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Abstract

Purpose To describe clinical manifestations and short-term prognosis of ocular motility disorders following coronavirus
disease-2019 (COVID-19) vaccination.

Methods Ocular motility disorders were diagnosed by clinical assessment, high-resolution magnetic resonance
imaging, and laboratory testing. Clinical manifestations, short-term prognosis, and rate of complete recovery were
analyzed.

Results Sixty-three patients (37 males, 26 females) with a mean age of 61.6 + 13.3 years (range, 22-81 years) were
included in this study. Among 61 applicable patients with sufficient information regarding medical histories, 38
(62.3%) had one or more significant underlying past medical histories including vasculopathic risk factors. The
interval between initial symptoms and vaccination was 8.6 + 8.2 (range, 0-28) days. Forty-two (66.7%), 14 (22.2%),
and 7 (11.1%) patients developed symptoms after the first, second, and third vaccinations, respectively. One case of
internuclear ophthalmoplegia, 52 cases of cranial nerve palsy, two cases of myasthenia gravis, six cases of orbital
diseases (such as myositis, thyroid eye disease, and [gG-related orbital myopathy), and two cases of comitant vertical
strabismus with acute onset diplopia were found. Among 42 patients with follow-up data (duration: 62.1 +40.3 days),
complete improvement, partial improvement, no improvement, and exacerbation were shown in 20, 15, 3, and 4
patients, respectively.

Conclusion This study provided various clinical features of ocular motility disorders following COVID-19
vaccination. The majority of cases had a mild clinical course while some cases showed a progressive nature.
Close follow-up and further studies are needed to elucidate the underlying mechanisms and long-term prognosis.
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Key messages

What is known:

® Since December 2019, the pandemic of coronavirus disease-19 (COVID-19) has had a tremendous impact on
global public health. Neuro-ophthalmic manifestations following COVID-19 vaccination have been reported

sporadically, although their incidence is very low.

What this paper adds:

® Ocular motility disorders following COVID-19 vaccination include supranuclear disorder, cranial nerve palsies,
neuromuscular junction disorder, and orbital diseases in this study.

e Although not all neuro-ophthalmic events developed after vaccination are necessarily caused by the vaccination,
this study suggests a possible association between the rare occurrence of ocular motility disorders and COVID-19

vaccination.

e The majority of cases with follow-up data showed partial or complete recovery while some cases showed a

progressive nature.

Introduction

Since December 2019, the pandemic of coronavirus disease-19
(COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a novel coronavirus, has had a
tremendous impact on global public health, causing great mor-
bidity and mortality with drastic effects on the economy and
social life around the globe [1, 2]. COVID-19 vaccines against
SARS-CoV-2 have shown excellent and promising results in
preventing symptomatic COVID-19 [3-6]. They have been
developed at an unprecedented speed in an unprecedented dis-
astrous situation. As clinical trials for vaccines involve limited
numbers of people, inevitably, several complications undocu-
mented through phase III studies were first reported after their
commercial release [7-9]. Neuro-ophthalmic manifestations
including ocular motility disorders after the administration of
COVID-19 vaccines have been reported sporadically [10-19],
although their incidence is very low. Due to their rare occur-
rence, these reports covered clinical information for only a
small number of patients. A nationwide multicenter study was
needed to investigate clinical spectrum and understand possi-
ble underlying pathomechanisms of ocular motility disorders
occurring after COVID-19 vaccination. Thus, the objective of
this nationwide multicenter study was to determine the clinical
spectrum and short-term outcomes of ocular motility disorders
that occurred after COVID-19 vaccination in Korea.

Materials and methods
This study was conducted by the Korean Neuro-Ophthalmology

Society inviting participants via email with a multicenter
retrospective design. The Institutional Review Board of the
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appropriate institution (Samsung Medical Center, Pusan
National University hospital, Kangnam Sacred Heart Hospital,
Seoul National University Hospital, Konkuk University
Hospital, Asan Medical Center, Keimyung University Hospital,
Busan Paik Hospital, Samsung Changwon Hospital, Kim’s Eye
Hospital, Chungbuk National University Hospital, Yeungnam
University Hospital, Chung-Ang University Gwangmyeong
Hospital, Jeonbuk National University Hospital, Seoul National
University Bundang Hospital, Kangwon National University
Hospital, Korea university Hospital, Hallym University Sacred
Heart Hospital, Ajou University hospital, Nowon Eulji medical
center, Kangdong Sacred Heart Hospital) approved this study
and waived the informed consent.

This study was conducted according to the tenets of the
Declaration of Helsinki. It included patients of 21 Korean
hospitals who had been diagnosed as ocular motility dis-
orders which caused binocular diplopia, abnormal head
postures, or gaze palsy after vaccination against COVID-
19 within four weeks from February 2021 to January 2022.

Patients with a history of neurological or ophthalmic
disorders that might affect ocular motility, extraocular
muscle surgery, or head/ocular trauma were excluded from
this study. Patients with other identifiable causes of ocular
motility disorders such as tumorous lesions or infection
involving ocular motor pathways were also excluded. In
addition, cases without a sufficient evaluation of diplopia
due to lack of cooperation or refusal to test were excluded.

Data regarding demographics including age, sex, smoking
history, baseline comorbidities including diabetes mellitus
(DM), hypertension, hypercholesterolemia, underlying
neurological condition, and ophthalmic disease, surgical history,
trauma history, and current medication were collected. Type
and frequency of vaccine before initial symptoms and the time
interval between vaccination and initiation of symptoms were
investigated. Clinical features included systemic and ocular
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manifestations. The diagnosis was based on clinical features
including ocular deviation, duction, and version. Additionally,
pupil exam, slit lamp exam, fundus exam, laboratory test, and
magnetic resonance imaging (MRI) were used as auxiliary tests
for diagnosis.

Results
Baseline characteristics

Sixty-three patients (37 males and 26 females) with a mean
age of 61.6+ 13.3 years (range, 22—-81 years) were included
in this study. Among 61 applicable patients with sufficient
information regarding social, medical, and surgical histories,
38 (62.3%) had one or more significant underlying diseases or
vasculopathic risk factors. Demographics and comorbidities
of patients are summarized in Table 1. Among two patients
with a history of malignancy, one had a postoperative status
of colon cancer and the other had a postoperative status of
kidney cancer. None of them was diagnosed with metastasis
as the cause of cranial nerve palsy. Four patients had histories
of autoimmune diseases. However, the ocular motor pathway
was not involved before the current events. Of the four patients
with autoimmune diseases, two patients had rheumatic
arthritis, one patient had Behcet’s disease, and the other one
patient had granulomatosis with polyangiitis.

Vaccine information

The interval between vaccination and symptom onset of
ocular motility disorders was 8.6+ 8.2 (range, 0-28) days.
Forty-two (66.7%), 14 (22.2%), and 7 (11.1%) patients
developed symptoms after the first, second, and third vac-
cinations, respectively. Types of vaccines are presented in
Table 2.

Table 2 Types of vaccines before the onset of symptoms

Number and type of vaccines preceding onset Number
of patients
(%)

First 42 (66.7)
BNT162b2, Pfizer-BioNTech 10
ChAdOx1 nCoV-19/ AZD1222, Oxford-AstraZeneca 23
mRNA-1273, Moderna 4
Ad26.COV?2, Janssen Johnson & Johnson 1
Unspecified 4

Second 14 (22.2)
BNT162b2, Pfizer-BioNTech 4
ChAdOx1 nCoV-19/ AZD1222, Oxford-AstraZeneca 8
mRNA-1273, Moderna 1
Unspecified 1

Third 7(11.1)
BNT162b2, Pfizer-BioNTech 5
Unspecified 2

Clinical features of each ocular motility disorder

In this study, one case of supranuclear disorder, 52 cases of
cranial nerve palsy, two cases of neuromuscular junction
abnormality, six cases of the orbital lesions, and two cases
of acute comitant vertical strabismus with diplopia were
observed (Table 3).

Supranuclear disorders
A 60-year-old man with a history of hypertension was diag-

nosed with skew deviation at 16 days following the first dose
of AstraZeneca COVID-19 vaccination. He showed an acute

Table 1 Demographics and
comorbidities of patients

Total Patients > 50 years old  Patients < 50 years old
Number of patients 63 52 11
Age, years (mean + SD (range)) 61.6+13.3 (22-81) 66.5+8.0 (51-81) 38.7+8.0 (22-45)
Sex, n (M:F) 37:26 29:23 8:3

Vasculopathic comorbidities, n (%)

Diabetes mellitus

Hypertension

Hypercholesterolemia

Other cardiovascular disease
Previous malignancies, n (%)
Autoimmune diseases, n (%)
Current smokers, n (%)

38/61% (62.3)
18/61% (29.5)

36/51% (70.6)
17/51% (33.3)

2/10* (20.0)
1/10* (10.0)

19/61% (31.1) 19/51% (37.3) 0/10% (0.0)
11/61* (18.0) 11/51% (21.6) 0/10* (0.0)
6/61% (9.8) 5/51% (9.8) 1/10% (10.0)
2/61% (3.3) 2/51% (3.9) 0/10% (0.0)
4/61* (6.6) 3/51% (5.9) 1/10% (10.0)
6/45% (13.3) 5/38% (13.2) /7% (14.3)

n numbers, SD standard deviation, M male, F female

“Number of applicable patients with sufficient information of comorbidities and social history
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Table 3 Classification of ocular

. . Number of patients Number of Number of
motility disorders (%) (n=63) patients > 50 years old (%) patients <50 years old
(n=52) (%) (n=11)
Supranuclear palsy 1(1.6) 1(1.9) 0(0)
Skew deviation 1(1.6) 1(1.9) 0(0)
Monocranial nerve palsy 46 (73.0) 39 (75.1) 7 (63.7)
Oculomotor palsy 9(14.3) 7(13.5) 2 (18.2)
Trochlear palsy 12 (19.0) 11 (21.2) 19.1)
Abducence palsy 25 (39.7) 21 (40.4) 4(36.4)
Multicranial nerve palsy 6(9.5) 4(7.7) 2 (18.2)
Tolosa-Hunt syndrome 1(1.6) 1(1.9) 0(0)
Orbital apex syndrome 1(1.6) 1(1.9) 0(0)
Miller Fisher syndrome 4(6.3) 2(3.9) 2(18.2)
Myasthenia gravis 2(3.2) 1(1.9) 1(9.1)
Orbital disease 6(9.5) 6(11.5) 0(0)
Myositis 2(3.2) 2(3.9) 0(0)
Thyroid eye disease 3(4.8) 3(5.7) 0(0)
IgG-related orbital myopathy 1 (1.6) 1(1.9) 0(0)
Others 2(3.2) 1(1.9) 19.1)
Comitant hyptertropia 2(3.2) 1(1.9) 1(9.1)
n numbers

infarction with diffusion restriction observed at the midline
and anterior pons and the pontomedullary junction in MRI.
He had normal platelet count, fibrinogen, prothrombin time,
and D-dimer.

Cranial nerve palsy

Isolated cranial nerve palsy was diagnosed in 46
patients following COVID-19 vaccination. Symptoms of
patients occurred in 28 cases after the first vaccination
(AstraZeneca in 16, Pfizer-BioNTech in 9, Moderna

in 1, and unspecified in 2), 12 cases after the second
vaccination (AstraZeneca in 7, Pfizer-BioNTech in 4,
Moderna in 1), and six cases after the third vaccination
(Pfizer-BioNTech in 4 and unspecified in 2). Twenty-
eight (62.2%) patients had predisposing or concurrent
vasculopathic comorbidities among 45 applicable patients
with sufficient information (Table 4). Seven (15.2%)
patients complained of combined headaches. Oculomotor
palsy in 9, trochlear nerve palsy in 12, and abducens nerve
palsy in 25 were presented. Among the 9 patients with
oculomotor nerve palsy, only one patient had a complete

Table 4 Demographics and

vt X Total Patients > 50 years old  Patients <50 years
comorbldlt'les of patients who (%) old (%)
developed isolated ocular motor
cranial nerve palsy Number of patients 46 39 7
Age, years (mean + SD) 63.3+£12.5 67.4+8.2 40.7+6.9
Sex, n (M:F) 26:20 22:17 4:3
Vasculopathic comorbidities, n (%) 28/45* (62.2) 27/39* (69.2) 1/6* (16.7)
Diabetes mellitus 13/45* (28.9) 12/39* (30.8) 1/6* (16.7)
Hypertension 13/45* (28.9) 13/39* (33.3) 0/6* (0.0)
Hypercholesterolemia 9/45* (20.0) 9/39* (23.1) 0/6* (0.0)
Other cardiovascular disease 3/45% (6.7) 3/39* (7.7) 0/6* (0.0)
Previous malignancies, n (%) 0/45* (0.0) 0/39* (0.0) 0/6* (0.0)
Autoimmune diseases, n (%) 2/45%* (4.4) 1/39* (2.6) 1/6* (16.7)
Current smokers, n (%) 4/33%* (12.1) 4/29%* (13.8) 0/4* (0.0)

SD standard deviation, n numbers, M male, F female

“Number of applicable patients with sufficient information on comorbidities and social history
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palsy while the other 8 patients had an incomplete palsy
(Fig. 1). Five patients showed ptosis. One patient showed
pupillary involvement. Among 46 patients with isolated
cranial nerve palsy, neuroimaging workup revealed
intracerebral hemorrhage in two patients, ischemic stroke
in two patients, acute subtle ischemic change in the brain
stem in one patient, a hyperintense lesion in the brainstem
suggesting demyelinating lesion in one patient, diffuse
leptomeningeal enhancement in one patient, and enhancing
lesion in the cavernous sinus suggesting an inflammatory
process in one patient. Other patients did not show any
significant abnormality in neuroimaging.

There were six cases with multiple cranial nerve palsy,
and four of them had Miller Fisher syndrome. Among
these four patients with Miller Fisher syndrome, symptom
occurred in three patients after the first injection (Moderna
in 1 and unspecified in 2) and one patient after the second
AstraZeneca injection. The anti-GQ1b antibody was positive
in two patients (Fig. 2). Antibody-negative patients were
diagnosed with a combination of typical clinical features
and electromyographic features. Tolosa-Hunt syndrome was
diagnosed in one patient after the first AstraZeneca COVID-
19 vaccination. In this patient, MRI showed asymmetric soft
tissue lesion involving the left cavernous sinus with subtle

Fig.1 A 76-year-old male patient with hypertension and chronic
renal failure who developed a right oculomotor nerve palsy at
2 weeks after the second dose of the AstraZeneca COVID-19 vac-
cine. A The patient showed ptosis, limited adduction, and depression
in the right eye. B The right pupil (upper figure) was mildly dilated
and fixed. C Axial FLAIR image demonstrated an increased signal

intensity (white arrow) of the right cavernous sinus and oculomo-
tor nerve, suggesting an inflammatory process. The patient received
high-dose intravenous methylprednisolone pulse therapy (1 g/day for
3 days) followed by oral prednisone in tapering dosage. The patient
showed partial recovery at 1 month of follow-up

@ Springer
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«Fig.2 A 3l-year-old healthy male patient who developed diplopia
and ataxia at four weeks after the first dose of the Janssen Johnson &
Johnson COVID-19 vaccine injection. A, B The patient showed lim-
ited elevation in both eyes, more in the left eye with mildly limited
adduction and abduction. Axial magnetic resonance imaging dem-
onstrated multifocal enhancement of 3rd (cavernous sinus segment,
white arrows) (C), 6th (cisternal segment, white arrows) (D), and 7th
cranial nerves. Blood work was positive for anti-GQ1b IgG antibody.
The patient was diagnosed with Miller Fisher syndrome. Because the
patient’s symptoms were already recovering at the presentation, the
patient is on a close follow-up without treatment

optic nerve sheath enhancement. He showed total ophthal-
moplegia except for a small degree of abduction. There were
no other accompanying symptoms. One patient with previ-
ously diagnosed granulomatosis and polyangiitis who was
on cyclophosphamide and rituximab medications developed
inflammatory lesions involving bilateral orbital apex after
the first unspecified vaccination.

Neuromuscular junction abnormality

Ocular myasthenia gravis was diagnosed in two patients.
One developed it at 7 days after the first AstraZeneca
COVID-19 vaccine injection, and the other one developed
it at two days after the first Moderna COVID-19 vaccina-
tion. Anti-acetylcholine antibody test and ice test were
positive in one patient. In the other patient, the diagnosis
was made based on clinical features including symptom
fluctuation and good response to Mestinon.

Orbital lesion

Three patients developed a thyroid eye disease at 3, 5, and
18 days after the first AstraZeneca COVID-19 vaccination,
respectively. Serum thyroid-stimulating hormone receptor
antibody was detected in all three patients. There was no
history of previous diagnosis of thyroid dysfunction or thy-
roid eye disease. One patient developed orbital IgG4 related
disorder one day after the third Pfizer-BioNTech COVID-
19 vaccination. Serum immunoglobulin G4 was elevated in
this patient. Two patients developed the symptom of myosi-
tis after the first Pfizer-BioNTech vaccine and the second
unspecified vaccine, respectively. Radiologic findings were
consistent with the diagnosis of orbital lesions in all patients.

Other

Two patients who were not classified into other disease
groups showed comitant vertical strabismus with new-
onset acute diplopia following the first Pfizer-BioNTech
vaccination and the first Moderna COVID-19 vaccination,
respectively.

Treatment and prognosis

Steroid was administrated in 14 (22.2%) patients: high-dose
intravenous methylprednisolone injections in eight patients
and oral steroids in six patients. Pyridostigmine was tried
in two patients with ocular myasthenia gravis. For the
patient having granulomatosis with polyangiitis, rituximab
was administered. Aceclofenac was taken without steroids
by the patient with Tolosa-Hunt syndrome. Intravenous
immunoglobulin was administrated to two patients with
Miller Fisher syndrome.

The follow-up period of total subjects in this study was
62.1 +40.3 days (range, 2—141 days) in 42 patients with fol-
low-up data. There were 20 (47.6%) patients with complete
improvement, 15 (35.7%) with partial improvement, three
(7.1%) with no improvement, and four (9.5%) with exac-
erbation. The recovery period was 70.9 +61.4 days in the
case of complete improvement. In the subgroup of patients
with isolated cranial nerve palsy, among 21 patients who
were followed up for one month or more (average follow-up
period: 2.6 + 1.1 months [range, 1-5 months]), motor defects
showed complete resolution in 11 (52.4%) patients, partial
recovery in seven (33.3%), and no improvement in three
(14.3%). Six of 21 patients received steroid treatment. Two
of the 11 patients with complete recovery received steroid
treatment.

Discussion

In this study, ocular motility disorders following COVID-19
vaccination included supranuclear disorder such as skew devia-
tion, cranial nerve palsies including isolated third, fourth, and
sixth cranial nerve palsies, and multiple cranial nerve palsies
due to Tolosa-Hunt syndrome, orbital apex syndrome, and
Miller Fisher syndrome, neuromuscular junction disorders such
as myasthenia gravis, and orbital diseases such as myositis, thy-
roid eye disease, and IgG-related orbital myopathy. The mean
interval between vaccination and symptom onset was 9 days
(range, 0-28 days). After the first, second, and third vaccina-
tions, 67%, 22%, and 11% of patients developed symptoms,
respectively. This distribution might be related to the fact that
this study was conducted before completion of the third vac-
cination in Korea.

Supranculear disorder

In this cohort, a 60-year-old patient with a history of hyper-
tension had a skew deviation due to acute infarction of the
brainstem that developed 16 days after the first injection
of an AstraZeneca COVID-19 vaccine. The temporal rela-
tionship between vaccination and stroke did not necessar-
ily mean that the stroke was caused by the vaccine. Stroke
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following other types of vaccination such as varicella or
influenza vaccination has also been described in the lit-
erature [20-22]. Regarding COVID-19 vaccines, ischemic
stroke in the context of vaccine-induced immune thrombotic
thrombocytopenia has been described in multiple studies
[23-28]. However, there were only a few case reports that
described primary ischemic stroke without thrombocytope-
nia [29]. The time interval between vaccination and stroke
onset was three days in a previous report [29], shorter than
that in our case. The patient did not have significant comor-
bidities in the previous report [29]. The causal relationship
in this study was unclear because the patient in this study
had a history of hypertension that might have contributed to
the natural development of stroke. Although the causal rela-
tionship and possible mechanisms are both unclear, vaccines
may contribute to atherosclerotic plaque instability and rup-
ture in a similar way to a viral infection [30]. However, from
epidemiologic perspectives, vaccines can reduce the possi-
bility of thromboembolic events caused by viral infections
[31, 32]. In addition, previous data have shown a significant
increase in stroke incidence during the early period of the
COVID-19 pandemic [33]. Hence, while suspicion might
be required to identify very rare thromboembolic events fol-
lowing vaccination, it is also important to understand that
these possible adverse events are rare and far less common
than thromboembolic events following COVID-19 infection
itself.

Cranial nerve palsy

Among 46 patients with isolated ocular motor cranial
nerve palsy in this study, seven patients were younger than
50 years. Of six young or middle-aged patients with suf-
ficient information on medical and social histories, five
patients did not have any vasculopathic risk factors such
as DM, hypertension, hypercholesterolemia, other cardio-
vascular diseases, or smoking history. Among 39 patients
aged 50 years or more, 12 (30.8%) patients did not have
predisposing vasculopathic risk factors. In this study, the
overall prevalence of hypertension, diabetes, dyslipidemia,
and current smoker in patients with isolated cranial nerve
palsy were 28.9%, 28.9%, 20.0%, and 12.1%, respectively,
comparable to their prevalence in the general population of
Korea. The prevalence of hypertension in th general popula-
tion of Korea was reported to be 67% (in people > 20 years
of age) in 2018 [34]. The prevalence of diabetes was
reported to be 13.8% in people > 30 years of age and 27.6%
in people aged > 65 years [35]. The prevalence of dyslipi-
demia (in people > 20 years of age) and current smoking
(in people > 19 years of age) were 45.6% [36] and 36.7% in
men [37], respectively, and 31.3% [36] and 7.5% in women
[37], respectively. The reported overall prevalence of clini-
cal atherosclerotic cardiovascular disease was 10.1% among
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Korean people aged > 18 years in 2015 [38]. One of the most
common etiologies of ocular motor cranial nerve palsy has
been thought to be microvascular ischemia, especially in the
elderly [39-46], accounting for 83.5-99% of cases in previ-
ous studies [46-50]. Jung et al. have previously reported the
prevalence of vasculopathic risk factors in Korean patients
with ocular motor cranial nerve palsy (mean age of patients:
64.5 +10.2 years, 33 (61.1%) of patients aged <60 years)
[51]. In their study, the overall prevalence of hypertension,
diabetes, dyslipidemia, ischemic heart disease, and cur-
rent smoker in those with isolated cranial nerve palsy were
63.0%, 53.7%, 24.1%, 7.4%, and 22.2% [51], respectively,
much higher than those in our study.

Ocular motor nerve palsies following various
vaccinations have been reported, with onset ranging
from two days to three weeks after vaccination
[52-56], although their occurrence is very rare. The
pathophysiology behind postimmunization ocular nerve
palsies remains unknown. It is hypothesized to be related
to immune-mediated damage resulting in demyelination
or localized vasculitis [52-56]. Several case reports of
isolated ocular motor nerve palsies following various
COVID-19 vaccines have been described [10-13].
Reyes-Capo et al. have reported the development of an
acute abducens nerve palsy following a febrile illness in
a healthy 59-year-old woman at 2 days after receiving a
Pfizer-BioNTech COVID-19 vaccine [10]. MRI of the
brain and orbits showed no abnormal finding [10]. The
authors suggested a viral-like inflammatory reaction to
the vaccine, inciting an immune-mediated indirect insult
along the nerve [10].

Pereira and Haslett have also reported the development of
an acute abducens nerve palsy in a healthy 65-year-old man
at three days after receiving the second dose of the Astra-
Zeneca COVID-19 vaccine [11]. Pawar et al. have reported
the development of abducens nerve palsy in a 23-year-old
young man following Covishield COVID-19 vaccine (Serum
Institute of India) [12]. Results of neuroimaging and lab-
oratory test were normal in both cases [11, 12]. Another
unique case report was an 88-year-old man with a history
of cardiovascular disease who developed oculomotor nerve
palsy at three days after the first administration of Mod-
erna COVID-19 vaccine in the right deltoid. He received
a second Pfizer-BioNTech COVID-19 vaccine at a differ-
ent site uneventfully [13]. While neuroimaging workup of
patients with isolated cranial nerve palsy in the current study
revealed various pathologies including intracerebral hemor-
rhage, acute ischemic changes, demyelinating lesion, diffuse
leptomeningeal enhancement, and enhancing lesion in the
cavernous sinus, the majority of patients did not show any
significant abnormalities in neuroimaging.

Among 21 patients with isolated cranial nerve palsy
who were followed up for 1 month or more in this study,
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52% of patients showed complete recovery, 33% showed
partial recovery, and 14% showed no improvement. Only
two patients out of the 11 with complete recovery received
steroid treatment. Among previously reported cases
with ocular motor nerve palsies following COVID-19
vaccination, sensorimotor defect of the patient remained
unchanged in the report of Reyes-Capo et al. [10], while
the ocular motor dysfunctions had resolved within three
months in the report of Pereira and Haslett [11] and within
5 days after steroid therapy in the report of Cicales et al.
[13]. It has also been reported that postimmunization
ocular motor nerve palsies following other types of
vaccines tend to resolve spontaneously within 6 months
[52, 53, 56].

In this study, there were six cases of multiple ocular
motor cranial nerve palsy, including Miller Fisher syndrome
in four patients, Tolosa-Hunt syndrome in one patient, and
cavernous involvement of granulomatosis with polyangii-
tis in one patient. There have been several previous reports
of Miller Fisher syndrome after receiving Pfizer-BioNTech
COVID-19 vaccine [14, 15] or AstraZeneca COVID-19
vaccine [16, 17]. All of these cases showed complete or
significant improvement after immunoglobulin treatment.
In this study, one patient with Miller Fisher syndrome who
received immunoglobulin treatment completely recovered at
four weeks after the symptom onset. The other three patients
with Miller Fisher syndrome were followed up for less than
3 weeks. Previous reports and our patient suggest an excel-
lent prognosis of Miller Fisher syndrome developed after
vaccination.

Neuromuscular junction disorder

In this study, ocular myasthenia gravis was diagnosed in two
patients. Reports of myasthenia gravis after other types of
vaccination are rare. One after human papillomavirus vac-
cination [57] and one after hepatitis B vaccination [58] have
been reported. There were only a few case reports describing
the occurrence of myasthenia gravis following COVID-19
vaccination [18, 19, 59-61]. Like other autoimmune dis-
eases, antibodies produced by an inflammatory reaction
to an external agent can trigger an immune response that
cross-reacts with acetylcholine receptors due to molecular
resemblance [62, 63]. Molecular mimicry could play a key
role in the development of myasthenia gravis. However, the
causal association between the development of myasthenia
gravis and vaccination remains unclear. It necessitates fur-
ther research.

Orbital diseases

In this study, three patients without a history of thyroid dis-
ease or related symptoms developed a thyroid eye disease

and one patient developed orbital IgG4-related disorder.
There have been multiple reports on the development of
Graves’ disease following COVID-19 vaccination [64—72].
One case with a relapse of IgG4-related nephritis following
Pfizer-BioNTech COVID-19 vaccination has been reported
[73]. The pathogenesis of thyroid eye disease and 1gG4-
related diseases following vaccination could be induced via
immune stimulation by the vaccine like other immune-medi-
ated reactions related to vaccination [74], although those
cases could also be coincidental.

Vaccines are administered to otherwise healthy people often
in large numbers [75]. They could show side effects in healthy
individuals, although the probability is very low [7]. This may
alter the perception of risk compared to therapeutic drugs
prescribed for patients with an already existing disorder [7],
especially in countries where the case fatality rate and disease-
related deaths are relatively low [75]. However, there is no doubt
that effective and massive vaccination is essential to end this
disastrous pandemic caused by COVID-19. Vaccines against
COVID-19 showed excellent results in preventing symptomatic
COVID-19 [3-6]. The most presumed mechanism of possible
vaccine side effects is similar to that occurring after an infection.
The probability of vaccine side effects is much less than that
following an infection. In very few cases, reported neuro-
ophthalmologic symptoms may occur following COVID-19
vaccination. We hope that this research will serve as a helpful
reference for physicians who will manage these patients.

Although all neuro-ophthalmic events developed after
vaccination are not necessarily caused by the vaccination,
this study suggests a possible association between the rare
occurrence of ocular motility disorders and COVID-19
vaccination. The majority of cases with follow-up data showed
partial or complete recovery while some cases showed a
progressive nature. Close follow-up and further studies are
needed to elucidate the underlying mechanisms and long-term
prognosis.
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