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Abstract
BACKGROUND
Incontinentia pigmenti (IP) is a rare X-linked dominant genetic disorder that can be fatal in male infants. It is a disease that affects many systems of the human body. In addition to characteristic skin changes, patients may also have pathological features of the eyes, teeth, and central nervous system. Therefore, the lesions in these systems may be the first symptoms for which patients seek treatment. To date, no cases of IP complicated by intracranial arachnoid cyst (IAC) have been reported. This paper aims to report a case of IP with IAC in order to share the diagnosis and treatment experience of this rare case with other clinicians. 

CASE SUMMARY
An 11-year-old female patient suffered intermittent limb convulsions for five months and was sent to hospital. In the initial stage, the patient was considered to have primary epilepsy. Further investigation of the patient's medical history, physical examination and imaging examination led to the diagnosis of IP combined with intracranial space-occupying lesions, and secondary epilepsy. The patient was treated with craniotomy, and postoperative pathology revealed an IAC. The patient recovered well after craniotomy and had no obvious surgery-related complications. During the follow-up period, the patient did not have recurrent epilepsy symptoms.

CONCLUSION
IP is a multi-system disease that presents with typical skin lesions at birth, but the long-term prognosis of this disease depends on the involvement of systems other than the skin, especially nervous system and ocular lesions. 
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Core Tip: We report a rare case of incontinentia pigmenti (IP) with an intracranial arachnoid cyst (IAC). The initial diagnosis in this patient was considered to be primary epilepsy. Following admission, her medical history, physical examination and imaging examination led to the diagnosis of IP complicated by intracranial space-occupying lesions and was treated by craniotomy. Postoperative pathology revealed an IAC. During follow-up, the patient recovered well and did not experience recurrence of epilepsy. By recording the diagnosis and treatment history of this patient in detail, and reviewing relevant literature, discussing the characteristics of patients with IP and IAC will help to improve diagnosis and treatment, and improve the overall quality of life of such patients.


INTRODUCTION
Incontinentia pigmenti (IP) or Bloch-Sulzberger syndrome, is a rare X-linked dominant inherited systemic disease affecting primarily the skin but also other neuroectodermal tissues such as teeth, hair, eyes, and the central nervous system. IP is the consequence of a mutation in the IKBKG gene (formerly known as NEMO or nuclear factor kappa essential modulator). Because it is an X-linked dominant disorder, it is usually fatal in males and is therefore only seen in female infants. In addition reports suggest that the incidence of IP is 0.7 per 100000 individuals[1,2].
IP with intracranial space-occupying lesions is extremely rare. To date, no cases of IP with an intracranial arachnoid cyst (IAC) have been reported. We here report the first case of IP with an IAC in order to share our experience in managing patients with IP with IAC and help improve diagnosis and treatment and improve the overall quality of life of such patients.

CASE PRESENTATION
Chief complaints
An 11-year-old female patient was sent to the emergency department due to intermittent limb convulsions for 5 mo and loss of consciousness with limb twitching for 1 h.

History of present illness
The patient was sent to the emergency department of the First Affiliated Hospital of Xinxiang Medical University for treatment due to a sudden loss of consciousness with limb twitching for 1 h. The patient presented with sudden epilepsy symptoms without obvious inducement 5 mo ago, and the specific manifestations included turning up of the eyes, twitching of the limbs, no foaming at the mouth, and no incontinence. The above symptoms were relieved without treatment after approximately 30 s. Limb movement was subsequently normal, and there were no residual symptoms such as headache and dizziness. Over the past 5 mo, there were 4 intermittent attacks. The patient was hospitalized for treatment.

History of past illness
Approximately 10 d after birth, she developed a rash on her body, and with advance of age, her skin color gradually deepened. At present, the child’s psychomotor development showed no obvious abnormalities compared with normal children of the same age. 

Personal and family history
The father was healthy, and the mother also had similar skin lesions in childhood, which almost completely disappeared around the age of 8 years. At present, only a small area of pigmentation remains on the inner side of her left forearm. The mother denied a history of exposure to radioactive substances during pregnancy and a history of taking medication. However, she had a previous miscarriage (details unknown).

Physical examination
Her vital signs were stable. Consciousness, fluent language, memory, calculation, comprehension, judgment, and orientation tests were basically normal. Limb muscle strength was grade 5, and muscle tone was normal; physiological reflex was present, but pathological reflex was not elicited. Ink-splattered and streak-like brown hyperpigmentation was observed all over the trunk and extremities (Figure 1).

Laboratory examinations
The white blood cell count on routine blood testing was slightly increased (12.2 × 10/L). The results of other routine laboratory biochemical tests showed no abnormalities. 

Imaging examinations
Preoperative magnetic resonance imaging (MRI) revealed a large, circular, homogeneous sac-like signal in the right frontal brain area, approximately 49.3 mm × 58.5 mm × 54.0 mm, with clear boundaries, and the adjacent brain sulci were compressed and narrowed, and the right lateral ventricle was deformed due to compression. Diffusion weighted images showed a low signal, and no obvious enhancement on the enhanced scan. A small patchy long T1-weighted imaging and long T2-weighted imaging signal was observed next to the posterior horn of the right lateral ventricle, and T2 fluid-attenuated inversion recovery showed a slightly high signal, and no obvious enhancement was found on the enhanced scan. Radiological diagnosis of the right frontal lobe revealed a cystic mass, which suggested an IAC; small ischemic foci next to the posterior horn of the right lateral ventricle were noted (Figure 2). Considering that the disease can involve multiple organ systems in the body, we performed chest X-ray and abdominal plain computed tomography (CT) scans before surgery, and no lesions were found.

FINAL DIAGNOSIS
The patient was diagnosed with IP and IAC. 

TREATMENT
A multidisciplinary consultation with a pediatrician and a dermatologist was initially conducted to confirm the patient’s diagnosis. After further evaluation of the patient's condition, exclusion of surgical contraindications, and active preoperative preparation, a craniotomy was then performed. During the operation, the skin and subcutaneous tissue were incised along the marked line, the skin flap was turned over, and the bone window size was approximately 5.0 × 6.0 cm. A radial incision of the dura mater revealed an arachnoid cyst with high tension and local arachnoid thickening. The cyst wall was intact and accompanied by hyperplasia of blood vessels. The excised cyst wall was sent to the pathology department for examination. The cyst and subarachnoid space were thoroughly communicated, and the dura mater was sutured and the bone flap was reset after the instruments were checked. The skin was sutured layer by layer. Infusions and epilepsy prevention, and other related treatments were administered after the operation.

OUTCOME AND FOLLOW-UP
Pathological examination of the tissue was performed. The results showed that gray tissue with a diameter of 0.2 cm was observed. Immunohistochemical results revealed an arachnoid cyst (Figure 3). Postoperative head CT was performed (Figure 4). Head MRI was also performed during follow-up and the local bone of the right frontal area showed postoperative changes, and the cystic shadow in the surgical area was significantly smaller than that before surgery at approximately 23.8 mm × 30.0 mm × 28.5 mm (Figure 5). 

DISCUSSION
Incontinentia pigmenti (IP) is a rare systemic disease involving multiple organ systems. The disease was first reported by Bloch in 1926, and was further described by Sulzberger in 1982; thus, it is also called Bloch-Sulzberger syndrome[2,3]. Recent studies have shown that neonatal IP is caused by mutation of the NEMO gene located on chromosome Xq28, and the most common mutation type is deletion of NEMOΔ4-10. It is also due to the particularity of the genetic mode of the disease itself that male children inherit homozygous IP, so in most cases of male fetuses, miscarriage or stillbirth may occur during pregnancy. Therefore, in clinical practice, the disease is more common in female children, and the hospital visit rate is higher than that of male children[4-6]. Our female patient had IP complicated with intracranial space-occupying lesions. Her mother had a history of miscarriage in the past, and she stated that the possibility of a male fetus was high, but the specific situation could not be verified. The overall situation was consistent with the epidemiology of the disease. We believe that this is the first case of IP with an IAC. This patient was initially misdiagnosed with primary epilepsy. The final diagnosis was IP with IAC based on further investigation of the patient's medical history, physical examination, imaging examination and postoperative pathology.
At present, IP is diagnosed using internationally recognized standards. The main indicators in patients with no previous positive family history are as follows: (1) Typical erythroid blisters in the neonatal period, and the blisters contain eosinophilia; (2) Pigmentation with a linear distribution on the trunk; and (3) Linear skin atrophy and other signs. Secondary indicators include the following aspects: (1) Baldness; (2) Abnormal teeth; (3) Retinopathy; and (4) Abnormal nails. The main diagnostic criteria for those with a positive family history are as follows: (1) Presence of pigmentation; (2) Skin and hair damage; (3) Abnormal teeth; (4) Baldness; (5) Retinopathy; and (6) Evidence of multiple pregnancy and male abortion. The comprehensive clinical diagnostic criteria are as follows: for those with no positive family history, one major diagnostic indicator and one secondary indicator are required to support the diagnosis. If there is a definite positive family history, the diagnosis can be made with only one clinical criterion[7,8].
The characteristic rash is the main clinical manifestation of IP, which often occurs at birth and in infancy. It can be roughly divided into phase I to IV. The first period is also known as lupus erythematosus blister, in which skin lesions usually occur at birth or within 2 wk after birth, and are characterized by pimples, erythema, blisters, rash along the inside of the limbs and the trunk with a linear lateral distribution. No bacteria are present in the blister fluid, but it does contain a large number of eosinophils. Skin histopathological findings have suggested typical eosinophilic sponge edema. The second period is also known as the verrucous hyperplasia period, in which an excrescence rash is formed combined with different degrees of pigmentation. Histological examination results showed stratum spinosum hypertrophy, often occurring 2-6 wk after birth. The third period is pigmentation, in which skin damage occurs more than 12-26 wk after birth. This period is characterized by pigmentation and a splash-ink swirl pattern. Histological examination revealed dermal melanin cell infiltration. The fourth period is also known as atrophic pigment loss, during which skin macular atrophy, pigmentation and atrophy of skin hair loss occur. The skin lesions in the above stages may overlap but may be alleviated to some extent with age[9,10]. In the present case, typical rashes of stages I, II and III were present, but stage III was the main manifestation at presentation, and no obvious overlap was observed.
Damage and deformity of the central nervous system is one of other major clinical manifestations in children with IP. A considerable number of children seek treatment for neurological diseases with head symptoms. In this case, the patient sought treatment due to frequent epileptic seizures, showing consistency. According to previous reports, the incidence of neurological involvement in neonatal IP children is 18%-32%[11,12]. At present, the pathogenic mechanism of central nervous system damage in children with IP is unclear, and the possibility of vasogenic damage and an inflammatory mechanism is reasonably strong. In addition, the occurrence time and disease type of neurological damage in IP children vary, and the clinical manifestations of neurological damage can be epilepsy, acute disseminated encephalomyelitis and ischemic stroke. Epilepsy can be the first symptom of the disease. The head imaging performed during hospitalization showed that the patient had intracranial space-occupying lesions and ischemic foci. The occurrence of these lesions coincides strikingly with the epidemiology of IP.
The rash in some children only appears in the neonatal period and gradually subsides after 1-2 years, which was consistent with the course of disease development of the mother in this case. In recessive children, epilepsy symptoms such as seizures with unknown causes are often misdiagnosed as primary epilepsy. However, routine treatment of such epilepsy symptoms with sodium valproate has no definite clinical effect. Therefore, it is suggested that the possibility of IP should be considered in children with convulsions without obvious cause, especially female children with a history of specific rash. In addition, systemic damage amongst IP children includes the eyes, teeth, hair, bones, finger (toe) and other areas, mainly manifested as strabismus, unexplained visual loss, cataract, optic nerve atrophy, retinal detachment, absence of teeth, tooth deformity, tooth loss, teeth misalignment, short stature, saggy wrists, saddle head and horseshoe inside turned foot[5,6,10-12].
As mentioned earlier, IP is a multi-system disease that presents with typical skin lesions at birth, but the long-term prognosis of this disease depends on the involvement of systems other than the skin, especially the nervous system and ocular lesions. In this case, intracranial space-occupying lesions were present. Combined with her clinical symptoms, signs, and preoperative imaging examinations, it was suggested that an arachnoid cyst was likely. After clear indications for surgery and exclusion of contraindications to surgery, the patient underwent a craniotomy. Combined with the postoperative pathological results, the diagnosis of IAC was confirmed. An IAC is now considered an external brain parenchymal, non-oncologic space-occupying lesion. Most scholars believe that the formation mechanism of IAC is during the early stage of arachnoid development and dura stratification. Cerebrospinal fluid (CSF) flow is damaged, and CSF constantly impinges on the lumen formed through the rupture site. In addition, there are factors secondary to trauma, including inflammation, infection, intracranial hematoma and other factors[13]. What is the probability of developing an IAC in patients with IP? By reviewing previous literature, we do not have a clear answer at this time and further research is required. 
A small IAC can have no obvious clinical symptoms. However, with the gradual increase in size of the cyst, increased compression of adjacent brain tissue, blood vessels and nerves can hinder circulation of the CSF and gradually increase corresponding intracranial pressure, cranial enlargement, epilepsy, cranial nerve compression and other symptoms. Since Howship's report in 1819 and Bright's report in 1931, the diagnosis and treatment of IAC has had a history of more than 70 years, but the treatment of arachnoid cyst, especially the choice of surgical method, is controversial in the medical field. Surgical treatment of an arachnoid cyst aims to relieve the symptoms of the cyst itself on adjacent brain tissue, nerves and blood vessels, promote the recovery of brain tissue, improve clinical symptoms and reduce the recurrence rate of IAC as far as possible. At present, the main surgical methods include craniotomy for arachnoid cyst, microscopic resection of the capsule wall with communication in the subarachnoid space, a cyst peritoneal shunt, and endoscopic fistula[14-18].
Surgical intervention in the treatment of IAC is not only confined to restoring brain anatomy, but to also provide an effective treatment, recovery and safeguard normal neural physiological function. On this basis, the lumen of the adjacent subarachnoid communication adequately (pool) circulates the CSF, eventually eliminating symptoms and preventing recurrence. Holst et al[19]pointed out that a cyst-peritoneal shunt can rapidly reduce the size of the cyst and is beneficial to the recovery of compressed brain tissue, making it an effective surgical method.
Traditional craniotomy for arachnoid cyst excision has been widely used in clinical practice, and it has the advantages of full decompression, accurate curative effect and complete hemostasis. However, complete removal of the cyst is difficult due to the close adhesion between the cyst wall and adjacent brain tissues, blood vessels and nerves. Regeneration of the residual cyst wall and re-closure of the cyst wall can significantly increase the rate of IAC recurrence. However, microscopic resection of the cyst wall and the opening of the arachnoid cistern around the cyst can be performed. On the basis of partial resection of the IAC, the adjacent arachnoid cistern is communicated. Compared with the simple arachnoid cyst-peritoneal shunt, it is more in line with the physiological circulation of CSF. Moreover, because it has the advantage of not relying on the shunt device, it avoids the complications related to the postoperative shunt tube. Compared with traditional craniotomy cyst excision, neurosurgeons can more clearly explore the relationship between the IAC and surrounding tissues during microscopic surgery and the cyst can be excised more safely and effectively. In addition, the entire cyst wall does not need to be removed, thereby reducing the damage caused by separation of the cyst wall.
Finally, we chose this surgical plan based on the clinical symptoms, imaging manifestations and wishes of the child’s family members. Intraoperative neuroelectrophysiological monitoring was performed to further avoid related neurological function damage.

CONCLUSION
In summary, IP is a systemic multi-system disease characterized by skin lesions, and the long-term prognosis of this disease depends on the involvement of other systems aside from the skin, especially nervous system and ocular involvement. In terms of treatment, there is currently no cure for the skin lesions of it. If the lesions inof other systems other than the skin system are cured, there is usually no discomfort. Thuserefore, for patients with IP incontinentia pigmenti, cliniciansal doctors generally focus on symptomatic treatment, and give prioritizey to the treatment of critical symptoms. The patient recovered well after surgery and did not develop recurrent epilepsy symptoms. 
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Figure 1 Presentation at the initial clinic visit. A: Ink-splattered and streak-like brown hyperpigmentation all over the trunk and extremities; B: Linear lesion of the lower limbs and feet with hyperpigmentation.
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Figure 2 Preoperative magnetic resonance imaging examination. A: A large, circular, homogeneous sac-like signal was observed in the right frontal brain area, approximately 49.3 mm × 58.5 mm × 54.0 mm, with clear boundaries, and the adjacent brain sulci were compressed and narrowed. Long T1-weighted imaging (T1WI) magnetic resonance imaging (MRI) signal showed a capsule shadow; B: Long T2-weighted imaging (T2WI) MRI signal showed a capsule shadow; C: Diffusion weighted imaging images showed a low signal; D: The right lateral ventricle was deformed by compression; E: with no obvious enhancement on the enhanced scan; F: There was a small patchy long T1WI and long T2WI signal next to the posterior horn of the right lateral ventricle, T2 fluid-attenuated inversion recovery showed a slightly high signal, and no obvious enhancement was found on the enhanced scan. Radiological diagnosis of the right frontal lobe was a cystic mass, which was considered a possible intracranial arachnoid cyst, and small ischemic foci next to the posterior horn of the right lateral ventricle were noted.
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Figure 3 Pathological examination of the tumor tissue. A: Gray tissue with a diameter of 0.2 cm was observed; B: Immunohistochemical results revealed an arachnoid cyst on hematoxylin-eosin staining.
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Figure 4 Postoperative head computed tomography. A: The local bone of the right frontal area showed postoperative changes; B: The pressure in the arachnoid cyst was released; C: Right lateral ventricle and the brain tissue that was compressed and deformed before surgery gradually rebounded.
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Figure 5 Imaging changes during patient follow-up. A: Magnetic resonance imaging (MRI) examination show the cystic shadow in the surgical area was significantly smaller than that before surgery; B: Long T2-weighted imaging MRI signal showed a capsule shadow and was approximately 23.8 mm × 30.0 mm × 28.5 mm; C: Lateral ventricle and the brain tissue that was compressed before surgery furtherly rebounded.
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