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Summary

Thyrotoxicosis is associated with cardiac dysfunction; more commonly, left ventricular dysfunction. However, in 

recent years, there have been more cases reported on right ventricular dysfunction, often associated with pulmonary 

hypertension in patients with thyrotoxicosis. Three cases of thyrotoxicosis associated with right ventricular 

dysfunction were presented. A total of 25 other cases of thyrotoxicosis associated with right ventricular dysfunction 

published from 1994 to 2017 were reviewed along with the present 3 cases. The mean age was 45 years. Most 

(82%) of the cases were newly diagnosed thyrotoxicosis. There was a preponderance of female gender (71%) 

and Graves’ disease (86%) as the underlying aetiology. Common presenting features included dyspnoea, fatigue 

and ankle oedema. Atrial fibrillation was reported in 50% of the cases. The echocardiography for almost all cases 

revealed dilated right atrial and or ventricular chambers with elevated pulmonary artery pressure. The abnormal 

echocardiographic parameters were resolved in most cases after rendering the patients euthyroid. Right ventricular 

dysfunction and pulmonary hypertension are not well-recognized complications of thyrotoxicosis. They are life-

threatening conditions that can be reversed with early recognition and treatment of thyrotoxicosis. Signs and 

symptoms of right ventricular dysfunction should be sought in all patients with newly diagnosed thyrotoxicosis, and 

prompt restoration of euthyroidism is warranted in affected patients before the development of overt right heart 

failure.
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Learning points:

•• Thyrotoxicosis is associated with right ventricular dysfunction and pulmonary hypertension apart from left 

ventricular dysfunction described in typical thyrotoxic cardiomyopathy.

•• Symptoms and signs of right ventricular dysfunction and pulmonary hypertension should be sought in all patients 

with newly diagnosed thyrotoxicosis.

•• Thyrotoxicosis should be considered in all cases of right ventricular dysfunction or pulmonary hypertension not 

readily explained by other causes.

•• Prompt restoration of euthyroidism is warranted in patients with thyrotoxicosis complicated by right ventricular 

dysfunction with or without pulmonary hypertension to allow timely resolution of the abnormal cardiac 

parameters before development of overt right heart failure.
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Background

Thyrotoxicosis is associated with cardiac dysfunction, 
more commonly, left ventricular dysfunction secondary to 
the chronic effect of thyroid hormones on the myocardium 
and haemodynamic circulation in long-standing 
thyrotoxicosis. In recent years, cases of right ventricular 
dysfunction and pulmonary hypertension associated 
with thyrotoxicosis have been reported. However, the 
mechanisms involved remain unclear. We present three 
cases of thyrotoxicosis associated with right ventricular 
dysfunction. A total of 25 other cases of thyrotoxicosis 
associated with right ventricular dysfunction published 
from 1994 to 2017 were reviewed along with the present 
3 cases to establish the common clinical features, 
echocardiographic parameters and its clinical course.

Case presentation, management 
and outcome
Case 1

A 25-year-old woman presented with fever, abdominal 
pain, diarrhoea and vomiting for 2 days associated with a 
2-month history of palpitation, heat intolerance, weight 
loss and reduced effort tolerance. On examination, she was 
febrile with a heart rate of 104 beats per minute and oxygen 
saturation of 99% on room air. She had exophthalmos and 
a diffuse goitre. Jugular venous pressure (JVP) was raised 
with C–V wave. There was also a systolic murmur over the 
left sternal edge and a pulsatile hepatomegaly. There were 
no clinical findings to suggest an underlying connective 
tissue disease, chronic pulmonary or thromboembolic 
disorders. She was diagnosed with Graves’ disease and 
was commenced on carbimazole and propanolol. Free 
thyroxine (FT4) level was 75.5 pmol/L (normal range 11.8–
23.2 pmol/L) and thyrotropin (TSH) level was <0.01 mU/L 
(normal range 0.35–5.50 mU/L). Echocardiography 
revealed an enlarged right ventricle with mild pulmonary 
and tricuspid regurgitation. The systolic pulmonary artery 
pressure (PAP) was 47 mmHg (normal range 15–30 mmHg) 
(Fig. 1). The FT4 level improved to 35.1 pmol/L at two-month 
and 14.2 pmol/L at four-month along with symptoms 
resolution. An echocardiography repeated five months after 
restoration of euthyroidism showed a normalized systolic 
PAP of 24 mmHg with normal chamber sizes.

Case 2

A 47-year-old woman presented with an acute abdomen. 
She defaulted her anti-thyroid medication shortly after 

being diagnosed with Graves’ disease two months earlier. 
On examination, she was thyrotoxic clinically with a 
heart rate of 100 beats per minute. Other positive physical 
findings included a systolic murmur over the left sternal 
edge, rebound tenderness over the right iliac fossa and 
bilateral pedal oedema. There were no clinical findings 
to suggest an underlying connective tissue disease, 
chronic pulmonary or thromboembolic disorders. She was 
diagnosed with acute appendicitis with impending thyroid 
storm. High-dose propylthiouracil, propranolol, Lugol’s 
iodine and hydrocortisone were administered. FT4 level 
was 101 pmol/L and TSH was <0.01 mU/L. Laparotomy 
confirmed a perforated appendix. Echocardiography 
revealed dilated left and right atria, mild tricuspid and 
pulmonary regurgitation with a systolic PAP of 50 mmHg. 
All the thyrotoxic symptoms and signs with pedal oedema 
resolved promptly upon institution of anti-thyroid 
therapy. Post-operative recovery was uneventful. She was 
planned for radioactive iodine treatment and a repeat 
echocardiography. Unfortunately, she was lost to follow-up.

Case 3

A 45-year-old woman presented with three-day history 
of fever preceded by one-week history of cough and 
diarrhoea associated with palpitation, weight loss, hand 
tremors and dyspnoea. She was previously diagnosed 
with toxic multinodular goitre at the age of 25 years. 
She refused radioactive iodine and defaulted treatment 
in the past three years. On examination, she had atrial 
fibrillation with a heart rate of 120 beats per minute. 
There was a multinodular goitre, a systolic murmur over 

Figure 1
A transthoracic apical four-chamber view of Case 1 demonstrating an 
enlarged right ventricle with tricuspid regurgitation.
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the left sternal edge, a right pleural effusion and bilateral 
pedal oedema. She was diagnosed with impending 
thyroid storm precipitated by pneumonia and was 
commenced on high-dose propylthiouracil, propranolol, 
hydrocortisone and Lugol’s iodine along with a broad 
spectrum antibiotic. Her FT4 level was 47.7 pmol/L and 
TSH was <0.01 mU/L. She decompensated within 12 h 
after admission and went into pulseless electrical activity 
requiring cardiopulmonary resuscitation before a return 
of spontaneous circulation. Echocardiography performed 
at four hours after resuscitation revealed dilated right 
atrium and ventricle, moderate tricuspid regurgitation 
with a systolic PAP of 65 mmHg. There was no thrombus 
or vegetation. Left ventricular ejection fraction was also 
impaired at 35%. A computed tomography angiogram of 
the pulmonary artery showed no evidence of pulmonary 
embolism. Unfortunately, her illness was further 
complicated by a right temporoparietal infarct with 
haemorrhagic transformation associated with multi-organ 
failure and she succumbed nine days after admission.

Discussion

The effect of thyroid hormone on the cardiovascular 
system was first described centuries ago (1). Thyrotoxicosis 
is known to aggravate pre-existing cardiac disease or 
may in itself results in thyrotoxic cardiomyopathy. This 
is due to an increased cardiac output state induced by 
thyrotoxicosis (2). The inotropic and chronotropic effect 
of thyroid hormones on the heart coupled with decreased 
systemic vascular resistance leads to a hyperdynamic 
circulation with an increased cardiac output. These 
hemodynamic changes will lead to a state of high-output 
cardiac failure involving both left and right ventricles 
often seen in the older patients with long-standing 
thyrotoxicosis. In recent years, there has been an increase 
in reports of thyrotoxicosis associated with isolated 
right ventricular dysfunction, frequently associated with 
pulmonary hypertension along with variable degree of 
right heart failure.

A compilation of 25 reported cases of thyrotoxicosis 
associated with right ventricular dysfunction from 
1994 to 2017 along with the present three cases was 
performed (Table 1). There was a female preponderance 
(71%) with a mean age of 45 years (range: 25–71). Most 
of them (82%) were newly diagnosed with thyrotoxicosis. 
Graves’ disease was the most commonly (86%) reported 
aetiology. Previous studies have reported a high 
prevalence of pulmonary hypertension among patients 
with thyrotoxicosis ranged from 35% to 65% (24, 25, 26, 

27). Significant correlations between TSH and FT4 levels 
with PAP have been reported (23). Although up to 49% of 
patients with primary pulmonary hypertension have been 
found to be associated with autoimmune thyroid disease, 
it is unclear if this association is independent (28).

The common cardiac manifestations in the present 
case series included dyspnoea, fatigue and lower limb 
oedema. Thyrotoxic symptoms were only present in 68% 
of the cases. 22 cases (79%) had overt right heart failure 
clinically. Cardiovascular examination often revealed 
systolic murmur of tricuspid regurgitation and raised 
JVP. Atrial fibrillation was present in 50% of the cases. 
Although there were concomitant acute appendicitis 
in Case 2 and pneumonia in Case 3 upon presentation, 
the probability of either condition to be the direct cause 
of the RV dysfunction and pulmonary hypertension is 
low in view of the acute nature of these concomitant 
illnesses.

The echocardiography for all cases revealed features 
of right ventricular dysfunction including dilated right 
atrial or right ventricular chambers and or tricuspid 
regurgitation. Left ventricular function was preserved in 
all except for one. The measured PAP was consistent with 
pulmonary hypertension in all but two cases (93%) with 
systolic PAP >30 mmHg, mean PAP >25 mmHg or right 
ventricular systolic pressure >40 mmHg. Five patients 
underwent right heart catheterisation and all had 
confirmed pulmonary hypertension. All patients except 
Case 3 had prompt resolution of symptoms and signs of 
right ventricular dysfunction upon treatment initiation 
for thyrotoxicosis, of the 23 cases with echocardiography 
repeated after euthyroidism was restored, the features 
of right ventricular dysfunction resolved completely in 
21 cases. Post-treatment PAP was reported in 21 cases, 
two-third had complete normalization of PAP while  
one-third had its PAP improved significantly close to the 
normal range.

There are several postulated mechanisms for the 
development of right ventricular dysfunction and 
pulmonary hypertension in thyrotoxicosis. The increased 
blood volume caused by the activation of the renin–
angiotensin–aldosterone system in hyperthyroidism 
coupled with reduced peripheral vascular resistance 
increases the right ventricular preload and thus the 
cardiac output (29). The high cardiac output increases 
the pulmonary vasculature endothelial sheer stress 
causing endothelial injury. This sheer stress stimulates the 
pulmonary vascular smooth muscle, which then enhances 
intra-cytoplasmic calcium concentration that induces 
vasoconstriction of pulmonary vascular beds. These 
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mechanisms consequently increase pulmonary arterial 
pressure and induce right ventricular dysfunction (30).

Another less established hypothesis is the direct 
effect of excess thyroid hormones inducing metabolism 
of intrinsic pulmonary vasodilating substances resulting 
in pulmonary vasoconstriction and elevated pulmonary 
vascular resistance (16). The pulmonary vasculature 
changes contribute to the haemodynamic burden of the 
right ventricle on top of the increased venous return that 
accompanies the uncontrolled hyperthyroid state (18).

The autoimmune nature of Graves’ disease is believed 
to induce an immune mediated pulmonary endothelial 
damage. However, studies examining the relationship 
between the autoimmunity in Graves’ disease and 
pulmonary hypertension have produced conflicting results. 
Zuhur et  al. demonstrated the presence of pulmonary 
hypertension in a significant proportion of patients with 
hyperthyroidism but did not find any difference of its 
prevalence between patients with Graves’ disease and toxic 
multinodular goitre (35% vs 36%) (27). There was also no 
association found between pulmonary hypertension with 
TSH receptor antibodies although a positive correlation 
was found in another smaller study (26).

The occurrence of right ventricular dysfunction 
is independent from the presence or absence of left 
ventricular dysfunction. There was only one case in the 
present series reported to have concomitant left ventricular 
dysfunction. This finding is consistent with the findings 
from Hong et  al., which demonstrated that the right 
ventricular dysfunction in thyrotoxicosis is not secondary 
to hemodynamic changes induced by thyrotoxicosis-
associated left ventricular dysfunction (31). A longitudinal 
study on patients with Graves’ thyrotoxicosis also 
demonstrated evidence of hyperdynamic right 
ventricular function, which normalized after resolution of 
thyrotoxicosis with treatment (29). It was thus postulated 
that an elevated right ventricular preload will predispose 
one to decompensated right ventricular failure if not 
reversed promptly.

The present case series is the largest so far, which 
provide an overview of this often less recognized 
association. Limitations include the lack of objectivity 
in the evaluation of right ventricular dysfunction and 
only five patients had their pulmonary hypertension 
confirmed with direct PAP measurements via right 
heart catheterisation. The exact duration required from 
restoration of euthyroidism to normalization of abnormal 
cardiac parameters were not specified in many cases. The 
clinical dilemma often lies in the extent of investigations 
these patients should be subjected to in order to exclude 

other causes of isolated right ventricular dysfunction 
and pulmonary hypertension. Further research on 
the potential mechanism of pulmonary hypertension 
and right ventricular dysfunction in thyrotoxicosis, 
predisposing factors and natural history will be essential to 
provide a rational approach in the detection, prevention 
and management strategy of this condition.

In conclusion, right ventricular dysfunction and 
pulmonary hypertension is not well recognized, 
potentially lethal but fully reversible complication 
of thyrotoxicosis. It appeared to be predominantly 
driven by the increased cardiac output and pulmonary 
vascular resistance. It may be underdiagnosed due to 
the non-specific symptoms of dyspnoea or fatigue that 
is often attributable to the thyrotoxicosis itself. Based 
on the findings from the present case series, the sign 
and symptoms of right ventricular dysfunction and 
pulmonary hypertension should be actively sought in all 
cases of thyrotoxicosis regardless of aetiology, especially 
among those with newly diagnosed thyrotoxicosis. 
Among patients with unexplained right ventricular 
dysfunction and or pulmonary hypertension, one should 
consider screening for hyperthyroidism. As the right 
ventricular dysfunction and pulmonary hypertension 
are fully reversible, prompt restoration of euthyroidism is 
warranted to prevent the development of decompensated 
right heart failure and to prevent recurrence of right 
ventricular dysfunction and or pulmonary hypertension. 
Definitive treatment options, such as radioactive iodine 
therapy or thyroidectomy, should be considered early to 
allow timely resolution of right ventricular dysfunction 
and pulmonary hypertension.
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