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Unilateral and segmental distribution of
facial erythema: is it a real port-wine stain?
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Abstract

Capillary malformation-arteriovenous malformations (CM-AVMs) caused by a RASA-1 or EPHB4 mutation are
characterized as hereditary sporadic or multifocal capillary malformations (CMs), associated with potential fast-flow
vascular anomalies underlying erythema lesions. Because of the similar phenotype, CM-AVMs should be considered
in the differential diagnosis of isolated CMs as well as other disorders with an erythema phenotype, such as
hereditary hemorrhagic telangiectasia (HHT).
Herein, we report a male patient with facial erythema. Red lesions were located in the V1 region of his left face, the
V2 and V3 regions on his right side, and the nasal back. The patient was initially thought to have PWSs because of
the unilateral and segmental distribution of his red facial lesions. In contrast to a previous diagnosis, we diagnosed
the child with capillary malformation-arteriovenous malformation type 2 (CM-AVM2) based on a family history of
erythema, the results of physical examination and ultrasound raising potential fast-flow lesions, and a genetic study
revealing a germline EPHB4 mutation. This study emphasizes the importance of differential diagnosis for PWS and
CM-AVM. A single clinical diagnosis can be limited, and molecular diagnosis is recommended to provide more
information for the evaluation of the potential risk of fast-flow lesions underlying erythema lesions if necessary.
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Background
Capillary malformations (CMs), also known as port-wine
stains (PWSs), are the most common slow-flow vascular
malformation in the skin, affecting approximately 0.3% of
newborns [1, 2]. CMs can present as erythema with pink
or red color in the skin and cutaneous tissue that progres-
sively grows with the growth of individuals and does not
regress spontaneously [3]. CMs can be isolated or can
occur as a component of capillary malformation–arterio-
venous malformation (CM-AVM) syndrome associated

with arteriovenous malformation (AVM) or arteriovenous
fistula (AVF) [4, 5]. CMs characteristic of this syndrome
are smaller and pinker compared with isolated CMs, and
many exhibit a surrounding pale or blanched halo [6].
CM-AVMs, are an autosomal dominant disorder caused
by germline RASA-1 mutations or EPHB4 mutations [4, 7,
8]. Because of the similar phenotypes, CM-AVMs should
be considered in the differential diagnosis of isolated CMs
as well as other disorders with erythema phenotypes, such
as hereditary hemorrhagic telangiectasia (HHT) [9].
Herein, we report one male patient with facial

erythema who was initially thought to have PWSs
because of the unilateral and segmental distribution of
his red facial lesions but was later diagnosed with CM-
AVM2 syndrome based on a germline EPHB4 mutation.
We also describe the main clinical manifestations,
imaging findings and molecular information that differ-
entiate PWS and CM-AVM.

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: chenhui9801640@163.com; linxiaoxi@126.com;
DrRenCai@gmail.com
†Qingqing Cen, Yi Sun and Xiaojing Zeng these authors contributed equally
to this work and should be considered co-first authors.
†Hui Chen, Xiaoxi Lin and Ren Cai these authors contributed equally to this
work and should be considered co-corresponding authors.
1Department of Plastic and Reconstructive Surgery, Shanghai 9th People’s
Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, PR
China
Full list of author information is available at the end of the article

Cen et al. Hereditas          (2020) 157:27 
https://doi.org/10.1186/s41065-020-00143-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s41065-020-00143-z&domain=pdf
http://orcid.org/0000-0002-6025-0170
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:chenhui9801640@163.com
mailto:linxiaoxi@126.com
mailto:DrRenCai@gmail.com


Case presentation
A 4-year-old boy with facial erythema visited our clinic
with his parents. He was born at 35 weeks to a 41-year-
old mother via eutocia. The lesions appeared darker on
his face 2 weeks after birth. The red lesions were located
in the V1 region of his left face, the V2 and V3 regions
on his right side, and the nasal back (Fig. 1a-b). Half of
the lip was involved, but there were no lesions on the
gingiva. The lesions had become progressively darker
and larger, as reported by his parents. We were told that
the boy was diagnosed with port-wine stains, received
medical treatment for Pulse dye laser (PDL) with no
effect and underwent regular clinical follow-ups for
Sturge-Weber syndrome (SWS) as a precaution.
Family history showed that the child’s father presented

two erythemas on his back and leg (Fig. 1d-e).
During physical examination, the skin temperature of

the lesion was found to be slightly higher than that of
the adjacent normal area. The child was examined with
no indications of glaucoma or potential seizures.
An ultrasound scan showed a hyperechoic signal with

a peak artery speed of 37–54 cm/s (Fig. 1c).
To identify genetic changes, we performed a minimally

invasive needle biopsy (D = 2mm, all layer biopsy) under
local anesthesia (Penles and 1% xylocaine). Targeted
next-generation sequencing (NGS) was then performed

on blood specimens from the peripheral vein as well as
tissue specimens. The targeted gene panel for NGS was
designed according to the ISSVA classification [10].

Next-generation sequencing (NGS)
To target the exons as well as the exon/intron boundar-
ies of EPHB4, a series of RNA capture baits were
designed. SureSelect XT kit reagents (Agilent Technolo-
gies, Santa Clara, CA) were used for the Illumina
adapters. Quantitative PCR (KAPA Biosystems,
Wilmington, MA) was used to verify the concentration
of the indexed sample, and the sample was then
sequenced on a MiSeq instrument (Illumina, San Diego,
CA), generating 2150 paired-end reads. The variants
were analyzed by using the Integrative Genomic Viewer.

Sanger sequencing
The EPHB4 gene was PCR-amplified to track 7:
100402906 AGT > A, c.2714_2715delAC, p.His905fs in
the blood and tissue samples. The primer sequences that
were used are available upon request. The amplicon
fragments were sequenced bidirectionally (forward and
reverse) with the M13 primer by using the Big Dye1
Terminator v3.1 cycle sequencing kit and an ABI 3730
DNA Analyzer (Life Technologies, Carlsbad, CA). The
target sequences were compared to the EPHB4 reference

Fig. 1 a-b Clinical manifestation of the patient. c Ultrasound scan of the patient in the facial lesions. d lesions in the back of proband’s father. e
lesions in the leg of proband’s father. f Sanger sequence of germline mutation of EPHB4(7:100402906 AGT > A)
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sequence using Mutation Surveyor (SoftGenetics, State
College, PA).

Result
A genetic study revealed that the patient and his father
harbored a germline mutation in EPHB4 (p. His905fs).
NGS analysis showed this mutation was detected with a
mutation frequency of 47 and 41.5% the patient’s and the
father’s blood sample. The depth of coverage for this
EPHB4 mutation was 6121x in the patient’s blood sample
(Fig. 1f). In contrast to previous diagnoses, based on the
family history of erythema, the results of a physical exam-
ination and ultrasound raising potential fast-flow lesions,
and a genetic study revealing a germline EPHB4 mutation,
we diagnosed the child with capillary malformation-
arteriovenous malformation type 2 (CM-AVM2).

Discussion
CMs are composed of dilated capillary-like channels in
the dermis [11]. Although previous studies have re-
ported heredity components of CMs with an inherit-
ance rate of 8–22% [12], a CM is generally not
considered to be a familial condition. Clinically, CMs
are characterized as reddish-purple lesions with flat
surfaces, most of which occur in the head and neck
area. Approximately 26% of PWSs located in the distri-
bution area of the ophthalmic branch of the trigeminal
nerve are associated with Sturge-Weber syndrome
(SWS), a neurocutaneous disorder. SWS is character-
ized by facial PWSs, venous capillary anomalies of
leptomeninges in the brain and eyes, seizures, stroke,
glaucoma, and intellectual disability [13]. In 2013, Shir-
ley et al. found that PWSs and SWS were caused by
somatic GNAQ (R183Q)-activating mutations, inducing
the activation of the mitogen-activated protein kinase
(MAPK)/extracellular signal-regulated kinase (ERK) sig-
naling pathway and leading to angiogenesis and in-
creased migratory behavior in vitro [14].
The distinct phenotype consisting of multiple small,

round-to-oval CMs with surrounding pale halos was
associated with germline mutations of RASA-1 and
designated capillary malformation-arteriovenous malfor-
mation (CM-AVM) in 2003 [4]. A “second hit” hypoth-
esis was proposed as the pathomechanism of CM-AVM
[4, 15]. Later, in 2017, a novel germline EPHB4 mutation
was detected in RASA-1-negative CM-AVMs, mimicking
RASA1-related CM-AVM1 and HHT [8]. These EPHB4-
related CM-AVMs were referred to as CM-AVM type 2.
According to the literature, in addition to multiple sites

of erythema, CM-AVM patients exhibit an increased risk of
fast-flow lesions such as arteriovenous malformation
(AVM) or arteriovenous fistula (AVF), or even hypertrophic
syndromes such as Sturge-Weber syndrome (SWS) and
Parker-Weber syndrome (PKWS) [16, 17].

According to the clinical aspects of the case described
herein, the congenital unilateral and segmental facial
erythema was distributed along the ophthalmic branch
of the trigeminal nerve, located in the V1 region of his
left face and the V2 and V3 regions on his right side
(Fig. 1a-b). Dermatologists or primary care providers
may have diagnosed his lesions as port-wine stains and
sent the boy for a glaucoma examination and a neuro-
logic examination for potential seizure attacks. Physical
examination showed a higher temperature of the red le-
sions than the adjacent or normal tissue, which may be
suggestive of fast-flow lesions. An ultrasound scan con-
firmed our concern, where the signal of the fast-flow le-
sions revealed a peak artery speed of 37–54 cm/s. Family
history analysis showed the existence of hereditary
multifocal red lesions. A genetic study confirmed our
concern regarding the molecular aspect of the condition.
We diagnosed the child with capillary malformation-
arteriovenous malformation type 2. With the potential
for AVM attacks and considering the potential harm
caused by radiation, digital radiography was not per-
formed on the patient. We performed regular clinical
follow-up in the child as a precaution related to a poten-
tial AVM attack. Bleomycin injection is considered as a
medical method of treating AVM at an early stage.
This study emphasizes the limitations of a single clin-

ical diagnosis and the importance of molecular diagno-
sis. As dermatologists, we can easily overlook a potential
AVM under erythema lesions and choose PDL or PDT
for treatment, leading to a missed diagnosis of CM-
AVM and early treatment of the underlying AVM. The
potential life-threating.
complications of AVM, including heart failure,

hemorrhage and seizures, cannot be neglected [4, 16,
18]. We recommend the use of NGS together with a
careful review of the medical history, physical examin-
ation results and ultrasound scan analysis data to facili-
tate the evaluation of the potential risk of fast-flow
lesions. Patients should have undergo clinical follow-ups,
be made aware of the potential fast-flow lesion, and re-
ceive appropriate initial treatment.

Conclusion
Herein, we report one male patient with facial erythema
who was initially thought to have PWSs because of the
unilateral and segmental distribution of his red facial le-
sions but was later diagnosed with CM-AVM2 syndrome
based on a germline EPHB4 mutation. It would be valu-
able to obtain clinical information as well as the relevant
molecular diagnosis. Such information would help us to
understand the differential diagnosis of isolated CMs
and CM-AVMs and to evaluate the potential risk of fast-
flow lesions underlying erythema.
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