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A B S T R A C T

Purpose: Hashimoto encephalopathy (HE) is an autoimmune-mediated encephalopathy associated with anti-
thyroid antibodies. We previously discovered serum autoantibodies against the NH2-terminal of α-enolase
(NAE), which serve as a specific diagnostic biomarker for HE and may be involved in the autoimmune patho-
physiology of HE, including vasculitis. Although the common findings of brain magnetic resonance imaging
(MRI) in HE have been recognized as normal or non-specific white matter lesions, serial MRI changes have been
less well studied. The aim of this study was to clarify detailed and longitudinal MRI changes in HE associated
with anti-NAE antibodies.
Methods: We investigated serial brain MR images in 12 Japanese patients with HE who had serum anti-NAE
antibodies.
Results: Brain MRI showed diffuse white matter abnormalities and/or multiple small subcortical lesions in 10
patients. These lesions were apparently non-specific; however, in 7 of these patients we observed expanding and
diminishing white matter lesions, emerging subcortical high-intensity spots on diffusion-weighted images, or
reversible limbic lesions, which worsened at relapse and improved after recovery following immunotherapies.
Conclusion: MRI lesions that fluctuate according to the disease condition were frequently observed in HE pa-
tients with anti-NAE antibodies, which suggests that these fluctuation may be associated with the autoimmune
pathophysiology of HE.

1. Introduction

Hashimoto encephalopathy (HE), also known as steroid-responsive
encephalopathy associated with autoimmune thyroiditis (SREAT), is
characterized by various neuropsychiatric symptoms, the presence of
serum anti-thyroid antibodies, and responsiveness to immunotherapies
[1–3]. Although the pathological mechanisms underlying HE remain to
be completely elucidated, some studies of biopsied or postmortem
brains demonstrated brain vasculitis or lymphocyte infiltration in many
cerebral small vessels in patients with HE [4,5]. These pathological
findings suggest that the underlying pathophysiology of HE consists of

reversible cerebral inflammation and vasculitis mediated by auto-
immune mechanisms.

Because of the wide spectrum of its clinical features, including
disturbed consciousness, psychiatric symptoms, tremor, myoclonus,
ataxia, and stroke-like episodes, HE is often underdiagnosed or mis-
diagnosed. To resolve the diagnostic problem, we previously discovered
autoantibodies against the NH2-terminal of α-enolase (NAE) in the
serum of patients with HE using proteomic analyses [6]. The antibodies
demonstrated high specificity for HE [7], indicating the feasibility of
using the antibodies for diagnosis of HE.

In addition to the highly diverse clinical manifestations, HE has
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been reported to exhibit various findings in brain magnetic resonance
imaging (MRI). Several case-series studies showed that normal findings
or non-specific changes in white matter were observed in majority of
patients with HE [8–10], whereas other studies revealed low fre-
quencies of mesial temporal involvement or cerebellar atrophy
[11–17]. However, anti-NAE antibodies were not examined in most of
these reports. Furthermore, a few case reports showed longitudinal
changes in MRIs of patients with HE [11,13,18,19].

In this study, we investigated serial brain MRI findings in multiple
cases of HE with anti-NAE antibodies, a specific biomarker for HE, to
clarify detailed and longitudinal MRI changes in HE associated with
anti-NAE antibodies. Because anti-NAE antibodies are assumed to be
related to the pathophysiology of HE (i.e., autoimmune-mediated in-
flammation with vasculitis) [20,21], we further consider the relation-
ship between serial MRI changes and the autoimmune pathophysiology
of HE in this paper.

2. Material and methods

We investigated brain MR images obtained prior to treatment in 12
Japanese patients with HE who had serum anti-NAE antibodies at
University of Fukui Hospital between 2005 and 2013 as a case-series
study. The patients consisted of 4 men and 8 women, with a median age
of 74 years (range: 32–83). Brain MRI was performed using a 1.5 or 3.0-
Tesla unit (SIGNA Excite HD; GE Medical Systems, Milwaukee, WI).

Eleven of the 12 patients also underwent brain MRI after treatment.
No follow-up MRI was performed in the remaining one patient (Patient
2) because of normal findings observed on the first MRI. All patients
underwent T1-, T2-, and diffusion-weighted imaging (DWI), fluid-atte-
nuated inversion recovery (FLAIR) imaging, and MR angiography as
part of routine MRI evaluation. In addition, one patient (Patient 10)
underwent arterial spin labeling (ASL) perfusion imaging serially. Three
patients (Patients 6, 8, and 10) underwent T2*-weighted imaging
during follow-up studies.

The detection of anti-NAE antibodies in the sera was performed
using immunoblotting analysis with recombinant NAE protein ex-
pressed in cultured human cells (HEK293) in our laboratory, as pre-
viously described [6,7]. HE was diagnosed according to both the con-
ventional criteria [1], consisting of presence of neuropsychiatric
symptoms, elevated serum anti-thyroid antibodies (antibodies to thyr-
oglobulin and/or thyroid peroxidase), and responsiveness to im-
munotherapies, and positive for anti-NAE antibodies. To exclude other
diseases, we investigated serological markers specific to collagen dis-
eases, such as antinuclear, anti-DNA, anti-Sm, anti-RNP, anti-SS-A, anti-
SS-B, and anti-neutrophil cytoplasmic antibodies. Additionally, we
screened for tumors on the basis of the presence of serum tumor

markers and findings of chest and abdominal CT. Two patients who
presented with limbic encephalitis (LE) (Patients 9 and 10) were further
examined for antibodies against the N-methyl-D-aspartate receptor
(NMDAR), leucine-rich glioma-inactivated protein 1 (LGI1), contactin-
associated protein-like 2 (Caspr2), γ-aminobutyric acid receptor-B
(GABABR), and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPAR) using a cell-based assay kit (Autoimmune En-
cephalitis Mosaic 1, EUROIMMUN, Germany) to exclude LE associated
with these antibodies. The clinical findings of the 11 patients have been
partially reported separately (Patients 1–6, 8–12) [7,12,15,17,22,23],
whereas brain MRI findings were not specifically analyzed in these
prior reports.

The ethics committees of the University of Fukui and Fukui
Prefectural University approved this research, and written permission
was obtained from each subject.

3. Results

3.1. Clinical findings

The clinical features of the patients are shown in Table 1. The
median follow-up period was 4.8 years (range: 4 months–13 years).
Anti-NAE antibodies as well as anti-thyroid antibodies were detected in
the sera of all patients. Patient 10 who showed limbic symptoms tested
positive for anti-LGI1 antibodies in addition to anti-NAE antibodies.
Three patients had a history of Hashimoto thyroiditis, which had been
adequately treated by supplementation of thyroid hormone. Among the
12 patients, 10 (83%) patients showed acute onset with a time from
symptom onset to admission of less than 2weeks or subacute onset with
a time of over 2 weeks to 8 weeks. All patients presented with some
neurological symptoms: Patients 1–8 presented primarily with dis-
turbed consciousness and psychiatric symptoms, Patients 9 and 10 ex-
hibited some limbic symptoms and limbic lesions in brain MRI, and
Patients 11 and 12 presented primarily with cerebellar ataxia. Thus, the
patients were classified into 3 clinical subtypes according to the prin-
cipal features: “acute encephalopathy,” “LE,” and “cerebellar ataxia.”
All 12 patients were treated with immunotherapies. Eight (67%) pa-
tients relapsed during the follow-up period in association with tapering
corticosteroids.

3.2. MRI findings

Brain MRI was performed in all 12 patients before treatment
(Table 2). Only one patient (Patient 2) showed normal results.

Diffuse high-intensity signals in cerebral deep white matter on
FLAIR images were noted in 5 patients (Patients 1, 4, 5, 7, and 8; Fig. 1,

Table 1
Clinical features in patients with Hashimoto encephalopathy associated with anti-NH2 terminal of α-enolase autoantibodies.

Patient Age/sex Past
history

Onset Clinical
subtype

Neuropsychiatric symptoms Response to
immunotherapy

Relapse

Disturbed
consciousness

Cognitive
impairment

Psychiatric
symptoms

Other

1 78/F DM, CRF Acute AE + + + − + −
2 76/M DM, HT Acute AE + − + − + −
3 78/F HT, HL Acute AE + + + Tremor + +
4 83/F Af Acute AE + − − Seizures + −
5 71/F HT, HL Acute AE + + + Seizures + +
6 62/M DM Acute AE + + − − + +
7 79/M HT Acute AE + + + − + +
8 79/F Af, colon C Acute AE + + + Chorea + −
9 32/F − Acute LE + + − Seizures + +
10 69/F − Subacute LE + + + Seizures + +
11 41/F − Chronic Ataxia − − − Ataxia + +
12 55/M − Chronic Ataxia − − − Ataxia + +

F= female; M=male; DM=diabetes mellitus; CRF= chronic renal failure; AE= acute encephalopathy; HT=hypertension; HL=hyperlipidemia; Af= atrial
fibrillation; colon C= colon cancer; LE= limbic encephalitis; Ataxia= cerebellar ataxia.
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Supplemental Fig. 1). All 5 patients who showed diffuse white matter
lesions presented with cognitive impairment or psychiatric symptoms.
Notably, these white matter lesions varied during the disease course in
Patients 5 and 8. A representative case (Patient 5; 71-year-old woman)
developed disturbed consciousness and seizures acutely and showed
mild periventricular lesions in brain MRI at admission (Fig. 1A). She
was treated with intravenous methylprednisolone pulse (IVMP), fol-
lowed by an oral prednisolone taper, which improved her status. The
follow-up MRI showed minor change at 1.8 years after first admission
(Fig. 1B). She relapsed with fever and disturbed consciousness 2.5 years
later. Remarkably, white matter lesions diffusely expanded on FLAIR
images during relapse (Fig. 1C). She was treated with IVMP again and
her state of consciousness improved. The white matter lesions were
slightly improved after therapy (Fig. 1D).

Five patients showed transiently high-intensity spots in subcortical
white matter on DWIs at admission and/or recurrence (Patients 4, 6, 7,
8, and 9; Fig. 2, Supplemental Fig. 2). A representative case (Patient 7;
79-year-old man) presented with disturbed consciousness, agitation,
and cognitive impairment. Brain MRI showed a high-intensity spot on

DWIs (Fig. 2A) with low-intensity on apparent diffusion coefficient
(ADC) maps (Fig. 2B) in the right frontal white matter at admission. As
his symptoms improved after treatment with oral prednisolone, the
DWI high-intensity lesion disappeared 2months later (Fig. 2C). Four
months later, during recurrence with disorientation, cognitive impair-
ment, abrupt behavior, and agitation, new DWI high-intensity spots
appeared in different regions, such as the right frontal white matter
(Fig. 2D). After recovery following therapies with IVMP, these DWI
high-intensity spots also disappeared.

Ten patients showed multiple small lesions in the subcortical white
matter. Although multiple white matter lesions are usually considered
non-specific findings related to chronic ischemic changes along with
aging, such lesions were observed in 2 relatively younger patients
(Patients 9 and 11; 32-year-old woman and 41-year-old woman, re-
spectively) who had no pre-existing diseases, such as hypertension,
diabetes mellitus, hyperlipidemia, and collagen diseases. Additionally,
the subcortical lesions were located immediately below the cortex,
which differed from the distribution of typical lacunar infarcts.

Our previous studies showed clinical subtypes of LE and cerebellar

Table 2
Brain MRI findings in patients with Hashimoto encephalopathy associated with anti-NH2 terminal of α-enolase autoantibodies.

Patient Clinical subtype Brain MRI before treatment

Diffuse white matter High-intensity spots on DWIs Small subcortical Other

1 AE + − + −
2 AE − − − −
3 AE − − + −
4 AE + +a + −
5 AE +a − + −
6 AE − +a + −
7 AE + +a + −
8 AE +a +a + −
9 LE − +a + Limbic lesiona

10 LE − − + Limbic lesiona

11 Ataxia − − + −
12 Ataxia − − − Cerebellar atrophy

AE= acute encephalopathy; LE= limbic encephalitis; Ataxia= cerebellar ataxia.
a The lesions changed during the course of disease.

Fig. 1. (A) Patient 5 (71-year-old woman) showed mild periventricular lesions and some small lesions in cerebral white matter on FLAIR images at admission. (B)
1.8 years later, serial MRI revealed only mild lateral ventricular dilation. (C) 2.5 years later, she relapsed with disturbed consciousness. Diffuse high-intensity lesions
in the deep white matter expanded (arrows). (D) After immunotherapies, the diffuse white matter lesions slightly improved (arrowheads).
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ataxia in HE. As we have previously reported, abnormal signals were
observed in the unilateral or bilateral medial temporal lobes of 2 pa-
tients who presented with limbic symptoms (Patients 9 and 10; Fig. 3A,
Supplemental Fig. 3A) [12,23]. These lesions improved after im-
munotherapies (Fig. 3B, Supplemental Fig. 3C). In addition, Patient 10
showed hyperperfusion in the right hippocampus, as detected by ASL
imaging in the incipient phase (Supplemental Fig. 3B) [12]. This hy-
perperfusion disappeared after immunotherapy (Supplemental Fig. 3D).
Patient 12, who presented with pure cerebellar ataxia, showed mild
cerebellar atrophy (Supplemental Fig. 3E) [17].

T2*-weighted imaging showed a brain microbleed in the subcortical
white matter of the left parietal lobe at the time of recurrence (Patient
10). The remaining 2 patients who underwent T2*-weighted imaging
(Patient 6 and 8) showed no microbleeds during the follow-up period.

4. Discussion

In this study, we demonstrated detailed and longitudinal changes in
brain MRI findings in patients with HE who had anti-NAE antibodies as

a serological diagnostic marker of HE. Apparently non-specific white
matter abnormalities were mostly observed on the first MRI.
Remarkably, serial MRI revealed lesions that varied according to the
disease course, such as expanding and diminishing white matter
changes, transient DWI high-intensity spots, and reversible limbic le-
sions in many patients. These lesions newly appeared or expanded at
relapse and improved after recovery following immunotherapies, sug-
gesting that the autoimmune pathophysiology of HE is associated with
these serial MRI changes.

Recent case-series studies and reviews showed that the most
common MRI findings are normal or non-specific abnormalities in HE
or SREAT, expressed as diffuse white matter lesions or chronic ischemic
changes [3,9,10]. Similarly, the present study showed diffuse white
matter abnormalities and/or multiple small subcortical lesions in most
(10/12) patients. Some of these white matter lesions may have been
aging-related; however, many (7/10) of these patients with apparently
non-specific findings exhibited coexisting lesions that changed during
the disease course in the present study (Table 2). These serially fluc-
tuating lesions and relatively younger cases without cerebrovascular
risks suggest the involvement of cerebral vasculitis in white matter le-
sions. In addition, all patients who developed seizures (Patients 4, 5, 9,
and 10) showed various varying MRI lesions (i.e., expanding and di-
minishing diffuse white matter lesions, emerging subcortical high-in-
tensity spots on DWI, or reversible limbic lesions) in the present study.
These varying lesions are not usually observed in patients with common
seizures, which suggests that patients with HE who have seizures tend
to show these findings during serial MRI evaluation.

Although a few case reports also showed reversible white matter
lesions [18,24,25], DWI high-intensity spots in subcortical regions
[11,19], or limbic lesions that improved following immunotherapies
[13,14,26] in patients with HE, no case-series studies or reviews re-
garding these varying findings have been reported involving multiple
cases of HE. In addition, in the prior case reports, the diagnosis of HE
was made only according to the conventional criteria for HE, the spe-
cificity of which is relatively low without testing for anti-NAE anti-
bodies. In contrast, the present study determined accurate diagnoses
based on both the conventional criteria and the presence of anti-NAE
antibodies as a specific biomarker for HE.

In the present study, all patients investigated had serum anti-NAE
antibodies. The α-enolase, which is an antigen of anti-NAE antibodies,
has pleiotropic roles in glycolysis as well as the immune response
[27,28]. Moreover, α-enolase is expressed abundantly in vascular en-
dothelial cells, which suggests a relationship between anti-NAE anti-
bodies and the pathological findings of cerebral vasculitis in biopsied or
postmortem brain tissues of patients with HE [4,5]. Indeed, we de-
monstrated immunological reaction against α-enolase of cultured
human endothelial cells with serum from a patient with HE who had
anti-NAE antibodies [20].

As collateral evidence, several studies using SPECT imaging de-
monstrated global or focal hypoperfusion in HE [29–31]. In particular,
we revealed specific regions with decreased cerebral blood flow in
patients with HE with anti-NAE antibodies [22]. The hypoperfused le-
sions were observed in the bilateral anterior cingulate areas and left
prefrontal cortex, which were associated with the symptoms. Anti-NAE
antibodies were used as a diagnostic biomarker of HE in the current
study, but the presence of the antibodies may also be associated with
the MRI findings that indicated cerebral vasculitis.

In conclusion, the present study demonstrated detailed and long-
itudinal MRI changes in Japanese patients with HE who had anti-NAE
antibodies. Although apparently non-specific white matter abnormal-
ities were mostly observed, many of these were accompanied by serially
fluctuating lesions related to the disease course in the present study.
These fluctuating lesions emerged or expanded according to the degree
of disease exacerbation and improved after immunotherapies, sug-
gesting that the autoimmune pathophysiology is associated with these
serial MRI changes in patients with HE.

Fig. 2. Patient 7 (79-year-old man) showed a high-intensity spot on DWIs (A)
with low-intensity on ADC maps (B) in right frontal white matter at admission
(circles). (C) 2months later, the first DWI high-intensity lesion disappeared
following treatment (circle). (D) At the time of recurrence, new focal spots
appeared in right white matter (arrow) and left frontal white matter on DWIs.

Fig. 3. (A) Patient 9 (32-year-old woman) showed abnormal high-intensity
signals in the bilateral medial temporal lobes on FLAIR images (arrows). (B)
After treatment, these lesions were improved.
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