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• Thyrotoxic heart disease hll.S cone to be known as a 

type of chronic heart di. sease in m ich nearly c mplete 

recovery is posa ble with proper diagnostic  and thera

peutic hand ling. Thyrotoxic heart disease is often missed 

in diagnosis because it is seldom as� elated with the 

textbook signs of Graves' disease and because a causal 

goiter may not be conspicuous Enough to attract the at

tention of patient or cb ctor. The c nditi on is one wrose 

presence must be oonstantly suspected in every case of 

heart disease, and indications of thyrotoxicosis--which 

may be minimal--must be �ught for carefully and deliber

ately. Thyrotoxicosis should oonstitute an ever-present 

differentia diagnosis in cardiology, as does syphilis 

in neurology. Consideration of thyrotoxic heart dis-

ease should include not only the actual carat ac manifesta

tions, but a so the types of thyrotoxicosis upon which 

the ommplication supervenes (1). Accurate di agnos� s and 

proper treatment may well mean the difference between 

chronic invlidism and the restoration of health a1 d a full 

life. 

INCIDJINCE 

In the past so me investigators have been unable to 

demonstrate any changes in blood pressure with thyro

toxicosis(2). Another group stated that the systolic 

blood pressure in primary thyrotoxicosis is in general 
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low(l4)(15)(16) . These earlier findings are far outweigh

ed by opinions to the contrary with many autbors stating 

that the blood nressure is often increased in t hv ro toxi-
~ V 

cosis at cer tain stages of t he dis e as e, if not through

out(3)(4)(5)(6)(7)(17)(18) . In recent.years it h as been 

emphasized repeatedly that these patients relatively 

often show an increased difference between the diastolic 

blood pressure an d the systolic blood pressure(8)(9) 

(10)(11)(1 2 ) . As an indication that thy rotoxicosis 

does influence b lo o d pres sure one author(3) presents an 

analysis of 265 t ·hyroid cases who received subtotal thyr

oidectomy . He used 145mm. of mercury as the top limit 

of normal systolic p res sure . Twenty six cases of this 

series had systolic nressures between 145 and 170mm . of 

mercur y . Seventy three percent of these showed a decrease 

in systolic pressure one y ear after surgery . Fifty three 

percent of this g roup showed co nuiderable reduction . 

I n 9 c as es the systo+ic p ressu re b ecame nor~al . In a 

second group of 1 2 cases with sy s to lie pr es sure of 170mm . 

of mercury or more 45% had a decrease of systolic pres

sure with maintenance of diastolic nressure for a period 

of one to five y e a rs . In 3 cases t~ere was no change . 

Using s i :ni lar reasoning m ncerning the eff ect of 

t hyro toxicosis on blood pressure another investi .=-, ator 

(13) found that t he systolic blood rressure prior to 

the oper ation o f subtotal thyroidectomy , in about one ha1f 
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the cases was higher than the normal maximum for persons 

in the respective age classes, ffi d the rernaining cases 

showed an amplitude equa l to or a little lower than the 

normal level . On reexamination the systolic blood pres 

sure had usually decreased somewhat and some of the ex

cessively high va ues had f 0 llen to a normal level . 

In a series of 1000 consecutive cases of hyper

thyro idism an investigator(20) found t h at 64 were hJper

tensive , 35 of these also having auricular fj_bril lation 

and 17 having conges tive fa ilure . 

TYPES OF THYROTOXICQSIS AND RELATION 
TO ESSt!'.NTI AL HYPERTENSION 

In g e neral t wo types of hyperthyroidism are recog

nized . One type exists coincidental l y with essential 

hypertensi on with this hypertension increased in severi

t y by the abnormal thyro id condition . One g roun of 

writers(25) mention the fact that it has sometimes been 

thought that permanent essential hypertension might o e 

a consequence of thyrotoxemi a b e c ause of a specific 

eff ect on the vascular system . They further prophecy 

t hat b ecau s e of the frequency of thy rotoxic hypertension , 

thyroid toxemia will rome day be recognized as one of the 

sources of es " ential hypertension m d n ot merely one of 

its concomitan ts . 

The second t yp e of hyperthyroidism isore which 

subtotal t hyroidectomy reJieves to a g re ater or lesser 

extent . One author(3 ) feels that the increased thy roid 
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activity precipitates or exaRryerates a latent v as cular 

disorder . He fe els that the vessels may be able to car

ry a normal load but t h a t inc reased metabol ism prcrl uces 

en L c Peased blood load whi ch will not traverse the ves 

sels v,i thout a pressure rise . · This hypo t hesis he supports 

by the c old uressor test of Hines and ~rown in whic h 

some of his patients havin~ had subtotql thyroidectom1es 

responded wi th pressures up to the pre- operative l evels 

whi ch staye d up longer and redu ced slower than no r mal . 

Exercise caused t h e same rise and slow fall . It was 

assumed tha t these patients often had potential if not 

re 1 hypertension with the latent factor precipi.tated 

or m:ag,,.er, ted by thy rotoxicosis . 

The t heory thnt hyperthJroidism may be a c co~panied 

by independent vascul .... r h;,,rpertension is sunrorted by 

another author(23) . He finds the usu-:,1 pulse nressure in 

this co ndition of hyperthyroidism to be less t han but 

siMil 0 r to t ~at in aortic insuffici~i cy with 1 60/75 not 

unco'iri,on . Ac co·11p3.nJ-ing fe'.lturesof this co ndition were 

a c api- lar j p ulse , P Corrigan pulse , the pistol shot in 

the femoral artery , m d Duroziez' s sign . 

Another manner in whi c h to divide thyrotoxi cosis is 

to c all the one type primary th)rotoxicosis . This t :p e 

is associated with Graves' disease . Se cond 8ry t hy roto.n:

icosis is found as,.,.o_ci ated v·i th toxic nodular goi ters . 

ThJrotoxic heart disease is r1J1J ch co .1YrJ.oner in this secon

dary variety . 
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AGE DISTP.L-~UTION OF THYROCARDI AC jTATE 

One investigator(l9) found the age distribution of 

1 42 patients showing inclination of thyro c qrdi c state 

to occvr in J ater li <'e , fnd in hearts whi c h were handi -

C8pped or cripTled . 

A'1E 
20- 29 
30- 39 
40- 49 
50- 59 
60- 69 
70- 75 

His results are tabulated as follows : 

NUMPER 
1 
17 
37 
56 
27 
4 

142 

Another author(81 ) analyzed a series of 835 goiter 

c ases from tl:e Pac ifj c Northwest states , chiefly f:irom 

the standpoint of c ardiac enlargeJ11ent ,. c ardiac fai Jure , 

and auricu1ar fibrillation in relation ~ n::e incidevice , 

basal "'letabolisrr , erteri'-"'l hyy)0rtension , asc-;ociated 

cardioprthies and the typ e of goiter nresent . Al t11our;h 

cardir c failure a..n.6 nur::.cular fibri~ _lation were seen usual

ly as an accomuanir.ient of advm cine yerrs , it v1as point -

ed out that the \ occured Gl so before tr e age of thirty 

in goi;,er patients in whom other thyrogenic ' 1 eart action 

and cert s i n. experin:entol evidence , sug ,·ests the probabil 

ity of s:recific thyroid 1-ieart lesions . 

In a ser ies of 432 c ases from the ~oyal Free t~s -

~i tal ( 22) it vras seen that there was a tendenc y , as time 

went on , for the systolic pressu·· e to rise Without any 

corresnonding incr·ease in the diastoli c nressure . This 

ap lied to both types of thyroto1 j cos is , t"IJ.e primary 
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toxic or exopht'oi'lll'?J.j_c goiter and the secondary to~ ic 

goiter or toxic adenoria , though in the secrmdary .form 

the rise is rather greater 8fter the age of fifty than 

it is in the primary form . The following table was pre

pared from this series: 

Mean Blood Pressures According to ~ifferent Ages 

under over 
20 21- 30 31- 40 41- 50 50 

Primary toxic or exoph . 
go iter 

Systolic blood pressure . . 123 139 149 143 157 · 
Diastolic blood press . . . 71 81 84 79 82 
Pulse pressure . . . . . . 52 58 65 64 75 

Secondari toxic goiter 
Systolic blood pressure . . 125 140 137 148 164 
Diastolic blood press . . . 71 72 80 87 q5 
Pulse -r re s sure . . . . . . 5ti 68 57 61 79 

Another aut'oor(l) found that pririary thJrotoxicosis 

occured t.,,p:i_cally in na tients bet\ een 20 and 35 yerrs, 

while secondary thyro toxi cosis was seldom found be.fore 

the a~e of 40 . ThJrotoxic ieart disee ~e was thought 

by t his author to be very much commoner in the secondary 

varietj and he re:"rded the difference to be m striking 

that it would be no exag eration to regard primary thyr

otoxicosis 8S a W9Stin~ disease and secondary thyrotox

icosis as a disease of the heRrt . 

The main reason for this different incidence of 

thyrotoxic heart disease in the t wo ty~es is , in his 

opinion , the dif~erent ages of the p3t ients concerned . 

"Primary th; rotoxicosis occurs in younp- adults , w-....ose 

hearts are _etter able to ,ithstand the const8.nt t.9chy-
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cardia without bre"lking dovm . Thus auricular fibrillation 

and cardia c failure are rare-- even in case s with l one 

histories--but vhen they do occurs~ e pre- existing 

c grd1ac lesion , such as rheumatic c arditis , it often 

present . On the other hand , patients v·i th se c ondary 

thyrotoxicosis are at or past middle age , and have thus 

had r11ore chance to a c quire rheumotic cgrditis , art e 0 io

s cl ero2is , or hypertension , and their hearts tend to break 

down into auri cular fi bri1la tion or f aiJ ure wi thir a 

comparativel y short time . " 

SVMP'rOMS AND DIAer,;-osrs OF TKVPOCARDIAC STATE 

A f 0 ctor whi c h affects the unequal age incidence 

of thJrotoxic he2rt disea2e in the tv10 types of thyro tox

icosis lies in their different outward manifestations , 

Nl,i ch respectively help and hinder rrompt diarmosis and 

tre qtment . 'hus diar~nosis c annot be long delayed after 

esteblislim.ent of '}raves I d isease 1,e c Duse of the strik

ing cl inical signs , and treatment is us 1 aJlJ undertaken 

e ar ly . helpful symptoms , clini c a l signs , and findings 

for the diacnosis of t~is conditi0n include : 

1 . Loss of weight , associated with an adeauate 

or exc e s ~ive intake of food . 

2 . Increased tolerance to ro ld md decreased tol

erqnc e to heat . 

3 . Excessive persniration and hyneremi c skin . 

4 . Tachy c ardia , high pulse nressure, pnlnitati0n , 
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rapid circulation ti.,.,,es , and at times irre ,•uJarity 

• 
of :be Pr t acti0n and frank congestive f ai Jure . 

6 . ExophthPlmos and nllied ocular sif-ns . 

7 . A peculi 0 r ps~cbomotor irritability or sti-ulation . 

8 . Gas tro- intestinal crises . 

9 . Mus cle weakness • 

10 . Usually firm , symmetri c r l en1ar;"ement of the 

thyroid gland . 

11 . Elevation of the basal metabolic rat e . 

On the other hand , the onset of se condary thyrotox

icosis is i nsldious and frequently unacc.ompanied by eye

si~ns , undue nervousness , or the other msnifesta~i0ns of 

Graves' disease . Moreover , the natients have often had 

a symptomless ~oiter for many years which they do not 

connect vri th the onset of cardiac syr1nt )ms , and they 

may not seek advice until auricular fibril l ation or fai l

ureha~e occured . Sometimes the goiter is i ~ consv icuous 

and the outward signs of th~'roto1.i co sis are miniMal , in 

w½i ch case the thyrotoxicosis is termed ttmasked" . The 

patients pres ent cardiac symn toms , mid close inri1ii ry is 

needed to elicit a ~is tory of some weight loss , looseness 

of the bowels , or a little increas e in nervou8nessor sweat

ing-- whi ch the;y often fail to vo1unteer . Spe c ific 

inquiry must always be made for such symptoms , the neck 

must be c arefulJy ex2mined for the presenc e of thy roid 

enlBrP- ement o:" nodules , a:1.d , if ne c essary a basal met aboli c 

rate be estimated . 
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One author(24) cnmments on the outstandine fact of 

the"ihfreauency in both exor-hthalmic goiter and toxic 

adenoma of sy~p toms indicRting c ardiac disease . Only 

one fourth of the patients in his series of 377 cases had 

auricular fibrillation, ID din les s than one half of 

t h ese vrns fibrill a tion a const rm t phenomenon ; one fifth 

had evidence of slight cardiac weakness , a moderate de 

gree of edema of the legs , uhi ch disappeared readily 

under tre"'tment with rest and cHcitolis . Not more than 

two nercent of these ·pati ents had suff icient clinical 

evidence of myo cardial injury to classify them as having 

serious c ardiac disease . 

An interest:ng point is made by a group of authors 

(25) in regard to the use of the basal metabolic rate 

as an aid in diapnosisi of thyrotoxic h ypertension . 

In a patient v'ith hypertension and a toxic goiter it 

must b e remembered that the basal metabolic rate is often 

raised in hypertension itself , and especially if the·--e 

is cardi a c failure . A greater objection is that the 

basal metabolic r FJt e may be normal with a toxic goiter . 

These same au tho r s presented a series of 100 pat

ients vlith hypertension comb ined with thyrotoxicosis 

who had been observed over a period of four y ears . 

Their description of .symp toms and findings reflect s ex

c e llent investigat ive work m. d should aid c.onsiderably 

estab lishing criteria for the diagnosis of thyrotoxic 
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hypertension . Some of their findings are therefor 

included at this point : 

"There were 91 females and 9 males . This striking 

dispror ortion is in contrast with v1hnt i~ usual in es ..:. 

sential hype rt ens ion for there is gener<>lly only a 

moderate preponderance of females or none at all . The 

ages ranged from 22 to 74 years , but al l except 8 were 

between 41 and 70 years . " 

"There wns a previous history of a goiter in 68 cases, 

and in 33 of these it had been present for more thBn 15 

years . In 32 there was good evidence that thyrotoxi cosis 

had pro ceeded from the go iter in the pas t . Six had 

undergone a p2rtial or subtotal thyroidectomy , but 5 

of these had subsequently been thyrotoxi c. " 

"D'y spnea e.nd palpitation were the main cardiac 

symptoms , and in 23 the lat ter v:as based on auri cular 

fi brillsti-:m--paroxysmal in 10 and permanent in 13 . 

Symptoms referR.½le to thy rotoxico sis were pr es ent in 

94 patients , and of these t h e most im~ortant were weak

ness , loss of v eight , nervousness , end tremor . A highly 

strun,7 temperament , admi tted 1-Jy the natlent , had sig

nific ance . Loc f:1 1 symp toms due to the u i ter were uncom

mon ; obstru ctive dysunea was uresent in 5 , and dysphap-ia 

in 5 . 11 

"All the patients in the series had estabJished 

hypertension of not less than l tiOmm . of mercury systolJc . 
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In 89 the diastolic pressure was 90mm . mercury or more . 

In tho se with auricuJ ar fibrillation, diffi culty so me 

times 8rose in deciding whether to admit o patient to 

the series . Blood pressure readings in fibrillation 

c annot co 11pare for accuracy with those taken duri nv 

nornal rhyth:r1 , so there v10re never accented as evidenc e 

in thRt smell rroportion seen only during fibrillation 

unless convincing fip-ures were obtained . " 

"The association of tachy c ardia with the hypertension 

w as a striking feature and more t},an merely co inc :lden tal . 

In 7 it was a scribed to congestive heart failure. But in 

66 of the remaining 93 patients a persistent tachyc ardia 

<i~e . , pulse rate over 90 per minute) prevailed although 

failure was absent . The tachy c ardia was slight ( i . e ., 

less th~n 100 per minute) in 21 , modera t e ( i . e . , from 

1 00 to 120 per minute) in 36 , ma marke d (i . e ., over 1 20 

per minute) in 9 . There was collaterql evidenc e ot: 

thyroid toxemia in all the se c ases . Tachyc qrdia per

sisting for long periods in patients wi th hypertension, 

s ct unaccol"1Pru:iied by heart failure , evidenc e a thyrotoxi c 

fa c tor . " 

"Extrasystoles were noted in 14 patients 2.nd con 

firmed by electro cardiogram in 10 ; they were of the ven

tricular type in 7 , auri cular in 2 , and nodal in 1 . 

Six of these c ases r 'ld tachy c ardia also , wi th a puls e 

rate higher than 90 per minute . The incidenc e is not 

unusually high , so tha t extrasystoles in the presenc e 

of 8 high rate have little or no sip-nifi c an c e as an 
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index of thyrotoxicosis when there is no hypertension . " 

"Twenty-three patients in the series had auricuJar 

fi brill2 tion; in 13 it was ·permanent and in 10 paroxys

mal . This high incidence in a series of hypertensive 

pBtients is orynosed to the usuBl retention of normal 

rhytrm even vrhen heart failure had supervered . Here 

the high incidence is attributable to thyrotoxicosis , 

and its importance is in relation to the premature induc

tion of heart failure . Failure was present in 7 out of 

100 cases , and 5 of these had permanent and 1 paroxysmal 

fibrill&tion . The effect of fi½rillation \las also shown 

b-s, the left auricle whi ch was seen to be enlarged(radio

gr~phi c allJ) only when auricular fibrillation had been 

present for ro me rnonths . As fibr:lllation vras related 

to th)roid toxemia in these cases , the contention of 

manJ that thyrotoxicosis itself does not lead to per

manent chanres in the ~ e art is decidedly weakened . 

This enlargement of the left auricle was seen in 11 

c ases , 10 with perm8nent and 1 with paroxysmal auri cular 

fibrillation . None bad mitral stenosis , and rarely if 

ever was the auri cular enlargement so disprop0rti1nate 

as in this co nditi0n . In two of three others who had 

established fi )ril l ation without enl~rgement of the left 

auricle, the fibrillation was recent . In nine others 

who had paroxysmal auricular fibrillation without enlarge

ment of the left auri cle , the att cks had been infrequent 
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in all but two . 11 

"There was other evidence on radiogranhs both of 

hypertension and of th;y roid toxem·' a (cardiac) . In 64 

there was enlargement of the left ventricle and in 59 

this was accompanied by uncoiling of the ao rta . As is 

now recornized , hyr>ertensi on -oroduces an uncoiling or 

separation of the limbs of the aortic arch , as seen in 

the left oblique posj_tion by x - rays . The changes due 

directly to the goiter were shown by enl"'rgement of the 

heart as a whole in 2S , and of the pulmonary artery in 

18 ; in 33 cases one or the other of these was present . 

In addition , there were the indirect effects of auricular 

fibrillation already mentioned . These observations show 

that the character of the cardiac enlargement in these 

patients is determj_ried both by the h:;rpertension and by 

the goiter , though the former predominates . " 

"General signs of thyrotoxicosis were nresent in 

86 out of the 100 patients , the oom.rionest heinp.- emotional 

unrest And nervonsness of the type expected with thyroid 

toxem:i.a , fine tremor, swea ting or flushing , wasting , 

and exophthalmos . l\.11 these si 0ns vrnre present in 30 

cases and at least 2 of them were found in 81 ; in the others 

the evidence of th.:i,rotoxicosis w0 s partial . These c ases 

are ex 0 ctly corr"arable vii th t i~e masJred cases of ordinary 

hypert hyroidism, and they e"'1.pr8.size the frequency with 

v_rhi ch such inro -rnnl ete forms ,ccur . In 14 p:=t tients ;ene'" al 

th;yrotoxic signs were ab ~ ent; but in addition to 8. guiter , 
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4 of these had paroxysm"l auri cular f i b ril.lation , 2nd 

in 4 the history of chroni c goiter ranged from 14 to 

40 -;y~ears . Every patient in the series had enlargement 

of the r-land ex cept two \.ho had under r•one a previous 

thy ro idectomy . In 62 the En largenent was sJ i ght , in 34 

moder!'.l.te , md in 2 only it was great . 1rhe enlargement 

was general in 86 , 4 of 1hom had adenomata in qddition ; 

the enlarr;ement vms purel; a denomatous in 17 . Eleven 

had a retrosternal goiter disclosed by x - ray exnmi.nation . " 

RANGES OF SVSTOLIC AND DIASTOLIC PRESSURE 
AND P1JLSE PRI;SSl,l=:ES 

There is not_ Cc)rlplete ag ree r1ent in the liter <:. ture 

as to what c an be expected of the b]ood pressure in thyro

toxic heart c onditi ~ns . In g enerc l it is found th~t the 

s,1 stolic pressure rises somewriat and the diasto;L ic pres

sure mA.y rise with the systolic , or stay abovt t:be same , 

or f al 1 . The difference among the various v,rit ers aris e 

v,hen they try to explain v;hen :1nd how bypertens ion occurs . 

0ne author(22) a t t e '~ts to explRin the dif~erences 

of or inion in the followini· 1Nay . ''e feels that there 

are differences in the sta.- e of the disease at w·ic h the 

blo ,ci. pressu e e.:sti~ ations wer e made by v arious obser

vers . ~-,.., is idea is sur,:iorted by mother Fri ter (2o ) 

\'·' 0 0 points out t 1~a t while in the ear•ly stages the b}ood 

pre:.rnure .-nay be ~"aised , it usurllJ fr=tl}s duri.ng ."' --.,eriod 

of rem1 ssion to rise ag"in with the 2uper\ention of 
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-

cardiac hypertrophy. This genera lization is probably 

subject to me..ny excepti ons, for in certain cases while 

the systolic pressure me.y be higher than normal t he 

diastolic pressure is v ery little a ltered. 

The pulse pressure is usually raised but one 

me.n(22) has met with cases in wh i ch it wa s not a ltered. 

Another wr iter(27) found that in bo t h the primary and 

the secondary f or ms of thyrotoxicosis there is uuually 

a raised systolic pres sure with but little a lterati on 

in dia stoli c pressure , an increase in the pulse pressure 

t hus resulting . The following table, prepared f rom 

his ser i e s of 432 ca ses, g ive s the fi gures. He fee ls 

t he.t the tendency, as time goes on, is for the s ystolic 

pressure to ri se without any c orr e sporiding i ncrease in 

the diastoli c pre s sure. He believes that these s tatemant s 

apply to both t ypes of thyrotoxicosis, t hough in the 

- secondary form the ri se is r a t he r great er after the 

age of fifty t han it is in t he prim2.ry form . 

Syst. B.P. Diast . B.P. Pulse Pres s . 
Av. High Low Av.HighLow Av.HighLow 

Exoph. goiter. .144 200 100 81 110 60 59 110 JO 

Toxic adenoma . .146 200 105 79 100 64 62 115 JO 

In another series t he aut hor{28) f ound that the 

systolic pre s sure was usua lly somewha t eleva ted in 

thyrotoxicosi s with t he avere.ge being 140-150 . In 

from 25% to 33% of his cas es the systolic pressure 
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exce eded 150. He f ound that t he di&, stolic pressu!'e 

was usually decreased with t he average being 60-?0mm . 

of mercury. 

Another writer in a consecutive series of 377 

patients with hyperthyroidism due to exophthalmic 

goiter or edenomatous goi t er , found the pulse pre ssure 

increased beyond norma l in both diseases. In his 

exophthalmic goiter patien t s the increase in pul s e 

pre s sure wa s effected by a moderate increase in 

systolic pressure with normal or slightly lowered dias

tolic pre ssure. _In his adenomatous goiter patients 

the systolic pressur e i-Ji th hyperthyroidism is greater 

with similarly grea ter diastolic pre ssure . He found 

that in adenome.t ous go iter distinctly higher dias t olic 

blood pressures are more coIIL1only enc ountered than in 

exophthal mic goit er. 

Outpa tient 
ex o12,h. aden. 

Entrance 
exo12h. aden. 

Discharge 
exonh. aden. 

Systolic. . . . . 147 

Dia stolic • . . 73 

Pulse pressure. • 74 

ulse r at e .... 123 

15.3 

8.3 

70 

110 

1.31 

72 

59 

10.3 

139 

78 

61 

97 

128 

75 

53 

96 

129 

76 

53 

94 

The above findings a re in disagreement with the 

experience of ano t he r investigator(29) who had a series 

of 117 patient s with toxic goiter. He recorded systolic 

blood pre s sure of 160mm. or ab ove i n 29 cases or 20% 
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a nd diastolic pressure 90mm. or ab ove in 33 cases or 

225&. He specifically disagree§ with the fi ndings of 

the previous author of increa sed pulse pressure . He 

did not find this to be the case in the early decades; 

but there war this tendency in the later deca des, 

e. lthov.gh even at that per i od it we.s not striking . 

He found that in adenoma the average dia stolic pres

sure re ached a peak at between forty a nd fifty years , 

Yhich was a l s o the peak of the age i ncidence of his 

series; and a t the same peri od the highest average 

systolic pressures were recorded. He did not feel 

Justified in making a ny genera l st a tement as to blood 

pre s sure in toxic goit er, other than that in toxic 

adenoma there does app ear to be a subs tantial increase 

in t he diastolic pre ssure. 

In view of the constant eleva t ion in basa l me t a 

bolic r2-.t e in exophthalmic goiter a nd in adenoCTa -.:: ous 

g oiter with hyperthyroidi sm , i t is obvious t bat there 

must be an i ncrease in the rat e of circulati · n to meet 

the i ncreased demand of the ti s sues for the transpor

tati on of me t abolites. The first e ff e ct of the increas

ed demand is accelera ti on of the heart rate, soon 

followed by an i ncrea se in the volume outflow per 

bea.t. In the ab sence of aortic d isease the increase 

in pulse pressure provided the diastolic pressure is 

not gre atly i ncre&sed , is evidence of this increa sed 
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output per beat. The r arity of a n increased dia ttolic 

pressure in exophthalmic goiter shows that in t h is 

disease hypertens1 ,·, n is not a common complication; on 

the other hand, the frequent observation of an increa s

ed diastolic pressure in adenomatous goiter i.,ri th hyper

thyroid ism shows t hat this di sease is often associated 

with hypertension. 

CARDIOVASCULAR PATHOLOGY 

The constant association of varying degrees of 

cardiac irregularity, observed in di~ferent grades 

of hyperthyroidism, has led to many clinica l obser

vations and studies of the morbid anatomy in an en

deavor to ascertain the role of the secretory product 

(thyroxin) in the production of such disturbances. 

The chara cteristics of the increas ed volume output 

of the heart have been studied by several me n(JO) 

(Jl)(32)(JJ){34)(35). These authors have concluded 

that the he art rate is proporti onate to the degree 

of thyrotoxicosi s. That as a result of the increased 

rate and volume outflow, in the presence of increased 

metabolism, the heart a t first dilates and then hyper

trophies. If the hyperthyroidism pe r sis ted, gallop 

rhythm, e xtra.systoles, fibrillati on a nd fina lly dila

tat ion occured. The question was r a ised as to whether 

such cardiac irregularities were attributable solely to 

thyroxin or to other factors such as age, the super-
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imposition of thyrotoxicosis in the presence of 8rterio

sclerosis of the coronary arteries or previously exist

ing myoc~rditis. One man(J6) believes there is s specific 

heart drive incited by thyrotoxicosis, while e.nother(J?) 

holds the opposite opinion pointing to the absence of 

~pecific pathological change in the heErts in such 

instances and the rela t ive infrequency of cardiac 

irregularities in younger individuals as compared with 

those in middle or advanced age . A difference of 

opinion also exists as to the presence of specific 

changes in human hearts associated with hyperthyroidism . 

One author(J8) believes that fatty and parenchym

atous degeneration, perivascular round cell infiltra

tion, fibrosis and gra nulation tissue formation occur

ring in the hearts of instances of hyperthyroidism are 

specific. Another group of authors(21) suggest the prob

ability of specific thyroid heart lesions since the 

cardia c failure and a.uricular fibrillation t hat are 

usua lly the accompaniment of advancing years, may a.lso 

occur before the age of thirty in goiter patients in 

horn other thyrogenic heart action is evident . 

To aid in clarification of the problem of myo

cardic1.l damage the Fork of another group (39) proves 

of inter.est since they were able to show e. difference 

in cardiac pathology between patients in the major groups 

of exophthalmic or primary thyrotoxicosis and adenoma-
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tour or secondary thyrotoxicosis. Morphologi cal study 

of hearts of 35 patients with exophthalmic goiter 

showed, vith but few exceptions, no gross or mi croscop

ical pathological changes not equally represented in 

a carefully illatched control series . The exceptions 

found were ~irst a rela tively higher incidence of myo

cardial fibrosis, endocardial sclerosis, and cellular 

infiltrations in the series with exophthalmic goiter 

and second, one case in the serie s of 35 which showed 

an active focal myocarditis for which no etiological 

factor can be ascertained other than the hyperthyroid 

state. Twenty eight , or BO% of the exophthalmic series 

showed areas of myocardial fibrosis, a,s compared w•i th 

51.5% of the control seriPs. It was impossible to 

determine to wha.t extent, if any, such areas of fibros

is may be the result of an active myo carditis of the 

type found in the sing le case. The hearts of 55 cases 

of adenomatous(nodular) goiter failed to show any 

significant difference in the incidence of pathological 

change as co~pared to a matched non-goitrous cont r ol 

series . 

In an attempt to determine poss ibJe cardia c 

pathoiliogy due to thyrotoxicosis a group(40) used ex

perimentally 9roduced hyperthyroidism in rabbits 

with a cont r ol g~oup and made a study of the pathology 

of the myocardium. There was no doubt about the ma

jority of the rabbits in the groups having developed 
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a stat e of hyperthyroidism. The most striking evi

dence of hyperthyroid sta tes i n the r a~bits wa s 

a loss of weight, increas ed puls e r a te and a ri se in 

blood pressure. It seemed to the m fair to conclude 

that the speeding up of the met2bol i sci lead directly 

or indire c tly to a n a ccelerat ed he art action which 

mi ght eventuRlly lee.d to ce,rdi ac exhaustion. The strik

ing absence of co~1par 2ble patholog ical changes in the 

hearts of control .s.nima l s lead them to seriously consider 

cardiac damage in as socia ti on with induced hyperthyroid 

states in r e.bbits . As to whether this change in the 

heart was due to the actual i mp ingment of thyroxin 

upon t he cardia c circulation or musculature t~s dif

ficult to determine. It se emed to be a well established 

f a ct that metabolism is progre ssively and prop ortionat e

ly sti~ulated as a r esult of which t he ma jor body 

processes are augme nted. Nutri tione.l i mbal e.nce natural

ly would f ol low. The g lycogen reserve of the liver e.s 

well a s in the heart fi na lly u ould beco:ne exhausted. 

As this proceeds there would occur increased oxygen 

consumo t i on a nd the incr e ased trans-oorte.tion of meta-. . 

bolite s would l ead to the necessit y of adjustment on 

the part of the circul a tion. There would follow an 

incr eased pulse rate, a ugmented cardiac outflow , en

largement of the vascular bed and increased blood volume . 

It would be reasonable to conceive that the e ~tra load 
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placed upon the heart eventually might lead to fatigue 

a.nd failure . 

The experimentally produced hyperthyroidism in 

these rabbi ts for a period of 2.3 de.ys resulted in the 

following cha nges in the hearts: pe.renchymatous a nd 

fatty degenerati on, histiocyte invasi on, fr a ying of 

the muscle bundles e.nd early fibrosis. It wa s be lieved 

possible tha t s i ~ilar change s might b e produced by 

cardiac overwork irrespective of the pr e sence of an 

exce ss of thyroxin in the circulating blood as wa s 

indica ted by the r e sults obt ained by cutting of the 

deor e ssor nerves and denuding the carot i d s i nuses 

of their inve s t ments in order to a llow the heart to 

operate uncontrolled. 

There is evidence in the litera ture to dispr ove 

the fact that a heart, that is induced t o work more 

r ap idly, with an incre a sed volume output in the pres

ence of increased pressure a nd metabolism(a s is true 

in hyperthyroidi sm) may not exhaust it s nutr i ti on 

a nd r espond with morbid anatomical impinge~ent of 

thyroxin on the myo cardium. 

In general exp erimentally produced h:1perthyroi d

ism has been r a ther unsucce ssful in s olving the prob

lem of the heart lesi ons in hyperthyroidism. One group 

(41) (42) (4.3) working with various animals wa s able to 

produce histiocyt e s , round cells , p erivascul a r necrosis 

-22-



and fibrosis in the heert muscle . Others , on the other 

hand (44) (45) were not s.ble to demonstrate specif i c 

lesi ons in the hee.rts of such experimental amimals. 

Two other euthors(46)(47) are in agreement 1•ith 

the theory that.in the hyperthyroid group cardio

vascular damage cons ists chiefly in a functional 

disturbance ,rat her than a structura l change. They 

cite the fact that a lmost all the hyperthyroid pat

ients with ce.rdiac damage were older than those ·v i thout 

damage. They believe the high incidence of arterio

sclerosis in this group suggests that hyperthyroid-

ism per se is not responsible for the so-ca lled 

thyroid heart disease, but produce s functional 

disturbance in a previously dame.ged cardiovascular 

system. 

CARDIOVASCULAR PHYSIOLOGY 

An interesting description is presented by 

t wo authors(45) regarding the physiological ex

planation for myocardial damage in thyrotoxicosis . 

They summa.rize theories that have been pre s ent ed 

above in the section on pathology re~arding the 

possibility of a toxin circulat ing in the blood 

causing the de.ma.ge or, on the other hand, of phys

iological wear e.nd te ar due to excess myocardial 

e.ctivi ty. They conclude that present evidence 

points a~ainst toxins producing specific myocardial 

damage . Instead they call attention to the general 

neglect of i mp ortant alterations in the metabolism 

and functi on of the muscle fibers. In this con-
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nection attenti on was drawn to the recent work on 

the glycogen content of voluntar y and car diac 

mucslc e in hyperthyroidism. It had been shown that 

in the experir:ie nta lly produced disease no glyco gen 

could be found micros cop ically or by ana l ysis in 

the myocar dium. As a r esult of this, rigor mortis 

·rnuld set in i mmediat e ly. It was well k::.ewn that 

the withdrawal of g lycogen from c ells norma lly 

well supplied irith it r enders them more liable to 

injury, injury to wh i ch they react by diminished 

function a nd a ctua l structur a l cha nge s.nd death. 

This problem had been well examined in the case of 

the liver and they thought one mi ght well believe 

that simila r rea soning coul d be applied to the 

myoce.rdium . It seems more than probab le tha t a. 

close examination of this and othe! physiological 

problems will bring one nearer to the understanding 

of the cardiac abnormalities in hyp erthyroidism. 

knother i nvestigator(46) co nducted experi~ents 

on a nima ls in which he administered thyroxin to 

rabb i ts a.n< guinea p i gs and was able to a lter 

the metabolism of the myocardium so that: 

a . The heart beat at an enhanced rate for 

hours after i s ola tion. 

b. The oxygen cons umpti on of t he heart was 

increased, and, 
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c. The g lycogen content of the cardiac muscle 

was diminished. 

The third finding is in accord wi th t he above 

described theory on g lycogen metabo lism. 

The significant physiology related to the 

production of pulse pressure variat i ons , to the 

correla~i on between elevated pulse r ates and in

creased metabolism and corre lation of clinical 

ma.nifestat i ons with changes in ven ous a.nd. arter i a l 

pressures is presented by t wo groups of authors 

( 47) (48) . The · informati on presanted by t hese wr rk

ers is summarized i n the following explanation : 

The 1~ rk done by the heart consi sts main l y 

in expe lling the blood into the aor t a e.nd into 

the pulmonary a~tery against the e xisting pressures 

and in i mparting to the blood a cert~in velocity. 

The con spicuously increased velocity of blo od flow 

found in pat ients wi t h thyrotoxico s is emphe.s izes 

the strain under which the heart labors even when 

the body is under basal metabolic condit i ons. 

Certa in facts a s sume increased s i gnificance 

hen considered in rela t ion to the results ob

t a i ned . The hot, flushed , s a l mon-c olored skin, 

the tepdency to per spire, the increased pulse 

pre ssure, the tendency to increased b lo od volume 

a nd the d i minuti on in vit a l capacit y of the lungs 

observed clinically s uggest that co 1.s i&erable 

vasodilatat i on is p r e sent in thyrotoxicosis a nd 
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that the functionc1.l cross sectiona.l diameter of 

periphera l and pulmon2_ry v e_scular beds is increas

ed . If other factors reme.in equal, an incree.se 

in functiona l cross sectional area of the va.s

cular bed would tend to diminish the speed of 

blood flow . The fact that the velocity of blood 

flow· is so strikingly incree.sed in spite of the 

existence of considerable vasodilatation is furthe r 

evidence of the extreme stra in under ~hich the 

heart labors. 

Increa sed ti Psue me t abolism cannot take p lace 

unless there is oroo ortionate increas e both in 
" -

blood flow a nd in effective pulmonary ventilation. 

The extremely ra.p id velocity of blood floT-• 

observed in pa tients ,~i t h t hvrotoxicosis affords 

additi one.l infor:oat i on a s to v-thy such indivic ue.ls 

experience signs a nd symptoms of circulatory in

sufficiency on but relat ively slight exertion . 

It has been sho-...m tha.t a g iven amo unt of ,;-rnrk 

by t hyrotoxic patients is accompanied by a dispro

portionate rise in basal metabolic r a.te re qu i ring 

s s imilar disproportion~te rise in ventilation 

a nd in blo od flow. The vit .s l capacity of thyrotoxics 

is reduced thus overloading the he art further. 

TREATMENT AND PROGNOSIS OF THYROTOXIC 
CARDIAC DISEASE 

The hearts of patients with exophtha lmic 

-26-



goiter and adenoma.tous goiter ivi th hyperthyroid ism 

are subjected to tremendous demands--demands far 

in excess_ of those made in any other disea.se ; in con

se quence it is incumbent on the physician and the sur

geon to aid the heart by approprie.te mee.sures of tree.t

ment . 

Subtotal thyroidectomy is the treatment of choice. 

The results are excellent even in cases in which the 

pa.tient a t first appe a.rs to be a hopeles s cardia.c in

vail.id. Patients should not be operated on, however , 

until cardiac f uncti on ha s been restored, a nd for this 

purp ose the mercuria l diuretics are of the greatest 

value. Although digita lis may be necessary in some 

cases, it should be used with cauti on. One author(49) 

has stated that ad~inistra tion of digitalis decreases 

the output of the heart with hypertension . Auricular 

fibrillati on occasiona lly persists af t er re l ief of hyper

thyroidism, but in most instances there is a sp ontaneous 

return to normal cardiac rhythm . 

After subtotal thyroidectomy for.adenomatous goiter , 

recurrence of adenomatous tissue takes place very rarely. 

Since exopht halmic goiter cannot always be distinguished 

clinica l l y from adenomatous goiter with hyperthyroidism , 

compound solut ion of iodine(Lugol 1 s solution) should 

usua lly be g i ven prior to opera.tion in a.11 cases of 

hyperthyroidism even t hough diagnostic criteria clearly 

p oint to a hyper- functioning adenornatous goiter . 
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It is po ss ible to co ntrol the hyperthyroidism 

as socia ted with adenoma t ous goiter with drugs such as 

thiouracil, t hi ourea, a nd pr opylthiouracil. Clinical 

response to such medice.t ion often takes p lace much more 

slowly than when exophthalmic goiter i s treated by this 

means. oreover, in nodular goiter it is i mpossible to 

be sure on clinical grounds that malignant change is 

not present _ or mE,.y not oc cur. On this account it is 

probab ly unwise to wit hhold surg ical treatment in such 

case s. 

In reporting mort a lity from surgery one writer(l9) 

with 138 oper a ted thyrocB.rdiacs, 93 of whom were in 

va r ying degrees of cong estive failure, had 5 de a ths or 

J. 6%. The average history of symptoms(heart) before 

operat i on WI" s t wo and one half ye r. rs; the average :peri od 

during which the patients had been well ancl ac tive after 

oper e.ti on was thre e and one ha lf ye.s.rs . Every thyro

cardia c c om :l ng to 'the clinic was opera ted and all with 

genera l anesthe t ic, indica ting that there were essen

tially no thyrocardiacs who were too decompense.ted to 

withstand subtota l t hyr oidectoray vi thout an undue risk. 

Of the 101 pa.tient s traced, a nd l i ving , an average of 

three and one half years after opera ti on, but two were 

completely disabled , four partia lly disabled , ninety

five were r e turned to the full function •~ich they pos

ses sed before the onset of hyperthyroidism. 

Another surgeon( J) report s a series of 265 cases 
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·who receiv ed subtotal thyroidectomies. He used 145mm. 

of mercury s. s the top limi t of normal systolic pressure . 

Twenty-six of these ca s~s had pressure ranging from 

145-l?Omm. of mercury . Seventy-thre e per cent of these 

showed decreased s ystolic pressure one year after surgery, 

53% showed considereable reduction. In 9 ca ses the pres

sure became normal . In a second group of 12 cases with 

systolic pressure of 170mm. of mercury or more 45% of 

these had decrease~ sys tolic and diastolic pressures 

mai nt a ined one to five ye ers. In J cases the pressure 

increased, in 2 an extreme increase was noted, and in 

2 ca.ses t he re was no change. 

These favorable resul ts are a t ve.riance with the 

r esults of ano t he r ~Titer(29) with a series of 117 

cases. He had a l ar ge number (46%) of individuals 

in whom the conditi on after oper ati on , with a resultant 

drop in the ba sal r a te, was either not i r.iprovea. or wa.s 

doubtful , and in whom the pulse rate r ema ined somewhat 

elevated( above 90 in JJ cases) and dyspnea of some de

gree persisted. He believed that t h is strongly suggest

ed that t h e heart had not fully recovered from the toxic 

insult it had sustained. 

MORTALITY ASS OCIATED WITH HYPER'I'HYROIDIS} 

One writer(46 ) in discussing mortality had a serie s 

of 200 cases of hyperthyroidism in 1,-rhich conges t ive 

heart f a ilure was s 2id to have occurred in 18.5,% . 

The averege dur.s.ti on of symptoms was consp icuous ly 
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greater in the cases with myocardial insuf~iciency . 

Its incidence increased in the age dece.des above forty 

e.nd wa. s most common, in any age group , in associat ion with 

other , pre-existent fact ors whi ch tend to diminish the 

cardiac reserve ; r heumatic heart disease , hypertension , 

arteriosclerosis or, more r arely, syphilitic ·heart 

disea8e . 

Another group(24) is soc ewha t in disagreement Pith 

the above remarks . In a series of 23 deaths , including 

postoperative cases , there was, in t heir opinion , one in 

which the heart could be cons idered as a major co nt ri 

butory cause. They rec ounted how deaths from postopera

tive a cute hyperthyroid crisis with increasing elevat i on 

of the he art rate with or without the development of 

auricular fibrillati on , have, as G. rule, been considered 

by the surgeon as due to heart failure . '.!hey felt that 

careful anal ys is of the sympt oms in their series of 

cases reve ?.led t hat such an interpretat ion of death 

was not in the main justified except for the final 

ca t aclysm. The evidence point ed to the reverse conclus

ion, reasoning that the increased heart rate was an 

expre ss ion of the attempt of the he r.rt to increase its 

volua e output sufficiently to meet the demands made on 

it by the grea.tly increased metab olism. They f e 1 t 

tha t the heart musc le, like other tissue in the body , 

was rendered more irritable and less efficient by the 

intense thyroid intoxicat i on . 
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From the study of the v arious data and from an 

analysis of the individual case reports, especie.lly of 

patients who died , the conclusi on w2s made tha t if the 

patient we.s properly trea.ted , cardiac death in exoph

thalmic goiter a nd in adenomatous goiter ·pi th hyper

thyroidi s m was a very r are occurrence. 

SUl•ll•'.A-'i=l.Y 

A review of the litera~ure is presented regarding 

the blood pressure a nd t he circulat ory dynamics in 

thyroto~icosis . It has been shown that t here are i m

portant effects on the blood pressure and the cardio

vascular system produced by thyrotoxi cosis. The types 

of thyrotoxicosis a nd their relat i on to essential hyper

tens i on were described . There is a discussion of the 

age distribution and ~e&n blood pre ssure s according to 
, 

different ages . The symptoms and methods of diagnosis 

of the c ondition are indica ted. he average range s of 

systolic and diastolic pressures a nd pulse pressures 

ar e given. There is e. discussion of card iovascular 

pathology and phys iology. Treatment and prognosis of 

thyrotoxic cardiac dis ee s e is d i s cussed. The mort ality 

associated uith hyperthyroidism is reviewed briefly. 

COI-.CLUSI011S 

Thyrotoxic heart disease has c ome to be known as a 

type of chronic heart disease in wr.ich nearly comp lete 

recovery is possible with proper diagnosis and treat

ment . Thyrotoxic heart d isease is often missed in diag

nosis . The condition is one whi ch must be constantly 
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suspected in every case of heart disea se. Accura te 

diagnosis and proper treatment may mea n t he difference 

between chr on ic invali dism and re st oration of health. 

It has been established that there are blood pres

sure changes with thyrotoxic osi s, with findings of an 

increase in systolic pressure an~ varying changes in 

diastolic pressure. 

Two t ypes of hyperthyroidism a re recogni zed. One 

t ype ex i sts coincidenta l ly i.i'i th e s Penti e-1 hypertension , 

with th i s hypertensi nn increased oy the aonormal thyroid 

activity. The se c ond type is often relieved by thyroid

ectomy and may oe a n exaggerat ion of a latent vascular 

disorder . Thyrotoxi c osis is further classified into 

the primary type associated wi t h Graves ' disease and 

the sec ondary t ype associated v· i th toxic nodular goiters. 

The thyrocardiac state is shown to produce greater 

hypertens ion Fith advancing age wi th secondary t hyro

toxico s is producing a higher systolic pressure after 

age fifty than primary thyrotoxicosis and diastolic 

pressure , in general , not rising with the systolic 

press ure . ~ny beli eve secondary thyrotoxicosis to be 

a disease of the heart since it occurs in older people 

with weaker hearts le s s able to withstand the constant 

exce s sive demands than the hearts of younger pe op le. 

Primary thyrotoxicosis is usually diagnosed early 

since it is acco":ipanied by the many a nd unmist a,keable 

signs of Graves• aisease. Secondary thyrot oxicosis is 
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insidious o.nd often unaccompanied by outstanding signs 

a nd sympto ms. Close inquiry is therefor required to 

elicit e. t istory that will point toward the thy;roid 

gland as the ca.use of the ce.rc1iac condition. Sympt oms 

e.nd finding s se ldom or often associated with thyrotoxi

cosis include: a previous history of go iter, dyspnea, 

pa.lpi t ati on, hypertens i on, tachycardia, extrasystoles, 

auricular fibrilla.tion, left ventricular enlargement, 

uncoiling of the limbs of the aortic arch , and general 

signs of thyrotoxicosis such as emoti onal unrest, nervous

ness , fine tremor, sweating, flushing , wasting and 

exophthalmous. 

Ther e is disagreement concerning the ranges of 

systolic and diastolic pressures 2nd pulse pressures . 

In general most writers feel that there is a rise in sys

tolic pressure ·with the diastolic pressure remaining the 

same or dropping a little. Averages for diastolic 

pressure are given variously from 70 to 83mm. of mercury. 

Systolic pressures average 145 to 16ornn. of mercury, 

with so..ile,;,rhat higher pressures being developed in 

secondary thyrotoxicosis. Pulse pressures average 

60 to 75mm. of mercury. 

Some investigators feel that they can demonstrate 

specific cardiac pathology while others disagree crnn

pletely. One group believed t hat it had produced tissue 

changes in rabbits with experimentally produced thyro

toxicosis. 
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The physiological aspe cts of thyrotoxicosis evolve 

around three maj or theories. One theory puts forth the 

possibility of a specific toxin circulating in the blood 

causing myocardial damage . Another t he ory is centered 

about the increased metabolism of the whole body caused 

by excessiv e thyroid activity producing excessive wear 

and tear on the myocardium as that organ takes part in 

the speeded up body processes . The third theory ad

vanced maintains that excessive .netabolism depletes the 

myocardium of glyc ogen below an 09timum level rendering 

the tissues more liable to injury. The heart labors under 

considerable strain since even though genera l vase

dilatation has increased the functional cross section 

of the vessels, the velocity of blood flow is increased. 

Subtotal thyroidectomy is the treatment of choice. 

The results are excellent even in cases in which the 

patient a.t first appears to be a hope less cardiac in

valid. Opera tion should not be performed until cardiac 

function has been restored. Mercurial diuretics are 

useful for t his purpose. Digitalis is also useful but 

must be administered with cauti on since the output of 

a hypertensive hee.rt may be decreased . Lugol Is solu

tion should be given pre-oper at ively since exophthalmic 

goiter cannot a l ways be distinguished from B. hyperfunc

tioning adenomatous goiter . Secondary thyr otoxicosis 

may be controlled by the use of thiouracil, thiourea, 
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and propylthiouracil but results are slov compared to 

exophtha lmic goiter . Since it is i mposs i ble to be sure 

on cl inical grounds that malignant change is not present 

it is probably unwise to withhold surgical treatment. 

~-.ortali ty averages about J. 5% from surgical treat

ment. Seventy to ninety-eight per cent of patients 

a re benefi ted wholly or in part by such treatment. 

Cardiac death in both prime.ry a.nd se condary thyro

toxicosis seems to be a rare occurrence in properly 

treated ~at ients. 
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