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 Abstract
Background: Thyroid eye disease is a condition that is mostly associated with Graves’ disease. It is an au-
toimmune condition that can have various clinical presentations and associations. Recently association of 
COVID-19 infection and/or vaccination with de novo occurrence of thyroid eye disease has been described. 
Our aim is to report two cases of new onset dysthyroid optic neuropathy after recent COVID-19 vaccination. 
These cases will describe their presentation, management, and the outcome following the treatment with 
tocilizumab. 

Case report: We are reporting two cases who presented with severe thyroid eye disease and concurrent 
dysthyroid optic neuropathy following COVID-19 vaccination in the absence of active COVID-19 infection 
treated with tocilizumab injection. To our best knowledge, these are the first reported cases of dysthyroid 
optic neuropathy following the administration of different types of COVID-19 vaccines that were resistant 
to conventional treatment and favorably treated with intravenous tocilizumab. 

Conclusion: COVID-19 vaccine related autoimmune thyroid eye disease is a well-documented condition. 
The correlation between COVID-19 infection and its vaccine with thyroid disease is currently being exten-
sively investigated. Most probably it occurs as a result of immune system deregulation. The occurrence of 
dysthyroid optic neuropathy in thyroid eye disease is not frequent. The finding of dysthyroid optic neuro-
pathy following COVID-19 vaccination and treatment with tocilizumab has not been reported in the litera-
ture. The clinicians must be aware of this association and educate patients to be monitored appropriately 
and treated when appropriate. However, this should not deter patients from getting proper and timely 
vaccination against the virus.
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Introduction

 Thyroid Eye Disease (TED) is an autoimmune disorder associated in most cases with hyperthyroi-
dism and less with euthyroid or hypothyroidism [1].

 Ophthalmic manifestations can present in up to 50% of patients with Graves’ disease [1]. Symptoms 
are extremely variable and can range from mild to severe. The occurrence of dysthyroid optic neuropathy 
(DON) is rare [1]. and constitutes about 4% to 8% of all complications [2].

 Treatment of TED has evolved in recent years from systemic steroids and other immunosuppressors 
to targeted biological therapies, for example, tocilizumab and teprotumumab [3].

 Other autoimmune diseases can occur concomitantly with Thyroid eye disease. These include 
myasthenia gravis, type 1 diabetes mellitus, rheumatoid arthritis, vitiligo, Addison’s disease, and celiac 
disease [4]. Thyroid eye disease also can coexist or be triggered by other factors that affect the immune 
system of the body. Examples include smoking and stressful life event like grievance and divorce [5].

 Since its start in late 2019, different types of vaccines have been developed and administered to 
tackle the pandemic. One widely used vaccine is BNT162b2 vaccine (Pfizer–BioNTech) that has been ap-
proved by FDA on Aug. 23, 2021 [6]. Another well-established vaccine is Oxford-AstraZeneca (AZD1222), 
approved for emergency use in the UK on December 30, 2020 [7].

 The vaccination has been associated with relatively minor side effects, including pain at the injec-
tion site (71% of older recipients and 83% of younger recipients, after the first dose), as well as fatigue and 
headache (59% and 52%, respectively, within the younger recipients and 51% and 39% within the older 
recipients) [8]. It has also been associated with an elevated risk of immune-related reactions including 
Graves’ disease, myocarditis, immune thrombotic thrombocytopenia, Guillain– Barré syndrome, rheuma-
toid arthritis, and systemic lupus erythematosus [9,10]. Treatment of these complications depends on the 
nature and severity of the case [11-13].

 Hereby we are reporting the characteristics and treatment of two cases of dysthyroid optic neuro-
pathy following two different types of Covid vaccination. 

 To our knowledge, this is the first reported case of dysthyroid optic neuropathy following Covid 19 
vaccination. Both cases were favorably treated with tocilizumab infusion following an unsuccessful res-
ponse to a high dose of systemic steroid [14-16].

Case 1

 A 55-year-old male, heavy smoker (1.5 packs a day for the past 18 years), with no previous history 
of hyperthyroidism and thyroid eye disease, presented with progressive right eye redness, pain, double vi-
sion, and severe exophthalmos. He had four doses of BNT162b2 vaccine (Pfizer–BioNTech) starting in May 
2021, each one month apart. Shortly after receiving the third dose of the vaccine, his right eye started to 
slowly become exophthalmic, red, and uncomfortable. After taking the fourth dose, the right eye condition 
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worsened dramatically with increasing redness, pain, double vision, and progressive exophthalmos. He 
was seen in another healthcare facility and was administered a full dose of intravenous steroid as per Euro-
pean Group of Graves Orbitopathy (EUGOGO), (6 doses of weekly 500 mg IV methylprednisolone followed 
by another six doses 250 mg of IV methylprednisolone) [17], with no improvement but rather deterioration 
of his eye condition. 

 On presentation to our facility, his best corrected visual acuity was 6/60 in the right eye and 6/7.5 in 
the left eye. Pupil examination showed right Relative Afferent Pupillary Defect (RAPD). External examina-
tion showed bilateral exophthalmos (mild in the left eye), upper eyelid retraction, redness, and edema with 
severe right lower eyelid entropion. 

 The right eye conjunctiva was injected and edematous with moderate inferior corneal punctate epi-
thelial erosions and relatively clear central cornea.

 The right eye was hypotropic in primary position, with minimal supraduction with restriction of 
abduction (-3) and adduction (-1) (Figure 1).

 Dilated fundus examination showed normal bilateral optic nerves but prominent choroidal folds 
inferior to the right macula. His left eye examination was normal. Color vision was 11/17 in the right eye 
and 17/17 in the left eye. Hertel exophthalmometry measurements were 26mm OD and 21mm OS at a base 
of 120mm. No previous measurements are available for comparison as initially he was seen and treated in 
another facility. 

 Humphrey 24-2 visual fields displayed right eye inferior patchy visual field defect that was not res-
pecting the vertical line (Figure 2).

 Computed Tomography (CT) scan showed marked right inferior rectus muscle belly enlargement 
while sparing the tendons. The rest of EOM were enlarged but to a lesser extent. There was stretching of the 
right optic nerve with crowding of the orbital apex compared to the left side with a Barrett’s index of 64%. 
(Figure 3).

 Laboratory testing showed euthyroid status including normal Thyroid-Stimulating Hormone (TSH) 
and normal free thyroxine (T3, T4). However, his thyroid stimulating immunoglobulins (TSI) were high 
(10.00 IU/L; N<1.75 IU/L), as well as interleukin 6 (IL-6) level. (54.7 pg/mL; N<7.0). 

 Further laboratory investigations were not significant. Based on the clinical and laboratory findings 
and upon consultation with the endocrinology team a diagnosis of euthyroid thyroid eye disease with DON 
was done. Due to insurance disapproval, the visual evoked potential was not performed. As the patient had 
not responded to systemic intravenous steroid treatment, a decision was made to start the patient on toci-
lizumab infusion after taking full consent. 

 The patient received 4 Tocilizumab infusions (8 mg/kg), each infusion one month apart. His final 
best corrected visual acuity was 6/9 OD and 6/6 OS and his RAPD had resolved. Exophthalmometry was 
23 mm OD and 21 mm OS at a base of 120 mm (Figure 1). His color vision and visual fields returned to 
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normal. Approximately 2 months following the fourth dose of Tocilizumab, the patient had recurrent signs 
and symptoms of DON in the right eye. His visual acuity in the right eye dropped to 6/24 with RAPD. His cli-
nical activity score was at least 8 in the right eye. His laboratory investigations showed severe hypothyroid 
status, with markedly elevated TSH (98.800 milli IU/L; N>0.270<4.200), and low free T3 (1.49 pmol/L; 
N>3.10<6.80) and free T4 (2.3 pmol/L; N>12.0<22.0). He was started on 50 mcg levothyroxine. He received 
2 more doses of Tocilizumab infusion (8 mg/kg), each infusion one month apart, following which his condi-
tion stabilized again, and his lab results returned back to normal.

Case 2

 A 52 years-old-female non-smoker presented to our oculoplastic service with severe bilateral thy-
roid eye disease and signs and symptoms of right-sided dysthyroid optic neuropathy. Her hyperthyroidism 
started 10 years ago and she had partial thyroidectomy 3 years before presentation. Her thyroid status has 
been stable since then.

 The patient developed moderate to severe TED shortly after she received the second dose of ChA-
dOzx1-S vaccine (Oxford/Astra Zeneca). She had systemic IV steroid and noticed an improvement in her 
condition (Three doses of 1g IV followed by a tapering dose of oral steroid for two months). However her 
condition worsened again after receiving the third dose of vaccine one month later and following the ta-
pering of oral steroids. This included bilateral blurry vision (more pronounced in the right eye), severe 
bilateral conjunctival and caruncular injection and edema, bilateral upper and lower lid edema, bilateral 
proptosis, double vision, and pain behind the eyes (Figure 4).

 On presentation to our facility, ocular examination showed best corrected visual acuity of hand mo-
vement (HM) for the right eye and 6/10 for the left eye. Intraocular pressure was 32 mmHg OD and 24 
mmHg OS. External examination showed bilateral lower eyelid retraction and severe bilateral upper and 
lower lid redness and swelling. The patient had bilateral conjunctival and caruncular injection with su-
perficial inferior punctate keratitis. Posterior segment examination was unremarkable. There was a right 
relative afferent pupillary defect. Exophthalmometry was 26mm bilaterally. A visual field test was done but 
revealed unreliable results because of her poor vision. Her eyes were straight in primary position, howe-
ver orthoptic examination showed restriction of (-4) in supraduction and (-2) in all other directions. Color 
vision was not recordable, due to bilateral color blindness. As the patient was a self-pay, she did not agree 
to the VEP test. CT imaging was brought by the patient in the form of printed films from her home country 
and it was not possible to measure the Barrett’s index.

 Laboratory results showed high IL-6 (30.6 pg/mL; N<7.0), High TSH (5.120 milli IU/L; 
N>0.270<4.200), and high TSI (16.40 IU/L; N<1.75 IU/L).

 She was started on four doses of intravenous Tocilizumab (8 mg/kg), each infusion one month apart. 
Her vision improved to 6/9 in the right eye and 6/6 in the left eye. Her Exophthalmometry reading impro-
ved to 23 mm OD and 22 mm OS.
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Figure 1: (case 1) Left: patient on presentation showing right eye hypotropia, apparent proptosis, severe conjunctival and 
caruncular injection and lower eyelid entropion. Right: patient after 6 injections of Tocilizumab.

Figure 2: (case 1) Humphrey 24-2 visual fields on presentation: right eye inferior patchy visual field defect not respecting 
the vertical line.

 
Figure 3: (case 1) CT scan A: coronal section, showing vertical Barret’s index of 64% which is highly sensitive and specific 
for DON. B: CT scan, axial section, showing stretched right optic nerve (blue arrow) with slight enlargement of muscles bellies 
sparing the tendons. C: coronal section, the mainly enlarged muscle is the right inferior rectus (red arrow) causing crowding 
of orbital apex.
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Figure 4: (case 2) Left: Patient on presentation showing right eye hypertropia, bilateral upper and lower eyelid edema and 
bilateral conjunctival and carbuncular injection. Right: patient after 4 injections of Tocilizumab. 

Discussion

 Coronavirus disease 2019 (COVID-19) is a highly contagious infectious disease that causes severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [18].

 The World Health Organization defines post-vaccine adverse events as any untoward medical occur-
rence that follows the immunization, which does not necessarily have a causal relationship with the use of 
the vaccine [19].

 Lately, an increasing number of autoimmune phenomena following the infection itself or after CO-
VID–19 vaccinations have been reported, mostly vaccine-induced thrombotic thrombocytopenia [10,20]. 
Other autoimmune diseases include autoimmune liver diseases, immune thrombocytopenic purpura, 
Guillain–Barré syndrome, IgA nephropathy, inflammatory arthritis, SLE, lupus nephritis, and Graves' di-
sease [10,20].

 The potential mechanisms of immune activation comprise molecular mimicry mechanism, produc-
tion of particular autoantibodies, and the role of vaccine adjuvants [10]. Molecular mimicry is caused by 
the similarity between some vaccine components and certain human proteins, and this could trigger the 
immune system to attack similar proteins in the body of susceptible individuals and cause autoimmune 
diseases [10].

 Adjuvants play an essential role in the immunogenicity of active ingredients of the vaccines. Howe-
ver, one unwanted consequence of this response is the triggering of autoimmune diseases including thyroid 
disease [21].

 Subacute thyroiditis is the most commonly reported SARS-CoV-2 vaccination-related thyroid di-
sease, followed by Graves' disease [22]. In Graves’ disease, enhanced levels of Interleukin 6 (IL-6 ) have 
been detected [23]. Likewise, the SARS-CoV-2-associated hyper-inflammatory cascade has similarly been 
found to be regulated by type 1 T helper cells (Th1) and IL-6 [24].

 There have been numerous studies showing the role of IL-6 in the pathogenesis of active thyroid eye 
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disease and the effectiveness of tocilizumab, a recombinant humanized anti-IL-6 receptor antibody [25].

 Our hospital is a tertiary center within the country. The prevalence of TED in Graves’ disease is ap-
proximately 40%. However, the incidence of covid vaccine induced DON is extremely rare.

 Both of our cases presented with sudden onset and rapidly progressive DON following different 
types of COVID-19 vaccination. Both had elevated levels of TSI and IL-6. 

 Elevated levels of TSI and IL 6 have been well documented in severe active thyroid eye disease [26].

 One of our cases is a male patient, and it is well-known that males are genetically less susceptible to 
developing autoimmune syndromes [27]. The patient was a heavy smoker and smoking is a well-recogni-
zed factor to increase the inflammatory responses and trigger the immune system and cause autoimmune 
syndromes including Graves’ disease [27]. However, no strong risk factor or predictor has been identified 
to influence Graves' disease occurrence after SARS-CoV-2 vaccination.

 Development of TED has been reported following COVID-19 infection or vaccination [28].

 Thyroid stimulating immunoglobulin (TSI) is a well-known autoantibody in the development of thy-
roid eye disease. On presentation one of our patients (female) had previous history of hyperthyroidism and 
thyroidectomy. The hyperthyroid status of this patients has been stable for many years before the vaccina-
tion. The male patient did not have any previous history of thyroid dysfunction and at presentation his thy-
roid function tests were normal – The only autoimmune indicator was elevated TSI and IL-6 levels. In this 
patient, DON occurred de novo following vaccination with Covid -19. However, this patient subsequently 
developed a hypothyroid status with a recurrence of DON.

 Recently, there have been reports of the presence of various organ-specific and systemic autoanti-
bodies in the serum of patients with autoimmune syndromes following COVID-19 vaccine. Both cases have 
thyroid-specific autoantibodies and elevated IL-6 levels [29-31].

 Systemic corticosteroid treatment has been the first line of treatment in DON [17]. Both of our pa-
tients had received high doses of intravenous steroids, followed by long-term oral steroids. None of the 
patients improved with systemic steroids. Bartalena et al have shown that systemic steroid treatment is not 
effective in up to 20-30% of cases who suffer severe thyroid eye disease [32]. However, there is no evidence 
from any randomized controlled trials currently to evaluate the side effects of tocilizumab for the treatment 
of patients with TED [33].

 Following administration of intravenous tocilizumab, a positive response was observed within the 
first 4 weeks of the treatment. By the end of the treatment course (4-6 doses of tocilizumab) both patients 
experienced an improvement in visual functions and signs and symptoms of DON were alleviated.

 Similar positive responses have been reported to tocilizumab in severe thyroid eye disease by mul-
tiple authors [15,16,34,35].
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Conclusions

 Among other complications of Covid-19 infection or its vaccination, the development of severe thy-
roid eye disease with optic nerve compression should be considered and vaccination should be offered 
with care. Nevertheless, patients should not be discouraged from obtaining appropriate and timely vacci-
nation against the virus.

 Responsiveness of these two cases to tocilizumab has shown that it can be a promising treatment 
option for DON including those cases that are not responsive to systemic steroids.

 We have encountered two cases only, more long-term results and observations are needed to fur-
ther explore this relationship while looking into the optimum treatment protocols for Covid-19 related 
thyroid eye disease, the severity of resultant TED, and treatment options.
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