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Abstract PHACE syndrome is a neurocutaneous syn-
drome characterized by the association of large cutaneous
hemangiomas and the cardiac and cerebral vascular
anomalies. We report a 6-year-old female with PHACE
syndrome presented with left facial hemangiomas, cystic
lesion in the cerebral posterior fossa, coarctation of the
aorta, aplasia of the left vertebral artery and stenosis of the
left internal carotid artery. Surgical repair of the aorta with
left heart bypass under beating heart was scheduled. We
monitored regional cerebral oxygen saturation (rSO,) with
infrared spectroscopy in order to detect cerebral hypoper-
fusion. A decrease of rSO, ipsilateral to the cerebrovas-
cular anomalies occurred during anastomosis of the aorta,
which was treated by reducing the flow rate of left heart
bypass and by increasing the inhalational oxygen concen-
tration. As children with PHACE syndrome are frequently
accompanied with cerebrovascular anomalies and at a risk
of cerebral hypoperfusion, prevention of cerebral hypo-
perfusion is crucially important during general anesthesia.
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Introduction

PHACE syndrome' is a coined acronym consisting of the
initial letters of the following features: posterior fossa brain
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malformations, hemangiomas on face, anomaly of the
cerebral arteries, coarctation of the aorta, and eye anomaly
[1, 2]. Children with this syndrome are often required to
undergo surgery for aortic arch anomalies in early child-
hood [2, 3]. As they are frequently accompanied with
multiple stenotic and occlusive anomalies in the cerebral
arteries and at a risk of arterial ischemic stroke [2, 4],
prevention of cerebral hypoperfusion is crucially important
during anesthesia. Despite these challenging conditions,
there are only few reports describing anesthesia for patients
with PHACE syndrome [5]. Here we report a child with
PHACE syndrome accompanied with multiple aortic and
cerebrovascular anomalies undergoing aortic reconstruc-
tion under left heart bypass.

Case report

A 6-year-old female (height 108 cm; weight 21 kg) pre-
sented with complaints of headache and dyspnea on effort.
She was delivered via Caesarean section at 34 weeks
5 days with an ultrasonic prenatal diagnosis of Dandy-
Walker syndrome, and was transferred to our hospital for
further examination. A diagnosis of PHACE syndrome was
made based on facial hemangiomas in all left trigeminal
areas, cerebral posterior fossa lesion and aortic tortuosity.
Either angiography or three-dimensional computed
tomography (3D-CT) did not reveal aortic coarctation. At
28 days of age, cyst-peritoneal shunting was performed for
hydrocephalus under general anesthesia uneventfully. She
had normal physical, and motor development without
symptoms of cerebral ischemia, but with slight mental
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Fig. 1 Three-dimensional computed tomography imaging of the
aorta from a anterior, b left lateral view and ¢ schematic diagram.
Coarctation distal to the branching portion of the left common carotid
artery (arrow head, a and c) with aneurysmal dilation and extended
tortuosity of the aortic arch. The left subclavian artery arises from the
aorta distal to aneurysmal dilation with a small loop at the proximal

Fig. 2 Magnetic resonance imaging of the brain. Cystic lesion in the
posterior fossa with a cyst-peritoneal shunt tube (arrow head)

retardation, and has been followed up by neurologists with
no medication.

On admission, physical examination showed left facial
hemangiomas with regression compared with those during
the neonatal period, and a faint pulse in the legs with no
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portion (short and wide arrow, b and c), ascends to the level of the
aortic arch and extends to the left upper arm (wide and dashed arrow,
a—c). Stenosis of the left internal carotid artery (long and narrow
arrow, a and ¢). RSCA right subclavian artery, RVA right vertebral
artery, LCCA left common carotid artery, LICA left internal carotid
artery, LSCA left subclavian artery

neurological deficits. Blood pressure was 126/96, 106/79
and 95/57 mmHg on the right and left arms, on the right
leg, respectively. Transthoracic echocardiography demon-
strated satisfactory left ventricular contractility with an
ejection fraction of 63 %, absence of intracardiac malfor-
mation, and presence of stenosis in the distal aortic arch.
The maximum and mean pressure gradient across the ste-
notic lesion was 88 and 55 mmHg, respectively. 3D-CT
showed marked tortuosity, coarctation of the aortic arch
distal to the branching portion of the left common carotid
artery, and aneurysmal dilation distal to the coarctation
without aberrant origin of the subclavian arteries (Fig. 1).
It also revealed the absence of the left vertebral artery and
stenosis of the left internal carotid artery with collateral
through the anterior communicating artery. Magnetic res-
onance imaging showed a massive cystic lesion in the
posterior fossa (Fig. 2). Surgical reconstruction of the
aortic arch was planned.

After premedication with midazolam 9 mg orally,
standard monitoring was started in the operating room.
Blood pressure on the right arm was 95/43 mmHg. Elec-
trodes for monitoring regional cerebral oxygen saturation
(rSO») using near-infrared spectroscopy (INVOS™ 5100,
Covidien, Mansfield, MA, USA) were applied immediately
after induction of general anesthesia with sevoflurane, and
the baseline values on the right and left sides were 71 and
70 %, respectively. Limited space in her forehead pre-
vented us from applying additional electrodes for moni-
toring bispectral index. After administration of rocuronium
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Fig. 3 Anesthesia record showing right radial and dorsal pedis
arterial pressure, end-tidal carbon dioxide tension and regional
cerebral oxygen saturation (1SO;). Solid curve left-sided rSO,,
dashed curve right-sided 1rSO,. Vertical lines indicate start of
a surgery, b left heart bypass at a flow rate of 500 ml/min, ¢ proximal

15 mg, the trachea was intubated, she was ventilated with
45 % oxygen. No hemangiomas were detected during lar-
yngoscopy and tracheal intubation. Intraarterial catheters
were inserted into the right radial and dorsal pedis arteries,
and a central venous catheter was placed in the right
internal jugular vein. Anesthesia was maintained with
sevoflurane, fentanyl, and remifentanil.

After a left fourth intercostal thoracotomy and small-
dose systemic heparinization (100 u/kg), a 22 F venous
cannula and a 12 F arterial cannula were inserted into the
left atrial appendage and the descending aorta, respec-
tively. Left heart bypass was performed with a centrifugal
pump at a flow rate of 500 ml/min for maintaining mean
radial arterial pressure above 60 mmHg and mean dorsal
pedis arterial pressure exceeding 50 mmHg. We tried to
maintain rSO, above 50 % based on previous reports [5, 6].
Blood temperature was maintained at 35.5 °C. After
ligating both proximal and distal sides of the aneurysmal
dilation of the aorta, an expanded polytetrafluoroethylene
graft (size 14 mm) was anastomosed end to side of the
aortic arch distal to the branching portion of the left
common carotid artery, then anastomosed end to side of the
aortic arch proximal to the branching of the left subclavian
artery.

aortic anastomosis, d distal aortic anastomosis, e reduction of the flow
rate of left heart bypass to 300 ml/min, f completion of reconstruction
of the aortic arch and declamp of the descending aorta, g end of
surgery. Peripheral oxygen saturation was maintained at 100 %
during anesthesia

Bilateral rSO, decreased by approximately 20 % after
starting left heart bypass, in accordance with a decrease
of mean radial arterial pressure from 76 mmHg to
60 mmHg (Fig. 3; Table 1). rSO, on the left side further
decreased below 50 % during anastomosis of the distal
side of the graft without further decrease of radial arte-
rial pressure. We attempted to increase cerebral blood
flow by reducing the flow rate of left heart bypass to
300 ml/min. We also increased the inhalational oxygen
concentration from 45 to 100 %, while maintaining end-
tidal carbon dioxide tension above 40 mmHg. Bilateral
rSO, gradually increased and the differences between
right and left sides decreased. The mean dorsal pedis
arterial pressure remained above 50 mmHg during left
heart bypass. After completion of aortic reconstruction
and declamp of the descending aorta, we started con-
tinuous infusion of dopamine at 3 pg/kg/min in order to
increase blood pressure. Surgery was completed
uneventfully and the patient entered the intensive care
unit under tracheal intubation. Duration of surgery,
anesthesia and left heart bypass was 3 h 30 min, 5 h
24 min and 51 min, respectively. She was extubated on
the postoperative day 1, and discharged home on the day
11 without any neurological complications. She is 7 year
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Table 1 Hemodynamic parameters and regional cerebral oxygen saturation during anesthesia

Time points A B C D E F G

Right radial arterial pressure (mmHg) 109/78/86 90/67/76 76/53/60 84/60/66 85/58/66 70/55/60 93/56/67
Right dorsal pedis arterial pressure (mmHg) 90/65/76 71/54/60 60/46/51 62/49/53 64/46/51 62/46/51 82/57/63
Heart rate (beats/min) 96 95 64 66 65 110 113
Central venous pressure (mmHg) 6 6 4 3 6 7 9
Peripheral oxygen saturation (%) 100 100 100 100 100 100 100
Right rSO; (%) 80 80 66 73 60 70 80

Left rSO, (%) 78 78 62 67 50 64 72
End-tidal carbon dioxide tension (mmHg) 38 39 37 40 43 42 39
Pharyngeal temperature (°C) 36.0 35.8 355 35.5 35.5 36.2 36.2
Hemoglobin content (g/dl) 10.7 7.5 8.4

Arterial blood pressure is expressed as systolic/diastolic/mean values. Time points A start of surgery, B start of left heart bypass at a flow rate of
500 ml/min, C start of proximal aortic anastomosis, D start of distal aortic anastomosis, E reduction of the flow rate of left heart bypass to
300 ml/min, F completion of reconstruction of the aortic arch and declamp of the descending aorta, G end of surgery, rSO, regional cerebral

oxygen saturation

of age, with no sensory or motor deficits except slight
mental retardation, free from complaints of headache and
dyspnea.

Discussion

The concept of PHACE syndrome was developed by
Frieden in 1996 [1]. Hemangiomas, found in almost all
affected patients, tend to be large (>5 cm in diameter) and
segmental [2]. They usually grow during infancy and
regress thereafter [2]. Supra and subglottic hemangiomas
are also reported [7]. Dandy-Walker malformation is the
most common intracranial lesion [2]. Coarctation of the
aorta is the most common cardiovascular lesion, often
associated with perivascular tortuosity and aneurysmal
dilation [2, 3]. Cardiac and cerebrovascular anomalies and
cutaneous hemangiomas are most often ipsilateral [3].
Despite the diagnosis of PHACE syndrome made on the
next day after birth in the present case, coarctation of the
aorta was not detected until the age of 6 years, possibly
resulting from developed collateral circulation to the lower
part of the body.

Children with PHACE syndrome are at an increased risk
of cerebral ischemia secondary to hypoperfusion [4] and of
possible airway obstruction due to airway hemangioma [7];
however, there are only few reports describing anesthesia
in those patients [5]. As preoperative assessment revealed
aplasia of the left vertebral artery and stenosis of the left
internal carotid artery, protection of the brain as well as
spinal cord from ischemia was required during anesthesia.
We used left heart bypass to prevent spinal ischemia,
which is effective for preventing spinal ischemia during
surgery of aortic coarctation [8]. However, shift of blood
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from the systemic circulation to the bypass flow may lead
cerebral hypoperfusion. We maintained mean right radial
arterial pressure above 60 mmHg for maintaining cerebral
blood flow, based on the level before induction of general
anesthesia. We also monitored rSO,. Although interven-
tions based on rSO, do not necessarily protect patients
from brain injury [9] or monitoring of rSO, is not covered
by public health insurance in our country, it is useful for
detecting cerebral hypoperfusion during cerebral vascular
surgery and repair of aortic coarctation [10, 11]. As the
space for applying the electrodes was limited and rSO, is
more sensitive for detecting cerebral hypoperfusion than
bispectral index [5], we selectively monitored rSO,.

An abrupt decrease in bilateral rSO,, probably due to
hemodilution as reported previously [5, 12], was observed
after initiating left heart bypass (Fig. 3; Table 1). Inter-
ventions to counter cerebral ischemia as shown by further
decrease of rSO, on the left side were undertaken that
involved a reduction of the flow rate of left heart bypass in
order to increase the cerebral blood flow and oxygen sup-
ply, while maintaining mean dorsal pedis blood pressure
above 50 mmHg, and an increase of inhalational oxygen
concentration, resulting in an increase of rSO,.

Javault et al. [5] reported anesthesia for a child with
PHACE syndrome undergoing thoracic aorto-aortic bypass
graft under cardiopulmonary bypass. They also detected a
remarkable decrease of rSO, immediately after declamping
the descending aorta, probably resulting from decreased
blood pressure and administered a vasopressor for
increasing blood pressure. However, rSO, remained
decreased until the end of cardiopulmonary bypass. In
sharp contrast, a decrease of rSO, was successfully treated
by reducing the flow rate of left heart bypass and by
increasing inhalational oxygen concentration. Our
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intervention would have been more beneficial than using
vasopressors, which may lead to hypoperfusion of the
organs.

In conclusion, we performed anesthesia for surgical
repair of the aorta in a child with PHACE syndrome. Given
the possibility of cerebral ischemia due to cerebrovascular
anomalies during anesthesia, prevention of cerebral hypo-
perfusion is important.
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