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A B S T R A C T

Graves’ disease is characterized by two sonographic features, hypoechogenicity and increased blood flow. The
aim of this study was to review retrospectively ultrasound features and biochemical data of a cohort of untreated
Graves’ disease patients. We reviewed charts of 42 such patients, who were referred to our Endocrinology Unit
from January 2013 to May 2018. One operator performed all the thyroid sonographic scans. Serum TSH, FT3,
FT4 and TSH-receptor antibodies (TRAb) levels at the time of ultrasound examination were evaluated. Over a
mean follow-up of 30.9 months, about one in three patients (38%) experienced at least one recurrence of hy-
perthyroidism (1.4 ± 0.6 recurrence per patient), either on or off antithyroid drugs. We found that thyroid
vascularization correlated directly with thyroid volume and that larger thyroids tended to be more vascularized.
We also found that greater vascularization was associated with marked hypoechogenicity, and greater FT4 and
TRAb levels. Patients who experienced recurrence(s) had 1.7-fold higher levels of TRAb at onset. In conclusion,
thyroid hypervascularization at onset of Graves’ disease is an important sonographic feature.

Introduction

Graves’ disease is a common autoimmune thyroid disease and the
most frequent cause of thyrotoxicosis, in that it has a prevalence of
5–10 cases per 1000 inhabitants in the United States [1]. Like other
autoimmune diseases, it develops in genetically predisposed individuals
[2] upon exposure to environmental factors, such as stress [2,3]. TSH-
receptor antibodies (TRAb) are found in almost all patients with un-
treated Graves’ disease, and they are responsible for thyroid hyper-
stimulation and ensuing both goiter and hyperthyroidism [1].

Although thyroid ultrasound examination is not obligatory for the
diagnosis of Graves’ disease in case of TRAb-positive hyperthyroidism,
it may help differentiate Graves’ disease from other causes of thyr-
otoxicosis when TRAb assay is not available or in the few TRAb-nega-
tive cases [4,5]. Ultrasonography may also help in predicting relapse of
hyperthyroidism in Graves’ disease patients off antithyroid drugs [6–8].
In these patients, hypoechogenicity [7,8] and increased thyroid blood
flow [6], both detected prior to discontinuing the medical treatment,
predict a recurrence shortly after. These two sonographic features can
be found also in untreated Graves’ disease patients [5,8]. Increased

thyroid blood flow consists of increased thyroid artery diameter
(3–4mm compared to the normal 1–2mm), increased flow rate
(> 100 cm/sec), and reduced peripheral resistance [5,10]. Clinically,
the hypervascularized thyroid can be accompanied by two clinical
signs, namely thyroid bruit and thrill [11].

Correlation between thyroid sonographic pattern and thyroid
function tests is controversial [12,13].

The aim of this study was to review retrospectively ultrasound
features and biochemical data of a cohort of untreated Graves’ disease
patients at onset, and to correlate such parameters with recurrences of
hyperthyroidism.

Materials and methods

Patients

From the total 56 patients referred to our Endocrinology Unit from
January 2013 to May 2018, and who were experiencing Graves’s dis-
ease associated thyrotoxicosis, we selected those who: (i) had not suf-
fered prior episodes of thyrotoxicosis; (ii) had not started antithyroid
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drugs prior to the ultrasound examination; (iii) had their ultrasound
examination performed by the same operator (R.V.) by means of the
same ultrasound system (GE Loqiq 3, General Electric, Milwaukee,
USA), with a linear-array transducer (7–15MHz). The diagnosis of
Graves’ disease was based on goiter, clinical signs of thyrotoxicosis
(such as tremors, high pulse rate, diaphoresis, diarrhea), ophthalmo-
pathy (when present) and typical thyroid function tests (suppressed
TSH levels, elevated FT3 and FT4 levels, and positivity of TRAb).

We excluded patients (i) with thyrotoxicosis from causes other than
Graves’ disease; (ii) with Graves’ disease not at onset and who had been
already treated with antithyroid drugs, radioiodine or thyroidectomy.

Forty-two patients with Graves’ disease at onset and who had not
started treatment with antithyroid drugs prior to our visit were finally
selected for this retrospective study. Thyroid ultrasound report included
evaluation of thyroid lobes diameters (anterior-posterior, transverse
and longitudinal diameters), thyroid volume (calculated by the ellip-
soid volume formula, namely the three diameters expressed in cen-
timeters multiplied by π/6), isthmus thickness, echostructure, homo-
geneity, vascularization, and nodularity (yes/no; for the purpose of this
study we limited our analysis only to the presence/absence of nodules,
disregarding their ultrasonographic features). In particular, echos-
tructure was subjectively scored by the operator (R.V.) from 0 to 3
(0= normal, i.e. higher echogenicity compared to the neck strap
muscles, and similar echogenicity compared to salivary glands,
1=modestly hypoechoic, 2=moderately hypoechoic, 3=markedly
hypoechoic, i.e. similar to the neck strap muscles), as well as homo-
geneity (0= homogeneous, 1= finely/diffusely inhomogeneous,
2= grossly inhomogeneous without pseudonodules, 3= grossly in-
homogeneous with pseudonodules, i.e. discrete nodular areas with
different echogenicity), and vascularization (0= absent/minimal spots
with subcapsular vessels, 1=modest, patchy hypervascularization,
2=moderate hypervascularization, 3= intense hypervascularization,
i.e. “thyroid inferno”). Furthermore, thyroid blood flow was evaluated
by color Doppler mode.

We also reviewed patients’ charts, taking note of their serum TSH,
FT3, FT4 and TRAb levels at onset of hyperthyroidism. Assay of these
analytes preceded the time of ultrasound examination by one to eight
weeks. Serum FT3, FT4 and TRAb were expressed as fold increase over
the upper normal limit. This is because patients come from different
parts of our province, north-eastern Sicily and southern Calabria, so
that analytes were measured in different laboratories with different
kits. No repetition of these assays is required if results are consistent
with the diagnosis of Graves’ disease.

Statistical analysis

Continuous variables are expressed as mean ± SD, whereas cate-
gorical variables are expressed as proportions. Differences between
continuous variables were managed with the Mann-Withney test, while
difference between proportions with the Fisher’s exact test or the ??2-
test, as appropriate. Bivariate analysis was used to assess correlation
between two variables. Finally, linear multiple regression, binary lo-
gistic regression or ordinal regression were used to assess influence
between variables for continuous, dichotomous or polytomous depen-
dent variables, respectively.

Results

Of the 42 selected patients, 37 were women (female to male
ratio= 7.4:1) (Table 1). On the average, patients presented with goiter
and a moderately hypoechoic, pseudonodular and moderately hy-
pervascularized parenchyma. As expected [14], FT3 levels were rela-
tively higher compared to FT4 levels (Table 1).

Compared to females, males had larger thyroid (37.1 ± 15.7ml vs.
22.1 ± 12.9 ml, P= 0.01) and less frequently grossly echotexture (3/5
[60%] vs. 34/37 [91.9%], P=0.04). Indeed, a thyroid volume ≥20ml

was observed in all 5 males but in 17/37 females (45.9%, P=0.049).
Larger thyroids (≥20ml) were trendwisely more vascularized than
smaller thyroids (score ≥2, 77.3% vs. 50%, P= 0.06).

Younger patients (≤40 years) had a more vascularized thyroid, as
the proportion of patients with a moderately or intensely vascularized
thyroid was greater compared to those with a modestly vascularized
thyroid (17/21 [80.9%] vs. 10/21 [47.6%], P=0.05). Alternatively,
patients with moderately or intensely vascularized thyroid were
13 years younger compared to those with a modestly vascularized gland
(37.7 ± 12.5 vs. 50.4 ± 18.7, P= 0.048).

Patients with moderately or markedly hypoechoic thyroid echo-
texture showed greater vascularity compared to those with only modest
hypoechogenicity (16/22 [72.2%] vs. 9/12 [75%] vs. 2/8 [25%],
P= 0.036; 75% vs. 25%, P=0.06; 72.2% vs. 25%, P= 0.03).
Furthermore, patients with greater vascularization of their thyroid had
greater FT4 levels (Fig. 1). Even if this difference was noted also for FT3
levels, it was not statistically significant (score 1= 2.9 ± 1.5, score
2=3.5 ± 1.5, score 3= 3.0 ± 1.0).

Marked hypoechogenicity was found in patients who tended to have
higher TRAb levels compared to those with modest to moderate hy-
poechogenicity (score 3= 18.4 ± 11.4 vs. score 1 or
2=11.7 ± 9.5 IU/L, P=0.07). Thyroid parenchyma with pseudo-
nodular echostructure was more likely to harbor nodules, as compared
to non-pseudonodular parenchyma, even though this difference was not
significant (15/32 [46.9%] vs. 2/10 [20%], P=0.32).

Patients with FT3 or FT4 increased by at least 3-fold over the upper
normal limit were 10 years younger compared to the remaining patients
(36.7 ± 15.6 vs. 46.1 ± 14.2 years, P= 0.06 or 32.7 ± 13.6 vs.
44.5 ± 15.0 years, P= 0.06). Also, those with FT4 elevated by ≥3
times had a more vascularized thyroid compared to the remaining pa-
tients (score ≥2, 100% vs. 61.5%, P= 0.07). Concerning TRAb levels,
patients with levels increased by at least 5-fold over the upper normal
limit showed more frequently intense vascularization of thyroid com-
pared with none of those with TRAb levels below this cut-off (score 3,
40% vs. 0%, P=0.03).

During the follow-up, which ranged from 6 to 69months
(30.9 ± 21.1), about one in three patients (16/42, 38%) experienced
at least one exacerbation (i.e., recurrence of hyperthyroidism while on
antithyroid drugs) or relapse (i.e., recurrence of hyperthyroidism after
withdrawal of antithyroid drugs) (1.4 ± 0.6 recurrence per patient,
range 1–3). Such patients did not differ at onset from those who did not
either relapse or exacerbate subsequently for none of the clinical, so-
nographic and biochemical parameters, except for TRAb levels, which
were 1.7-fold higher in the former patients (12.6 ± 7.0 vs. 7.5 ± 6.5,
P= 0.02).

Correlation analysis

At bivariate analysis, FT4 fold increase over the upper normal limit
correlated negatively with age at onset of hyperthyroidism
(r=−0.366, P=0.04) (Fig. 2) and, even if not significantly, positively
with the homogeneity score (r= 0.317, P=0.07). In turn, age at onset
correlated negatively with the vascularization score (r=−0.350,
P= 0.03).

The number of recurrences of hyperthyroidism correlated positively
with thyroid volume and TRAb levels (r= 0.388, P=0.02 and
r= 0.399, P=0.03). Moreover, the younger the patients, the shorter
the interval between onset and the first recurrence of hyperthyroidism
(r= 0.618, P=0.03).

At stepwise linear regression analysis, the negative correlation be-
tween age at onset and vascularization score was confirmed
(β=−0.412, P= 0.01). Age at onset correlated positively with no-
dularity (β=0.372, P=0.02), as follow-up duration did (β=0.402,
P= 0.02). In the logistic ordinal model, vascularization was influenced
positively by thyroid volume (Wald= 3.776; P=0.05) and the
homogeneity score (Wald= 6.638; P=0.01).
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Discussion

Autoimmune thyroid diseases are chronic inflammatory conditions
that share similar ultrasonographic features, hypoechogenicity being
the hallmark of thyroid autoimmunity. Microscopically, hypoecho-
genicity results from lymphocytic infiltration and disruption of tissue
architecture. Whereas in Hashimoto’s thyroiditis reduced echogenicity
is the consequence of lymphocytic infiltration together with different
degree of fibrosis, in Graves’ disease it stems from lymphocytic in-
filtration, hypercellularity, scanty colloid and hypervascularization [9].
Hypoechogenicity is also a valuable sign for detecting autoimmune
thyroid disease in apparently healthy subjects [9], and for predicting
thyroid failure in thyroid antibodies positive patients [15]. Finally, it
can predict relapse of hyperthyroidism in patients with Graves’ disease
after antithyroid drug withdrawal [7,8].

The Doppler measurement of blood flow is based on the Doppler
effect, namely the change in wave frequency under reflection by a

moving structure. This change depends on the blood flow velocity, the
probe emission frequency and the Doppler angle, that is the angle be-
tween the ultrasound beam and the blood flow [5].

Thyroid color Doppler can help distinguish untreated Graves’ dis-
ease from Hashimoto’s thyroiditis, as blood flow is increased much
more in the first condition [16]. Indeed, the combination of thyroid
hypoechogenicity and color Doppler r evaluation identified all but one
patient with Graves’ disease [16]. In 1988, Ralls et al demonstrated for
the first time the increased thyroid vascularization of 15 patients with
Graves’ disease, and named it the “thyroid inferno”, this pattern con-
sisting of “multiple small areas of intrathyroidal flow seen diffusely
throughout the gland in both systole and diastole” [17]. Eight years later,
Castagnone et al confirmed the usefulness of color Doppler sonography
in Graves’ disease patients with active hyperthyroidism, who had en-
larged thyroid and greater intrathyroid vascularization compared to
controls and patients off antithyroid drugs [6]. Interestingly, different
color Doppler appearance results in different histological features in

Table 1
Demographics, thyroid ultrasonographic and biochemical data of the 42 selected patients with Graves’ disease.

Index N (%) or m ± SD

F:M (ratio) 37:5 or 7.4:1
Age (years) 42.2 ± 15.9
Thyroid volume (ml) 23.9 ± 13.9
Isthmus thickness (mm) 7.4 ± 7.0
Echogenicity score (zero to 3) 0=normal 0

1=modestly hypoechoic 8 (19.0%)
2=moderately hypoechoic 22 (52.4%)
3=markedly hypoechoic 12 (28.6%)

Omogeneity score (zero to 3) 0=homogeneous 0
1=finely/diffusely inhomogeneous 5 (11.9%)
2=grossly inhomogenenous without pseudonodules 5 (11.9%)
3=grossly inhomogeneous with pseudonodules 32 (76.2%)

Vascularization score (zero to 3) 0=normal 0
1=modest hypervascularization 15 (35.7%)
2=moderate hypervascularization 17 (40.5%)
3= intense hypervascularization (“thyroid inferno”) 10 (23.8%)

Presence of thyroid nodules [no. of nodules; no. of patients (%)] 23; 17 (40.5%)
Serum TSH (mU/L) 0.01 ± 0.02
Serum FT3, fold increase over the upper normal limit 3.2 ± 1.3
Serum FT4, fold increase over the upper normal limit 2.2 ± 1.0
Serum TRAb, fold increase over the upper normal limit 9.4 ± 7.0

Fig. 1. FT4 fold increase over the upper normal limit in the 42 Graves’ disease patients stratified based on the degree of thyroid vascularization. No patient had
normal vascularization (score=0).
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terms of aspect of vessels, fibrosis and cellular hyperplasia [18].
Thyroid color Doppler has been successfully used to differentiate the

autoimmune type 1 amiodarone-induced thyrotoxicosis from the non-
autoimmune type 2 amiodarone-induced thyrotoxicosis [19], and
Graves’ disease from destructive thyroiditis [20,21], painless thyroiditis
[12] and thyrotoxicosis factitia [22]. In subacute thyroiditis and in the
early phases of Hashimoto’s thyroiditis, any degree of vascularization is
possible, rendering the differential diagnosis a challenging one
[13,23–25]. Furthermore, Cappelli et al proved the high sensitivity and
specificity (both at 95%) of color flow Doppler ultrasonography, which
are very close to those of the more expensive and time-consuming
thyroid scintigraphy [26].

Thyroid hypervascularization results from hemodynamic changes
during hyperthyroidism, and include increased heart rate and con-
tractility, increased output, and decreased peripheral resistance [11].
Particularly, vascular endothelial growth factor and interferon-γ in-
ducible chemokines have been reported to be upregulated in Graves’
disease [13,27]. The increased blood flow has been also measured
quantitatively [10,12,13,16,20,21,28–32]. However, quantitative
Doppler techniques need careful adjustments of the ultrasound system
in order to prevent artifacts, can be challenging in certain patients, and
yet, they have not been standardized (for instance, it is debated which
artery should be sampled). Therefore, quantitative techniques have
been not included in national and international guidelines for the di-
agnosis and management of hyperthyroidism [1,9,33].

In the present study we found that larger thyroids were trendwisely
more vascularized, and in turn, vascularization was influenced posi-
tively by thyroid volume at logistic analysis. These findings are in
keeping with those of Huang et al, who found that blood flow rate
measured at superior thyroid artery correlated with thyroid gland
weight [29]. In contrast with Hodgson [34], we found no significant
correlation between vascularity and FT3 levels, but we did so for FT4
and TRAb levels, in accordance with Hiraiwa et al [12]. In this regard, a
role of TSH-receptor stimulation by TRAb in determining the increased
thyroid blood flow in Graves’ disease has been proposed [11]. Inter-
estingly, patients who experienced at least one recurrence of hy-
perthyroidism, either on or off antithyroid drugs, had about 2-fold
higher levels of TRAb at onset. In these patients, the number of re-
currences correlated positively with both TRAb levels and thyroid vo-
lume at onset. Thus, it could be inferred that these two parameters may

have prognostic relevance. Overall, young patients with a large,
markedly hypoechoic, hypervascularized thyroid, and elevated TRAb
levels at onset underpinning the increased hormonal output, are more
likely to recur in the short term.

The main strength of this study is the limited variability in reporting
ultrasonographic examinations, since only one operator performed
them. For this reason, and for the other restrictive inclusion criteria, the
major limitation is the limited number of patients selected. In light of
these restraints, some comparisons and correlations yielded only tren-
dwisely significant P values. Also, the operator was not blinded to the
severity of hyperthyroidism in most cases.

In conclusion, hypervascularization appears to be an important so-
nographic feature in patients with Graves’ disease at onset.
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