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ABSTRACT

Background: Cancer colon is one of the most common malignancies which treated by chemotherapy.
Cardiotoxicity is one of the most important adverse reactions of chemotherapy, leading to an important
increase in morbidity and mortality; it can appear early or late in the course of the disease.

Objective: To detect early changes in LV mechanics and to determine if 2D-STE could predict preclinical
cardiotoxicity from chemotherapeutic treatment in patients with cancer colon.

Patients and methods: The study included 30 patients with cancer colon, age ranged from 36 — 55 years and
20 healthy controls with age ranged from 32 — 55 years. Both groups were matched in age and sex. Clinical
evaluation (included full history taking general and local examination) and transthoracic echocardiographic
examination (TTE), 2-D speckle tracking echo (2D-STE) were performed to all subjects.

Results: 2D-STE showed that apical 2, 3, and 4 chambers longitudinal strain percent as well as Global
longitudinal strain (GLS) of the studied patients and controls showed statistically significant difference
between controls, pre- and post-chemotherapy. In comparison between control and pre-treatment showed
statistically non-significant difference, while comparison between control and post-treatment as well as pre-
and post-treatment showed statistically highly significant difference.

Conclusion: A substantial impairment of LV systolic function was detecting in cancer colon patients
receiving chemotherapy with apparently preserved LV systolic function as evidenced by reduction in global
longitudinal strain using two-dimensional speckle tracking echocardiography.

Keywords: Chemotherapy, left ventricular dysfunction, cancer colon patient, transthoracic echocardiology.

INTRODUCTION aging and largely affects the elderly

Colorectal cancer (CRC) is one of the population (Jung et al., 2014).

most common malignancies, accounting Cancer treatment has significantly
for approximately 1.36 million new cases improved and it has been proved to
worldwide every year. It is the third most increase significantly rate of cure in
common cancer behind lung and prostate cancer colon, as well as to reduce
cancer in men and the second most recurrences. However, the applicability of
common after breast cancer in women these drugs is limited by the risk of
(Ferlay et al., 2015). CRC is a disease of cardiotoxicity (Brana and Tabernero,
2010).
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Cardiotoxicity is one of the most
important adverse reactions of
chemotherapy, leading to an important
increase of morbidity and mortality
(Cardinale et al., 2010). It can appear
early or late in the course of the disease,
and may vary from subclinical myocardial
dysfunction to irreversible heart failure or
even death (Mercuro et al., 2007).

Data on the mechanism of the
appearance of cardiac dysfunction during
chemotherapy and the susceptibility of
patients to develop cardiotoxicity are
scarce (Khakoo et al., 2011).

Overtime, recommendations of
diagnosis of cardiac dysfunction induced
by chemotherapy used functional and
structural parameters of conventional
echocardiography, such as left ventricular
(LV) ejection fraction (EF), fractional
shortening (FS), as well as diameters and
volumes (Sawaya et al., 2011).

However, these conventional
measurements allow only the late
diagnosis of cardiac dysfunction, which
might be already irreversible. Therefore,
there is a major need for other accurate
and reproducible parameters, able to
detect early, subclinical, LV dysfunction
and, thus, able to identify patients at risk
for rapid progression toward irreversible
cardiac failure, who can benefit from early
therapeutic measures (Tsai et al., 2011
and Florescu et al., 2013).

The aim of the study was to detect the
early changes in LV mechanics, and to
determine if 2D-STE could predict
preclinical cardiotoxicity from
chemotherapeutic treatment after the first
and second cycle of chemotherapy in
patients with cancer colon.

PATIENTS AND METHODS

This was a case-control study, where
30 patients diagnosed with cancer colon
collected from the Oncology Department,
Al-Azhar University Hospitals, and 20
normal controls. The study was performed
at Cardiology Department, Al-Azhar
Faculty of Medicine during the period
from January 2019 to January 2020. A
written informed consent was taken from
each patient, and the study was approved
by our ethical committee.

Inclusion Criteria:

Patients with cancer colon who were
receiving chemotherapy with LV ejection
fraction (EF) >50%.

Exclusion Criteria:

Patients with  documented IHD,
patients  with  history of cardiac
intervention (PCI or CABG), patients with
moderate or severe valvular disease,
patients with conduction abnormalities,
pacemaker, ongoing arrhythmia and
bundle branch block, patients with
congenital heart disease, patients with EF
< 50% or cardiomyopathy, atrial
fibrillation, end stage renal disease, poor
echocardiographic window, or patient
refusal.

All patients were subjected to:

1. Clinical evaluation which included full
history taking, general and local
examination.

2. Echocardiographic examination before
and after ending chemotherapy:

A. Standard trans-thoracic
echocardiographic  study (TTE):
TTE was performed using S4-2
transducer 4-2 MHz with a
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commercially available ultrasound
system (Philips, IE 33, Andover,
MA, USA) according to the
standardized protocol, LV internal
dimensions, LV  end-diastolic
dimensions, and end-systolic
dimensions, LV EF by Biplane
Simpson’s method.

B. 2D strain imaging by speckle
tracking (2D-STE): 2D
echocardiography  images  were

obtained from apical four, apical
three and apical two chamber views.
All images were stored in cine-loop
format from three consecutive beats.
The frame rate for images was
between 50 and 90 frames/s, while
analysis was performed off-line
using  commercially  available
software (Philips QLAB Advanced
Quantification Software version 8.1)
(Gjesdal et al., 2007).

Statistical analysis:

The collected data were analyzed by
computer using Statistical Package for the
Social Science version 22 (SPSS), Data
were represented in tables, Continuous
Quantitative variables; e.g. age were
expressed as the mean = SD and range,
and categorical qualitative variables were
expressed as absolute  frequencies
(number) and relative  frequencies
(percentage).

Suitable statistical tests of significance
were used after checked for normality.
ANOVA followed by post-hoc test was
used for test of significance such as Chi
square and student’s-t-test. The results
were considered statistically significant
when the significant probability was less
than 0.05.

RESULTS

The study included 30 patients with
age ranged from 36 — 55 years and mean +
SD of 43.03 + 6.31 years and 20 controls
with age ranged from 32 — 55 years and

mean of 45.05 *+ 5.56 years. Both groups
were matched in age and sex as they
showed statistically insignificant
difference (Table 1).

Table (1): Comparison between patients and control according age and sex

Demographic data %;2;5? P(?]tzlesrg)';s p-value
Age (years)
. Mean +SD | 45.05+556 | 43.03%6.31 | >0.05
Sex
. Male: N (%) 13 (65.0%) 20 (66.7%) 50.05
o Female: N (%) 7 (35.0%) 10 (33.3%) '

The finding of left ventricular end
diastolic ~ diameter (LVEDD), left
ventricular  end  systolic  diameter
(LVESD), left ventricular end diastolic

volume (LVEDV), left ventricular end
systolic volume (LVESV) and left
ventricular  ejection  fraction percent
(LVEF%) of the studied patients and
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controls showed statistically insignificant
values between controls, pre- and post-
Table (2): Comparison of echocardiographic parameters between patients and

control groups

chemotherapy (Table 2).

Range Subjects |
LVEDD (cm) Min Max Mean + SD p-value
Control 4 5.6 4.86 +£0.41
Pre-treatment 4 5.6 497 +0.36 >0.05
Post-treatment 4 5.6 5.03+0.35
LVESD (cm)
Control 2.5 3.6 3.16 £0.36
Pre-treatment 2.65 3.6 3.21+0.24 >0.05
Post-treatment 2.6 3.6 3.30+0.25
LVEDV (ml)
Control 70 153.7 111.64+21.7
Pre-treatment 70 141.3 117.33+£18.8 >0.05
Post-treatment 70 141.3 120.76%18.2
LVESV (ml)
Control 21.2 54.4 40.39+10.9
Pre-treatment 25.8 54.4 41.78+7.35 >0.05
Post-treatment 24.6 54.43 44.68+7.93
LVEF (%)
Control 53.2 79.47 64.57+7.12
Pre-treatment 57.8 72.95 64.20+4.34 >0.05
Post-treatment 57.8 70.72 63.02+3.24

The findings of 2D-STE showed that
apical 2, 3, and 4 chambers longitudinal
strain percent as well as GLS of the
studied patients and controls showed
statistically highly significant difference
between controls, pre- and post-
chemotherapy (P <0.001). Comparison

between control and pre-treatment showed
statistically non-significant difference,
while comparison between control and
post-treatment as well as pre- and post-
treatment showed statistically significant
difference (Table 3).
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Table (3): Comparison of 2D-STE between patients and control group

Mitral E Range Subjects Test of significance
(cm/sec.) Min Max Mean + SD p-values
Control 59 111 89.12+18.16 P1 0.451
Pre-treatment 65 118 92.60+14.93 >0.05 P2 0.231
Post-treatment 51 118 94.67+15.22 ' P3 0.616
Mitral A (cm/sec.)
Control 56 95 77.27+10.46 P1 0.375
Pre-treatment 50 95 74.53+10.75 >0.05 P2 0.393
Post-treatment 50 95 74.63+10.62 P3 0.971
Mitral E/A ratio
Control 0.74 1.73 1.17+0.28 P1 0.245
Pre-treatment 0.85 2 1.27+0.29 >0.05 P2 0.147
Post-treatment 0.81 2 1.29+0.29 P3 0.745
Em (cm/sec.)
Control 5 13.6 8.83+2.66 P1 0.190
Pre-treatment 6.4 13 9.63+1.89 >0.05 P2 0.190
Post-treatment 6.4 13 9.63+1.89 P3 1.000
Mitral E/Em ratio
Control 6.2 17.45 10.71+3.08 P1 0.229
Pre-treatment 6.54 14.75 9.86+1.96 >0.05 P2 0.420
Post-treatment 6.67 15.31 10.14+2.41 P3 0.655
AP2 LS
Control -26 -20 -23.40+1.73 P1 0.235
Pre-treatment -27 -21 -24.53+1.57 0.001 P2 0.006
Post-treatment -27 -11 -20.70+4.91 P3 0.001
AP3 LS
Control -26 -20 -23.20+1.36 P1 0.237
Pre-treatment -26 -21 -24.23+1.25 0.001 P2 0.001
Post-treatment -25 -11 -20.33+4.60 P3 0.001
AP4 LS
Control -26 -18 -22.55+2.76 P1 0.537
Pre-treatment -27 -19 -23.13+2.53 0.001 P2 0.001
Post-treatment -27 -12 -19.40+4.09 P3 0.001
GLS
Control -26 -14 -22.83+2.58 P1 0.401
Pre-treatment -26 -14 -23.62+2.14 0.001 P2 0.001
Post-treatment -24 -12 -18.08+4.35 P3 0.001

1793

P1: compare control and pre-treatment, P2: compare control and post-treatment, P3: compare pretreatment

and post-treatment.

DISCUSSION

The present study included 10% of
patients with diabetes mellitus (DM) and
13.3% had hypertension, while none of
the control subjects had DM or
hypertension. Statistically there was an

insignificant difference between both
groups as regard DM and hypertension.

In  comparison with the existing
literature, Balloni et al. (2000) reported
classic two-dimensional
echocardiographic indices of LV function
with normal baseline ECG and vital
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treated with 5-FU. No changes in ECG,
BP, or heart rate were noted.

Early detection of cardiotoxicity has
predominantly relied upon serial cardiac
imaging to identify a reduction in left
ventricular function without signs or
symptoms of heart failure (stage B HF)
(Yancy et al., 2013).

The use of LVEF has important
limitations. The measurements of LVEF
are  subject to  technique-related
variability, which can be higher than the
thresholds used to define cardiotoxicity.
The reduction in LVEF is often alate
phenomenon, with failure to recover
systolic function in up to 58% of patients
despite intervention. STE is an
echocardiography technique that allows a
precise evaluation of myocardial function.
This method is accurate, reproducible, and
angle independent, and it enables a
complete assessment of regional and
global function in three directions (Telli et
al., 2007).

Plonska-Gosciniak et al. (2017)
studied adverse effects of 5-FU on the
cardiovascular system in 16 CRC patients
(age 39-74) with initially normal BP,
ECG, and echocardiogram. No other
deviations in BP and heart rate were
detected.

Echocardiography findings at baseline
were within  currently recommended
reference ranges except for a minor
increase in septal wall thickness and a
decrease in S’IVS (Lang et al., 2015).

The finding of left ventricular end
diastolic diameter, left ventricular end
systolic ~ diameter  (LVESD), left
ventricular  end diastolic ~ volume
(LVEDV), left ventricular end systolic

volume (LVESV) and left ventricular
ejection fraction percentage (LVEF%) of
the studied patients and controls showed
statistically insignificant values between
controls, pre- and post-chemotherapy.
This was in agreement with Plonska-
Gosciniak et al. (2017) who found,
throughout 12 months of follow-up, LVEF
remained normal. LVEDD and LVESD
during chemotherapy were slightly larger
and returned to baseline values after 12
months. Balloni et al. (2000) reported that
echocardiography findings (LVEDD, LV
mass) remained unaffected both after six
cycles of 5-FU and six months after
completion of chemotherapy.

The finding mitral E, Mitral A and
Mitral E/A ratios as well as Em and E/Em
ratios of the studied patients and controls
showed statistically insignificant values
between controls, pre- and post-
chemotherapy.

These data opposed that of Plonska-
Gosciniak et al. (2017) who found a
significant worsening in LV functional
parameters by tissue Doppler. They added
that after a year from chemotherapy
initiation E’sept decreased. Furthermore,
concurrently both S’IVS and S’lat have
dropped. No other meaningful changes
were identified by TTE after 12 months
which coincides with our study.

Normal ranges for GLS defined in the
meta-analysis published in 2013 by
Yingchoncharoen et al. (2013) support the
use of a normal cut-off exceeding -19%,
further confirmed by the cardiotoxicity
study review who found GLS values
<19% in all patients who later developed
heart failure (Thavendiranathan et al.,
2014). However, because of baseline
variability in strain values between
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different patients, the strongest predictor
of LV dysfunction may be the change in
GLS when compared with baseline values
(Venneri et al., 2018). A change >15%
from baseline is considered to be of
clinical significance (Plana et al., 2014).
Studies suggest that the evaluation of LV
twist  with  speckle tracking has
incremental value for detecting early
myocardial damage, but this requires
further study (Mornos and Petrescu,
2013).

In the present study, 2D-STE showed
that apical 2, 3, and 4 chambers
longitudinal strain percent as well as
Global longitudinal strain (GLS) of the
studied patients and controls showed
statistically significant difference between
controls, pre- and post-chemotherapy.
Comparison between control and pre-
treatment  showed  statistically non-
significant difference, while comparison
between control and post-treatment as
well as pre- and post-treatment showed
statistically significant difference.

Myocardial deformation imaging is a
helpful tool for the sensitive detection of
LV function but has some limitations. The
global strain is calculated as the average
of the analyzed segmental strain values
(Tsai et al., 2011).

If the image quality is low and many
segments must be discarded, the global
strain might be misjudged (Gjesdal et al.,
2008).

In the present study, longitudinal strain
values were obtained in sensitivity of 83%
of segments, demonstrating that 2D-STE
was feasible in most patients. Our patients
were examined in a stable condition to
avoid changes in the loading conditions.

Previous study by found a more sensitivity
of 94% (Tsai et al., 2011).

Global longitudinal strain has been
introduced as an index of global LV
function. 2D-STE has been validated as an
accurate angle-independent measurement
of regional and global myocardial
deformation or strain (Hare et al., 2009
and Marwick et al., 2009).

The subendocardial layer is often first
affected by diseases. Because the
myocardial fibers in this layer are mainly
responsible for long-axis contraction, a
reduction in longitudinal function has
been found to be an early and accurate
indicator of LV dysfunction with high
susceptibility to ischemia, fibrosis, and
hypertrophy (Ganame et al., 2007).

This was reflected in our study, in
which the longitudinal strain  was
significantly different in the two groups.
These results were confirmed by Tsai et
al. (2011) who demonstrated LV
dysfunction in the anthracycline-treated
patients compared to the healthy subjects,
with a significantly lower global
longitudinal strain despite a preserved
LVEF 50% in the anthracycline group.

Myocardial deformation (strain) and
the rate of deformation (strain rate) reflect
intrinsic contractility of the myocardium.
Sawaya et al. (2011) demonstrated that
regional myocardial strain (longitudinal,
radial, and circumferential) is significantly
decreased in patients treated with
anthracycline and trastuzumab before
decrease of EF, and also that can predict
further changes in EF.

Similarly, Bi et al. (2009)
demonstrated a significant early reduction
of longitudinal strain after treatment with
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epirubicin. However, other study failed to
reveal a decrease of myocardial strain
after chemotherapy (Hale et al., 2009).

These suggest that deformation
parameters are a sensitive tool to detect
early changes of contractile function after
epirubicin. STI also offers the unique
opportunity ~ to  assess rotational
deformation of the LV, with good
agreement with tagged CMR (Halle-Valle
et al., 2005).

Therefore, it has been demonstrated the
usefulness of new echocardiographic
techniques, such as TVI and STI, for early
detection of impairment of contractile
myocardial function, before alteration in
global systolic LV function, suggesting
that these can be used in clinical practice
in order to identify patients at risk for
development of irreversible cardiac failure
and to implement special preventive and
therapeutic measures in patients with
breast cancer treated with chemotherapy.
These parameters should be now
incorporated into clinical protocols in
order to optimize the monitoring of
chemotherapy-induced cardiac toxicity
(Florescu et al., 2013).

There are known published cases on
cardiac conduction disturbances induced
by 5-FU or capecitabine. The cardiotoxic
effects of these drugs seem to be
multifactorial (Polk et al., 2014).

The suggested phenomenon  of
vasospasm induced by 5-FU or
capecitabine cannot explain the possibility
of  cardiomyopathy, sinoatrial and
atrioventricular node dysfunction,
takotsubo cardiomyopathy, and QT
prolongation with torsade de pointes
ventricular tachycardia (Stewart et al.,
2010).

In pediatric and adult patients receiving
potentially cardiotoxic chemotherapy, the
American Heart Association’s class |
recommendation has been to routinely
perform echocardiography at baseline and
at recurrence (Tsai et al., 2011).

Adult survivors have been
recommended to undergo screening every
5 years, and patients with abnormal results
should be monitored yearly. The
evaluation of myocardial function with
strain imaging can be an effective tool for
long-term follow-up in patients receiving
potentially cardiotoxic therapy (Ganame
et al., 2007).

Abnormalities in 2D GLS and GCS
have Dbeen demonstrated in multiple
studies after cardiotoxic cancer therapy,
including by our own group (Sawaya et
al., 2012 and Narayan et al., 2016).

Two studies of 3D STE in adult’s
chemotherapy-treated different types of
cancer reported reductions in 3D
parameters with anthracyclines, but these
studies were smaller, of shorter follow up
duration, and did not investigate the
association between changes in 3D
parameters and subsequent systolic and
diastolic function (Santoro et al., 2017
and Song et al., 2017).

While 3D STE has the potential to
overcome some of the technical
limitations of 2D STE by tracking the
movement of speckles within the entire
scan volume (Maffessanti et al., 2009 and
Nesser et al., 2009), image quality and
temporal resolution may limit 3D
interpretability (Santoro et al., 2017 and
Song et al., 2017).

Santoro and colleagues found that
feasibility of 3D STE was only 60% while
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2D STE feasibility was 90%. In Zhang et
al. (2018) study, the reproducibility of 3D
measures was greater than 2D and the
analyzability of 3D STE in acquired
images was 94%, similar to the 90%
feasibility in a healthy population study
(Muraru et al., 2014).

Although a recent European Society of
Cardiology statement on cardiovascular
toxicity of cancer treatment emphasizes
the ischemic effect of 5-FU (Zamorano et
al., 2016), cardiotoxicity of pyrimidines
seems to have numerous mechanisms,

including apoptosis of myocardium,
depletion of high-energy phosphate
compounds, increased oxygen
consumption, impaired antioxidant

defense system, and more (Polk et al.,
2014).

Despite the low to intermediate
doxorubicin doses in Tsai et al. (2011)
study, LV dysfunction was observed in
patients 20 years after successful cancer
treatment. Earlier studies have
demonstrated that the risk of developing
clinical heart failure 15 years after
anthracycline therapy was estimated to be
approximately 5% after treatment of
childhood cancer (Ganame et al., 2007).

A decreased ventricular systolic
reserve has been noted in asymptomatic
children treated with low-dose
anthracycline for 1 year (Guimaraes-Filho
et al., 2007).

The clinical course of myocardial
function in adult anthracycline-treated
cancer survivors has not been fully
explored owing to the short follow-up
periods and variations in treatment
algorithms. Tsai et al. (2011) reported
significant LV remodeling in the cancer
survivors 2 decades after radiotherapy

with chemotherapy. The differences in LV
function due to anthracycline therapy,
however, could not be detected using
traditional echocardiographic methods.

CONCLUSION

A substantial impairment of LV
systolic function was detected in cancer
colon patients receiving chemotherapy
with apparently preserved LV systolic
function as evidenced by reduction in
global longitudinal strain using two-
dimensional speckle tracking
echocardiography.
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