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Noninfectious Inflammatory Brain Disease


The vast majority of inflammatory brain disease in dogs is comprised of non-infectious disorders, which are suspected to be autoimmune in nature. The understanding of the etiology of these disorders remains rudimentary and the terminology can be confusing. The terms used for the more common non-infectious inflammatory brain disorders of dogs are based on histopathological descriptions. It is important for the clinician to realize that, although there are definitely "typical" cases of GME (granulomatous meningoencephalomyelitis) and NE (necrotizing encephalitis), there are cases that may fit both or neither category of non-infectious inflammatory brain disease. Some of the disorders in this category of encephalopathies do not fit into existing categorization schemes. There are several important concepts for the clinician to grasp with regards to non-infectious inflammatory brain diseases in dogs. One is that these are common disorders, especially GME. Another is that prednisone therapy, although recommended in most cases, should no longer be considered the primary treatment for these diseases; the mortality rate for GME in particular has been abysmal with prednisone therapy and has improved dramatically with the use of "other" drugs. These "other" drugs should (in the author's opinion) be considered primary therapy and prednisone as adjunctive. Finally, dogs with GME, NE or similar diseases that respond well to prednisone alone and are sent home on that as sole therapy are (again, in the author's opinion) analogous to "time bombs". It has been my clinical experience that these dogs are prone to acute neurologic worsening unless receiving immunosuppressive therapy other than glucocorticoids alone. 

GME is characterized histologically by perivascular infiltrates of primarily mononuclear cells (lymphocytes, macrophages, and plasma cells) in the brain and/or spinal cord. The characteristic perivascular cellular infiltrates of GME both define the disease syndrome and account for the neurologic deficits. Lesions predominate in the white matter with GME. There are three recognized clinical forms of GME: focal, multifocal (disseminated), and ocular. The ocular form is the least commonly encountered. In the author's experience, multifocal GME is the most common form of the disorder. GME can affect any breed of dog of any age and either sex. However, young to middle-aged (median age of 5 yr) female dogs of small breeds (e.g., Poodles, terriers) appear to be predisposed. Clinical signs of either focal or multifocal CNS dysfunction are possible. Multifocal GME is characterized by acute onset and rapid progression of CNS dysfunction, whereas dogs with focal GME tend to have a more insidious onset and slower progression of clinical signs. Whether alone (focal GME) or in combination (multifocal GME), seizures, cerebellovestibular dysfunction, and cervical hyperesthesia are common features of GME. Isolated spinal-cord dysfunction and optic neuritis are relatively uncommon clinical presentations of GME. Patients with GME may occasionally be febrile upon presentation. A definitive diagnosis of GME is based upon characteristic histopathologic features of affected brain and/or spinal-cord tissue. Although there are reports of biopsy-confirmed cases of GME in dogs with focal cerebral lesions, the vast majority of confirmed GME cases have been diagnosed via necropsy. Antemortem diagnosis of GME is based upon characteristic signalment, historical and clinical findings, as well as results of diagnostic tests. CSF evaluation usually provides the most important information in the antemortem diagnosis of GME. A mainly mononuclear pleocytosis, with a variable percentage of neutrophils (mean of about 20%) and elevated protein level, is characteristic of GME. Uncommonly (10% or less), GME patients will have primarily neutrophilic or normal CSF results. Results of imaging studies are highly variable in dogs with GME. CT/MR images of the brain in GME patients may be normal, may show solitary or multiple circumscribed mass lesions, or may reveal areas of contrast enhancement with indistinct margins. The prognosis for GME remains guarded to poor, but has improved dramatically in recent years, due to new treatment protocols for the disease. In a report which the survival time of GME patients treated with glucocorticoid therapy, the median survival time was 14 days. 

Necrotizing encephalitis (NE) includes two pathologically distinct disorders referred to as necrotizing meningoencephalitis (NME) and necrotizing leukoencephalitis (NLE). Both disorders are similar in that they are characterized by multiple cavitary necrotic nonsuppurative inflammatory brain lesions that involve both gray and white matter. In NME, the lesions are typically found in the cerebrum, with consistent involvement of the leptomeninges. Extensive cerebral cavitations with a loss of demarcation between gray and white matter are typical for NME. Necrotizing leukoencephalitis (NLE) is characterized by similar lesions that often involve the brain stem in addition to cerebrum, with less consistent involvement of the leptomeninges and cerebral cortex (i.e., mainly white matter). Initial reports of these diseases in predisposed breeds led to the terms Pug encephalitis or Pug/Maltese encephalitis for NME and Yorkshire terrier encephalitis for NLE. Although Pug and Maltese dogs are most commonly affected by NME, other breeds reported with this disorder include Chihuahua, Shih Tzu, Pekingese, and Papillon. Yorkshire terriers appear to be the most common breed afflicted by NLE, but this disease may also affect other small-breed dogs. It is very possible that NME and NLE represent variants of the same disease process. It is expected that more breeds will be reported with idiopathic necrotizing encephalitis. As with GME, the necrotic lesions observed on brain histopathology both account for the clinical signs of dysfunction and define the disease syndrome. The onset and progression of clinical signs of neurologic dysfunction may be acute (disease course of 2 wks or less) or chronic (disease course of 4-6 mos). Clinical signs of forebrain dysfunction (seizures, circling, obtundation, visual deficits with normal PLRs, head-pressing, etc.) predominate. Neck pain is also common and may be due to the meningitis and/or the forebrain disease. Definitive diagnosis of necrotizing encephalitis is based upon characteristic histopathologic brain lesions observed at necropsy. A tentative diagnosis is based primarily upon signalment, history, and findings of the neurologic examination. Bloodwork results are typically normal. CSF findings are often abnormal; most commonly, a predominantly or exclusively mononuclear pleocytosis with elevated protein levels is evident. CT/MR findings have been described in several cases of necrotizing encephalitis. Lesions on MRI are usually iso-or hypointense on T1-weighted images, hyperintense on T2-weighted and FLAIR images, and inconsistently and non-uniformly contrast enhancing. Asymmetric ventricular dilation, and areas of radiolucency in the brain (corresponding with malacic brain parenchyma), sometimes appearing continuous with the lateral ventricles, are consistent findings. 

The three most promising drug options for treating GME, NE and related disorders include procarbazine, cytosine arabinoside, and cyclosporine. Survival times exceeding 12 mos have been reported for each of these three drugs. In addition, the use of these drugs appears to allow for successive decreases in glucocorticoid dosages, thereby minimizing adverse side effects associated with steroid use. Procarbazine
 is an antineoplastic drug that crosses the blood-brain barrier and has some specificity for T-cells. The cytotoxic effects of procarbazine are thought to be primarily via methylation of DNA bases. In one study of presumptive GME dogs, the use of procarbazine as an adjunct to prednisone was associated with a median survival time of 14 mos, regardless of clinical form of GME (the majority were multifocal). The dose used by the author is 25 mg/M2 PO, SID. Myelosuppression is the most likely adverse effect, although hemorrhagic gastroenteritis may also occur. A complete blood count (CBC) should be checked weekly for the first month, then monthly thereafter to monitor for myelosuppression. Cytosine arabinoside (Cytosar)
 is a synthetic nucleoside analog that crosses the blood-brain barrier. This drug inserts itself into DNA molecules after enzymatic activation, causing premature chain termination in mitotically active cells. The protocol used for dogs with GME is a subcutaneous injection of 50 mg/M2, q 12 hrs for 2 subsequent days, to be repeated initially every 3 weeks. At Cornell, we have also used a continuous rate infusion protocol of 200-400 mg/M2 administered over 48 hours (lower dose is the same cumulative dose as the SQ protocol). Because myelosuppression is a potential side effect of this drug, a CBC should be checked weekly for the first month or two, then every 2-3 months thereafter. After treating numerous dogs with this dosage of Cytosar, I have never encountered a case with myelosuppression nor any other drug-related adverse effect. In one report of 10 dogs with non-infectious encephalitis of undetermined etiology, cytosine arabinoside treatment was associated with a median survival time of approximately 1.5 years. In 2 of these dogs, tertiary treatment (procarbazine, leflunomide) was also administered. Cyclosporine (cyclosporine A)
 is a lipophilic peptide that does not readily cross the blood-brain barrier. Despite this, it is thought that the drug may become trapped in endothelial cells in the CNS, and that the inflammatory nature of GME may allow more cyclosporine to cross the blood-brain barrier than would occur in the absence of inflammation. The mode of action of cyclosporine is blocking of transcription of genes in activated T-cells that lead to the production of inflammatory cytokines. In one study of 10 dogs with presumptive GME treated with cyclosporine with or without ketoconazole (given to decrease systemic clearance of cyclosporine and reduce cost of therapy), the median survival time was approximately 2.5 yrs. There has been one report describing the use of leflunomide
, a pyrimidine analogue, for non-infectious inflammatory brain disease in three dogs. The dogs responded favorably to leflunomide and were still alive more than 12 months after starting therapy. It was not determined what specific inflammatory brain disease(s) the dogs had. Leflunomide appears to be a very safe drug in dogs and is administered at a dosage of 2-4 mg/kg q 24 hrs. The cost of this drug used to be prohibitive, but has recently decreased considerably. There may be a more prevalent future role for leflunomide in the treatment of non-infectious inflammatory brain disorders of dogs. The author has had limited success using mycophenolate mofetil (a purine antagonist) for NE in dogs. This drug is initially dosed at 20 mg/kg q 12 hours; the dose needs to be reduced by half within 3-4 wks in order to avoid severe gastrointestinal side effects. 
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