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Effects of Thyroid Hormone on Left Ventricular Volume and Funection in

Hyperthyroidism

Myung Chul Lee, M.D. and Chang-Soon Koh, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University

The purpose of this study is to investigate the effects of thyroid hormone on the left ve-
ntricular(LV) volume and function in man with untreated hyperthyroidism and to determine
the effects of successful therapy for thyrotoxicosis on the ventricular pathophysiology.

In the present study, equilibrium radionuclide cardiac angiography was performed and LV
volume index, ejection phase indexes of LV performance, serum thyroid hormone levels and
other hemodynamic parameters were measured in 28 normal subjects and 39 patients with
hyperthyroidism before treatment and again every 4 weeks for the first 2 months after the
initiation of effective therapy.

The results obtained were as follows;

1) In the untreated hyperthyroid state heart rate, blood volume, cardiac index and stroke
volume index(97--14 beats/min, 73.5+11.8 ml/kg, 6.9+41.4 I/min/m? and 77.6413.8 ml/m?,
respectively) were increased significantly compared to those in normal control(74--12beats/
min, 66.6414.8 ml/kg, 3.8-+1.21/min/m? and 56.6+13.2 ml/m? respectively).(Mean+-SD)

2) There was a significant increase in LV end-diastolic volume index in patients with
hyperthyroidism(30.54-7.5 for hyperthyroid group compared to a normal control of 22.246.5;
p<0. OOI)k, whereas end-systolic volume index remained unchanged 9.6-+3.6 and 8.8+3.3
respectively). )

3) In patients with hyperthyroidism, LV ejection fraction was 70.0%5.6%, fractional
shortening 32.9-5.1%, mean velocity of circumferential fiber shortening(mean Vcf) 1.34=
0.31 circ/sec and maximum ejection rate 3.47--0.80. All the ejection phase indexes were
significantly greater than those in normal control(65.2+5.7%, 28.813.2%, 0.88-0.37 circ/sec
and 2.274-0.50, respectively; p<C0.001).

4) Effective therapy produced significant decrease in all the values of serum thyroid
hormone concentrations(p<{0.001), hemodynamic parameters(p<{0.001), end-diastolic volume
index (p<0.01) and ejection phase indexes of LV contractility in patients with hyperthyroidism
and after one to two months, when the patients were euthyroid, these measurements were in
the range of normal.
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5) A significant linear correlation between mean Vcf and serum thyroxine level(r=0.€3,

p<0.001) as well as between mean Vcf and serum triiodothyronine level(r=0.¢2, p<0.001)

was found. The lescer degree of correlation was also noted between other ejection phaze

indexes and serum thyroid hormone concentrations.

The results indicate that the major effects of excess thyroid hormone on the LV in human
beings with hyperthyroidism are an enhancement of LV function and an increace in LV end-

diastolic volume and that these effects cause predictable reversible cardiac alteration which

are changed dramatically and immediately after effective therapy.
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Table 1. Number of Subjects Evaluated

Number of Evaluated Sex Age(Range)
Normal Control 28 M: 1 36.71+12.4(16~59)
F 27
Hyperthyroidism 39 M: 5 35.6+12.1(18~€0)
F:34
Pre Rx 39
Post Rx 1 Mo 25 (10: Hyperthyroid state)
(15: Euthyroid state)
Post Rx 2 Mo 19 (14: Euthyroid state)
( 5: Hypothyroid state)

Pre Rx: Before therapy, Post

2

Rx: After therapy
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Fig. 1. Computer generated time-activity curve and regions of interest in left ventricle(ED: end-diastole,
ES: end-systole, A: Region of end-diastole, B: Region of end-systole, C: Region of background).
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Table 2. Mean Values(+SD) for Thyroid Function Tests in Normal Control and Thyrotoxicesis Patients

Before(Pre Rx) and Affer(Post Rx) 1 and 2 Months of Effective Therapy

Thyroid Function Test

No. of
Patients TsRU (%) T; (ng/dl) T, (ug/dl)
Normal Control 28 30.6145.3 138.2+ 29.5 8.7+1.3
Hyperthyroidism
Pre Rx 39 44.8+6.1 515.0+121.1* 21.81%3.9%*
Post Rx 1Mo 25 32.4+5.5 198. 5 56.2 11.64:3.4
(Hyperthyroid) (34.3%5.3) (243.5:+32.2) (13.243.3)
(Euthyroid) (29.845.0) (162.9+41.7) (9.8+2.7)
Post Rx 2 Mo 19 29.743.1 116.32+39.9 5.412.4
(Euthyroid) (29.342.1) (138.5:540. 6) (7.242.7)
(Hypothyroid) (28.945.3) ( 75.6427.8) (2.740.9)

T,RU=T; resin uptake; T,=triiodothyronine; T,=thyroxine
*; T, concentration greater than 600ng/dl was regarded as 600 ng/dl
**; T, concentration greater than 25 ug/dl was regarded as 25 ug/dl

Table 3. Hemedynamic Findings in Normal Control and Before and After Treatment for Thyretoxicesis

(Mean+SD)
HR LVET BV CI SI
(beats/min) (msec) (ml/kg) (L/min/M2) (ml/M2)
Normal Control 74112 332-+33 66.61-14.8 3.8+1.2 56.6+13.2
Hyperthyroidism
Pre Rx 97+14* 248+37* 73,511, g*** 6.9+1, 4% 77.6413. 8%
Post Rx 1 Mo 79413 3164-34* 73.4+13.1 5.274+0. 8* 67. 3112, o%**
(Hyperthyroid) (81+12) (314+16) (71.6+14.6) (5.240.7)% (67. 6514, 7)¥**
(Euthyroid) (77£10) (318+32) (74.3%11.6) (5.2:-0.9)* (65.54-11.2)
Post Ry 2 Mo €913 346+38 70.4+ 9.3 4.1%0.7 60.7+12. 4
(Euthyroid) (714+14) (335+35) (71.6+ 8.1) (4.1£0.7) (59.7+11. 4)
(Hypothyroid) (614 7)** - (368+36)**  (65.9+11.8) (4.140.3) (63.9+14.6)

p values by Student’s t-test-comparison with values in normal control; *p<0. 001, **p<0. 01, ***p<C0. 05
HR=heart rate; BV=Dblood volume;LVET=left ventricular ejection time; CI=Cardiac index;

S1=Storke volume index
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Fig, 2. Heart rate, blood volume, cardiac index(CI) and stroke volume index(SVI) in normal control and

untreated hyperthyroid patients.
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Table 4. Left Ventricular Volume in Normal Con-
trol and Before and After Treatment for
Thyrotoxicosis(Mean+SD)

Left Ventricular Volume Index

ED ES
Normal Control 22.016.5 8.81+3.3
Hyperthyroidism

Pre Rx 30.5%7.5% 9.6+3.6

Post Rx 1 Mo 27. 018, 2%* 9.31+4.1
(Hyperthyroid) (27.047.8)  ( 8.6%2.6)
(Euthyroid) (27.24+8.2)  (10.244.4)

Post Rx 2 Mo 23.14+9.1 8.513.6
(Euthyroid) (21.9+9.9)  (8.1%3.7)
(Hypothyroid) (25.846.8)  (10.043.1)

p value-comparison with values in normal control;

*p<0. 001,

**p<0. 05

ED=end-diastole; ES=end-systole

A e whel 73.5+11. 8ml/kg ol A 70.44-9.3 ml/

kg & PAeE A%E

Bgch 29 LFRE D EMm

Effects of Thyroid Hormone on Left Ventrlcular
Volume and Function in Hyperthyroidism—
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A7 4.140.71/4/m2 9 60.7+12. 4 ml/m224 ¥
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Fig. 3. Values of left ventricular volume indices in normal control and untreated hyperthyroid patients.
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Table 5. Values for Ejection Phase Indices of Left Ventricular Performance in

Thyrotoxicosis Patients (Mean+SD)

—REERGHE  £178 F2 5% AL F205% 1983

Normal Control and

EF (%) % AS Vef(cire. /sec) dV/dt maximum
Normal Control 65.2+5.7 28.8+3.2 0.8840.37 2.2730.50
Hyperthyroidism
Pre Rx 70. 05, 6* 32.9+5.1* 1.34-0. 31* 3. 47+0. 80*
Post Rx 1 Mo 65.96.3 30.6+4.5 1.044-0.23 2.41+0.79
(Hyperthyroid) (67.413.3) (30.9+2.9) (1.10+0. 24) (2.627+0.65)
(Euthyroid) (65.0£7. 4) (30.245.3) (1. 00=0.21) (2.27+0.81)
Post Rx 2 Mo 62.015.4 27.743.9 0.83740.19 2.01+0. 46
(Euthyroid) (61.95.5) (28.613.2) (0.90+0.16) (1.97+0. 49)
(Hypothyroid) (62.8+5.4) (25.244. 7) ¥+ (0.70+0.15) (2.11+£0.32)

p values by Student t-test-comparison with values in normal control; *p<{0.001, **p<0.01, ***p<0.05
EF =ejection fraction;% AS=fractional shortening; Vcf=mean velocity of circumferential fiber shorte-

ning; dV/dt=ejection rate

EF (%) veflcirc /sec)
P<0.00! e P¢0.0ct ¢
so} of 2.0} s
o
ol g
7er 0& pd %
e °
1.2F
§0f .0
.i ® o.s} k
' : ¢
50+ ’
J/ o4}
Normal Hyperthyroidism Normal Hyperthyroidism
control control
% AS(%) dVv/dt max
50r1 5.0
P¢0.00! P (Q.001 .
[ ]
a0} 4 40t e %
L) % __*_
e
30t 3.0t
4 g B
H < %
20t 20 ? &
L]
1 Of 1.0

Normal ; Hyperthyroidism
contro! .

Normal
cnntral

Hyperthyroidism

Fig. 4. Values of radionuclide ejection phase indices of left ventricular performance in normal control
and untreated hyperthyroidism.
Abbreviations: EF =ejection fraction; Vcf=mean velocity of circumferential fiber shortening;
% AS=shortening fraction; dV/dt max=peak ejection rate
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Fig. 5. Changes of end-diastolic (EDVI) and end-systolic volume(ESVI) indices during effective therapy

in hyperthyroidism patients -: mean value @: Hyperthyroid state, —: Euthyroid state, & : Hypo-
thyroid state.
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Fig. 6. Changes of ejection fraction (EF) and maximum ejection rate(Max dV/dt) during effective

therapy of hyperthyroidism. -=: mean value. @: Hyperthyroid state, -: Euthyroid state, A:
Hypothyroid state.
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Fig. 7. Changes of ma2an vslocity of fibar shortening(Vcf) and shortenng fraction(%AS) during effective

therapy of hyparthyroidism. -: m=an value,
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Fig. 8. Plot of mean velocity of circumferential fiber shortening(Vef) as a function of the serum triiodo-
thyronine(T;) and thyroxine level(T,) before and after treatment of thyrotoxicosis(QO; Ts: greater

than 600 ng/dl, T,: greater than 25 pg/dl).

Table . Correlation Coefficient(r value) between
Serum Thyroid Hormone Concentration
and Ejection Phase Indexes(p<0. 001)

Triiodothyronine

Thyroxine
(Ty (Ts)
EF 0.43 0.40
%NS 0. 42 0.35
Vcf 0.63 0. 62
dV/dt max 0. 66 0.58

0.360] = T,ok= HHME 0.43 2 0.429°. HBEAE
HEDE Fol Ts, T.ot 27 HBAHRE 0.58 ©10. 662
THRR R ol 9l e (&S p<0. 00D).
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