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Introduction

Thyroid hormones influence several
metabolic processes in almost all tissues
and the cardiovascular system is particular-
ly sensitive to their action. Basic studies
have shown that the effects of thyroid hor-
mones on the heart are exerted by their abil-
ity to regulate the transcription of myocyte
specific genes, encoding important struc-
tural and regulatory proteins1,2. Thyroid
hormones control heart beating and cardiac
contractility directly and also by modifying
tissue metabolism, extracellular fluid vol-
ume and distribution, and catecholamine
effects3,4. Both deficiency and excess of
thyroid hormones may be associated with
clinical overt cardiovascular alterations5-8.

Overt hypothyroidism is a common dis-
ease affecting about 1-2% of the adult pop-
ulation, in particular females. The most

common cause is thyroid gland failure, due
to chronic autoimmune lymphocytic thy-
roiditis7,8. Low serum concentrations of
thyroid hormones are associated with a de-
crease in left ventricular (LV) cardiac out-
put, myocardial contractility and relax-
ation, and an increase in systemic vascular
resistance8. These findings are documented
by several observations using noninvasive
techniques such as radionuclide ventricu-
lography and standard Doppler echocardio-
graphy3-8.

Pulsed tissue Doppler (TD) is a tool
which allows measurement of myocardial
regional wall motion. Whereas standard
echocardiography provides information on
the global LV function, TD allows the mea-
surement of the velocities and time inter-
vals at multiple myocardial levels by plac-
ing a sample volume within a chosen my-
ocardial wall9-15. This tool could be useful
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Background. The aim of this study was to assess the role of tissue Doppler (TD) in the identifica-
tion of left ventricular (LV) myocardial regional abnormalities in overt hypothyroidism.

Methods. Fourteen women with newly diagnosed, never treated overt hypothyroidism and 14
healthy women, matched for age, underwent standard echocardiography and pulsed TD, by placing
the sample volume at the basal posterior septum and lateral mitral annulus, in the apical 4-chamber
view. The myocardial systolic (Sm) and diastolic velocities (Em, Am and their ratio) and time intervals
(relaxation time [RTm], pre-contraction time [PCTm], contraction time) were measured.

Results. The two groups were comparable for body surface area, blood pressure and heart rate. At
standard echocardiography, patients with overt hypothyroidism had a significantly greater septal
thickness and LV mass index, a longer LV pre-ejection period (PEP), deceleration time and isovolu-
mic relaxation time (IVRT) and a lower E peak velocity and E/A ratio. TD showed a significantly
longer PCTm and RTm and a lower Em and Em/Am ratio of both the septum and mitral annulus in overt
hypothyroidism. The ratio of the standard Doppler E to Em of the mitral annulus was 5.5 ± 1.2 in con-
trols and 5.3 ± 1.7 in overt hypothyroidism (p = NS). In the overall population, PEP, IVRT, PCTm and
RTm were correlated negatively with FT3 and FT4, and positively with thyroid-stimulating hormone.
After adjusting for age, body surface area and heart rate in separate multivariate analyses, the asso-
ciations of TD PCTm with the thyroid hormones and thyroid-stimulating hormone were greater than
the homologous associations of standard Doppler PEP.

Conclusions. Standard echocardiography confirms itself as a satisfactory diagnostic technique for
the identification of LV global dysfunction in overt hypothyroidism. Pulsed TD may be useful to de-
termine the severity of LV myocardial dysfunction in relation to the degree of hormonal impairment.
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in the clinical setting for the determination of the de-
gree of LV myocardial involvement in overt hypothy-
roidism. In a recent study of ours, we have demonstrat-
ed the usefulness of TD for the detection of subclinical
hypothyroidism16.

On these grounds, the present study was designed to
investigate the regional LV myocardial function in
overt hypothyroidism by using pulsed TD, in relation to
the hormonal profile and standard Doppler echocardio-
graphic examination.

Methods

Study protocol. Fourteen women (mean age 38.9 ±
12.7 years) with newly diagnosed, never treated, au-
toimmune primary overt hypothyroidism and no previ-
ous history of thyrotoxicosis were included in the study
after their informed consent and the approval of the In-
stitutional Ethical Committee were obtained. Overt hy-
pothyroidism was diagnosed on the basis of thyroid-
stimulating hormone (TSH) values frankly above nor-
mal, associated with FT3 and FT4 serum levels less than
the normal range. Fourteen healthy women, matched for
age (SD ± 2 years) to the patients with overt hypothy-
roidism, recruited among the staff and relatives of our
Departments, represented the control group. The exclu-
sion criteria were: systemic arterial hypertension, dia-
betes mellitus, coronary artery disease, heart failure,
valvular heart disease, primitive and congenital car-
diomyopathies, respiratory, hematological, liver and/or
kidney diseases, pregnancy, the administration of car-
diac medications or any drug known to interfere with
myocardial function, and echocardiograms of inade-
quate quality. At the time of admission, the demograph-
ic and anthropometric data of the patients were collect-
ed and blood sampling for serum FT3, FT4 and TSH as
well as standard Doppler echocardiography and pulsed
TD were performed on all participants.

Anthropometric and laboratory determinations.
The body weight and height were measured and the
body surface area (BSA) calculated using the standard
formula. All blood samples for circulating serum FT3,
FT4 and TSH were collected from the antecubital vein
between 08:00 and 09:00 a.m. after an overnight fast.
The serum levels of TSH, FT3 and FT4 were deter-
mined using chemiluminescent microparticle im-
munoassay kits, as previously described16.

Procedures. Standard Doppler echocardiography and
pulsed TD were performed using the Vingmed system
Five (GE, Horten, Norway) equipped with TD capabil-
ities. A variable frequency phased-array transducer
(2.5-3.5-4.0 MHz) was used for Doppler echocardiog-
raphy and TD. At the end of the study, the cuff blood
pressure (mean of 3 measurements) was estimated by a
physician who was blinded to the examination.

Doppler-echo and TD tracings were recorded on super
VHS videotapes and high-fidelity paper strip at a ve-
locity of 50-100 mm/s. All measurements were ana-
lyzed by two experienced sonographers, unaware of the
clinical and laboratory data, on an average of 3 to 5 car-
diac cycles.

Doppler echocardiographic examination. M-mode quan-
titative analysis was performed in accordance with
the recommendations of the American Society of
Echocardiography in the parasternal long-axis view17.
LV mass (in grams) was indexed for both the BSA18

and height2.7 19. Relative diastolic wall thickness was
determined as the ratio between the sum of the septal
thickness + posterior wall thickness and LV end-dias-
tolic diameter. Fractional shortening was calculated as
the percentage change in LV internal dimensions be-
tween systole and diastole. Pulsed Doppler of the LV
systolic outflow tract was performed by placing the
sample volume close to the aortic valve. The LV pre-
ejection period (PEP in ms, from ECG QRS to the be-
ginning of systolic ejection), LV ejection time (LVET
in ms, from the onset to the end of ejection) and the
PEP/LVET ratio were determined as systolic time in-
tervals. The stroke volume (SV, ml) was estimated in
accordance with the outflow tract method using the fol-
lowing formula: SV = systolic time velocity integral �
LV output diameter (in cm)20. The cardiac output
(l/min) was calculated using the formula: CO = SV (ml)
� heart rate (b/min). Pulsed Doppler LV inflow record-
ing was performed in the apical 4-chamber view, by
placing the sample volume at the level of the tips. The
early (E) and atrial (A) peak velocities (m/s) and the
E/A ratio, E velocity deceleration time (DT, ms) and
isovolumic relaxation time (IVRT in ms, as the time in-
terval between the end of systolic output flow and
transmitral E velocity onset, by placing the sample vol-
ume between outflow tract and the mitral valve) were
measured as indexes of the global LV diastolic func-
tion. Our methods and the reproducibility of LV
Doppler indexes have been reported previously21.

Tissue Doppler examination. Pulsed TD was performed
at transducer frequencies of 3.5-4.0 MHz, adjusting the
spectral pulsed Doppler signal filters until they reached
a Nyquist limit of 15-20 cm/s, and using the minimum
optimal gain. In the apical 4-chamber view, a 5 mm
pulsed Doppler sample volume was subsequently
placed at the level of the basal septum, taken as a re-
gional myocardial wall, and at the basal LV lateral mi-
tral annulus which reflects the global longitudinal mo-
tion of the left ventricle. The apical view was chosen to
obtain a quantitative assessment of the regional wall
motion almost simultaneously with the Doppler LV in-
flow and to minimize the incidence angle between the
Doppler beam and the LV longitudinal wall motion.
Pulsed TD of a chosen segment is characterized by a
positive myocardial systolic velocity (Sm) and by two
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negative diastolic velocities, the early (Em) and the atri-
al (Am). The Sm peak velocity (m/s), myocardial pre-
contraction time (PCTm, from the onset of the ECG
QRS to the beginning of Sm), myocardial contraction
time (CTm, from the beginning to the end of the Sm
wave) (both in ms) and the PCTm/CTm ratio were cal-
culated as myocardial systolic indexes. The Em and Am
peak velocities (m/s), Em/Am ratio and the myocardial
relaxation time (RTm in ms, as the time interval between
the end of Sm and the onset of Em) were determined as
myocardial diastolic measurements. The ratio of the
standard Doppler mitral E peak velocity to the Em of the
LV lateral mitral annulus (E/Em ratio) was determined
to unmask any possible increase in LV end-diastolic
pressure22-24. The TD methods and reproducibility of
our laboratory analyses have been described previous-
ly10.

Statistical analysis. All the analyses were performed
using SPSS for Windows, version 6.0 (Chicago, IL,
USA). Variables are presented as mean ± SD. Analysis
of variance (ANOVA) was used to estimate intergroup
differences. Linear regression analyses and partial cor-
relation test by Pearson’s method were performed to
assess univariate relations and stepwise, forward, mul-
tiple regression analyses to weigh the independent ef-
fects of potential determinants on a dependent vari-
able. Differences were considered significant at p
< 0.05.

Results

The demographic, clinical and laboratory character-
istics of the study population are listed in table I. By se-
lection, patients with overt hypothyroidism had signif-
icantly lower values of FT3 and FT4 and higher TSH
serum levels. The two groups were comparable for age,
BSA, blood pressure and heart rate.

No patients with overt hypothyroidism showed ab-
normalities of the regional LV wall motion (wall mo-
tion score index 1.0). Table II reports the results of M-
mode echocardiographic analysis. The septal wall

thickness and LV mass index (both for BSA and for
height2.7) were slightly greater in overt hypothyroidism
than in the control group. The endocardial fractional
shortening was similar between the two groups.

The analysis of standard Doppler measurements is
presented in table III, where the time intervals are also
analyzed adjusting for heart rate (measured time inter-
val/√R-R). Patients with overt hypothyroidism had a
longer PEP (p < 0.0001) and a higher PEP/LVET ratio
(p < 0.001), DT (p < 0.05) and IVRT (p < 0.005), and a
lower E peak velocity (p < 0.01) and E/A ratio (p < 0.01).

Table IV shows the TD measurements where the
myocardial time intervals are also analyzed by adjust-
ing for √R-R. In overt hypothyroidism, PCTm and RTm
were significantly longer, the PCTm/CTm ratio higher
and both the Em peak velocity and Em/Am ratio lower
than in controls, at the level of both the posterior sep-
tum and lateral annulus. Figure 1 shows the TD-derived
PCTm and RTm in a normal subject and in a patient with
overt hypothyroidism, where both these myocardial
time intervals are prolonged.

Of note, the ratio of the standard Doppler transmi-
tral inflow E to Em of the mitral annulus (E/Em ratio)
was 5.5 ± 1.2 in controls and 5.3 ± 1.7 in overt hy-
pothyroidism (p = NS) (data not shown).
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Table I. Characteristics of the study population.

Variable Hypothyroidism Control group p
(n = 14) (n = 14)

Age (years) 38.9 ± 12.7 38.8 ± 11.9 NS
BSA (m2) 1.75 ± 0.19 1.69 ± 0.21 NS
SBP (mmHg) 116.4 ± 11.5 118.6 ± 11.0 NS
DBP (mmHg) 72.1 ± 11.0 73.9 ± 7.9 NS
MBP (mmHg) 86.9 ± 10.6 88.8 ± 8.2 NS
HR (b/min) 68.1 ± 8.7 68.9 ± 6.2 NS
FT3 (pg/ml) 1.49 ± 0.61 2.46 ± 0.42 < 0.0001
FT4 (pg/ml) 3.76 ± 2.0 10.57 ± 1.51 < 0.0001
TSH (mIU/l) 104.0 ± 37.7 1.14 ± 0.63 < 0.0001

Data are expressed as mean ± SD. BSA = body surface area;
DBP = diastolic blood pressure; HR = heart rate; MBP = mean
blood pressure; SBP = systolic blood pressure; TSH = thyroid-
stimulating hormone.

Table II. M-mode echocardiographic analysis.

Variable Hypothyroidism Control group p

Septal wall thickness (mm) 9.4 ± 1.3 8.4 ± 1.2 < 0.05
Posterior wall thickness (mm) 7.7 ± 1.7 7.8 ± 2.9 NS
LV internal diastolic diameter (mm) 49.5 ± 3.2 48.7 ± 4.6 NS
LV internal systolic diameter (mm) 34.2 ± 2.6 33.3 ± 4.2 NS
Endocardial fractional shortening (%) 30.9 ± 5.0 31.7 ± 6.1 NS
Relative diastolic wall thickness 0.33 ± 0.08 0.33 ± 0.11 NS
LV mass (g) 153.6 ± 30.1 131.2 ± 27.1 < 0.05
LV mass/BSA (g/m2) 88.6 ± 15.0 76.9 ± 14.9 < 0.05
LV mass/height2.7 (g/m2.7) 38.5 ± 8.3 31.8 ± 8.5 < 0.05

Data are expressed as mean ± SD. BSA = body surface area; LV = left ventricular.



Univariate relations in the overall population.
Among standard Doppler echocardiographic measure-
ments, PEP and IVRT were related to FT3 (r = -0.47, p
< 0.01 and r = -0.60, p < 0.001 respectively), FT4 (r =
-0.55, p < 0.002 and r = -0.60, p < 0.001 respectively)
and TSH (r = 0.46, p < 0.01 and r = 0.59, p < 0.001 re-
spectively), the PEP/LVET ratio was negatively corre-
lated with FT3 (r = -0.49, p < 0.01) and FT4 (r = -0.66,
p < 0.0001) while the association with TSH did not
reach statistical significance. The relations of the other
standard Doppler and M-mode measurements with thy-
roid hormones and TSH were not significant.

Among TD measurements, at the septal wall PCTm
and RTm were related to FT3 (r = -0.66, p < 0.0001 and
r = -0.56, p < 0.002 respectively), FT4 (r = -0.76 and r
= -0.67, both p < 0.0001) and TSH (r = 0.55, p < 0.002
and r = 0.54, p < 0.005 respectively). At the level of the
LV mitral annulus, PCTm and RTm were related to FT3
(r = -0.50, p < 0.01 and r = -0.55, p < 0.002 respective-
ly), FT4 (r = -0.75 and r = -0.68, both p < 0.0001) and
TSH (r = 0.53 and r = 0.54, both p < 0.005). The
PCTm/CTm ratio of both the septum and mitral annulus
were negatively correlated with FT3 (r = -0.65, p
< 0.0001 and r = -0.50, p < 0.01 respectively) and FT4
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Table III. Standard Doppler echocardiographic analysis of the study population.

Variable Hypothyroidism Control group p

SV (ml) 61.6 ± 10.3 69.9 ± 10.9 < 0.05
CO (l/m) 4.67 ± 1.33 4.76 ± 1.33 NS
PEP (ms) 118.0 ± 21.4 90.0 ± 19.7 < 0.0001
Adjusted PEP* (ms/√R-R) 4.1 ± 0.81 2.98 ± 0.62 < 0.0001
PEP/LVET 0.53 ± 0.08 0.42 ± 0.07 < 0.001
Adjusted PEP/LVET ratio* 0.43 ± 0.09 0.31 ± 0.08 < 0.001
E peak velocity (m/s) 0.61 ± 0.13 0.74 ± 0.15 < 0.01
A peak velocity (m/s) 0.51 ± 0.15 0.56 ± 0.09 NS
Peak velocity E/A ratio 1.18 ± 0.21 1.34 ± 0.31 < 0.01
DT (ms) 175.7 ± 31.7 152.0 ± 27.1 < 0.05
Adjusted DT* (ms/√R-R) 5.90 ± 1.26 4.85 ± 0.96 < 0.02
IVRT (ms) 93.8 ± 17.6 75.3 ± 12.6 < 0.005
Adjusted IVRT* (ms/√R-R) 3.12 ± 0.43 2.50 ± 0.45 < 0.001

Data are expressed as mean ± SD. CO = cardiac output; DT = deceleration time; IVRT = isovolumic relaxation time; LVET = left ven-
tricular ejection time; PEP = pre-ejection period; SV = stroke volume. * data adjusted for √R-R.

Table IV. Pulsed tissue Doppler analysis of the study population.

Variable Hypothyroidism Control group p

Posterior septal wal
Sm peak (m/s) 0.06 ± 0.01 0.06 ± 0.01 NS
PCTm (ms) 167.1 ± 19.4 111.4 ± 16.6 < 0.0001
Adjusted PCTm* (ms/√R-R) 5.76 ± 0.75 4.14 ± 0.63 < 0.0001
PCTm/CTm ratio 0.56 ± 0.07 0.35 ± 0.06 < 0.0001
Adjusted PCTm/CTm ratio* 0.57 ± 0.08 0.39 ± 0.07 < 0.0001
Em peak velocity (m/s) 0.09 ± 0.02 0.11 ± 0.02 < 0.05
Am peak velocity (m/s) 0.08 ± 0.02 0.08 ± 0.02 NS
Peak Em/Am ratio 1.12 ± 0.26 1.48 ± 0.28 < 0.01
RTm (ms) 92.5 ± 17.0 68.1 ± 16.6 < 0.0001
Adjusted RTm* (ms/√R-R) 3.15 ± 0.87 2.13 ± 0.40 < 0.0001

LV mitral lateral annulus
Sm peak (m/s) 0.07 ± 0.02 0.08 ± 0.02 NS
PCTm (ms) 161.4 ± 26.8 107.0 ± 15.2 < 0.0001
Adjusted PCTm* (ms/√R-R) 5.57 ± 1.04 4.13 ± 0.69 < 0.0001
PCTm/CTm ratio 0.54 ± 0.12 0.34 ± 0.06 < 0.0001
Adjusted PCTm/CTm ratio* 0.55 ± 0.13 0.40 ± 0.08 < 0.0001
Em peak velocity (m/s) 0.11 ± 0.04 0.14 ± 0.04 < 0.05
Am peak velocity (m/s) 0.08 ± 0.02 0.08 ± 0.02 NS
Peak Em/Am ratio 1.36 ± 0.38 1.77 ± 0.71 < 0.005
RTm (ms) 91.4 ± 21.8 64.9 ± 18.5 < 0.002
Adjusted RTm* (ms/√R-R) 3.40 ± 0.74 2.21 ± 0.74 < 0.0001

Data are expressed as mean ± SD. Am = myocardial atrial velocity; CTm = myocardial contraction time; DTm = myocardial deceleration
time; Em = myocardial early velocity; LV = left ventricular; PCTm = myocardial pre-contraction time; RTm = myocardial relaxation time;
Sm = myocardial systolic velocity. * data adjusted for √R-R.



(r = -0.76, p < 0.0001 and r = -0.68, p < 0.0001) while
the positive association with TSH was significant (r =
0.58, p < 0.001) only at the septal level. The other TD

measurements of both the posterior septum and LV mi-
tral annulus were not related to these hormones.

Figure 2 shows the negative relations of FT4 with
standard Doppler PEP and TD-derived PCTm of the
septum and of the LV mitral annulus in the overall pop-
ulation. The scatterplots show how these associations
involve a wide spectrum of thyroid functions.

Multiple linear regression analyses. The relations of
FT3, FT4 and TSH with standard Doppler and TD in-
dexes were tested in the pooled groups by adjusting for
potential confounders such as age, heart rate and BSA
in separate multilinear regression analyses (Table V).
These analyses showed a greater association of thyroid
hormones with the TD-derived (both septal and annu-
lar) PCTm than with standard Doppler-derived LV PEP
while the association of thyroid hormones with the sep-
tal and annular RTm was greater than with IVRT, except
for TSH whose associations were substantially similar.
The associations of the PEP/LVET ratio with thyroid
hormones (data not shown) were not independent of the
BSA and heart rate. Homologous associations of the
PCTm/CTm ratio with thyroid hormones were signifi-
cant, after adjusting for age, BSA and heart rate, at the
level of posterior septum (� = -0.65, p < 0.0001 with
FT3; � = -0.76, p < 0.0001 with FT4; � = 0.58, p < 0.001
with TSH) but not at the level of LV mitral annulus (da-
ta not shown).

Discussion

Standard evaluation of the left ventricular global
function in overt hypothyroidism. The first studies to
assess cardiac function noninvasively in patients with
overt hypothyroidism used LV systolic time intervals
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Figure 1. Pulsed tissue Doppler pattern of the posterior septum in a
healthy woman (upper panel) and in a woman with overt hypothyroidism
(lower panel). The Em/Am ratio is > 1 in both cases, but the myocardial
pre-contraction time (PCTm) and relaxation time (RTm) are longer in the
patient with overt hypothyroidism.

Figure 2. Significant univariate relations of FT4 with the left ventricular pre-ejection period (LV PEP) (upper panel) and with the tissue Doppler-de-
rived myocardial pre-contraction time (PCTm) of both the septal wall and mitral annulus (lower panel).



measured by means of a polygraphic technique. This
tool showed prolongation of PEP, shortening of LVET,
and an increase of the PEP/LVET ratio25-29, in relation
to an impairment in LV myocardial contractility30. Sub-
sequent reports in which M-mode and two-dimension-
al echocardiography were used described an asymmet-
ric, disproportionate increase in septal thickness and in
the ratio of the septal to posterior wall thickness31 as
well as an impairment of the regional septal wall mo-
tion and of the LV global function32 in long-standing,
untreated overt hypothyroidism. Simultaneous ECG,
phonocardiographic and echocardiographic recordings
allowed the identification of a prolonged IVRT33. These
findings were confirmed at standard Doppler by means
of which a pattern of impaired LV relaxation, charac-
terized by a prolonged IVRT and a reduced E peak ve-
locity34, was demonstrated. More recently, prolonga-
tion of the systolic and early diastolic times and im-
pairment of LV function were also detected at radionu-
clide ventriculography35.

Among all these techniques, M-mode, two-dimen-
sional and Doppler echo are simple and reliable meth-
ods but provide information only on LV global mor-
phology and function. Pulsed TD has the peculiarity of
providing quantitative analysis of myocardial wall mo-
tion, by measuring the regional (both systolic and dias-
tolic) velocities and time intervals of multiple LV
walls10-12,22-25,36. The reproducibility of TD has been
tested10 and the normal reference values of TD mea-
surements have been reported37,38.

Tissue Doppler evaluation of the left ventricular re-
gional function in overt hypothyroidism. In a recent
paper, we described the usefulness of pulsed TD for the
identification of LV functional abnormalities in subclin-
ical hypothyroidism16. In this setting, the septal and LV
annular PCTm, and RTm were longer and the PCTm/CTm
ratio higher than in controls. A similar behavior was ob-
served even for the standard Doppler homologous in-
dexes of LV global function (LV PEP, IVRT and
PEP/LVET ratio). However, after adjusting for BSA and
heart rate, IVRT was the only standard Doppler mea-

surement correlated with FT4 and TSH, while TD-de-
rived PCTm and RTm were negatively correlated with
FT4 and RTm was positively correlated with TSH.

In the present study, we investigated LV myocardial
function in overt hypothyroidism again combining
standard Doppler echocardiography and pulsed TD.
Standard Doppler confirmed the prolongation of LV
PEP, DT and IVRT as well as the increase in the
PEP/LVET ratio and the reduction in E peak velocity
and E/A ratio already found in overt hypothyroid-
ism25-29,33-35. Even TD-derived PCTm and RTm were sig-
nificantly longer, the PCTm/CTm ratio higher and the Em
peak velocity and Em/Am ratio lower than in controls at
the level of the basal posterior septum. Worthy of note,
TD of the posterior septum measures the functional
properties which are directly dependent on the myocar-
dial structure39. Although myocardial function should
be sampled at numerous levels of the LV walls, the in-
formation provided by the posterior septum (where TD
is particularly clear) may be extended to the other walls
in the absence of regional wall motion abnormalities9

which were not detected in the patients with overt hy-
pothyroidism of the present study. The same TD mea-
surements were altered even at the level of the LV mi-
tral annulus, which provides information on the LV lon-
gitudinal global function36. Significant changes of the
E/Em ratio, a sensitive marker of the increase in LV end-
diastolic pressure22-24, could not be expected in our
population sample, where patients with heart failure
and thus with possibly elevated LV end-diastolic pres-
sures were excluded by selection.

Among TD measurements, PCTm and RTm were
very sensitive to LV myocardial involvement in overt
hypothyroidism. PCTm and RTm, myocardial periods
preceding LV contraction and filling respectively, when
both the aortic and mitral valves are closed and LV vol-
umes constant, are two different expressions of energy-
dependent myocardial processes40. They depend on cy-
tosolic calcium levels controlled by ATP-dependent
calcium ion transport within the sarcoplasmic reticu-
lum41. In turn, calcium-channel transport is modulated
by the effect of circulating thyroid hormones1.
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Table V. Multiple linear regression analysis with FT4 and thyroid-stimulating hormone (TSH) as independent variables and the pre-
ejection period (PEP), isovolumic relaxation time (IVRT), myocardial pre-contraction time (PCTm) and relaxation time (RTm) of the
posterior septal wall and left ventricular (LV) mitral lateral annulus as dependent variables, after adjusting for age, body surface area
and heart rate.

Variable FT3 FT4 TSH

� (t) p � (t) p � (t) p

LV PEP -0.47 (-2.32) < 0.01 -0.56 (-3.27) < 0.002 0.44 (2.44) < 0.01
TD septal PCTm -0.66 (-4.06) < 0.0001 -0.76 (-5.44) < 0.0001 0.57 (-3.04) < 0.002
TD annular PCTm -0.56 (-2.85) < 0.002 -0.75 (-4.33) < 0.0001 0.55 (3.01) < 0.002
IVRT (ms) -0.55 (-2.26) < 0.002 -0.56 (-4.32) < 0.002 0.60 (3.17) < 0.001
TD septal RTm (ms) -0.60 (-2.35) < 0.001 -0.68 (-5.03) < 0.0001 0.56 (3.16) < 0.002
TD annular RTm (ms) -0.60 (-2.52) < 0.001 -0.67 (-5.34) < 0.0001 0.59 (3.21) < 0.001

TD = tissue Doppler.



Relation between the degree of hormone deficiency
and extent of left ventricular involvement. In the pre-
sent study, significant relations were found between
standard Doppler and TD measurements and the hor-
mone levels in the overall population. PEP and IVRT
were negatively related to FT3 and FT4 and positively to
TSH. Similarly, TD-derived PCTm and RTm were nega-
tively correlated with FT3 and FT4 and positively with
TSH. Even the Doppler standard PEP/LVET and TD
septal and annular PCTm/CTm ratios were significantly
correlated with hormones but, after adjusting for physio-
logic confounders42,43, among these associations only
that involving the septal PCTm/CTm ratio remained sig-
nificant. Multiple regression analyses provided addition-
al information since the magnitude of the associations of
hormones with PCTm and RTm (except those with TSH)
were substantially greater than the corresponding rela-
tions with standard Doppler LV PEP. TD appears, there-
fore, more effective than standard Doppler in determin-
ing the degree of LV systolic impairment in relation to
the severity of hormone deficiency.

Study limitations. The first limitation is due to the per-
formance of mitral annular TD only at the level of the lat-
eral corner which can reflect the global, systolic and/or
diastolic function only if the latter is normal or homoge-
neously depressed. In case of LV diastolic dysfunction
involving one or two walls, the association between TD
of a single corner and the global longitudinal function is
not so good. Thus, the average of the velocities of at least
4 annular corners (lateral and septal, anterior and inferi-
or) would have been more accurate. A similar criticism
may be made regarding TD myocardial assessment
which could have been more comprehensive if per-
formed in LV regions other than the posterior septum
alone. However, in the absence of wall motion abnor-
malities, septal TD may be considered representative of
the myocardial muscle. In addition, our population sam-
ple was relatively small for correlation analyses and, by
selection, included patients with no evidence of cardiac
disease or wall motion abnormalities. The results ob-
tained at standard Doppler and TD could be substantial-
ly different in patients with coexisting cardiac diseases.

In conclusion, the current study confirms that overt
hypothyroidism is associated with LV dysfunction in-
volving both the systolic and diastolic measurements.
Standard Doppler echocardiography is satisfactory
enough to determine the LV global involvement due to
thyroid failure. However, on the grounds of indepen-
dent associations found between the degree of TD my-
ocardial impairment and the magnitude of hormonal
deficiency, TD may constitute an additional tool to bet-
ter assess the extent of LV myocardial damage in rela-
tion to the severity of disease. Subsequent studies
should investigate the effect of L-thyroxine therapy on
TD-derived myocardial abnormalities in patients af-
fected by overt hypothyroidism.
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