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Abstract
BACKGROUND
[bookmark: OLE_LINK3666][bookmark: OLE_LINK3667]Dandy-Walker malformation (DWM) was first reported in 1914. In this case report, a pediatric case was complicated with giant and isolated arachnoid cysts in the right cerebellar hemisphere along with the typical DWM.

CASE SUMMARY
[bookmark: OLE_LINK3668][bookmark: OLE_LINK3669]The patient was at 20 mo old boy, with the complaint of staggering for more than 2 mo. He was admitted to the hospital due to high intracranial pressure and staggering. At admission, the patient had typical manifestations of high intracranial pressure, including vomiting, poor appetite and feeding difficulty. Physical examination revealed increased head circumference, closed anterior fontanelle, unstable standing, staggering, leaning right while walking and ataxia. After admission, he was diagnosed with DWM accompanied by giant isolated arachnoid cysts in the posterior fossa. He underwent Y-shaped three-way valve repair for treating differential pressure between the supratentorial hydrocephalus and the subtentorial arachnoid cysts at once. The child recovered well after the surgery. 

CONCLUSION
[bookmark: OLE_LINK3670][bookmark: OLE_LINK3671]In this case, supratentorial and subtentorial shunts were placed, which solved the problem of differential pressure between the supratentorial and subtentorial parts simultaneously. This provides useful information regarding treatment exploration in this rare disease. 
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[bookmark: OLE_LINK3664][bookmark: OLE_LINK3665][bookmark: OLE_LINK3701]Core Tip: Dandy-Walker malformation (DWM) is a rare congenital malformation characterized by partial or complete dysplasia of the cerebellar vermis, cystic dilation of the four ventricles, upward displacement of the tentorium, increased anteroposterior diameter of the posterior fossa, and connection between the posterior fossa cysts with the four ventricles in most cases. DWM with giant isolated arachnoid cysts in the posterior fossa was treated with a combination of supratentorial and subtentorial cyst shunts safely and effectively. 


INTRODUCTION
[bookmark: OLE_LINK3672][bookmark: OLE_LINK3673]Dandy-Walker malformation (DWM) was first reported by Dandy and Blackfan[1] in 1914. It is a rare congenital malformation characterized by partial or complete dysplasia of the cerebellar vermis, cystic dilation of the four ventricles, upward displacement of the tentorium, increased anteroposterior diameter of the posterior fossa, and connection between the posterior fossa cysts with the four ventricles in most cases[2]. According to the latest epidemiological survey in Europe, the incidence rates of DWM are 6.79/100000 and 2.74/100000 in infants and live births, respectively[3]. The diagnosis of DWM mainly relies on imaging. The magnetic resonance imaging (MRI) manifestations of DWM are: (1) Presence of giant arachnoid cysts in the posterior fossa that communicate with the fourth ventricle, with elevated tentorium cerebelli and torcular herophili due to pressure; (2) Developmental abnormality or deficiency of cerebellar vermis, which might be accompanied by cerebellar hemisphere dysplasia and forward displacement of the brain stem due to pressure; (3) Significant dilation of the three ventricles and the lateral ventricles, as well as hypoplasia of the corpus callosum; and (4) Hydrocephalus in about 70%-90% of patients[4]. Differential diagnosis included: (1) Giant arachnoid cysts in the posterior fossa, which manifest as cysts of cerebrospinal fluid density, but are not connected with the fourth ventricle. The cysts might be separated by trabeculae, and the fourth ventricle remained normal. The cerebellar vermis appeared normal, but was shifted; and (2) Enlarged cisterna magna, in which cysts are present in different sizes, normally ranging from 2-6 cm. The cerebellar vermis, cerebellar hemisphere and the fourth ventricle appeared normal, with no occupying effect, no hydrocephalus, and normal size of the posterior fossa. In this case report, typical characteristics of DWM were found, and were accompanied by giant and isolated arachnoid cysts in the posterior fossa, warranting different preoperative evaluation and intraoperative treatment. 

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK3674][bookmark: OLE_LINK3675]Family members complained that the child could not walk steadily for 2 mo.

History of present illness
[bookmark: OLE_LINK3676][bookmark: OLE_LINK3677][bookmark: OLE_LINK3678]The family members reported that the child was admitted to a local hospital due to fever, diarrhea and vomiting 2 mo ago, and was diagnosed with a cold. He was administered intramuscular injections of antibiotics for 5 d (specific drugs unknown), and showed improvement in his condition. However, staggering occurred again, and the boy was unable to sit or stand. The family members brought him to our hospital for further care, and the patient was admitted in the inpatient department of our Pediatric Neurology Department.

Physical examination
[bookmark: OLE_LINK3679][bookmark: OLE_LINK3680]Physical examination at the time of admission revealed increased head circumference (52 cm), closed anterior fontanelle, unstable standing, staggering, and ataxic gait.

Laboratory examinations
[bookmark: OLE_LINK3681][bookmark: OLE_LINK3682]Blood routine examination showed that leukocyte elevation. Urine routine, fecal routine and occult blood examination, blood biochemistry, immune indexes and infection indexes were normal.

Imaging examinations
[bookmark: OLE_LINK3683][bookmark: OLE_LINK3684]Brain computed tomography (CT) and MRI revealed significantly dilated supratentorial ventricles, capped edema at bilateral frontal angles, huge occupying cysts in the right cerebellar hemisphere, and compression displacement in the right cerebellar hemisphere and the four ventricles (Figure 1). 
The patient was a 20 mo old boy, initial diagnosis revealed DWM with giant isolated arachnoid cysts in the posterior fossa. After admission, the patient underwent stereotaxic aspiration for arachnoid cysts in the posterior fossa, confirming that the cystic fluid was cerebrospinal fluid and excluding malignant lesions. After stereotaxic aspiration, the cysts were significantly shrunk, but the supratentorial hydrocephalus showed no improvement. It was speculated that aqueduct obstruction due to adhesion rather than compression would result in occlusion between the supratentorial and subtentorial parts; meanwhile, unobstructed aqueduct and blocked fourth ventricle outlet would result in obstructive hydrocephalus between the supratentorial and subarachnoid spaces. Neither a cysto-peritoneal shunt (C-P shunt) nor a ventriculoperitoneal shunt (V-P shunt) alone solved the hydrocephalus at the same time, and the patient underwent a combination of supratentorial-infratentorial shunt placement for the hydrocephalus and isolated cysts. Preoperative cystic fluid analysis confirmed that the cystic fluid was clear, and the typical arachnoid cysts included proteins at 0.32 (reference: 0.24-0.44 g/L), glucose at 2.9 (reference: 2.4-4.4 mmol/L), and chlorine at 116.1 (reference: 119.0-129.0 mmol/L). They were colorless and transparent, with negative Pandy’s test and white blood cell at 4.0 (reference: 0.00-8.00 × 106/L). 
For the surgical procedure, the occipital puncture point was located 5 cm above the external occipital protuberance and 2.5 cm lateral to the midline. A U-shaped incision was made on the scalp (Figure 2A and C). Then, a bone hole of 3-mm diameter was made using a bone drill, which was 10 cm in depth and directed 2 cm above the midpoint of the ipsilateral superciliary arch. Afterwards, a longitudinal incision was made at the posterosuperior part of the ear, and a supratentorial adjustable pump (Medtronic, Strata® II Shunt Assembly, Regular, with BioGlide®; pressure, 80 cmH2O) was placed behind the ear, connected to a three-way valve (Medtronic Catheter Connector, 3-Way) (Figure 2D). A subtentorial puncture was performed at 5 cm lateral to the midline and 2 cm below the transverse sinus. A U-shaped incision was made on the scalp (Figure 2A and C), and a 3-mm diameter bone hole was made using a bone drill, which was 3 cm in depth and directed to the vertical bone plate. A drainage tube was connected to the ordinary non-adjustable pump (Medtronic, Delta® shunt Kit, Regular, Performance Level 1.5), and further connected to the three-way valve. The other end of the three-way valve was connected to the end of the abdominal cavity, as in general shunt therapy (Figure 2B).
After the surgery, the child had no significant complications, and showed improvement with regarding to the symptoms of staggering and high intracranial pressure. On the third day after operation, he could walk independently. Postoperative CT showed significant improvement of supratentorial hydrocephalus and shrunk cysts in the posterior fossa, and the compressed cerebellar hemisphere was restored (Figure 3A). In addition, the incision healed well postoperatively, and the child’s mental state was improved significantly (Figure 3B). The child was depressed before operation.

FINAL DIAGNOSIS
Initial diagnosis revealed DWM with giant isolated arachnoid cysts in the posterior fossa. 

TREATMENT
The patient underwent a combined shunt for supratentorial hydrocephalus and infratentorial giant solitary arachnoid cysts.

OUTCOME AND FOLLOW-UP
The patient had no complications, such as fever, subdural effusion and hematoma after operation, and recovered well. The patient was followed-up for 2 years, and could walk independently; high intracranial pressure had disappeared and he was feeding normally. 

DISCUSSION
[bookmark: OLE_LINK3685][bookmark: OLE_LINK3686]About 20% of patients with DWM had no clinical symptoms and require no treatment. Experts around the world continue to debate regarding the treatment of patients with DWM and hydrocephalus. Mohanty et al[5] retrospectively analyzed the surgical methods utilized in 72 children with DWM. The initial surgical treatments included V-P shunt placement in 21 patients, C-P shunt placement in 24, and combined V-P and C-P shunt insertion in 3. Twenty-one patients underwent endoscopic procedures and 3 cases underwent membrane excision via a posterior fossa craniectomy. The authors believed that neuroendoscopy is a good surgical method for DWM. Mohanty et al[5] pointed out hernia above posterior fossa cysts as a potential complication of V-P shunting alone, which rapidly deteriorates the clinical symptoms. In addition, C-P shunting alone is associated with a risk of chronic inferior herniation of the cerebral hemisphere through tentorial notch or causes tethering of the brain stem[6-8]. Kumar et al[9] compared different treatment methods and outcomes in 42 patients, and proposed V-P shunting should be followed by C-P shunting as posterior fossa cysts did not disappear or the symptoms recurred after V-P shunt placement. Meanwhile, if C-P shunting alone is implemented, this should be followed by V-P shunt placement as well due to continuous dilation of lateral ventricles. Hence, lateral ventricle and cyst shunting was performed to decompress the posterior fossa cysts and lateral ventricle simultaneously, thereby achieving the purpose of clinical cure. Generally, cyst fenestration is suitable for patients without hydrocephalus. 

CONCLUSION
[bookmark: OLE_LINK3687][bookmark: OLE_LINK3688]The child in the current case report suffered from cerebellar vermis dysphasia, accompanied by giant isolated arachnoid cysts in the posterior fossa, with the arachnoid cysts not connected to the occipital cistern. The supratentorial ventricle was enlarged, and there was an obvious capped edema at the bilateral frontal angle. Regardless of aqueduct obstruction status, the supratentorial or ventriculoperitoneal shunt alone did not solve the problem of arachnoid cysts that compressed the cerebellum as well as the brain stem. After sufficient preoperative evaluation, the patient received a ventriculoperitoneal shunt (adjustable anti-siphonic diverter pump) combined with a arachnoid cyst (medium pressure non-adjustable diverter pump)-peritoneal shunt, during which the Y-shaped three-way valve was finally used to simultaneously solve the problem of different pressures between the supratentorial hydrocephalus and the subtentorial arachnoid cyst induced by Dandy-Walker malformation. The patient had no complications, such as fever, subdural effusion and hematoma after operation, and recovered well. Therefore, the abovementioned procedure has a positive effect on the prognosis of patient. The patient was followed-up for 2 years, and could walk independently; the high intracranial pressure had disappeared, and the boy was feeding normally. Nonetheless, the efficacy of the surgery is subjected to long-term follow-up. To the best of our knowledge, this is the first case report of DWM with giant isolated arachnoid cysts in the posterior fossa, which was treated with a combination of supratentorial and subtentorial cyst shunts. 
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[bookmark: OLE_LINK3690][bookmark: OLE_LINK3691]Figure 1 Preoperative imaging examination. A: Preoperative brain computed tomography revealed significantly dilated supratentorial ventricles, capped edema at bilateral frontal angles, huge occupying cysts in the right cerebellar hemisphere, and compression displacement in the right cerebellar hemisphere and the four ventricles; B and C: Preoperative magnetic resonance imaging T1 and T2 scans revealed significantly dilated lateral ventricle, capped edema at bilateral frontal angles, huge occupying cysts in the right cerebellar hemisphere and compression displacement in the right cerebellar hemisphere and the four ventricles; D: The sagittal position of cranial enhanced magnetic resonance also shows the above signs.
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[bookmark: OLE_LINK3692][bookmark: OLE_LINK3693]Figure 2 Surgical position, method. A: Patient position and incision design during surgery; B: Medtronic catheter connector; C: Intraoperative incision; D: A supratentorial adjustable pump was placed behind the ear, connected to a three-way valve; a drainage tube for cerebellar hemispheric cysts was connected to the ordinary non-adjustable pump, and then connected to the three-way valve. The other end of the three-way valve was connected to the end of the abdominal cavity, as in general shunt therapy. Citation for Figure 2B: The authors have obtained the permission for figure using from the Medtronic (see Supplementary material).
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[bookmark: OLE_LINK3694][bookmark: OLE_LINK3695]Figure 3 Postoperative imaging examination and child status. A: Postoperative brain computed tomography showing shrunk lateral ventricles and disappeared capped edema at the bilateral frontal angle; the head ends of the drainage tube in the lateral ventricle and posterior fossa cysts were well-positioned; B: Postoperative status of the child: Brain computed tomography at 1 mo postoperatively revealed significantly shrunk lateral ventricle; the head ends of the drainage tube in the lateral ventricle and posterior fossa cysts were well-positioned. The cysts were significantly shrunk and there was cerebellar vermis dysplasia.
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