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	TITLE OF CASE Do not include “a case report”

	Delayed forebrain syndrome due to presumptive traumatic intranasal Meningoenephalocele in a cat

	SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)

	A 3-year-old male-neutered DSH cat was referred with one-month history of three generalized tonic-clonic epileptic seizures and left-sided thoracic limb knuckling. Nine months previously, the cat was bitten on the right upper palpebral region without manifesting neurological signs. On admission, physical and neurological examination revealed left-sided postural reaction deficits and absent menace response. Thus, a right-forebrain neurolocalisation was reached. Haematology, biochemistry,bile acid stimulation test, infectious diseases serology and cerebrospinal fluid analysis were unremarkable. Cerebral MRI revealed extension of brain and meninges into the right frontal sinus. Final diagnosis of a right-sided traumatic frontoethmoidal meningoencephalocele was made. The cat remained seizure-free under phenobarbital treatment with residual left-sided postural reaction deficits at nine-month follow-up. This is the first report of presumptive traumatic meningoencephalocele in cats, which emphasises the importance of complete neurological investigation and regular long-term follow-up checks in patients with historical head trauma despite the absence of initial neurological signs.

	BACKGROUND Why you think this case is important – why did you write it up?

	     Meningoencephalocele (MEC) is a protrusion of meninges and brain through a calvarian opening.1 In humans, MEC may be congenital or acquired; the latter can be non-traumatic (inflammatory, neoplastic), traumatic (accidental, iatrogenic), or spontaneous.2-3 Topographical categorization of MEC in humans depends on the site of the protrusion (intranasal [frontoethmoidal], occipital, parietal, basal).4 Congenital MEC or meningocele has been recognised in deferent species.5-15 In dogs, both congenital and traumatic MEC have been reported,5,16-24 whilst in cats only congenital MEC has been reported in 21 cases.9,25-26
     A congenital MEC can be a result of genetic predisposition, nutritional deficiencies, and exposure to teratogenic agents during gestation.10-11,25 Particularly in cats, an inherited MEC has been described in Burmese.9 Acquired non-traumatic MEC has not been described in animals, however in humans it has been described as the result of skull erosion caused by an inflammatory or neoplastic disease.2 Spontaneous MEC is a rare not well-known condition of humans, where the MEC is a result of a multifactorial process such as idiopathic intracranial hypertension in combination with a pre-existed anatomical malformation (e.g. empty sella syndrome).3
     This case report describes a presumptive traumatic MEC which resulted in delayed forebrain syndrome in a cat. In the authors’ opinion, this case is an interesting example that emphasises the importance not only of performing a complete neurological examination after head trauma and in a series of consecutive follow-up recheck appointments for a long-term after head trauma, but also of including historical head trauma in the list of differential diagnoses as a potential cause of delayed forebrain syndrome in patients presenting with epileptic seizures with or without additional forebrain signs. To the authors’ knowledge, this is the first report to describe a presumptive traumatic MEC in a cat.

	CASE PRESENTATION Presenting features, clinical and environmental history

	A 3-year-old client-owned male neutered DSH cat was referred with one-month history of three generalized tonic-clonic epileptic seizures and occasional left thoracic limb spontaneous knuckling, which started a couple of days prior to the seizures. All episodes consisted of an extended aura of restlessness and a short post-ictal period of disorientation. Nine months prior to referral, the cat had suffered an unwitnessed head trauma. Based on the referring veterinarian’s clinical notes and pictures of the injury provided by the owner, the trauma was most likely consistent with a bite injury to the head (Figure 1). Specifically, at the time of the injury, physical examination revealed external cutaneous traumas at the right upper eyelid, left lower eyelid, nose, left pinna and perianal area; neurologic and orthopaedic examinations revealed unremarkable. At that time, antibiotic and analgesic medications were administered as prophylaxis for external trauma infection; particularly, co-amoxyclav (Synulox, Zoetis, UK) 20 mg/kg PO q 12h, and meloxicam (Metacam, Boehringer Ingelheim, Germany) 0.1 mg/kg PO q 24h. At one-week follow-up, the cat was healthy with external wounds on healing process. Prior to the traumatic event the cat was reported to be neurologically normal.

	INVESTIGATIONS If relevant

	On admission, physical examination was unremarkable. Neurological examination revealed left-sided absent menace response and decreased postural reactions on the left thoracic and pelvic limb in the presence of a normal gait (Figure 2). Neuroanatomical diagnosis was suggestive of right forebrain syndrome. 

Complete blood count, serum biochemistry and bile acid stimulation test were all within the reference intervals (RI). Blood serology for Toxoplasma gondii (indirect immunofluorescence for IgG and IgM antibodies), FIV/FeLV (ELISA) and FCoV (indirect immunofluorescence) were all negative. Alpha-1-acid glycoprotein (AGP) – one of the acute phase proteins – was mildly elevated (AGP: 807 ug/ml, RI: < 500 ug/ml); this, in absence of a positive FCoV titre, was suggestive of a non-specific inflammation. 

A low-field MRI (Hitachi Lucente 0.4 Tesla) of the head was performed, including T2, T2 FLAIR, T2*, T1 pre-and-post-contrast sequences, and revealed extension of brain and meninges into the right frontal sinus through a presumptive defect of the cribiform plate on the right, mild meningeal contrast uptake of the protruding tissue and meningeal uptake in the adjacent brain in the calvarium (Figure 3). Secondary dilated superior frontal sulcus mainly on the right and mildly on the left, and deviation of the falx cerebri to the right was also observed. Cerebellomedullary cisternal cerebrospinal fluid (CSF) analysis was unremarkable (protein: 0.12 g/l; RI: 0.08 – 0.36 g/l; total nucleated cell count: <1/ul, RI: 0-8/ul). Based on the MRI findings a diagnosis of MEC was made; given the history of head trauma, a traumatic origin of this meningoencephalocele was strongly suspected. 

	DIFFERENTIAL DIAGNOSIS If relevant

	     Differential diagnoses for an adult cat with recurrent epileptic seizures with accompanying inter-ictal neurological signs include inflammatory/infectious (bacterial encephalitis/abscess; viral encephalitis, FIP, FeLV, FIV, toxoplasmosis, meningoencephalitis of unknown aetiology), traumatic (head trauma), anomalous (late-onset developmental disease, e.g. hydrocephalus, porencephaly etc.), neoplastic and degenerative (feline spongiform encephalopathy, late onset ceroid lipofuscinosis)27 diseases. Differential diagnoses for the delayed forebrain signs after head trauma (e.g. traumatic MEC) include encephalomalacia, recurrent meningitis with/without CSF rhinorrhea/otorrhea or bacterial abscess.


	TREATMENT If relevant 

	Antiepileptic treatment with phenobarbital (Phenoleptil; Animalcare, UK) 2 mg/kg PO q12h was started and the cat was hospitalised for 24 hours. Surgery was declined due to financial consideration by the owner; nevertheless surgical treatment was  a therapeutic option of questionable success due to  presumptive irreversible encephalomalacia.

	OUTCOME AND FOLLOW-UP  

	    The cat remained seizure-free with ongoing phenobarbital treatment and persistent left-sided postural reaction deficits at nine-month follow-up.

	DISCUSSION Include a very brief review of similar published cases 

	     Head trauma and consequent traumatic brain injury can cause forebrain syndrome, including post-traumatic seizures (PTS) or post-traumatic epilepsy. Depending on the onset of the signs, PTS can be categorized as immediate seizures (<24h after injury), early seizures (<1 week after injury) and late (delayed) seizures (>8 days after injury).28 Delayed PTS were developed in 5.4% of human patients with traumatic brain injury 2-3 years after injury,29 while in dogs the respective percentage was 6.6%.30 A single study in cats revealed that none of the cats included developed delayed PTS after head trauma, whereas cats with a history of mild-to-moderate head trauma has a probability ≤5.6% to develop PTS.31 In contrast with the previous study, in the current case the cat developed PTS accompanying with further forebrain signs (left-sided postural reaction deficits and spontaneous knuckling) almost 9 months after the initial injury. Consequently, any previous head trauma history should be considered during the designation of the differential diagnoses list in a cat with epileptic seizures independently of the onset of the trauma.  

     Immediate and early seizures are likely to have a different pathogenesis than late seizures, and are considered to be direct reactions to brain damage.28 Delayed seizures are thought to be due to damage to the cortex by free radicals, generated following iron deposition from extravasated blood, and increased excitotoxicity due to accumulation of glutamate.28 Human patients with post-traumatic MEC can manifest immediate, early or delayed PTS within the frame of traumatic brain injury.32 In particular, the signs are attributed to multiple hypothetic mechanisms such as acute mechanical trauma (irritative traction or protrusion of involved cortex directly) or secondary results of the traumatic brain injury (haemorrhage, infarction, white matter degeneration, inflammatory cell infiltration which contributes to abnormal excitability of cortical neurons, encephalomalacia).14,32 Human patients with post-traumatic MEC usually present also with weakness, sensory disturbance, CSF otorrhoea or rhinorrhoea, recurrent meningitis and symptoms related to encroachment on adjacent regions such as nasal obstruction.32 CSF otorrhoea or rhinorrhoea is a result of CSF leakage through an osseous defect, which the MEC passes through. Recurrent meningitis is a result of the meningeal exposure to the external environment (e.g. nasal cavity) and secondary microbial infection. Recurrent meningitis is a rare event that can happen either with a congenital or a post-traumatic MEC, and might occur long after the underlying trauma or even without a history of trauma in case of the congenital MEC.33 In dogs, most common signs attributed to MEC are seizures and abnormal behaviour, however mentation changes, cranial nerve deficits, postural reaction deficits, circling, ataxia, CSF rhinorrhoea, facial deformities, hydrocephalus and pneumocephalus have been reported.16-17,23-24 In cats, seizures, abnormal behaviour, paresis and facial oedema with CSF leakage have been reported as MEC signs.25-26 In the current case, left-sided postural reaction (proprioceptive) deficits and PTS were manifested.; neither signs of recurrent meningitis nor CSF leakage was evident, based on the CSF analysis and macroscopic examination and history respectively. 
      Diagnosis of MEC is based on the advanced imaging techniques such as MRI or CT. The latter is the modality of choice because it does not require always general anesthesia, and is accessible, fast, and relatively cost effective.34 Osseous pathology (e.g. fractures) are readily identified in CT,35 however MRI is better to predict prognosis in dogs with traumatic brain injury as its diagnostic sensitivity for soft tissue detail in brain injury (e.g. cortical contusions, traumatic axonal injuries) remains very high.36 Thus, MRI is the preferred imaging technique for evaluation of brain parenchymal pathology, including haematoma or haemorrhage, parenchymal contusion, oedema,37 and apparently MEC itself. Moreover, distinguishing between a true MEC and brain herniation can be challenging; however the presence of a pedicle (containing brain and meninges) with a stalk between the cranial and the frontal sinus cavity in the MRI of the current case, was a strong criterion to support the scenario of MEC.38 Thus, the MRI of our case was consistent with a frontoethmoidal MEC accompanied by mild meningeal contrast uptake of the protruding tissue and meningeal uptake in the adjacent brain in the calvarium, and secondary dilated superior frontal sulcus mainly on the right and mildly on the left. The contrast uptake could be consistent with focal meningitis or low CSF pressure,23 however due to the non-inflammatory CSF analysis the scenario of meningitis was considered less likely. Same finding was evident in dogs with MEC, where the contrast uptake was attributed to the fact that the brain is no longer contained within an intact cranial vault and might have impaired CSF and intracranial volume homeostasis (intracranial hypotension).23 Nevertheless, the scenario of focal meningitis which is not capable to surpass the threshold of CSF pleocytosis cannot be ruled out completely. The fact, though, that the cat was pharmacoresponsive to phenobarbital for such a long-term as 9 months supported furtherly the scenario of a non-inflammatory lesion. The enlarged frontal sulci finding might be a result of brain parenchyma loss39 as part of it has been herniated intranasally, whilst the deviation of the falx cerebri to the right is hypothesized to be the mechanical consequence of the traction of the brain intranasally during the traumatic event. A T2*-weighted MRI sequence was not performed in our case limiting further imaging details of the suspected traumatic brain injury. Considering the cat was reported to be neurologically normal prior to the traumatic brain injury and taking into account the location of the puncture wound (right frontal bone) and MRI findings, we hypothesize the MEC to have a traumatic aetiology in our case. To support this scenario, a CT of the brain would be valuable in order to assess the particular appearance of the skull bone defect, which the MEC passes through and reaches the frontoethmoidal sinus. 
     Treatment of delayed post-traumatic MEC in dogs and cats includes empirically antiepileptic treatment for the monitor of seizures. In case of recurrent meningitis, antibiotics should be given as well.33 Surgical intervention has been reported to be successful in dogs and cats with congenital MEC.18,25 Nevertheless, in the current case with delayed PTS and suspected encephalomalacia, surgical intervention was not an option due to both chronicity of the disease and owner’s decline. In addition, the cat was successfully managed medically, as no seizures were observed after the initiation of the antiepileptic treatment. In humans, surgery is the treatment of choice for MEC.40 However, patient selection for seizure prophylaxis after traumatic brain injury and duration of anti-epileptic drug treatment for patients with PTS remain plagued with uncertainty,41 whilst some human neurologists insist that PTS are usually refractory to medical management.42

	LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field

	· MEC in cats, as in dogs, is not only a congenital malformation, but can be post-traumatic.
· This is the first report of a presumptive traumatic (presumably bite-related) MEC in cats, and the first report to present a cat without only PTS, but also postural reaction deficits to accompany the former. 
· The findings in this case emphasise how important is to perform complete neurological investigation in patients with a history of head trauma despite the absence of initial neurological signs, and maintain a series of consequtive follow-up recheck appointments for a long-term period after head trauma to ensure the absence of delayed neurological signs.
· In addition, it is important to advance the veterinary services provided by making the owners aware about delayed post-traumatic manifestations (e.g. PTS) in the future, especially in an animal without immediate post-traumatic head imaging and the importance of catching up with their veterinarian for a long-term perspective post-trauma. 
· At last, this study emphasises on the clinical reasoning of traumatic brain injury, by suggesting to the general practitioners to seek meticulously for extra-neural signs (e.g. nasal discharge), that could raise a suspicion of post-traumatic MEC signs (e.g. CSF leakage).
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