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Abstract. Euthyroid Graves' Disease (EGD) is a chal‑
lenging pathology, due to its atypical clinical manifestations 
and the absence of abnormal thyroid function. Typically, 
thyroid ophthalmopathy is associated with elevated thyroid 
hormone levels and with the presence of thyrotropin receptor 
antibodies (TRAb) but a low percentage of patients remain 
euthyroid without developing hyperthyroidism during 
long‑term follow‑up periods. Although it is considered 
a different pathology, it shares a lot of similarities with 
Graves' disease, rendering the diagnosis more difficult. It is 
also important to note that ophthalmopathy may be the first 
clinical manifestation of Graves' disease and that thyroid func‑
tion examinations do not present abnormalities over a long 
period. Treatment choices for euthyroid disease do not differ 
from those described in Graves' ophthalmopathy. However, 
it is considered that since euthyroid patients develop milder 
ophthalmic symptoms and their clinical activity score is lower, 
they tend to have better responses to treatment. Moreover, 
atypical sight‑threatening cases such as exposure keratopathy 
and dysthyroid optic neuropathy with variable responses to 
therapy also exist. Disease management consists of a favorable 
collaboration between ophthalmologists and endocrinologists 
because patients with EGD can develop thyroid abnormalities 
over time. In conclusion, the diagnosis of EGD is difficult, 
clinical manifestations and evolution are variables depending 
on several factors, including the heterogeneity of TRAb. This 
review aimed to identify the characteristics of this disease by 
reviewing the clinical studies and case reports published in 
previous years.
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1. Methods

A systematic review of literature regarding Euthyroid Graves' 
Disease (EGD) in Science Direct and PUBMED databases 
published since 2005 was conducted. The reviews which iden‑
tified the characteristics of EGD were considered by comparing 
euthyroid, hypothyroid and hyperthyroid patients and case 
reports that presented unusual manifestations of EGD. The 
search revealed five reviews and thirteen case reports, and the 
studies analyzed were conducted in Asia, Europe, Latin and 
North America.

2. Introduction

Thyroid‑associated ophthalmopathy (TAO) is the most 
common self‑limited orbital inflammatory disorder associ‑
ated with thyroid dysfunctions such as Graves' disease 
or Hashimoto thyroiditis  (1). The systematic review of 
Muñoz‑Ortiz  et  al revealed that the global prevalence in 
patients with thyroid‑associated ophthalmopathy is 7.9% 
for euthyroidism, 10.36% for hypothyroidism, and 86.2% 
for hyperthyroidism (2). The onset of ophthalmopathy was 
reported to precede the thyroid dysfunction in 19.6% cases, 
while 80% of patients with Graves' disease had developed 
ophthalmologic symptoms within 18 months after the thyroid 
dysfunction (3).

Euthyroid Graves' disease (EGD) is a rare entity, which is 
defined as an infiltrative orbitopathy occurring in the absence 
of present or past thyroid clinical or biochemical abnormalities 
without any antithyroid treatment (4). Due to its low preva‑
lence and incidence, the diagnosis is difficult to establish. A 
few reviews and case reports are available for further evalu‑
ation of clinical characteristics, course and treatment of this 
disease. Repeated testing of thyroid function is essential 
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during the follow‑up. Notably, euthyroid ophthalmopathy can 
represent the initial stage of thyroid dysfunction. It is also 
considered that a subset of patients with prior undetermined 
episodes of transient thyroid abnormalities is identified within 
the group of euthyroid patients (5). Long‑term follow‑up is 
essential in the management of EGD, and a retrospective study 
has highlighted that dysthyroidism could occur in 8‑25% of 
patients between 15‑45 months from the initial presentation 
of ophthalmopathy (5). Furthermore, a patient with euthyroid 
ophthalmopathy was observed for twelve years without devel‑
oping thyroid dysfunction (6).

3. Epidemiology and risk factors

It has been reported that the prevalence of Graves' orbitopathy 
(GO) with normal thyroid function varies between 0.9 and 
15.4%  (2). A comparative study between euthyroid and 
dysthyroid patients concluded that the average age of occur‑
rence was 53.3 years in the euthyroid group and 54.6 in the 
dysthyroid group (7). Moreover, it was considered that the 
sex ratio was similar in the two groups, but Bhatnagar et al 
revealed female/male ratios of 1.62 and 3.2, indicating that 
euthyroid males presented more frequent orbital disease 
than females in the euthyroid group  (7). Moreover, it was 
observed that euthyroid males develop milder asymmetric 
thyroid‑associated ophthalmopathy (8).

Development of TAO is the result of the concurrence of 
several factors represented by endogenous triggers such as 
genetic factors, age, sex, high levels of thyrotropin receptor 
antibodies (TRAb), and environmental triggers: iodine intake, 
oxidative stress, cigarette smoking, psychosocial stress, 
bacterial and viral infections and certain medications such as 
interferon or alemtuzumab (2). Smoking prevalence in EGD 
is similar to hyper‑ and hypothyroid patients and it is strongly 
correlated with ophthalmopathy development and its severity; 
Termote et al identified that the smoking prevalence in EGD 
is 40% (5). It has been postulated that cigarette smoking is 
associated with TAO progression, increases the risk of devel‑
opment of proptosis and diplopia. It is also responsible for a 
decreased or delayed response to immunosuppressive treat‑
ments for moderate‑to‑severe, active GO (9).

It has been demonstrated that TRAb cause hyperthy‑
roidism (10). The disease activity and clinical progression 
have been studied in euthyroid patients to obtain a correlation 
with thyroid stimulating antibody (TSAb) and thyrotropin 
binding inhibitor immunoglobulin (TBII) levels; Gerding et al 
assessed TSAb levels in a group of patients with untreated 
euthyroid ophthalmopathy. It has been determined that there 
is an important relationship between proptosis, the clinical 
activity of the disease and TSAb/TBII titers (11).

Inoue et al studied the genetic characteristics of euthyroid 
ophthalmopathy, by comparing HLA typing among patients 
with euthyroid ophthalmopathy and ophthalmopathy associ‑
ated with Graves' disease or Hashimoto thyroiditis (12). The 
results in the three groups highlighted the unusual genetic 
pattern of euthyroid disease. The heterogeneity of EGD was 
also confirmed by important associations with the following 
antigens HLA B40 (w61), DR9, DQw3, HLA B12, and 
Cw l (12). The most important difference between the three 
groups was observed in the HLA‑B12 antigen, which revealed 

a 17‑fold increase in euthyroid patients. Moreover, it has been 
suggested that persistent hyperthyroidism in EGD is prevented 
by several genetic factors. The rare incidence of family history 
of diffuse goiter in EGD patients increased the probability 
that the genetic factors have little effect on the development 
of ophthalmopathy (12). However, Ardley et al observed that 
genetic factors could play an important role, by reporting that 
33% of euthyroid patients developed mild ocular symptoms 
associated with the presence of eye muscle antibodies against 
collagen XIII and CASQ1 (13).

4. Pathogenesis and diagnosis of EGD

Although EGD and Graves' disease share multiple similari‑
ties, they are different entities, suggested by the fact that the 
targets in EGD are represented by the eye and the orbit, while 
in Graves' disease it is the thyroid gland  (2). Thyrotropin 
receptor (TSH‑R) represents the common autoantigen for 
thyroid‑associated ophthalmopathy and Graves' disease. 
Pathological changes in thyroid ophthalmopathy affect both 
extraocular muscles and orbital fat compartments. The molec‑
ular mechanisms behind thyroid ophthalmopathy consist of 
recruitment of T cells into the orbit, molecular interactions 
between immune system cells and orbital fibroblasts, which 
represent the effector cells leading to proliferation  (14). 
Orbital fibroblasts are able to produce glycosaminoglycans 
and to differentiate into adipocytes and myofibroblasts. 
The proliferation of orbital fibroblasts is activated by the 
interaction of autoantigens on the fibroblasts with T cells. 
The synthesis of hyaluronan and the adipogenesis depend on 
the orbital fibroblast surface receptors such as TSH‑R which 
induce activation of PI3K/Akt signaling cascade along with 
the adenylyl cyclase/cAMP pathway and insulin‑like growth 
factor (IGF‑1R) (14).

Furthermore, activated T cells infiltrate the orbit and secrete 
proinflammatory cytokines by interacting with autoreactive B 
cells. These cellular and molecular changes are responsible 
for extraocular muscle enlargement, orbital adipose tissue 
expansion, orbital inflammation, and tissue remodeling (15). 
Wakelkamp et al concluded that the level of TSH receptor 
mRNA was significantly higher in the adipose/connective 
tissue of active, untreated Graves' ophthalmopathy patients 
than in inactive patients (16). There appears to be an initial 
cellular autoimmune response that may be extended by a 
humoral autoimmune attack. The cytokine environment in 
the orbital fat tissues of these active Graves' ophthalmopathy 
patients consists mainly of T helper 1 (Th1) proinflamma‑
tory cytokines (16). A mechanism that involves calsequestrin 
derived from extraocular muscles as a target of autoimmunity 
has been described. It also represents a new sensitive and 
specific biomarker of ophthalmopathy in Graves' disease (17).

The diagnosis of EGD is often challenging and it is based on 
clinical aspects such as ophthalmopathy, which in EGD reveals 
a heterogeneous pattern, normal thyroid function examination 
(normal levels of thyroxine, tri‑iodothyronine, and thyro‑
tropin) without the prior existence of thyroid abnormalities, 
and also orbital imaging methods such as contrast‑enhanced 
CT scan, T2/STIR MRI or ultrasonography. Positive serum 
thyroid antibodies such as TRAb, TBII, long‑acting thyroid 
stimulator assays, thyroid‑peroxidase antibodies  (TPOAb) 
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and thyroglobulin antibodies (TgAb) confirm the diag‑
nosis  (18). Both ophthalmopathy and thyroid‑stimulating 
antibodies are specific indicators of Graves' disease. Kotwal 
and Stan suggested that in the atypical presentation of thyroid 
ophthalmopathy (absence of inflammatory signs or unilateral 
involvement), evaluating TRAb levels, by both TBII and TSAb 
bioassay would be helpful for the diagnosis of EGD  (19). 
Other conditions such as idiopathic orbital inflammation, 
sarcoidosis, amyloidosis, cellulitis, orbital tumors or vascular 
malformations, vasculitis, lymphoma, drug‑induced proptosis 
(lithium/corticosteroids) or hydrocephalus must be considered 
in the differential diagnosis and excluded (20).

5. Clinical characteristics of EGD

According to Rundle's curve, thyroid ophthalmopathy has a 
biphasic course, indicating that initially, there is an active, 
inflammatory, progressive phase, followed by a chronic, 
stable phase. The average duration of the active phase is 
between 6‑18 months (21). The most common symptoms of 
thyroid‑associated ophthalmopathy include eyelid retrac‑
tion, proptosis, restrictive strabismus and dysthyroid optic 
neuropathy (15). Ptosis in euthyroid ophthalmopathy is indica‑
tive of the association with myasthenia gravis (22). Several 
clinical studies and case reports were analyzed in order to 
determine the characteristics of EGD. A comparison between 
patients with EGD and medically untreated patients with 
Graves' ophthalmopathy was performed by Komoto et al. This 
3‑year study concluded that EGD is more common among 
males; ocular findings such as proptosis, retraction of the lid 
and enlargement of extraocular muscles were more frequent 
among EGD patients (23). Regarding the thyroid function and 
antibodies, thyrotropin levels were higher in EGD patients, 
while TSAb levels in EGD were similar to another report (23). 
It was highlighted that TSAb was present in 40% of cases, 
while TRAb, TPOAb, and TgAb were identified in 35, 25 and 
21% of cases (23).

Eckstein et al studied the prevalence, clinical severity and 
activity, antibody levels and the course of the disease among 
hyperthyroid, hypothyroid and euthyroid Caucasian patients 
with Graves' ophthalmopathy (24). The follow‑up period was 
36  months, including ophthalmic assessment and thyroid 
function examination. The severity of ophthalmopathy was 
determined by using NO SPECS criteria, while the activity was 
assessed by Mourits' Clinical Activity Score (CAS). The results 
of this study confirmed that cigarette smoking represents an 
important risk factor for developing ophthalmopathy, having 
a similar percentage in all three groups. Euthyroid patients 
had developed milder symptoms with lower activity scores. 
Soft‑tissue inflammation was less present in the euthyroid 
group. The ophthalmopathy developed asymmetrically, with a 
proptosis difference of >3 mm (24). The increased frequency of 
asymmetry was also observed in numerous euthyroid patients 
by Kavoussi et al (8). Neither developed severe sight loss, nor 
dysthyroid optic neuropathy. Endocrinological findings indi‑
cated that levels of TRAb were lower in the euthyroid group at 
the 6‑month follow‑up. The most important predictive factors 
of euthyroid ophthalmopathy are represented by suppressed 
TSH and the presence of TRAb. It has been suggested that 
the diagnosis of the euthyroid disease is difficult due to 

asymmetrical manifestations and due to the existence of a 
temporal relationship between the onset of thyroid dysfunction 
and ophthalmopathy (25). Approximately 18% of patients with 
Graves' disease tend to develop thyroid dysfunction in a year 
after the onset of the ophthalmopathy, while 25% of euthyroid 
patients are expected to exhibit thyroid abnormalities within 
4 years. It was also reported that the assessment of TSAb is 
more sensitive and also a useful tool for diagnosis of euthyroid 
ophthalmopathy (24).

Another clinical study conducted by Jang  et al among 
Korean euthyroid patients revealed that unilateral involvement 
is more frequently observed in euthyroid patients (79.2%). 
Upper eyelid retraction was present in 91.7% of patients (3). 
The activity and severity of euthyroid patients were similar 
to those studied by Eckstein et al (24). The average duration 
of ophthalmic symptoms was 3 months and it was suggested 
that it had a great influence on clinical activity or severity. 
Thyroid function was maintained normal in most of the 
cases, although a few patients developed abnormalities. TRAb 
represented an important diagnosis marker but there were 
lower levels in euthyroid patients (3). Moreover, a few cases 
developed ophthalmopathy without the presence of TRAb; it 
was reported that TRAb levels vary over time and the impor‑
tance of TRAb assessments as early as possible in the presence 
of typical ocular signs and symptoms was underlined. It was 
suggested that TSAb assessments were more specific than 
TBII assays (26).

In a clinical study conducted by Termote et al, the euthyroid 
patients developed milder and unilateral ophthalmopathy (5). 
The discovery was that previous exposure to high levels of 
thyroid hormone in euthyroid ophthalmopathy could be asso‑
ciated with proptosis and extraocular muscle restriction (5). It 
was also revealed that normal thyroid function influences the 
course of the GO positively (27). Khoo et al (28) observed 
that the elevated TRAb levels are involved in the development 
of hyperthyroidism, while Termote concluded that TRAb 
levels were more elevated in EGD patients with a history of 
thyroid hyperfunction. The importance of long‑term follow‑up 
in EGD patients was also highlighted, due to the fact that 
ophthalmopathy could be the initial manifestation of Graves' 
disease (28).

The mechanisms involved in the normal thyroid func‑
tion of euthyroid patients are unclear. It has been suggested 
that the low levels and activity of TSAb cannot determine 
hyperthyroidism in EGD patients. Furthermore, a suppressive 
mechanism against TSAb may exist. Moreover, the antigenic 
epitopes identified on TSH receptors of EGD patients revealed 
differences compared with those identified in hyperthyroid 
Graves' disease (29). The thyroid function should be evaluated 
during the follow‑up. It was observed that euthyroid patients 
may develop thyrotoxicosis (30) or hypothyroidism (31) over 
time. The abnormalities upon thyroid examination identified 
among euthyroid patients are the presence of thyroid enlarge‑
ment (24‑40%), low TSH (14‑23%), no or low response of TSH 
to thyrotropin releasing hormone (TRH) stimulation (40‑63%), 
high thyroid uptake of iodine (20%), negative TSH suppression 
test (30‑73%), positive TgAb (11‑67%), positive TBII (31‑36%) 
and positive TSAb (43‑87%) (29). Several cases with negative 
autoantibodies in patients with specific signs of ophthalmop‑
athy have been reported (26,32,33). Moreover, Watanabe et al 
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identified the presence of TSAb in 93% of cases by evaluation 
with a sensitive bioassay, which indicated its usefulness in the 
diagnosis of EGD with negative‑autoantibodies. The activity 
of TSAb is also correlated with the extent of the proptosis, 
indicating that TSAb is an important tool in ophthalmopathy 
development by interacting with TSH receptors found in 
orbital tissue (29).

Although euthyroid ophthalmopathy is milder and 
more asymmetrical, it should be noted that exposure kera‑
topathy (34) or optic neuropathy (35) could develop during 
the early stages as the initial manifestation. Several cases 
of euthyroid optic neuropathy have been reported. Lee et al 
described a case of bilateral euthyroid optic neuropathy with 
severe vision loss, despite intravenous corticosteroid treat‑
ment (36). In addition, two case reports presented unilateral 
optic neuropathy as the initial clinical manifestation of 
euthyroid ophthalmopathy. In both cases, vision loss was 
improved, restoring the initial visual acuity and visual field. 
In the first case corticosteroid therapy was administered (35), 
while the second case was only observed (37). A conservatory 
strategy can be rational in cases where disease severity has 
already peaked and clinical activity score is low; the authors 
concluded that the spontaneous remission of optic neuropathy 
can be correlated with normal thyroid function and with the 
absence of thyroid antibodies (37).

Orbital imagistic techniques revealed tendon‑sparing 
enlargement of lateral and medial recti (3). Dickinson and Perros 
suggested that the inferior rectus is most frequently involved 
in thyroid‑associated ophthalmopathy, followed by medial, 

superior, and lateral rectus (38). The involvement of the infe‑
rior oblique muscle in EGD in a 38‑year old female, presenting 
unilateral blepharoptosis, intraocular pain and headache was 
also reported (39).

Tables I and II aimed to compare the clinical and endocri‑
nological differences of ophthalmopathy associated with EGD 
and Graves' disease.

6. Treatment

The management of EGD depends on the scale of severity 
EUGOGO as a mild, moderate‑severe, and sight‑threatening 
disease. Moreover, the clinical activity score has an important 
role in treatment choice (40).

Treatment for euthyroid Graves' disease in the active phase 
implies anti‑inflammatory therapies which reduce the immune 
response and promote immune system modulation (41). It has 
been revealed in several studies and reports that the prognosis 
is usually favorable and surgical approach is rare. In all 
cases, cessation of smoking has revealed an important role 
in relieving symptoms, the clinical course of the disease, and 
response to treatment (40‑44).

Most patients with mild ophthalmopathy can be observed; 
the follow‑up interval is related to disease activity. In moderate 
to severe active Graves' ophthalmopathy cases, intravenous 
corticosteroid therapy combined with orbital radiation 
therapy can improve symptoms as lid swelling or proptosis 
but are inefficient for diplopia. Glucocorticoids have also 
demonstrated satisfactory results in TRAb‑negative euthyroid 

Table I. Comparison of clinical characteristics between ophthalmopathy associated with EGD and hyperthyroid Graves' disease.

		  Hyperthyroid
Clinical characteristics	 EGD	 Graves' disease

Age	 Similar	 Similar
Smoker proportion	 Similar	 Similar
Duration of ophthalmic	 Similar	 Similar
symptoms
Male/female ratio	 More frequent in men	
Unilateral Graves'	 More often reported	
ophthalmopathy
Clinical activity score	 Mild/ moderate cases	 Moderate‑severe/
		  sight‑threatening cases
NO SPECS	 Less active	
Soft‑tissue inflammation	 More prevalent	
Lid retraction	 More prevalent	
Optic neuropathy		  More frequent
Restrictive myopathy		  More frequent
Average Hertel values	 Similar	 Similar
Proptosis >3 mm	 More prevalent	
Steroid therapy	 Similar	 Similar
Orbital irradiation		  More frequent

EGD, Euthyroid Graves' Disease; NO SPECS, classification of ophthalmic changes in Graves' ophthalmopathy (class 0, no signs or symptoms; 
class 1, only signs no symptoms; class 2, soft tissue involvement; class 3, proptosis; class 4, extraocular muscle involvement; class 5, corneal 
involvement; class 6, sight loss).
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ophthalmopathy cases. Surgical rehabilitation interventions 
on extraocular muscles are recommended in the inactive phase 
and may relieve double vision or strabismus. Blepharoplasties 
can also be performed (23).

Severe sight‑threatening euthyroid optic neuropathy cases 
were also reported by authors. The‑first line therapy in these 
patients is represented by intravenously administered steroids, 
followed by orbital decompression surgery in irresponsive 
cases. It was suggested that the clinical response to initial 
corticosteroid therapy has variable effectiveness. The effi‑
ciency of pulse corticosteroid treatment is assessed by visual 
acuity recovery, which was described especially in cases with 
unilateral involvement (36). Atypical presentation of euthyroid 
optic neuropathy with bilateral involvement and severe dete‑
rioration in visual acuity revealed a slight amelioration after 
the intravenous corticosteroid therapy (37).

Suzuki  et  al reported that 50% of the EGD patients 
included in their clinical study received ophthalmic treatment 
as follows: 62% of patients required local injection of triam‑
cinolone, 55.2% radiotherapy in monotherapy or combined 
with glucocorticoids and 20.6% underwent different surgical 
procedures such as orbital decompression or strabismus 
surgery  (45). Most of the symptoms of thyroid‑associated 
ophthalmopathy improved, although a few patients relapsed 
over three years and received intravenous glucocorticoids, 
local steroid injections or they were eligible for surgical treat‑
ment. Half of the patients exhibited spontaneous improvement 
without any treatment at their first assessment (45).

There is no evidence of different management of euthyroid 
ophthalmopathy but it may be useful to consider the efficacy 
of novel therapies in this group of cases. Two different studies 
on teprotumumab and rituximab on monoclonal antibodies, 
represented by clinical trials compared the results in patients 
with ophthalmopathy and treatment‑induced euthyroidism 
with control patients (45,46). The new agents are important in 
high‑dose steroid unresponsive cases, exhibiting little adverse 
effects. A human monoclonal antibody, an inhibitor of IGF‑1 
receptor, teprotumumab has been recently approved for the 
treatment of active thyroid ophthalmopathy. Douglas et al 

revealed that this novel medication has some beneficial effects 
on proptosis and diplopia, reduces the CAS and improves 
the quality of life. Due to the fact that severe adverse effects 
are rare, teprotumumab could be considered an alternative 
to surgical treatment in TAO (46). Rituximab represents a 
chimeric humanized anti‑CD20 which targets B cells and 
determines a decrease in antibody production which leads 
to the interruption of the activation of TSH‑R found on the 
surface of orbital fibroblasts. It is considered that rituximab 
reduces CAS score and proptosis (47).

The treatment of thyroid ophthalmopathy should have a 
multidisciplinary approach including oculoplastic surgery, 
strabismus surgery, and neuro‑ophthalmology with a periodic 
thyroid profile assessment in order to manage the symptoms 
which can develop during the evolution of this disease (48).

7. Conclusions

Ophthalmologists should be aware of EGD, which is a rare 
entity with an atypical initial presentation. Although there are 
studies on the pathogenesis, clinical manifestations, evolution 
and treatment, in most of the cases the diagnosis is difficult. 
The asymmetrical, mild pattern of ophthalmopathy and normal 
thyroid examination function are usually indicative of EGD. 
Thus, it is confirmed by assessing specific autoantibodies. 
Patients with indicative signs and symptoms must be evalu‑
ated for thyroid ophthalmopathy, even though autoantibodies 
are negative at the initial presentation. The follow‑up interval 
should be larger since it may be the primary manifestation of 
Graves' disease and thyroid abnormalities may appear several 
months after the onset of ophthalmopathy.
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