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Thyroid hormone plays a vital role in regulating human metabolism. They affect
the functions of major organs, such as the brain, liver, skeletal muscle, and heart.
Hypothyroidism can lead to dilated cardiomyopathy and decreased heart func-
tion. In this report, we describe a case of a teenage boy who developed dilated
cardiomyopathy due to hypothyroidism and was considered to undergo heart
transplantation. Levothyroxine monotherapy was initiated but produced no
improvement. Thereafter, a combination therapy of liothyronine and levothyroxine
was administered, and heart function was gradually restored; he recovered
completely after 6 months. Cardiac myocytes respond more specifically to
liothyronine than to levothyroxine. Therefore, we suggest that liothyronine and
levothyroxine combination therapy should be considered rather than levothyroxine
monotherapy for hypothyroidism accompanied by heart disease.
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Highlights

- Thyroid hormone plays an important role in regulating human metabolism and can also
affect the heart and vascular system. This report presents a case of successful treatment
with combination therapy of T3 and T4 in a teenage boy with hypothyroidism-induced
dilated cardiomyopathy.

Introduction

Thyroid hormone (TH) regulates metabolism, particularly metabolic processes essential for
normal growth and development.” TH-mediated metabolic control affects the brain, liver,and
pancreas as well as white fat tissue, brown fat tissue, and skeletal muscle.” Furthermore, TH
has many important effects on the heart and vascular system. Cellular mechanisms of TH alter
liothyronine (T3)-regulated gene expression leading to changes in cardiac contractility, calcium
cycling, and diastolic relaxation of the myocardium.* In addition, TH has nongenomic
effects on cardiac myocytes, which are also T3 hormone-mediated effects.” Therefore,
hypothyroidism may increase systemic vascular resistance, further contributing to a decrease
in cardiac output, increased myocardial stiffness, and left ventricular diastolic dysfunction.” It
can even lead to dilated cardiomyopathy (DCMP), which requires immediate TH stimulation.
Cardiac myocytes appear to transport T3 in a marked preference for levothyroxine (T4) and
are extremely sensitive to changes in serum T3 concentration. Therefore, T3 supplementation
should be considered for hypothyroidism- induced DCMP.*” We report a case of a teenage
boy who developed DCMP due to hypothyroidism. His condition did not improve with
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T4 monotherapy but remarkably improved with T3 and T4
combination therapy.

Case report

A 16-year-old boy was referred to Severance Children's
Hospital for aggressive exacerbation of DCMP. Before being
transferred, he presented with New York Heart Association
functional class III-IV dyspnea at the hospital. The cardiac
enzyme showed elevated serum levels of N-terminal pro-brain
natriuretic peptide 4,965 pg/mL (reference range, <153 pg/
mL), creatine kinase 4,627 IU/L (reference range, 20-200 U/
L), and creatine kinase myocardial band 25.6 ng/mL (reference
range, 0-5 mg/mL). He presented with a dilated left ventricular
cavity with a diastolic dimension of 78 mm and decreased
global systolic function with an ejection fraction of 43% on
echocardiography. His condition was diagnosed as DCMP with
congestive heart failure, and furosemide and spironolactone
therapy were initiated.

Despite initiating medications for heart failure, his symptoms
worsened, and further evaluation was performed for a
differential diagnosis. Thyroid function test performed on the
10th day of admission showed hypothyroidism with levels
of free T4 at 0.06 ng/dL (reference range, 0.80-1.90 ng/dL),
T3 at 48 ng/dL (reference range, 78-182 ng/dL), and thyroid-
stimulating hormone (TSH) at 98 pIU/mL (reference range,
0.17-4.85 ulU/mL). The antimicrosomal antibody and TSH
receptor antibody levels were elevated at 704 U/mL (reference
range, 0-60 U/mL) and >400 IU/L (positive, >1.5 IU/L),
respectively, but thyroglobulin antibody and thyroid-stimulating
antibody were negative. On thyroid ultrasonography, the
patient had lobular-contoured homogeneous echogenicity of
both thyroid glands. Based on these findings, he was started on
levothyroxine 150 pig/day monotherapy (1.5 pg/kg). However,
his cardiac function and general condition worsened, and he
was transferred to our hospital on the 40th day.

On physical examination after transfer, the patient had bilate-
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ral non-pitting edema of the foot. Cardiovascular investigation
revealed tachycardia with no murmurs or gallops. His height
and body weight were 163 cm and 93.8 kg, respectively, and his
vital signs were as follows: blood pressure, 89/44 mmHg; heart
rate, 105 beats/min; respiratory rate, 27 breaths/min; and O,
saturation, 95% in room air. Chest x-ray showed cardiomegaly
and pleural effusion (Fig. 1). Electrocardiography demonstrated
sinus tachycardia (Fig. 2). The dilated left ventricular diastolic
dimension was 74 mm, with an ejection fraction of 26% on
echocardiography. Heart magnetic resonance imaging showed
increased left ventricular end-diastolic volume (LVEDV) and
decreased left ventricular ejection fraction (LVEF) (LVEDV
340.56 mL, LVEF 25.48%). He underwent cardiac biopsy, viral
studies, inflammatory marker analysis, and genetic tests to
identify the cause of DCMP, but the results for all were negative.
He was administered enalapril, carvedilol, and ivabradine
for heart failure and was considered a candidate for heart
transplantation.

Although he took 150 pg of T4 for 40 days, TFT results
revealed a high TSH (26.33 ulU/mL), low T3 (<0.40 ng/
mL), and normal free T4 (1.27 ng/dL) levels on the first day
after transfer, after which he was referred to our department.
We assumed that the cause of DCMP was hypothyroidism;
therefore, T3 supplementation was essential. Administration
of 12.5 pug of T3 and 150 pg of T4 was initiated. However, after
3 days, the condition worsened, and additional administration
of T3 12.5 ug and T4 50 pg was started. His condition and
heart function slowly improved; after 2 weeks of T3 and T4
administration, the TSH (11.60 plU/mL) level was mildly
elevated, but the T3 (0.97 ng/mL) and free T4 (1.02 ng/dL)
levels were within normal ranges. Thereafter, we additionally
administered 6.25 pg of T3 and 25 pg of T4 to achieve a normal
TSH level. At 6 weeks after T3 and T4 administration, his heart
function had noticeably recovered with a left ventricular end-
diastolic diameter of 71.5 mm and LVEF of 35%, and his weight
had decreased from 93.8 kg to 71.7 kg without pitting edema. At
that time, although there were no symptoms of hyperthyroidism,

Fig. 1. Chest x-ray on the first day after transfer. Chest x-ray showed cardiomegaly and right pleural effusion in initial chest
x-ray (A) and showed normal findings at 12 months of follow-up (B).
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TFT showed mild hyperthyroidism with suppressed TSH (0.05
wlU/mL), elevated T3 (2.55 ng/mL), and normal free T4 (1.08
ng/dL) levels. Therefore, we adjusted the T3 and T4 doses to 25
ug and 200 pg, respectively, and he was discharged.

During follow-up, the patient showed a gradual decrease
in the volume of the left ventricular chamber with a diastolic
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dimension of 61 mm at one year of discharge, and his
left ventricular systolic function had returned to normal
with an ejection fraction of 62%. We advised him to stop
T3 administration 2 months after discharge; the TFT was
stable with T4 administration alone, and the patient had no
symptoms of hypothyroidism. Follow-up thyroid function and

Fig. 2. Markedly enlarged left ventricle with moderate mitral regurgitation was seen in the initial apical four-chamber
view via transthoracic echocardiography (A), and decreased left ventricle to normal range without mitral requrgitation was

seen in the same view at 12 months of follow-up (B).

Table 1. Summary of the laboratory findings, echocardiographic results, and medication

Follow-up period (mo)

Variable Before transfer Transfer On3rdday  On 14th day 8‘8;:3?;) 6 mo 12 mo 36 mo
Ht/Wt (cm/kg) - 163/93.8 163/88 163/76.1 164.1/69.8 166/79.7 166.8/81 167.7/79
T3 (ng/mL) 048 <040 0.48 097 2.55 1.15 1.22 09
T4 (ng/dL) 0.06 1.27 1.30 1.02 1.08 1.32 1.27 1.03
TSH (uIU/mL) 98 2633 21.84 11.60 0.05 0.22 0.69 847
T4 dose (mcg) 150 150 200 225 150 150 125 150
T3 dose (mcg) - 125 25 31.25 125 Off - -
LVEDD (mm) 78 74 76 715 62 61 62
LVEF (%) 43 26 27 25 35 63 62 59
MR grade \% /v - - -1/1V \% Trivial Trivial
Enalapril (mg) 20 20 20 20 20 20 20 20
Furosemide (mg) 40 40 40 40 40 40 Off -
Spironolactone (mg) 25 25 25 25 25 off = =
Ivabradine (mg) 15 15 15 15 15 15 Off -
Carvedilol (mg) 36 36 36 36 36 36 12.5 12.5

Ht, height; Wt, weight; T3, liothyronine; fT4, free T4; TSH, thyroid-stimulating hormone; T4, levothyroxine; LVEDD, left ventricular end-
diastolic diameter; LVEF, left ventricular ejection fraction; MR, mitral regurgitation.
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Fig. 3. The 12-lead electrocardiography findings. The patient had sinus tachycardia in initial electrocardiography (A) and
normal sinus rhythm at 12 months of follow-up (B).

echocardiography findings are shown in Table 1 and Fig. 3,
respectively. Cardiac medication was continued with enalapril
and carvedilol in small amounts. He was advised to take only
150 pg of T4, and his heart function remained normal for 3
years.

This study was approved by the Institutional Review Board
of Yonsei University Severance Hospital (approval number:
4-2021-1173). Informed consent was obtained from the patient
and his guardian for publication of this case report.

TH is essential for normal development, growth, neural
differentiation, and metabolic regulation.” Hypothyroidism
is associated with hypometabolism characterized by reduced
resting energy expend iture, weight gain, increased cholesterol
levels, reduced lipolysis, and reduced gluconeogenesis.” Because
TH has an important effect on the cardiovascular system,
hypothyroidism might lead to DCMP. Wang et al.” reported
that low thyroid function could lead to cardiac atrophy with
chamber dilatation, impaired myocardial blood flow, loss of
arterioles, and severe systolic dysfuncti on, resembling the
pathological changes in DCMP. DCMP is characterized by
an enlarged and poorly contractile left ventricular, is usually
irreversible, and progresses to heart failure.'” Bezdah et al."”
reported a case of a patient with DCMP and heart failure due
to severe hypothyroidism, who has recovered to euthyroidism
with T4 therapy. They suggested that hypothyroidism should be
considered as a trigger when DCMP is diagnosed.

Our patient had no specific history of trigger factors
that cause DCMP except hypothyroidism; hence, he was
considered to have hypothyroidism-induced DCMP. Although
T4 monotherapy has become a standard treatment for
hypothyroidism, his cardiac function did not improve with T4
monotherapy despite normalization of free T4 level. He was
treated with T3 and T4 combination therapy, and his symptoms
and cardiac function gradually improved three weeks after
initiation of combination therapy, and he fully recovered after 6
months.

The effect of TH on the heart is closely related to cardiac

function through cellular mechanisms. TH transporters such
as Na'/K'-ATPase, Na'/Ca®" exchanger, several voltage-gated
potassium channels, monocarboxylate transporter (MCT) 8,
and MCT10 have been identified in different cells and organs."”
They are highly specific for iodothyronines, and the transport
mechanism for TH appears to be facilitative diffusion."”
However, recent data suggest that T4 is not transported into
the heart."” In addition, TH affects cardiac myocyte-specific
gene transcription mediated by TH receptors.”” These
receptor proteins are bound to TH response elements in the
promoter region of specific T3-responsive genes and activate
transcription of positively regulated genes in the presence of
T3."" Therefore, T3 genomically regulates multiple regulatory
and structural myocyte genes related to cardiac contractile
function.” Consequently, T3 is more important than T4 in a
cardiac cellular mechanism. In addition to the genomic effects,
TH has a nongenomic effect on cardiac myocytes by altering the
functional properties of membrane ion channels and pumps."”
T3 appears to reduce systemic vascular resistance by directly
affecting vascular smooth muscle cells and through changes in
the vascular endothelium, potentially involving the synthesis
and secretion of nitric oxide."”’ Therefore, clinicians should
consider T3 and T4 combination therapy for patients with
hypothyroidism accompanied by heart disease.

In summary, we report the case of a teenage boy with
hypothyroidism-induced DCMP who was successfully
managed with combination therapy of T3 and T4. Moreover,
as there are no guidelines for T3 combination therapy, and
since this is the first report of T3 combination therapy in an
adolescent with hypothyroidism-induced DCMP, our case
would be a good example of T3 combination therapy in
adolescents. However, further studies are needed to establish
a guide for T3 combination therapy for hypothyroidism
accompanying heart disease.
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