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Differential Diagnosis of Thyrotoxicosis

Hidekatsu Yanai® b ¢

Abstract

Hyperthyroidism is characterized by increased thyroid hormone syn-
thesis and secretion from the thyroid gland, whereas thyrotoxicosis
refers to the clinical syndrome of excess circulating thyroid hormones,
irrespective of the source. Thyrotoxicosis is characterized by low se-
rum thyroid-stimulating hormone (TSH) level and elevated serum
levels of free thyroxine or free triiodothyronine, or both. Therefore,
thyrotoxicosis is divided into two subtypes: thyrotoxicosis with hyper-
thyroidism such as Graves’ disease and Plummer’s disease, and thyro-
toxicosis without hyperthyroidism such as painless and subacute thy-
roiditis. Here, I describe the differential diagnosis of hyperthyroidism;
differentiation between Graves’ disease and Plummer’s disease; dif-
ferentiation between Graves’ disease with and without thyroid storm.
Further, I show the differentiation among Graves’ disease, painless
thyroiditis and subacute thyroiditis. I believe that the proper diagnosis
leads to appropriate treatment and management of thyrotoxicosis.
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Introduction

Hyperthyroidism is characterized by increased thyroid hor-
mone synthesis and secretion from the thyroid gland, whereas
thyrotoxicosis refers to the clinical syndrome of excess circu-
lating thyroid hormones, irrespective of the source [1] (Fig.
1). Thyrotoxicosis is characterized by low serum thyroid-
stimulating hormone (TSH) level and elevated serum levels of
free thyroxine (fT4) or free triiodothyronine (fT3), or both [1].
Therefore, thyrotoxicosis is divided into two subtypes: thyro-
toxicosis with hyperthyroidism and thyrotoxicosis without hy-
perthyroidism. Thyrotoxicosis with hyperthyroidism is caused
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by Graves’ disease and toxic nodular goiter (Plummer’s dis-
ease), and is characterized by a high thyroid radioactive iodine
uptake. Thyrotoxicosis without hyperthyroidism is caused by
painless and subacute thyroiditis, iodine-induced and drug-
induced thyroid dysfunction, and factitious ingestion of excess
thyroid hormones. Thyrotoxicosis due to thyroiditis is induced
by a release of preformed thyroid hormones into the circula-
tion, and this type of thyrotoxicosis is characterized by a low
thyroid radioactive iodine uptake.

The most common cause of hyperthyroidism in iodine-
sufficient areas is Graves’ disease [1]. Although in iodine-
sufficient areas about 80% of patients with hyperthyroidism
have Graves’ disease, Plummer’s disease accounts for 50%
of all cases of hyperthyroidism in iodine-deficient areas [2].
Plummer’s disease is also called toxic multinodular goiter, hy-
perfunctioning thyroid nodule and autonomously functioning
thyroid nodule. In iodine deficient areas, chronic stimulation
by TSH causes multinodular autonomous growth and function.

In Japan, Graves’ disease, painless thyroiditis and suba-
cute thyroiditis are important in the differential diagnosis for
thyrotoxicosis. An appropriate treatment for thyrotoxicosis re-
quires an accurate diagnosis. Here, I describe how to differen-
tiate each disease which induces thyrotoxicosis by introducing
our studies.

Differential Diagnosis of Hyperthyroidism

Differentiation between Graves’s disease and Plummer’s
disease

Plummer’s disease presents marked enlargement of the thyroid
gland (goiter), firm thyroid nodules, and overproduction of
thyroid hormone (hyperthyroidism). Incidence of Plummer’s
disease among Japanese is very low, accounting for 0.5-0.8%
of all thyroid nodules and 0.3% of all thyrotoxic patients [3].
The prevalence of toxic multinodular goiter (Plummer’s dis-
ease) has been reported to account for about < 1.0% of hyper-
thyroidism [4].

Therefore, in Japan, it is important to make a definitive
diagnosis of Graves’ disease in the differential diagnosis of hy-
perthyroidism. We retrospectively picked up patients who had
been diagnosed as having Graves’ disease, at National Center
for Global Health and Medicine Kohnodai Hospital, between
January 2010 and October 2018 [5]. According to the guide-
line for the diagnosis of Graves’ disease presented by the Japan
Thyroid Association, we diagnosed patients as having Graves’
disease by observing signs of thyrotoxicosis, elevation in se-
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Figure 1. Thyrotoxicosis with and without hyperthyroidism. fT3: free triiodothyronine; fT4: free thyroxine; TRAb: anti-TSH recep-

tor antibody; TSH: thyroid-stimulating hormone.

rum fT4 and fT3 levels, suppression of TSH and positive for
anti-TSH receptor antibody (TRAb). Such a patient shall be
said probably to have Graves’ disease by this guideline. We
found 74 Graves’ disease patients [5], and observed 73 Graves’
disease patients except for one patient who showed positive
for TRAD, suggesting an importance of measurement of TRAb
for diagnosis of Graves’ disease. We previously experienced a
Graves’ disease patient showing the absence of TRAb, whose
Graves’ disease was diagnosed by using scintigraphy [6]. As
shown in Figure 2, thyroid scintigraphy demonstrated diffuse
and remarkably elevated uptake of '2°I, suggesting a diagnosis
of Graves’ disease.

Typical scintigraphic patterns of thyroid diseases showing
thyrotoxicosis were shown in Figure 3. As shown in Figure 3a,
in patients with Graves’ disease, thyroid scintigraphy demon-
strates diffuse and remarkably elevated uptake of '2’I. If the
patient with thyrotoxicosis who showed negative for TRAb
and showed scintigraphic pattern b or ¢, we should consider
the patient having Plummer’s disease. Thyroiditis is character-
ized by a low thyroid radioactive iodine uptake (Fig. 3d).

When we consider hyperthyroidism based on thyroid ultra-
sound, increased thyroid blood flow in whole thyroids (Fig. 4) in
patients with hyperthyroidism suggests the existence of Graves’
disease. When we find nodules showing increased thyroid blood
flow in TRAb-negative patients with hyperthyroidism, we con-
sider such patients likely having Plummer’s disease.

Differentiation between Graves’s disease with and without
thyroid storm (TS)

TS is very rare, however, a life-threatening medical condition
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requiring emergency treatment [7-9]. The incidence rate of
TS was estimated to be 0.20 persons per 100,000 population
per year in Japan, accounting for 0.22% of all thyrotoxic pa-
tients and 5.4% of hospitalized thyrotoxic patients [9, 10]. The
mortality rate of patients with TS was 10.7% [9]. The most

Lx

Figure 2. Scintigraphic finding in a patient with Graves’ disease. Dif-
fuse uptake of '23| uptake by thyroid glands is observed in patients with
Graves’ disease.
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Figure 3. Typical scintigraphic pattern in patients with Graves’ disease (a), Plummer’s disease (b, c) and painless and subacute

thyroiditis (d). Black area indicate uptake of 23| uptake.

common causes of death in patients with TS were multiple or-
gan failure (MOF) and congestive heart failure (CHF) [9, 11],
which were induced by the decompensation of multiple organs
due to thyrotoxicosis.

Since TS is rare, the criteria by Japan Thyroid Association
were mainly based on information obtained from the litera-

tures [12]. TS was defined as thyrotoxicosis plus at least one
central nervous system (CNS) manifestation and one of the
followings: fever (> 38 °C), tachycardia (= 130/min), CHF, or
gastrointestinal (GI)/hepatic manifestation; thyrotoxicosis and
at least three of the followings: fever, tachycardia, CHF, or GI/
hepatic manifestations [13], however, which did not show any

Figure 4. Ultrasound finding in a patient with Graves’ disease. Increased thyroid blood flow in whole thyroids is observed in a

patient with Graves’ disease.
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Table 1. Characteristics for Thyroid Storm

Degree of hyperthyroidism
Higher free T3 (> 19 pg/mL)
Higher free T4 (> 6 ng/dL)
Hematological abnormality
Neutrophilia (> 74%)
Lymphocytopenia
Monocytopenia
Eosinopenia
Metabolic abnormality
Higher alkaline phosphatase (> 475 U/L)
Lower triglyceride
Lower LDL-cholesterol
Lower HDL-cholesterol (< 40 mg/dL)

Degree of immunological abnormality

Higher titer of the third-generation TSH receptor antibody (> 30 IU/L)

This table was made by modification of table in Reference 5. LDL: low-density lipoprotein; HDL: high-density lipoprotein.

laboratory data including the values of TSH, fT3 and fT4.

To obtain a more objective diagnostic tool for TS, we
retrospectively studied clinical, biochemical, hematological,
endocrinological and immunological differences between
Graves’ disease patients with and without TS at the National
Center for Global Health and Medicine Kohnodai Hospital, Ja-
pan [5]. We found that patients with TS showed higher levels
of both fT3 and T4 as compared with Graves’ patients without

TS (Table 1 [5]). Furthermore, we found neutrophilic leuko-
cytosis together with eosinopenia, monocytopenia and lym-
phocytopenia as the characteristics for TS. We also discovered
significantly higher serum alkaline phosphatase levels, and
lower serum levels of triglyceride, high-density lipoprotein-
cholesterol, and low-density lipoprotein-cholesterol in patients
with TS as compared with those without TS. A significantly
higher titer of TRAb was also characteristic for TS.

Table 2. Differences in Clinical, Endocrinological, Immunological and Biochemical Findings and Diagnostic Imaging Among Graves’

Disease, Subacute Thyroiditis and Painless Thyroiditis

Graves’ disease Subacute thyroiditis Painless thyroiditis

Clinical findings

Swelling +) ©) > @)

Pain “) +) “)

Tenderness () @) ©)
Scintigraphic findings

Radioactive iodine uptake 1 | (acute phase) !
Echoic findings Increase of blood flow Hypoechoic lesion at a painful portion
Thyroid hormones

Free T3 (mean + SD, pg/mL) 14.0+8.0 8.6+3.3 > 45+13

Free T4 (mean + SD, pg/dL) 3719 29409 > 1.7+0.4

Free T3/free T4 (mean + SD) 3.6+0.7 31+0.8 > 2704
TSH receptor antibody ) () )
Leukocytosis (leukocytes/uL) 5,527 + 1,780 (-) 9,780 £4,013 (+) 6,386 3,913 (-)
C-reactive protein

Positive rate (%) 23 90 33

Values (mean + SD, mg/dL) 02+04

4.8+4.0 24+48

This table was made by modification of tables in Reference 14. TSH: thyroid-stimulating hormone.
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Differentiation among Graves’ disease (thyrotoxicosis with
hyperthyroidism), painless thyroiditis and subacute thy-
roiditis (thyrotoxicosis without hyperthyroidism)

In Japan, Graves’ disease, painless thyroiditis and subacute
thyroiditis are important in the differential diagnosis for thyro-
toxicosis. We retrospectively picked up patients who had been
diagnosed as having Graves’ disease, painless thyroiditis and
subacute thyroiditis who showed thyrotoxicosis, at National
Center for Global Health and Medicine Kohnodai Hospital,
between January 2010 and October 2018 [14]. The guideline
for diagnosis of painless thyroiditis by Japan Thyroid Associa-
tion includes thyrotoxicosis without pain of the thyroid gland
and spontaneous improvement of thyrotoxicosis, elevation of
serum fT4, suppression of TSH and negative for TRAb. A pa-
tient showing such findings shall be said probably to have pain-
less thyroiditis by the guideline. If decreased radioactive iodine
uptake to the thyroid gland is observed in a patient, the patient
has satisfied all criteria. The guideline for diagnosis of subacute
thyroiditis includes a swelling with pain and tenderness in the
thyroid gland, elevation of C-reactive protein (CRP), elevation
of serum fT4 and suppression of TSH. A patient showing such
findings shall be said probably to have subacute thyroiditis. If
hypoechoic lesion at a painful portion of the thyroid gland is
confirmed by ultrasonography in a patient, the patient has satis-
fied all criteria. In the guideline for Graves’ disease, the fT3/fT4
ratio is helpful to exclude painless thyroiditis.

Differences in clinical, endocrinological, immunologi-
cal and biochemical findings and diagnostic imaging among
Graves’ disease, subacute thyroiditis and painless thyroiditis
were shown in Table 2 [14]. As newly obtained findings, lev-
els of fT3 and fT4 and the fT3/fT4 ratio were higher in the or-
der of Graves’ disease, subacute thyroiditis and painless thy-
roiditis. Further, leukocytosis was observed in patients with
subacute thyroiditis. High positive rate and values of CRP was
characteristic finding for subacute thyroiditis.

Conclusion

I described the differential diagnosis of hyperthyroidism; dif-
ferentiation between Graves’s disease and Plummer’s disease;
differentiation between Graves’s disease with and without
thyroid storm. Further, I presented the differentiation among
Graves’s disease, painless thyroiditis and subacute thyroiditis.
I believe that the proper diagnosis leads to appropriate treat-
ment and management of thyrotoxicosis.
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