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W

e briefly describe a case of a 31-year-old man with persistent hyperthyroidism, despite medical treatment with high dose
methimazole. Twelve-lead 24-hour Holter monitoring showed bifid (or dome-and-dart) T waves and echocardiography revealed
mild left ventricle dilatation. Hyperthyroidism was eventually treated with total thyroidectomy, and thereafter, T waves became
normal and the left ventricle returned to normal dimensions. Hyperthyroidism should be considered among the differential diagnoses when
T wave abnormalities are observed on electrocardiogram and when mild left ventricle dilatation is observed on an echocardiogram. The
correction of hyperthyroidism can reverse these abnormalities.
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Hyperthyroidism is a disease characterised by excess thyroid hormone synthesis and secretion
from the thyroid gland. It is most frequently caused by Graves’ disease and toxic nodular goiter.
Systemic complications involving the respiratory, cardiac and gastrointestinal systems, as well
as ocular manifestations, such as exophthalmos, can be caused by hyperthyroidism. Common
cardiologic complications are atrial fibrillation, heart failure, pulmonary hypertension and angina
pectoris.1 Here we present a case report of a young man affected by hyperthyroidism with bifid
(or dome-and-dart) T waves on the electrocardiogram (ECG).

Case report
A 31-year-old man presented to a centre in April 2018 with excessive sweating, tremors, myalgias,
and a 12-kg weight loss. These symptoms started about 3 months before first presentation.
Graves’ disease was diagnosed with laboratory tests that showed suppressed thyroid-stimulating
hormone (TSH; <0.005 mUI/L [reference range 2.00–4.00 mUI/L]) and high free thyroxine 4 (FT4;
>99.9 pmol/L [reference range 10.3–23.2 pmol/L]). TSH-receptor antibodies were found to be
elevated (22 UI/L, positive if ≥1 UI/L). Thyroid ultrasonography showed an enlarged gland with
increased vascularity. The patient was started on therapy with methimazole at a dose of 20 mg
per day (divided into two doses of 10 mg). Subsequent evaluations revealed persistent suppression
of TSH, so the methimazole dose was increased to 30 mg a day (divided into three equal doses)
and prednisone 25 mg daily was started.
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He was referred to our clinic in November 2018 for persistent hyperthyroidism. Blood exams
documented suppressed TSH and elevated free triiodothyronine (FT3) and FT4 (these exams
were performed in another lab and are not available). He was compliant with his medications, but
continued to complain of excessive sweating, tremors, myalgias and mild ophthalmopathy. A physical
examination revealed enlarged, symmetric, soft thyroid and mild exophthalmos. Blood pressure was
120/80 mmHg, heart rate was 87 bpm and body weight was 73 kg. No other physical abnormalities
or electrolyte imbalances were detected. Medications for hyperthyroidism were adjusted to
methimazole 40 mg (divided into two doses), and 20 mg of propranolol twice a day was started.
Prednisone (25 mg daily) was continued. It was decided that either radioactive iodine therapy or
total thyroidectomy would be the best treatment option. We discussed the benefits and risks of each
strategy with the patient, and, finally, he chose the surgical approach, because he desired prompt
control of the hyperthyroidism, and preferred to avoid radioactive exposure.
On 24 January 2019, he was seen by our surgeon, an expert in thyroidal surgery. At that time,
laboratory tests revealed TSH 0.02 mUI/L, FT4 62.9 pmol/L (reference range 9.0–22.0 pmol/L; a
slight difference in reference ranges between difference labs can exist) and FT3 36.7 pmol/L
(reference range 3.9–6.8 pmol/L) The dose of methimazole was further increased to 50 mg per day
(divided into two doses).
On 30 January 2019, he was admitted to our hospital. Laboratory exams continued to show
hyperthyroidism (TSH 0.01 mUI/L, FT4 43.6 pmol/L and FT3 15.1 pmol/L). Propranolol was increased
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Figure 1: Electrocardiogram recorded at the presentation
(active hyperthyroid status)

Figure 2: Electrocardiogram recorded after normalisation
of hyperthyroidism

Electrocardiogram (ECG) showed sinus rhythm, heart rate of 75 beat per minute,
ventricular axis 75°, PQ segment 0.12 s, Sokolov-Lyon criteria positive for left
ventricular hypertrophy, diffuse dome and dart T waves, especially in leads D2, D3,
aVF and from V2 to V5.

Electrocardiogram (ECG) showed sinus rhythm, heart rate 70 beats per minute,
absence of ECG-criteria left ventricular hypertrophy and an improvement in
repolarisation with normal T waves.

to 40 mg three times per day and therapy with Lugol’s solution (a solution
of elemental iodine and potassium iodide given as a pre-operative
treatment) was started.2 At admission, the 12-lead 24-hour Holter
monitoring showed sinus rhythm, signs of left ventricular hypertrophy
and diffuse ST-T abnormalities with initial dome and subsequent dart
T waves throughout the recording (Figure 1). The echocardiogram
showed a mild dilatation of the left ventricle (end diastolic volume
79 mL/m2 [reference range 54 ± 10 mL/m2], end systolic volume 32 mL/m2
[reference range 21 ± 5 mL/m2], diastolic diameter 5.6 cm [reference
range 5.0 ± 0.4 cm]), without other relevant findings. On 8 February 2019,
the patient underwent total thyroidectomy. No complications occurred
after the surgical procedure and thyroid hormone replacement therapy
(L-thyroxine) was started.

Discussion

After 1 month of L-thyroxine (at a dose of 50 mcg per day), laboratory
tests showed hypothyroidism with TSH (4.32 mUI/L) FT4 (6.0 pmol/L),
FT3 (1.9 pmol/L), parathyroid hormone (36.4 ng/L [reference range
6.5–36.8 ng/L]), calcium (2.4 mmol/L [reference range 2.1–2.6 mmol/L])
and phosphorus (1.3 mmol/L [reference range 0.87–1.45 mmol/L]).
In addition, the Holter monitoring showed a normal sinus rhythm
without ECG signs of left ventricular hypertrophy or abnormalities of
ST-T waves (Figure 2). Moreover, the echocardiogram showed normal
dimension of left ventricle (end diastolic volume 64 mL/m2, end systolic
volume 26 mL/m2, diastolic diameter 5 cm). For the mild hypothyroidism,
L-thyroxine was increased to 75 mcg per day.
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Hyperthyroidism
can
induce
both
haemodynamical
and
electrophysiological effects. Pathophysiological consequences of
hyperthyroidism are mediated by triiodothyronine’s (T3) genomic (binding
to intranuclear specific receptor, acting as a transcriptional factor and
promoting transcription of specific genes) and nongenomic actions
(including direct cytoplasmatic effects not involving gene transcriptions).3
In cardiomyocytes, these actions lead to synthesis of calcium-activated
ATPase, sarcoplasmic reticulum protein and phospholamban.3 T3 can
also induce a remodulation of sodium, calcium and potassium channels
with respective changes to intracellular ionic concentration. For example,
Ma et al. demonstrated that in adult rats, T3 administration is able to
modify the expression of voltage-gated cardiac potassium channels,
reducing the action potential duration both in the atrium and ventricle,
although with a different response between the two districts.4
Thyroid hormones can also determine upregulation of beta-adrenergic
receptors with increased sensitivity to catecholamine.3 As a
consequence, there is an increase of chronotropy and inotropy,3,5 which
leads to increased heart rate, systolic blood pressure, stroke volume
and cardiac output (cardiac preload is also augmented due to increased
blood volume). Hyperthyroidism also reduces peripheral resistance,
cardiac afterload and diastolic blood pressure. This complex condition
may lead to the so-called ‘high-output heart failure’, which evolves from
a hyperkinetic to a hypokinetic state and is characterised by dilated
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cardiomyopathy with reduced systolic ejection fraction.3,6,7 This can be
either a reversible complication or a permanent condition.8,9
As we previously stated, hyperthyroidism also determines
electrophysiological effects because of the influence on ion channels
and the global positive chronotropic effect. In particular, this could be due
to the different times of repolarisation of epi- and endo-myocardial cells
that can be accentuated by beta-adrenergic action which abbreviates
epi- and endo-cardiac potential action but not mid-cardial cells.10–2 As a
result, patients with hyperthyroidism are at increased risk of premature
beats, sinus tachycardia, atrial fibrillation, atrial flutter and impairment of
QT interval (both short and long QT are possible).3,5,13
Bifid (or dome-and-dart or notched) T waves are defined as an
indented T wave with two distinguished peaks.14 The pathophysiological
mechanism of bifid T wave is still controversial. These alterations
have been related to various conditions, either electrophysiological
or anatomical, and could lead to inhomogeneous and local delayed
ventricular repolarisation, generating a second component of T wave on
the surface ECG.15 Bifid T waves seem to be more frequent in subjects with
congenital cardiomyopathies. Awa et al. studied 249 children affected by
various congenital heart diseases, and compared them to 520 healthy
controls. They found a prevalence of T waves in approximately 85% of
children with ventricular septal defects or patent ductus arteriosus,
while they were present in only 32% of controls.16 Other conditions that,
in the literature, have been associated with bifid T waves, albeit rarely,
are congenital QT syndrome;17 class 3 antiarrhythmic medications, such
as amiodarone;18 alcoholic cardiomyopathy;19 certain psychotropic and
neuroleptics medications (i.e., phenothiazine); and cardiotoxic drugs,
such as doxorubicin.20
As we previously illustrated, bifid T waves’ pathophysiological origin is still
not known, but seems to be related to anatomical and electrophysiological
factors that induce alterations in ventricular repolarisation. In the
first part of this discussion, we briefly reviewed the wide spectrum of
hyperthyroidism effects on cardiovascular systems, highlighting the
various structural and functional alterations, especially the influence
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of thyroid hormones on the basic generation of action potentials. All of
these factors could be connected to the origin of bifid T waves in the
case presented here. It is also worthwhile to note that the ECG alterations
were not irreversible, since both signs of left ventricular enlargement
and bifid T waves disappeared after restoring an euthyroid state. This
finding has also been described by Lai et al., who reported the case of a
15-year-old boy with hyperthyroidism and similar ECG abnormalities. 21
However, Lai et al. did not detect echocardiographic abnormalities in the
patient, while we observed mild left ventricle dilatation, which improved
after surgery (along with respective ECG signs). We hypothesise that
dome-and-dart T wave abnormalities in hyperthyroidism could also
reflect transient structural myocardial changes. Our data are in agreement
with the recent study by Okosieme et al., which showed that effective
treatment of hyperthyroidism is associated with lower cardiovascular
events, compared to poorly controlled patients.22
In the management of Graves’ disease, we follow international
guidelines. In this patient both surgery and radioactive iodine were
possible therapeutic strategies, without contraindications.2,23 We
discussed the options with the patient, and he decided on the surgical
approach, because he desired prompt control of the hyperthyroidism
and to avoid exposure to radiation. We agreed with the patient’s decision,
and felt confident in his choice, because our hospital has an expert
team of thyroid surgeons.2,23 One month after the intervention with
treatment with 50 mcg L-thyroxine per day, the patient was in a status
of hypothyroidism, so the replacement therapy was increased to 75 mcg
per day. Notably, TSH was elevated, but not to levels observed in classic
hypothyroidism. This could be related to the so-called ‘phenomenon of
hysteresis’ that involves the hypothalamus–pituitary–thyroid axis; after
the resolution of hyperthyroidism, the axis is described to have a sort
of ‘memory’ that induces a delay in recovery after the TSH suppression
caused by hyperthyroidism.24
In conclusion, hyperthyroidism should be considered among the
differential diagnoses when T wave abnormalities on ECG and mild left
ventricle dilatation on echocardiogram are observed. The correction of
hyperthyroidism can reverse these abnormalities.
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