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Ventricular Functions in Patients with

Graves’ Ophthalmopathy

Graves Oftalmopati Hastalarinda
Ventrikiil Fonksiyonlar

ABSTRACT Objective: 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. Material and Methods: 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. Results: 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 (TSHRAD) levels. Conclusion: Although there are some clues about the involvement of car-
diac tissue in GO we showed that cardiac functions are preserved in GO and TSHRAD levels were
not associated with any of the systolic and diastolic function parameters of the left and right ven-
tricle.

Key Words: Graves’ Ophthalmopathy, ventricular function, tissue Doppler echocardiography

OZET Amag: Graves’ orbitopathy (GO), Graves hastalarinin yaklagik olarak %50’sinde orbital
dokularin inflamasyonu ile seyreden bir sendromdur. GO hastalarinda TSH reseptorlerine kars:
gelisen antikorlarin hem orbitadaki dokular1 hem de kalp kasini etkileyerek GO ile beraber kalp
yetersizligi klinigine yol actig1 gosterilmistir. Ancak GO’lu hastalarda kardiyak fonksiyonlar:
inceleyen bir ¢alisma yoktur. Bu ¢aligmada biz GO hastalarinda konvansiyonel ve doku Doppler
yéntemi kardiyak fonksiyonlar: degerlendirmeyi amagladik. Gereg ve Yontemler: Calismamiza 47
GO hastas1 ve 27 saglikli birey dahil edildi. Sol ve sag ventrikil fonksiyonlar1 2-boyutlu
ekokardiyografi, M-Mode ve konvansiyonel Doppler yam sira “pulse wave” doku Doppler
goriintilleme ile degerlendirildi. Bulgular: Sol ventrikiil ve sa§ ventrikiil sistolik ve diyastolik
fonksiyon parametreleri agisindan hasta ve kontrol grubu arasinda fark izlenmedi. Doku Doppler
ile sag ve sol ventrikiiliin anulusundan alinan sistolik dalga hizlar1 GO hastalarinda ve kontrol
grubunda benzerdi. Diyastolik fonksiyon parametreleri de hasta ve kontrol grubunda belirgin bir
farklilik gostermiyordu. Ekokardiyografik olarak elde edilen sistolik ve diyastolik fonksiyon
parametreleri ile TSH reseptor antikor diizeyleri (TSHRAD) arasinda herhangi bir korelasyon yoktu.
Sonug: GO’de kalp dokusunda tutulumun olduguna dair ipuglar1 olmasina ragmen biz bu ¢aligmada
GO hastalarinda kalp fonksiyonlarinin korundugunu ve TSHRADb diizeylerinin sag ve sol
ventrikiiliin sistolik ve diyastolik fonksiyon parametreleri ile bir ilgkisinin olmadigini gésterdik.

Anahtar Kelimeler: Graves Oftalmopatisi, ventrikiiler fonksiyon, doku Doppler ekokardiyografi
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VENTRICULAR FUNCTIONS IN PATIENTS WITH GRAVES’ OPHTHALMOPATHY

raves’ disease is an autoimmune disorder
G_that mainly affects the thyroid gland.! The

thyroid manifestations of the disease are
caused by autoantibodies directed against the TSH
receptor (TSHRAD).2> These antibodies stimulate
thyroid hormone synthesis from thyroid cells, re-
sulting in hyperthyroidism and diffuse goiter. The-
re is eye involvement called as Graves’
ophthalmopathy in 25% to 50% of patients. In re-
cent years, cases of cardiac involvement have been
reported in some patients with eye involvement.
This condition was considered as an autoimmune
process related to TSHRAD leading to involvement
of cardiac muscle together with orbital tissues.® Al-
though there are several findings of cardiac invol-
vement at molecular levels in Graves’ orbitopathy
(GO) patients, clinical studies on the issue are in-

sufficient.”

The objective of this study was to investigate
whether there was cardiac muscle involvement in
euthyroid GO patients by conventional and tissue
Doppler methods.

I MATERIAL AND METHODS

This case-control study was conducted between
February 2006 and December 2008. Forty-seven
patients with GO who were clinically and bioche-
mically euthyroid for at least 3 months were rec-
ruited in the study, and 27 age- and sex-matched
healthy individuals without clinically hyperthyro-
idism and with normal serum free T3, free T4, and
TSH levels and negative thyroid autoantibodies
were included in the study as the control group. Se-
verity of GO was rated as mild, moderate-severe,
and sight-threatening according to the recommen-
dations of European Group on Graves’ orbitopathy
(EUGOGO).2 Graves’ orbitopathy activity was as-
sessed according to the recommendations of Wier-
singa and colleagues.’ Hertel exophthalmometry
was used for the evaluation of proptosis. In Hertel
measurements, 17 mm was considered as normal
value for Turkish society.!® Above 19 mm was de-
fined as proptosis. Exophthalmus was classified as
mild for 19-21 mm, moderate for 21-25 mm, and
advanced exophthalmus for above 25 mm.!"** Eye
lid retraction was measured by the distance of the
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upper eyelid margin from the center of the pupil
(severe, 7 mm; moderate, >5 to <7 mm; and mild, 5
mm).

Twenty patients were on propylthiouracil and
10 patients were receiving levothyroxine (levoti-
ron).

Blood samples were obtained in the morning
after 12 h of fasting. TSH, T3, and fT4 levels were
measured. Serum hormone levels were measured
by chemiluminescent immunometric assays using
IMMULITE 2000 (BIO-DPC) autoanalyzer sys-
tems, according to the manufacturer’s instructions.
The normal values in the laboratory were as fol-
lows: TSH, 0.4-4.0 IU/mL; {fT3, 1.57-4.71 pg/mL;
fT4, 0.85-1.78 ng/dL.

Serum thyroglobulin, antithyroglobulin auto-
antibodies and antithyroid peroxidase antibody le-
vels were assayed by immunoassay (Beckman,
Coulter, Maine, USA), whereas TSHR autoantibo-
dies were determined by radioimmunoassay met-
hod by counting the radioactivity in a gamma
counter (Stratec, Birkenfeld, Germany). Detection
limits were 0-40 IU/mL, 1.3 pmol/L, and 0-35
IU/mL for thyroglubulin, and antithyroglobulin
antibodies, and antithyroid peroxidase antibody le-
vels, respectively. For TSH receptor antibody, 0-9
U/ml was considered as negative, and > 9 U/mL as
positive.

Blood pressure was measured using mercury
sphygmomanometer after 5 minutes of resting pe-
riod and in the sitting position. Two readings were
taken half an hour apart and the average value was
calculated.

ECHOCARDIOGRAPHY

Transthoracic echocardiographic studies were per-
formed with the patients in the left lateral decubi-
tus position using a Vivid 7 system (Vingmed
Ultrasound, Horten, Norway). Parasternal long-
and short-axis, apical two- and four-chamber, and
subxiphoid long-axis views were obtained. Cham-
ber dimensions were obtained from M-mode recor-
dings taken in the parasternal long-axis view,
guided by a two-dimensional (2-D) echocardiog-
ram in accordance with the recommendations of

227



Murat AKCAY ve ark.

the American Society of Echocardiography.” Left
ventricular and right ventricular ejection fractions
were determined with modified Simpson method.!®
Two orthogonal echocardiographic views from the
apex and subcostal windows were obtained to as-
sess Simpson’s RVEF. Tracing of the RV endocar-
dium at end systole and end diastole were
performed either by identifying opening and clos-
ing of the tricuspid valve or by visually assessing
the smallest and largest RV chamber size. The
Simpson’s method was used to determine RV vo-
lumes and the RVEF was calculated by subtracting
end-systolic volume from end-diastolic volume
(EDV) divided by EDV: RVEF%=100x(EDV—-end-
systolic volume)/EDV.

Transmitral flow velocities were recorded from
the apical window, with a 1- to 3- mm sample volu-
me between the tips of the mitral leaflets during di-
astole. The peak velocity of early diastolic filling (E),
late filling with atrial contraction (A), the E/A rati-
0, and the deceleration time (DT) were measured
from the tracing of transmitral flow. The isovolu-
mic relaxation time (IVRT) of the LV was obtained
by estimating the time interval from the cessation
of outflow from the LV to the onset of inflow thro-
ugh the mitral valve. The isovolumic contraction ti-
me (IVCT) was determined as the time interval
between the cessation of mitral inflow and the on-
set of left ventricular outflow. To measure the velo-
city of tricuspid flow, the Doppler sampling volume
was set in the RV near the tricuspid orifice on the
apical four-chamber view. The measurements were
taken at the end of expiration. From Doppler recor-
dings of flow across the tricuspid valve, the para-
meters E, A, and the E/A ratio were measured."”

The Tissue Doppler Imaging (TDI) was perfor-
med using the apical window of the apical four-
chamber view for evaluation of the septal and
lateral walls. The sampling volume was set at the
basal portion of the referred walls. The systolic
(Sm), early (Em), and late (Am) diastolic velocities
for three consecutive beats were analyzed, and the
E/Em, Em/Am ratios were calculated.'®

Tricuspid annular systolic (TSm), and early-
(TEm) and late- (TAm) diastolic myocardial velo-
cities were acquired from apical four-chamber vi-
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ews at the junction of the right ventricular free
wall and the anterior leaflet of the tricuspid valve
using TDI. The Nyquist limits were set at +20 cm/s,
using the lowest filter settings and the minimum
optimum gain, as recommended by the manufac-
turer. The myocardial IVCT (IVCTm) and the my-
ocardial IVRT (IVRTm) were obtained by
analyzing TDI. IVCTm was defined as the time in-
terval between the end of Am and the onset of Sm.
The IVRTm was defined as the time interval bet-
ween the end of Sm and the onset of Em."

The following parameters were used to define
ventricular systolic and diastolic functions:

1- Preserved left ventricular systolic function:
LVEF > 50%; and an LV end-diastolic volume in-
dex (LVEDVI), < 97 mL/m? ,2°

2- E/Em>15 was used as the evidence of dias-
tolic dysfunction. E/Em<8 was considered as nor-
mal diastolic function. If TD yields an E/Em ratio
suggestive of diastolic LV dysfunction (15> E/Em>
8), other mitral inflow velocity parameters (E/A. 50
years < 1, 0T E/A. 50 years < 0.5, or DT 50 years > 280
ms) were obtained for diagnostic evidence of dias-
tolic LV dysfunction according to instructions of
European Society of Cardiology,”

3-Right ventricular diastolic dysfunction (con-
ventional Doppler): TE/TA< 1,

4-Right ventricular diastolic dysfunction
(TDI): TEm/TAmx<I1.

Patients with a history of cardiovascular or
pulmonary disease, hypertension and diabetes mel-
litus were excluded from the study. Patients who
are under antihypertensive therapy including beta
blockers, angiotensin converting enzyme inhibitors
and other antihypertensive regimes were also exc-
luded from the study.

The protocol approved by the institutional re-
view board of the hospital was signed by all parti-
cipants.

STATISTICAL ANALYSIS

Data analysis was performed by using statistical
package for Social Sciences (SPSS) version 11.5 soft-
ware (SPSS Inc., Chicago, IL, United States). Data
were shown as mean + standard deviation for con-
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tinuous variables. Number of patients and percen-
tages were used for nominal variables. Continuous
data were compared by Student’s t-test or Mann
Whitney U test, where applicable. Chi-square tests
were used to assess the statistical significance of dif-
ferences between groups in the frequency distri-
bution of categorical variables, unless the expected
cell size less than five, when Fisher’s exact test was
used. Degrees of association between continuous
variables were evaluated by Spearman’s correlation
test. A p value less than 0.05 was considered statis-
tically significant.

I RESULTS

Clinical characteristics of the study group are pre-
sented in Table 1. There were 47 patients with GO
and 27 healthy controls. Age, sex, body mass index
(BMI) were similar in patients with GO and control
subjects (p> 0.05). Thirty-four patients had mode-
rate-severe GO and 13 patients had mild GO. The-
re were no patients in clinically active period of
GO. Serum Free T3, Free T4, TSH levels were sim-
ilar between patients and control group (Table 1).
The median thyroglobulin, antithyroglobulin, an-
ti-thyroid peroxidase (TPO), TSHRAD, thyrotropin
receptor antibody titers were 13.2 + 9.8 IU/mL,
24.7 + 7.2 IU/mL, 152.7 + 81 IU/mL, 28.35 + 3.5
IU/mL, respectively. TSHR antibody, TPO, thyrog-

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

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 789+£6.7 69.9+586 < 0.001
BMI (kg/m?) 258+ 4.1 257+3.3 0.920
SBP (mmHg) 1914 =1 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) 196+28 164£17  <0.0001

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

Turkiye Klinikleri J Cardiovasc Sci 2010;22(2)

Murat AKCAY et al

TABLE 2: Serum thyroid otoantibody levels and degree of
eyelid retraction in Graves’ ophtalmopathy patients.
Serum thyroglobulin {median, U/mL) 132+ 9.8
Serum thyroglobulin positive (n) 19
Serum thyroglobulin antibody {median) 24772
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) 57+09
Eyelid retraction (n) (47)
Diplopia {n) 2)

Anti-TPO: Anti-thyroid peroxidase; TSHRAb, Serum thyrotropin receptor antibody.

lobulin and antithyroglobulin antibody levels we-
re detected high in 26, 30, 19, and 19 of 47 patients,
respectively (Table 2).

All patients had eyelid retraction. Mean valu-
es of the eye lid retraction were 6.1 + 0.9 mm for
the left eyelid, and 5.7 + 0.9 mm for the right eye-
lid. Hertel exophthalmometric measures of the pa-
tients with GO were 19.8 + 3.1 mm for the left eye
and 19.6 + 2.8 mm for the right eye.

There were no differences in systolic and dias-
tolic blood pressures between the patients and the
control group.

ECHOCARDIOGRAPHIC EXAMINATION
Left Ventricular Measurements

There were no differences between two groups for
ventricular diameters and systolic function (Table
3). No statistical differences were detected betwe-
en patient and control groups for diastolic function
parameters measured by conventional and Dopp-
ler methods. (Table 4). Diastolic disfunction was
detected in eight subjects in the patient group, whi-
le no diastolic disfunction was seen in no subjects
in the control group (p= 0.06).

Right Ventricular Measurements

Ejection fraction and TSm value, indicators of right
ventricular systolic function, were similar in pati-
ent and control groups (Tables 3, 4). No significant
differences were seen between two groups in terms
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TABLE 3: Echocardiographic variables obtained from
the patients.

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

LA {mm) 3.25+ 0.4 3.28+26 0.670
LVEDD (mm) 46.4 3.7 470+ 4.1 0.097
LVESD {mm) 28432 288+34 0.389
IVS (mm) 96+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) 31414 33.9+13 0.589
RVESV (mL) 15.9+8.6 143+75 0.562
RVEF (%) 5113 55+12 0.125
Mitral E velocity (cm/s) 82.8+18 845+ 16 0.694
Mitral A velacity {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 + 437 0.146
Tricuspid E velocity {(cm/s) 5710 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

GRAVES OFTALMOPATI HASTALARINDA VENTRIKUL FONKSIYONLARI

and TDI methods in patients with GO. We detec-
ted that left and right ventricular systolic and dias-
tolic functions were preserved in GO patients, and
no effect was detected on cardiac functions with
TSHRAD positivity which was presumed to affect
cardiac muscles.

The primary pathology in Graves’ patients is
the involvement of retro-orbital muscles, orbital
fatty layer, and fibroblasts by autoantibodies aga-
inst TSH receptors. The first finding indicating the
possibility of involvement of cardiac muscle was a
case report published by Koshiyama and colleagu-
es.® In this report, orbithopathy and cardiomyo-
pathy progressed together in a patient with Graves’
disease, and biopsy of cardiac muscle showed lym-
phocytic infiltration and degenerative changes.
This suggested that the development of cardiac ma-
nifestations in association with GD might also ha-
ve a direct autoimmune etiology and perhaps share

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.

of parameters of right ventricular diastolic disfunc-
tion (Tables 3, 4). While there were 13 patients in
the patient group meeting criteria of diastolic dis-
function described for right ventricle, the number
was four for the control group, and showed no sta-
tistical difference (p=0.328).

No associations were detected between left
and right ventricular ejection fractions, systolic and
diastolic function parameters and amount of prop-
tosis, right and left eye lid retractions, and TSHRAb
levels in the correlation analyses. There were no
differences in systolic and diastolic functions in pa-
tients with GO, regardless of whether or not they
were receiving propylthiouracil and levotiron.

I DISCUSSION

The present study is the first study that assessed the
right and left ventricle functions with conventional
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TABLE 4: Tissue Doppler parameters of the patients.
Variable GO (n=47) Control(n=27) P
Septum {cm/s)

Sm 9.1+22 90+14 0.866
Em 11.8+3.3 12.5+3.1 0.401
Am 95+22 89+17 0.263
Em/Am 1.3+05 14+05 0.307
Em/Am<1,n 14/33 5/22 0.428
E/Em 73+23 71£20 0.732
Lateral {cm/s)

Sm 10.1+£35 10.0+2.9 0.241
Em 15.1+4.2 148 +41 0.818
Am 10.1+£3.4 85+18 0.035
Em/Am 1.7+07 18+07 0.365
MitE/Em 59=+21 62+23 0.787
Em/Am< 1, n 8/39 0/27 0.06
Right ventricle {cm/s)

Sm 15.75+2.7 148+1.9 0.122
Em 16.3+4.1 152+25 0.788
Am 16.1+£4.8 142+25 0.085
Em/Am 114+0.3 129+0.3 0.567
Tricuspid E/Tricuspid Em 39+14 39+1.2 0.771
Tricuspid EM/Tricuspid AM< 1,n  13/34 4/23 0.328

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 antigen common to heart and thyroid. Follo-
wing that study, Selliti and colleagues reported that
TSH receptors were most frequently seen at coro-
nary arteries, epicardial fatty tissue, and right atri-
um in the heart.”> Ventricle was reported to be the
site containing the least TSHR. Later a study by Bu-
suttil and colleagues showed that TSHR was ex-
pressed in extra-ocular tissues, but not in cardiac
muscle tissues.?! In the light of these studies, whet-
her autoimmune process leads to cardiac muscle in-
volvement in patients with Graves’ disease is still
controversial, and clinical studies on this topic are
quite few. The first study examining the heart ec-
hocardiographically in patients with Graves’ dise-
ase was carried by Kage and colleagues.?? In the
study by Kage and colleagues, no difference was fo-
und in the patient group in terms of left ventricu-
lar end systolic diameter, end diastolic diameter,
and left ventricular EF, compared to the control
group.”? Similarly, no remarkable change was de-
tected in left ventricular functions in the present
study. Given that the ventricles contained the least
TSH receptors in the study by Selliti and colleagu-
es which investigated TSH receptors in the heart, it
may be presumed that the least affected sites in the
heart would be the ventricles, thus ventricular
functions would be preserved.’ No impairment in
the ventricular function may also be related to the
prevalence of TSHRAD positive patients in the
study group. TSHRADb was 55% positive in the pre-
sent study, but this was considerably low when
compared with 97% TSHRAD positivity in the pa-
tients who developed severe GO in the study by
Eckstein and colleagues.” As a result of low blood
TSHRAD titers in the present study, ventricular in-
volvement may have not become evident. High an-
tibody titers are common particularly at the active
and pre-treatment stages of the disease. Eckstein
and colleagues reported that antibody titers incre-
ased 3-5 times the normal in patients with mild GO
at the inactive stage, and 10-15 times the normal
in severe GO patients at the active stage. In the pre-
sent study, TSHRAD levels increased three times,
and it can be stated that there was less ventricular

Turkiye Klinikleri J Cardiovasc Sci 2010;22(2)
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involvement as all patients were at mild or mode-
rate GO patients at the inactive stage.?* Impairment
in systolic and diastolic functions in GO patients,
which is the hypothesis of the present study, may
be associated with intensive antibody levels at the
active stage. Future studies on this topic would cla-
rify whether there was an association between car-
diac involvement and active stage of the disease.

Another reason for no effect on ventricular
functions in the present study may also be the re-
sult of the absence of TSH receptors in the heart, as
claimed in the study by Busuttil and colleagu-

es.!

STUDY LIMITATION

One of the limitation of this study is that some of
the patients were taking medications such as
propylthiouracil and levothyroxine. In our study,
when we compare the patients who were taking
propylthiouracil or levothyroxine and who did not,
we found no differences in systolic and diastolic
functions in patients with GO, regardless of whet-
her or not they were receiving one of the afore-
mentioned treatments. However, this study was
not designed to compare the right and left ventric-
le systolic and diastolic functions before and after
treatment with propylthiouracil and levothyroxi-
ne. Therefore, further studies are needed to more
thoroughly examine this question. The other limi-
tation of this study is that heart rate was different
in the patient group in comparison to control gro-
up. It is known that conventional Doppler indexes
can be significantly influenced by physiologic vari-
ables such as preload, heart rate, and respiration®

however the studies by Sohn et al*

and Nagueh et
al”’ demonstrated that TDI parameters were not
affected by rapid heart rates, atrial fibrillation, and

preload.
I CONCLUSION

Cardiac functions were preserved in patients with
GO who were clinically inactive and euthyroid.
TSHRAD levels have no affect on both left and
right ventricles in patients with GO.
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