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Abstract The aim of our study was to compare the ap-
plicability of the conventional echocardiography and a
novel method, tissue Doppler imaging (TDI) in detection of
late or subclinical cardiotoxicity following anthracycline
chemotherapy in long-term follow up. Forty women (31 to
65 years) were enrolled, who had not received anthracy-
clines previously and had normal cardiac function. The
control group consisted of 20 healthy persons of similar age
range. In addition to standard echocardiographic measure-
ments, each patient underwent specific measurements (E-
septum separation, pulmonary venous flow) as well.
Furthermore, the myocardial velocity of numerous seg-
ments of the mitral anulus obtained with pulsed wave TDI
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was also detected over a two-year-long period. Systolic left
ventricular function did not change significantly either in
the study or in the control group. After one year, diastolic
left ventricular function was impaired in 39 patients
(97.5%), and 29 (72.5%) of these showed clear changes
by means of the traditional E/A ratio and TDI. However, in
ten patients (25%) the diastolic dysfunction could only be
detected with TDI. At the end of the study diastolic
dysfunction was detected in each patient, but in 13 patients
(32.5%) the relaxation disorder could be revealed only with
TDI. Detectable myocardial damage occurred in the study
group as a result of anthracycline therapy. Our results
confirmed our assumptions that TDI is a more precise and
useful examination method than the traditional ones (E/4
ratio or deceleration time) to demonstrate isolated diastolic
dysfunction. TDI may become a regularly and more widely
used noninvasive method to detect subclinical cardiotox-
icity emerging after chemotherapy.
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Abbreviations

AC doxorubicin and cyclophosphamide

EC epirubicin and cyclophosphamide

ECG electrocardiography

EF ejection fraction

IVSs and thicknesses of the left ventricular septum
IVSd in systole and in diastole

LVPWs and thicknesses of the left ventricular posterior
LVPWd wall in systole and in diastole

LVEDs and left ventricular end-diastolic dimension in
LVEDd systole and in diastole

TDI tissue Doppler imaging
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Introduction

Cardiotoxicity is a well known side effect of numerous
chemotherapeutic drug treatments. The first issue published
in 1967 referring to this topic described cardiac complica-
tions and cardiovascular failures following daunomycin
treatment of children with leukemia [30]. Anthracyclines
have been in the lime-light since then due to their
cardiotoxicity. Mechanisms of the harmful effect and the
clinical outcome are probably different. Direct myocardial
impairment might lead to acute heart failure or to the
development of later chronic cardiotoxicity. The main point
of this cardiotoxicity is the diastolic dysfunction, possibly
leading to heart failure or death years or decades after the
therapy [27]. Antitumor drugs induce direct myocyte injury
through free-radical mechanism [3]. This process may play
a role in the later deteriorative effect of the anthracyclines.
The importance of the late cardiotoxicity is that the
administration of modern chemotherapeutical protocols
has improved the survival rates of patients with tumors,
and life expectancy has become longer.

Numerous protocols, therapeutic instructions and guide-
lines prescribe preliminary measurement of physiological
functions and cardiovascular state before the planned
therapy [6]. Standard Doppler measurement has to be part
of the basic investigation, because under ideal circum-
stances it describes the left ventricular diastolic function
appropriately. However, besides the diastolic functions of
the left ventricle, the conventional E/A inflow curve is
influenced by the preload, afterload, frequency, atrioven-
tricular delay, ventricular interaction, viscoelastic properties
and pericardial limiting factors. The mitral inflow curve is
easy to drawn, but the evaluation requires consideration of
the factors mentioned above. Regarding this question, a
novel, noninvasive echocardiographic method, tissue Dopp-
ler imaging (TDI) increases the informative value of the
examinations. This method can be used in the analysis of
longitudinal and radial movement of the myocardium in
each segment, including its direction and real-time velocity.
Its role and benefits have been confirmed in numerous
diseases, like coronary diseases [1], hypertension [22],
hypertrophic cardiomyopathy [29], arrhythmias [18, 20]
and in acute allograft rejection of transplanted patients [7].
It proved to be useful for selection of certain therapies e.g.
indication of resynchronization treatment [25]. For the
detection of myocardial impairment in children it has been
described as a safe examination and easy to carry out [9]. In
our previous study [19] we showed that cardiotoxicity can
be detected earlier with TDI than with conventional
methods. The aim of our investigation was to verify the
applicability of a novel method, tissue Doppler imaging in
long-term measurements besides the conventional echocar-
diographic assessments (mitral inflow curve, pulmonary
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venous curve) of early subclinical cardiotoxicity following
chemotherapy, particularly when chemicals of the anthracy-
cline group are used. Our additional purpose was to confirm
whether TDI is a more sensitive method in the detection of
diastolic dysfunction.

Patients and Methods

To verify our hypothesis we analyzed the information about
cardiotoxicity collected with the two methods about the
patient and the control group at the same time with the
same methods during the two years of follow-up. For easier
comparability diastolic dysfunction was examined at all
time with both methods.

Study Population

The prospectively collected and selected database of
oncology of Uzsoki hospital from April 2003 to August
2005 was analyzed. Forty female patients (31 to 65 years,
mean 49+10 years) were recruited for the study, who were
operated on malignant breast cancer, were chemotherapy-
naive and did not have any cardiovascular risk factors.
Exclusion criteria were the following: hypertension (severe
or mild), anemia, diabetes mellitus, coronary heart disease,
left ventricular hypertrophy, severe aortic stenosis, mitral
valve disease, cardiomyopathy or irradiation of the left side
of the thorax or thoracic cavity.

The cancer was in the right breast of the patients, thus
no patient underwent mediastinal or left sided thoracic
irradiation. Patients with lower or medium risk of invasive
breast cancer underwent postoperative chemotherapy,
consisting of four series of EC or AC infusions. The
cumulative dose of doxorubicin was 240 mg/m?, and the
cumulative dose of epirubicin was 360 mg/m>. The control
group consisted of twenty healthy women aged between
33 and 62 years (mean 50+9 years) without any cardio-
vascular risk factors, who were observed with the same
protocol.

Supportive therapy was not an exclusion criterion (e.g.
palliative irradiation in other localization, painkillers,
antiemetics and bisphosphonates).

Study Method

Cardiologic monitoring was performed at the following
stages: before initiation of chemotherapy (T0); 3 months
after the second chemotherapy, which is nearly in the
middle of the total treatment (T1); immediately after the
fourth chemotherapy, which means the end of the total
therapy (6 months) (T2); 1 year and 2 years after the start of
chemotherapy (T3 and T4). At all times, cardiologic
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examination, standard echocardiographic measurement and
TDI were performed, as described below.

Cardiologic Examination

Besides the cardiological history, findings of physical
examinations, especially the cardiovascular conditions were
recorded. A standard 12-lead electrocardiogram (ECG) was
recorded and blood pressure was measured at rest. In order
to reproduce data adequately, both the study and the control
group were examined by the same cardiologist. ECG was
simultaneously recorded during echocardiography.

Echocardiographic Study

The echocardiograms were performed with a commercially
available echocardiographic device (Vivid 3, GE Medical
System, Horten, Norway) in the echolaboratory of the
cardiology department of the Uzsoki hospital. For purposes
of comparability and further processing the images were
recorded digitally.

M-mode recordings were performed in parasternal long-
axis view at the level under the apex of the mitral valves. The
aortic root, LV end-diastolic dimension (LVEDd) and end-
systolic dimension (LVEDs); the thickness of the left
ventricular septum and posterior wall in systole (IVSs and
LVPWs) and in diastole (IVSd and LVPWd); and the atrial
dimension were measured. Left ventricular end-diastolic and
end-systolic volumes as well as the ejection fraction (EF)
were calculated according to the modified Simpson rule.

Doppler gain and filters were adjusted to obtain the best
spectral recordings. Mitral flow velocities were recorded
from an apical four-chamber view by placing the pulsed-
wave Doppler sample volume between the tips of the mitral
valves in the centre of the flow stream. The following
parameters were derived: peak early (mitral £ velocity) and
atrial (mitral 4 velocity) flow velocities, £/4 ratio and
deceleration time of the £ wave. From the apical four-
chamber view the pulmonary venous flow velocities were
recorded by placing the pulsed-wave Doppler sample
volume approximately 1 cm into the right upper pulmonary
vein. The pulmonary venous peak systolic (pulmonary S)
and peak diastolic (pulmonary D) flow velocities, S/D ratio,
peak reverse flow velocity and duration due to left atrial
systole were recorded.

In all views, wall motion, valve disorders, and the
occurrence of accidental pericardial effusion were examined.

Tissue Doppler Imaging (TDI)
By activating the TDI function in the same echocardio-

graphic machine, recordings of the mitral annular velocities
were made with pulsed-wave TDI. To obtain the best

quality recordings, filter settings and gains were adjusted to
the minimal optimal level to minimize artifact and eliminate
the signals produced by the transmitral flow. From the
apical four-chamber view, four different sites of the mitral
annulus were selected. By placing the TDI cursor on the
septal side of the mitral annulus and having the movement
of the mitral annulus align with the sample volume line, the
recordings of annular velocity at the interventricular septum
were obtained along the long axis of the left ventricle. From
the apical four-chamber view, the mitral annular velocities
of the LV lateral wall were also recorded by moving the
sample volume at the lateral site of the mitral annulus. The
velocities at the anterior and inferior sites of the mitral
annulus were also recorded from the apical two-chamber
view in a similar way. Three major velocities were recorded
from all four mitral annular sites, one of them being the
positive systolic velocity (S velocity) when the mitral ring
moved toward the cardiac apex. The other two negative
diastolic velocities, the early phase (Ea diast. vel.) and the
late phase of diastole (Aa diast. vel.) were recorded when
the mitral annulus moved toward the base away from the
apex.

In chemotherapy-related cardiomyopathy besides the
global systolic and diastolic function the regional wall
motion also deteriorates and has to be monitored. In the
pulsed TDI the sample has to be placed in the middle of the
septal and posterior wall in parasternal long axis view.

A mean of three consecutive cycles was used to calculate
all tissue Doppler echocardiography parameters.

Statistics

Data were analyzed with Kolmogorov—Smirnov normality
and the different statistical tests were performed according-
ly. Data are presented as mean value+SD. Comparisons of
baseline characteristics between the groups were assessed
using an independent ¢ test. For the analysis of the changes
in heart rate, blood pressure and standard echo parameters
like mitral inflow and annulus velocity parameters in each
time point paired ¢ test was used in each group. The SPSS
Version 10.0 software (SPSS Inc., Chicago, IL) was used
for the statistical analysis and a p value of 0.05 or less was
considered as statistically significant.

Results

Before the start of chemotherapy (TO) there was no
difference between the two groups in mean age, risk
factors, general physical parameters, blood pressure and
pulse. Similarly, there was no significant difference in the
standard echocardiographic parameters and tissue Doppler
imaging measurements in either segment. The two groups
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could be compared with these parameters. After admin-
istrations of drugs there were slight changes in basic cir-
culation parameters at the different times of measurements
(Table 1).

Pulse rate increased in the cancer group after the first
(T1) and second chemotherapy cycle (T2) however, it
became significant only after one year of follow-up (T3),
but even then it was not clinically relevant. Pulse got back
to normal at the end of the two years (T4) of follow-up.

Blood pressure in the cancer group showed a slight,
statistically significant, but clinically still not relevant drop
after the second cycle (T2) and it normalized at the end. In
the control group neither the pulse nor the blood pressure
changed during the two-year period of follow-up. Symp-
toms of circulation disorder were observed with particular
attention. Chest pain or any signs of circulation disorder
could not be detected in either group. There were no ECG
abnormalities in the cancer group over the 2 years of
follow-up.

Mild enlargement of the left atrium after the second
therapy (T2) and after 1 year (T3) enlargement of the left
ventricle could be measured with echocardiography in the
cancer group, which were significant changes compared
with the previous measurements. Regarding the ejection
fraction correlating with the clinical status there was no
considerable change.

Conventional echo parameters of diastolic function
indicated the relaxation disorder soon after the first
treatment (T1). The first peak of the mitral inflow wave
(mitral £ wave velocity) gradually decreased while the peak
of the second wave (mitral 4 wave velocity) showed a
rising tendency. Their quotient (£/4) decreased accordingly
and showed a significant change already at TI1, the
reduction remaining significant during the whole follow-
up period. The other parameters of diastolic function, e.g. the
two waves of pulmonary venous curve (pulmonary venous
S and D wave) and their quotient (S/D) also described the
diastolic dysfunction properly.

The Ea and Aa diastolic velocities and their ratio (Ea/Aa)
measured with TDI showed a change at T1 similar to the
measurements with the conventional method, which
remained significant until the end of the study (Table 2).
We mention that the systolic fiber-shortening velocity of the
segments (S wave) also changed and they showed a
decreasing tendency from T1 to T3 however, the values
were higher at T4.

Besides the mean values above, the multiple analysis of
patients showed that 22 patients (55%) had normal diastolic
function at T1, in 18 patients (45%) diastolic dysfunction
could be detected with Tissue Doppler Imaging, in 16
patients (40%) with both methods (the conventional and the
TDI method; Fig. 1). At the end of the study (T4) these data
changed, because late myocardial lesion could be demon-
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strated with either method in all patients. At this point
diastolic dysfunction was detected in 27 patients (67.5%)
upon the conventional mitral inflow curve and the
pulmonary venous curve, but in 13 patients (32.5%) only
with TDL

Analysis of E/Ea representing the left ventricular loading
pressure showed that after the second administration of
chemotherapy (T2) the loading pressure significantly
increased (Fig. 2).

Discussion

Anthracyclines are widely used as adjuvant chemotherapy
for breast cancer patients. The risk of developing cardiac
dysfunction after administration of chemotherapy for the
treatment of aggressive malignancies, both solid and
hematologic, was published four decades ago [14, 30].
Congestive heart failure, malignant arrhythmias, stimuli and
propagation disorders and sudden death are the clinically
relevant side effects, which may appear years or decades
after the treatment [12, 15-17, 27].

Early detection of subclinical cardiotoxicity and preven-
tion of the consequential heart failure have permanently
been a great challenge for oncology. The rate of subclinical
cardiotoxicity detected with traditional methods is estimat-
ed between 20-75% in different studies [4, 15, 19, 21, 27,
28, 32]. The goal is to minimize the myocardial damage
through limitation of doses of anthracyclines and changes
in therapeutical protocol with routine cardiologic monitor-
ing, proper cardiovascular risk assessment and follow-up.
The rate of heart failure related to anthracycline therapy
among patients with risk factors is estimated between 15—
20%, the rate among patients without any risk factors is 2%
[8]. This fact emphasizes not only the importance of
cardiovascular risk stratification and follow-up, but requires
a method for early detection of cardiotoxicity. As written in
the introduction, the traditional Doppler mitral inflow
measurement for cardiotoxicity is influenced by several
factors.

An advantage of tissue Doppler imaging over the con-
ventional method is that it can measure the myocardial
velocity in both systolic and diastolic periods independent
of any factors [2]. It is a new finding that TDI can detect the
regional abnormalities before any changes in global
function. Myocardial relaxation properties are complex,
determined by the internal processes and structure (e.g.
active and passive elasticity) of the heart and by external
factors (right ventricular pressure, preload, afterload, heart
rate, pericardial and pleural pressure). In contrast to the
standard Doppler echocardiography, TDI can measure the
myocardial tissue velocity during systole and diastole,
which directly determinates the myocardial contractility
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Fig. 1 Diastolic function in patients after 2 years

and relaxation [24]. A number of studies have been
performed on the applicability of TDI and on detecting
early myocardial impairment induced by cardiotoxic che-
motherapy [9, 10, 31]. Our study has confirmed the
feasibility of TDI in early detection of cardiotoxicity, as
well [19].

In our present study we investigated whether the previ-
ously detected diastolic dysfunction caused by chemotherapy
changed during the first two years after initiation, and whether
systolic dysfunction deteriorated after this period of time. In
cases of patients after treatment with anthracyclines Tassan-
Mangina and collaborators found that TDI can be used for
detecting the early diastolic dysfunction, which in some cases
may be followed by systolic dysfunction years after the
therapy [31].

In our actual study, the initial similarity between the
treated and the healthy group regarding heart rate disap-
peared; the pulse in the treated group was significantly
higher after one year. Higher frequency is likely linked to
cardiotoxicity. While in the acute period the background of

Fig. 2 Analysis of E/Ea representing the left ventricular loading
pressure (White column: study group; Red column: significant
increase in E/Ea ratio in the study group; Green column: control

group)

tachycardia is known [26], after a year the myocardial
impairment, cardiomyopathy, remodelling [28] and the con-
sequent sympathicotonia are responsible for arrhythmias.
Since this difference disappeared again at the end of the 2-
year period, it is assumed to be a reversible process.

There was no clinically relevant difference in blood
pressure between the two groups, and as an independent
risk factor this did not lead to diastolic dysfunction.

We found a significant difference in size of the left
atrium and ventricle after the first year of follow-up, which
persisted until the end of the study. However, it was a mild
enlargement, which lead neither to clinical deterioration of
circulation nor to notable change in the pump function.
Similarly to our results, several authors described this non-
significant enlargement [9, 13] without remarkable deteri-
oration of the ejection fraction.

Comparing the traditional and novel method we confirm that
both of them are feasible to detect the late, subclinical
cardiotoxicity following anthracycline chemotherapy in young
female patients without any risk factors. Both methods indicate
the significant change of diastolic dysfunction parameters (£,
A, E/A, S/D, Ea/Aa) soon after the first treatment (T1). Serial
analysis of patients confirmed the obvious benefit of modern
TDI. TDI is a more sensitive method because the diastolic
dysfunction could be confirmed very soon, at T1 in 18 (45%)
patients in contrast to the 16 (40%) patients examined with the
traditional method. The difference in sensitivity was larger at
T4 (40 vs. 27 patients). Regarding the fact that TDI is
independent of numerous factors and easy to carry out, it has a
place in routine diagnostic.

Our present study verified the applicability of TDI in
early detection of late cardiotoxicity in accordance with
literature data. On one hand, we established that the
detection of diastolic dysfunction with TDI is more accurate
as compared to standard noninvasive echocardiographic
methods. On the other hand, we pointed out that cardiotoxic
chemotherapy might result in manifest cardiomyopathy
even in young female patients without risk factors.
According to existing data, the rate of clinically relevant
cardiac decompensation in patients with breast cancer
treated with standard anthracycline is 0.5-1%, with the
elderly people and those who had previous heart disease are
being more susceptible [5]. Former studies barely emerged
that this problem occurs in patients with previous heart
disease. In contrast, our results indicate that the commercial
medium dose of anthracycline may lead to cardiac injury
even in patients with intact heart.

In our study we examined a young group with low risk,
who were healthy in other respects. Presently, there are no
established methods for cardiologic screening or proper
follow-up for the detection of early or late cardiotoxicity in
patients who need invasive oncological therapy and have
more risk or a cardiovascular disease.
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Further investigations are worthwhile to follow cardio-
myopathy after more aggressive protocols and new ther-
apeutical schemas (Herceptin, taxanes, etc).

Limitations of the Study

Diastolic dysfunction may occur without any inclination
with age. The incidence among population over 60—65 years
without any risk factors is 35—40% [11, 23]. There was a
younger population in the treated and control groups (mean
age 49 and 50 years, respectively). Therefore, patients in
the control group had no risk factors, were in the same age
and we did not detect diastolic dysfunction in the members.

The limitations of pulsed wave Doppler technique are:
(1) necessity of manual settings; (2) it gives a limited
disintegration, making impossible to separate subendocar-
dial and subepicardial myocardium velocity; (3) it is not
possible to have a picture of different ventricular segments
at the same time; (4) different equipments operate in different
frequency ranges with different sensitivity and filters. As a
result, comparisons are not reliable.
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