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Introduction: Thyrotoxicosis is an endocrine disorder with prominent cardiovascular 

manifestations. Thyroid hormone acts through genomic and non-genomic mechanisms to regulate 

cardiac function. Echocardiography is a useful, non-invasive, easily accessible, and affordable 

tool for studying the structural and physiological function of the heart.

Aim: We studied thyrotoxicosis patients in a Nigerian Teaching Hospital and employed 

trans-thoracic echocardiography to find out if there were abnormalities in the hearts of these 

patients.

Methods: Fifty adult thyrotoxicosis patients diagnosed with clinical and thyroid function tests 

in the medical out-patient unit of the hospital were recruited and we performed transthoracic 

echocardiography with a Sonos 2000 HP machine.

Results: We documented the presence of abnormalities in the following proportion of thyrotoxi-

cosis patients: left ventricular enhanced systolic function in 30%, enhanced diastolic function in 

34%, diastolic dysfunction in 34%, heart failure with preserved ejection fraction in10%, heart 

failure with reduced ejection fraction in 6%, and left ventricular hypertrophy in 34%.

Conclusion: Echocardiography was useful in the stratification of cardiac function abnormalities 

and is indispensable as a guide in the choice of therapeutic options in patients with thyrocar-

diac disease. The finding of left ventricular enhanced systolic and diastolic functions signify 

early echocardiographic detectable cardiac abnormalities in thyrotoxicosis, and the clinical 

management includes the use of anti-thyroid drugs and β-adrenoceptor blockade. Diastolic 

dysfunction in thyrotoxicosis patients asymptomatic for cardiac disease should be treated with 

anti-thyroid drugs, and β-adrenoceptor blockade. The judicious application of clinical thera-

peutics will guide the use of anti-thyroid drugs, diuretics, digoxin, angiotensin inhibitors, and 

β-adrenoceptor blockade in the successful management of thyrotoxicosis patients with heart 

failure and reduced, preserved, or increased ejection fraction: parameters which are derived 

from echocardiography.

Keywords: thyrotoxicosis, left ventricle, echocardiography, therapeutics, thyrocardiac 

disease

Introduction
Thyrotoxicosis is the syndrome resulting from an excess of circulating free thyroxine 

and free triiodothyronine.1 When thyrotoxicosis is associated with thyroid gland over-

activity, hyperthyroidism is said to occur. However, thyrotoxicosis can occur without 

hyperthyroidism when stored hormone is released from a damaged thyroid gland 

(eg, sub-acute thyroiditis, post-partum thyroiditis, amiodarone-induced thyroiditis) or 

when excess thyroid hormone is taken.1 In 1935 Robert Graves, an Irishman, and in 

1940 Karl Adolph van Basedow, a German, separately described Basedow–Graves’ 
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or Graves’ disease which is now responsible for 70%–80% 

of all cases of hyperthyroidism.2

Thyrotoxicosis affects the normal functioning of many tis-

sues including their growth, differentiation, metabolism, and 

oxygen consumption. It affects the cardiovascular system pro-

foundly. The cardiovascular manifestations of thyrotoxicosis 

are due to direct cellular effects of thyroid hormones on the 

heart and indirect cellular effects resulting from interactions 

with the sympathetic nervous system, alterations in periph-

eral vascular smooth muscle (VSM), rennin–angiotensin–

aldosterone system, and erythropoietin production.3

Thyroid hormone modulates cardiac function through 

regulation of the expression of some structural and regula-

tory genes. Within the myocardial cells are the fast α-myosin 

heavy chain and the slow β-myosin heavy chain which mediate 

contraction. Thyroid hormone upregulates α-gene which has 

higher ATPase activity and contractile properties and decreases 

the expression of β-gene with lower contractile properties. 

Thyroid hormone also upregulates the rate of Ca2+ release and 

reuptake by the sarcoplasmic reticulum and downregulates the 

inhibitor, phospholamban. The increase in cytosolic calcium 

increases systolic contraction and the more rapid calcium 

reuptake enhances diastolic relaxation in the heart.4–6

The sodium potassium ATPase, the voltage-gated potas-

sium channels, and the sodium calcium exchanger are ion 

channels that are activated in thyrotoxicosis and they coor-

dinate the electrochemical responses of the myocardium 

during cardiac contraction and relaxation.6–8 The β-adrenergic 

receptors are thought to be stimulated in thyrotoxicosis, 

leading to an increase in the intracellular second messenger, 

cAMP, which in turn accelerates diastolic depolarization and 

increases heart rate. The natriuretic peptides are secreted by 

cardiac myocytes9 and are said to be upregulated by thyroid 

hormones. The pacemaker-related genes, hyperpolarization-

activated cyclic nucleotide-gated channels 2 and 4, are also 

transcriptionally regulated by thyroid hormone.10,11

It has been suggested that hyperthyroidism resembles a 

hyperadrenergic state; however, there is no evidence that thy-

roid hormone excess enhances the sensitivity of the heart to 

adrenergic stimulation.11–13 Indeed, the role of the sympathetic 

nervous system in the pathophysiology of hyperthyroidism 

is unclear.12 The clinical spectrum of symptoms in thyrotoxi-

cosis suggests a hyperadrenergic state strengthened by the 

fact that the administration of β-adrenoceptor antagonists 

dramatically ameliorates the clinical state.14–16 In spite of this 

known fact, the concentrations of catecholamines in both 

plasma17 and urine18 are normal or low in hyperthyroidism.

Thyrotoxicosis increases endothelial nitric oxide produc-

tion via the triiodothyronine (T3)-mediated effects of thyroid 

receptor on the protein kinase pathway.19–21 Nitric oxide syn-

thesized in endothelial cells then acts in a paracrine manner 

on adjacent VSM cells to facilitate vascular relaxation. Relax-

ation of VSM leads to decreased peripheral resistance and 

pressure, increased blood return to the heart, and increased 

blood volume which increases cardiac output (CO). Increased 

vascularity and angiogenesis reported in thyrotoxicosis may 

also lead to increased blood volume and CO.22

The other factors that increase CO include activation 

of renin–angiotensin–aldosterone system, increased red 

cell mass, as well as increased blood volume: all these 

contribute to systemic hypertension seen in thyrotoxicosis 

patients.23 Hypertension contributes in causing ventricular 

hypertrophy and myocardial remodeling in patients with 

thyrotoxicosis.23 Diastolic and mean arterial blood pres-

sures are reduced because of peripheral vasodilatation that 

occurs in thyrotoxicosis.23 Pulmonary arterial hypertension 

also occurs in hyperthyroidism and it has been attributed to 

pulmonary vascular endothelial dysfunction, damage due 

to autoimmune process, increased metabolism of intrinsic 

pulmonary vasodilators, and high CO state.24 In some cases, 

pulmonary hypertension may result in right heart failure.24

Another effect of thyrotoxicosis on the vasculature is its 

anti-atherosclerotic effects through blood vessel dilatation and 

production of vasodilatory molecules. In contrast, in people 

with hypothyroidism, atherosclerosis has been attributed to 

hypercholesterolemia, hypertension, and impaired endothelial 

function, leading to increased cardiovascular risk. Treatment 

of hypothyroidism with thyroid hormone replacement restores 

euthyroidism and reverses the associated risk ratio.25

Echocardiography is a very useful, non-invasive, easily 

accessible, and perhaps an affordable tool for studying the 

structure and physiological function of the heart. Assess-

ment of ventricular function, particularly the left ventricle, 

is one of the commonest and most important applications of 

echocardiography. Echocardiographic examination of left 

ventricular (LV) function is useful in assessment of the effect 

of thyrotoxicosis on the heart.

The presence of LV dysfunction is a reliable prognostic 

indicator in all forms of cardiac disease. Indeed, echocar-

diographic findings may alter the course of management 

and provide opportunities for appropriate therapeutic 

intervention.

Objective
We studied patients who had thyrotoxicosis and assessed 

its effect on LV function. Echocardiographic study of these 

patients was done with a view to stratifying them according 

to the pattern of LV dysfunction.
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Methods
We recruited 50 subjects with thyrotoxicosis who were 

aged 15 years and above and of both sexes, over a period 

of 1 year. The patients were recruited consecutively as they 

attended the medical out-patient unit of the University of 

Nigeria Teaching Hospital, Enugu after clinical and thyroid 

function assessments. Written consent was signed by the 

subjects and controls. The University of Nigeria Teach-

ing Hospital Ethical committee approved the study and 

it was carried out in accordance with the Declaration of 

Helsinki ethical principles for medical research involving 

human subjects.26

Echocardiography was done with a Sonos 2000 HP 

machine (Hewlett Packard, the Netherlands, Amsterdam) 

to assess LV systolic and diastolic functions. Transthoracic 

echocardiographic examinations were performed in all par-

ticipants with 3.5 MHz transducer according to the recom-

mendations of the American Society of Echocardiography.27 

The American Society of Echocardiography recommends 

that measurements should be taken from trailing edge to 

leading edge. All the measurements were done with the 

picture frozen on the screen and with in-built calipers of 

the echocardiographic equipment. The mean measurements 

were taken from three consecutive cycles. The measure-

ments were initially taken by two examiners. Thereafter, 

all the measurements were taken by the same echocar-

diographer. Electrocardiography was also done in all the 

participants.

Thyroid function tests were done with kits from Syn-

tron Bioresearch Inc., Carlsbad, CA, USA. These kits had 

a correlation coefficient of 0.09869 when compared with a 

standard kit made by Abbott Laboratories (North Chicago, 

IL, USA). The Syntron kits have the following intra-assay 

coefficient of variation: serum-free T3 – (6.8%), thyroid-

stimulating hormone (TSH) – (4.3%), total free T3 – (4.4%), 

total tetraiodothyronine – (7.2%).28

Exclusion criteria included patients with:

a)	 pre-existing hypertension (blood pressure $140/ 

90 mmHg, or were on antihypertensive drugs before the 

onset of thyrotoxicosis);

b)	 diabetes mellitus (fasting blood glucose .6.1 mmol/L);

c)	 coronary artery disease (detected by electrocardiography);

d)	 anemia (hemogram ,12 gm/L);

e)	 chronic alcohol consumption;

f)	 history of smoking, intake of illicit drugs, intake of 

herbal drugs, cardiotoxic drug consumption, pregnant 

state.

The controls were 50 age- and sex-matched subjects who 

do not have thyrotoxicosis and/or any co-morbidity.

Definitions
A serum-free T3 .4.2 pg/L and a concomitant suppressed 

TSH of .0.5 μU/mL was used to diagnose thyrotoxicosis. 

The following parameters were defined as follows:27–32

a)	 LV systolic dysfunction was present if there was any one 

of the following: i) LV ejection fraction ,50%, ii) frac-

tional shortening (FS) ,30%, iii) cardiac index ,2.8 L/

min/m2, iv) CO ,4 L/min, v) mean velocity of circumfer-

ential fiber (VCF) shortening ,1.02 circumferences/sec,  

and vi) peak aortic systolic velocity ,72 cm/sec;

b)	 LV diastolic dysfunction was present if there was any one 

of the following: LV E/A (early diastolic velocity/velocity 

with atrial contraction) ,1.1, isovolumic relaxation time 

.90 msec, E wave deceleration time .210 msec, peak 

filling rate ,5);

c)	 enhanced (meaning increased myocardial contractility) 

systolic function33 was present if there was any one of 

the following: ejection fraction .75%, FS .42%, CO 

.7 L/min, peak aortic systolic velocity .120 cm/sec;

d)	 enhanced (meaning increased) diastolic function34 was pres-

ent if there was documentation of any one of the following: 

E wave velocity .72 cm/sec, A wave velocity .59 cm/sec, 

isovolumic relaxation time ,76 msec, E wave deceleration 

time ,179 msec in the thyrotoxicosis patients and age- and 

sex-matched control subjects;

e)	 left ventricular mass index (LVMI)27 normal value: 

43–96 g/m2 (for women) and 49–116 g/m2 (for men);

f)	 relative wall thickness27 of .0.43 indicates con-

centric hypertrophy; and ,0.43 indicates eccentric 

hypertrophy.

Statistics
Continuous variables were expressed as mean ± 1 standard 

error of mean. Statistical comparisons were performed using 

SPSS software (version 15.0; SPSS Inc., Chicago, IL, USA). 

P,0.05 was considered significant.

Results
Thyrotoxicosis patients were leaner, and when their blood 

pressure was compared with controls there was no signifi-

cant difference (Table 1). Palpitation was the commonest 

symptom, enlarged thyroid gland was present in more than 

50% of the patients, and Graves’ disease was documented 

in 40% of the subjects (Table 2).

Echocardiographic measurements showed that the mean 

intra-observer agreement was 97% (k=0.86) and the mean 

inter-observer agreement was 92% (k=0.78). This indicated 

that intra-observer and inter-observer variability were 

negligible. Out of all 50 patients studied, eight (16%) had 
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Table 1 Anthropometric data and blood pressure of patients and controls

Parameters Thyrotoxicosis patients:  
mean (SD)

Control: mean (SD) Student’s 
t-test value

P-value

Age 44 (3.1) 43.5 (5.2) 0.85 .0.05
Weight (kg) 56.0 (5.5) 65 (7.6) -6.4 ,0.05*
Height (meters) 159.5 (6.8) 160.8 (15.9) 1.35 .0.05
Body surface area (m2) 1.2 (2.4) 1.6 (0.17) 1.85 ,0.5*
Body mass index (kg/m2) 22.04 (6.4) 25.09 (5.4) -1.87 ,0.05*
Pulse (beats/min) 102 (11.9) 78 (5.2) 8.57 ,0.01*
Systolic blood pressure (mmHg) 124.2 (12.5) 122.9 (2.8) 0.12 .0.05
Diastolic blood pressure (mmHg) 75 (11.4) 79.1 (6.5) 1.5 .0.05

Note: *Represents significant value.
Abbreviation: SD, standard deviation.

Table 2 Frequencies of symptoms in thyrotoxicosis patients

Symptoms Patients (percentage)

Palpitation 30 (60)
Enlarged thyroid gland 26 (52)
Weight loss 24 (48)
Heat intolerance 23 (46)
Tremulousness 21 (42)
Proptosis (Graves’ patients) 20 (40)
Increased sweating 18 (38)
Polyphagia 16 (32)

heart failure. Five of these patients had systolic heart failure 

with reduced ejection fraction: a typical echocardiogram 

is depicted in Figure 1. The other three patients had heart 

failure with preserved ejection fraction. No patient had the 

so-called high-output heart failure, ie, heart failure with 

increased ejection fraction.

The left ventricle was dilated in 28% of the patients. The LV 

end diastolic diameter was significantly higher in the thyrotoxico-

sis patients than in the controls (5.35 cm 0.76 standard deviation 

[SD] versus [vs] 5.0 cm 0.73 SD – P,0.05) (Table 3). When all 

the thyrotoxicosis subjects were compared with control, it showed 

that the index patients with thyrotoxicosis had significantly 

increased systolic function (P,0.01), supporting the hyperdy-

namic clinical state of the disease (Table 3). Enhanced systolic 

function depicted in Figure 2 was documented in 14 patients, 

and their systolic parameters showed significant difference when 

compared with that of the control – P,0.01 (Table 4).

Enhanced diastolic function depicted in Figure 3 was 

documented in 17 thyrotoxicosis patients and when param-

eters of diastolic function were compared with control, there 

was significant difference – P,0.01 (Table 5) . It is obvi-

ous that some patients had combined enhanced systolic and 

enhanced diastolic functions.

Diastolic dysfunction (Figure 4) was seen among 

17  patients. Table 6 shows that there was significant 

difference between thyrotoxicosis patients and controls when 

parameters of diastolic function were assessed – (P,0.01).

The inter-ventricular septal thickness and the posterior 

ventricular wall thickness were significantly higher in the thy-

rotoxicosis group than in the control: (0.95 cm vs 0.77 cm – 

P,0.05.) and (0.89 cm vs 0.79 cm – P,0.05), respectively. 

Four percent of the patients had inter-ventricular septal 

thickness .12 mm. The LVMI of subjects (127.03 g/m2) 

was also significantly higher than in the control (84.14 g/m2) 

at P,0.05, and the relative wall thickness was signifi-

cantly higher in thyrotoxicosis patients than in the control 

(0.53 vs 0.33 – P,0.05). In effect, the thyrotoxicosis patients 

had eccentric hypertrophy. Figure 5 shows that 17 (34%) 

thyrotoxic patients had LV hypertrophy using LVMI. Thirty-

three (66%) thyrotoxic patients had normal LVMI. Only one 

(2%) subject in the control had increased LVMI.

Figure 6 summarizes the echocardiographic findings 

in the 50 thyrotoxicosis patients studied. Table 7 shows 

the multivariate regression analysis between all the 

systolic and diastolic parameters and TSH and T3 of the 

patients with thyrotoxicosis and control. Both T3 and TSH 

models showed a good fit (R2=0.42, P,0.1, and P,0.05, 

respectively). T3 retained its independent positive asso-

ciation with the systolic and diastolic parameters. TSH 

also retained its independent negative association with the 

systolic and diastolic parameters.

Discussion
Our study documented enhanced systolic and diastolic 

functions when the subjects were compared with controls 

(Tables 4 and 5), and these findings are in keeping with other 

reports which documented that patients who have thyrotoxi-

cosis also have increased LV systolic and diastolic contractile 

functions, resulting from upregulation of contractile and 

calcium-regulatory proteins.35–37
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Friedman et al38 in the USA had reported enhanced 

systolic function by documenting the echocardiographic 

tracing of the septum and left posterior wall. Kral et al39 in 

Czecholoslavakia studied 12 patients with hyperthyroidism 

and documented significant increase in mean VCF as well as 

cardiac index, stroke volume, and LV end diastolic volume. 

In Poland, Marcisz et al while studying hyperthyroidism, 

noted that it was associated with enhanced systolic function.40 

They demonstrated increased LV ejection function, FS, mean 

VCF, cardiac index and output-pressure index. So our study, 

which showed an increase of 18% and 19% in the LV ejec-

tion fraction and FS, respectively, in thyrotoxicosis patients 

when compared with control is not a new finding. Enhanced 

systolic function has also been documented in an animal 

Figure 1 Two-dimensional echocardiogram showing dilated heart chambers – systolic dysfunction.

Table 3 Comparison of parameters of left ventricular systolic function between thyrotoxicosis patients and control

Parameters Mean values for thyrotoxicosis 
patients (SD) [reference range]

Mean values for  
control (SD)

Student’s 
t-test value

P-value

LVEF (%) 69.7 (10.2)
[41-79]

59 (3.3) 2.47 ,0.01*

FS (%) 43.9 (9.8)
[12-48]

36.83 (8.4) 2.8 ,0.01*

Cardiac output (L) 7.15 (1.47)
[3.5–8.0]

4.7 (0.67) 7.64 ,0.01*

Cardiac index l/min/m2 4.1 (0.84)
[2.1-4.8]

3.2 (0.29) 4.13 ,0.01*

Peak aortic systolic velocity (cm/seconds) 144 (26.7)
[81-165]

113 (11.5) 7.5 ,0.01*

VCF (circumferences/second) 1.74 (0.34)
[1.8-2.1]

1.21 (0.12) 11.0 ,0.01*

End diastolic diameter 5.35 cm (0.76) 5.0 cm (0.73) ,0.01*
Interventricular septal thickness 0.95 cm (0.12) 0.77 cm (0.7) 0.05*
Posterior wall thickness 0.89 cm (0.4) 0.79 cm (0.9) 0.05*
Left ventricular mass index 127 (32.3) 84 (13.8) 0.05*
Relative wall thickness 0.53 (0.15) 0.33 (1.4) 0.05*

Note: *Represents significant value.
Abbreviations: LVEF, left ventricular ejection fraction; SD, standard deviation; FS, fractional shortening; VCF, velocity of circumferential fiber.
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study involving 103 cats with hyperthyroidism in which 

Bond et al41 showed enhancement of indices of contractility: 

21.4% in FS and 14.6% in mean VCF.

Mintz et al37 had documented the presence of enhanced 

diastolic function in nine newly diagnosed and untreated 

hyperthyroid patients, which normalized following 

attainment of euthyroid state. They concluded that their 

findings of enhanced cardiac diastolic performance did not 

support the hypothesis that thyrotoxicosis was associated 

with compromised LV function and suggested the possibility 

that the cardiac symptoms that accompany hyperthyroidism 

may be due to non-cardiac mechanisms.37 This conclusion 

can be said to be valid only for patients with enhanced 

function, because enhanced diastolic function is an early 

state of thyrocardiac disease and is unlikely to be associated 

with any cardiac abnormality. Enhanced diastolic function 

results from enhanced myocardial relaxation, which is 

due to increased calcium reuptake by the sarcoplasmic 

reticulum.37

The management of enhanced systolic and diastolic 

functions is achieved by rendering the patient euthyroid 

through the use of anti-thyroid therapy. The judicious use 

of anti-thyroid drugs in addition to β-adrenoceptor blockade 

will lead to decreased calcium release and reuptake from 

the sarcoplasmic reticulum, which reverses the enhanced 

systolic and diastolic functions, respectively. β blockade 

with propranolol decreases end systolic volume, whereas 

anti-thyroid therapy with carbimazole reduces end diastolic 

volume.42 In other words, while β-adrenoceptor blockade 

depresses myocardial contractility, anti-thyroid therapy 

reverses the primary hemodynamic disturbance responsible 

for the increase in stroke volume.42

Figure 2 Apical four chamber view with continuous wave Doppler showing increased aortic flow velocity in a patient with enhanced systolic function in thyrotoxicosis.

Table 4 Comparison of proportions of left ventricular enhanced systolic function parameters between thyrotoxicosis patients and 
control

Parameters Proportions found in  
thyrotoxicosis patients

Proportions found  
in control

Student’s 
t-test value

P-value

LVEF .75% 0.22 0.04 5.9 ,0.01*
FS .45% 0.28 0.06 5.15 ,0.01*
Cardiac index .4.2 l/min/m2 0.30 0.0 4.32 ,0.01*
Cardiac output .7 L 0.28 0.0 4.32 ,0.01*
Peak aortic systolic velocity (cm/s) .120 cm/
seconds

0.22 0.06 2.18 ,0.05*

VCF (circumferences/second) .1.9 0.26 0.06 2.34 ,0.05*

Note: *Represents significant value.
Abbreviations: LVEF, left ventricular ejection fraction; FS, fractional shortening; VCF, velocity of circumferential fiber; PT, proportions found in thyrotoxicosis patients; PC, 
proportions found in controls.
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β-adrenoceptor blockade has been used to modify the 

severity of hyperadrenergic symptoms of thyrotoxicosis and 

to treat tachycardia. Many β-adrenoceptors have been used, 

but propranolol and the longer-acting atenolol are more popu-

lar.43 Propranolol has two roles in the treatment of hyperthy-

roidism, determined by the different isomers of propranolol. 

L-propranolol causes b-blockade, thus treating the symptoms 

associated with hyperthyroidism such as tremor, palpitations, 

anxiety, and heat intolerance.43 D-propranolol inhibits 

thyroxine deiodinase, thereby blocking the conversion of 

tetraiodothyronine to T3, providing some though minimal 

therapeutic effect.44 Atenolol is a selective beta blocker and 

so less likely than propranolol to cause bronchoconstriction 

in patients who have bronchial disease.44

Impaired diastolic dysfunction was found in at least 28% 

of the thyrotoxicosis patients in our study (Figure 4). These 

patients with diastolic dysfunction had no symptoms arising 

from the cardiovascular system. But it has been documented 

that the finding of diastolic dysfunction in an asymptomatic 

patient is a risk factor for the future development of heart 

failure, and the early identification of such patients provides 

a window of opportunity to prevent progression of what 

appears to be a preclinical heart disease.45–47

In a study in India, which involved 43 patients with newly 

diagnosed hyperthyroidism and 45 healthy participants, Jing 

et al48 reported that the patients had impaired LV diastolic 

function. Diastolic dysfunction can also occur in sub-clinical 

hyperthyroidism. Smit et al in the Netherlands showed 

in a randomized placebo-controlled study that reversible 

diastolic dysfunction can occur after long-term exogenous 

subclinical hyperthyroidism.49 They were concerned that 

even isolated diastolic dysfunction may be associated with 

increased mortality.49 Yue et al in the People’s Republic of 

China also documented that LV diastolic dysfunction can 

occur in patients who present with heart failure.50 In that 

study, out of the 6% of patients who had heart failure, half of 

them had heart failure with preserved ejection fraction. They 

concluded that diastolic dysfunction may play an important 

Figure 3 Apical four chamber view with pulse wave Doppler showing increased mitral E and A wave velocities in keeping with enhanced diastolic function.

Table 5 Comparison of proportions of left ventricular enhanced diastolic function parameters of thyrotoxicosis patients and control

Parameters Proportions of thyrotoxicosis  
patients

Proportions of  
control

Student’s 
t-test value

P-value

Peak early filling velocity (E) .72 cm/s 0.34 0.02 12.77 ,0.01*
Peak velocity at atrial contraction (A) .59 cm/s 0.20 0.00 4.32 ,0.01*
IVRT ,76 m/sec 0.30 0.04 8.41 ,0.01*
EDT ,179 m/sec 0.30 0.00 4.32 ,0.01*

Note: *Represents significant value.
Abbreviations: IVRT, isovolumic relaxation time; EDT, E wave deceleration time; E, early diastolic velocity; A, velocity with atrial contraction.
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role in the pathogenesis of heart failure in thyrotoxicosis.50 

We also documented diastolic dysfunction as being a cause 

of heart failure with preserved ejection fraction in this study 

(Figure 6).

In effect, thyrotoxic heart failure may present with pre-

served, reduced, or increased ejection fraction (high-output 

heart failure).32,51 In our earlier study, we reported that 10% 

of the patients with thyrotoxicosis had systolic dysfunction 

with preserved ejection fraction.52 Similar findings have 

been found in other studies.53,54 This is an indication that 

echocardiography can be used to classify cardiac dysfunction 

in patients with thyrotoxicosis, including the determination 

of the ejection fraction, and these data are indispensable in 

planning a therapeutic regimen.

Patients who have diastolic dysfunction can only be 

detected using echocardiography, and this invariably 

influences their management. Therapeutic management of 

patients with diastolic dysfunction may differ from those 

with systolic dysfunction. Patients with isolated diastolic 

dysfunction will respond to anti-thyroid drugs (to render 

them euthyroid), β-blockers, and diuretics in moderate 

doses.50 Inotropes which are useful in patients with systolic 

dysfunction will not be required in patients with isolated 

diastolic dysfunction.50

In thyrotoxicosis patients who have heart failure with 

preserved or increased ejection fraction, inotropes are of 

doubtful therapeutic effect.51 Anti-hyperthyroid drugs, judi-

cious use of diuretics, and some β-adrenoceptor blockers 

are more useful in managing this group of patients.55 The 

use of vasodilators like angiotensin-converting inhibitors, 

angiotensin receptor blockers, and β-blockers with vasodi-

latory properties (eg, carvedilol, nebivolol) may aggravate 

the clinical condition in heart failure with increased ejection 

fraction because of associated decreased peripheral vascular 

resistance.51

Heart failure with reduced ejection fraction may be found 

in patients with thyrotoxicosis in spite of the fact that it is 

a hypermetabolic condition. Some predisposing conditions 

include pre-existing hypertension, ischemic heart disease, 

and mitral valve disease, which may be found in Graves’ and 

Hashimoto’s diseases.56,57 The pathophysiology of thyrotoxic 

cardiac disease with reduced ejection fraction may include 

direct damage due to autoimmune myocarditis, congestive 

circulation secondary to excess sodium, and fluid retention 

Figure 4 Pulse wave Doppler images demonstrating diastolic dysfunction.
Notes: (A) Pulse wave Doppler showing reversed transmitral diastolic velocities in thyrotoxicosis. (B) Pulse wave Doppler of transmitral flow showing prolonged isovolumic 
relaxation time.

Table 6 Comparison of proportions of left ventricular diastolic dysfunction parameters of thyrotoxicosis patients and control

Parameters Proportions of thyrotoxicosis  
patients

Proportions of  
control

Student’s 
t-test value

P-value

E/A ratio ,1.1 0.34 0.02 14.65 ,0.01*
IVRT .90 msec 0.28 0.00 4.10 ,0.01*
EDT .210 msec 0.28 0.06 5.98 ,0.01*
PFR ,5 0.34 0.00 4.90 ,0.01*

Note: *Represents significant value.
Abbreviations: E, early diastolic velocity; A, velocity with atrial contraction; E/A ratio, ratio of early mitral flow velocity to velocity during atrial contraction; IVRT, isovolumic  
relaxation time; EDT, E wave deceleration time; PFR, peak filling rate.
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Figure 5 Bar chart showing the percentage of thyrotoxicosis patients with left 
ventricular hypertrophy using left ventricular mass index (LVMI).
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Figure 6 The echocardiographic abnormalities seen in the study.
Abbreviations: LVESF, left ventricular enhanced systolic function; LVEDF, left 
ventricular enhanced diastolic function; LVDDF, left ventricular diastolic dysfunction; 
HFPEF, heart failure with preserved ejection fraction; HFREF, heart failure with 
reduced ejection fraction; LVH, left ventricular hypertrophy.

related to hyperthyroidism, upregulation of the renin– 

angiotensin–aldosterone system, sustained tachycardia, and/

or atrial fibrillation.41 Some of the arrhythmias, particularly 

atrial fibrillation, predisposes to increased mortality in thy-

rotoxicosis patients and worsens prognosis when associated 

with heart failure.58,59 It should be emphasized that atrial 

fibrillation is associated with increased mortality in thyro-

toxicosis and so it should be treated appropriately whenever it 

occurs.60 β-adrenoceptor blockade, digoxin, calcium channel 

blockers, and anticoagulants are all useful in the management 

of atrial fibrillation associated with thyrotoxicosis.

Patients with systolic dysfunction with reduced ejection 

fraction and tachycardia will benefit from treatments aimed at 

slowing the heart rate or controlling the ventricular response 

in atrial fibrillation. This appears to improve LV function 

even before initiation of anti-thyroid therapy.57 This class 

of patients with dilated, poorly contracting hearts will also 

benefit from inotropes, in conjunction with classic forms of 

treatment for congestive heart failure. However, larger than 

usual doses of inotropes such as digoxin may be required. 

A relative resistance to digoxin may be present, due both to 

increased renal clearance,61 increased biliary excretion,62 and 

the increased number of Na/K ATPase units in the cardiac 

muscle.63

There may be no clinical trials in support of the use 

of β-adrenoceptor blockers in thyrotoxic heart failure, but 

they are effective in alleviating the attendant symptoms of 

hyperthyroidism and also in reducing heart rate. However, 

invasive monitoring in hyperthyroid patients with cardiac 

failure64 has demonstrated depressed myocardial function 

in response to β-adrenoceptor blockade, demonstrated by 

decreased stroke volume and increased pulmonary artery 

diastolic pressure.

If thyrotoxic heart failure is truly congestive with asso-

ciated fluid retention, β-adrenoceptor blockers, which are 

really negatively inotropic, should be stepped down until 

the patient is hemodynamically stable. This is in spite of the 

fact that β-adrenoceptor blockers are indicated in the cur-

rent guidelines for management of heart failure. A practical 

guideline for the use of β-adrenoceptor blockers in heart 

failure in thyrotoxicosis may be to optimize the reduction of 

fluid retention before the introduction of β blockers that have 

been found to be useful in previous clinical trials on heart 

failure therapeutics, namely carvedilol (COPERNICUS),65 

metoprolol (MERIT-HF),66 and bisoprolol (CIBIS II).67 

The ultra-short acting β-adrenoceptor blockers esmolol, 

propranolol, and atenolol have been used in cases of heart 

failure associated with thyrotoxicosis as a therapeutic trial, 

but this practice is not widely accepted because there may 

be worsening of heart function.68–71

Eccentric hypertrophy was documented in this work, 

but concentric hypertrophy has also been seen in some 

thyrotoxicosis patients.72 LV hypertrophy has also been 

documented in patients receiving thyroxine in the absence 

of significant changes in heart rate and blood pressure, 

suggesting that there is a direct trophic effect of thyroid 

hormone on the myocardium.72,73 There have been reports 

from Asia and Germany, documenting the presence of LV 

hypertrophy in thyrotoxicosis patients.74,75 LV hypertrophy 

has been associated with cardiovascular events and should 

therefore be treated. Thyrotoxicosis patients who have LV 

hypertrophy should receive anti-thyroid drugs as well as 

beta-blockers and calcium blockers, which are known to 

reverse ventricular remodeling.76
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Table 7 Correlation of thyroid-stimulating hormone and free T3 with echocardiographic parameters

Parameters Pearson’s correlation coefficient for  
thyroid-stimulating hormone (TSH)

P-value (TSH) Pearson’s correlation  
coefficient for free T3

P-value (FT3)

LVEF -0.402 ,0.01* 0.365 ,0.01*
FS -0.396 ,0.01* 0.347 ,0.01*
CO -0.283 ,0.05* 0.319 ,0.05*
CI -0.259 ,0.05* 0.301 ,0.05*
AOVMAX -0.406 ,0.01* 0.390 ,0.05*
MVCF -0.517 ,0.01* 0.370 ,0.01*
LVE -0.368 ,0.01* 0.301 ,0.01*
LVA -0.309 ,0.01* 0.307 ,0.01*
LVE/A -0.013 .0.05 0.133 .0.05
LVIVRT -0.033 .0.05 0.129 .0.05
LVDT -0.064 .0.05 0.206 .0.05
PFR -0.068 .0.05 0.267 .0.05
RVE -0.402 ,0.01 0.417 ,0.01
RVA -0.396 ,0.01 0.365 ,0.01
RVE/A -0.145 .0.05 -0.145 .0.05
RVDT -0.158 .0.05 -0.106 .0.05

Note: *P-value ,0.05 is significant.
Abbreviations: CI, cardiac index; AOVMAX, peak aortic maximal velocity; MVCF, mean velocity of circumferential fibre shortening; LVE, left ventricular E wave velocity; 
LVA, left ventricular A wave velocity; LVE/A, left ventricular E wave velocity/A wave velocity ratio; LVDT, left ventricular E wave deceleration time; PFR, peak filling rate; RVE, 
right ventricular E wave velocity; RVA, right ventricular A wave velocity; RVE/A, right ventricular E wave velocity/right ventricular A wave velocity ratio; RVDT, right ventricular 
E wave deceleration time; T3, triodothyronine; FT3, free triodothyronine; LVIVRT, left ventricular isovolumic relaxation time; LVEF, left ventricular ejection fraction.

Table 8 Summary of drug treatment of thyrotoxic cardiac disease and management of associated hemodynamic changes and 
complications

Clinical 
condition

Excessive  
thyroid  
hormone

Tachycardia Atrial  
fibrillation

Hypertension Left 
ventricular 
hypertrophy

HFpEF HFrEF HFiEF

Drug  
treatment

Anti-thyroid 
drugs eg 
carbimazole and 
propylthiouracil

•	 Beta blockers- 
propranolol,  
atenolol and 
esmolol 

•	 CCB-
diltiazem

•	 Beta blockers- 
propranolol, 
atenolol and 
esmolol

•	 CCB 
•	 Digoxin
•	 Amiodarone
•	 Anticoagulants

•	 Beta blockers- 
propranolol 
and atenolol

•	 CCB

•	 Beta 
blockers

•	 CCB

•	 Beta blockers- 
propranolol 
and atenolol 

•	 CCB
•	 Diuretics

•	 Diuretics 
•	 Digoxin 
•	 Beta 

blockers- 
metoprolol,  
carvedilol 
and 
busoprolol

•	 Beta blockers 
•	 CCB

Comments Required in 
all cases of 
thyrotoxicosis. 
Pharmacokinetics 
and pharmaco
dynamics of drugs 
are altered in 
thyrotoxiocosis.

Propranolol 
20–40 mg qds, 
od/iv; Diltiazem 
60–120 mg qds, 
od

Esmolol is short 
acting. Amiodarone 
for refractory atrial 
fibrillation.

Propranolol also  
inhibits T4 to T3 
conversion.

These drugs  
reverse 
ventricular  
re-modelling.

Atenolol is 
less likely than 
propranolol to 
cause broncho-
constriction.

Large doses of 
digoxin may 
be required.
Optimize 
reduction of 
fluid retention 
before BB. 

BB like carvedilol 
and nebivolol, as well 
as ACEI/ARB are 
contraindicated.

Abbreviations: HFrEF, heart failure with reduced ejection fraction; HFiEF, heart failure with increased ejection fraction; BB, beta blockers; ACEI, angiotensin receptor 
inhibitors; ARB, angiotensin receptor blockers; HFpEF, heart failure with preserved ejection fraction.

In summary, thyrotoxicosis is a treatable cause of heart 

failure and so diagnosis is important and rewarding.77 Heart 

failure in people with thyrotoxicosis who have increased 

or preserved ejection fraction, almost always resolves after 

euthyroid state is established, but when there is associated 

reduced ejection fraction, complete resolution of the heart 

failure may be less predictable.33,78 Table 8 summarizes the 

definitive treatment of thyrotoxic cardiac disease as well as 

the management of the associated hemodynamic changes 

and complications.

Conclusion
Echocardiography is useful in the stratification of cardiac 

function abnormalities and is indispensable in the management 
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of patients with thyrotoxicosis. The finding of LV-enhanced 

systolic and diastolic functions signify early echocardiographic 

detectable cardiac abnormalities in thyrotoxicosis, and the clin-

ical management is with anti-thyroid drugs and β-adrenoceptor 

blockade. Diastolic dysfunction in thyrotoxicosis patients 

asymptomatic for cardiac disease should be treated with anti-

thyroid drugs and β-adrenoceptor blockade.

Thyrocardiac patients with heart failure will require 

echocardiography to determine their ejection fraction, as 

this may influence a specific therapeutic regimen. A sound 

knowledge of clinical therapeutics and its application is 

indispensable in the use of anti-thyroid drugs, β-adrenoceptor 

blockade, diuretics, and digoxin, and in the management of 

thyrotoxicosis patients with heart failure who have increased, 

preserved, or reduced ejection fraction.
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