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Abstract

1. Objective—Combine collective clinical experience using oral propranolol therapy in PHACE
syndrome infants with cerebrovascular anomalies.

2. Design—Retrospective study of patients evaluated between July 2008 and October 2011.
3. Setting—Seven pediatric dermatology centers.

4. Patients—32 infants with definite PHACE syndrome and cervical and/or intracranial arterial
anomalies.

5. Intervention—Oral propranolol: average dose of 1.8 mg/kg/day divided t.i.d. or b.i.d., for an
average duration of 12.3 months.

6. Main Outcome Measure—Adverse neurologic events.

7. Results—7/32 (22%) patients were categorized as higher-risk for stroke, defined on MRA as
severe, long-segment narrowing or non-visualization of major cerebral or cervical vessels without
anatomic evidence for collateral circulation, often in the presence of concomitant cardiovascular
comorbidities. Only 1 patient developed a change in neurologic status during propranolol
treatment: a mild right hemiparesis that remained static and improved while propranolol was
continued. An additional 3 patients had worsening hemangioma ulceration and/or tissue necrosis
during therapy.

8. Conclusions—This is the largest report thus far of PHACE patients treated with propranolol.
While no catastrophic neurologic events occurred, serious complications, particularly severe
ulcerations were seen in a minority of patients, and given the sample size we cannot negate the
possibility that propranolol could augment the risk of stroke in this population. We continue to
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advise caution in using systemic beta-blockers, particularly for children with vascular anomalies at
higher risk for stroke. Use of the lowest possible dosage, slow dosage titration, and t.i.d. dosing in
order to minimize abrupt changes in blood pressure and close follow-up, including neurologic
consultation as needed, are recommended.

Methods

Infantile hemangioma (IH) is the most common, benign tumor of childhood.! A significant
subset of children with IH will require systemic therapy for actual or potential medical
complications or risk of permanent facial disfigurement and scarring. Propranolol
hydrochloride, a nonselective beta-adrenergic blocking agent, is rapidly becoming the
standard of care for such patients, due to superior efficacy and an improved side effect
profile compared to alternative agents. It has been observed that larger, so-called
“segmental” IH of the face, which are at greatest risk for complications, often have the most
dramatic response to propranolol.2 However, such patients are also at-risk for PHACE
syndrome (OMIM 606519), the cutaneous-neuro-vascular syndrome characterized by IH in
conjunction with congenital anomalies of the brain, heart, eyes and chest wall.3

Cerebrovascular anomalies are the predominant extracutaneous features of PHACE;
accordingly, neurologic impairments are the greatest source of potential morbidity.? It is
known that a small proportion of PHACE patients with anomalies of major cervical and
cerebral vessels develops arterial stenoses and occlusions that may lead to acute arterial
ischemic stroke (AIS).>~" While it is recognized that similar congenital anomalies can also
affect the aorta, less is known about the cardiovascular risks in PHACE.8

Propranolol has been well-studied in adults; the most common serious adverse effects
include bradycardia and hypotension. While the drug has been used in children for many
years for both cardiac and noncardiac disease, pediatric experience has been largely
anecdotal and propranolol is not currently approved for pediatric use. Some experts have
advised particular caution when using propranolol in PHACE patients with cervical or
cerebral arteriopathy, as systemic hypotension carries the theoretical risk of reducing blood
flow through narrowed or occluded arteries supplying the brain.®-11 The potential for
hypoperfusion in PHACE is underscored by recent reports of transient ischemic attacks in
two adult PHACE patients with severe cerebrovascular anomalies.12- 13, Although PHACE is
not an absolute contraindication to the use of beta-blockers, benefits versus potential risks
must be carefully weighed. It has been recommended that at-risk infants with large facial IH
be thoroughly investigated for PHACE syndrome (especially for the presence of
arteriopathy) prior to initiating therapy, with consultation with a neurologist and/or
cardiologist when appropriate.14

This retrospective review combines the collective clinical experience in 32 PHACE patients
from 7 centers with cervical and intracranial arterial anomalies who received oral
propranolol therapy.

This was an IRB-approved, retrospective study of 32 PHACE infants with cerebral and/or
cervical arteriopathy who were evaluated between July 2008 and October 2011 and treated
with oral propranolol. A minority of these patients has been reported in prior
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publications.* 15-22 Data was obtained from a group of pediatric dermatologists, all
members of the Hemangioma Investigator Group (HIG) with special expertise in the field of
hemangiomas and PHACE syndrome, who attended a multidisciplinary research conference
on PHACE syndrome in Milwaukee, Wisconsin from September 15-16, 2010. All enrolled
patients underwent complete evaluations for PHACE syndrome, including a thorough skin
and ophthalmologic examination, MRI and MRA imaging of the head and neck, and cardiac
imaging to include the aortic arch. Inclusion criteria were the diagnosis of definitive PHACE
based on recently established consensus criteria23, the presence of cervical or cerebral
arteriopathy involving the internal carotid, vertebral or basilar arteries or the anterior, middle
or posterior cerebral arteries, and treatment with propranolol for at least 6 months. Patients
with persistent embryonic arteries (e.g. persistent trigeminal artery) in isolation were
excluded.

Clinical data were collected from medical records using standardized data abstraction forms.
Completed forms were centrally reviewed and analyzed at Baylor College of Medicine. IH
location on the face was specified based on a published segment map by Haggstrom er a/.4.
Avrterial anomalies were categorized based on published definitions by Hess et a/19, with
narrowing defined as severe if a > 75% reduction in luminal cross-sectional diameter
compared to normal was observed, as determined by a neuroradiologist.19 A
neuroradiologist with special expertise in PHACE syndrome (C.H.) reviewed MRA
neuroimaging features of individual cases in order to to categorize patients as standard or
higher risk for AIS based on large artery absence or narrowing or and the presence or
absence of collateral arterial supply. For patients who experienced changes in neuroimaging
or neurologic status during propranolol therapy, additional information requested included
baseline and follow-up neurology and neuroimaging reports and neuroimages on DVD.

(Tables 1 & 2)

Discussion

The serendipitous discovery of propranolol’s effectiveness for IH has forever changed IH
management, leading to dramatically improved outcomes for children. To date, most infants
have tolerated the medication without severe toxicities; however, prospective studies with
uniform toxicity monitoring have not yet been completed. Patients with PHACE syndrome
represent a unique treatment challenge in that most affected infants have extensive facial IH
with both potential medical morbidities (e.g. periocular disease, airway disease and/or risk
of ulceration) and a high risk of facial scarring and disfigurement. As such, they are prime
candidates for propranolol therapy. At the same time, there is concern that the drug could
increase the hemodynamic risks associated with an otherwise asymptomatic cerebral
arteriopathy, in the worst case causing watershed infarct, a rare but potentially devastating
complication. This quandary is reflected even among our authorship, which often chose to
initiate systemic corticosteroids before moving to propranolol. When using propranolol, we
did so with greater caution: obtaining outside neurology and cardiology consultation(s),
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using lower initial/average dosing and more frequent (t.i.d.) dosing, titrating upward more
slowly, and in some cases admitting infants for inpatient monitoring.

While the overall incidence of pediatric stroke is rare, cerebrovascular abnormalities are
recognized to be the most important risk factor?®, and PHACE syndrome has received
increased attention as a potential etiology of AlS in early childhood.” Fortunately, AIS
affects only a very small subset of PHACE children, and recent efforts have focused on
identifying which patients are at greatest risk. In a recent study of 22 individuals with
PHACE and AIS, the average age of stroke was 14.4 months (range 3-60 months). The
majority had severe underlying arteriopathy. Approximately 60% had nonvisualization of a
major cerebral artery, and there was a similarly high incidence of co-existent aortic arch
anomalies. No patients had arterial dysplasia as the sole class of arteriopathy. The authors
concluded that while the mechanism of AIS in PHACE remains unknown, it is likely
complex and related to several factors that include severity of arterial stenosis, presence or
absence of an intact circle of Willis, degree to which collateral circulation is developed, and
co-existing cardiac and aortic arch anomalies that could lead to cardioembolic events.’

Neuroimaging findings most predictive of AlS risk include severe, long-segment narrowing
or non-visualization of major cerebral or cervical vessels in the setting of inadequate
collateral circulation (Table 3). However, while these are the more common anatomic
features that could cause hypoperfusion injury, the lack of these features does not eliminate
the risk of AlS. Furthermore, while MRA is the imaging study of choice to assess the head
and neck vasculature in PHACE, it has 2 important limitations. First is a tendency to
overestimate stenosis on time-of-flight MRA, which led to our definition of severe
narrowing as a > 75% reduction in luminal cross-sectional diameter compared to normal .26
Secondly, there are limitations to the ability of MRA to detect collateral vasculature because
the imaging is performed without a hemodynamic challenge; e.g. some collaterals may only
be dynamically recruited when a stressor to perfusion, such as hypotension, is introduced.
Thus, in cases in which MRA features demonstrate severely compromised vessels, but the
presence of collateral, compensatory flow is questionable, follow-up perfusion studies can
prove helpful to risk assessment.

Three recent case reports describe the uneventful use of propranolol in PHACE infants with
documented cerebrovascular anomalies: one with an unspecified anomaly of the anterior
cerebral artery2’, another with a “tortuous tangle” of arteries composed of the left internal
carotid, left middle cerebral and left posterior cerebral arteries?8, and a third with an absent
right vertebral artery and severe coarctation of the aorta requiring surgery2°. An additional
study by Hernandez-Martin et a/describes 7 infants with PHACE syndrome who underwent
brain perfusion SPECT (Single Photon Emission Computed Tomography) after 3 or 6
months of propranolol therapy, however no baseline perfusion studies were performed.
Three of the seven infants had tortuous, dysplastic vessels within the vertebrobasilar system
and the internal carotid artery, and 2 had persistent embryonic vessels; the remainder had
structural brain anomalies alone. All patients showed normal uptake and perfusion in all
areas of the cerebral cortex.3? While the authors concluded that propranolol “can be
considered safe in patients with PHACE and cerebral vasculopathy”, propranolol effects on
blood pressure peak approximately 2 hours after an oral dose in children. Since information
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regarding the timing of SPECT following propranolol intake was not mentioned, the results
and conclusions must be interpreted with caution. Furthermore, of the above-noted cases,
only the patient described by Manzuna et a/ might be categorized at higher risk for
watershed AlS, though information on the integrity of the collateral circulation was not
provided.

New-onset seizures and acute hemiparesis are the most common initial symptoms of AIS.’
None of our 32 patients had documented AIS or other concerning neurologic sequelae while
on propranolol, although 7 were considered at higher risk for watershed AIS (cases 8, 12,
18, 19, 22, 28, 32; Table 4). Only 1 patient (case 11) was noted to have a change in
neurologic status while on therapy, consisting of a mild right hemiparesis. Of note, this
patient’s baseline imaging showed mild, focal vessel stenosis, without cerebral changes or
infarction, and repeat neuroimaging showed no change from baseline. Her hemiparesis
remained static and improved with physical therapy while the drug was continued. Although
the role of propranolol in this patient’s symptoms cannot be completely excluded, her CNS
anomaly (hypoplastic left middle cerebral peduncle) is deemed a more likely etiology. Two
of our patients had seizures unrelated to propranolol, one with infantile spasms that resolved
during infancy (case 7) and another with polymicrogyria/neuronal migrational disorder and
intractable epilepsy (case 16). To our knowledge, there has been only one report of AlS ina
PHACE patient on a beta-blocker to date. This patient had severe vasculopathy including
hypoplasia of the left internal carotid artery, narrowing of the left internal carotid, vertebral,
anterior cerebral and middle cerebral arteries, and coarctation of the aorta, and was thus in
the higher risk category for AIS based on the absence of anatomic collaterals. At 14 months
of age, after approximately 6 months of treatment with nadolol (a beta-1 selective beta-
blocker) and aldactozide for uncontrolled hypertension induced by systemic corticosteroids
and aortic narrowing, she developed an acute left hemiparesis and was diagnosed with a left
parietal infarct. However, given this child’s severe vasculopathy and coexistent medical

problems, it is by no means certain whether nadolol was a factor in AIS in this
case.” and personal communication, Elena Pope M.D.

Two of our patients had effects on soft tissue in areas supplied by abnormal narrowed
arteries, with unusually severe and relentless ulceration and loss of most of the ear in one
(case 30) and marked acrocyanosis, nail dystrophy and small digital infarcts in the other
(case 25, Fig. 1 a—c). While the role of propranolol in these peripheral soft-tissue findings
cannot be certain, propranolol-induced effects on peripheral vasculature, including decreased
cardiac output and unopposed alpha-adrenergic drive, result in reduced extremity blood flow
leading to the commonly observed side effects of cold extremities and Raynaud’s
phenomenon.3! As such, beta-blockers are contraindicated in severe peripheral arterial
disease given rare reports of digital necrosis and gangrene.32-34 In another case, an infant
with extensive bilateral IH and severe CNS arterial disease had severe, relentless scalp and
facial ulcerations (case 28, Fig. 2). When an increase in propranolol dosage was attempted to
treat the periocular disease, an immediate worsening of ulceration and surrounding
“whitening” of the IH, a known clinical indicator of impending ulceration3®, was observed.
Though a number of reports have described the benefits of propranolol for IH ulceration3®,
and several patients in this study noted similar benefit, to our knowledge potential worsening
of ulceration and/or tissue necrosis with propranolol has not been described previously.

Pediatr Dermatol. Author manuscript; available in PMC 2016 August 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Metry et al.

Page 7

Notably, all three of our patients experienced these complications while on stable and
conservative doses of combined oral corticosteroids and t.i.d. propranolol (Table 2).

While the prescribing information for propranolol does not list stroke or a history of
cerebrovascular disease as contraindications in adult populations, its use in this age group
with known cerebral and cervical arterial anomalies has recently been challenged.3” As a
whole, beta-blockers are known to have multiple physiologic effects, with different degrees
of B1 and B2 activity, as well as nonadrenergic effects.3® Nonselective p-blockers such as
propranolol have been shown to increase variability in systolic blood pressure to a greater
extent than p1-selective agents. Labile blood pressure is a known risk factor for stroke,
independent of mean blood pressure, which probably accounts for the relative lack of
effectiveness of beta-blockers in preventing stroke.3? Despite this, propranolol remains
widely used for migraine with aura, a common neurologic disorder associated with at least a
doubling in stroke risk.4? Although the absolute risk in young patients is probably very low,
a potential link between propranolol use and migrainous stroke has been suggested by case
reports showing a temporal association between the introduction of propranolol in patients
with migraine and the occurrence of stroke.41-43 A recent study, based on a systematic
review of randomized controlled trials comparing different types of B-blockers with placebo
or other agents, advised preferential use of B1-selective agents over propranolol for
conditions when the risk of stroke is increased.3” Notably, migraine headaches are also a
common neurologic complication of PHACE syndrome, affecting nearly one-third of
patients in the PHACE Patient Registry, and in a recent study such patients were noted to
have similar higher-risk anomalies on neuroimaging to those who had experienced AlS.13

Limitations of our study include its retrospective nature, lack of standardized dosing and
monitoring regimens, and potential selection bias since a small number of patients with very
severe vascular anomalies were excluded from propranolol treatment. However, we are able
to draw the following conclusions:

1. Infants with large, facial IH should be thoroughly investigated for potential
arteriopathy associated with PHACE syndrome, with MRA imaging of the
head and neck and cardiac imaging to include the aortic arch, prior to
considering propranolol therapy.

2. Physicians should be aware of the imaging features that may be associated
with a higher risk for developing AIS, while at the same time
acknowledging that the presence of “standard” imaging features does not
eliminate risk of hypoperfusion injury. In cases in which MRA features
demonstrate severely compromised vessels, but the presence of collateral,
compensatory flow is questionable, follow-up perfusion studies may prove
helpful in assessing risk.

3. We are left with more questions than answers. There has been only one
report of AIS in a PHACE patient on a beta-blocker (nadolol) to date,
though it is by no means certain whether nadolol was a factor in AIS in
this case. While no serious neurologic events occurred in this, the largest
study to date of PHACE patients treated with propranolol, the possibility
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that propranolol could augment the potential risk of stroke in this
population cannot be negated.

4. We continue to advocate use of the most conservative approach that will
help control the target signs and symptoms of the IH being treated. We
advise consultation with neurology and/or cardiology when appropriate,
and use of the lowest possible dose of propranolol, slow upward dosage
titration, and three times daily dosing in order to minimize abrupt changes
in systolic blood pressure. The potential use of B-1 selective agents in the
PHACE population should also be further examined.

5. Physicians should be aware of the potential for progressive ulceration
and/or tissue necrosis with propranolol in the most severe IH patients with
PHACE and associated vasculopathy, an observation that warrants further
study.
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Fig. 1.
Marked acrocyanosis, nail dystrophy and small digital ulcerations in case #25, on both

propranolol and low-dose prednisolone for a large IH involving the face, chest, and affected
limb.

Pedliatr Dermatol. Author manuscript; available in PMC 2016 August 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Metry et al.

Page 14

Fig. 2.
Worsening scalp ulceration in Case # 28; extensive deep facial and neck ulcerations also

developed rapidly after institution of oral therapy with both propranolol and prednisolone
and took several months to heal.
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Propranolol Use in 32 PHACE Syndrome Infants with Cervical and Intracranial Arterial Anomalies: Overall

Results

Category

Results: n (%) [case number(s)]

IH Location

S1 and/or S3: 30 (94%)

S4 only: 2

Extensive, unilateral facial involving all 3 segments or bilateral facial: 17 (53%)

Scalp: 9 (28%)

Visceral: 15 (47%); airway: 10, CNS: 5, g.i.: 3, paraspinous muscle: 1, spleen: 1, liver: 1

Cerebral or Cervical Arteriopathy: 32 (100%)
Dysplasia: 20 (63%)
Hypoplasia: 17 (53%)
Aberrant origin or course: 11 (34%)
Narrowing/stenosis: 12 (38%) [cases 2-5, 8, 11, 12 (severe, long-segment), 13, 22, 25, 28, 32]
Non-visualization/absence: 6 (19%): [cases 8, 11, 12, 18, 19, 32]

Other: persistent trigeminal a: 3, fetal posterior communicating a: 2, aneurysm [case 10],
possible aneurysm [case 18], possible dural arteriovenous fistula [case 12]

Structural CNS Anomalies: 13 (41%)

Cardiovascular Anomalies: 11 (34%)
Aberrant rt subclavian artery: 7 (22%)

Aortic arch anomalies: 6; mild coarctation with dysplasia [case 2], severe coarctation requiring
surgical repair [case 22], coarctation with transverse arch narrowing [case 28], rt aortic
arch [case 25], rt aortic arch with dysplasia [case 3], small aneurysm versus
pseudoaneurysm [case 32]

Other: Patent ductus arteriosus [cases 6, 10, 11], anomalous origin/course of cardiac vessel
[cases 10, 15, 30], patent foramen ovale [cases 25, 30], pulmonary stenosis [cases 16, 21],
atrial septal defect [case 21], ventricular septal defect [case 30]

Indications for Propranolol
High-risk for facial scarring/disfigurement: 22 (69%)
Visual compromise: 15 (47%)
Insufficient response to systemic corticosteroids: 9 (28%)
Ulceration (actual or potential): 8 (25%)

Other: side effects from systemic corticosteroids: 4 (hypertension in 3, cushingoid appearance
in 1), airway compromise: 5, g.i. bleeding: 2, auditory obstruction: 1, persistent bulk/slow
involution: 1, persistent intraoral IH: 1

Propranolol Dosing
Avg age at initiation: 4.8 mos (range: 7 days to 24 mos)
Avg daily dose: 1.8 mg/kg/d
Frequency: t.i.d. in 23 (72%), b.i.d. in 9 (28%)

Avg duration: 12.3 mos in 19 patients who completed therapy (9 pts still on propranolol, 3 lost
to follow-up)
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Propranolol Side Effects
Sleep disturbance/night terrors: 2

Single case each: g.i. upset, asymptomatic hypotension, periodic cold hands & feet,
constipation

Physician’s Assessment of IH Response to Propranolol

Excellent: 23 (72%), excellent to moderate: 1, moderate: 6, moderate to mild: 1, mild: 1

Atypical Events during Propranolol Therapy (see also Discussion)
Change in neuroimaging: progressive vessel narrowing [case 12]
Change in neurologic status: mild hemiparesis [case 11]

Worsening IH ulceration/tissue necrosis [cases 25, 28, 30]

A = artery; avg = average; g.i. = gastrointestinal; IH = infantile hemangioma; mos = months; rt = right
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Table 3
Comparison of Head and Neck MRA Imaging Features to Stroke Risk in PHACE Syndrome

Risk Category | Cerebrovascular Anomalies

Higherd * Severe narrowing/stenosisbor non-visualization of major vessels® without adequate anatomic
evidence of collateral circulation?

Standard * Severe narrowing/stenosisb of major vessels® with adequate anatomic evidence of collateral
circulation

Mild narrowing/stenosis€ of major vessels®

Hypoplasia,dysplasia, aberrant origin or course of major vessels® f
. Aberrant subclavian artery

. Persistent embryonic arteries

a. . . . . . .
risk further increased if coexistent cardiac or aortic arch anomalies
b, . ]
defined as vessel narrowing >75%
C. . . . . .
internal carotid artery, middle cerebral artery, anterior cerebral artery, posterior cerebral artery, basilar artery, vertebral artery
there are limitations to the ability of MRA to detect collateral vasculature because the imaging is done without a hemodynamic challenge; e.g.
some collaterals may only be dynamically recruited when a stressor to perfusion, such as hypotension, is introduced. For questionable cases,

follow-up perfusion studies can prove beneficial.

e, . . . L . . . .
defined as vessel narrowing <75%, and categorized as standard risk given known tendency to overestimate stenosis on time of flight MRA
(Johnson).

f .
any degree of severity
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Page 28

Metry et al.

d !
SISOUdIS
jo
8a4Bap ul Jusw
anoldwi
[eAtaiul
pamoys
sIkgg
e Vi
1eadal !
spIaul
no/m
sow
ZXp
ape)sal
doud
‘a|qels (pnw Ajrermun) vol
Buibew 1Y JO SISouals $300|
sow T uawbes aneday
e op -Buo| ‘vod 11q ‘|rem
Sem [0]0 17 JUasqe [eujwopge
ueidoud ‘HI [eNgJo 1y JoLId)ue
‘(ddIN 0} [eJale] 79 ‘uswopqe
yum palou leipawoJadns Jougue
pawluod) sabueyo dnyy Spl0Jals S|9SSaN Jaddn ¢
EYENES |assan SIA 1uanbauy ajow 0) asuodsal 10 4AV KJg1ussaw
01 pliw [enJaiul G'Z 1e urebe M Jadey premdn JuBIdIYNSUI ¢ [eanp Jojpue Jamoq
woJjy ‘sow paneIsal Jamos ‘indul Juswainbysip eise|dsAp |[ews
sisouals | ST e duN ‘sow | ABojounau ‘asop [eroey alanas ‘Usalds :
lossan | :(abe jo sIA ¢ X sow 6T T X 3UNSLIDUIA J0su ybiy ‘e prjoJed Jeulwopae
anissalboid G'Z % sow Je palelsal Ad pamojjoy ‘asiwoidwod SnouJaned a|dnjnw
pamoys sow GT 6T ‘sow ‘sow ‘(sow 6-T [eNSIA 818A8S 14 Jo wbeiydeip
pliw/adueqInisip BEAVAST GT ‘sow 9) 8 X 88In0d woly p/Bx/Bw g ‘yimouh 8sinoo/uiblio -1y
das|s piIN Jeaday 7 X VI wT/sow L | -T) T pamels SO pidey N N N JUeLIBgY 1M IS 1 2z
(1adey
M ymoih 8sinoo/uiblio
HI punogal JuRLIAgE M
‘sainjeay Je|1Seq0IgaLIaA
probuiysno) onse|dodAy
S04 el
3J-powl uoneniul apIssy 1 Jussqe
SINM SfenA dnyy 1oy ywpe dsoy Jswainbysip ‘Juawbas
‘3583199p 3S0P 0} a|qe)s ‘(abe (¥F! ‘Indu ABojoinau [e1oe} 2d Ul sisouals Kemure
pa| uoisuaiodAy J0JAT e papIAIp ‘(sow TT-s)M 10 s ybry 1830} M \YOd 1S90
anewoldwAse 79 au1|aseq) p/B/Bw sow € wouy p/Bxy/Bu ‘asiwoidwod 1dposgep 1Y onse|dsAp INE7S
J0 sapostd3y N ZX VIN T | gyisower | )T PeLEIS SO [ensIn [eusR)s N N ‘onse|dodAH ‘€S TS 1Y T
asuodsal Buibew! uoneang
HI Je[nasen /pareniul jojoueadoid saljewouy
JSREIE] Sluang -01gaJaD asop aby uoneniu| 10} [eaIpaN saljewouy salfewouy Je[nasen (s)uorreao
apis doad leaidAy Jeaday |ojoueuadoud | :jojoueadoid doud (s)uoneaipuj 1910 | Jenasencipae)d SND -01ga4a) HI | ssed
S|V 10} sainyea Buibew| sy JaybiH yum jojoueidold uo sjusied 30vHd
¥ a|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Dermatol. Author manuscript; available in PMC 2016 August 23.



Page 29

Metry et al.

3N

a|qels

‘(abe jo
JA T ‘sow
9 'iM 9)
€ X VdIN

prq
papIAIp
p/Bx/Bw
0C

(sow g)
Juasald/sym

S

uopreniul

104 Jwipe

dsoy sT T X
SO [euolsajesul
‘aonoe.d apisino
Aq uoneniuj

asiwoidwod
[ensiA
‘yimolb
pidey

asinogyuibiio
JueLIage
MVOD1d
anse|dodAy
‘vl
|elueloRUl
17 onse|dsAp
'Yov

1Y J0 Juswbas
TV uasge Jo
onse|dodAy
® VO 1d
anse|dodAy
MYl

14 Wesqy

SIS

3N

N

a]qels ‘sIA
Z Inun sow
9 Alane

9 auljaseq
BAVAT

p1l
papiaIp
p/Bx/Bw
0C

sow
¢efsow o1

ndui ABojoinaN

Juswainbysip
Je10ey

40is11 yby
‘asiwoidwod
[ensiA
‘ymolb
pidey

UoIeWIO} BN
18X 18\
-Apueqg

a|bue aunuod
-0]1808132 1Y
abeyrioway
pjo ssod
‘Alewoue
SNOUAA
[ejuswdojanap
|e1aLied
Y1'VARS
ansedodAy
‘vl

14 onse|dsAp
‘wisAInaue
Jejnages
a|qissod
MV1d
anse|dsAp
‘NODd 11e
wouy parjddns
SVYOW ['q pue
olweyydo
ey ®
VOV 1d 3yl
Aq paijddns
VoV

sy Myl
171 ussqv

S®IS
17 [ened

‘€S- IS

85In09
no

ybnosyy

a|qers
Ajeatbojolnau
paurewss

asuodsal
Hi
/S1084J9
apis doad

Sjuang
leaidAy

Buibew!

Je|nosen
-040248D
Jeaday

asop
|ojoueadoad

uoneing
/pareniul
by
:Jojoueadoad

uoneu|
doud

|ojoueadoud
104§
(s)uoneaipuj

[e21PaIN
183Yy10

salfewouy
1e|NJsenoIpIe)

salfewouy
SNO

salfewouy
Jejnasen
-010a48D

(s)uoneso
HI

aseD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Dermatol. Author manuscript; available in PMC 2016 August 23.



Page 30

Jeak = 1A ‘dn-3Jom = n/m {SHWI| [BUIOU UIYIM = TINAA ‘UIM = M {SH9aM = SYM ‘AIale [elgalIan = W/ ‘UMoUMUN = /N ‘pajeal) = pX1 ‘Ajep sawin 8a4yl = ‘p'1} uawbes = S ‘ybis = 1y ‘jojoueidoid

= doud Asare [eurwabi Jusisisiad = 1 d ‘ousisod = 1sod quaned = 1d ‘snsolsalre smonp ualed = wdd ‘Alale Bunesiunwiwod Joualsod = INODd ‘Alaue [elgalad Jolsisod = Od ‘auou = N ‘Aydesboibue soueuosal onaubew = wYHIA (S)yruow = (S)ow ‘ayesspow = pow ‘Aep
Jad wesbopy Jad swesbijjiw = p/Bx/Bw ‘uonedIpaw = paw ‘AIse [2I0a1a0 a|ppIW = WOIA ‘W3] = 17 ‘ewolbuewsay ajnuesul = H| ‘AlsLie ploJed [eussiul = Q| {[endsoy = dsoy ‘uoisuauadAy = N1H ‘sinoy = siy ‘[endsoy = dsoy ‘feunsajuionsed = '|'9 ‘dn-mojjo} = dn/j ‘Jua||a0xa
=3 ‘panunuoasip = 9/p ‘Aydesboibue Aydeibowoy paindwod = 1D ‘SPI0J8ISOIILI0d = SO (WaISAS SNOAJBU [e1IUBD = SND ‘AlalIe PIOJed UOWWO0I = DD ‘[edale]iq = |Iq ‘asnedaq = 9/q ‘abelane = BAY ‘|nisly SNOUBAOLIBLIR = 4 AV ‘AJdLe [e1ga1ad J0LIBIUR = YOV ‘Alalle = v

Metry et al.

sow
9Je Aejap
Jlojow
ssolb
auljsaploq
‘sBa|
7 uni ul
pappe osje 'p'1q eluojodAy | wsAinaueopnasd
papIAIp p/Bx/6Bw ‘Juawade|d 10
T SO awn ydym agn-9 | wsAinaue a1oe INODd Aemure
Je asiwoidwod pasinbai snsJan dwinq onsejdsAp | ‘s)yoonngaseld
Aemure 1oy asiwoidwod el snjonp [eaidAre ‘e Jejiseq Jo |ean|b
p/Bx/Bw € uayy Aemure Jeso Jood = sisoubeip doy eisejdsAp ‘15942
‘uonesayrjold ‘uonresaoin ‘| ‘anbuor 1 [enualayip payJew DRET
(a1qe1s ‘abe Pl 1o} p/Bx/6w z 01 Juswainbysip pue ulyo ‘yote o1oe ‘WOW @ VYOI ‘[esoequl
Josow Gy papIAIp p/B>i/Bw T wouy [e19e} JO Xsi Te ymmoif [eIsip [esare] 1] onse|dsAp S
79 du1]aseq) p/Bx/Bw pasea.oul ‘iadey yby ‘ymolb snoje 1e Buryonodino 79 MOJJeU lenJed ‘€S
3/N N ¢ X VAN 0€ jesaidpm T plemdn mo|s pidey | woneweH 18304 |[ews N TV ) ussqy g ‘zsn L
Iea
0 4’y
Jaddn pakonssp (panoadwi
ey} UoIeIaIN Buimoureu VOW oeq
Iea ‘sowl Pl (p/Bx/6w ) SO uonesaoIn ¢ Buimo.reu eise|dsAp 171 pamo.ieu Jaddn
79 djess ¥ Jaye papIAIp (sow 8T) M UOIJRUIqWI0D JuswaInBysip yoJe asIansuRl) reisejdodAy ‘WOl 08U
pouw/siS013u aIanss | 7 auljaseq) p/6x/Bw Juasald/sym u1 Buisop [e19e} JO Xsu 17 ‘Bloe 8y} Je||90aJ3d 17 pamodJeu ‘djess ‘es
3NSSI) PAUSSIOM ¢, ENN ¢ X VI 07T € Py semoT | yby ‘yimoib prdey N J0 uoneIe0d [essleliun 79 onse|dsAa s'1sn 9
Aemure
Buruasiom
01 8np sow
Te pajelsal Uay}
g HSU d0AIS Buipas|q
10 9/q (sow 6 ‘1I'9 ‘(8s4n02
- wouy p/Bxy/Bw pug) SO (omojBagns)
2) paueIs SO 0} asuodsal Jiedau [eaibins Aenure
Pl sow ¢ 1e 9/p doud METRIITTNT] pasinbai Buimo.reu 1081}
papIAIp p/Bx/Buw ‘9o110e4d apisino ‘asiwoidwod 1eds ‘e1ioe ay} VO VDI I'9 ‘djeas
3N N N 0¢C AN/SHM 2 Aq uoneniuj Remiry [eusals 40 uoneIdIend N 17 onseldsAQ n'esng S
asuodsal Buibew! uoneang
HI Je[naseA /pareniul Jojoueadoad saljewouy
/S1081)8 Sjuang -01gaJ8) asop aby 10} [eaIpaN saljewouy salfewouy Je[naseA (s)uorreao
apis doad eaidAy Jeaday |ojoueadoad | :jojoueidoid (s)uoneaipu 1910 | Jenosenoipaed SND -01Qga48D Hi | 8sed

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 August 23.

Pediatr Dermatol. Author manuscript



	Abstract
	Methods
	Results
	Discussion
	References
	Fig. 1
	Fig. 2
	Table 1
	Table 2
	Table 3
	Table 4

