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Case report

Case study of thyrotoxic cardiomyopathy

Syed T Alam, Justin Zaman

SUMMARY

We present the case of a 65-year-old woman
who was referred urgently from primary care with
worsening breathlessness for 3 weeks, associated
with tachycardia and left bundle branch block
(LBBB). She had a background of type 2 diabetes,
asthma and hypertension. Initial ECG revealed
atrial fibrillation with the fast ventricular rate

on the background of LBBB. ECHO findings were
consistent with systolic impairment. Initial testing
including checking thyroid function test revealed
hyperthyroidism. It became evident that this patient
had thyrotoxic cardiomyopathy. Early advice from
the endocrine team was sought and the patient
was treated with a combination of carbimazole
and ivabradine. After a hospital stay, she made a
remarkable recovery.

BACKGROUND

Heart failure is a clinical syndrome, not patholog-
ical entity.! Causes of heart failure (HF) should be
carefully looked for. Though most cases of HF are
caused by issues within the heart itself (pathology
within the coronaries, valves, electrical pathways
or myocardium), rarely HF can be caused by a
non-cardiac pathology.!

In this case report, we describe a patient who
presented for urgent care with worsening shortness
of breath and was found to have congestive HF
secondary to hyperthyroidism.

Although thyroid disorders are not uncommon,
they remain a challenge to diagnose and treat effec-
tively. In the context of cardiac disease caused by
thyroid disorders, hyperthyroidism should not be
missed—without proper treatment of the under-
lying cause, outcomes are inevitably poor. The
consequences of excess thyroid hormones on the
myocardium have been well described. There is a
predictable increase in heart rate and contractility
which leads to increased cardiac output,” ultimately
resulting in undue strain on the heart. Thus, hyper-
thyroidism, if left untreated, significantly increases
the risk of atrial fibrillation (AF) and HF. The impor-
tance of detecting hyperthyroidism in these patients
when they first present cannot be overstated. When
the patient is restored to a euthyroid state and the
ventricular rate is slowed the outcomes are always
excellent.” *

Every medicine physicians need to have an aware-
ness of thyrotoxic cardiomyopathy as its presenta-
tion can mimic other common diagnoses such as
acute coronary syndrome and tachycardia-induced
cardiomyopathy, but management priorities are

often different. Second, arrhythmic abnormalities
on ECG are common, even in asymptomatic patients
and any such abnormalities should be meticulously
correlated with the patient clinical presentation in
order to avoid erroneous judgements.

CASE PRESENTATION

A 65-years-old woman was referred urgently
from primary care with a history of progressively
increasing shortness of breath and cough for the last
3 weeks. Her breathlessness initially started on exer-
tion which had now progressed to being present
even at rest. This was associated with a cough which
was productive and contained the scanty amount of
whitish sputum without any diurnal variation. She
also complained of three pillow orthopnoea (she
normally used one pillow to sleep) and paroxysmal
nocturnal dyspnoea.

On systemic review, she revealed three stone
weight loss over a period of 4 months but there was
an intentional element to it. She admitted to more
frequent bowel opening for the last 4-6 weeks.

She was known to have type II diabetes mellitus
and occupational asthma. She was postmenopausal,
a social drinker and was an ex-smoker. She was
independent, fit and well, recently back from a
holiday in Australia. She was not known to have
any drug allergies and was on metformin, steroid
inhalers and valsartan although admitted to poor
medication compliance. She denied any previous
hospitalisation and there was no history of expo-
sure to asbestosis. Her family history was significant
for ischaemic heart disease (father had myocardial
infarction).

On examination she was alert, pale but not
icteric, and was struggling to finish sentences due
to shortness of breath, her respiratory rate being
24 breaths/minute. She was apyrexial, tachycar-
diac at 120 beats per minute, the pulse being
irregularly irregular with a blood pressure of
140/100 mm Hg. Her oxygen saturation was 97%
on room air. She had bibasal crackles in her lungs.
The remaining clinical examinations remained
unremarkable.

Her ECG showed AF with a fast ventricular
rate of 116 beats with a left bundle branch block
morphology (figure 1).

With pending laboratory results, a preliminary
diagnosis of heart failure was made. It was thought
that this HF might be secondary to ischaemic
heart disease, as she has significant risk factors for
atherosclerosis.

INVESTIGATIONS

Her initial investigations were as follow.
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Figure 1 ECG.

Complete blood count: haemoglobin: 134g/L  (Q
115-165 g/L), white cell count: 7.6x10°/L (3.6-11.0x10°/L),
platelets 203 x10°/L (140-400x 10°/L).

Electrolytes: sodium: 138 mmol/L (133-146 mmol/L), potas-
sium: 4.2mmol/L (3.5-5.3mmol/L), urea: 9.0mmol/L (2.5-
7.8 mmol/L), creatinine: 77 umol/L (9 45-84 umol/L).

Liver panel: bilirubin: 40umol/L (<21 wmol/L), alkaline
phosphatase: 118 U/L (30-130U/L), alanine aminotransferase:
61U/L (2 <33 U/L), albumin: 33 g/L (<33 U/L).

Troponins: 20.10ng/L and 21.60 (0 to 15.6ng/L).

C reactive protein: 11 mg/L (<5 mg/L).

Blood glucose: 12.6 mmol (below 11.1 mmol/L).

Haemoglobin A1C: 55 mmol/mol (below 42 mmol/mol).

Lipid profile: total cholesterol 2.9 mmol/L (3.6-5 mmol/L),
HDL-cholesterol: 0.6 mmol/L (1.2-9999 mmol/L).

Chest x-ray: cardiomegaly, left-sided pleural effusion, promi-
nent pulmonary hila, appearance suggestive of early pulmonary
oedema (figure 2).

Echocardiogram: showed severely dilated left atrium with
severe impairment to overall left ventricle systolic contractility
(left ventricle internal diameter (LVIDd)=5.5cm (3.9-5.3cm)
with a severe increase in left ventricle end systolic volume and
left ventricle end diastolic volume). Ejection fraction was 14%
(biplane Simpson method). Moderate tricuspid regurgitation
and mild mitral regurgitation (video 1).

DIFFERENTIAL DIAGNOSIS

This case is significant because it demonstrates a relatively rare

clinical entity with common clinical cardiac symptoms. Initial

differential diagnosis were

» Silent myocardial infarction resulting in acute ischaemic
cardiomyopathy.

Figure 2 Chest x-ray.

Video 1 Initial ECHO.

» Dilated cardiomyopathy.
» Tachycardia-induced cardiomyopathy.
» Hypertensive HF.

TREATMENT

The patient was initially treated with diuretics and transferred
to cardiology ward for further management. As the patient had
a new diagnosis of HF and AF, screening for wider causes of
cardiomyopathy was requested including thyroid function test,
serum ACE and ferritin levels.

The thyroid function test revealed:

Thyroid-simulating hormone (TSH): <0.01 (0.35-3.50 mU/L)

Thyroxine (free T4): 28.5 (7.5-21.1 pmol/L)

Triiodothyronine(free T3): 8 (3.8-6.0 pmol/L).

Thyrotoxic cardiomyopathy was diagnosed. Her Burch and
Warthofsky’s Score was 40 (15 points for pulmonary oedema,
10 points each for AF and rate around 110 and 5 points for
temperature) suggesting of impending thyroid storm, therefore
early consultation with endocrine team was made. The patient
was started on antithyroid medications (carbimazole 20mg
x once daily) beta-blocker (bisoprolol 2.5mg X once daily),
ramipril 2.5 mg X once daily and intravenous furosemide 80 mg
X twice daily.

As the patient developed bronchospasm, bisoprolol was later
switched to ivabradine 2.5 mg X twice daily which slowly upti-
trated to 7.5 mg X twice daily. The dose of intravenous furose-
mide was decreased and switched to bumetanide 1mg X once
daily.

In the further course of hospitalisation, the patient’s condi-
tion improved over the next 3—4 days, with complete resolution
of fluid overload and heart rate slowed down to 70 beats per
minute.

Later on, further testing found to have antithyroid peroxidase
antibody: 147.7 kU/L (0-34) and thyroid-stimulating antibody:
3.52 TU/L (<0.56).

OUTCOME AND FOLLOW-UP

She was followed by both cardiology and endocrinology in an
outpatient clinic after 3 months and was found to have consider-
able improvement in her symptoms.

She was back in sinus rhythm, maintaining her heart around
50-60 beats per minute.

Her repeat echocardiogram showed moderate to severe left
ventricular (LV) impairment with a decrease in tricuspid and
mitral regurgitation. Her ejection fraction was improved to 37%
(biplane Simpson method) (video 2).

Her repeat thyroid function test revealed TSH: 3.42 (0.35-3.50
mU/L); T4: 9.3 (7.5-21.1pmol/L) and T3: 3.3 (3.8-6.0 pmol/L).
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Video 2 Repeat ECHO.

Her carbimazole dose was reduced to 10 mg X once daily and
the patient was discharged back to primary care.

DISCUSSION

Thyrotoxic cardiomyopathy is a rare complication of thyro-
toxicosis with a high risk of fatal outcome. Cardiomyopathy
has been reported as an initial presentation in 6% of patients’
though <1% developed severe LV dysfunction.” However, it is
very difficult to assess the real incidence of HF entirely related
to hyperthyroidism, as ischaemic, hypertensive or other valvular
heart disease have not been comprehensively excluded.

To understand the pathophysiology of HF in cases of hyper-
thyroidism, it is important to know that cardiovascular mani-
festations of thyrotoxicosis may be due to both direct effects
of thyroid hormones on cardiac myocyte and on the systemic
vasculature that alter haemodynamics.* Thyroid hormones have
positive inotropic and chronotropic effects on the heart along
with increased adrenergic sensitivity, this may account for the
increased heart rate and contractility in hyperthyroidism.®

In thyrotoxic cardiomyopathy, myocardial damage is caused
by excessive thyroid hormones, in particular triiodothyronine
(T3). There are a number of ways in which excessive levels of
circulating T3 affect the cardiovascular system. Increased meta-
bolic rate in myocytes leads to an increase in cardiac output due
to increased myofibril contractility (stroke volume) as well as
increased heart rate.” In addition to an increase in stroke volume,
there is an increase in total blood volume. T3 acts on vascular
smooth muscle to cause peripheral vasodilatation” which in turns
lowers systemic vascular resistance. This then activates the renin—
angiotension system (RAS) which causes fluid and salt retention.
Furthermore, T3 promotes erythropoiesis resulting overall in a
net increase in total blood volume in addition to stroke volume.
These mechanisms all lead to a high output cardiac state which
can lead to signs and symptoms of HF.

The incidence of arrhythmias in thyrotoxicosis is varied. Sinus
tachycardia is the most common occurring in 42%-73% of
cases® followed by AF. There are a wide range of figures quoted
from different studies about the prevalence of AF in hyperthy-
roidism. The figures range between 2% and 20% in comparison
with 2.3% in the general population (ie, with normal thyroid
function). The chances of developing AF due to hyperthyroidism
increase with age and with comorbidities such as ischaemic heart
disease and valvular disease.” When viewed from another angle,
it has recently been estimated that 1%-1.5% of patients with AF
have evidence of hyperthyroidism.

The first-line treatment of the thyrotoxic heart is to reduce
heart rate with beta-adrenergic blockade. In addition, in patients
with HF, the use of digoxin and diuretics are appropriate.'®

However, the definitive treatment for the hyperthyroidism
is radioiodine. This is both safe and effective especially when
used in conjunction with beta-adrenergic blockade. Anticoagu-
lation of patients with hyperthyroidism and AF is controversial.
The risk of systemic or cerebral embolisation must be weighed
against the potential for bleeding and other complications of this
therapy. ! 1

The case report presented by us is unique in three distinct
features when compared with previously published case reports
on thyrotoxic cardiomyopathy. First, there were no signs or
symptoms at initial presentation to indicate hyperthyroidism.
Second, in hyperthyroidism, overt signs and symptoms of HF
develop later in disease course and are more commonly seen in
patients with pre-existing heart disease which was not present
in our patient. Third, we successfully used ivabradine (a selec-
tive sodium channel blocker) for rate control in this patient as
a second-line option after beta-blockers caused bronchospasm.
This raises questions about the suitability of other second-line
rate-control options, including non-dihydropyridine calcium
channel blockers and digoxin. Recent studies evaluating digoxin
use in AF have been associated with increased mortality.”
Preclinical studies of ivabradine in animal models demonstrated
ivabradine attenuates thyroid hormone-induced reduction
of myocardial deformation and altered intracellular calcium
handling without modification of the myocyte hypertrophy with
fibrosis.'* Although the mechanism of action of ivabradine is
yet to be fully understood, there is research to suggest that it
reduces conduction through the atrioventricular node without
adverse haemodynamic effects (potentially found with other
drugs) in patients with AF." Although we were able to demon-
strate successful use of ivabradine in our context, further studies
are necessary to further evaluate its use as a treatment option in
patients with thyrotoxic cardiomyopathy.

Learning points

» Consider hyperthyroidism as an aetiological cause of cardiac
dysfunction especially in the absence of overt ventricular
structural abnormalities.

» The ability to restore patients with thyrotoxicosis to a
euthyroid state and sinus rhythm justifies thyroid function
testing in most patients with a recent onset of otherwise
unexplained atrial fibrillation or other supraventricular
arrhythmias

» Having a sound understanding of the mechanisms involved
in heart failure as well as in hyperthyroidism will help the
clinician in formulating a differential diagnosis based on
clinical presentation and guide further management. This
is important in thyrotoxic cardiomyopathy which carries
significant morbidity and mortality.

» Further study of the usefulness of ivabradine for rate control
in atrial fibrillation is warranted
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