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Abstract 
Although very rare, the literature describes cases of Hashimoto encephalopathy 
attesting to its occurrence. Affected patients present with seizures, stroke-like 
episodes, transient focal and global neurological deficits, and a variety of neu-
ropsychiatric disturbance from dementia to hallucinations and psychosis. The 
encephalopathy evolves with concomitantly elevated anti-thyroid peroxidase 
antibodies, independent from hormonal thyroid function setting it apart from 
thyrotoxicosis and myxedema. A new patient reported with Hashimoto’s ence-
phalopathy, in whom neurocognitive impairment and stroke-like onset of he-
miparesis and hemiparkinsonism correlated with brain magnetic resonance 
imaging fused with positron emission tomography. 
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1. Introduction 

Hashimoto thyroiditis and Hashimoto encephalopathy are well-described clini-
cal and pathologic entities [1]. However, neuropathological data are lacking due 
to the effectiveness of corticosteroids therapy [1]. An autoimmune pathogenesis 
targeting the central nervous system is suggested [2] [3]. This chapter reviews 
the historical background, epidemiology, clinical presentation, histopathologic 
findings, etiologic basis, diagnosis and treatment of Hashimoto’s thyroiditis and 
encephalopathy. The promising utility of brain magnetic resonance imaging 
fused with positron emission tomography are illustrated in a patient with Ha-
shimoto’s thyroiditis and encephalopathy who presented neurocognitive deficits 
in association with hemiparesis and hemiparkinsonism.  

2. Hashimoto Thyroiditis 
2.1. Historical Background 

Sawin [4] reviewed the history of Hashimoto thyroiditis. In 1912, Hakaru Ha-
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shimoto [5] published a description of four women, all over age 40, showed a 
preponderance of lymphoid follicles, with parenchymal and interstitial changes, 
one of whom was hypothyroid. He recognized the similarities of the histology of 
the histology to Grave’s disease but ruled it out clinically [6] and Riedel’s (fibr-
ous) thyroiditis [7] with a different pathology [8]. He speculated there was a 
factor that caused the lymphocytic expansion of the thyroid size, naming it after 
its histologic characteristics, lymphomatous goiter, in the absence of a known 
cause. The medical community ignored goitrous lymphocytic thyroiditis until 
the 1930s when Hashimoto’s name attached to the disease in American [9] and 
British surgical texts [10]. McClintock and Wright [11] reviewed the world’s li-
terature in 1937 and found only 50 cases of Hashimoto thyroiditis. Between 1956 
and 1958, two teams of investigators [12] [13] [14] each employing different 
techniques, described circulating thyroglobulin (Tg) antibodies (Ab) in au-
to-immunized animals using tanned red cells coated with Tg [12] [13] or im-
munoprecipitation in Hashimoto thyroiditis patients with goiters undergoing 
thyroidectomy [14]. With recognition of the pathologic entity and immune pa-
thogenesis, there was a marked increase in the incidence of newly reported cases 
[15], and the entity became well entrenched in the endocrinology literature [16] 
[17], and synonymous with the commonest form of autoimmune thyroid disease 
(AITD) [18].  

Antibodies to thyroid microsomal (cytoplasmic) antigens, more commonly 
termed thyroid peroxidase (TPO) distinct from Tg were later demonstrated us-
ing complement-fixation of human thyrotoxic extracts of postmortem or biopsy 
tissue [19]; and later by a more sensitive indirect immunofluorescence technique 
using fresh thyrotoxic tissue as substrate [20]. Although anti-thyroid antibodies 
relate to both goiter and thyroid atrophy, it was uncertain then as it is now, why 
some patients with Hashimoto thyroiditis fail to develop a goiter. 

2.2. Epidemiology 

Hashimoto’s thyroiditis affects up to 2% of the general population [21], and af-
flicts women ten-fold more than in men. The National Health and Nutrition 
Examination Survey III estimated the prevalence of subclinical and clinical hy-
pothyroidism to be 4.6% and 0.3% respectively [22]. The Whickham survey [23] 
estimated the prevalence of spontaneous hypothyroidism at 1.5% in women and 
<0.1% in men. Subclinical hypothyroidism, characterized by an increase in se-
rum thyrotropin (TSH) while serum levels of thyroxine (T4) and triiodothyro-
nine (T3) remain normal occurs in 8% of women and 3% of men [24]. Furszyfer 
and colleagues [25] estimated that the incidence of clinical evident Hashimoto 
thyroiditis at 69 per 100,000 in Rochester, Minnesota. However, this figure 
greatly underestimated the actual incidence since histologic evidence of the dis-
ease, which variably included infiltration of the thyroid by lymphocytes and 
gradual destruction of the gland, occurs in 2% of unselected Caucasian females 
at autopsy [26].  

Hashimoto thyroiditis is the third most prevalent autoimmune disease in the 
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U.S., and the commonest form of AITD [27]. It leads to a dramatic loss of thy-
roid follicular cells, with concomitant hypothyroidism, goiter formation, and 
circulating autoantibodies, notably to the primary thyroid-specific antigens, Tg 
and TPO. Thyroglobulin is the main protein synthesized in the thyroid gland 
and serves both in the synthesis and in the storage of thyroid hormone. Its syn-
thesis and iodine content play an important role in epitope recognition and an-
tigenicity. Thyroid peroxidase, the other significant autoantigen in Hashimoto 
thyroiditis, catalyzes the oxidation of iodine to an iodinating species. Antibodies 
to TPO are heterogeneous with almost 180 forms cloned and sequenced. Both 
antibodies occur in patients with AITD and are more prevalent in women and 
with increasing age [28]. In one-third of population sera, both antibodies are 
present in concentrations that are generally higher than in sera of those with 
only one antibody type. 

Abundant epidemiologic and genome-wide association study data and animal 
models of AITD suggest a strong genetic basis for Hashimoto thyroiditis, with 
contributions from polymorphisms in major histocompatibility complex and 
class I to III human leukocyte antigen (HLA) genes, immune modulatory genes, 
with epigenetic influences. Hashimoto thyroiditis occurs with other autoim-
mune diseases such as type-1 diabetes, Celiac disease, rheumatoid arthritis, mul-
tiple sclerosis, and vitiligo [29]. It can be part of the autoimmune poly-endocrine 
syndrome type-2. Autoantibodies to TPO and Tg are inherit as a dominant 
Mendelian trait in women with reduced penetrance in men [30]. Thyroid ab-
normalities with clinical outcomes occur in one-third of offspring of patients 
with Hashimoto thyroiditis [31] with a sibling risk ratio that supports a strong 
case for genetic influence on disease development [32]. 

Recent interest has focused on the candidate role of the HLA polymorphisms 
and cytotoxic T-cell -associated 4 (CTLA4) gene as primary determinants of the 
risk of developing Hashimoto thyroiditis [33]. Genome-wide association studies 
showed associations with HLA-DR4 in 56 multiplex families of 354 individuals 
with AITD [34], as well as with HLA DR5 in goitrous Hashimoto thyroiditis, 
and DR3 in atrophic Hashimoto thyroiditis [35]. The mechanism of CTLA4 
gene susceptibility to autoimmune disease including Hashimoto’s thyroiditis re-
sults from a failure to establish and maintain immunologic non-responsiveness 
or tolerance to self-antigens [36]. In humans, disease susceptibility in Hashimoto 
thyroiditis maps to a noncoding 6.1-kb 3-prime region of the CTLA4 gene, the 
common allelic variation of which correlated with lower mRNA levels of the so-
luble alternative splice form of CTLA4. Several case-controlled studies have es-
tablished an important role for the CTLA4 gene in the development of Hashi-
moto’s thyroiditis [37] [38] [39].  

The influence of environmental factors that interact with susceptibility genes 
to produce a synergistic effect in triggering autoimmune thyroid disease though 
epigenetic modulation [40], that is, in regulating gene expression and pheno-
types without alterations of the genetic code in deoxyribonucleic acid, do so 
through methylation, histone modifications, and non-coding ribonucleic acids. 
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Deoxyribonucleic acid (DNA) methylation mainly results in transcriptional re-
pression especially when it occurs in the region of 5’ promoter regions with high 
density, as occurs in the CTLA4 gene in AITD [41]. Polymorphisms in histone 
modifier genes, which have key roles in the compaction of DNA to form tightly 
compacted chromatin, can lead to susceptibility to AITD and higher levels of 
thyroid autoantibodies [42]. Micro ribonucleic acid (RNA) (miRNA) are small 
non-coding RNA molecules that contain about 22 nucleotides and function as 
silencers and regulators of messenger RNA that conveys genetic information 
from DNA, to specify the amino acid sequence of the protein products of gene 
expression through the process known as post-transcription gene regulation. 
Recent studies [43] reveal that some miRNA are also involved in the develop-
ment of AITD in modulating the differentiation or activation of immune cells 
and immune responsiveness.  

2.3. Clinical Presentation 

Patients with Hashimoto thyroiditis may present with hypothyroidism, goiter, or 
both. According to the Whickman survey [23], affected patients are typically <45 
years of age, with the risk of a goiter increasing with age and one-half of those 
with goiter between age 45 and 64 years. Autoimmune thyroid disease may ac-
counts for up to 40% of goiters in adolescents. Common presenting symptoms 
of Hashimoto thyroiditis include fatigue, weight gain, pale or puffy face, feeling 
cold, joint and muscle pain, constipation, dry and thinning hair, heavy men-
strual flow or irregular periods, depression, panic disorder, bradycardia, and dif-
ficulty becoming pregnant or maintaining pregnancy. Joint stiffness, aching 
pain, arthralgia, myalgia, fatigue, shoulder and pelvic girdle pain and disturbed 
sleep were reported symptoms among 23.5% cases seen at the Mayo Clinic in a 
seminal study that noted inordinately increased prevalence of rheumatoid arth-
ritis, spondylitis, scleroderma, lupus erythematosus, and other connective tissue 
disorder [44].  

2.4. Laboratory Investigation 

Patients with multinodular goiter and thyroid cancer can harbor low serum ti-
ters of Tg and TPO antibodies, but titers >1:6400 or >200 IU/ml respectively 
strongly AITD including Hashimoto thyroiditis. In areas with sufficient iodine, 
an increased serum thyrotropin level is evidence of AITD. Histologically, a 
goitrous thyroid gland diffusely enlarges with firm consistency and irregular 
surface. There can be extensive fibrosis results in a hard mass that may be con-
fused with malignant disease [45] [46]. Affected patients rarely complain of la-
ryngeal or esophageal pain, tightness in the neck, focal glandular pain or palpa-
ble tenderness. Goiters may be asymmetric and mistaken for a solitary nodule or 
multinodular goiter in euthyroid patients however; those with atrophic AITD do 
not have a goiter. Thyroid-associated ophthalmopathy is far more common in 
Graves’ disease than Hashimoto thyroiditis. Subclinical hypothyroidism devel-
ops into overt hypothyroidism at a rate of 4% cases per year. 
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Thyroid peroxidase is the major and possibly only auto-antigenic component 
of thyroid microsomes. Mariotti and coworkers [47] described a radioimmunoas-
say (RIA) for anti-TPO Ab based on competitive inhibition of radio-iodinated 
TPO to an anti-TPO monoclonal antibody in a large series of sera from normal 
controls and patients with or without different thyroid diseases that was more 
accurate than standard anti-microsomal Ab determinations. In community sur-
veys, 50% to 75% of individuals with circulating anti-thyroid antibodies are eu-
thyroid, however up to one-half may have subclinical hypothyroidism, and up to 
10% may be overtly hypothyroid. In addition to thyroid function tests and 
available thyroid autoantibodies, patients with Hashimoto thyroiditis should 
undergo screening chemistries, erythrocyte sedimentation rate, hemoglobin A1c, 
serum protein electrophoresis), immunofixation, and screening antinuclear an-
tibodies to search for associated multiple endocrine neoplasia type II, and the 
POEMS syndrome of polyneuropathy, organomegaly, endocrinopathy, M-protein, 
and skin changes.  

Patients with suspected Hashimoto thyroiditis should undergo ultrasonogra-
phy for an enlarged thyroid gland that typically shows diffuse hypoechogenicity 
in three-quarters of cases, even though it is typically nonspecific. Radionuclear 
scanning is generally unnecessary and can be misleading. The uptake of radio-
nuclide is characteristically normal or elevated in patients with goitrous Hashi-
moto thyroiditis, even in the presence of hypothyroidism, whereas in those with 
subacute or silent thyroiditis, the uptake is low. Fine-needle aspiration of the 
gland is the only way to demonstrate the expected histology, and to examine 
clinically suspicious areas in those with enlarged goitrous nodular glands. Whe-
reas high-grade lymphoma poses little difficulty, lower grades on biopsy pathol-
ogy may be suspected based on the presence of monomorphic lymphocytes and 
appropriate immunohistochemical studies.  

2.5. Immunopathogenesis 

In individuals genetically predisposed to AITD, non-genetic or environmental 
triggers set in motion the initial steps that break down immune tolerance leading 
to glandular inflammation, goiter formation, and thyroid hypofunction. In the 
initial stages, main histocompatibility class II-positive dendritic and macrophage 
antigen presenting cells infiltrate the gland leading to thyrocyte insult and re-
lease of host-specific antigens. These peptides, presented on the surface of anti-
gen presenting cells to naïve T-cells, cause activation and clonal expansion of 
autoreactive CD4+ T-cells, CD8+ cytotoxic T-cells and immunoglobulin (Ig)-G 
autoantibodies in draining lymph nodes. Lymphoid tissue later develops directly 
in the gland itself with distinct cords of antibody producing plasma cells, and 
occasional multinuclear giant cells with enlarged epithelial cells and a distinctive 
eosinophilic cytoplasm, owing to increased number of mitochondria [48]. The 
process itself, mediated by T helper type-1 (TH1) cells, is associated with secre-
tion of interleukin-12, interferon-α, and tumor necrosis factor-γ. In the final 
stages of HT, autoreactive T-cells, B-cells, and antibody cause a massive deple-
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tion of thyrocytes via antibody-, cellular-, and cytokine-mediated, and apoptotic 
mechanisms of cytotoxicity that lead to hypothyroidism and progressive glan-
dular atrophy [49].  

The immunopathologic potential for Hashimoto thyroiditis resides in the cel-
lular elements of the thyroid gland [50]. Thyrocytes from Hashimoto thyroiditis 
glands, but not from non-autoimmune thyroids, express tumor necrosis factor 
receptor superfamily, member 6 (Fas), and its ligand FasL, which regulates cel-
lular apoptosis. Interleukin-1-β, abundantly produced in HT glands, induces Fas 
expression in normal thyrocytes. Cross-linking of Fas results in massive thyro-
cyte apoptosis. Exposure to interleukin-1-β-induced thyrocyte apoptosis, and 
prevented by antibodies that block Fas, suggest that interleui-1-β-induced Fas 
expression may be an important limiting factor for thyrocyte destruction.  

Notwithstanding, a tendency for systemic autoimmunity in Hashimoto thy-
roiditis was recognized by Becker and coworkers a half century ago [44] in an 
analysis of 506 cases seen at the Mayo Clinic in which 119 (23.5%) were found to 
have systemic concomitant connective tissue diseases with varying degrees of 
vascular involvement and autoimmune hypersensitivity reactions. Later reports 
of two children with nephrotic syndrome, both with glomerular staining for 
TPO and Tg antigens and either hyperthyroid [51] or hypothyroid [52] AITD, 
and others with vasculitic neuropathy [53] or giant-cell arteritis [54] showed that 
patients with Hashimoto thyroiditis may have widespread extra-thyroid abnor-
mal autoimmune activity including an association with systemic vasculitis. Like 
those with Hashimoto thyroiditis, patients with anti-neutrophil cytoplasmic au-
toantibody vasculitis show a genetic predisposition for disease susceptibility ma-
nifesting both single nucleotide polymorphisms in the CTLA4 gene [55], and 
aberrant expression of anti-neutrophil cytoplasmic autoantibody autoantigens 
proteinase-3 and its endogenous inhibitor, alpha-1-antitrypsin, as well as, pa-
thogenic expression of myeloperoxidase epitopes in circulating neutrophils. Al-
though encoded on different chromosomes, their expression is highly coordi-
nated and subjected to epigenetic mechanisms and faulty gene silencing which 
contribute to aberrant chromatin transcription errors in mature monocytes and 
neutrophils.  

2.6. Treatment 

Patients with overt hypothyroidism receive thyroxine at a dosage that normaliz-
es the TSH level. The role of thyroxine in patients with subclinical hypothyroid-
ism is more controversial. In placebo-controlled trial of 33 cases randomly as-
signed to receive placebo or L-thyroxine therapy and followed for 1 year with 
thyroid function tests and other metabolic determinants [56], symptoms were 
significantly improved in the treatment group (P < 0.05). Treatment is generally 
recommended in patients with any symptoms potentially attributable to hypo-
thyroidism especially if the TSH level is >10 mU per liter, and the patient is at 
high risk for progressing to overt hypothyroidism because of strongly positive 
TPO antibodies, age > 45 years, and male sex. Up to a quarter of patients with 
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hypothyroidism due to AITD treated with thyroxine for >1 year remain expe-
rience a spontaneous recovery with disappearance of autoantibodies [57] sug-
gesting that hypothyroidism due to thyrotropin-blocking antibodies can be the 
cause of transient as well as permanent hypothyroidism. Concomitant with a 
gradual increase in serum free T4 and T3 levels, and a fall in TSH levels, there 
was a gradual decrease in thyroid volume of 32% in 13 women with Hashimoto 
thyroiditis, all with initially high TPO antibody titers [58]. 

3. Hashimoto Encephalopathy 
3.1. Historical Background 

In 1966, Lord Brain and colleagues [59] described the entity of Hashimoto’s dis-
ease and encephalopathy in a 40-year-old man with 12 ictal and stroke-like epi-
sodes of confusion and agitation one year after onset of treated hypothyroidism. 
The cerebral disorder remitted completely after 19 months commensurate with a 
decline in high serum thyroid-antibody levels. Treatment with prednisone and 
an anticoagulant for 3 months was ineffective. His neurologic symptoms remit-
ted while he was taking only levothyroxine. Brain and colleagues [59] concluded 
that the likeliest explanation for this protracted and stuttering brain disorder was 
localized cerebral edema due to antibody-mediated autoimmunity, and that an-
tibody studies in future cases of unexplained encephalopathy would show 
whether their findings constituted a syndrome or coincidence. Jellinek and Ball 
[60] extended the results of Brain and colleagues [59] describing their original 
patient, who at age 62 died 12 years later of other causes. Postmortem examina-
tion showed virtually no remaining thyroid tissue and atheromatous cerebro-
vascular changes with splenic atrophy. The authors postulated that underlying 
autoimmunity was the cause Hashimoto’s thyroiditis and encephalopathy, and 
splenic atrophy.  

Hashimoto encephalopathy is a rare disorder and there are no epidemiologic 
studies of its population incidence or prevalence. Rowland and coworkers [61] 
characterized the clinic-pathologic findings of literature cases of Hashimoto’s 
encephalopathy, beginning with the patient described by Brain and colleagues 
[59] through 2002, and adding their own patient. The diagnosis of Hashimoto’s 
encephalopathy, as described by Brain and colleagues [58], and later by Rowland 
and coworkers [61], which rests on the histologic presence of thyroiditis and a 
high serum concentration of anti-thyroid antibodies, stands as the standard for 
case selection. However then as now, it remains unknown whether anti-thyroid 
antibodies and concomitant thyroid dysfunction contribute to the pathogenesis 
of Hashimoto’s encephalopathy.  

3.2. Selection of Cases 

New York University Langone Medical Center, New York. 

3.3. Patient Report 

The author found a patient from his recent files who met the criteria for Hashi-
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moto’s encephalopathy as described by Brain and colleagues [59].  
In January 2015, a 57-year-old right-handed woman developed subacute right 

arm and leg weakness and shaking of the right hand at rest with handwriting 
difficulty. She later developed gait imbalance and clumsiness followed by lack of 
mental focus. There was a history of intermittent bronchial asthma. Generalized 
fatigue, temperature sensitivity, and arthralgia led to a suspicion of hypothy-
roidism but routine thyroid function tests in the year prior to evaluation were 
normal. She drank alcohol socially but did not smoke cigarettes or abuse drugs. 
She did not complain of food allergies, bloating, or abdominal pain. She was 
postmenopausal and married with two children, and self-employed in public re-
lations. She took no prescription medications.  

General examination in July 2017 showed normal vital signs, heart, lungs, ab-
domen and limbs. Neurological examination showed a 4 to 6 Hz pill rolling like 
tremor of the right hand at rest with cogwheel rigidity. Strength was graded 4/5 
in the right side with weakness predominating in anti-gravity muscles of the 
proximal and distal right arm and leg. There was mild loss of check in the erect 
stance. She walked with a forward-flexed Trendelenburg gait, tilting to the right 
side because of ipsilateral weakness without significant shuffling. Tendon reflex-
es were active throughout without Hoffman, exaggerated finger flexor responses, 
Babinski signs or ankle clonus.  

Laboratory studies showed an anti-Tg antibody level of 89.8 IU/ml (Reference 
range, 0 - 5 IU/ml), anti-TPO antibody 790.9 IU/ml (Reference range, 0 - 5.5 
IU/ml), and TSH 5.680 mIU/L (Reference range, 0.4 - 4 mIU/L). The blood was 
normal or negative for serum anti-neutrophil cytoplasmic autoantibody, protei-
nase-3, myeloperoxidase, rheumatoid factor, ribonucleoprotein, Smith antigen, 
Sjogren’s serology, creatine kinase, cortisol, T-cell subsets, quantitative immu-
noglobulins, antinuclear antibody; viral and retroviral serology, and bacterial 
cultures.  

Thyroid ultrasound showed a heterogeneous and mildly hyperemic gland with 
a sub-centimeter colloid cyst. Using sonographic guidance, fine needle aspira-
tion of a defined area of decreased echogenicity in the mid right thyroid lobe was 
performed that showed abundant colloid and sheets and clusters of follicular 
cells, with rare Hürthle cell changes of abundant eosinophilic granular cytop-
lasm, in a background of predominantly mature lymphocytes (Figure 1). Ce-
rebrospinal fluid showed normal cell count, protein content, IgG levels and 
absent oligoclonal bands, with negative viral and bacterial culture studies. Brain 
18Fluoro-D-glucose-positron emission tomography (FDG-PET) metabolic im-
aging (Figure 2) showed severe hypometabolism within the posterior aspect of 
the left putamen suggesting focal vascular injury, and mild left temporal and left 
parietal hypometabolism and mild volume loss relative to the rest of the brain. 
Magnetic resonance angiogram of the head and neck, and MRI of the total spinal 
cord were all normal. The clinicopathologic and serologic findings were consis-
tent with Hashimoto’s thyroiditis and encephalopathy, and hypothyroidism in 
association with subacute right hemiparesis and hemi-parkinsonism.  
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Figure 1. Hashimoto’s thyroiditis. Fine needle aspiration in a Diff-Quik® staining of a 
goiter in a background of lymphocytic thyroiditis. There is a thin background of purple 
colloid in between grey staining red blood cells amid follicular cells and dark blue stain-
ing nucleated lymphocytes recognized by crush or stringing effects (Magnification 200×).  

 

 
Figure 2. Hashimoto’s encephalopathy. Positron emission tomographic (PET) imaging 
from the vertex to foramen magnum following injection of 10 mCi 18Fluoro-D-glucose 
(left image) shows severely reduced metabolic activity in the posterior half of the left pu-
tamen on standard PET imaging, and with fusion to gadolinium-enhanced magnetic re-
sonance imaging (MRI).  
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3.4. Literature Cases 

Rowland and coworkers [61] characterized the clinicpathologic findings of lite-
rature cases of Hashimoto’s encephalopathy, beginning with the patient de-
scribed by Brain and colleagues [59] through 2002, and adding their own pa-
tient. The authors [61] searched Medline database using the terms “Hashimoto”, 
“autoimmune thyroid disease” and “encephalopathy”. They identified 105 lite-
rature reports of Hashimoto’s encephalopathy. Eighty-five met inclusion criteria 
of encephalopathy (clouding of consciousness with reduced wakefulness, atten-
tion, or cognitive function); with absence of cerebrospinal fluid evidence of bac-
terial or viral infection, and measurably high titers of circulating TPO or Tg an-
tibodies [62]-[102] to which the authors [61] added one additional case of their 
own. There were 20 literature reports excluded for lack of encephalopathy 
[103]-[109], and other single reports for lack of CSF [110] or absent measure-
ment of serum anti-thyroid antibodies [111]. Patients with stroke-like or postic-
tal focal signs, seizures, dementia, or psychiatric symptoms were included if 
consciousness was depressed.  

Two patients studied histologically at postmortem examination disclosed 
congestion of cerebral vessels without focal infarction on macroscopic examina-
tion [59], or lymphocytic infiltration of brainstem veins [2] consistent with vas-
culitis. Two patients underwent brain biopsy showing lymphocytic infiltration of 
the walls of cerebral arterioles and veins [92], and small perivascular cuffs of 
lymphocytic cells [61].  

3.5. Clinical Presentation 

In the series of Rowland and coworkers [61] the mean age at onset of symptoms 
of Hashimoto’s encephalopathy was 44 years (range, 9 - 78 years); 19 of whom 
were boys or girls, age 18 years or younger. Among the adults, there were 53 
women and 13 men. In addition to encephalopathy as required, stroke-like signs 
presented in 23 (27%) case, seizure in 56 (66%), myoclonus in 32 (38%), and 
visual hallucination or paranoid delusion in 31 (36%). The course was relapsing 
and remitting in 51 (60%) of cases.  

3.6. Laboratory Investigation 

In the series of Rowland and coworkers [61], both Tg and microsomal or TPO 
antibodies were together in 60 (71%) cases with one antibody of the two normal 
in 20 (24%) cases. There was no relationship between the neurologic symptoms 
and signs and the type or serum concentration of anti-thyroid antibodies. Alto-
gether, 30 (35%) cases were sub-clinically hypothyroid, 19 (22%) were euthyroid, 
and 17 (20%) were overtly hypothyroid. Fourteen (16%) cases had an elevated 
erythrocyte sedimentation rate or antinuclear antibody, and three had a conco-
mitant connective tissue disease (psoriatic arthritis, Sjogren’s syndrome, and 
sarcoidosis). An elevated CSF protein level was noted in 66 (78%) patients, with 
abnormal findings in neuroimaging in 40/82 (49%) or electroencephalography 
in 80/82 (98%) patients. A goiter was detected in 24/39 (62%) patients, with a 
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serum microsomal antibodies in 55/58 (95%), TPO antibodies in 26/26 (100%), 
and Tg antibodies in 45/62 (73%) patients.  

3.7. Immunopathogenic Mechanisms 

Unlike the close relation between anti-thyroid antibodies and thyroiditis in 
AITD, neither high titers of anti-thyroid antibodies nor presence of subclinical 
or overt hypothyroidism accounted for the observed encephalopathy in the se-
ries of Rowland and coworkers [61]. The neurological findings in patients that 
were euthyroid were similar to those with subclinical or overt hypothyroidism. 
High serum anti-thyroid antibody titers have been associated with neuropathy 
and myopathy [112], depression [113] bipolar disease [114], and dementia [115]. 
Their increased prevalence in healthy individuals and patients with subclinical 
hypothyroidism makes it difficult to consider a high titer a defining feature of 
any disorder other than AITD [61]. Given the lack of a well-defined pathophysi-
ologic link between antithyroid antibodies or Hashimoto’s thyroiditis and ence-
phalopathy, Hashimoto’s encephalopathy may be a misleading term, the disord-
er being one of a larger group of autoimmune encephalopathies [61].  

Ochi and colleagues [116] provided a link between Hashimoto’s thyroiditis 
autoimmunity and the central nervous system. They developed a human brain 
proteome map using two-dimensional electrophoresis and applied it to the im-
munoscreening of brain proteins that reacted with serum antithyroid antibo-
dies in Hashimoto’s encephalopathy patients, identifying the novel antigen 
α-enolase, encoded on 1p36.23, as a candidate and marker for Hashimoto’s 
encephalopathy-related pathology and corticosteroid sensitivity. Kishitani and 
coworkers [3] extended the findings of Ochi and colleagues [116] noting an-
ti-NH2-terminal of α-enolase antibodies in 24% of Hashimoto’s encephalopathy 
patient sera, and limbic abnormalities on MRI demonstrating abnormal signal 
in unilateral or bilateral medial temporal lobes, and diffuse slow wave activity 
with epileptogenic discharges. These findings suggested that limbic encephali-
tis-associated with anti-NH2-terminal of α-enolase antibodies could be a possible 
manifestation of Hashimoto’s encephalopathy in some cases. Graus and col-
leagues [117] proposed Hashimoto’s encephalopathy as an autoimmune ence-
phalopathy or encephalitis after exclusion of other syndromes associated with 
well-defined autoantibodies. The authors [117] noted that α-enolase antibodies, 
like antithyroid antibodies, were present in up to 68% of patients with Hashi-
moto’s encephalopathy and antithyroid antibodies [118], making them useful in 
the serological diagnosis of suspected cases. However, they were of limited relia-
bility as a biomarker of the brain disease since they were detectable in healthy 
individuals and in patients with other autoimmune disorders.  

In support of an antibody-mediated autoimmune mechanism in Hashimoto’s 
encephalopathy, it is notable that patients with meningoencephalitis and corti-
costeroid-responsive encephalopathy [119] [120] may present with circulating 
antithyroid antibodies, rheumatoid factor, antinuclear antibody, Sjogren serolo-
gy, and cardiolipin antibodies like those with AITD and Hashimoto’s encepha-
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lopathy [44]. In five such patients [120], one had high serum anti-thyroid anti-
body levels compatible with Hashimoto’s encephalopathy (anti-thyroid levels 
were not mentioned in the other four) and brain tissue biopsy revealed perivas-
cular lymphocytic infiltrates without vessel wall invasion similar to the case de-
scribed by Rowland and colleagues [61]. At present, it is unclear whether anti-
thyroid antibodies represent an immune epiphenomenon in a subset of patients 
with encephalopathy or are truly associated with pathogenic mechanisms of the 
disorder [121] [122]. In turn, the significance of classifying encephalopathies 
under the term Hashimoto’s encephalopathy will be determined in the future 
once the relevance of the role of antithyroid antibodies is demonstrated or dis-
missed by more detailed experimental and immunopathological studies.  

According to Rowland and colleagues [61], one subgroup of patients with 
Hashimoto’s encephalopathy present with stroke-like episodes. Inoue and col-
leagues [123] described a patient with progressive Parkinsonism and normal 
cognitive and intellectual performance. Slow background activity on electroen-
cephalography was the only sign of encephalopathy, which normalized after 
treatment with corticosteroids. Our patient differed in many respects from the 
case described by Inoue and colleagues [123] making it unique to the literature. 
First, our patient had hemiparkinsonism and hemiparesis consistent with a 
stroke-like onset. Second, neuroimaging with brain MRI and FDG-PET meta-
bolic imaging showed focal hypometabolism in the putamen contralateral to the 
hemiparesis and hemiparkinsonism. Third, neuroimaging also showed a latera-
lized area of metabolically abnormal association cortex correlative with ence-
phalopathy and neurocognitive impairment.  

A vasculitic pathogenesis appears to be equally likely in some cases of Ha-
shimoto’s encephalopathy based upon the tendency for increased autoimmun-
ity in Hashimoto’s thyroiditis [51] [52] [53] [54]. The available histopathology 
in Hashimoto’s encephalopathy also supports an inflammatory vasculopathy, 
so noted in one postmortem case that showed lymphocytic infiltration of 
brainstem veins [2], and in brain biopsy tissue from another case categorized 
as isolated angiitis due to lymphocytic infiltration of the walls of arterioles and 
veins [92]. It is noteworthy that patients with Hashimoto’s encephalopathy 
and circulating α-enolase antibodies are at risk for heightened autoimmune 
activity [124], and a tendency for systemic and invasive autoimmune disorders 
including systemic vasculitis [125]. Further insight in this area may be found 
on-line (http://www.davidsyounger.com). 

3.8. Treatment 

The significance of corticosteroid sensitivity in Hashimoto’s encephalopathy is 
widely accepted as a criterion for the diagnosis. However, as Rowland and col-
leagues suggested [61], it would be unwise to define any condition by response 
to any particular therapy especially if not replacing a specific deficit or directing 
it at a particular target. Patients with Hashimoto’s encephalopathy improve in 
association with, but not necessarily due to corticosteroid therapy. Moreover, 

http://www.davidsyounger.com/
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those that respond to corticosteroids have no distinguishing clinical characteris-
tics nor receive treatment in other fashions for a meaningful comparison.  

4. Conclusion 

The terms Hashimoto’s thyroiditis and encephalopathy are deeply entrenched in 
the scientific literature. While the former is now well understood and a corner-
stone for understanding AITD, the latter remains a challenge to clinicians not so 
much for its lethal nature, but because of the potential for unraveling an impor-
tant feature of autoimmune encephalopathy in some cases, and the continued 
complexity of possible central nervous system vasculitis in others.  
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