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Case Report

Glioblastoma multiforme incorrectly diagnosed as ADEM in children 
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Abstract. Acute disseminated encephalomyelitis is an acute demyelinating disorder of the central nervous system, characterized by an encephalopathy, multifocal grey matter and white matter involvement. Pediatric high-grade gliomas represent a heterogeneous group of tumors accounting for 15-20% of all pediatric brain tumors. We describe two children who were incorrectly diagnosed as acute disseminated encephalomyelitis initially, but subsequently found to have glioblastoma multiforme. The cases would exemplify the diagnostic difficulties in acute disseminated encephalomyelitis.
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1. Introduction
Acute disseminated encephalomyelitis (ADEM) is an acute encephalopathy, affecting brain and spinal cord typically following an infection or vaccination and is characterized by multifocal white matter lesions on neuroimaging, although grey matter involvement is well recognised. The ready availability of magnetic resonance imaging (MRI) has aided in the recognition of ADEM. The marked response of most children to corticosteroid therapy means that pediatricians should be familiar with the clinical and radiological features of ADEM in children (1,2). On the other side, it should also be noted that neuroradiological findings might be misleading in some cases. And, several diseases such as brain tumors should be considered in the differential diagnosis of ADEM-like MRI findings (3). We describe two cases in which the clinical and MRI findings implied ADEM initially, but the MRI evolution and brain biopsy confirmed the diagnosis of glioblastoma multiforme (GBM).

2. Case reports

2.1. Case 1
A previously well 8-year-old girl, presented with a 3-day history of left sided weakness predominantly affecting the upper limb. Drooping of the left corner of her mouth was observed from twenty-four hours prior to admission. She had altered behavior for the previous four weeks. On examination, she had a left upper motor neurone facial weakness with a left hemiparesis. The deep tendon reflexes were brisk with an extensor plantar response on the left side. MRI showed diffuse abnormalities in both cerebral hemispheres, left cerebellum and within the upper brain stem with no enhancement after gadolinium (Fig. 1a). Magnetic resonance spectroscopy showed low N-acetyl acetate, low choline, normal creatinine and no evidence of lipid or lactate. Lumbar puncture revealed protein of 40 mg/dL, glucose 85 mg/dL (with simultaneous plasma glucose of 95 mg/dL), lactate 2.3 mmol/L in cerebrospinal fluid (CSF). Oligoclonal band was not detected in CSF. She received steroids (dexamethasone 0.6 mg/kg/day) for two weeks with no improvement. A repeat MRI after 2 weeks, showed no significant change. Although she received another course of high dose steroids (methylprednisolone 30 mg/kg/day for 3 days followed by oral prednisolone 1 mg/kg/day for 2 weeks), no clinical improvement was observed. Her acute and convalescent viral serology (Epstein Barr virus, Enterovirus, Herpes Simples virus) was negative. Brain MRI, after 8 weeks, showed some alteration and progression with persistent high T2-signal in the right cerebral hemisphere and in the deep white matter of the left cerebral hemisphere. In addition, a new area of nodular enhancement was seen just posterior to the right insular cistern. (Fig. 1b). She underwent a stereotactic biopsy of this lesion, and histological examination revealed a GBM (Grade 4). Since the tumor was unresectable, she received palliative care and died 2 months later.

2.2. Case 2
A previously well 16-year-old girl presented with severe headache and a left sided focal seizure. On examination, she had lower limb ataxia with a mild left sided hemiparesis. She had bilateral brisk reflexes with extensor plantar responses. Cranial computerised tomography scan showed an area of low density in the right basal ganglia. CSF protein was 30 mg/dL; CSF glucose was 70 mg/dL (with simultaneous plasma glucose of 81 mg/dL), and no cells were seen. She was presumed to have suffered a stroke, and thus, was started on carbamazepine and acetylsalicylic acid. Brain MRI demonstrated a diffuse abnormality in both cerebral hemispheres: On the T2-weighted images, the cortex was thickened and hyperintense, particularly the frontal parasagittal cortex of both cerebral hemispheres and both insular cortices, right more than left with involvement of the thalami and pons with generalized cerebral swelling and slight midline shift to the left (Fig. 2a). Following contrast administration, there was subtle leptomeningeal enhancement, particularly in the right paramedian region. She received a 4-week course of prednisolone (2 mg/kg/day for 2 weeks, followed by taper over next 2 weeks). The patient made a full neurological recovery, which reinforced the radiological diagnosis of ADEM. At the control examination 8 weeks later, she was very passive and lethargic. Because those symptoms were thought to be due to carbamazepine (9.5 mg/kg/day), it was tailed off over the next month. MRI scan at the 3rd month showed no improvement. Moreover, a month later, she represented with focal seizures, and carbamazepine was reinstituted. The MRI scan at the 5th month demonstrated mild progression of the diffuse abnormalities with persisting mass effect, bilateral temporal uncal herniation and compression of the upper brain stem (Fig. 2b). There was minimally increased localized leptomeningeal enhancement in the right paramedian region. The presence of an ongoing process with marked intracranial pressure elevation implied a diffuse neoplasm over inflammatory or granulomatous processes. She was then started on dexamethasone (0.6 mg/kg/day) for increased intracranial pressure, and underwent a left frontal lobectomy. Histological examination confirmed a widespread GBM with significant mitotic activity. Treatment with chemotherapy and radiotherapy was commenced; however, she died 5 months later. 

3. Discussion
Two children with biopsy-proven GBM are presented. ADEM was initially diagnosed in both, based largely on the MRI appearance. Several key points are to be learned. Clinical criteria now exist for the diagnosis of ADEM (4), which include the presence of encephalopathy (behavioral change, confusion, excessive irritability, or alteration in consciousness, lethargy, coma), although not universally reported in series (5,6). Application of these criteria would have precluded the diagnosis of ADEM in both children. Regarding the MRI lesions of ADEM, they are variable, which range from small to large size, with solid or ring enhancement, and predominantly affect white but also grey matter. Acute lesions may occasionally exert mild local mass effect. Lesions may be hemorrhagic in severe cases. In the majority, the lesions are multifocal and asymmetric in distribution (7). Even though MRI is extremely sensitive to white matter lesions, there are no formal MRI criteria for ADEM, and therefore, MRI alone is not sufficient for the diagnosis. Furthermore, in both children, serial MRI evaluations revealed further findings that were more suggestive of malignancy, including prominent mass effect, nodular and meningeal enhancement, and expansion of the corpus callosum. 

Methylprednisolone is widely used to shorten the duration of neurological symptoms and halt further progression of acute inflammatory demyelination (1,8). However, lack of improvement of neurological signs after steroid therapy in the first patient and recurrence of symptoms after two months in the second child made us review our diagnoses. A transient improvement or stabilization of clinical features in response to corticosteroid therapy is well-recognized in patients with cerebral glioma, probably because of reduction in peri-tumour edema (9). MRI scans showed increasing mass effect, and the brain biopsy was diagnostic in both children. 

Pediatric high-grade gliomas include a heterogeneous group of tumors, which could occur anywhere in the central nervous system, particularly the supratentorial region and the brainstem (3). GBM, the most aggressive form of astrocytoma, has features of anaplastic astrocytoma, but with more prominent vascular proliferation and areas of necrosis. It presents with a short history of pyramidal deficits, cranial nerve involvement, cerebellar signs and is accompanied by the typical MRI findings characterized by patchy or well circumscribed strong enhancement, which may be accompanied by cystic/necrotic foci. However, not all GBM patients show lesional enhancement early in the course of their illness. Diagnosis relies on pathological confirmation, with the exception of clinical and radiographically typical brainstem gliomas in which histological confirmation may not be needed (10,11). 
Retrospectively, in the absence of more typical clinical features, it was unwise to make a diagnosis of ADEM predominantly on neuroimaging, and an early biopsy was indicated. Even if the prognosis is unaltered, delay in arriving at the correct diagnosis of a life limiting brain tumor adds to the family’s pain and anxiety. The patients and parents in both cases were not informed of the possibility of malignancy early on, as this diagnosis was felt initially to be unlikely. Understandably, the diagnosis of GBM was made even more difficult to bear given the initial diagnosis of ADEM, a relatively benign, treatable disorder. 

In conclusion, various inflammatory or vascular diseases, or primary or metastatic neoplasms of the brain simulate the clinical and radiological features of ADEM (12-14). Correct diagnosis requires a heightened index of suspicion in all children with atypical clinical or radiological features, or for whom sequential MRI demonstrates increasing mass effect. New clinical signs may indicate progression of a malignant process, or may indicate a chronic demyelinating disease (such as multiple sclerosis or relapsing neuromyelitis optica) in those children for whom the initial episode was indeed demyelinating in nature. 
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Figure Legends

Fig. 1a. T2 (Philip infinion, 1.5T, Best, The Netherlands) axial magnetic resonance imaging shows extensive high T2 signal in the right hemisphere with marked mass effect and less marked but similar changes in the left hemisphere.

Fig. 1b. Post gadolinium T1-axial magnetic resonance imaging reveals new nodular enhancement in the right hemisphere two months after the initial imaging. 

Fig. 2a. T2-axial magnetic resonance imaging shows hyperintensity in the medial frontal lobes and insular cortices (right more than left), thalami, right corpus striatum and pons (not shown).

Fig. 2b. The second magnetic resonance imaging reveals mildly increased T2-signal abnormality at the same sites, with more involvement of the cingulum on the left.
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