the obstruction to ensure adequate perfusion pres-
sure.

Ocular manifestations have been reported in 16% of
PHACE patients [3]. These include microphthalmia, optic
nerve hypoplasia, cataracts, and increased retinal vascular-
ity [1]. Since endocrine anomalies, commonly those of the
thyroid and pituitary, have been reported in children with
PHACE syndrome, it has been suggested that the “E” in
“PHACE” should reflect endocrinopathy along with eye
manifestations. The hypothyroidism found in PHACE syn-
drome may be due dysfunction at several levels of the hypo-
thalamus-pituitary-thyroid axis [24, 25]. Additional reports
document the association of PHACES with a lingual thy-
roid gland [25]. Additional causes for thyroid dysfunction
include the interferon therapy used in the treatment of hem-
angioma as well as the enzyme, 3-iodothyronine deiodinase,
secreted by the hemangioma [26-28]. A high index of suspi-
cion in these children with endocrinology consultation may
be helpful in the timely diagnosis of the thyroid dysfunction
in patients with PHACE syndrome. In patients with hypo-
thalamic and pituitary dysfunction resulting in hypothyroid-
ism, adrenocortical function should also be evaluated given
its impact on perioperative outcome [29-31].

In summary, PHACE syndrome is a recently described
neurocutaneous syndrome. Given the end-organ involve-
ment, various surgical procedures may be required in these
patients. Specific perioperative concerns include potential
difficulties with airway management related to airway hem-
angiomas as well as an arteriopathy which predominantly
affects the carotid vasculature and may impact on CBF re-
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sulting in ischemia, and associated CHD. The assessment of
end-organ impairment by the primary disease process during
the preoperative evaluation will allow for the effective peri-
operative care of these patients.
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