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Abstract

Either optic neuritis (neuropathy) or hypopituitarism has been known to occur separately after COVID-19 vaccination. In
this report, we describe the rare combination of hypophysitis and optic neuritis which occurred after COVID-19 vaccination.
A 74-year-old woman began to have thirst, polydipsia, and polyuria, and was diagnosed as central diabetes insipidus |
month after the fourth COVID-19 mRNA vaccine. Head magnetic resonance imaging (MRI) disclosed the thickened pituitary
stalk and enlarged pituitary gland with high contrast enhancement as well as the absence of high-intensity signals in the
posterior pituitary lobe on the Tl-weighted image, leading to the diagnosis of lymphocytic hypophysitis. She was well
with desmopressin nasal spray until further 2 months later, when she developed bilateral optic neuritis, together with
gait disturbance, intention tremor of the upper extremities, urinary retention, constipation, abnormal sensation in the
distal part of the lower extremities, and moderate hemiplegia on the left side. Autoantibodies, including anti-aquaporin 4
(AQP4) and anti-myelin oligodendrocyte glycoprotein (MOG), were all negative. She showed multifocal spinal cord lesions
on MRI and oligoclonal bands in the cerebrospinal fluid obtained by spinal tap, and so underwent steroid pulse therapy
with methylprednisolone in the tentative diagnosis of multiple sclerosis, resulting in visual acuity recovery and alleviation of
neurological symptoms. In the literature review, the combination of optic neuritis and hypophysitis, mostly with diabetes
insipidus, was reported in |5 patients as case reports before the years of COVID-19 pandemic. The COVID-19 vaccination
would trigger the onset of hypophysitis and optic neuritis in this patient.
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Background manifestation of multiple sclerosis or neuromyelitis optica
spectrum disorder. In the acute phase within a week or in the
subacute phase within a month or so after the COVID-19
vaccination, optic neuritis or neuropathy has been reported to

A great number of people worldwide have undergone vac-
cines for COVID-19, and the adverse events in the acute
phase which occur in a week or so have been well reviewed.
In contrast, the adverse events in the subacute phase which
occur in a month or so are difficult to interpret whether they
are related with the vaccination. Autoimmune diseases' and @2 ! ;
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Table 1. Posterior and Anterior Pituitary Function Test at the Initial Visit in this Patient.

Normal range

(min-max) pretest I5 minutes 30 minutes 60 minutes 90 minutes 120 minutes

Hypertonic (5%) saline infusion test

Serum sodium (mmol/L) 138-145 139 Not tested 145 147 149 153

Plasma vasopressin (pg/mL) 0.7 Not tested 0.8 0.8 0.9 0.6
Vasopressin challenge test

Urine osmolarity (mOsm/kg) 50-1300 120 Not tested 244 310 360 383
Anterior pituitary function test with intravenous combined administration of TRH, GHRH, CRH, and LHRH

Serum TSH (plU/mL) 0.465-4.68 0.956 4.369 4818 3.921 2.940 2.122

Serum prolactin (ng/mL) 6.1-30.6 254 92.3 86.2 61.6 47.1 37.2

Serum GH (ng/mL) 0.93 19.20 16.50 10.10 Not tested 2.25

Plasma ACTH (pg/mL) 7.2-63.3 6.4 63.6 67.8 443 Not tested 14.4

Plasma cortisol (ug/dL) 4.5-21.1 13.2 21.5 25.1 24.1 Not tested 18.5

Serum LH (mlU/mL) 13.9 30.7 36.4 41.2 Not tested 434

Serum FSH (mIU/mL) 58.2 66.7 71.6 79.2 Not tested 80.7

Abbreviations: TRH, thyrotropin-releasing hormone; GHRH, growth hormone (GH)-releasing hormone; CRH, corticotropin-releasing hormone;
LHRH, luteinizing hormone-releasing hormone; TSH, thyroid-stimulating hormone; ACTH, adrenocorticotropic hormone; LH, luteinizing hormone;

FSH, follicle-stimulating hormone.

occur as adverse events.” Hypopituitarism has been also
noted after the infection of COVID-19 and vaccinations for
COVID-19.% In particular, hypophysitis in association with
COVID-19 vaccination is presumed to have immunological
background such as autoimmune reactions.’ In this study, we
reported a patient who developed bilateral optic neuritis and
hypophysitis with central diabetes insipidus after COVID-19
mRNA vaccine inoculation. We also reviewed previous cases
who showed the association of optic neuritis and central dia-
betes insipidus in the literature.

Case Report

A 74-year-old woman began to have thirst, polydipsia and
polyuria, and was diagnosed as central diabetes insipidus in
a local hospital. One month prior to the onset of symptoms,
she had undergone the fourth inoculation of COVID-19
mRNA vaccine (elasomeran, Moderna) 8 months after the
third vaccination. She had finished the first and second
inoculations of COVID-19 mRNA vaccine (tozinameran,
Pfizer-BioNTech) in the internal of 3 weeks and the third
inoculation with the same vaccine in the interval of 8
months after the second vaccination. In the past history,
she had been diagnosed tentatively as myelodysplastic
syndrome 10 years previously and had been taking a stable
course with observation.

At the initial visit in the local hospital, she showed an
elevated level of serum sodium ion at 147 mmol/L and a low
level of antidiuretic hormone (arginine vasopressin, AVP) at
1.0 pg/mL. In hypertonic (5%) saline infusion test,'” she
showed the increase of plasma sodium ion from the basal
level of 139 mmol/L up to 153 mmol/L, but no increase of
antidiuretic hormone in the range of 0.6 to 0.9 pg/mL every
30 minutes in 120 minutes (Table 1). The urine osmolarity

increased up to 383 mOsm/kg in 120 minutes from the
baseline of 120 mOsm/kg by intravenous administration of
desmopressin in vasopressin challenge test (Table 1). Her
symptoms were relieved by the use of desmopressin nasal
spray 5 ng twice daily. Anterior pituitary function tests with
intravenous combined administration of 4 hypothalamic
releasing hormones, thyrotropin-releasing hormone (TRH),
growth hormone (GH)-releasing hormone (GHRH), cortico-
tropin-releasing hormone (CRH), and luteinizing hormone
(LH)-releasing hormone (LHRH), showed normal response
curves from the normal baselines of TSH, prolactin, GH,
adrenocorticotropic hormone (ACTH), cortisol, LH, and
follicle-stimulating hormone (FSH) in 15, 30, 60, and 120
minutes (Table 1). Head magnetic resonance imaging dem-
onstrated the thickening of the pituitary stalk and the rela-
tively increased size of the pituitary gland (Figure 1A and B),
together with the absence of high-intensity (bright) signals
in the posterior pituitary lobe on the T1-weighted image
(Figure 1C). Homogeneous high enhancement was noted
with gadolinium DTPA contrast in the whole pituitary gland
and stalk, and was extending continuously to the neighboring
bilateral cavernous sinus (Figure 1D and E), leading to the
diagnosis of lymphocytic hypophysitis.

White blood cell count was 2.7 X 103/uL with differen-
tials of 68.8% neutrophils, 18.2% monocytes, and 13.0%
lymphocytes, red blood cell count was 5.03 X 10%uL; and
platelets count was 59 X 10°/uL. Bone marrow biopsy con-
firmed the normal karyotype and her disease was designated
as myelodysplastic syndrome at very low risk in IPSS-R
(International Prognostic Scoring System—Revised). She
showed normal liver and kidney function. Serum free T4
(thyroxine) was within the normal range at 1.08 ng/dL.
Serum C-reactive protein (CRP) was negative, and rheuma-
toid factor was relatively elevated at 86.6 [U/mL while other
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Figure I. Magnetic resonance imaging at the initial visit. The thickened pituitary stalk and the pituitary gland in relatively increased size
(arrows) on T2-weighted sagittal (A) and coronal (B) images. Note the absence of high-intensity (bright) signals in the posterior pituitary lobe
(arrow) on T|-weighted sagittal image with fat suppression (C) and marked homogeneous enhancement with gadolinium diethylenetriamine
pentaacetic acid (DTPA) contrast in the whole pituitary gland and the stalk (arrows) on T |-weighted sagittal (D) and coronal (E) images.

autoantibodies such as anti-cyclic citrullinated peptide (CCP)
antibody, antinuclear antibody, myeloperoxidase (MPO)-
antineutrophil cytoplasmic antibody (ANCA), proteinase 3
(PR3)-ANCA, Sjogren syndrome (SS)-A, and SS-B were all
negative. Serum IgG4 was low at 24 mg/dL, and plasma
angiotensin-converting enzyme (ACE) activity was in the
normal range at 12.2 U/L. Urinalysis detected no particular
findings.

Two months after the initial visit, she experienced the
deterioration of tremor of the hands at motion which had
been stable for the previous 8 years and also had blurred
vision. Four months after the initial visit, the best-corrected
visual acuity in decimals was 0.8 in the right eye and 0.4 in
the left eye. The intraocular pressure was 15 mm Hg in both
eyes. The optic disks in both eyes were hyperemic, blurred,
and swollen (Figure 2A-D), leading to the diagnosis of
bilateral optic neuritis. The retinal manifestation was absent
except for isolated retinal periphlebitis along the inferior
vascular arcade in the posterior pole fundus of the left eye
(Figure 2C). Goldmann periphery showed narrowing-down of
the upper central visual field in both eyes (Figure 2E and F).
Systemically, she had general fatigue, gait disturbance, and

intentional tremor of the upper extremities. She experienced
urinary retention, constipation, abnormal sensation in the
distal part of the lower extremities, and moderate hemiplegia
on the left side. Due to the difficulty in using desmopressin
nasal spray, she began to have oral desmopressin 240 pg
twice daily. At this time, serum free T4 was in the normal
range at 1.39 ng/dL. Head magnetic resonance imaging
showed that the pituitary gland and stalk decreased in size
(Figure 3A and B), but showed persistent contrast enhance-
ment (Figure 3C and D) as the same as the images 2 months
previously (Figure 1D and F).

At referral to Department of Neurology at the University
Hospital, she showed hyperesthesia in the distal part of the
lower extremities, spastic hemiplegia on the left side, body
ataxia, and positive Romberg sign of the inability to maintain
the erect posture over 60 seconds with the eyes closed. The
other physical examinations detected no particular findings.
In additional blood tests, Serological tests for syphilis includ-
ing rapid plasma reagin test and Treponema pallidum latex
agglutination were negative, and interferon-y-releasing assay
with T-SPOT was negative. Soluble interleukin-2 receptor
(sIL-2R) was elevated to 612 U/mL, vitamin B12 and folic
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Figure 2. Fundus photographs and optical coherence tomography in the right eye (A and B) and left eye (C and D) at the initial visit
to an ophthalmologist. Note hyperemic and blurred optic disks (black arrows) in both eyes (A and C) and isolated retinal periphlebitis
(arrowhead) in the left eye (C). Swollen optic disks (white arrows) in both eyes are evident in horizontal sections of optical coherence
tomography (B and D). Goldmann perimetry in the right eye (F) and left eye (E), showing narrowing-down of the upper central visual

field in both eyes, a week after the visit to an ophthalmologist.

acid were within the normal range, autoantibodies against
aquaporin 4 (AQP4) and myelin oligodendrocyte glycopro-
tein (MOG) were negative. Magnetic resonance imaging dis-
closed several noncontinuous multifocal lesions with contrast
enhancement, indicative of multiple demyelinating lesions,
in the cervical and upper thoracic spinal cord, but showed no

lesions in the brain. Spinal tap showed the increased number
of cells at 36 cells/pL with 100% mononuclear cells, an ele-
vated level of protein at 133 mg/dL, a relatively decreased
level of glucose at 44 mg/dL, a higher level of sIL-2R at 325
U/mL, and an elevated level of IgG at 6.1 mg/dL with posi-
tive oligoclonal bands on electrophoresis.
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Figure 3. Magnetic resonance imaging 4 months after the initial visit. The pituitary stalk and the pituitary gland have decreased in
size (arrows) on T2-weighted sagittal (A) and coronal (B) images. Note persistent enhancement with gadolinium diethylenetriamine
pentaacetic acid (DTPA) contrast in the whole pituitary gland and the stalk (arrows) on T |-weighted sagittal (C) and coronal (D) images,

as the same as the images 4 months previously (Figure 1D and E).

With a tentative diagnosis of multiple sclerosis, she
underwent 2 courses of steroid pulse therapy with methyl-
prednisolone 1000 mg daily for 3 days. Neurological symp-
toms of the upper and lower extremities were alleviated
while the hand tremor at rest on the left side remained
unchanged. Magnetic resonance imaging also showed the
subsidence of the lesions in the cervical and upper thoracic
spinal cord. The optic disks in both eyes became normal and
the best-corrected visual acuity was 0.9 in the right eye and
0.8 in the left eye. Her symptoms were stable with oral

desmopressin 240 pg twice daily and weekly intramuscular
injection of interferon-f3-1a at 30 pug. In a month, she discon-
tinued interferon-P-1a injection due to the ineffectiveness,
and began to have oral prednisolone 20 mg daily after 1 dose
of intravenous methylprednisolone 500 mg daily.

Discussion

To make the diagnosis of idiopathic lymphocytic hypophysi-
tis, the other inflammatory, infectious, and neoplastic causes
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have to be excluded at first. Sarcoidosis and IgG4-related
disease are listed as inflammatory diseases. Infectious dis-
eases include syphilis and tuberculosis, and rarely aspergil-
losis. Lymphoma and meningioma are neoplastic diseases to
be considered. In the present patient, blood examinations
were done to exclude these infectious and inflammatory dis-
eases. Magnetic resonance imaging is a key for diagnosing
lymphocytic hypophysitis. The characteristic features are
thickened pituitary stalk and enlarged pituitary gland in size
as well as contrast enhancement of the stalk and gland.
Central diabetes insipidus can be diagnosed by the loss of
high-intensity signals in the posterior pituitary lobe, so called
“posterior bright spot,” in the T1-weighted image.

The differential diagnoses in the present patient would
include acute disseminated encephalomyelitis (ADEM) and
multiple sclerosis. ADEM shows rapidly progressive demy-
elinating disorders in the brain and the spinal cord at the
acute onset and occurs after viral or bacterial infection or
vaccinations usually in children and young adults.!'"!3
COVID-19 vaccination is known as a precipitating factor for
ADEM.'21 Indeed, the present patient had a variety of neu-
rological symptoms which might fit with the diagnosis of
ADEM. One major point which is against the diagnosis of
ADEM is the subacute to chronic onset of the neurological
symptoms in this patient.

Multiple sclerosis is the ongoing diagnosis in this patient
who showed spatial distribution of multifocal lesions in the
spinal cord, in addition to bilateral optic neuritis. The patient,
at first, showed hypophysitis, and then developed optic neu-
ritis and other neurological symptoms caused by spinal cord
lesions such as hyperesthesia and incomplete hemiplegia.
Temporal distribution of multifocal lesions at the different
timepoints in the disease course would remain somewhat
questionable but would be aligned with the diagnosis of mul-
tiple sclerosis in this patient. The detection of oligoclonal
bands in the cerebrospinal fluid in this patient would also
support the diagnosis of multiple sclerosis. No autoantibod-
ies were detected to support the other disease entities such as
neuromyelitis optica spectrum disorder. COVID-19 vaccina-
tion has been recognized as a triggering factor for the onset
or relapse of multiple sclerosis and other neurological disor-
ders.'*!5 Immunological aberrancy which would be probably
induced by COVID-19 vaccination might result in demyelin-
ating disorders in the brain and spinal cord.'®

Autoimmune diseases, including hypophysitis resulting
in hypopituitarism, have been well recognized as immune-
related adverse events which are sequel to immune check-
point inhibitors for the treatment of cancers.!” In the similar
way, hypophysitis in the present patient would also have the
background of immunological aberrancy which might be
related with COVID-19 vaccination.'® Hypophysitis is well
known to occur as sequel to COVID-19 vaccination,’ and
optic neuritis has been also reported after COVID-19 vacci-
nation.’ Taken together, the sequence of events in the present

patient who showed hypophysitis and then optic neuritis in
the period of a few months after COVID-19 vaccination
would be considered to be related with the vaccination. It
should be noted that she had the different type of COVID-19
mRNA vaccine (elasomeran, Moderna) at the fourth inocula-
tion, compared with the preceding 3-time inoculations
(tozinameran, Pfizer-BioNTech). Indeed, the patient said she
was relieved to hear that her symptoms would be related to
the COVID-19 vaccination.

To analyze similar cases, PubMed and Google Scholar
were searched for the key words: optic neuritis, hypophysi-
tis, diabetes insipidus, COVID-19, and vaccine. The Japanese
literature was searched for the same key words in the biblio-
graphic database of medical literature in Japanese (Igaku
Chuo Zasshi, Japana Centra Revuo Medicina, Ichushi-Web),
published by the Japan Medical Abstracts Society (JAMAS,
Tokyo, Japan). Old literatures were further collected from
references cited in the articles which were identified during
the literature search. There has been no report regarding the
combination of optic neuritis and hypophysitis which would
be related with COVID-19 or vaccination against COVID-
19. Before the COVID-19 pandemic, the combination of
optic neuritis and hypophysitis, especially with the diagnosis
of diabetes insipidus, has been reported as case reports: 15
patients with sufficient description'®3* are summarized,
together with the present case, in Table 2.

The 16 patients were 11 female and 5 male, with the age
at the onset ranging from 13 to 74 years (median, 41 years).
Pituitary biopsy or resection, suspicious of a tumor, was
performed in 7 of the 16 patients, leading the pathological
diagnosis of lymphocytic hypophysitis in 6 patients and giant
cell granulomatous hypophysitis in one. The systemic pre-
sentation and diagnosis was diabetes insipidus in 11 patients.
Panhypopituitarism at varying levels was concurrently diag-
nosed in 11 patients. Secondary amenorrhea was the main
presentation in 2 women (Cases 3 and 5) and hypogonadism
was in 2 men (Cases 7 and 10). Optic neuritis was bilateral in
13 patients while unilateral on the left side in 3. Two patients
(Cases 13 and 16: this case) were diagnosed as multiple scle-
rosis based on multifocal brain or spinal cord lesions,
together with the detection of oligoclonal bands in the cere-
brospinal fluid. Another patient (Case 7) also showed oligo-
clonal bands in the cerebrospinal fluid but did not fulfill the
diagnostic criteria of multiple sclerosis. No patients were
reported to have autoantibodies to aquaporin 4, suggestive
of the diagnosis of neuromyelitis optica spectrum disorder.
Abducens nerve palsy which appeared to be transient was
noted in 6 patients while uveitis, including retinal periphlebi-
tis in the present patient (Case 16), was reported in 3 patients.
Most patients, including the present patient, continued hor-
mone replacement therapy in the course (Table 2), indicating
that diabetes insipidus was irreversible.

In conclusion, the inoculation of COVID-19 mRNA
vaccine in the present patient would serve as a precipitating
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factor to induce hypophysitis with diabetes insipidus in com-
bination with bilateral optic neuritis. The other neurological
symptoms such as muscle weakness, sensory abnormalities,
and gait disturbance, as well as multifocal spinal cord lesions
on magnetic resonance imaging and the detection of oligo-
clonal bands in cerebrospinal fluid, suggest the diagnosis of
multiple sclerosis in this patient. The combination of optic
neuritis and hypophysitis has been documented in the accu-
mulation of case reports before the years of COVID-19
pandemic, and autoimmune mechanism was suggested to
underlie the combination of manifestations which might
be designated as a distinct clinical entity.**¥ To the best of
our knowledge, the present patient appears to be the first
case to show bilateral optic neuritis and hypophysitis which
followed COVID-19 vaccination. The vaccination would be
a triggering factor to induce immunological aberrancy and to
develop the combination of manifestations.
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