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ABSTRACT

In this mini-review, we discuss the role of thyroid sonography as a ‘point-of-care’ tool for assessing and
managing patients with (suspected) hyperthyroidism who present to the endocrine outpatient clinic. A thy-
roid ultrasound may aid in distinguishing between hyperthyroidism and destructive thyroiditis. The presence
of intense vascularity (‘thyroid inferno') on the power Doppler has a very high positive predictive value in
identifying hyperthyroidism. It may also allow for the sub-classification of hyperthyroidism into autoimmune
and nodular hyperthyroidism. It is important to identify the presence of thyroid nodules at an early stage, as
this may influence management. Toxic nodules requires definitive treatment, as well as the presence of nod-
ules in Graves' disease because of increased risk of malignancy. Current guidelines on hyperthyroidism do
not clearly state thyroid sonography as a first line investigation, although recent authoritative reviews point
in that direction. Given the aforementioned benefits of thyroid sonography, alongside the reduced costs and
widespread availability of high-resolution (including portable) ultrasound devices, there is an argument for
thyroid sonography to be applied as a first line investigation for all patients with hyperthyroidism. Endo-
crinologists trained in thyroid sonography could perform this as an extension of their clinical examination
when patients first present with hyperthyroidism at the endocrine clinic.

Thyroid ultrasound scanning (USS) is the However, thyroid USS is infrequently utilised in
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most sensitive imaging modality for assess-
ing the morphology of the thyroid. It is also the
most commonly accepted imaging modality for
assessing thyroid nodules, including its applica-
tion in guiding fine needle aspirations, and in the
long-term monitoring of patients who were treat-
ed for thyroid cancer (alongside tumour markers).
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the investigation of patients presenting primarily
with thyrotoxicosis. The differential diagnosis of
thyrotoxicosis is wide [1], and includes conditions
that cause increased thyroid hormone produc-
tion and secretion (hyperthyroidism; e.g. Graves'
disease (GD), toxic multi-nodular goitre and soli-
tary toxic nodule) and conditions that do not (e.g.



thyroiditis and factitious thyrotoxicosis). Thyroid
USS can often help differentiate hyperthyroid-
ism from destructive thyroiditis and other thyro-
toxicosis-causing conditions, such as factitious
thyrotoxicosis and struma ovarii, which are asso-
ciated with a morphologically-normal thyroid
gland. Similarly, thyroid USS can promptly differ-
entiate between autoimmune and nodular causes
of hyperthyroidism. Whilst thyroid function tests
(TFTs) are readily available when a patient first
presents to the endocrinologist, in this narrative
review we discuss the inclusion of thyroid USS as
another first line bedside investigation in thyro-
toxicosis.

Given the increasing availability and afford-
ability of high-resolution (including portable)
USS devices, there is a de facto inclusion of thy-
roid sonography as an extension of the bedside
examination at many endocrine centres around
the globe. Notwithstanding, this is not a universal
policy and not all endocrinologists believe that
thyroid USS has a role in the diagnosis and man-
agement of GD. Indeed, it must be noted that the
bedside thyroid USS is not a practice that is as
yet endorsed by international guidelines.

The sonographic signature characteristics of
GD include a diffuse reduction in echogenicity,
linear echogenic inclusions, and increased gland
volume, usually with a symmetrical enlargement
of the entire gland with consequent displacement
of the vascular bundles of the neck laterally and/
or dorsally [2]. However, it is the intense vascular-
ity (‘thyroid inferno') on the power Doppler that
appears pathognomonic of GD with a positive
predictive value of 95% [3]. Nevertheless, in mild,
and treated, GD, the vascularity may be mildly
increased or even normal and, conversely, hashi-
toxicosis may give a markedly increased vascular-
ity [4]. Various techniques do exist to quantify the
vascularity using colour Doppler imaging: thyroid
blood flow area (TBFA), superior, or inferior, thy-
roid artery mean peak systolic velocity, and dedi-
cated software calculating thyroid blood flow area
[5-8]. In clinical practice, this means that in many
cases the diagnosis can be instantly confirmed
long before TSH receptor antibody (TRAb) results
— which have high sensitivity and specificity for
GD [9] — become available. Even in TRAb-positive
patients, the co-existence of GD and toxic nod-
ules (or the presence of nodular GD) is of interest,
as it may guide the management towards defini-

tive treatment. Similarly, it is useful to recognise
the co-existence of parathyroid adenomas as this
may also influence the management [10]. In a sur-
gical series of 96 patients who underwent thy-
roidectomy for hyperthyroidism, 13 (13.5%) were
found to have concomitant primary hyperpara-
thyroidism (11 with a parathyroid adenoma and
two with hyperplasia) [11]. Another single-centre
series reported 21 cases of concomitant GD and
primary hyperparathyroidism diagnosed based
on clinical, intraoperative parathyroid hormone
monitoring and histology criteria [12]. Regardless
of the likely selection bias in this single-centre
series, the point should be made that the co-ex-
istence of these two pathologies is not infrequent
and that mild hypercalcaemia in patients with
hyperthyroidism should not be assumed to be
due to the hyperthyroidism per se.

Furthermore, suspicious and malignant cytol-
ogy (Bethesda classifications 5 and 6, respec-
tively) is significantly more common in nodules
aspirated in patients with GD (20% of fine-needle
aspirations vs. 7% in patients without GD) [13].
Indeed, in a systematic review and meta-analy-
sis, which included a total of seven retrospective
studies and 2,582 patients with GD, 297 (11.5%)
were found to have thyroid cancer [14]. Thyroid
nodules were identified in 968 (37.5%) patients
and were correlated with a fivefold increased risk
of thyroid carcinoma vs. those with GD and no
nodules on the thyroid USS [14]. Nevertheless,
it is worth noting the high study heterogeneity,
the retrospective nature and the possible selec-
tion bias of the included studies, which enrolled
only participants who underwent surgery. More-
over, these studies did not report on ultrasound
stratification systems ((e.g. the ATA [15], TIRADS
[16], ACR-TIRADS [17] or EU-TIRADS [18]) and,
perhaps more importantly, did not report on the
percentage of papillary microcarcinomas (micro-
PTC). This was addressed in a retrospective sur-
gical series of 526 patients who underwent thy-
roidectomy for GD. The above-mentioned study
again showed high prevalence of thyroid nodules
(177/526, 34%), a significant prevalence of thyroid
cancer (42/526, 8%), and a significantly increased
risk of thyroid cancer in the presence of a nod-
ule [19]. It also provided information regarding
the nature of thyroid cancer; all 42 patients had
papillary thyroid carcinoma (PTC), 33 (79%) had
micro-PTC, three (7%) had lymph node infiltra-
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tion and 37 (88%) were deemed to have Stage
| disease [19]. During a seven-year follow-up,
recurrence was observed in three (7%) patients,
including one with micro-PTC, and no mortality
was seen [19]. On the other hand, some studies
reported a higher incidence of aggressive vari-
ants of papillary thyroid carcinoma and lymph
node metastases [20,21]. Pathophysiologically,
the increased incidence and aggressiveness of
thyroid carcinoma in the context of hyperthy-
roidism may relate to the stimulatory effect of
TRAb on the differentiated thyroid carcinoma
cells which retain their TRAb receptors [22,23].
Based on the above evidence, an over-diagnosis
of papillary micro-carcinomas is a concern when
it comes to the widespread application of thyroid
sonography. This concern can be ameliorated if
the sonography is performed by experienced and
formally-accredited sonographers who adhere to
international guidelines on the management of
thyroid nodules and cancer [15,17].

Moreover, it is worth briefly mentioning the
utility of thyroid sonography in the diagnostic
work-up of medication-induced thyrotoxico-
sis. With amiodarone [24], interferon [25] and the
newer immune-complex inhibitors [24-26], the
distinction is usually between a destructive thy-
roiditis and hyperthyroidism. Thyroiditis is, more
often than not, associated with reduced vascu-
larity and echogenicity on USS and little or no
diffuse thyroid enlargement. Conversely, medica-
tion-induced hyperthyroidism is more common-
ly associated with increased vascularity, diffuse
thyroid enlargement or a multi-nodular goitre.
With the aforementioned medications, along with
denileukin diftitox (IL-2 fused to dipthenia tox-
in), a destructive thyroiditis is the more frequent
cause of the thyrotoxicosis, whereas with alem-
tuzumab [27] Graves' disease, hyperthyroidism
appears to be more common, although regarding
these latter two medications not a lot of evidence
exists in relation to their sonographic signature.

The American Thyroid Association 2016
guidelines on hyperthyroidism state that, if the
diagnosis is not apparent clinically and biochemi-
cally, then, depending on expertise and resources,
measurement of TRAb or radioiodine uptake scin-
tigraphy or measurement of thyroid blood flow on
USS can be performed, with preference for scin-
tigraphy when the clinical presentation suggests
a toxic adenoma or multi-nodular goitre [10].
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However, the reliance on palpation for the identifi-
cation of thyroid nodules is problematic, with low
sensitivity and specificity. For example, in a study
of 135 patients with hyperthyroidism, 60 (45%)
were found to have thyroid nodules, of which
a third were not felt on palpation [28]. Moreover,
considering the aforementioned high incidence of
thyroid malignancy in patients who present with
hyperthyroidism and thyroid nodules [13], and the
delay in performing scintigraphy, the higher costs
and the radiation involved with it, it may seem log-
ical for thyroid sonography to be carried out first
in all patients. Consequently, scintigraphy can be
reserved in a minority of cases, as clinically indi-
cated. Indeed, thyroid sonography appears to be
the preferred method of investigation employed
by endocrinologists in the modern era. This is
reflected in the results of two surveys that exam-
ined how endocrinologists manage hyperthyroid-
ism. The first, from France, included 992 patients
managed by 263 endocrinologists; thyroid USS
was performed in 94% of the cases (vs. 40% and
58% who had scintigraphy and TRAb, respec-
tively) [29]. The second survey, from Italy, includ-
ed 947 endocrinologists; 92% reported that they
would request a thyroid USS for hyperthyroid-
ism (vs. 25% for scintigraphy) and, overwhelm-
ingly, chose thyroid sonography in conjunction
with TRAb as their preferred diagnostic modali-
ties [30]. Our practice preference in Cyprus is also
to perform both thyroid sonography and TRAb, in
that sequence, invariably in all patients present-
ing with hyperthyroidism. It is worth mentioning
the better diagnostic performance of TRAb vs. the
clinical assessment of hyperthyroidism, as well as
the fact that a negative TRAb does not distinguish
among other aetiologies and may, on occasion, be
seen in very mild GD [1,10,31].

In a recent authoritative review on Graves'
disease [32], the utilisation of thyroid sonography
was upgraded to a first line investigation, even in
patients with clinically suspected hyperthyroidism
whose TFTs were not available. The authors high-
lighted that thyroid USS can allow for the imme-
diate distinction between GD and multi-nodular
goitre, which can be achieved on a patient's first
presentation and without the need for radiologi-
cal imaging [32]. TRAb has been recommended
as a subsequent investigation tool in all patients
for the definitive diagnosis of GD and for aiding
management, whereas radioiodine uptake scan



is considered unnecessary if the patient is TRAb
positive [1,32]. These recommendations are con-
gruent with our own practice and the conclusions
drawn from this literature review.

Case study

A 26-year-old female presented to the endo-
crine clinic with malaise, tremor, restlessness
and palpitations for a month. Physical examina-
tion revealed resting tachycardia at 100 beats
per minute, tremors and a non-tender goitre, but

RIGHT TS

no pathognomonic features of Graves' disease,
such as ophthalmopathy, pretibial myxoedema
or acropachy. Blood tests (performed prior to the
consultation by her general practitioner) showed
a free tetraiodothyronine (T4) of 59.9 (reference
range, 10.00 — 19.78) pmol/L and a supressed
TSH at <0.005 (0.25 - 5.00) mIU/L. Thus, the
patient's clinical features and blood tests were
consistent with thyrotoxicosis. In the absence of
a clinically evident cause, the differential diag-
nosis included Graves' disease, thyroiditis and
nodular disease. A thyroid ultrasound scan per-
formed as an extension of the physical exami-

LS

Figure 1. Bedside thyroid ultrasound scan showing an enlarged thyroid with diffuse and marked heterogeneity (A), along with an
intensely increased vascularity on power Doppler, indicative of ‘thyroid inferno’ (B). A thyroid nodule was also visible on the right lobe
(C); this measured 16.1x7.3x16.3mm and was hypoechoic with irregular borders, subcapsular and in contact, but not clearly infiltrat-

ing, the anterior capsule (D) and stratified as a ‘high risk’ nodule

Journal of Medical Science 2020;89(4)




272

nation ‘on the spot' revealed an enlarged thyroid
with diffuse and marked heterogeneity along with
an intensely increased vascularity on the power
Doppler, indicative of ‘thyroid inferno' (Figure 1).
However, a thyroid nodule was also identified in
the right lobe; this was hypoechoic with irregular
borders, subcapsular and in contact with, but not
clearly infiltrating, the anterior thyroid capsule; it
was stratified as a 'high risk’ nodule as per Amer-
ican Thyroid Association 2015 guidelines on the
management of thyroid nodules and cancer [15].
By the end of her first visit to the endocrinologist,
a dual diagnosis of Graves' disease and possible
thyroid carcinoma was given. She was started on
anti-thyroid drugs and counselled that surgery
may be required. Subsequently, her TSH receptor
antibody (TRAb) titres came back significantly
raised, confirming Graves' disease. A radioiodine
uptake scan showed reduced uptake in the right-
sided nodule region and an ultrasound-guided
fine-needle aspiration test showed cytologi-
cal appearances of papillary thyroid carcinoma
(PTC) (Thy 5 or Bethesda 6). A total thyroidecto-
my with therapeutic central compartment lymph
node dissection was successfully performed
within six weeks of presentation. Histopathologi-
cally, a 15 mm right-sided PTC was evident with
no extrathyroidal extension and no capsular or
vascular invasion, with an incidental finding of
left-sided 2 mm and 3 mm PTC foci. Six out of
17 lymph nodes were also positive for PTC (max.
diameter was 4 mm). Overall, tumour grading was
pT1b(m)N1aMORO; stage 1. Radioactive iodine
ablation (30mCi) was administered three months
post-operatively. The patient has since been well-
controlled on levothyroxine and remains euthy-
roid to this date (two and a half years after her
presentation) with an undetectable thyroglobu-
lin, negative thyroglobulin antibodies and a nor-
mal post-thyroidectomy thyroid ultrasound scan,
hence no evidence of thyroid cancer recurrence.
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