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ABSTRACT

Thyroid orbitopathy (TO) is the most common non-thyroid manifestation of Graves’ and Basedow disease. Assess-
ment of the inflammatory activity of TO can be performed using the clinical activity score (CAS) and using imaging 
methods — mainly magnetic resonance imaging (MRI). The severity of TO is assessed using a seven-grade NOSPE-
CS classification and a three-grade scale proposed by the European Group on Graves’ Orbitopathy (EUGOGO).
In moderate to severe and active TO, the recommended standard as first-line treatment is the combined use of me-
thylprednisolone intravenously (i.v.) with concurrent oral (p.o.) administration of mycophenolate sodium. Secon-
d-line treatment options are orbital radiotherapy with or without oral or i.v. systemic glucocorticosteroid therapy, 
cyclosporine, or azathioprine in combination with p.o. glucocorticosteroid, methotrexate monotherapy, and a group 
of biologic drugs (riuximad, tocilizumab, teprotumumab). All recommended therapies for moderate to severe 
and active TO involve immunosuppressive and immunomodulatory drugs, which are a risk for the unfavorable 
course of COVID-19. There are no available recommendations for treating TO in Graves’ and Basedow disease 
patients during the SARS-CoV-2 pandemic. Moderate to severe and active TO patients present a serious dilemma 
during SARS-CoV-2 pandemic. It seems reasonable that in patients with moderate to severe TO, who are not at 
risk of sight deterioration, i.v. glucocorticosteroids should be avoided, and an observational strategy should be used, 
whereas in patients with more severe TO and at risk of sight worsening, i.v. glucocorticosteroids are the therapeutic 
choice regardless of SARS-CoV-2 infection or clinical signs of COVID-19
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INTRoduCTIoN
In December 2019, a new type of coronavi-

rus family that causes severe acute respiratory syn-
drome (SARS) was identified. The World Health 
Organization (WHO) has named the disease it 
causes coronavirus disease 2019 (COVID-19) 
and the pathogen as severe respiratory syndrome 
coronavirus 2 (SARS-CoV-2) [1]. On January 30, 
2020, WHO proclaimed a global health emergency 
and then on February 11, 2020, WHO official-
ly introduced the name coronavirus disease 2019 
(COVID-19) [2].

SARS-CoV-2 is an enveloped RNA virus and be-
longs to the beta-coronavirus family [3, 4]. It has 
been isolated from nasopharyngeal secretions, spu-
tum, and feces but also from the tear film of in-
fected individuals [5]. It is transmitted mainly by 
the droplet route and by direct contact of the virus 
with mucous membranes containing angiotensin 
II-converting enzyme (ACE2), which acts as a cel-
lular receptor for SARS-CoV-2. The virus binds its 
spikes to ACE2 as a cellular receptor to obtain en-
trance into the cell. The receptor for transmembrane 
serine protease 2 (TMPRSS2) also plays an impor-
tant role in cell infection [6]. This protein facilitates 
viral entry into host cells by proteolytically cleaving 
and activating viral envelope glycoproteins. Viruses 
that use these receptors to enter the cell include in-
fluenza viruses and the human coronaviruses Mid-
dle East respiratory syndrome virus (MERS-CoV), 
severe acute respiratory syndrome virus (SARS-
CoV), and SARS-CoV-2 [6].

SARS-CoV, MERS-CoV, and SARS-CoV-2 vi-
ruses also induce symptoms beyond the respiratory 
system, including ocular tissues, the gastrointestinal 
tract, and the endocrine system [7, 8], with possible 
short- and long-term health consequences [9].

Ocular symptoms of COVID-19 are not very 
common, which may be due to the low amount 
of ACE2 in ocular surface tissues [10]. In retro-
spective studies, the prevalence of ocular symptoms 
in SARS-CoV-2 infected patients ranged from less 
than 1% to more than 60%, with an average prev-
alence in more than 5% of patients, and symptoms 
were often associated with disease severity [11].

ACE2 and TMPRSS2 receptors have been shown 
to be expressed in conjunctival and corneal cells [6]. 
Follicular cells of the thyroid also show expression of 
ACE2; therefore, this gland is susceptible to damage 
by SARS-CoV-2 when infected [12–15]. 

Both hyperthyroidism and hypothyroidism are 
often caused by an autoimmune process. A genet-
ic factor is thought to be responsible for about 
80% of the pathogenesis of Graves’ and Base-
dow disease (GBD) and Hashimoto thyroiditis, 
and environmental factors (infections, smoking, 
stress) are responsible for about 20%. Viral infec-
tions (parvo, Epstein Barr virus, hepatitis C virus) 
are among the environmental factors included in 
the pathogenesis of autoimmune thyroid diseases 
[16, 17]. Lanzolla et al. and Jiménez-Blanco et 
al. presented reports of patients in whom GBD 
and thyroid orbitopathy (TO) developed after in-
fection with SARS-CoV-2, suggesting that it may 
have played a role as an environmental factor in 
its pathogenesis [18, 19].

Patients with existing autoimmune thyroid dis-
eases have not been shown to be more susceptible 
to viral diseases, including SARS-CoV-2 infection, 
and that they are to be at risk for more severe 
course of COVID-19. A group of patients with au-
toimmune thyroid disease who develop TO and are 
treated with intensive immunosuppression are at 
increased risk of developing severe SARS-CoV-2 
infection [20].

An association between the severity of systemic 
inflammation, especially IL-6 levels, and hyperthy-
roidism has been demonstrated. Patients with hy-
perthyroidism, thyrotoxicosis, and COVID-19 had 
a worse prognosis and longer hospitalization than 
euthyroid patients [21]. IL-6 can induce the onset 
or recurrence of hyperthyroidism in GBD [22], 
and cases of recurrent GBD have also been described 
in patients in recovery after COVID-19 [19]. Al-
though GBD per se does not increase the risk of 
COVID-19, SARS-CoV-2 infection in patients 
with GBD can lead to hyperthyroidism which re-
quires prompt diagnosis and treatment to reduce 
the risk of more severe infection [23]. Unregulated 
hyperthyroidism will lead to cardiovascular events, 
including cardiac arrhythmias, hemodynamic insta-
bility, and myocardial ischemia [24], increase oxida-
tive stress [25], and impair coagulation-fibrinolytic 
balance [26].

The aim of this paper is an attempt to present 
the ocular manifestations and recommended treat-
ments of TO according to the European Group on 
Graves’ Orbitopathy (EUGOGO) guidelines and to 
respond to these recommendations in relation to 
the SARS-CoV-2 epidemic period.
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dIAgNoSIS ANd TReATMeNT 
opTIoNS foR hypeRThyRoIdISM 
IN gBd WITh The lIMITATIoNS 
of The SARS‑CoV‑2 pANdeMIC

Control of thyroid function has a significant 
impact on the course and effectiveness of TO treat-
ment. Both hyperthyroidism and hypothyroidism 
adversely affect its course [27].

In TO patients, it is essential to quickly restore 
and stably maintain euthyreosis. Importantly, in mod-
erate to severe and active TO, the priority is to treat 
TO, and euthyreosis should be restored with antithy-
roid drugs (ATD) and stably maintained if possible.

Diagnosis and treatment of hyperthyroidism, 
as well as hypothyroidism during the SARS-CoV-2 
pandemic, are carried out according to practice but 
with reduced frequency of follow-up visits and labo-
ratory tests in patients with the previously well-con-
trolled disease. Good-controlled hypothyroidism 
and hyperthyroidism are not related to an increased 
risk of SARS-CoV-2 infection or its severity.

There are three methods used to treat hyperthy-
roidism: 
•	 pharmacological, using ATD;
•	 isotopic, using radioactive iodine 131I (RAI);
•	 surgical, using sub-total, near-total, or total thy-

roidectomy [28, 29].
ATD and thyroidectomy per se do not seem to 

have a negative impact on the natural course of 
TO, whereas treatment with RAI is associated with 
a small but certain risk of exacerbation or de novo 
development of TO, especially in smokers [30].

Newly diagnosed hyperthyroidism dur-
ing the SARS-CoV-2 pandemic should be treat-
ed with ATD, keeping in mind the potential for 
adverse effects of these drugs. Treatment with 
ATD carries a risk of neutropenia (neutrophil 
count < 1.0 × 109/L) or agranulocytosis (neutrophil 
count < 0.5 × 109/L), which occurs in 0.2–0.5% of 
patients, especially during the first months of treat-
ment [28, 29]. The symptoms of neutropenia (sore 
throat, mouth ulceration, fever, and flu-like illness) 
may overlap with those of COVID-19 (fever, new 
continuous cough, and flu-like illness). Differen-
tiating between these two diagnoses is difficult, if 
not impossible. Because the neutropenia caused by 
ATD is associated with an elevated risk of infection, 
it is likely that this uncommon adverse effect of 
ATD promotes SARS-CoV-2 infection and progres-
sion to COVID-19 [31, 32].

Approximately 50% of patients who died from 
COVID-19 had coexisting secondary bacterial 

infections. The presence of neutropenia increases 
the risk of such co-infections and thus affects the se-
verity of the disease course [32].

The use of radioactive iodine 131I (RAI) for 
the treatment of hyperthyroidism has been lim-
ited as a result of healthcare priorities, including 
the relocation of medical staff. RAI treatment is 
contraindicated in patients with moderate to severe 
and active TO. RAI is allowed in mild and active 
TO or with existing risk factors for developing TO, 
under the condition of glucocorticosteroid proph-
ylaxis [30, 31].

Selected surgical treatments also have been lim-
ited. Thyroid surgery may be required in individual 
cases of patients with uncontrolled thyrotoxicosis 
who have significant side effects from ATD [31].

oCulAR MANIfeSTATIoNS IN SARS‑CoV‑2 
INfeCTIoN

Serous conjunctivitis is the most common oc-
ular manifestation in patients with COVID-19, 
and its prevalence has been reported to range from 
0.8% [33] to as high as 64% [34]. Most authors 
reported the incidence of ocular symptoms between 
3% and 8%, and interestingly, investigators have 
reported a much lower incidence of keratitis than 
conjunctivitis [35–37]. In a study conducted on 
a group of 74 patients, Polish authors demonstrated 
the presence of ocular symptoms in almost half of 
the subjects (n = 35), but only 7 patients showed 
advanced conjunctivitis [36].

Conjunctivitis in COVID-19 may be unilateral 
or bilateral. It has not been shown to be associ-
ated with gender or age, and there is no correla-
tion between the severity of SARS-CoV-2 infection 
and the severity of ocular symptoms [38]. 

Subjective and objective symptoms of acute con-
junctivitis in COVID-19 range from mild (foreign 
body sensation, conjunctival hyperemia, and lacri-
mation) to more severe (severe photophobia, eyelid 
swelling, mucous secretion in the conjunctival sac, 
dry eye syndrome, conjunctival chemosis often with 
nodular reaction in the conjunctival sac), which 
may mask TO symptoms [39, 40].

oCulAR MANIfeSTATIoNS 
ANd ClASSIfICATIoNS of To

Ocular symptoms associated with hyperthyroid-
ism were first described in 1840 [41], but the patho-
genesis of TO is still not fully understood [42].
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TO is a combination of symptoms resulting 
from inflammation of the orbital soft tissues, less 
commonly pathology of the eyeball itself, which 
occurs mainly in patients with GBD but also in 
patients with thyroiditis in the course of Hashimo-
to’s disease and even more rarely without thyroid 
disease [42].

The receptor for thyroid-stimulating hormone 
(TSH) (TSH-R), located mainly on thyrocytes 
but also on orbital fibroblasts, is the autoantigen 
responsible for hyperthyroidism in GBD and is 
considered the main pathogenetic factor of TO. 
Antibodies against the TSH-R (TRAb) are present 
in all GBD patients, and the severity and activity 
of TO correlate positively with blood TRAb levels 
[43]. Another potential target autoantigen in TO 
is the insulin-like growth factor (IGF-1) receptor 
(IGF-1R) [44], and it seems that the interaction be-
tween TSH-R and IGF-1R is more important than 
the action of individual molecules [45, 46].

It has been suggested that disturbances of 
the oxidation-reduction system and angiogenesis 
play a role in the pathogenesis of GBD and prob-
ably also TO, although results are inconclusive 
and often contradictory [47–49].

Assessment of TO inflammatory activity can be 
performed using the clinical activity score (CAS) 
[50] and with imaging techniques — mainly mag-
netic resonance imaging (MRI) [51, 52]. 

The severity of TO is assessed using several classi-
fications, the most popular and recommended being 
the NOSPECS classification [53] and the severity 
scale proposed by the European Group on Graves’ 
Orbitopathy (EUGOGO) [54]. 

The severity classification of TO according to 
EUGOGO guidelines includes three grades:
•	 1 — mild TO — TO symptoms have little 

impact on daily life; retraction < 2 mm, mild 
soft-tissue inflammation, exophthalmos < 3 mm 
above normal, no or only intermittent diplopia, 
corneal symptoms resolving after moisturizers;

•	 2 — moderate to severe TO — without 
sight-threatening TO symptoms but with the 
presence of symptoms that make daily life 
difficult: eyelid retraction > 2 mm, moderate 
to severe soft tissue symptoms, exophthal-
mos > 3 mm above normal, intermittent or 
persistent diplopia;

•	 3 — sight-threatening TO (very severe) — op-
tic nerve neuropathy and/or corneal abnormal-
ity up to corneal rupture (ulceration/perfora-
tion) [54].

The Role of AN ophThAlMologIST 
IN The dIAgNoSTIC ANd TheRApeuTIC 

pRoCeSS of To
Evaluating of the presence and severity of ocu-

lar symptoms of TO and its differential diagnosis 
of other causes of eyelid and conjunctival edema 
and hyperemia.

Evaluation of the inflammatory activity of TO 
using the CAS scale and assessment of the severity 
of the disease based on the available classification 
scales and a joint decision on the form of therapeutic 
management (observation or initiation of first-line 
treatment). Rehabilitative surgical treatment of stra-
bismus in clinically inactive TO cases with diplopia 
in primary gaze position and eyelid plastic surgery.

Thyroid orbitopathy is not an additional risk 
factor for infection or severity of SARS-CoV-2 in-
fection. However, ocular manifestations associated 
with COVID-19 in patients with GBD, especially 
conjunctivitis, may lead to delayed TO diagnosis 
but may also be misdiagnosed as mild TO [55]. 

There are no recommendations available from 
national or European societies for the treatment of 
TO in GBD patients during the SARS-CoV-2 pan-
demic. The implementation of basic science knowl-
edge and current epidemiologic and pathogenetic 
knowledge of both TO and SARS-CoV-2, as well 
as the clinicians’ own experience, is important in 
this regard.

Management of TO depends on the severi-
ty and activity of the disease. Moderate to severe 
and active TO patients present a serious dilemma 
during the SARS-CoV-2 pandemic.

Mild TO does not require active treatment with 
immunosuppressive drugs. Thus, the management 
of mild TO during the SARS-CoV-2 pandemic does 
not differ from the recommendations published by 
EUGOGO expert group [54]. As spontaneous re-
gression of ocular symptoms can occur in most pa-
tients (up to 60%) with mild TO, up to one year 
after normalization of thyroid function, observation 
and local treatment seem to be sufficient [54, 56]. We 
try to reduce or eliminate such symptoms as photo-
phobia by recommending dark glasses and foreign 
body sensations through “artificial tears” solutions. In 
case of increased intraocular pressure, we recommend 
topical drops of b-blockers and in case of exoph-
thalmos and related lagophthalmos, a wet chamber 
and “artificial tears”, in case of double vision, alter-
nate covering of the eyes or, if possible, prism glasses.

We always recommend avoiding smoking and se-
lenium supplementation [54, 56].
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TReATMeNT of ModeRATe‑To‑SeVeRe 
To WITh ReSpeCT To The lIMITATIoNS 

of The SARS‑CoV‑2 pANdeMIC
In moderate to severe and active TO, the stan-

dard (according to EUGOGO) as first-line treat-
ment is the combined use of methylprednisolone 
i.v. (cumulative dose of 4.5 g over 12 weeks) with 
concomitant administration of mycophenolate so-
dium (0.72 g per day for 24 weeks) [54].

It seems reasonable that in patients with moder-
ate to severe TO, who are not at risk of sight dete-
rioration, i.v. glucocorticosteroids should be avoid-
ed, and an observational strategy should be used, 
whereas in patients with more severe TO and at 
risk of sight worsening, i.v. glucocorticoids are 
the therapeutic choice regardless of SARS-CoV-2 
infection or clinical signs of COVID -19 [20, 57]. 
It is necessary to keep in mind the increased risk 
of SARS-CoV-2 infection and other potential ad-
verse effects of intensive i.v. glucocorticosteroids 
therapy. Very rarely acute liver failure can occur, 
even leading to death [58]. Cases of myocardial 
failure and acute coronary syndromes in patients 
without previous cardiac disorders, hypertension 
leading to myocardial infarction, ischemic stroke, 
and pulmonary embolism after treatment with in-
travenous methylprednisolone pulses have been 
documented [59, 60].

Patients with viral hepatitis, impaired liver func-
tion, severe cardiovascular disease, and psychiatric 
illness should not be qualified for high-dose i.v. 
methylprednisolone treatment regardless of the risk 
of SARS-CoV-2 infection.

All recommended therapies for moderate to 
severe and active TO involve immunosuppressive 
and immunomodulatory drugs, which are a risk 
factor for an unfavorable course of COVID-19. 

Mycophenolate is a first-line treatment for 
moderate to severe and active inflammatory TO. 
It competitively and reversibly inhibits inosine mo-
nophosphate dehydrogenase, resulting in decreased 
antibody production by B lymphocytes and a dual 
antiproliferative effect on both B and T lympho-
cytes which may increase the risk of SARS-CoV-2 
infection or severe course of COVID-19 [61].

Despite the lower efficacy and worse tolerabil-
ity of p.o. steroids demonstrated in clinical trials 
during the pandemic period of SARS-CoV-2, p.o. 
prednisone administered at home may be a good 
compromise in patients with moderate to severe 
and active TO reserving i.v. methylprednisolone 
administration for severe forms of TO, especially 

those sight-threatening [54, 62]. Oral prednisone 
treatment can be administered at home with strict 
adherence to social distancing and hygiene.

Very high doses of steroids used to treat 
COVID-19 have been shown not to cause adrenal 
suppression, and normal adrenal function has been 
observed in patients who have survived COVID-19 
infection [63]. Sudden stop of long-term glucocor-
ticosteroid treatment can lead to adrenal insufficien-
cy, increasing the risk of infections and associated 
mortality, including COVID-19 [64]. Ambroziak et 
al. demonstrated that treatment of TO patients with 
i.v. glucocorticosteroids according to the standard of 
administration recommended by EUGOGO (12-
week cumulative dose of 4.5 g), does not lead to 
secondary adrenal insufficiency. On the other hand, 
supplementing the treatment at the end of intrave-
nous therapy with low doses of oral glucocortico-
steroids (prednisone in a gradually decreasing dose 
from 30 mg/day for 3 months) may lead to second-
ary adrenal insufficiency in some patients [65].

If TO is in moderate to severe and active stage 
and we decide to start immunosuppressive treat-
ment, both the patient and the physician should 
be aware that treatment with immunosuppressive 
drugs is a risk factor of severe COVID-19. Self-iso-
lation should be recommended for the duration of 
treatment (at least 12 weeks) [20,30]. This applies 
to patients taking glucocorticosteroids at immuno-
suppressive doses, as well as patients taking other 
immunosuppressive drugs such as mycopheno-
late, azathioprine, and biologic drugs, including 
teprotumumab, rituximab, and tocilizumab used 
to treat TO [66].

It is important for the treated person to strictly 
follow the general rules regarding isolation and quar-
antine, hand and surface hygiene, and masks even 
when patients go outside [20].

Orbital radiotherapy (ORT) with low doses of 
radiation shows immunosuppressive effects mainly 
by decreasing leukocyte adhesion to the endotheli-
um, stimulating apoptosis of immune cells involved 
in inflammation, increasing the expression of an-
ti-inflammatory cytokines, and decreasing the se-
cretion of pro-inflammatory cytokines, including 
tumor necrosis factor alpha (TNF-a), interleukin 
1 beta (IL-1b), and nitric oxide (NO) and reactive 
oxygen species (ROS) [67].

Prummel et al. demonstrated that ORT is as 
effective as oral prednisone [68], and other stud-
ies have shown that ORT synergistically amplifies 
the effects of oral glucocorticosteroids [69].
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A cumulative dose of 20 Gy to the orbit given 
over 2 weeks as ten daily fractions of 2 Gy each is 
recommended [54, 70]. Also, a regimen of 1 Gy 
per week for 20 weeks has been shown to be ef-
fective [71].

Treatment with ORT is a local treatment with 
no effect on overall immune status. In this sense, 
it is a safe alternative during the period of the in-
creased epidemic risk of SARS-CoV-2 for the treat-
ment of moderate to severe TO. Still, it should be 
kept in mind that the beneficial effect of ORT is re-
mote and will probably occur 6 to 12 months after 
its application. At the same time, this treatment is 
associated with an epidemic risk due to the 2-week 
duration of inpatient treatment.

On the other hand, severe, sight-threatening 
forms of TO require aggressive immunosuppressive 
treatment to avoid irreversible sight loss. There are 
no guidelines available for the treatment of these 
patients during the COVID-19 pandemic. Severe 
sight-threatening TO, whether due to dysthyroid 
optic nerve neuropathy (DON) or corneal com-
plications, must be treated as a priority condition, 
a vision-threatening condition, and we mandato-
rily administer treatment according to the EU-
GOGO standard regardless of the SARS-CoV-2 
pandemic [20].

In a complete sanitary regimen, the treatment of 
choice in DON is the urgent inclusion of large i.v. 
doses of methylprednisolone (500–1000 mg) for 
three consecutive days of the week or on alternate 
days with constant local monitoring [54]. When 
symptoms stabilize or improve, which is usually 
observed, we continue this regimen the following 
week. In the event of symptom progression despite 
the regimen mentioned above, the patient should 
be referred for urgent orbital decompression - vi-
sion at risk. During the SARS-CoV-2 pandemic, 
orbital decompressions performed for medical or 
cosmetic indications in non-active TO should be 
delayed. Similarly, rehabilitative surgeries (strabis-
mus and eyelid surgeries) should also be delayed.

In patients with DON, immediate decompres-
sion has not resulted in better outcomes than i.v. 
glucocorticosteroids as first-line treatment [72]. 
In the active phase of OT, decompression surgery 
is indicated in patients with severe exposure kera-
topathy and, as second-line treatment, in patients 
with DON unresponsive to i.v. glucocorticoster-
oids [20, 73].

As SARS-CoV-2 virus mRNA has been detected 
in the tear film [74], patients with TO who develop 

COVID-19 may represent an essential source of 
spreading infection, especially if they have marked 
periorbital soft tissue involvement. Patients with 
TO are recommended to avoid touching their eyes, 
and health care staff involved in their treatment are 
advised to follow strictly personal protective equip-
ment guidelines during the SARS-CoV-2 pandemic.

With ongoing vaccination of the population, 
the risks associated with immunosuppression will 
gradually decrease. Although the effect of im-
munomodulatory/immunosuppressive agents on 
the efficacy of COVID vaccination is unknown, 
because we know that steroids and other immuno-
suppressive agents reduce the efficacy of other vac-
cines, it seems reasonable to suggest that patients 
already treated should continue i.v. glucocorti-
costeroids or other immunosuppressive therapy, 
under careful monitoring, and to recommend that 
vaccination or the next dose of vaccine should be 
administered at least 2 to 4 weeks after the end of 
immunosuppression [20].

ConClusions 
No studies are available on the use of i.v. gluco-

corticosteroids or other immunosuppressive agents 
for TO during the current SARS-CoV-2 pandemic.

Treatment of mild TO during the SARS-CoV-2 
pandemic does not differ from the recommenda-
tions published by EUGOGO, and observation 
and local treatment seem to be sufficient. It seems 
reasonable that in patients with moderate to severe 
TO, who are not at risk of sight deterioration, i.v. 
glucocorticosteroids should be avoided, and an ob-
servational strategy should also be used, whereas 
in patients with severe TO and at risk of sight loss, 
i.v. glucocorticosteroids are the therapeutic choice 
regardless of SARS-CoV-2 infection or clinical signs 
of COVID -19.

Conflict of interest
The authors declares that there is no conflict of in-
terest.

RefeReNCeS
1. wang D, hu Bo, hu C, et al. Clinical Characteristics of 138 

hospitalized patients with 2019 Novel Coronavirus-Infected 
pneumonia in wuhan, China. JaMa. 2020; 323(11): 1061–1069, 
doi: 10.1001/jama.2020.1585, indexed in Pubmed: 32031570.

2. world health Organization. Novel Coronavirus (2019-nCoV) 
Situation report-22 (11 February 2020). geneva, Switzerland: 
World Health Organization; 2020.  https://apps.who.int/iris/han-
dle/10665/330991.

3. Zhou p, Yang XL, wang Xg, et al. a pneumonia outbreak associat-
ed with a new coronavirus of probable bat origin. Nature. 2020; 

http://dx.doi.org/10.1001/jama.2020.1585
https://www.ncbi.nlm.nih.gov/pubmed/32031570
https://apps.who.int/iris/handle/10665/330991
https://apps.who.int/iris/handle/10665/330991


OphthalmOlOgy JOurnal 2022, Vol. 7

100 www.journals.viamedica.pl/ophthalmology_journal

579(7798): 270–273, doi: 10.1038/s41586-020-2012-7, indexed 
in Pubmed: 32015507.

4. Coronaviridae Study group of the International Committee 
on taxonomy of Viruses. the species Severe acute respira-
tory syndrome-related coronavirus: classifying 2019-nCoV 
and naming it SarS-CoV-2. Nat Microbiol. 2020; 5(4): 536–544, 
doi: 10.1038/s41564-020-0695-z, indexed in Pubmed: 32123347.

5. guan wJ, Ni ZY, hu Yu, et al. China Medical treatment expert 
group for Covid-19. Clinical Characteristics of Coronavirus Disease 
2019 in China. N engl J Med. 2020; 382(18): 1708–1720, doi: 
10.1056/NeJMoa2002032, indexed in pubmed: 32109013.

6. Zhou L, Xu Z, Castiglione gM, et al. aCe2 and tMprSS2 are 
expressed on the human ocular surface, suggesting suscepti-
bility to SarS-CoV-2 infection. biorxiv. 2020; 18(4): 537–544, 
doi: 10.1101/2020.05.09.086165, indexed in Pubmed: 32511393.

7. Banerjee M, pal r, pal r, et al. COVID-19 and the endocrine 
system: exploring the unexplored. J endocrinol Invest. 2020; 
43(7): 1027–1031, doi:  10.1007/s40618-020-01276-8, indexed 
in Pubmed: 32361826.

8. rhee eJ, Kim Jh, Moon SJ, et al. encountering COVID-19 as en-
docrinologists. endocrinol Metab (Seoul). 2020; 35(2): 197–205, 
doi: 10.3803/enM.2020.35.2.197, indexed in Pubmed: 32372573.

9. Mongioì LM, Barbagallo F, Condorelli ra, et al. possible long-
term endocrine-metabolic complications in COVID-19: lesson 
from the SarS model. endocrine. 2020; 68(3): 467–470, 
doi: 10.1007/s12020-020-02349-7, indexed in Pubmed: 32488837.

10. Leonardi a, rosani u, Brun p. Ocular Surface expression of 
SARS-CoV-2 Receptors. Ocul Immunol Inflamm. 2020; 28(5): 
735–738, doi:  10.1080/09273948.2020.1772314, indexed in 
Pubmed: 32589459.

11. ulhaq ZS, Soraya gV. the prevalence of ophthalmic manifesta-
tions in COVID-19 and the diagnostic value of ocular tissue/fluid. 
graefes arch Clin exp Ophthalmol. 2020; 258(6): 1351–1352, 
doi: 10.1007/s00417-020-04695-8, indexed in Pubmed: 32328758.

12. rotondi M, Coperchini F, ricci g, et al. Detection of SarS-COV-2 
receptor aCe-2 mrNa in thyroid cells: a clue for COVID-19-related 
subacute thyroiditis. J endocrinol Invest. 2021; 44(5): 1085–1090, 
doi: 10.1007/s40618-020-01436-w, indexed in Pubmed: 33025553.

13. gorini F, Bianchi F, Iervasi g. COVID-19 and thyroid: progress 
and prospects. Int J environ res public health. 2020; 17(18), 
doi: 10.3390/ijerph17186630, indexed in Pubmed: 32932954.

14. Ndenkeh JN, Bowring aL, Njindam IM, et al. eVOLCam group , VI-
rOFOruM. COVID-19 pandemic: do we need systematic screening 
of patients with cardiovascular risk factors in Low and Middle-In-
come Countries (LMICs) for preventing death? pan afr Med J. 
2020; 35(Suppl 2): 11–522, doi: 10.11604/pamj.2020.35.2.22947, 
indexed in Pubmed: 32528622.

15. Zou r, wu C, Zhang S, et al. euthyroid Sick Syndrome in patients 
with COVID-19. Front endocrinol (Lausanne). 2020; 11: 566439, 
doi: 10.3389/fendo.2020.566439, indexed in Pubmed: 33117282.

16. antonelli a, Ferrari SM, ragusa F, et al. graves’ disease: epidemiol-
ogy, genetic and environmental risk factors and viruses. Best pract 
Res Clin Endocrinol Metab. 2020; 34(1): 101387, doi: 10.1016/j.
beem.2020.101387, indexed in Pubmed: 32107168.

17. prummel MF, Strieder t, wiersinga wM. the environment and auto-
immune thyroid diseases. eur J endocrinol. 2004; 150(5): 605–618, 
doi: 10.1530/eje.0.1500605, indexed in Pubmed: 15132715.

18. Lanzolla g, Marcocci C, Marinò M. graves’ disease and graves’ 
orbitopathy following COVID-19. J endocrinol Invest. 2021; 
44(9): 2011–2012, doi:  10.1007/s40618-021-01576-7, indexed 
in Pubmed: 33964007.

19. Jiménez-Blanco S, pla-peris B, Marazuela M. COVID-19: a cause 
of recurrent graves’ hyperthyroidism? J endocrinol Invest. 2021; 
44(2): 387–388, doi: 10.1007/s40618-020-01440-0, indexed in 
Pubmed: 33025554.

20. Bartalena L, Chiovato L, Marcocci C, et al. Management of graves’ 
hyperthyroidism and orbitopathy in time of COVID-19 pandemic. 
J Endocrinol Invest. 2020; 43(8): 1149–1151, doi: 10.1007/s40618-
020-01293-7, indexed in Pubmed: 32441005.

21. Lania a, Sandri Mt, Cellini M, et al. thyrotoxicosis in patients 
with COVID-19: the thYrCOV study. eur J endocrinol. 2020; 
183(4): 381–387, doi:  10.1530/eJe-20-0335, indexed in 
Pubmed: 32698147.

22. Mateu-Salat M, urgell e, Chico a. SarS-COV-2 as a trigger for 
autoimmune disease: report of two cases of graves’ disease 
after COVID-19. J endocrinol Invest. 2020; 43(10): 1527–1528, 
doi: 10.1007/s40618-020-01366-7, indexed in Pubmed: 32686042.

23. Little C, alsen M, Barlow J, et al. risk factors and outcomes of 
COVID-19 in New York City; a retrospective cohort study. J Med 
Virol. 2021; 93(2): 907–915, doi: 10.1002/jmv.26337, indexed in 
Pubmed: 32706392.

24. Cappola ar, Desai aS, Medici M, et al. thyroid and Cardio-
vascular Disease: research agenda for enhancing Knowledge, 
prevention, and treatment. thyroid. 2019; 29(6): 760–777, 
doi: 10.1089/thy.2018.0416, indexed in Pubmed: 31081722.

25. elnakish Mt, ahmed aae, Mohler pJ, et al. role of Oxidative 
Stress in thyroid hormone-Induced Cardiomyocyte hypertrophy 
and associated Cardiac Dysfunction: an undisclosed Story. Oxid 
Med Cell Longev. 2015; 2015: 854265, doi: 10.1155/2015/854265, 
indexed in Pubmed: 26146529.

26. Elbers LPB, Fliers E, Cannegieter SC. The influence of thyroid 
function on the coagulation system and its clinical consequences. 
J Thromb Haemost. 2018; 16(4): 634–645, doi: 10.1111/jth.13970, 
indexed in Pubmed: 29573126.

27. prummel MF, wiersinga wM, Mourits Mp, et al. effect of abnormal 
thyroid function on the severity of graves’ ophthalmopathy. arch In-
tern Med. 1990; 150(5): 1098–1101, indexed in Pubmed: 1691908.

28. Burch hB, Cooper DS. aNNIVerSarY reVIew: antithyroid drug 
therapy: 70 years later. eur J endocrinol. 2018; 179(5): r261–r274, 
doi: 10.1530/eJe-18-0678, indexed in Pubmed: 30320502.

29. Król A, Czarniecka A, Jarząb B. Definitive treatment of Graves’ 
disease in children and adolescents. endokrynol pol. 2021; 
72(6): 661–665, doi:  10.5603/ep.a2021.0092, indexed in 
Pubmed: 34855196.

30. Król a, Koehler a, Nowak M, et al. radioactive iodine (raI) 
treatment of hyperthyroidism is safe in patients with graves’ 
orbitopathy--a prospective study. endokrynol pol. 2014; 65(1): 
40–45, doi: 10.5603/ep.2014.0006, indexed in Pubmed: 24549601.

31. Boelaert K, Visser we, taylor pN, et al. endocrinology in the time 
of COVID-19: Management of hyperthyroidism and hypothyroidism. 
Eur J Endocrinol. 2020; 183(1): G33–G39, doi: 10.1530/eJe-20-
0445, indexed in Pubmed: 32438340.

32. Zhou F, Yu t, Du r, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in wuhan, Chi-
na: a retrospective cohort study. Lancet. 2020; 395(10229): 
1054–1062, doi:  10.1016/S0140-6736(20)30566-3, indexed in 
Pubmed: 32171076.

33. guan wJ, Ni ZY, hu Yu, et al. Medical treatment expert group for 
COVID-19, China Medical treatment expert group for Covid-19. 
Clinical Characteristics of Coronavirus Disease 2019 in China. 
N Engl J Med. 2020; 382(18): 1708–1720, doi:  10.1056/NeJ-
Moa2002032, indexed in Pubmed: 32109013.

34. abrishami M, tohidinezhad F, Daneshvar r, et al. Ocular Manifes-
tations of hospitalized patients with COVID-19 in Northeast of Iran. 
Ocul Immunol Inflamm. 2020; 28(5): 739–744, doi: 10.1080/0927
3948.2020.1773868, indexed in Pubmed: 32569494.

35. al-Namaeh M. COVID-19 in the light of current clinical 
eye research. eur J Ophthalmol. 2021; 31(3): 904–908, 
doi: 10.1177/1120672121998911, indexed in Pubmed: 33657878.

36. Dolar-Szczasny J, Toro MD, Dworzańska A, et al. Ocular In-
volvement of SarS-CoV-2 in a polish Cohort of COVID-19-pos-
itive patients. Int J environ res public health. 2021; 18(6), 
doi: 10.3390/ijerph18062916, indexed in Pubmed: 33809199.

37. hutama Sa, alkaff FF, Intan re, et al. recurrent keratocon-
junctivitis as the sole manifestation of COVID-19 infection: 
a case report. eur J Ophthalmol. 2021 [epub ahead of print]: 
11206721211006583, doi:  10.1177/11206721211006583, in-
dexed in Pubmed: 33781126.

http://dx.doi.org/10.1038/s41586-020-2012-7
https://www.ncbi.nlm.nih.gov/pubmed/32015507
http://dx.doi.org/10.1038/s41564-020-0695-z
https://www.ncbi.nlm.nih.gov/pubmed/32123347
http://dx.doi.org/10.1056/NEJMoa2002032
https://www.ncbi.nlm.nih.gov/pubmed/32109013
http://dx.doi.org/10.1101/2020.05.09.086165
https://www.ncbi.nlm.nih.gov/pubmed/32511393
http://dx.doi.org/10.1007/s40618-020-01276-8
https://www.ncbi.nlm.nih.gov/pubmed/32361826
http://dx.doi.org/10.3803/EnM.2020.35.2.197
https://www.ncbi.nlm.nih.gov/pubmed/32372573
http://dx.doi.org/10.1007/s12020-020-02349-7
https://www.ncbi.nlm.nih.gov/pubmed/32488837
http://dx.doi.org/10.1080/09273948.2020.1772314
https://www.ncbi.nlm.nih.gov/pubmed/32589459
http://dx.doi.org/10.1007/s00417-020-04695-8
https://www.ncbi.nlm.nih.gov/pubmed/32328758
http://dx.doi.org/10.1007/s40618-020-01436-w
https://www.ncbi.nlm.nih.gov/pubmed/33025553
http://dx.doi.org/10.3390/ijerph17186630
https://www.ncbi.nlm.nih.gov/pubmed/32932954
http://dx.doi.org/10.11604/pamj.2020.35.2.22947
https://www.ncbi.nlm.nih.gov/pubmed/32528622
http://dx.doi.org/10.3389/fendo.2020.566439
https://www.ncbi.nlm.nih.gov/pubmed/33117282
http://dx.doi.org/10.1016/j.beem.2020.101387
http://dx.doi.org/10.1016/j.beem.2020.101387
https://www.ncbi.nlm.nih.gov/pubmed/32107168
http://dx.doi.org/10.1530/eje.0.1500605
https://www.ncbi.nlm.nih.gov/pubmed/15132715
http://dx.doi.org/10.1007/s40618-021-01576-7
https://www.ncbi.nlm.nih.gov/pubmed/33964007
http://dx.doi.org/10.1007/s40618-020-01440-0
https://www.ncbi.nlm.nih.gov/pubmed/33025554
http://dx.doi.org/10.1007/s40618-020-01293-7
http://dx.doi.org/10.1007/s40618-020-01293-7
https://www.ncbi.nlm.nih.gov/pubmed/32441005
http://dx.doi.org/10.1530/EJE-20-0335
https://www.ncbi.nlm.nih.gov/pubmed/32698147
http://dx.doi.org/10.1007/s40618-020-01366-7
https://www.ncbi.nlm.nih.gov/pubmed/32686042
http://dx.doi.org/10.1002/jmv.26337
https://www.ncbi.nlm.nih.gov/pubmed/32706392
http://dx.doi.org/10.1089/thy.2018.0416
https://www.ncbi.nlm.nih.gov/pubmed/31081722
http://dx.doi.org/10.1155/2015/854265
https://www.ncbi.nlm.nih.gov/pubmed/26146529
http://dx.doi.org/10.1111/jth.13970
https://www.ncbi.nlm.nih.gov/pubmed/29573126
https://www.ncbi.nlm.nih.gov/pubmed/1691908
http://dx.doi.org/10.1530/EJE-18-0678
https://www.ncbi.nlm.nih.gov/pubmed/30320502
http://dx.doi.org/10.5603/EP.a2021.0092
https://www.ncbi.nlm.nih.gov/pubmed/34855196
http://dx.doi.org/10.5603/EP.2014.0006
https://www.ncbi.nlm.nih.gov/pubmed/24549601
http://dx.doi.org/10.1530/EJE-20-0445
http://dx.doi.org/10.1530/EJE-20-0445
https://www.ncbi.nlm.nih.gov/pubmed/32438340
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/pubmed/32171076
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1056/NEJMoa2002032
https://www.ncbi.nlm.nih.gov/pubmed/32109013
http://dx.doi.org/10.1080/09273948.2020.1773868
http://dx.doi.org/10.1080/09273948.2020.1773868
https://www.ncbi.nlm.nih.gov/pubmed/32569494
http://dx.doi.org/10.1177/1120672121998911
https://www.ncbi.nlm.nih.gov/pubmed/33657878
http://dx.doi.org/10.3390/ijerph18062916
https://www.ncbi.nlm.nih.gov/pubmed/33809199
http://dx.doi.org/10.1177/11206721211006583
https://www.ncbi.nlm.nih.gov/pubmed/33781126


Mariusz Nowak, Wojciech Nowak Clinical profile of new cases of anterior nodular scleritis

101www.journals.viamedica.pl/ophthalmology_journal

38. Badawi ae, elsheikh SS, addeen SZ, et al. an Ophthalmic Insight 
into Novel Coronavirus 2019 Disease: a Comprehensive review of 
the Ocular Manifestations and Clinical hazards. J Curr Ophthalmol. 
2020; 32(4): 315–328, doi: 10.4103/JOCO.JOCO_255_20, indexed 
in Pubmed: 33553832.

39. Cheema M, aghazadeh h, Nazarali S, et al. Keratoconjunctivitis as 
the initial medical presentation of the novel coronavirus disease 
2019 (COVID-19). Can J Ophthalmol. 2020; 55(4): e125–e129, 
doi: 10.1016/j.jcjo.2020.03.003, indexed in Pubmed: 32284146.

40. Chen Lu, Liu M, Zhang Z, et al. Ocular manifestations of a hospi-
talised patient with confirmed 2019 novel coronavirus disease. 
Br J Ophthalmol. 2020; 104(6): 748–751, doi: 10.1136/bjophthal-
mol-2020-316304, indexed in Pubmed: 32265202.

41. Von Basedow Ca. exophthalmos durch hypertrophie des Zellgewe-
bes in der augenhöhle. wschr ges heilk. 1840; 13: 197.

42. Bartalena L, piantanida e, gallo D, et al. epidemiology, Natural 
history, risk Factors, and prevention of graves’ Orbitopathy. 
Front Endocrinol (Lausanne). 2020; 11: 615993, doi: 10.3389/fen-
do.2020.615993, indexed in Pubmed: 33329408.

43. effraimidis g, wiersinga wM. Mechanisms in endocrinology: au-
toimmune thyroid disease: old and new players. eur J endocrinol. 
2014; 170(6): R241–R252, doi: 10.1530/eJe-14-0047, indexed in 
Pubmed: 24609834.

44. Smith tJ, Janssen Ja. Building the Case for Insulin-Like growth 
Factor receptor-I Involvement in thyroid-associated Ophthalmop-
athy. Front Endocrinol (Lausanne). 2016; 7: 167, doi: 10.3389/fen-
do.2016.00167, indexed in Pubmed: 28096798.

45. Krieger CC, place rF, Bevilacqua C, et al. tSh/IgF-1 receptor Cross 
talk in graves’ Ophthalmopathy pathogenesis. J Clin endocrinol 
Metab. 2016; 101(6): 2340–2347, doi:  10.1210/jc.2016-1315, 
indexed in Pubmed: 27043163.

46. Diana T, Ungerer M, Wüster C, et al. A cyclic peptide significantly 
improves thyroid function, thyrotropin-receptor antibodies and or-
bital mucine /collagen content in a long-term graves’ disease 
mouse model. J Autoimmun. 2021; 122: 102666, doi: 10.1016/j.
jaut.2021.102666, indexed in Pubmed: 34144327.

47. Londzin-Olesik M, Kos-Kudla B, Karpe J, et al. the effect of Immu-
nosuppression on Selected antioxidant parameters in patients with 
graves’ Disease with active thyroid-associated Orbitopathy. exp 
Clin Endocrinol Diabetes. 2021; 129(10): 762–769, doi: 10.1055/a-
1274-0998, indexed in Pubmed: 33157557.

48. Londzin-Olesik M, Kos-Kudła B, Nowak A, et al. The effect of thyroid 
hormone status on selected antioxidant parameters in patients with 
graves’ disease and active thyroid-associated orbitopathy. en-
dokrynol Pol. 2020; 71(5): 418–424, doi: 10.5603/ep.a2020.0049, 
indexed in Pubmed: 32797475.

49. Nowak M, Marek B, Karpe J, et al. Serum concentration of VegF 
and pDgF-aa in patients with active thyroid orbitopathy before 
and after immunosuppressive therapy. exp Clin endocrinol Dia-
betes. 2014; 122(10): 582–586, doi: 10.1055/s-0034-1383579, 
indexed in Pubmed: 25140996.

50. Mourits Mp, Koornneef L, wiersinga wM, et al. Clinical criteria 
for the assessment of disease activity in graves’ ophthalmopa-
thy: a novel approach. Br J Ophthalmol. 1989; 73(8): 639–644, 
doi: 10.1136/bjo.73.8.639, indexed in Pubmed: 2765444.

51. tortora F, Cirillo M, Ferrara M, et al. Disease activity in graves’ 
ophthalmopathy: diagnosis with orbital Mr imaging and correlation 
with clinical score. Neuroradiol J. 2013; 26(5): 555–564, doi: 10
.1177/197140091302600509, indexed in Pubmed: 24199816.

52. Keene Kr, van Vught L, van de Velde NM, et al. the feasibility of 
quantitative MrI of extra-ocular muscles in myasthenia gravis 
and graves’ orbitopathy. NMr Biomed. 2021; 34(1): e4407, 
doi: 10.1002/nbm.4407, indexed in Pubmed: 32893386.

53. Werner SC, Werner SC. Modification of the classification of the eye 
changes of graves’ disease: recommendations of the ad hoc 
Committee of the american thyroid association. J Clin endocri-
nol Metab. 1977; 44(1): 203–204, doi: 10.1210/jcem-44-1-203, 
indexed in Pubmed: 576230.

54. Bartalena L, Kahaly gJ, Baldeschi L, et al. the 2021 european group 
on graves’ orbitopathy (eugOgO) clinical practice guidelines for 

the medical management of graves’ orbitopathy. eur J endocrinol. 
2021; 185(4): G43–G67, doi: 10.1530/eje-21-0479, indexed in 
Pubmed: 34297684.

55. Lisco g, De tullio a, Jirillo e, et al. thyroid and COVID-19: a review 
on pathophysiological, clinical and organizational aspects. J endo-
crinol Invest. 2021; 44(9): 1801–1814, doi: 10.1007/s40618-021-
01554-z, indexed in Pubmed: 33765288.

56. Kahaly gJ. Management of graves thyroidal and extrathyroidal 
Disease: an update. J Clin endocrinol Metab. 2020; 105(12), 
doi: 10.1210/clinem/dgaa646, indexed in Pubmed: 32929476.

57. Martins Jr, Villagelin Dgp, Carvalho ga, et al. Management 
of thyroid disorders during the COVID-19 outbreak: a position 
statement from the thyroid Department of the Brazilian Society of 
endocrinology and Metabolism (SBeM). arch endocrinol Metab. 
2021; 65(3): 368–375, doi:  10.20945/2359-3997000000352, 
indexed in Pubmed: 33844898.

58. Miśkiewicz P, Jankowska A, Brodzińska K, et al. Influence of 
Methylprednisolone pulse therapy on Liver Function in patients 
with graves’ Orbitopathy. Int J endocrinol. 2018; 2018: 1978590, 
doi: 10.1155/2018/1978590, indexed in Pubmed: 30420883.

59. Marcocci C, watt t, altea Ma, et al. european group of graves’ 
Orbitopathy. Fatal and non-fatal adverse events of glucocorticoid 
therapy for graves’ orbitopathy: a questionnaire survey among 
members of the european thyroid association. eur J endocrinol. 
2012; 166(2): 247–253, doi:  10.1530/eJe-11-0779, indexed in 
Pubmed: 22058081.

60. Lendorf Me, rasmussen aK, Fledelius hC, et al. Cardiovascular 
and cerebrovascular events in temporal relationship to intra-
venous glucocorticoid pulse therapy in patients with severe 
endocrine ophthalmopathy. thyroid. 2009; 19(12): 1431–1432, 
doi: 10.1089/thy.2009.0069, indexed in Pubmed: 19895339.

61. allison aC, eugui eM, allison aC, et al. Mycophenolate mofetil 
and its mechanisms of action. Immunopharmacology. 2000; 
47(2-3): 85–118, doi: 10.1016/s0162-3109(00)00188-0, indexed 
in Pubmed: 10878285.

62. Stiebel-Kalish h, robenshtok e, hasanreisoglu M, et al. treat-
ment modalities for graves’ ophthalmopathy: systematic 
review and metaanalysis. J Clin endocrinol Metab. 2009; 
94(8): 2708–2716, doi:  10.1210/jc.2009-0376, indexed in 
Pubmed: 19491222.

63. Clarke Sa, phylactou M, patel B, et al. Normal adrenal and thy-
roid Function in patients who Survive COVID-19 Infection. J Clin 
Endocrinol Metab. 2021; 106(8): 2208–2220, doi: 10.1210/cli-
nem/dgab349, indexed in Pubmed: 34008009.

64. puig-Domingo M, Marazuela M, giustina a. COVID-19 and endo-
crine diseases. a statement from the european Society of endo-
crinology. Endocrine. 2020; 68(1): 2–5, doi: 10.1007/s12020-020-
02294-5, indexed in Pubmed: 32279224.

65. Ambroziak U, Bluszcz G, Bednarczuk T, et al. The influence of 
graves’ orbitopathy treatment with intravenous glucocorticoids 
on adrenal function. endokrynol pol. 2017; 68(4): 430–433, 
doi: 10.5603/ep.a2017.0036, indexed in Pubmed: 28604944.

66. taylor pN, Zhang L, Lee rwJ, et al. New insights into the patho-
genesis and nonsurgical management of graves orbitopathy. Nat 
Rev Endocrinol. 2020; 16(2): 104–116, doi: 10.1038/s41574-019-
0305-4, indexed in Pubmed: 31889140.

67. Bartalena L, wiersinga wM. proposal for Standardization of 
primary and Secondary Outcomes in patients with active, 
Moderate-to-Severe graves’ Orbitopathy. eur thyroid J. 
2020; 9(Suppl 1): 3–16, doi:  10.1159/000510700, indexed in 
Pubmed: 33511081.

68. prummel MF, Mourits Mp, Blank L, et al. randomized double-blind 
trial of prednisone versus radiotherapy in graves’ ophthalmop-
athy. Lancet. 1993; 342(8877): 949–954, doi:  10.1016/0140-
6736(93)92001-a, indexed in Pubmed: 8105213.

69. Kim JiW, Han SH, Son BJ, et al. Efficacy of combined orbital 
radiation and systemic steroids in the management of graves’ 
orbitopathy. graefes arch Clin exp Ophthalmol. 2016; 254(5): 
991–998, doi:  10.1007/s00417-016-3280-7, indexed in 
Pubmed: 26876240.

http://dx.doi.org/10.4103/JOCO.JOCO_255_20
https://www.ncbi.nlm.nih.gov/pubmed/33553832
http://dx.doi.org/10.1016/j.jcjo.2020.03.003
https://www.ncbi.nlm.nih.gov/pubmed/32284146
http://dx.doi.org/10.1136/bjophthalmol-2020-316304
http://dx.doi.org/10.1136/bjophthalmol-2020-316304
https://www.ncbi.nlm.nih.gov/pubmed/32265202
http://dx.doi.org/10.3389/fendo.2020.615993
http://dx.doi.org/10.3389/fendo.2020.615993
https://www.ncbi.nlm.nih.gov/pubmed/33329408
http://dx.doi.org/10.1530/EJE-14-0047
https://www.ncbi.nlm.nih.gov/pubmed/24609834
http://dx.doi.org/10.3389/fendo.2016.00167
http://dx.doi.org/10.3389/fendo.2016.00167
https://www.ncbi.nlm.nih.gov/pubmed/28096798
http://dx.doi.org/10.1210/jc.2016-1315
https://www.ncbi.nlm.nih.gov/pubmed/27043163
http://dx.doi.org/10.1016/j.jaut.2021.102666
http://dx.doi.org/10.1016/j.jaut.2021.102666
https://www.ncbi.nlm.nih.gov/pubmed/34144327
http://dx.doi.org/10.1055/a-1274-0998
http://dx.doi.org/10.1055/a-1274-0998
https://www.ncbi.nlm.nih.gov/pubmed/33157557
http://dx.doi.org/10.5603/EP.a2020.0049
https://www.ncbi.nlm.nih.gov/pubmed/32797475
http://dx.doi.org/10.1055/s-0034-1383579
https://www.ncbi.nlm.nih.gov/pubmed/25140996
http://dx.doi.org/10.1136/bjo.73.8.639
https://www.ncbi.nlm.nih.gov/pubmed/2765444
http://dx.doi.org/10.1177/197140091302600509
http://dx.doi.org/10.1177/197140091302600509
https://www.ncbi.nlm.nih.gov/pubmed/24199816
http://dx.doi.org/10.1002/nbm.4407
https://www.ncbi.nlm.nih.gov/pubmed/32893386
http://dx.doi.org/10.1210/jcem-44-1-203
https://www.ncbi.nlm.nih.gov/pubmed/576230
http://dx.doi.org/10.1530/eje-21-0479
https://www.ncbi.nlm.nih.gov/pubmed/34297684
http://dx.doi.org/10.1007/s40618-021-01554-z
http://dx.doi.org/10.1007/s40618-021-01554-z
https://www.ncbi.nlm.nih.gov/pubmed/33765288
http://dx.doi.org/10.1210/clinem/dgaa646
https://www.ncbi.nlm.nih.gov/pubmed/32929476
http://dx.doi.org/10.20945/2359-3997000000352
https://www.ncbi.nlm.nih.gov/pubmed/33844898
http://dx.doi.org/10.1155/2018/1978590
https://www.ncbi.nlm.nih.gov/pubmed/30420883
http://dx.doi.org/10.1530/EJE-11-0779
https://www.ncbi.nlm.nih.gov/pubmed/22058081
http://dx.doi.org/10.1089/thy.2009.0069
https://www.ncbi.nlm.nih.gov/pubmed/19895339
http://dx.doi.org/10.1016/s0162-3109(00)00188-0
https://www.ncbi.nlm.nih.gov/pubmed/10878285
http://dx.doi.org/10.1210/jc.2009-0376
https://www.ncbi.nlm.nih.gov/pubmed/19491222
http://dx.doi.org/10.1210/clinem/dgab349
http://dx.doi.org/10.1210/clinem/dgab349
https://www.ncbi.nlm.nih.gov/pubmed/34008009
http://dx.doi.org/10.1007/s12020-020-02294-5
http://dx.doi.org/10.1007/s12020-020-02294-5
https://www.ncbi.nlm.nih.gov/pubmed/32279224
http://dx.doi.org/10.5603/EP.a2017.0036
https://www.ncbi.nlm.nih.gov/pubmed/28604944
http://dx.doi.org/10.1038/s41574-019-0305-4
http://dx.doi.org/10.1038/s41574-019-0305-4
https://www.ncbi.nlm.nih.gov/pubmed/31889140
http://dx.doi.org/10.1159/000510700
https://www.ncbi.nlm.nih.gov/pubmed/33511081
http://dx.doi.org/10.1016/0140-6736(93)92001-a
http://dx.doi.org/10.1016/0140-6736(93)92001-a
https://www.ncbi.nlm.nih.gov/pubmed/8105213
http://dx.doi.org/10.1007/s00417-016-3280-7
https://www.ncbi.nlm.nih.gov/pubmed/26876240


OphthalmOlOgy JOurnal 2022, Vol. 7

102 www.journals.viamedica.pl/ophthalmology_journal

70. tanda ML, Bartalena L, Bartalena L, et al. Novel treatment modali-
ties for graves’ orbitopathy. pediatr endocrinol rev. 2010; 7 Suppl 
2(11): 210–216, indexed in Pubmed: 20467365.

71. Kahaly gJ, rösler hp, pitz S, et al. Low- versus high-dose ra-
diotherapy for graves’ ophthalmopathy: a randomized, single 
blind trial. J Clin endocrinol Metab. 2000; 85(1): 102–108, 
doi: 10.1210/jcem.85.1.6257, indexed in Pubmed: 10634372.

72. wakelkamp IM, Baldeschi L, Saeed p, et al. Surgical or medical 
decompression as a first-line treatment of optic neuropathy 
in graves’ ophthalmopathy? a randomized controlled trial. 

Clin Endocrinol (Oxf). 2005; 63(3): 323–328, doi:  10.1111/j.
1365-2265.2005.02345.x, indexed in Pubmed: 16117821.

73. parrilla C, Mele Da, gelli S, et al. Multidisciplinary approach 
to orbital decompression. a review. acta Otorhinolaryngol Ital. 
2021; 41(Suppl. 1): S90–S9S101, doi: 10.14639/0392-100X-sup-
pl.1-41-2021-09, indexed in Pubmed: 34060524.

74. Xia J, tong J, Liu M, et al. evaluation of coronavirus in tears 
and conjunctival secretions of patients with SarS-CoV-2 infection. 
J Med Virol. 2020; 92(6): 589–594, doi:  10.1002/jmv.25725, 
indexed in Pubmed: 32100876.

https://www.ncbi.nlm.nih.gov/pubmed/20467365
http://dx.doi.org/10.1210/jcem.85.1.6257
https://www.ncbi.nlm.nih.gov/pubmed/10634372
http://dx.doi.org/10.1111/j.1365-2265.2005.02345.x
http://dx.doi.org/10.1111/j.1365-2265.2005.02345.x
https://www.ncbi.nlm.nih.gov/pubmed/16117821
http://dx.doi.org/10.14639/0392-100X-suppl.1-41-2021-09
http://dx.doi.org/10.14639/0392-100X-suppl.1-41-2021-09
https://www.ncbi.nlm.nih.gov/pubmed/34060524
http://dx.doi.org/10.1002/jmv.25725
https://www.ncbi.nlm.nih.gov/pubmed/32100876

