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Summary: Theheartisan organ senstivetotheaction of thy-
roid hormone, and measurable changes in cardiac perfor-
mance are detected with small variationsin thyroid hormone
serum concentrations. Mot patientswith hyperthyroidism ex-
perience cardiovascular manifestations, and the most serious
complications of hyperthyroidism occur asaresult of cardiac
involvement. Recent studies provide important insights into
themolecular pathwaysthat mediatethe action of thyroid hor-
mone on the heart and allow a better understanding of the
mechanismsthat underliethe hemodynamic and clinica man-
ifestations of hyperthyroidism. Several cardiovascular condi-
tionsand drugs caninterferewith thyroid hormonelevelsand
may poseadifficulty ininterpretation of laboratory datain pa-
tientswith suspected thyroid heart disease. The focus of this
reportisareview of the current knowledge of thyroid hormone
action onthe heart and the clinica and hemodynamic labora-
tory findings as well as therapeutic management of patients
with hyperthyroid heart disease.
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Introduction

Thecardiovascular manifestationsof hyperthyroidismhave
been recognized for morethan two centuriesand area corner-
stonefor clinical diagnosis. Theaction of thyroid hormonein-
volvesvirtually al organ systems; in particular, the heart re-
spondsto minimal changesin serum thyroid hormonelevels
asseeninindividual swith subclinica hyperthyroidism. This
condition, characterized by norma T3 and T4 levelsand sup-
pressed thyroid-stimul ating hormone (TSH), causes measur-
able dterationsin several cardiac parameters. Theseinclude
anincreasein resting heart rate, myocardial contractility, left
ventricular musclemass, and apredispositionto atria arrhyth-
mias. The wide range of hemodynamic changes and cardio-
vascular complications that accompany hyperthyroidism
serveto emphasizetherol e of thyroid hormoneinthephysiol-
ogy of the cardiovascular system.

Molecular and Cellular M echanismsof Thyroid
HormoneAction ontheHeart

Changes in cardiac parameters encountered in hyperthy-
roidism result from the activity of thyroid hormoneon certain
molecular pathwaysin the heart and vasculature. The action of
thyroid hormone on the heart is mediated through a dud
mechanism. The main mode of actionisadirect effect onthe
transcription of specific and nonspecific cardiac genes.! The
second isanongenomic action on plasmamembranes, mito-
chondria, and the sarcoplasmic reticulum.?

Becauseof thelipophilic natureof T3 and T4, both circulat-
ing hormonesdiffuseeasly acrossthe cytoplasmic membrane
of target cells, including cardiomyocytes(Fig. 1). Eventhough
T4 is converted into T3 in the cytosol of severa cell types,
there is no evidence that this conversion takes placein car-
diomyocytes. The lipophilic T3 enters the nucleus where it
bindsthyroid hormone receptors (THRS), two of which have
aready beenidentified.2 Binding of T3toaTHR convertsthe
receptor into an activated form that either homodimerizes or
heterodimerizeswith 9-cis-retinoic acid receptor (RXR).4 The
T3THR/THR or T3THR/RXR complex recognizes one of



B. M. Fadel et al.: Hyperthyroid heart disease 403

T4
Y
v

5'-Deiodinase??
T4 —— T3 Cytoplasm
(X}

v
;3‘ ; T ——
\/
.; Nucleus

|

-
-

v
T3/Receptor @
complex

,

Target

gene [ _ITGACCTNNNNTGACCT] NN |
Enhancer Promoter
MHCa element .
SERCA : Gene
Na-K-ATPase = transcription
B-andrenergic receptor v
RNA —~__"

Fic.1 Diagram summarizing the molecular mechanisms of thy-
roid hormone action on target genesin cardiomyocytes. Thereisno
evidencethat 5'-deiodinaseis expressed in cardiomyocytes. THR =
thyroid hormone receptor, RXR = retinoic acid receptor, MHCa =
myosin heavy chain apha, SERCA = sarcoplasmic reticulum calci-
UM-ATPase.

several DNA consensus sequences, the thyroid response ele-
ment (TRE), located in the enhancer region of target genes.3
Following binding of the protein complex to theresponse de-
ment, the promoter of thetarget geneisactivated, resultingin
theinitiation of transcription. A number of cardiac geneshave
beenrecognized astargetsfor transcriptiona activation by thy-
roid hormone: myosin heavy chainapha(MHC-«), sarcoplas-
mic reticulum calcium-ATPase (SERCA), Na-K-ATPase, B1-
adrenergic receptor, cardiac troponin |, and atrial natriuretic
peptide.>10 Conversaly, the transcription of other genessuch
asMHC- isrepressed. 11

The improvement in myocardia contractility induced by
thyroid hormoneis multifactoria and resultsin part from the
differential effect of thyroid hormone on MHC gene expres-
sion. Threemyosinisoforms have been identified in ventricu-
lar muscle; V1 composed of MHC-al/er, V2 of MHC-o/3, and
V3 of MHC-B/B. Through its transcriptional activity on
MHC-a and MHC-3, thyroid hormone causes ashift iniso-
form expression by increasing therate of synthesisof V1and
decreasing the rate of synthesisof V351112 SinceV1 hasa
higher ATPase enzymatic activity, an increasein the velocity
of musclefiber shorteningisobserved. Thecontribution of this
mechanismto theincreased myocardia contractility inhuman

hyperthyroidism remains to be proven. A possble second
mechanism involves cal cium rel ease and reuptake by the sar-
coplasmic reticulum, which regul ates the rate of myocardia
fiber contraction and relaxation. Through upregulation of
SERCA and downregulation of phospholambam protein ex-
pression, thyroid hormone alows an accel erated reuptake of
cacium by thesarcoplasmic reticulum, resultingin anincrease
in cardiomyocyte peak tension devel opment and shortening of
the duration of contractionin ventricular muscle.® Thismech-
anism also explains the improvement in diastolic relaxation
properties of the hyperthyroid heart. Some studies have sug-
gested that theincreased inotropy may aswell result from the
enhanced number!3 and sensitivity# of cardiac beta-adrener-
gicreceptorsto cathecolaminesdespitenormal tolow circul at-
inglevelsof thesefactors.1> Morerecent datademonstratethat
thyroid hormone does not increase the sengtivity of left ven-
tricular contractility to beta-adrenergic stimulation.16: 17

Contrary to the genomic action of thyroid hormone, the
nongenomic pathways mediate processeswith rapid onset of
action such astheincrease in cardiac output following intra-
venousinjection of T3.18 Throughthe nongenomic activity on
plasma membranes, thyroid hormone prolongs the inactiva-
tion of theNa* channelsin cardiomyocytes!® and enhancesthe
intracellular uptake of Na* and the secondary activation of the
myocardiad sarcolemmal Na-Ca2* exchange, which may ex-
plain the acuteinotropic activity of thyroid hormone2 T3 aso
exertsadirect effect on L-typecal cium channel sand enhances
calciumentry into cardiomyocytes.?

Hemodynamic Consequencesof Hyperthyroidism

The hemodynamic consequences of hyperthyroidism re-
sult from adirect effect of thyroid hormone on the heart and
vasculature. Asaresult, thereisanincreasein heart rate, blood
volume, left ventricular stroke volume, gjection fraction, and
cardiac output (Fig. 2).

Peripheral vasodilatation occursasaresult of rapid utiliza-
tion of oxygen, increased metabolic end products, and induc-
tion of arterial smooth muscle cell relaxation by thyroid hor-
mone.2l 22 \Vasodilatation results in a decrease in systemic
vascular resistance (SVR) by an average of 50-60%. Thefall
in SVR playsacentra rolein the hemodynamic changesthat
accompany hyperthyroidism, resultingin anincreasein heart
rate, asdectiveincreasein blood flow to certain organssuch as
skin, skeletd muscles, and heart, and adropin diastolic blood
pressurewith widening of the pul se pressure. 22 Vasodilatation
and thelack of riseinrenal blood flow cause adecresseinre-
nal perfusion pressure and an activation of the renin-angio-
tensin system, thusincreasing sodium reabsorption and blood
volume.24-26 The combination of an expanded blood volume
and improvement in diastolic rel axation of the heart contribute
toincreaseleft ventricular end-diastolic volume (LVEDV) or
preload. Similarly, thedropin SVR and theimproved myocar-
dia contractility resultinasmadler | eft ventricular end-systolic
volume (LVESV) or afterload. The net effect of anincreased
preload and adecreased afterload trand atesinto asignificant



404 Clin. Cardiol. Vol. 23, June 2000

—_— A
Renal Renin- Na
— perfusion angiotensin *absorption
Systemic
vascular *
resistance
Myocardla Diastolic Total blood
contractmt relaxation volume
LVESV LVEDV
+ (afterload) preload
* Stroke
volume
Heart
rate \
* * *Cardlac
output

Fic.2 Schematic representation of the hemodynamic changesthat
accompany hyperthyroidism. The decreasein systemic vascular re-
sistanceiscentral to many of the other hemodynamic consequences
of thyroid hormone excess. LVEDV = |eft ventricular end-diastolic
volume, LVESV =|eft ventricular end-systolic volume.

increaseinventricular strokevolume. Inturn, therisein heart
rate and theincreased stroke volume combineto cause atwo-
to threefold increasein cardiac output, greater than accounted
for by the changesin the body metabolic rate.2* Of al con-
tributing factors, theincreasein prel oad accountsfor most of
theincreasein cardiac output.2”

In addition to the improvement in systolic contractile pa-
rameters, echocardiographic data indicate that newly diag-
nosed hyperthyroidismisaccompanied by animprovement in
left ventricular diastolic function asmanifested by an enhance-
ment in left ventricular relaxation, diastolic flow velocities,
and isovolumic relaxationtime. All diastolic parametersnor-
malize when hyperthyroid patients are rendered euthyroid.28
Thishasled to the suggestion that the dyspneaon exertion and
exercise intolerance that accompany hyperthyroidism may
have anoncardiac origin.2 Findings of improvement in dias-
tolic function have not been confirmed invasively and should
be taken with caution sincetheincreasein contractility andin
preload that accompany hyperthyroidism may aso affect
echocardiographicindicesof diastolic function.

Cardiac Manifestationsof Hyperthyroidism

Theclinical manifestationsof hyperthyroidismaredramat-
ic examples of the myriad actions of thyroid hormoneon tar-

get organs. Classicdly, patientswith hyperthyroidism devel-
op heat intolerance, irritability, nervousness, emotional 1abil-
ity, muscle weakness, menstrual abnormalities, and weight
loss despite an increased appetite. Cardiovascular symptoms
include pal pitationsin up to 85% of patients and dyspneaon
exertion and fatigue in approximately 50% of patients.
Angina pectorisis uncommon and may result from either a
mismatch between myocardia oxygen demand and supply or
from vasospasm; however, it usually indicatesthe presence of
obgtructive coronary artery disease. On physical examination,
the most common cardiovascular finding istachycardia, with
90% of patients having a resting heart rate that exceeds 90
bests/min. Most patients al so demonstrate bounding periph-
eral pulses, awide pulse pressure, an active precordium, an
increasein theintensity of heart sounds, and asystolic gjec-
tion murmur in up to 50% of cases. A systolic scratchy sound,
the Means-Lerman scratch, isless common and isthought to
result from rubbing of the hyperdynamic pericardium against
the pleura, mimicking pericarditis.2®

An increased incidence of mitral valve prolapse has been
reported in patients with Grave's disease.0 31 While early
studies have implicated the hemodynamic changes that ac-
company hyperthyroidism asthe cause of thisabnormality, a
geneticrole hasa so been proposed. The presenceof asystalic
murmur in ahyperthyroid patient should raise the possibility
of mitral regurgitation secondary to mitral valveprolapse.

Cardiac Complicationsof Hyperthyroidism

Hyperthyroidism may complicate preexisting cardiac dis-
ease or may cause cardiac complicationsin individuas with
structuraly normal hearts.32 Because of theaccompanyingin-
creasein heart rate, myocardia contractility, and oxygen de-
mand, hyperthyroidism can unmask conditionssuch assilent
coronary artery disease and compensated heart failure.

Rhythm Disturbances

Atrid fibrillationisthe most common cardiac complication
of hyperthyroidism. It occursin gpproximately 15% of patients
andisusudly associated with arapid ventricular response. Itis
more common among men, and itsincidence increases signif-
icantly with advancing age.333* Whileitisrarein patients< 40
yearsof age, 25-40% of hyperthyroid individua sover theage
of 60 experience atrid fibrillation. The mgority of patients
with hyperthyroidism and atrid fibrillation have an enlarged
| eft atrium on echocardiography, compared with lessthan 7%
of hyperthyroid patientsin sinus rhythm.3> Similar to angina
pectorisand heart failure, the development of atrid fibrillation
should not be considered as solely dueto hyperthyroidism and
should prompt the search for underlying organic heart disease.
Contrary to atrid fibrillation, atrid flutter and paroxysmal
supraventricular tachycardiaare both uncommon. Ventricular
tachycardiais also uncommon, and its presence should indi-
catetheexistence of underlying heart disease.
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Subclinical hyperthyroidismisarisk factor for thedevelop-
ment of atria fibrillation. A report from the Framingham
study described the 10-year outcome of 2,007 individuas
>60 years of age who are clinically euthyroid and in sinus
rhythm.36 Of 61 subjects with low TSH levels (<0.1 mU/l),
28% developed atrid fibrillation compared with 11%of 1,576
subjectswith normal levels (> 0.1 mU/l). Dataanalysisindi-
cates that low-serum TSH concentration is associated with
morethan athree-foldincreasein therisk of developing atrial
fibrillation. Of interest is that overt hyperthyroidism devel-
opedinonly two subjectswithlow TSH levelsandin onewith
anormal value. Thesedataagreewith other studies, indicating
that most patients with low TSH levels do not progress to
overt hyperthyroidism.3”

Common dectrocardiographic findings in hyperthyroid
patientsincludesinustachycardiaand ashort PRinterva. De-
spite the improvement in atrioventricular conduction, intra:
atrial and intraventricular conduction disturbances occur oc-
casionally. Most common is the prolongation in intra-atrial
conduction manifested by anincreasein theduration or notch-
ing of the P wave.3® A delay in intraventricular conduction
witharight bundle-branch block morphology isencountered
in as many as 15% of patients. For unknown reasons, ad-
vanced atrioventricular blocksmay aso occur.

Heart Failure

The hemodynamic burden imposed by the hyperthyroid
gate diminishes myocardia contractile reserve and prevents
any further increase in cardiac output and gection fraction
during exercise.® Thisislikely toresult from failure of and-
ready low SV R to decrease further during exercise. Thus, the
hyperthyroid heart performs at the limit of its capacity even
under resting conditions. Theimposed increasein preload and
total blood volumeincreasescardiac work and inducesthe de-
velopment of myocardial hypertrophy, thusallowing the heart
to cope better with the hemodynamic burden.* Accordingly,
themajority of hyperthyroid patientsarein ahigh cardiac out-
put state in the absence of symptomatic heart failure. How-
ever, despite doubling or tripling of the cardiac output and a
supernormal contractilefunction, theincreasein both preload
and blood volume causes an devation in ventricular filling
pressures and may lead to mild pulmonary and periphera
congestion. This*high-output heart failure” usually occursin
young individuals with severe and long-standing hyperthy-
roidismin the absence of any underlying heart diseaseand re-
spondswell to trestment with diuretics#!

Inasmall subset of patients, especially inthe elderly with
either atrial fibrillation or underlying organic heart disease,
true heart failure devel ops manifested by adeclinein myocar-
dial contractility and left ventricular gection fraction and an
increasein ventricular dimensions.*2 Thisisaccompanied by
awidening of the AVO: difference, adeclinein cardiac out-
put, afurther riseinventricular filling pressuresand SVR, and
anew third heart sound. Thisform of systolic dysfunctionis
often but not always reversible once a euthyroid state is
reestablished.*2 43 The reason why some patients develop

“hyperthyroid cardiomyopathy” and advanced heart failure
remainsunknown. One possibility isthe detrimental effect of
sustained tachycardiaonthe heart.*1: 44 Thisisemphasized by
thefact that no cardiomyocyte damage was observed on light
and e ectron microscopy in one hyperthyroid patient with di-
lated cardiomyopathy.*

Hypertension

Hyperthyroidismisaccompanied by systalic hypertension
inupto one-third of patients, especialy intheelderly. Thisre-
sultsin part fromtheinability of thevascular systemto accom-
modatetheincreasein strokevolume. Thefdl in SVR causes
a decrease in diastolic blood pressure and explains the low
mean arteria pressure and therare occurrence of diastolic hy-
pertension in hyperthyroidism.*® The establishment of a eu-
thyroid state leadsto acompletereversal of these changes.

Diagnosisof Suspected Hyperthyroidism

Measurement of serum TSH concentration by a reliable
[aboratory using athird-generationimmunoradiometric meth-
odology iscurrently the most rdiable test for diagnosing hy-
perthyroidism.*” Current methods should alow to distinguish
normal TSH levels(>0.1 mU/l) fromlow (< 0.1 mU/T) and un-
detectable levels (<0.01 mU/l). The latter two indicate the
presence of hyperthyroidism. This measurement permitsthe
detection of subclinical and occult hyperthyroidisnwhen T3
and T4 levelsfall within normal limits. Measurement of T4 is
helpful, however T3 should bed so measured to detect patients
with T3-toxicosis. Because of the frequency with which dis-
easeand/or drugsdter binding of thyroid hormonesto plasma
proteins, one should obtain an estimate of unbound hormone
such asfree T4, using immunoassay or equilibrium diayss.
Free T3 measurement ismore complex and isusualy not re-
quired. Measurement of serum concentration of total T4 and
T3 done may give mideading results since elderly patients

TaBLE |  Summary of the cardiovascular manifestations of hyper-
thyroidism

Symptomsand signs Prevalence (%)

Palpitations
Exerciseintolerance
Dyspneaon exertion
Fatigue
Anginapectoris
Tachycardia
Bounding pulses
Wide pulsepressure
Hyperactive precordium
Systolicmurmurs
Systalichypertension
Atrid fibrillation
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TaBLE Il Causesof hyperthyroidism

Grave'sdisease
Hyperfunctioning adenoma
Toxic multinodular goiter
Subacutethyroiditis
Chronicthyroiditiswith transient thyrotoxicoss
Thyrotoxicosisfactitia
Ectopic thyroid hormone production
Strumaovarii
Metastatic fallicular carcinoma
Excessproduction of thyroid-stimulating hormone
Trophoblastic tumor

and those with heart disease or other serious illnesses may
have decreased peripheral conversion of T4 to T3 and de-
creased plasma protein binding of both hormones. A normal
serum T3 concentration in an elderly patient with heart failure
or atrial fibrillation may suggest the presence of hyperthy-
roidism.*® Once the diagnosis of hyperthyroidism is estab-
lished, the specific cause should beidentified for appropriate
long-term management. The causes of hyperthyroidism are
lisedinTeblell.

Effect of Cardiovascular Conditionsand Drugson
Thyroid HormoneL evels

Nonthyroidal systemic illnesses can cause dramatic ater-
ationsin thyroid hormone levelsin patients with no apparent
thyroid disease. They usually manifest themsalvesasalow T3
stateor, inseverdy ill patients, asalow T3/T4 statewith nor-
mal TSH levels. A low T3 level may befound in up to 50% of
hospitalized patients, and in many patients with heart failure
and following coronary artery bypasssurgery.*

TaBLE Il Effect of cardiovascular drugson thyroid hormonelevels

A number of drugscommonly used by cardiologistscana-
ter the levels of thyroid hormonesin otherwise euthyroid pa-
tients(Tablelll). Morethan 50% of patientsreceiving chronic
amiodarone therapy exhibit significant changes in thyroid
hormonelevelsmanifested by elevated T4 levelsat an average
of 44% of basdinewithnorma T3and TSH levels.® Thus, an
elevated serum T4 in a patient receiving amiodarone should
not be interpreted as asign of hyperthyroidism. Since amio-
darone can induce hyperthyroidism in 2-24% of treated pa-
tients, theinterpretation of thyroid hormonelevelsmay prove
difficult. Theonset of hyperthyroidismusualy resultsinafur-
ther risein T4 levelswith aparallel and significant decreasein
TSH, and most patients devel op clinical manifestations sug-
gestive of thyroid hormone excess.® In patients receiving
chronic amiodarone therapy, serum TSH remains the most
va uable measurefor ng thyroid function.®

Treatment of Cardiovascular Disease Associated with
Hyperthyroidism

For patientswith tachyarrhythmias without associated car-
diac complications such as unstable angina or heart failure,
conservetive management with antithyroid agents is appro-
priate. In patientswith tachyarrhythmias accompanied by un-
stableanginaasaresult of underlying coronary artery disease
or vasospasm and in those with thyrotoxic storm, arapid de-
crease in heart rate should be achieved with the use of in-
travenous beta bl ockers.51 52 Because of the potential risk of
adverse effects, such patients should be hemodynamically
monitored in anintensive care setting. Betablockerswill aso
help aleviate betareceptor-mediated symptoms such asanxi-
ety and tremul ousness. Higher than usual doses of betabl ock-
ersareoften required because of increased plasmaclearancein
hyperthyroidism.53 Of the beta blockers, propranolol hasthe
advantage of reducing T4 to T3 conversion in peripherd tis-

Alterationsinthyroid

Drugs Mechanism of action hormone serum concentrations
Amiodarone (1V) Inhibition of T4-T3 conversion 1TSH, 1T4,1T3
Amiodarone chronic therapy Inhibition of T4-T3 conversion 1 T4, - T3andTSH
Furosemide? (1V) Inhibition of T3/T4bindingto TBG 1 T4, dight 1 free T4
Heparing (1V) Inhibition of tissuedigtribution of T4 dight 1t T4andfree T4
Propranolol Inhibition of T4 periphera conversion dight 1 T3
Propranolol (high doses) Inhibition of T4 cdllular uptake 1 T4andfree T4
Metaprolol/atenolol No effect - T3/T4, - TSH
Cdcium-channel blockers Inhibition of tissue T3 uptake ?

Clofibrate Increasein TBG serum concentrations 1T4

Nicotinicacid Decreasein TBG serum concentrations 1| T4

Dopamine Suppression of TSH production ITSH, - T3/T4
a0nly at high doses.

Abbreviations: 1V = intravenous administration, TBG = thyroid-binding globulin, TSH = thyroid-stimul ating hormones, t =increase, | =de-

crease, — =no change, ?=unknown.
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sues, however, this effect is of minor therapeutic value and
other cardiosdective agentswith alonger half-lifeareequdly
effective. Release of hormonefrom thethyroid glandisinhib-
ited by inorganiciodide, and such agents can prove useful be-
cause of their rapid onset of action.>* Correction of the hyper-
thyroid state should also be initiated with agents such as
propylthiouracil toinhibit synthesis of thyroid hormone.

In patientsin whom thyrotoxicosisis associated with con-
gestive heart failure, conventiond therapy with diuretics such
asintravenousfurosemide helpsreverse the volume overl oad.
Digoxinislessuseful in hyperthyroid than euthyroid patients
because of the relative resistanceto its action.% Thisis partly
dueto alarger volume of digtribution and the need to inhibit
more active Na-K -AT Pasetransport unitsin cardiac muscle.>’
Thus, systemic toxicity may develop at dosesthat havelittle
cardiac therapeutic effect. Despite these limitations, digoxin
should still be considered in patients with heart failure and
concomitant atrid fibrillation. Theuseof betablockersshould
be carefully considered in patients with heart failure because
of therisk of exacerbation, and the decision should be based
on the extent to which an increased heart rateisthought to be
contributing to heart failure. A short-acting agent such asintra:
venousesmolol can betried under hemodynamic monitoring
to determinewhether apotentia benefit may exist.®

In patients with rapid atrid fibrillation, attempts &t car-
dioversion should not be made before restoration of a euthy-
roid state since maintenance of asinus rhythmisunlikely as
long asthe patient remains hyperthyroid.?® Theinitial aim of
therapy should be directed at controlling the ventricular rate,
usually with a beta blocker. Ord calcium-channel blockers
such asdiltiazem or vergpamil can dso beuseful for long-term
control of ventricular rate. However, intravenous calcium-
channé blockers should be avoided since they may cause a
further fall in SVR and severe hypotension.>® Once a euthy-
roid stateisachieved, spontaneousrestoration of Snusrhythm
will depend on severd factorsincluding the patient’sage, du-
ration of atrid fibrillation, left atrial size, and the presence of
underlying heart disease. Inthosewith ardatively short dura-
tion of atrid fibrillation, up to two-thirds of patientswill expe-
rience spontaneousreversal to snusrhythm after achievement
of aneuthyroid state.>

Theissue of anticoagulation therapy for patients with hy-
perthyroidism and concomitant atrid fibrillation has not been
fully resolved. Contrary to earlier uncontrolled and relatively
small studies, amore careful study demonstratesthat patients
with hyperthyroidism and atria fibrillation are not at in-
creased risk of thromboembolism and stroke compared with
age-matched control patients with other forms of atrid fib-
rillation (**, and personal communications, PW. Ladenson).
Similar to other causes of atrid fibrillation, age and the pres-
ence of underlying heart diseaseincreasetherisk of thrombo-
embolism.3* Someinvestigatorsrecommend that anticoagula-
tionisnot warranted in young patientswith ashort duration of
atria fibrillation (less than 2-3 months) and no underlying
heart disease, in whom arapid conversion to sinusrhythmis
expected following ingtitution of antithyroid therapy. In ol der
patients with longstanding atria fibrillation, and especialy

in those with underlying organic heart disease who are at a
higher risk of an embolic event, anticoagulation is indicat-
ed.3* 4 Whereas the recommended loading dose of warfarin
issimilar, hyperthyroid patients may require alower mainte-
nance dose than euthyroid patients because of accelerated
clearance of vitamin K -dependent clotting factors.>3

Conclusion

The past few years have witnessed asignificant progressin
our understanding of the molecular mechanismsthat underlie
the numerous cardiovascular conseguences of hyperthyroid-
ism. Since the heart is a target to many of the genomic and
nongenomic actions of thyroid hormone, most patients with
hyperthyroidism demonstrate hemodynamic and cardiovas-
cular manifestations of this disease. Measurement of serum
levelsof thyroid hormonesand TSH remainsthe mainstay of
diagnosis. Severd conditionsand cardiovascular drugscan af-
fect serum level and may pose achallengeto thediagnosisof
thyroid dysfunction. Serious cardiac complications such as
congestive heart failure, atrid fibrillation, and anginapectoris
may ariseinhyperthyroid patients, and their trestment requires
the control of the underlying hyperthyroid state.
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