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ABSTRACT

Introduction: To evaluate the left ventricular function in patients with first onset Graves Disease by three-dimensional speckle
tracking Imaging.

Materials and methods: A total of 62 untreated Graves' disease patients confirmed in our hospital were selected, including 34
cases in the hyperthyroidism group, 28 cases in the hyperthyroidism heart disease group and 31 cases in the normal control group. The
pyramidal three-dimensional model of the left ventricle was obtained by four-chamber apical section. The images were stored and the
data were analyzed on the EchoPAC workstation. The overall longitudinal radial and circumferential peak systolic strain (GLS, GRS,
GCS) of the left ventricle was measured by three-dimensional speck tracing technique, and the differences among the three groups
were compared.

Results: Compared with the control group, GLS, GRS and GCS in the hyperthyroidism group and the hyperthyroidism heart
disease group were decreased, with statistical significance (P<0.05). Compared with the hyperthyroidism group, the GLS of patients
in the hyperthyroidism heart disease group was decreased, and the difference was statistically significant (P<0.05), while there was no
significant difference in GRS and GCS between the two groups (P>0.05). ROC curve analysis showed that GLS has a certain predictive
value for hyperthyroidism and hyperthyroidism heart disease.

Conclusion: When the overall systolic function of the left ventricle was still at the normal level in patients with Graves' disease,
the overall deformation capacity of the longitudinal myocardium of the left ventricle began to decline earlier than that of the radial
and circumferential myocardium.
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Introduction disease, and its early changes in cardiac structure

and function are reversible, so early diagnosis of

Graves' disease, first reported by parry in 1825,
is a common clinical organ specific autoimmune
disease, also known as toxic diffuse goiter. Its
clinical manifestations are not limited to thyroid,
but a multi system syndrome. Hyperthyroid heart
disease refers to a series of heart diseases caused
by excessive thyroxine during hyperthyroidism,
such as arrhythmia, atrioventricular enlargement,
cardiac insufficiency and so on. Hyperthyroid heart
disease is a common cause of death in Graves'

abnormal cardiac function in patients with Graves'
disease is particularly important®. In recent years,
tissue Doppler imaging®® and two-dimensional
speckle tracking imaging®® have been widely used
internationally to evaluate left ventricular function,
butduetoits technical limitations,itcannotaccurately
reflect the complex three-dimensional spatial motion
of the left ventricle. While three-dimensional speckle
tracking imaging (3D-STI) tracks the movement of
myocardial spots in three-dimensional space and
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synchronously measures the myocardial strain in all
directions of the left ventricle. There is no "out of
plane" situation where the movement of myocardial
spots cannot be tracked, so it can more accurately
evaluate the overall and local function of the left
ventricular myocardium. The purpose of this study
was to evaluate left ventricular systolic function in
patients with primary Graves' disease using three-
dimensional speckle tracking imaging.

Materials and methods

Study objects

A total of 62 untreated Graves' disease patients
diagnosed at Harrison international peace hospital
from June 2016 to March 2018 were selected,
including 19 males and 43 females; The age ranged
from 21 to 57 years, with an average of (32.50+7.19)
years. According to the diagnostic criteria of
Graves' disease and hyperthyroid heart disease, 34
cases were divided into simple hyperthyroidism
group (group A) and 28 cases were divided into
hyperthyroid heart disease group (group B).
The diagnosis of Graves' disease is based on the
guidelines for the management of Graves' disease
related hyperthyroidism formulated by the European
Thyroid Association (ETA)® 9. The specific
diagnostic criteria are: the patient has the clinical
symptoms and signs of hyperthyroidism, which
may be accompanied by exophthalmos, infiltrative
ophthalmia, anterior cervical myxedema, etc. in
most cases, thyroid palpation and B-ultrasound
examination show diffuse goiter of the thyroid
gland. The laboratory examination results show that
the level of thyroid hormone increases, the level of
thyroid stimulating hormone decreases, and may
be accompanied by positive thyroid stimulating
hormone receptor antibody and thyroid stimulating
antibody. The diagnosis of hyperthyroid heart
disease is based on the diagnostic criteria formulated
by the New York Heart Association (NYHA)!",

Inclusion criteria:

* The specific diagnostic criteria are: on the
basis of the diagnosis of hyperthyroidism, there is
one or more arrhythmias or cardiac organic diseases
at the same time, except for heart diseases caused
by other causes. After the regular treatment of
hyperthyroidism, the cardiac symptoms disappear or
significantly reduce.

Exclusion criteria:

* Multiple nodular toxic goiter, toxic adenoma
or hyperthyroidism caused by other reasons;

e Patients with known history of coronary
artery disease, myocardial infarction, congestive
heart failure, cerebrovascular disease and peripheral
vascular disease. The left ventricular ejection fraction
(LVEF) of patients with Graves' disease after routine
echocardiography was greater than 50%. There were
31 healthy volunteers in the healthy control group,
whose age and sex were matched with those in
the above two groups. After a series of laboratory
tests, diabetes, hypertension, coronary heart disease
and other diseases affecting heart function were
excluded. All three groups signed informed consent
and were approved by the medical ethics committee
of our college (batch number 2019-1-025).

Instruments and methods

GE video E9 ultrasonic diagnostic instrument,
equipped with m5S probe (frequency: 1.7~3.3MHz)
and 4V probe (frequency: 1.7~3.3MHz, frame
rate: 25-40 frames/second), is used to collect two-
dimensional images and three-dimensional images.
Ask the subject to breathe calmly, take the left lying
position, and connect the limb lead ECG at the
same time. M5S probe was used to measure the left
ventricular end-systolic diameter (LVESd) and left
ventricular end-diastolic diameter (LVEDd) from
the long axis section of the left ventricle near the
sternum. Left ventricular ejection fraction (LVEF)
was measured by biplane Simpson method.

Switch the probe to 4V, take the apical four-
chamber view, adjust the left ventricle to the center
of the image, press the "4D" imaging key after the
two-dimensional image is clear, and continuously
collect the pyramid shaped three-dimensional
dynamic model of the left ventricle for three cardiac
cycles. When saving the image, ask the patient to
hold his breath at the end of exhalation, and copy the
collected three-dimensional image to DVD.

Analyze three-dimensional images: copy the
dynamic three-dimensional left ventricular images on
echopac workstation for data analysis. The program
automatically depicts the left ventricular endocardial
and epicardial curves, and manually adjust the curves
to make them consistent with the left ventricular
wall thickness, so as to ensure that the echo spots are
in the myocardium. Three dimensional image data
can be obtained: left ventricular global longitudinal
peak strain (GLS) The global circumferential
systolic peak strain (GCS) of the left ventricle and
the global radial systolic peak strain (GRS) of the
left ventricle. All collected data shall be measured
for 3 times and the average value shall be taken. The
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same experienced ultrasound doctor shall complete
the above operation examination.

Statistical analysis

SPSS 19.0 software was used in this study, and
the data were expressed as mean + SD. The general
conditions of patients in the healthy control group,
group A and group B, as well as the two-dimensional
ultrasound parameters and the three-dimensional
parameters of GLS, GCS and GRS of the left
ventricle were compared by one-way ANOVA. SNK
test was used to compare the two groups, and the
difference was statistically significant (P<0.05).
Draw the receiver operating characteristic curve
of three-dimensional strain parameters, namely
ROC curve, and determine the ROC curve area and
the best cut-off point of three-dimensional strain
parameters to evaluate the sensitivity and specificity
of left ventricular systolic function.

Results

Comparison of the results of routine
echocardiography in three groups of patients

As shown in Table 1-3, compared with the
control group, heart rate, thyrotropin receptor
antibody (TRAD), free triiodothyronine (FT3), free
tetraiodothyronine (FT4) in group A and group
B increased significantly (P<0.01), while serum
thyrotropin (TSH) decreased significantly (P<0.01).
Compared with group A, there was no significant
difference in the values of TSH, FT3 and FT4 in
group B (P>0.05). Compared with the healthy
control group, there was no significant difference
in LVEF, LVESD and LVEDd between group A
and group B (P>0.05). Compared with the control
group, the values of fasting blood glucose, body
mass index (BMI), blood creatinine, systolic blood
pressure, diastolic blood pressure, triglyceride, total
cholesterol, alanine aminotransferase, aspartate
aminotransferase and alkaline phosphatase in group
A and group B had no statistical difference (P>0.05).

Grou HR | LVEDd | LVESd | LVEF | FT3 FT4 TSH
P (bpm) (mm) (mm) (%) (pmol/L) | (pmol/L) | (uIU/ml)

Control 67.19+ | 4621% | 2679+ | 5917+ | 434x | 1L11x | 231=

group (31) 617" | 182 | 156 | 497 | 076 264 096

7322+ | 4700% | 2524% | 5889+ | 1942+ | 47.09+ | 0.18+

GroupAG4H | 755 | "16s | 197 | s21 | 471% | 642t | 007*

11951+ | 4732+ | 2612+ | 5725+ | 2053+ | 4597+ | o.16+

GroupB (28) | “p4s5¢ | 102 | 211 | 486 | S48% | 727% | 006

Table 1: Comparison of echocardiographic parameters in
each group (X+s).

Note: Compared with the control group, "P<0.05; Compared
with group B, *P<0.05.

Group TRAb blfsslir:é'\r BMI Creatinine Sl?/esst:ﬂ:'z ]]:))rl'(el::?llrlec
suge : " s
AUIL) | O0a st | kg/m) | (umollL) | Prsstes | presurs
Control 089+ 646+ | 2265+ | S5.04x | 11267+ | 7794%
group (31) 021 123 174 | 1087 1025 723
0,02+ 657+ | 22712 | 5621+ | 11096: | 76.52+
Group AB4) | (g0 139 189 1176 9.45 691
002+ 661+ | 2250+ | 5487+ | 11132+ | 7673+
Group B (28) | oy« 142 167 10.28 9.98 647

Table 2: Comparison of general data in each group (X+s).
Note: Compared with the control group, "P<0.05; Compared
with group B, *P<0.05.

; Glutamic ’ - ali
Triglyceride Total pyruvic Ce(re“ﬂ‘ grass Alk‘\]'m(e‘
Group (mmol/L) cholesterol transferase transferase | phosphatase
(mmol/L) iy (U/L) (U/L)
Control 1242049 | 4.11x1.02 | 26.15£7.97 | 21.56£6.76 | 72.69£19.97
group (31)
Group A (34) 1.31+0.55 4.15+0.96 27.21+8.35 19.42+6.32 | 73.34+20.09
Group B (28) 1.29+0.52 4.23+1.08 26.87+8.28 20.53+6.59 | 73.85+20.32

Table 3: Comparison of general data in each group (X+s).
Note: Compared with the control group, "P<0.05; Compared
with group B, *P<0.05.

Comparison of 3D-STI parameters among
groups

The comparison of three-dimensional
parameters between group A, group B and the
control group is shown in Table 4. The left ventricular
GLS curves of group A, group B and healthy control
group are shown in Figure 1. Compared with the
control group, the left ventricular GLS, GCS and
GRS values of patients with Graves' disease in the
two groups decreased, with statistical difference
(P<0.05). Compared with group A, GLS in group B
decreased with statistical difference (P<0.05), and
there was no statistical difference between the other
two strains (GCS, GRS) in the two groups (P>0.05).

Sensitivity and  specificity of three-
dimensional ultrasound parameters in evaluating
left ventricular systolic dysfunction

ROC curve analysis shows that left ventricular
GLS has a good differential diagnostic value
for simple hyperthyroidism and normal people
(AUC=0.713, respectively, P<0.001). The best cut-off
value of left ventricular GLS is -22.8%, lower than
-22.8%, which tends to normal people, on the contrary,
it tends to patients with simple hyperthyroidism, and
its sensitivity and specificity are 55.9% and 80.6%
respectively (Figure 2A).

ROC curve analysis showed that left
ventricular GLS had good differential diagnostic
value for patients with simple hyperthyroidism and
hyperthyroid heart disease (auc=0.917, respectively,
P<0.001). The best cut-off value of left ventricular
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GLS was -18.6%, lower than -18.6%, which tended
to patients with simple hyperthyroidism, on the
contrary, it tended to patients with hyperthyroid
heart disease, and its sensitivity and specificity were
89.3% and 82.4% respectively (Figure 2B).

Group GLS (%) GCS (%) GRS (%)
Control group (31) -25.25+1.98# -17.17£2.97" 47.15£9.72"
Group A (34) S2237+2.54%# | -1425+3.12% | 40.24+10.06*
Group B (28) -16.13+1.76* -14.12+2.64* 40.19+7.15*

Table 4: Comparison of 3D-STI parameters among
groups (X+£s).

Note: Compared with the control group, *P<0.05; Compared
with group B, *P<0.05.

Figure 1: Comparison of 3D-STI parameters among
groups.

A. Global longitudinal peak systolic strain curve of the healthy
control group; B. Global longitudinal peak systolic strain curve
of the left ventricle in the hyperthyroidism group; C. Global
longitudinal peak systolic strain curve of the left ventricle in the
hyperthyroid heart disease group.

ROC curve ROC curve

‘ ]

Sensitivity

00 02 04 08 a8 10 02 04 06
1- Specificity 1- Specificity

A B

Figure 2: ROC curve of left ventricular GLS.

A. ROC curve of left ventricular GLS with diagnostic value
in simple hyperthyroidism and normal subjects; B. ROC
curve of left ventricular GLS with diagnostic value for simple
hyperthyroidism and hyperthyroid heart disease.

Discussion

Graves' disease can increase the level of
thyroid hormone in the blood. The increased thyroid
hormone can act on almost all systems of the body,
and the cardiovascular system is one of its important
target organs*!'¥. Clinically, when Graves' disease
patients meet the diagnostic criteria of hyperthyroid
heart disease, the heart often has irreversible changes
such as malignant arrhythmia, cardiac enlargement
and cardiac insufficiency. Therefore, it is particularly
important to explore the indicators for early
prediction of hyperthyroid heart disease and early
clinical intervention. Conventional two-dimensional
ultrasound can not reflect the abnormality of
cardiac function in patients with primary Graves'
disease, while 3D-STI technology is based on two-
dimensional speckle tracking imaging combined
with real-time three-dimensional echocardiography
technology to realize the quantitative evaluation of
myocardial function through the tracking of cardiac
muscle spots in three-dimensional space, which has
high clinical application value!'>-19.

In this study, 3D-STI technology was used to
preliminarily analyze left ventricular remodeling in
patients with primary Graves' disease. Compared
with the control group, GLS, GCS and GRS in
groups A and B decreased, indicating that the overall
strain capacity of left ventricular myocardium in
patients with Graves' disease was lower than normal,
and myocardial remodeling and cardiac function
were impaired. The reason is that left ventricular
remodeling in patients with Graves' disease is related
to the effect of large doses of thyroid hormones on
cardiomyocytes. The increased thyroid hormone in
the blood can directly act on cardiomyocytes, activate
renin-angiotensin system and cause the expression of
various growth factors, thus promoting the growth of
cardiomyocytes, increasing the oxygen consumption
of cardiomyocytes, and causing myocardial hypoxia,
apoptosis and decreased contractility!'” '®. In this
case, myocardial remodeling occurs to maintain the
steady state of the cardiovascular system

In this study, the GLS level in group B was
significantly lower than that in group A, and there
was no significant difference in the two strain
indicators (GCS, GRS) between the other two
groups, indicating that patients with Graves' disease
were mainly GLS decreased. It is related to the
unique anatomical structure of the left ventricle. The
left ventricular myocardium is composed of three
layers of muscle fibers: longitudinal endocardial
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layer, annular intermediate layer and oblique
epicardial layer. Its anatomical structure determines
the complex three-dimensional spatial motion
(mainly including longitudinal motion in the long
axis direction and radial and circular motion in the
short axis direction), rather than simple myocardial
shortening. Therefore, when the left ventricular
ejection fraction has not decreased, the change of
strain value in one direction alone cannot affect the
overall systolic function of the left ventricle.

The elevated thyroid hormone in the body makes
the heart in a high hemodynamic state through various
mechanisms. Under the influence of rapid blood
flow, the longitudinal myocardial fibers under the
left ventricular endocardium are the most vulnerable,
and finally lead to the decrease of myocardial strain
in the long axis direction. It shows that patients
with Graves' disease are vulnerable to changes in
GLS". From the results of ROC curve analysis of
three-dimensional strain parameters in this study,
the sensitivity and specificity of GLS to evaluate the
decrease of left ventricular systolic function caused by
hyperthyroidism were 55.9 and 80.6%, respectively.
The sensitivity and specificity of GLS in evaluating
the decrease of left ventricular systolic function
caused by hyperthyroid heart disease were 89.3 and
82.4%, respectively. It also shows that the change of
GLS in patients with Graves' disease can sensitively
reflect the change of left ventricular systolic function,
so GLS can be used as an early sensitive indicator
of left ventricular myocardial damage. To sum up,
when the overall left ventricular systolic function in
patients with Graves' disease is still at a normal level,
the overall deformation capacity of the left ventricular
longitudinal myocardium has begun to decline, and
is earlier than the overall deformation capacity of
the myocardium in the radial and circumferential
directions. Therefore, three-dimensional speckle
tracking technology can accurately evaluate the left
ventricular function, so as to provide a basis for early
clinical intervention.

Limitations:

* 3D-STI technology has high requirements for
measurement, and some images need to manually
fine tune the region of interest, which can cause a
certain measurement error;

¢ The effect of the duration of disease on cardiac
function has not been studied;

e The selected sample size is small, so the
sample size can be further increased to observe the
overall systolic function of the left ventricle.

References

D

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

Dillmann WH. Biochemical basis of thyroid hormone
action in the heart. Am J Med 1990; 88(6): 626-630.
Kotwal A, Stan M. Current and future treatments for
Graves' disease and Graves' ophthalmopathy. Horm
Metab Res 2018; 50(12): 871-86.

Zhang LW, Chen X, Wang YC. et al. Value of tissue
Doppler imaging technique in the evaluation of left
ventricular function of the fetuses with cord round the
neck and neonates. Hebei Med J 2021; 43(4): 505-509.
Ye HM, Dai J, Ning Z. Evaluation of left ventricular
function and synchrony in cor pulmonale by two-
dimensional speckle tracking combined with tissue.
Doppler 2019; 35(5): 409-412.

Yang M, Shi D, Wang Y, Ebadi AG, Toughani M. Study
on Interaction of Coomassie Brilliant Blue G-250 with
Bovine Serum Albumin by Multispectroscopic. Int J
Peptide Res Therapy 2021; 27(1): 421-431.

Ye XQ,Cao Y,HuZS, et al. Evaluation of left ventricular
function in elderly patients with hypertensive heart
disease by ultrasound speckle tracking. Chine J Gerontol
2021; 41(8): 1569-1572.

Song XL, Lin T, Chen HM. Value of two-dimensional
speckle tracking imaging in the evaluation of left
ventricular dysfunction caused by chemotherapy drugs
in breast cancer patients. Int Med Health Guide 2020;
26(21): 3217-3220.

Liao EY. Endocrinology and metabolism, International
Medical and Health Bulletin. 3rd edition. Beijing
People's Med Publish House 2012; 454-457.

Kahaly GJ, Bartalena L, Hegediis L, et al. 2018 European
thyroid association guideline for the management of
Graves hyperthyroidism. Eur Thyroid J 2018; 7(4): 167-
186.

Wen L, Zhang Y, Yang B, Han F, Ebadi AG, Toughani M.
Knockdown of Angiopoietin-like protein 4 suppresses
the development of colorectal cancer. Cell Mol Biol
2020; 66(5): 117-124.

Vargas-Uricoechea H, Sierra-Torres CH. Thyroid
hormones and the heart. Horm Mol Biol Clin Invest
2014; 18(1): 15-26.

He YF, Lin WH. Study on the relationship between
hyperthyroidism and atrial fibrillation. Chine J Integr
Trad Western Med Cardio-Cerebrovasc Dis 2021; 19(4):
594-597.

Wang HY. Hyperthyroidism and arrhythmia. J
Modernelectrophysiol 2019; 26(1): 32-35.

Jang YN, Huang PZ, Li Y, et al. Correlation Analysis
on Left Ventricular Peak Strain and Plasma BNP Level
in Patients with Hyperthyroidism. Chine J] Med Innov
2016; 13(27): 28-31.

Cameli M, Mandoli GE, Sciaccaluga C, et al. More than
10 years of speckle tracking echocardiography: Still a
novel technique or a definite tool for clinical practice.
Echocardiography 2019; 36(5): 958-970.

Nabeshima Y, Seo Y, Takeuchi M. A review of current
trends in three-dimensional analysis of left ventricular
myocardial strain. Cardiovasc Ultrasound 2020; 18(1):
23-29.

Yang M, Abdalrahman H, Sonia U, Mohammed Al,
Vestine U, Wang M, Ebadi AG, Toughani M. The
application of DNA molecular markers in the study of



3468

Yi Xu, Songxia Peng et Al

18)

19)

Codonopsis species genetic variation, a review. Cell
Mol Biol 2020; 15(2): 23-30.

Yang DL, Wang XD, Wu YL, et at.Value of three-
dimensional speckle tracking imaging in evaluating
left atrial function in patients with ischemic mitral
regurgitation. J Clin Ultrasound Med 2021; 23(6): 432-
436.

Zeng W, LI XY, Zhang XN, et al. Three-dimensional
speckle tracking imaging combined with Tei index for
reviewing changes of ventricular function in patients
with acute myocardial infarction after PCI. J Clin
Cardiovasc 2012; 13(12): 1480-1486.

Acknowledgement:
This work was supported by the 2019 Hengshui City Science and
Technology Plan Self Financing Project (No. 2019014090Z).

Corresponding Author:

Y1 Xu

Department of Endocrinology, Harrison International Peace
Hospital, No. 180, Renmin East Road, Taocheng District,
Hengshui, Hebei 053000, China

Email: xy13253268657@163.com

(China)



