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Abstract

We present two cases of hyperthyroid cardiomyopathy (CMP) caused by Graves’ disease in which multidetector computed tomogra-
phy (MDCT) findings provided specific diagnostic clues, guiding the attending physician to a prompt diagnosis and allowing rapid
initiation of therapy. We believe that a combination of diffuse thyroid enlargement, with decreased attenuation on non-enhanced
chest CT, thymic hyperplasia and cardiomegaly (i.e. predominantly right heart failure with enlargement of the left atrium) are sus-
picious CT findings of hyperthyroid CMP.
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1. Introduction

Diagnosis of hyperthyroid cardiomyopathy (CMP) has
been mainly established on the basis of clinical and labo-
ratory findings (1-5). However, as the field of view of rou-
tine chest computed tomography (CT) includes both thy-
roid glands and heart, multidetector CT (MDCT) has a po-
tential to provide important clues to the presence of hyper-
thyroid CMP, even if clinical information is not available.
We present two cases of hyperthyroid CMP, in which MDCT
findings suggested the diagnosis, prior to detailed clinical
work-up.

2. Case Presentation

2.1. Case 1

A 47-year-old male presented with exertional dyspnea
for one month. The patient had a history of heavy alcohol
intake. However, he had stopped drinking approximately
one year earlier. Atrial fibrillation was noted on electro-
cardiogram (ECG) and chest posteroanterior X-ray showed
cardiomegaly and a right pleural effusion. Chest CT was
performed for further evaluation. Diffuse thyroid enlarge-
ment (diameter of thyroid lobe = 41 mm and isthmic por-
tion = 10 mm) with decreased attenuation (i.e., loss of nor-
mal iodine-based high attenuation in the thyroid glands)
was noted on non-enhanced chest CT (LightSpeed VCT, GE
Healthcare, Milwaukee, WI, USA) (Figure 1A and 1B). The
Hounsfield units (HU) of the thyroid glands were markedly

lower than normal (HU = 71) (Figure 1B). Mild thymic hyper-
plasia (53 × 38 × 13 mm), bilateral pleural effusions and
cardiomegaly [notably of the left atrium (43 mm), main
pulmonary artery (34 mm), right atrium (56 mm) and right
ventricle (54 mm)] were noted on contrast enhanced chest
CT (Figure 1C- 1E ). We notified the attending physician of
our high suspicion of hyperthyroid CMP, based on the CT
findings, and recommended him to perform thyroid func-
tion test, auto-antibody tests and echocardiography. Mod-
erate pulmonary hypertension (right ventricular systolic
pressure = 55.3 mmHg) and grade 2 tricuspid regurgitation
were noted on the echocardiography performed the next
day. Thyroid function and auto-antibody tests were con-
sistent with Graves’ disease [triiodothyronine (T3) = 3.28
ng/mL (normal range, 0.6 - 1.81 ng/mL), thyroid stimulat-
ing hormone (TSH) ≤ 0.01 uIU/mL (normal range, 0.35 - 5.5
uIU/mL), thyroxine (T4) = 7.03 ng/mL (normal range, 0.89 -
1.76 ng/mL), thyroid stimulating antibody = positive (320.3
%), antithyroid peroxidase antibody (ATPO) =116.6 IU/mL
(normal range, 5 - 13.6 IU/mL), thyroglobulin antibody =
314.6 IU/mL (normal range, 10 - 124.2 IU/mL), TSH receptor
antibody (TRAb) > 40.00 U/L (0 - 1.75 U/L)]. The therapeu-
tic regimen consisted of 5 mg methimazole administered
twice daily. Right ventricular systolic pressure decreased
to 38.7 mmHg on follow-up echocardiography performed
2 days after the initial study. Right atrial and ventricular
size were also slightly decreased, suggesting interval im-
provement of pulmonary hypertension, in response to me-
thimazole administration. The patient was ultimately dis-
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charged without dyspnea.

2.2. Case 2

A 48-year-old female presented with intermittent chest
pain and exertional dyspnea, for 2 months. Sinus tachy-
cardia was identified on ECG. Echocardiography showed
moderate pulmonary hypertension (right ventricular sys-
tolic pressure = 55.7 mmHg) and mild tricuspid regurgita-
tion. Chest CT was performed to evaluate the cause of un-
explained pulmonary hypertension. The CT features of the
patient were approximately similar to those of Case 1 (Fig-
ure 2), leading to a high suspicion of hyperthyroid CMP.
Thyroid function and auto-antibody tests were consistent
with Graves’ disease [T3 = 4.39 ng/mL (normal range, 0.6
- 1.81 ng/mL), TSH ≤ 0.01 uIU/mL (normal range, 0.35 - 5.5
uIU/mL), T4 = 4.94 ng/ml (normal range, 0.89 - 1.76 ng/mL),
thyroid stimulating antibody = positive (659.2 %), ATPO =
89.4 IU/mL (normal range, 5 - 13.6 IU/mL), thyroglobulin an-
tibody = 183.3 IU/mL (normal range, 10 - 124.2 IU/mL), TRAb
> 40.00 U/L (0 - 1.75 U/L)]. Therapy with 5 mg methima-
zole twice daily was started and the patient was discharged
without residual symptoms.

3. Discussion

There is no prior report in the English literature re-
garding specific MDCT findings of hyperthyroid CMP. In
our cases, diagnostic indicators of hyperthyroid CMP on CT
were a combination of the following: diffuse thyroid en-
largement with decreased attenuation on non-enhanced
chest CT (i.e., loss of normal iodine-based high attenuation
of thyroid glands), thymic hyperplasia and cardiomegaly
[i.e., predominantly right heart failure (enlargement of
main pulmonary artery, right atrium and right ventricle)
and left atrial enlargement]. We believe that the combina-
tion of the above CT findings is suggestive for the diagnosis
of hyperthyroid CMP.

The previous studies reported that decrease in the at-
tenuation of the thyroid glands on non-enhanced CT scan
may be related to changes in the metabolism of thyroid
hormone in patients with Graves’ disease (6, 7). Specifi-
cally, this may be caused by the fact that in patients with
Graves’ disease, once iodine is taken up from the blood
stream and synthesized to thyroid hormone, iodine is se-
creted again, without entering the thyroid pool (6). In a
previous study, CT density of thyroid gland on the non-
enhanced CT in patients with normal thyroid function (122
± 18 HU; the lowest value = 87 HU) was significantly dif-
ferent from that of Grave’s disease (85 ± 22 HU, P < 0.001)
(6). On average, 52.7% of patients with Grave’s disease had
a CT density of less than 87 HU in the study. Therefore,

loss of normal iodine-based high attenuation in the thy-
roid glands is expected to be quite specific, even though it
is not sensitive as a finding for the detection of hyperthy-
roidism caused by Graves’ disease. Further research is re-
quired to address this issue.

Thymic hyperplasia is an additional CT indicator of hy-
perthyroid CMP in patients with hyperthyroidism (8-10).
Thyroid hormone may have a direct effect on the thymus,
leading to hyperplasia of thymic cells (8). However, the per-
centage of thymic hyperplasia on CT, occurring in patients
with Grave’s disease, has not been elucidated yet and re-
quires further study.

As for the third important CT feature of hyperthyroid
CMP, previous studies have indicated that pulmonary hy-
pertension is frequent in patients with hyperthyroidism
(11-13). Consequently, hyperthyroid CMP is character-
ized by CT findings of pulmonary hypertension and pre-
dominantly right heart failure (i.e., enlargement of the
right atrium, right ventricle, and main pulmonary artery
on CT). Several possible mechanisms may account for
hyperthyroid-induced pulmonary hypertension: first, thy-
roid hormones may cause increase in pulmonary vascular
resistance, based on a direct effect on pulmonary vascu-
lature (10); second, presence of atrial fibrillation and in-
crease in blood volume in patients with hyperthyroidism
may result in left atrial enlargement. The increase in left
atrial pressure leads to the elevation of pulmonary capil-
lary pressure, and, secondarily, an increase in pulmonary
arterial pressure. Third, the left ventricular hypertrophy
and reduced left ventricular contractile reserve may cause
impaired left ventricular filling, resulting in increased left
atrial pressure (4). Therefore, hyperthyroid CMP should be
suspected in patients with unexplained pulmonary hyper-
tension, as described in Case 2. Relatively rapid improve-
ment of pulmonary hypertension after administration of
anti-thyroid agent, as in Case 1, may be due to alleviation of
atrial fibrillation and decreased pulmonary arterial resis-
tance.

In conclusion, diagnosis of hyperthyroid CMP is pos-
sible based on recognition of certain MDCT findings. Fa-
miliarity with CT features of hyperthyroid CMP can lead
to prompt diagnosis, early treatment and a better clinical
outcome.
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Figure 1. A 47-year-old male with exertional dyspnea and atrial fibrillation. A and B, Diffuse thyroid enlargement (arrowheads on A and B) with a decreased attenuation (HU
= 71) was noted on non-enhanced chest CT. Note the loss of the normal high attenuation in the thyroid glands (B). C, Mild thymic hyperplasia (arrowheads) and enlargement
of main pulmonary artery (arrows) are demonstrated on contrast enhanced chest CT, at the level of bifurcation of the main pulmonary artery. Right pleural effusion is also
noted. D, Mild thymic hyperplasia (arrowheads) is evident on a coronal CT image. E, Enlargement of the left and right atria and right pleural effusion are demonstrated on
contrast enhanced chest CT, at the level of the left atrium.
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Figure2. A 48-year-old female with intermittent chest pain, exrtional dyspnea, sinus tachycardia and moderate pulmonary hypertension. A and B, Diffuse thyroid enlargement
(diameter of thyroid lobe = 27 mm and isthmic portion = 12 mm) (arrowheads on A and B) with a decreased attenuation (HU = 57) was noted on non-enhanced chest CT (B).
C, Mild thymic hyperplasia (arrowheads) and mild enlargement of main pulmonary artery (32 mm) (arrow) are demonstrated on contrast enhanced chest CT, at the level of
bifurcation of the main pulmonary artery. D, Mild thymic hyperplasia (39 × 47 × 13 mm) (arrowheads) is evident on a coronal CT image. E, Enlargement of the left (44 mm)
and right atrium (54 mm) is demonstrated on contrast enhanced chest CT, at the level of the left atrium.
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