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Introduction

ncontinentia pigmenti (IP), also known as
Bloch-Sulzberger syndrome, with a prevalence
of 0.7-1.2/100 000 [1, 2], is an X-chromosome-
linked dominant disorder caused by muta-
tions in the inhibitor of nuclear factor kappa-B
kinase subunit gamma (NEMO/IKBKG) gene mutation
at Xq28 [1]. More than 75% of IP patients are sporadic
cases and the rest are familial about 10-25% [3]. It is
usually fatal for male fetuses, mostly dying in utero [1].
In rare cases, male IP patients can survive if combined
with Klinefelter syndrome (47, XXY karyotype), subtype
mutations, or IKBKG somatic mosaicism [1, 2, 4, 5].

Case Presentation
Case number 1

A female patient was admitted to our hospital with a
postnatal rash. The patient was delivered by cesarean
section at a gestational age of 39 weeks with a birth
weight of 3600 g. A family history of skin condition was
denied. The mother had a 13-year-old daughter with
no history of rash. After birth, the patient was found
to have scattered pustules all over the skin, which pro-
truded from the skin surface, with no obvious ulcer-
ation or exudation. Blood routine test results showed
a leukocyte count of 40.8x10%/L, a neutrophil percent-
age of 76.5%, a neutrophil count of 31.20x10%L, an
eosinophil percentage of 7.3% and an eosinophil count
of 1.40x10°/L. The patient was administered cefepime
for anti-infective treatment. On the second day of ad-
mission, most of the generalized rash subsided, leaving
hyperpigmentation and dandruff and scattered herpes
was still seen on the limbs, and the routine blood test
results showed that the

white blood cell count was 20.6x10°/L, the percent-
age of neutrophil was 58.2%, the neutrophil count was
12.01x10%L, the percentage of eosinophils was 2.04%,
and the count of eosinophils was 0.10x10%/L. On the fifth
day of admission, red papules appeared on the limbs,
and after consultation with the doctor from the Depart-
ment of Dermatology, the diagnosis of IP was assigned.
Systemic application of antibiotics was discontinued
and topical skin healing film (2-3 times/day) was admin-
istered to prevent skin infections. Fundus examination
and fundus fluorescein angiography (FFA) showed isch-
emic changes in the retina of both eyes (Figure 1 A-D),
and retinal laser photocoagulation was performed in
both eyes. The genetic examination result was negative,
and no abnormality was found in the brain and heart
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ultrasound as well as head nuclear magnetic resonance
imaging (MRI). After the manuscript, the patient was 7
years old, with only scattered hypopigmentation foci on
the abdomen and bilateral posterior calves (Figure 1E),
accompanied by strabismus, missing teeth, and normal
growth and development.

Case number 2

A 4-month-old female infant was diagnosed with IP on
skin biopsy at another hospital (Figure 2A). Head MRI
showed large soft foci in the frontal parietal area bilat-
erally (Figure 2B). To check her fundus and FFA (Figure
2 C-F) and receive retinal laser photocoagulation, the
patient presented to our department at the age of 8
months. The infant showed growth retardation, which
was significantly improved after rehabilitation training.
At a follow-up visit at the age of 11 months, typical swirl-
ing pigmentation was seen on the trunk and four limbs
(Figure 2G). The fundus presented post-laser therapy
changes (Figure 2 H-l).

Case number 3

A female infant, presented to our department 20 days
after birth with a rash (Figure 1F), whose mother was an
IP patient with a history of miscarriage of male fetus. A
complete head MRI of fundus cardiac color showed no
abnormality. She is currently under regular follow-up.

Discussion

IP is an ectodermal disease that involves multiple sys-
tems and is characterized by skin pigmentation accom-
panied by damage to the teeth, eyes, central nervous
system, mammary glands, and bones [1]. The follow-
ing is an overview of the presentation and treatment
of IP for each system.

IP skin performance

Skin changes are the most typical manifestations of IP,
and the diagnosis can be confirmed based on skin mani-
festations alone [1]. The cutaneous manifestations occur
sequentially in four stages, not all of which are mandatory
and may overlap. The first stage is characterized by blisters
distributed along Blaschko’s line, which most often occur
in the neonatal period and may be accompanied by an el-
evated peripheral blood leukocyte count and eosinophil
count. The rash may recur during febrile illnesses, infec-
tions (coxsackievirus) and vaccinations [6]. In the second
stage, the blisters heal and form warty lesions and hyper-
keratosis. The third stage is the hyperpigmentation phase,
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Table 1. Vitreoretinal changes [14]
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Grading Manifestations
Mild, nonspecific defects of the retinal pigment epithelium, not affecting isual acuity, such as mottling of
Grade 1 X s - N . . :
pigment epithelium, distinct pigmentations, depigmented or hypopigmented areas
Vascularized or non-vascularized temporal ridge with or without retinal or vascular traction, gliosis or fibrosis, and
Grade ; . X . .
sometimes with retinal areas peripheral of the ridge
Grade 3 Retinal detachment, retrolental membrane/mass, including the retina and vitreous

Table 2. Stages of IP-associated retinopathy [13]
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Stage Ocular Manifestations
1 Changes in retinal pigment epithelium only
2 Retinal vascular abnormalities (except neovascularization)
3 Neovascularization or other pathologies secondary to retinal vasculopathy, such as retinal exudation, epiretinal mem-
brane/proliferation, or vitreous hemorrhage
4 Retinal detachment without end-stage changes: Partial or complete retinal detachment
5 End-stage: Severe ocular complications such as phthisis bulbi and secondary glaucoma

which can last until adulthood. The last stage mostly oc-
curs before the complete disappearance of hyperpigmen-
tation and is characterized by pale, hairless lesions [1].

Hadj-Rabia et al. [7] described the pathohistological
changes in the skin at each stage and proposed them
as secondary criteria for IP. Adults with IP may no longer
have typical skin manifestations [8]. The manifestations
of gray-blue mottled alopecia without capillary dilatation
and follicular exfoliation/clogging found on dermoscopy
can help in the diagnosis of IP. Skin damage usually re-
solves spontaneously without treatment, and in a few

Table 3. Classical diagnostic criteria for IP [1]
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severe cases, it can be treated with topical hormonal
therapy [3]. Both case 1 and case 2 reported in this pa-
per had skin lesions combined with skin infections, which
gradually healed after administration of systemic anti-in-
fection therapy. In neonates, topical sterile dressings can
be applied to prevent infections [3], and the skin healing
film applied in case 1 is a sterile dressing, which achieved
good results in case 1. Laser treatment can be attempted
for recurrent inflammation, while avoidance of light is
recommended to avoid the development of skin inflam-
mation and hyperpigmentation [3].

Absence of Maternal IP History

Presence of Maternal IP History

Major diagnostic criteria:
1- Typical neonatal rash (Erythema, vesicles, Eosinophilia)
2- Typical hyperpigmentation (especially on the trunk, following
Blaschko's lines, disappearing in adolescence)
3- Linear, atrophic, alopecic lesions
Minor diagnostic criteria (strongly supporting the evidence):
1- Dental lesions
2- Hair loss
3- Wooly hair/nail abnormalities

4- Retinopathy

Note: At least one of the major criteria should be met to make a

diagnosis; the secondary criteria support the diagnosis and cannot be
used independently as diagnostic criteria. However, the presence of

all secondary diagnostic criteria should still be highly alarming.

1- History or evidence of typical rash
2- Cutaneous manifestations (Hyperpigmentation, Scarring, linear
atrophic lesions with absence of hair, alopecia on the vertex)
3. Dental abnormalities
4- Wooly hair
5- Retinopathy
6- Multiple abortions of male fetus
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Figure 1. Case 1 fundus, FFA, skin manifestations and case 3 skin manikstation
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A) Fundos of the left eye pale edent in the macula with increased vascular branching, dilatation, anastomosis and a large periphend avas-
cular arco. B) Fundes of the right eye patch hemorrhage in the macula and the lower retina, pale edema in the macula, C) FFA of the left
eyn ahnontal anastomosis and increase of retinal vessels, occlusion of peripheral vessels, extensive avascular aron, D) FFA of the right aye
neovascularization visible in the posterior pole, late facemcence lonkag e, abnomual anastomosis of retinal vessels, extensive avascular
ares in the periphery, E) Lesions in the atrophic stage. Scattered hypopigmented foci on the abdomen and lower extremities, presenting as

linear or swirling. F) Erythema blister stage lesion of case 3.

Alopecia areata is more common in patients with IP
[8], most often occurring on the cranial vault, usually
secondary to herpes or warty lesions [9]. In addition
to the scalp, the trunk and extremities may also be in-
volved [9]. Chan et al. [10] suggested that the pattern
of craniovertebral spiral alopecia in patients with IP also
corresponds to the Blaschko line on the scalp, i.e. after
random X-chromosome inactivation, alopecia occurs in
the region of the X chromosome with mutations, and
hair is normalized in the region of the X chromosome
that does not have mutations.

Nail abnormalities occur mostly after puberty and the
most common alterations are in the first three fingers of
the hand [9]. The main manifestations are nail bulges [9],
indentations [9] and nail dystrophy [1] and in severe cas-
es, nail breakage [1] and subungual keratinized tumors
[1]. Advanced warty lesions under the nails require a skin
biopsy to confirm the diagnosis, and surgical excision and
bone scraping are feasible if the patients feel painful [3].

IP-related retinopathy

Ocular lesions may be seen in 35-77% of patients with
IP [11], the most common of which is IP-associated reti-
nopathy (IPR), such as vascular obstruction, neovascular-
ization, vitreoretinal hemorrhage, exudative and tensor
retinal detachment [12]. This is followed by optic nerve
loss and corneal abnormalities [3]. IPR may involve both
eyes or only one eye, and if bilateral involvement is pres-

ent it tends to be asymmetric in the extent of the lesion
[13]. Peng et al. [13] concluded that children with IP who
have central nervous system lesions were more likely
to develop IPR, and in their retrospective analysis all
children with neurologic alterations had ocular involve-
ment, and there was a positive correlation in the sever-
ity between neurologic alterations and IPR. Holmstrom
and Thorén [14] first proposed the grading of IPR which
has been used since then (Table 1) and in 2019 Peng et
al. [13] conducted a survey on the prevalence of IPR in
children with IP in China and updated the guidelines for
the grading of IPR (Table 2). IPR and even retinal detach-
ment can occur as early as 1-week afterbirth [15] and
then progresses rapidly, so once the IP is diagnosed, fun-
dus examination should be performed immediately [13].
The multidisciplinary expert consensus on the diagnosis
and management of patients with IP, published by the
European Network for Rare Skin Diseases in March 2020,
states [3] that fundus examination should be performed
as soon as IP is diagnosed. If the initial screening result is
negative, screening is still required at the following 1, 2,
3,6, 12, 18, and 24 months and then annually, as a way
to rule out the possibility of advanced ocular complica-
tions in adult IP patients. Screening recommendations
from Chinese experts [13] are as follows: All patients
with IP should have a fundus examination by a pediat-
ric ophthalmologist as soon as possible after diagnosis.
If the fundus is normal, it should be examined every 3
months for 1 year and twice a year for up to 3 years.
They should also be observed for refractive errors and
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Figure 2. Case 2 manifestations Journal of Pediatrics Review

A) Histopathological changes ofthe epidermis: There were hyperkeratosis ofthe epidermis, hyperplasia and hypertrophy o the stratumspino-
sum. mild papillomatous hyperplasia, and more poorly keratinized cells, moderate infiltration ofsingle nucleated cells in the superficial layers
ofthe epidermis, and a small number ofeosinophilic granulocytes were present; B) Head CT result: Patchy long Tl and 12 signals were seen
in the brain parenchyma ofthe frontal parietal on both sides, witl irregular morphology; C) Fundus of the left eye: Retinal artery presented
white line; D) Fundus ofthe right eye: Presented white line with peripheral fibrovascular proliferation; E) FFA of the left eye: There were retinal
neovascularization, late fluorescence leakage, retinal capillary dilatation, abnormal anastomosis and a large peripheral avascular zone; F) FFA
ofthe right eye: There were increased retinal vascular branching, abnonnal anastomosis ofcapillaries and a large peripheral avascular zone; G)
Lesions in the hypetpigirentation phase: Bl ere was typical swirling pigmntation on the trunk and extremities along tBlashkoline; HI. Fundus

changes afier laser treatment: Afler laser surgery, the retina was flat and scattered laser spots in the peripheral retina.

strabismus. After this, patients should be examined ev-
ery year. FFA should be performed as soon as retinal vas-
culopathy is detected during the examination or when a
normal fundus examination can be used in conjunction
with an FFA examination to assess retinal vascular sta-
tus. Follow-up can be discontinued if all examinations,
especially FFA, are normal. However, because IP is a sys-
temic disease, lifelong follow-up at one-year intervals is
still strongly recommended.

The treatment of IPR is mainly focused on symptoms,
and retinal photocoagulation, intravitreal injection of an-
ti-vascular endothelial growth factor (VEGF) and vitrecto-
my are often used in clinical practice [16]. Even with early
laser therapy;, strict post-treatment monitoring is required
[15]. Kunzmann et al. reported an adverse event of necro-
tizing small bowel colitis after an intravitreal bevacizumab
injection in a 6-week-old child with IP. They found that
the associated systemic uptake of VEGF levels was sup-
pressed after intravitreal injection of bevacizumab, and
the suppression of VEGF levels was associated with the
development of necrotizing [17]. This study suggests that

there may be a link between the development of
small bowel colitis and the suppression of VEGF levels
[17]. Ranibizumab shorter half-life and a reduced risk
of systemic absorption in infants compared with beva-
cizumab, therefore, Ranibizumab is a preferred choice
for treatment. Michel et al. pointed out that anti-VEGF
therapy should probably be used as a second-line treat-
ment for severe and atypical cases due to its potential
to cause cerebrovascular lesions and stroke in affected
infants [15], as well as the relative immaturity of the
blood-retinal barrier of infants [15]. The latest report
hypothesizes that systemic or topical application of pro-
pranolol may alleviate the progression of IPR by block-
ing neovascularization [18].

IP central nervous system lesions

Central nervous system lesions may be present in
30%-50% of IP patients, mainly manifesting as seizures,
microcephaly, mental retardation, and hemiparesis
[19]. The pathogenesis of CNS lesions is still not fully
understood, and there are two hypotheses: Microvas-
cular lesions leading to vascular occlusions and infarcts;
disruption of the immune-regulated nuclear factor kap-
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Table 4. Updated diagnostic criteria for IP [9]

Classification Clinical Manifestations

Typical IP skin phases distributed along Blaschko's line (stage 1)
Vesiculobullous (stage 2)
Verrucous (stage 3)
Hyperpigmented (stage 4)
Atrophic/Hypopigmented

Major diagnostic criteria

Dental anomalies,
Eye anomalies,
Central nervous system anomalies,
Hair anomalies (hair thinning, wooly hair, eyebrows, eye lash),
Nail anomalies,
palate anomalies,
breast anomalies (Nipple),
Multiple miscarriages of male fetuses,
Typical histological and pathological manifestations in the skin

Minor diagnostic criteria

No evidence of IP in the 1*-degree female relatives (If molecular testing is not available, at least two or more
major criteria or one major and one or more minor criteria are needed to confirm IP diagnosis),
Mutation in IKBKG data (any major or minor criteria sufficient to confirm IP diagnosis),

Evidence of IP in the 1*-degree female relatives (any single major or at least two minor criteria).

In all cases, eosinophilia and skewed X chromosome inactivation support the diagnosis
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Criteria to confirm IP diag-
nosis

Table 5. The diagnostic criteria for IP published by the European Network for Rare Skin Diseases [3]

Classification Clinical Manifestations

Typical neonatal rash with erythema and vesicles (stage 1)
Verrucous papules or plaques along Blaschko's lines (stage 2)
Typical hyperpigmentation along Blaschko's lines fading in adolescence (stage 3)
Linear, atrophic, hairless lesions on the limbs (stage 4) or scarring alopecia at the vertex
Teeth: Dental agenesis (hypodontia or oligodontia), abnormal shape (peg-shaped incisors, conical teeth, molar
Cusp changes), and delayed eruption
Common recurrent rearrangements (deletion rearrangements of IKBKG gene exons 4-10)

Major diagnostic criteria

Eosinophilia,
Hair: Bald or wooly (dull and dry),
Nails: Punctuate depressions, onychogryphosis (or ram’s horn nails),
Mammary gland involvement (hypoplasia, asymmetry, hypogalactia) and/or nipple involvement (inverted
nipples, supernumerary, feeding difficulties)
Histological features of the skin
Retina: Peripheral neovascularization

Minor diagnostic criteria

Eosinophilia
Hair: bald or woolly (dull and dry)
Nails: pitting, ingrown nails (or crook nails)
Mammary gland involvement (hypoplasia, asymmetry, absence of breasts) and/or nipple involvement (inverted
nipples, multiple births, feeding difficulties)
Histologic features of the skin
Retina: peripheral neovascularization

Secondary diagnostic
criteria
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pa-B (NF-kB) pathway leading to increased apoptosis of
neuronal and glial cells, or both pathogeneses involved
in the damage of the blood-brain barrier disrupting the
homeostasis of pro-convulsant factors and inflammation
playing a role in the development of small and medium-
sized cerebrovascular diseases [20].

Central nervous system lesions usually present in the
first week of life [21]. Approximately 30% of neonatal sei-
zures are accompanied by typical cutaneous manifesta-
tions [22]. Meanwhile, CNS manifestations are associated

with the appearance of the Blistering phase of IP [23]. A
case of a 2-year-old patient with IP was reported to pres-
ent an acute cerebral arteriopathy following influenza A
infection, without experiencing a blistering phase in the
early stages [19]. The brain MRI of the patient with IP
showed multifocal changes, mainly periventricular and
cerebral white matter lesions spreading to both hemi-
spheres, and in a few instances, the corpus callosum, bas-
al ganglia, thalamus, or cerebellum were involved [24].
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Treatment for CNS lesions is mainly antiepileptic, cor-
ticosteroids or adrenocorticosteroids [25] and rehabili-
tation training. Patients with IP in the neonatal period
without neurological damage still require follow-up [3],
neurocognitive assessment at 9 and 24 months postna-
tal, respectively, and MRI of the head at 2 and 3.5 years
of age are recommended; when neurological damage
is detected, electroencephalogram in the neonatal peri-
od, at 4 and 24 months postnatal, respectively, and MRI
of the head in the neonatal period and at 30 months is
recommended. Regular neurologic and epileptological
follow-up is necessary during the disease and through-
out life, at least every 6 months within 3 years of age,
and systematic neurocognitive assessment after enroll-
ment in elementary school. The frequency of cognitive
assessment is determined by the needs of each patient.

IP dental abnormalities

More than 80% of IP patients present dental abnormali-
ties (number, form, size and structure), 18% have delayed
eruption, and 40% have some skeletal defects [26]. The
most common dental damage is caries, followed by miss-
ing teeth, hypodontia, developmental delay, tooth loss
and some other oral abnormalities, most commonly

cleft palate and high palatal arch [27]. Timely restora-
tion, implantation, and orthodontic rehabilitation are
recommended as they follow up with their age [3].

IP breast hypoplasia

Female IP patients may present with excess
nipples, nipple hypoplasia, breast hypoplasia
and abnormal nipple pigmentation [1].

IP heart lesions

Some cardiac disorders associated with IP have also
been reported. Cases of pigment incontinence with
ventricular septal defect, atrial septal defect, pulmonary
stenosis, and pulmonary hypertension have been re-
ported [21]. Atallah et al. reported a 4-month-old child
who developed a collapse during general anesthesia
and was subsequently resuscitated and diagnosed with
severe pulmonary hypertension [28]. Therefore, once
a patient with IP undergoes surgery, the preoperative
examinations should include chest radiographs, electro-
cardiograms, echocardiograms, and a thorough cardiac
examination by a cardiologist.
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IP susceptibility to autoimmunity, autoinflammation
and tumors

IKBKG is a 23-kb gene consisting of 10 exons. Approxi-
mately 80% of IP patients are sickened by deletions in
exons 4-10 [4]. Non-recurrent genomic rearrangements
at the IP locus and point mutations in the IKBKG coding
region have also been reported [29]. The NEMO pro-
tein, encoded by the IKBKG gene, is responsible for reg-
ulating the activity of NF-kB [29]. NF-kB is responsible
for the regulation of immune stress response, inflam-
matory response, cell adhesion and protection against
apoptosis [29]. Deletion of the NEMO protein sensitizes
the cells to apoptosis, resulting in a male cell

death and female cells selectively biased X inactivation
[30]. In addition, the patients with IP are susceptible to
encephalitis following viral infections (influenza, herpes,
coxsackie and respiratory syncytial virus) and vaccina-
tions (smallpox, diphtheria and tetanus toxoid) [19, 24].
Cerebral arteriolar lesions in patients with IP may be
due to the susceptibility of the endothelial cells to pro-
inflammatory cytokines due to mutations in IKBKG [19].
Patients with IP can also develop several different types
of cancers [31] and malignancies, such as hematologi-
cal tumors (acute myeloid leukemia), nephroblastoma,
rhabdomyosarcoma and retinoblastoma [32]. Japanese
scholars reported a case of basal cell carcinoma occur-
ring in a patient with IP, which may be due to inacti-
vation of the NF-kB signaling pathway as a result of a
mutation in the NEMO gene [33]. This mutation may
reduce the ability of cells to scavenge reactive oxygen
species and prevent the cell cycle from responding to
DNA damage, promoting tumor transformation.

IP combined with other rare diseases

Strmeli Déven reported a case of right polycystic dys-
plastic kidney and left ureters-bladder junction obstruc-
tion with IP without IKBKG/NEMO mutation, and specu-
lated that sequential alignment of the IP-causing genes
with other genes involved in renal development could
lead to this outcome [34]. Romano et al. reported a
case of IP combined with a congenital portal system and
nodular regenerative hyperplasia of the liver in a patient
with facial dysmorphism and delayed speech, and the
genetic results tested positive, which may support the
role of NEMO in liver homeostasis [35].

Correlation of IP genotype with phenotype

Phenotypic expression of IKBKG mutations is highly
variable [9], phenotypes with the same mutant geno-
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type may be different, whereas the patients with differ-
ent IKBKG mutations may have the same clinical pheno-
type [9]. Peng et al. did not find any correlation between
genotypes and ocular phenotypes in their study of 61
children with IPR in China [13]. Wang et al. reported a
case of an asymptomatic baby boy of IP with a rash and
they concluded that somatic mosaicism, a postzygotic
mutation occurring at the blastocyst stage of embryo-
genesis leading to incomplete NF-kB inactivation, oc-
curred in this child, which explained the relatively mild
cutaneous symptoms and absence of extracutaneous
manifestations in the case [36]. IP patients with nega-
tive genetic testing are significantly less likely to have
combined dental manifestations [26].

Diagnostic criteria for IP

IP was first described by Garrod in 1906 [2], the classic
diagnostic criteria for IP were proposed by Landy and
Donnai in 1993 [1] (Table 3), and in 2014 the diagnostic
criteria for IP were updated to include atypical positive
result for mutations in the IKBKG gene and a family his-
tory of IP in the diagnostic criteria [9] (Table 4). The Eu-
ropean Network for Rare Skin Diseases in March 2020
published a multidisciplinary expert consensus on the
diagnosis and management of patients with IP and also
updated the diagnostic criteria [3] (Table 5), emphasiz-
ing that in the absence of family history, at least one
major criterion is sufficient for the diagnosis of IP. One
secondary criterion is sufficient for the diagnosis of IP
if IP has been diagnosed in the biological mother. The
complete absence of minor criteria should raise some
doubt about the diagnosis.

Typical skin manifestations confirm the diagnosis, but
older patients in stage IV may require skin biopsy or ge-
netic testing to confirm the diagnosis.

Conclusion

IP is a disease that involves multiple systems and is
likely to develop serious ocular and neurologic compli-
cations. Once diagnosed, multidisciplinary consultation
and evaluation by neurologists, ophthalmologists and
dentists are required. Early intervention and adherence
to lifelong follow-up are required.
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