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Ventricular Functions in Patients with
Graves’ Ophthalmopathy

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Graves’ orbitopathy (GO) is an inflammatory syndrome that affects orbital
tissues in ~50% of patients with Graves’ disease. Antibodies against TSH receptors in GO patients
were shown to lead to heart failure along with GO, affecting both orbital tissues and cardiac mus-
cle. However, there are no studies which investigated cardiac functions in GO patients. In the pres-
ent study we aimed to investigate the cardiac functions in GO patients with conventional and tissue
Doppler imaging methods. MMaatteerriiaall  aanndd  MMeetthhooddss::  Fourty seven GO patients and 27 healthy indi-
viduals as a control group were included in our study. Left and right ventricular functions were as-
sessed using echocardiography including two-dimensional, M-mode, and conventional Doppler as
well as pulsed wave tissue Doppler imaging. RReessuullttss::  Left and right ventricle systolic and diastolic
diameters and ejection fraction showed no difference in patients with GO and controls. Tissue
Doppler analysis showed that right and left ventricle annular systolic velocities were similar be-
tween GO patients and control group. Diastolic function parameters also showed no significant dif-
ference between the patient group and controls. There were no correlation between the
echocardiographically derived systolic and diastolic function parameters and TSH receptor anti-
body (TSHRAb) levels.  CCoonncclluussiioonn::  Although there are some clues about the involvement of car-
diac tissue in GO we showed that cardiac functions are preserved in GO and TSHRAb levels were
not associated with any of the systolic and diastolic function parameters of the left and right ven-
tricle. 

KKeeyy  WWoorrddss::  Graves’ Ophthalmopathy, ventricular function, tissue Doppler echocardiography

ÖÖZZEETT  AAmmaaçç::  Graves’ orbitopathy (GO), Graves hastalarının yaklaşık olarak %50’sinde orbital
dokuların inflamasyonu ile seyreden bir sendromdur. GO hastalarında TSH reseptörlerine karşı
gelişen antikorların hem orbitadaki dokuları hem de kalp kasını etkileyerek GO ile beraber kalp
yetersizliği kliniğine yol açtığı gösterilmiştir. Ancak GO’lu hastalarda kardiyak fonksiyonları
inceleyen bir çalışma yoktur. Bu çalışmada biz GO hastalarında konvansiyonel ve doku Doppler
yöntemi kardiyak fonksiyonları değerlendirmeyi amaçladık. GGeerreeçç  vvee  YYöönntteemmlleerr:: Çalışmamıza 47
GO hastası ve 27 sağlıklı birey dâhil edildi. Sol ve sağ ventrikül fonksiyonları 2-boyutlu
ekokardiyografi, M-Mode ve konvansiyonel Doppler yanı sıra “pulse wave” doku Doppler
görüntüleme ile değerlendirildi. BBuullgguullaarr:: Sol ventrikül ve sağ ventrikül sistolik ve diyastolik
fonksiyon parametreleri açısından hasta ve kontrol grubu arasında fark izlenmedi. Doku Doppler
ile sağ ve sol ventrikülün anulusundan alınan sistolik dalga hızları GO hastalarında ve kontrol
grubunda benzerdi. Diyastolik fonksiyon parametreleri de hasta ve kontrol grubunda belirgin bir
farklılık göstermiyordu. Ekokardiyografik olarak elde edilen sistolik ve diyastolik fonksiyon
parametreleri ile TSH reseptör antikor düzeyleri (TSHRAb) arasında herhangi bir korelasyon yoktu. 
SSoonnuuçç::  GO’de kalp dokusunda tutulumun olduğuna dair ipuçları olmasına rağmen biz bu çalışmada
GO hastalarında kalp fonksiyonlarının korunduğunu ve TSHRAb düzeylerinin sağ ve sol
ventrikülün sistolik ve diyastolik fonksiyon parametreleri ile bir ilşkisinin olmadığını gösterdik. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Graves Oftalmopatisi, ventriküler fonksiyon, doku Doppler ekokardiyografi
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ra ves’ di se a se is an au to im mu ne di sor der
that ma inly af fects the thyro id gland.1 The
thyro id ma ni fes ta ti ons of the di se a se are

ca u sed by au to an ti bo di es di rec ted aga inst the TSH
re cep tor (TSHRAb).2-5 The se an ti bo di es sti mu la te
thyro id hor mo ne synthe sis from thyro id cells, re-
sul ting in hyperth yro i dism and dif fu se go i ter. The -
re is eye in vol ve ment cal led as Gra ves’
oph thal mo pathy in 25% to 50% of pa ti ents. In re-
cent ye ars, ca ses of car di ac in vol ve ment ha ve be en
re por ted in so me pa ti ents with eye in vol ve ment.
This con di ti on was con si de red as an au to im mu ne
pro cess re la ted to TSHRAb le a ding to in vol ve ment
of car di ac musc le to get her with or bi tal tis su es.6 Al-
t ho ugh the re are se ve ral fin dings of car di ac in vol -
ve ment at mo le cu lar le vels in Gra ves’ or bi to pathy
(GO) pa ti ents, cli ni cal stu di es on the is su e are in-
suf fi ci ent.7

The ob jec ti ve of this study was to in ves ti ga te
whet her the re was car di ac musc le in vol ve ment in
euth yro id GO pa ti ents by con ven ti o nal and tis su e
Dopp ler met hods.

MATERIAL AND METHODS
This ca se-con trol study was con duc ted bet we en
Feb ru ary 2006 and De cem ber 2008. Forty-se ven
pa ti ents with GO who we re cli ni cally and bi oc he -
mi cally euth yro id for at le ast 3 months we re rec -
ru i ted in the study, and 27 age- and sex-matc hed
he althy in di vi du als wit ho ut cli ni cally hyperth yro -
i dism and with nor mal se rum fre e T3, fre e T4, and
TSH le vels and ne ga ti ve thyro id au to an ti bo di es
we re inc lu ded in the study as the con trol gro up. Se -
ve rity of GO was ra ted as mild, mo de ra te-se ve re,
and sight-thre a te ning ac cor ding to the re com men -
da ti ons of Eu ro pe an Gro up on Gra ves’ or bi to pathy
(EU GO GO).8 Gra ves’ or bi to pathy ac ti vity was as-
ses sed ac cor ding to the re com men da ti ons of Wi er -
sin ga and col le a gu es.9 Her tel exoph thal mo metry
was used for the eva lu a ti on of prop to sis. In Her tel
me a su re ments, 17 mm was con si de red as nor mal
va lu e for Tur kish so ci ety.10 Abo ve 19 mm was de-
fi ned as prop to sis. Exoph thal mus was clas si fi ed as
mild for 19-21 mm, mo de ra te for 21-25 mm, and
ad van ced exoph thal mus for abo ve 25 mm.11-14 Eye
lid ret rac ti on was me a su red by the dis tan ce of the

up per eye lid mar gin from the cen ter of the pu pil
(se ve re, 7 mm; mo de ra te, >5 to <7 mm; and mild, 5
mm).

Twenty pa ti ents we re on propyl thi o u ra cil and
10 pa ti ents we re re ce i ving le voth yro xi ne (le vo ti -
ron). 

Blo od samp les we re ob ta i ned in the mor ning
af ter 12 h of fas ting. TSH, fT3, and fT4 le vels we re
me a su red. Se rum hor mo ne le vels we re me a su red
by che mi lu mi nes cent im mu no met ric as says using
IM MU LI TE 2000 (BI O-DPC) au to a naly zer sys-
tems, ac cor ding to the ma nu fac tu rer’s ins truc ti ons.
The nor mal va lu es in the la bo ra tory we re as fol-
lows: TSH, 0.4-4.0 IU/mL; fT3, 1.57-4.71 pg/mL;
fT4, 0.85-1.78 ng/dL.

Se rum thyrog lo bu lin, an tith yrog lo bu lin au to -
an ti bo di es and an tith yro id pe ro xi da se an ti body le -
vels we re as sa yed by im mu no as say (Beck man,
Co ul ter, Ma i ne, USA), whe re as TSHR au to an ti bo -
di es we re de ter mi ned by ra di o im mu no as say met -
hod by co un ting the ra di o ac ti vity in a gam ma
co un ter (Stra tec, Bir ken feld, Ger many). De tec ti on
li mits we re 0-40 IU/mL, 1.3 pmol/L, and 0-35
IU/mL for thyrog lu bu lin, and an tith yrog lo bu lin
an ti bo di es, and an tith yro id pe ro xi da se an ti body le -
vels, res pec ti vely. For TSH re cep tor an ti body, 0-9
U/ml was con si de red as ne ga ti ve, and > 9 U/mL as
po si ti ve. 

Blo od pres su re was me a su red using mer cury
sphygmo ma no me ter af ter 5 mi nu tes of res ting pe-
ri od and in the sit ting po si ti on. Two re a dings we re
ta ken half an ho ur apart and the ave ra ge va lu e was
cal cu la ted. 

EC HO CAR DI OG RAPHY

Trans tho ra cic ec ho car di og rap hic stu di es we re per-
for med with the pa ti ents in the left la te ral de cu bi -
tus po si ti on using a Vi vid 7 system (Ving med
Ul tra so und, Hor ten, Nor way). Pa ras ter nal long-
and short-axis, api cal two- and fo ur-cham ber, and
sub xip ho id long-axis vi ews we re ob ta i ned. Cham-
ber di men si ons we re ob ta i ned from M-mo de re cor -
dings ta ken in the pa ras ter nal long-axis vi ew,
gu i ded by a two-di men si o nal (2-D) ec ho car di og -
ram in ac cor dan ce with the re com men da ti ons of
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the Ame ri can So ci ety of Ec ho car di og raphy.15 Left
ven tri cu lar and right ven tri cu lar ejec ti on frac ti ons
we re de ter mi ned with mo di fi ed Simp son met hod.16

Two ort ho go nal ec ho car di og rap hic vi ews from the
apex and sub cos tal win dows we re ob ta i ned to as-
sess Simp son’s RVEF. Tra cing of the RV en do car -
di um at end systo le and end di as to le we re
per for med eit her by iden tif ying ope ning and clo s-
ing of the tri cus pid val ve or by vi su ally as ses sing
the smal lest and lar gest RV cham ber si ze. The
Simp son’s met hod was used to de ter mi ne RV vo -
lu mes and the RVEF was cal cu la ted by sub trac ting
end-systo lic vo lu me from end-di as to lic vo lu me
(EDV) di vi ded by EDV: RVEF%=100x(ED V– end-
systo lic vo lu me)/EDV.

Trans mit ral flow ve lo ci ti es we re re cor ded from
the api cal win dow, with a 1- to 3- mm samp le vo lu -
me bet we en the tips of the mit ral le af lets du ring di-
as to le. The pe ak ve lo city of early di as to lic fil ling (E),
la te fil ling with at ri al con trac ti on (A), the E/A ra ti -
o, and the de ce le ra ti on ti me (DT) we re me a su red
from the tra cing of trans mit ral flow. The iso vo lu -
mic re la xa ti on ti me (IVRT) of the LV was ob ta i ned
by es ti ma ting the ti me in ter val from the ces sa ti on
of outf low from the LV to the on set of inf low thro -
ugh the mit ral val ve. The iso vo lu mic con trac ti on ti -
me (IVCT) was de ter mi ned as the ti me in ter val
bet we en the ces sa ti on of mit ral inf low and the on -
set of left ven tri cu lar outf low. To me a su re the ve lo -
city of tri cus pid flow, the Dopp ler samp ling vo lu me
was set in the RV ne ar the tri cus pid ori fi ce on the
api cal fo ur-cham ber vi ew. The me a su re ments we re
ta ken at the end of ex pi ra ti on. From Dopp ler re cor -
dings of flow ac ross the tri cus pid val ve, the pa ra -
me ters E, A, and the E/A ra ti o we re me a su red.17

The Tis su e Dopp ler Ima ging (TDI) was per for -
med using the api cal win dow of the api cal fo ur-
cham ber vi ew for eva lu a ti on of the sep tal and
la te ral walls. The samp ling vo lu me was set at the
ba sal por ti on of the re fer red walls. The systo lic
(Sm), early (Em), and la te (Am) di as to lic ve lo ci ti es
for thre e con se cu ti ve be ats we re analy zed, and the
E/Em, Em/Am ra ti os we re cal cu la ted.18

Tri cus pid an nu lar systo lic (TSm), and early-
(TEm) and la te- (TAm) di as to lic myo car di al ve lo -
ci ti es we re ac qu i red from api cal fo ur-cham ber vi -

ews at the junc ti on of the right ven tri cu lar fre e
wall and the an te ri or le af let of the tri cus pid val ve
using TDI. The Nyqu ist li mits we re set at ±20 cm/s,
using the lo west fil ter set tings and the mi ni mum
op ti mum ga in, as re com men ded by the ma nu fac -
tu rer. The myo car di al IVCT (IVCTm) and the my-
o car di al IVRT (IVRTm) we re ob ta i ned by
analy zing TDI. IVCTm was de fi ned as the ti me in-
ter val bet we en the end of Am and the on set of Sm.
The IVRTm was de fi ned as the ti me in ter val bet -
we en the end of Sm and the on set of Em.19

The fol lo wing pa ra me ters we re used to de fi ne
ven tri cu lar systo lic and di as to lic func ti ons:

1- Pre ser ved left ven tri cu lar systo lic func ti on:
LVEF ≥ 50%; and an LV end-di as to lic vo lu me in -
dex (LVED VI), < 97 mL/m2 ,20

2- E/Em>15 was used as the evi den ce of di as -
to lic dysfunc ti on. E/Em<8 was con si de red as nor-
mal di as to lic func ti on. If TD yi elds an E/Em ra ti o
sug ges ti ve of di as to lic LV dysfunc ti on (15> E/Em>
8), ot her mit ral inf low ve lo city pa ra me ters (E/A< 50

ye ars < 1, or E/A> 50 ye ars < 0.5, or DT> 50 ye ars > 280
ms) we re ob ta i ned for di ag nos tic evi den ce of di as -
to lic LV dysfunc ti on ac cor ding to ins truc ti ons of
Eu ro pe an So ci ety of Car di o logy,20

3-Right ven tri cu lar di as to lic dysfunc ti on (con-
ven ti o nal Dopp ler): TE/TA< 1,

4-Right ven tri cu lar di as to lic dysfunc ti on
(TDI): TEm/TAm<1.

Pa ti ents with a his tory of car di o vas cu lar or
pul mo nary di se a se, hyper ten si on and di a be tes mel-
li tus we re exc lu ded from the study. Pa ti ents who
are un der an tihy per ten si ve the rapy inc lu ding be ta
bloc kers, an gi o ten sin con ver ting enz yme in hi bi tors
and ot her an tihy per ten si ve re gi mes we re al so exc -
lu ded from the study.

The pro to col ap pro ved by the ins ti tu ti o nal re-
vi ew bo ard of the hos pi tal was sig ned by all par ti -
ci pants.

STA TIS TI CAL ANALY SIS

Da ta analy sis was per for med by using sta tis ti cal
pac ka ge for So ci al Sci en ces (SPSS) ver si on 11.5 soft-
wa re (SPSS Inc., Chi ca go, IL, Uni ted Sta tes). Da ta
we re shown as me an ± stan dard de vi a ti on for con-
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ti nu o us va ri ab les. Num ber of pa ti ents and per cen -
ta ges we re used for no mi nal va ri ab les. Con ti nu o us
da ta we re com pa red by Stu dent’s t-test or Mann
Whit ney U test, whe re app li cab le. Chi-squ a re tests
we re used to as sess the sta tis ti cal sig ni fi can ce of dif-
fe ren ces bet we en gro ups in the fre qu ency dis tri -
bu ti on of ca te go ri cal va ri ab les, un less the ex pec ted
cell si ze less than fi ve, when Fis her’s exact test was
used. Deg re es of as so ci a ti on bet we en con ti nu o us
va ri ab les we re eva lu a ted by Spe ar man’s cor re la ti on
test. A p va lu e less than 0.05 was con si de red sta tis -
ti cally sig ni fi cant. 

RESULTS
Cli ni cal cha rac te ris tics of the study gro up are pre-
sen ted in Tab le 1. The re we re 47 pa ti ents with GO
and 27 he althy con trols. Age, sex, body mass in dex
(BMI) we re si mi lar in pa ti ents with GO and con trol
sub jects (p> 0.05). Thirty-fo ur pa ti ents had mo de -
ra te-se ve re GO and 13 pa ti ents had mild GO. The -
re we re no pa ti ents in cli ni cally ac ti ve pe ri od of
GO. Se rum Fre e T3, Fre e T4, TSH le vels we re si m-
i lar bet we en pa ti ents and con trol gro up (Tab le 1).
The me di an thyrog lo bu lin, an tith yrog lo bu lin, an -
ti-thyro id pe ro xi da se (TPO), TSHRAb, thyrot ro pin
re cep tor an ti body ti ters we re 13.2 ± 9.8 IU/mL,
24.7 ± 7.2 IU/mL, 152.7 ± 81 IU/mL, 28.35 ± 3.5
IU/mL, res pec ti vely. TSHR an ti body, TPO, thyrog -

lo bu lin and an tith yrog lo bu lin an ti body le vels we -
re de tec ted high in 26, 30, 19, and 19 of 47 pa ti ents,
res pec ti vely (Table 2). 

All pa ti ents had eye lid ret rac ti on. Me an va lu -
es of the eye lid ret rac ti on we re 6.1 ± 0.9 mm for
the left eye lid, and 5.7 ± 0.9 mm for the right eye-
lid. Her tel exoph thal mo met ric me a su res of the pa-
ti ents with GO we re 19.8 ± 3.1 mm for the left eye
and 19.6 ± 2.8 mm for the right eye. 

The re we re no dif fe ren ces in systo lic and di as-
to lic blo od pres su res bet we en the pa ti ents and the
con trol gro up.

EC HO CAR DI OG RAP HIC EXA MI NA TION

Left Ven tri cu lar Me a su re ments

The re we re no dif fe ren ces bet we en two gro ups for
ven tri cu lar di a me ters and systo lic func ti on (Tab le
3). No sta tis ti cal dif fe ren ces we re de tec ted bet we -
en pa ti ent and con trol gro ups for di as to lic func ti on
pa ra me ters me a su red by con ven ti o nal and Dopp -
ler met hods. (Tab le 4). Di as to lic dis func ti on was
de tec ted in eight sub jects in the pa ti ent gro up, whi -
le no di as to lic dis func ti on was se en in no sub jects
in the con trol gro up (p= 0.06). 

Right Ven tri cu lar Me a su re ments

Ejec ti on frac ti on and TSm va lu e, in di ca tors of right
ven tri cu lar systo lic func ti on, we re si mi lar in pa ti -
ent and con trol gro ups (Tab les 3, 4). No sig ni fi cant
dif fe ren ces we re se en bet we en two gro ups in terms

Parameters GO (n=  47) Control (n=  27) P

Age (years) 38.8 35.2 0.173

Sex (M/F) (15/32) (8/14) 0.340

Heart rate 78.9 ± 6.7 69.9 ± 5.6 < 0.001

BMI (kg/m2) 25.8 ± 4.1 25.7 ± 3.3 0.920

SBP (mmHg) 119 ± 14 111 ± 11 0.023

DBP (mmHg) 70 ± 10 68 ± 12 0.444

Serum FT4 (ng/dL) 1.32 ± 0.29 1.19 ± 0.25 0.06

Serum FT3 (ng/dL) 3.47 ± 0.71 3.19 ± 0.86 0.120

Serum thyrotropin (U/mL) 1.84 ± 1.23 2.32 ± 1.0 0.051

Hertel left (cm) 19.8 ± 3.1 16.2 ± 1.6 < 0.0001

Hertel right (cm) 19.6 ± 2.8 16.4 ± 1.7 < 0.0001

TABLE 1: Clinical features of patients with Graves’ ophtal-
mopathy  and  control group 

BMI: Body mass index; DBP: Diastolic blood pressure; FT3: Free thyroxine; 
FT4: Free triiodothyronin; GO: Graves ophtalmopathy; SBP: Systolic blood pressure.

Serum thyroglobulin (median, U/mL) 13.2 ± 9.8

Serum thyroglobulin positive (n) 19

Serum thyroglobulin antibody (median) 24.7 ± 7.2

Serum thyroglobulin antibody positive (n) 19

Serum anti-TPO (median, U/mL) 152.7 ± 81

Serum TSHRAb (median, U/mL) 28.35 ± 3.5

Serum TSHRAb positive (n) 26

Left eyelid retraction (mm) 6.1 ± 0.9

Right eyelid retraction (mm) 5.7 ± 0.9

Eyelid retraction (n) (47)

Diplopia (n) (2)

TABLE 2: Serum thyroid otoantibody levels and degree of 
eyelid retraction in Graves’ ophtalmopathy patients.

Anti-TPO: Anti-thyroid peroxidase; TSHRAb, Serum thyrotropin receptor antibody.
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of pa ra me ters of right ven tri cu lar di as to lic dis func-
ti on (Tab les 3, 4). Whi le the re we re 13 pa ti ents in
the pa ti ent gro up me e ting cri te ri a of di as to lic dis-
func ti on des cri bed for right ven tric le, the num ber
was fo ur for the con trol gro up, and sho wed no sta-
tis ti cal dif fe ren ce (p= 0.328). 

No as so ci a ti ons we re de tec ted bet we en left
and right ven tri cu lar ejec ti on frac ti ons, systo lic and
di as to lic func ti on pa ra me ters and amo unt of prop-
to sis, right and left eye lid ret rac ti ons, and TSHRAb
le vels in the cor re la ti on analy ses. The re we re no
dif fe ren ces in systo lic and di as to lic func ti ons in pa-
ti ents with GO, re gard less of whet her or not they
we re re ce i ving propyl thi o u ra cil and le vo ti ron.

DISCUSSION
The pre sent study is the first study that as ses sed the
right and left ven tric le func ti ons with con ven ti o nal

and TDI met hods in pa ti ents with GO. We de tec -
ted that left and right ven tri cu lar systo lic and di as -
to lic func ti ons we re pre ser ved in GO pa ti ents, and
no ef fect was de tec ted on car di ac func ti ons with
TSHRAb po si ti vity which was pre su med to af fect
car di ac musc les.

The pri mary pat ho logy in Gra ves’ pa ti ents is
the in vol ve ment of ret ro-or bi tal musc les, or bi tal
fatty la yer, and fib rob lasts by au to an ti bo di es aga -
inst TSH re cep tors. The first fin ding in di ca ting the
pos si bi lity of in vol ve ment of car di ac musc le was a
ca se re port pub lis hed by Kos hi ya ma and col le a gu -
es.6 In this re port, or bit ho pathy and car di om yo -
pathy prog res sed to get her in a pa ti ent with Gra ves’
di se a se, and bi opsy of car di ac musc le sho wed lym-
phocy tic in fil tra ti on and de ge ne ra ti ve chan ges.
This sug ges ted that the de ve lop ment of car di ac ma -
ni fes ta ti ons in as so ci a ti on with GD might al so ha -
ve a di rect au to im mu ne eti o logy and per haps sha re

Variable GO (n= 47) Control (n= 22) P

LA (mm) 3.25 ± 0.4 3.28 ± 2.6 0.670

LVEDD (mm) 46.4 ± 3.7 47.0 ± 4.1 0.097

LVESD (mm) 28.4 ± 3.2 28.8 ± 3.4 0.389

IVS (mm) 9.6 ± 1.1 9.3 ± +1.0 0.252

PW (mm) 9.0 ± 1.1 9.0 ± 1.0 0.991

LVEF (%) 66.5 ± 6.1 68 ± 6.1 0.336

RVEDV (mL) 31.4 ± 14 33.9 ± 13 0.589

RVESV (mL) 15.9 ± 8.6 14.3 ± 7.5 0.562

RVEF (%) 51 ± 13 55 ± 12 0.125

Mitral E velocity (cm/s) 82.8 ± 18 84.5 ± 16 0.694

Mitral A velocity (cm/s) 66.7 ± 19 58.9 ± 13 0.076

Mitral E/A 1.33 ± 0.4 1.46 ± 0.2 0.142

IVRT (ms) 97 ± 20 88 ± 20 0.093

IVCT 88 ± 16 82 ± 14 0.132

Mitral E/A < 1, n 11/35 1/26 0.054

DT (ms) 215 ± 53 197 ± +37 0.146

Tricuspid E velocity (cm/s) 57 ± 10 57 ± 8.0 0.788

Tricuspid A velocity (cm/s) 50.0 ± 11 49.0 ± 11 0.700

Tricuspid E/A 1.14 ± 0.17 1.17 ± 0.23 0.531

TABLE 3: Echocardiographic variables obtained from
the patients.

E/A: Ratio of E to A; DT: Deceleration time; GO: Graves ophtalmopathy IVCT: Left ven-
tricle isovolumic contraction time; IVRT: Left ventricle isovolumic relaxation time;
IVS: End-diastolic interventricular septal thickness; LA: Left atrium; LVEDD: Left ventri-
cle end-diastolic diameter; LVEF: Left ventricle ejection fraction; LVESD: Left ventricle
end-systolic diameter; PW: End-diastolic LV posterior wall thickness; RVEDV: Right
ventricle end-diastolic volume; RVEF: Right ventricle ejection fraction, RVESV: Right
ventricle end-systolic volume.

Variable GO  (n= 47) Control (n= 27) P

Septum (cm/s)

Sm 9.1 ± 2.2 9.0 ± 1.4 0.866

Em 11.8 ± 3.3 12.5 ± 3.1 0.401

Am 9.5 ± 2.2 8.9 ± 1.7 0.263

Em/Am 1.3 ± 0.5 1.4 ± 0.5 0.307

Em/Am< 1, n 14/33 5/22 0.428

E/Em 7.3 ± 2.3 7.1 ± 2.0 0.732

Lateral (cm/s)

Sm 10.1 ± 3.5 10.0 ± 2.9 0.241

Em 15.1 ± 4.2 14.8 ± 4.1 0.818

Am 10.1 ± 3.4 8.5 ± 1.8 0.035

Em/Am 1.7 ± 0.7 1.8 ± 0.7 0.365

MitE/Em 5.9 ± 2.1 6.2 ± 2.3 0.787

Em/Am< 1, n 8/39 0/27 0.06

Right ventricle (cm/s)

Sm 15.75 ± 2.7 14.8 ± 1.9 0.122

Em 16.3 ± 4.1 15.2 ± 2.5 0.788

Am 16.1 ± 4.8 14.2 ± 2.5 0.085

Em/Am 1.14 ± 0.3 1.29 ± 0.3 0.567

Tricuspid E/Tricuspid Em 3.9 ± 1.4 3.9 ± 1.2 0.771

Tricuspid EM/Tricuspid AM< 1, n 13/34 4/23 0.328

TABLE 4: Tissue Doppler parameters of the patients.

Am: Late diastolic myocardial velocity; Em: Early diastolic myocardial velocity;
IVCTm: Myocardial isovolumic contraction time; IVRTm: Myocardial isovolumic relax-
ation time; Sm: Systolic myocardial velocity.
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an an ti gen com mon to he art and thyro id. Fol lo -
wing that study, Sel li ti and col le a gu es re por ted that
TSH re cep tors we re most fre qu ently se en at co ro -
nary ar te ri es, epi car di al fatty tis su e, and right at ri -
um in the he art.5 Ven tric le was re por ted to be the
si te con ta i ning the le ast TSHR. La ter a study by Bu -
sut til and col le a gu es sho wed that TSHR was ex-
pres sed in ex tra-ocu lar tis su es, but not in car di ac
musc le tis su es.21 In the light of the se stu di es, whet -
her au to im mu ne pro cess le ads to car di ac musc le in-
vol ve ment in pa ti ents with Gra ves’ di se a se is still
con tro ver si al, and cli ni cal stu di es on this to pic are
qu i te few. The first study exa mi ning the he art ec -
ho car di og rap hi cally in pa ti ents with Gra ves’ di se -
a se was car ri ed by Ka ge and col le a gu es.22 In the
study by Ka ge and col le a gu es, no dif fe ren ce was fo -
und in the pa ti ent gro up in terms of left ven tri cu -
lar end systo lic di a me ter, end di as to lic di a me ter,
and left ven tri cu lar EF, com pa red to the con trol
gro up.22 Si mi larly, no re mar kab le chan ge was de-
tec ted in left ven tri cu lar func ti ons in the pre sent
study. Gi ven that the ven tric les con ta i ned the le ast
TSH re cep tors in the study by Sel li ti and col le a gu -
es which in ves ti ga ted TSH re cep tors in the he art, it
may be pre su med that the le ast af fec ted si tes in the
he art wo uld be the ven tric les, thus ven tri cu lar
func ti ons wo uld be pre ser ved.5 No im pa ir ment in
the ven tri cu lar func ti on may al so be re la ted to the
pre va len ce of TSHRAb po si ti ve pa ti ents in the
study gro up. TSHRAb was 55% po si ti ve in the pre -
sent study, but this was con si de rably low when
com pa red with 97% TSHRAb po si ti vity in the pa-
ti ents who de ve lo ped se ve re GO in the study by
Eck ste in and col le a gu es.23 As a re sult of low blo od
TSHRAb ti ters in the pre sent study, ven tri cu lar in-
vol ve ment may ha ve not be co me evi dent. High an-
ti body ti ters are com mon par ti cu larly at the ac ti ve
and pre-tre at ment sta ges of the di se a se. Eck ste in
and col le a gu es re por ted that an ti body ti ters in cre -
a sed 3-5 ti mes the nor mal in pa ti ents with mild GO
at the inac ti ve sta ge, and 10-15 ti mes the nor mal
in se ve re GO pa ti ents at the ac ti ve sta ge. In the pre -
sent study, TSHRAb le vels in cre a sed thre e ti mes,
and it can be sta ted that the re was less ven tri cu lar

in vol ve ment as all pa ti ents we re at mild or mo de -
ra te GO pa ti ents at the inac ti ve sta ge.24 Im pa ir ment
in systo lic and di as to lic func ti ons in GO pa ti ents,
which is the hypot he sis of the pre sent study, may
be as so ci a ted with in ten si ve an ti body le vels at the
ac ti ve sta ge. Fu tu re stu di es on this to pic wo uld cla -
rify whet her the re was an as so ci a ti on bet we en car-
di ac in vol ve ment and ac ti ve sta ge of the di se a se. 

Anot her re a son for no ef fect on ven tri cu lar
func ti ons in the pre sent study may al so be the re-
sult of the ab sen ce of TSH re cep tors in the he art, as
cla i med in the study by Bu sut til and col le a gu -
es.21

STUDY LI MITA TION

One of the li mi ta ti on of this study is that so me of
the pa ti ents we re ta king me di ca ti ons such as
propyl thi o u ra cil and le voth yro xi ne. In our study,
when we com pa re the pa ti ents who we re ta king
propyl thi o u ra cil or le voth yro xi ne and who did not,
we fo und no dif fe ren ces in systo lic and di as to lic
func ti ons  in pa ti ents with GO, re gard less of whet -
her or not they we re re ce i ving one of the afo re -
men ti o ned tre at ments. Ho we ver, this study was
not de sig ned to com pa re the right and left ven tric -
le systo lic and di as to lic func ti ons be fo re and af ter
tre at ment with propyl thi o u ra cil and le voth yro xi -
ne. The re fo re, furt her stu di es are ne e ded to mo re
tho ro ughly exa mi ne this qu es ti on. The ot her li mi -
ta ti on of this study is that he art ra te was dif fe rent
in the pa ti ent gro up in com pa ri son to con trol gro -
up. It is known that con ven ti o nal Dopp ler in de xes
can be sig ni fi cantly inf lu en ced by physi o lo gic va ri-
ab les such as pre lo ad, he art ra te, and res pi ra ti on25

ho we ver the stu di es by Sohn et al26 and Na gu eh et
al27 de mons tra ted that TDI pa ra me ters we re not
af fec ted by ra pid he art ra tes, at ri al fib ril la ti on, and
pre lo ad. 

CONCLUSION
Car di ac func ti ons we re pre ser ved in pa ti ents with
GO who we re cli ni cally inac ti ve and euth yro id.
TSHRAb le vels ha ve no af fect on both left and
right ven tric les in pa ti ents with GO.
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