Diastolic strain time as predictor for systolic dysfunction among
patients with active breast cancer
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Abstract

Background: Although diastolic dysfunction is common among patients treated with cancer therapy, no clear evidence has been
shown that it predicts systolic dysfunction. This study evaluated the correlation of longitudinal diastolic strain time (Dst)
with the routine echocardiography diastolic parameters and to estimated its role in the early detection of cardiotoxicity among
patients with active breast cancer. Methods: Data were collected as part of the Israel Cardio-Oncology Registry (ICOR), a
prospective registry enrolling all adult patients referred to the cardio-oncology clinic. All patients with breast cancer, planned
for Doxorubicin therapy were included. Echocardiography, including Global longitudinal systolic strain (GLS) and Dst, was
assessed at baseline before chemotherapy (T1), during Doxorubicin therapy (T2) and after the completion of Doxorubicin
therapy (T3). Cardiotoxicity were determined by GLS relative reduction of [?]15%. Dst was assessed as the time measured
(ms) of the myocardium lengthening during diastole. =diastolic time (ms) measured. Results: Among 69 patients, 67 (97.1%)
were females with a mean age 52+13years. Diastolic strain timeDst measurement was significantly associated with the standard
routine diastolic parameters. Significant GLS reduction was observed in 10 (20%) patients at T3 . Both in a univariate and a
multivariate analyses the change in Ds basal time from T1 to T2 emerged to be significantly associated with GLS reduction at
T3 (p<0.04). Conclusions: Among breast cancer patients, Dst time showed high correlation to standard the routine diastolic
echocardiography parameters. Relative reductionChange in Ds basal time emerged associated with clinically significant systolic

dysfunction as measured by GLS reduction.

Conclusions: Among breast cancer patients, Dst showed high correlation to the routine diastolic echocardio-
graphy parameters. Change in Ds basal time emerged associated with clinically significant systolic dysfunc-
tion as measured by GLS reduction.
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Introduction



Cardiotoxicity, defined by a left ventricular ejection fraction (LVEF) reduction, is a well-documented side
effect of chemotherapeutic treatment regimens, in particular when anthracycline (ANT) agents are used [1].
Echocardiography has been proven to be a useful tool in evaluating the systolic function by LVEF among
patients with cancer [2]. However, standard echocardiography alone is not a sensitive tool for detecting
subclinical changes that occur before the development of significant irreversible myocardial damage [3].
Therefore, the need for early myocardial injury detection has become critical in managing patients treated
with cancer therapy. Recently, the use of 2D speckle-tracking echocardiography (2D-STE), specifically Global
longitudinal strain (GLS), as a measurement of subtle changes in left ventricular systolic function, has
been shown to be associated with early diagnosis of cardiotoxicity [4, 5]. Furthermore, both systolic and
diastolic function is essential for normal cardiac function [6]. Diastolic dysfunction development is considered
common among patients with cancer [7], however, no clear evidence has shown that it can predict future
systolic dysfunction and its relationship to early signs of cardiotoxicity is limited. Currently, diastolic function
is evaluated by a number of parameters including e’, E/e’ ratio, E/A ratio, deceleration time (DT) and
left atrium volume index (LAVI) [8, 9, 10], however, these routine measurements do not assess the direct
relaxation of the LV and have limitations (e.g. angle dependency) [11]. Strain imaging for the evaluation of
diastolic function, using global diastolic strain rate, has been shown to have prognostic information regarding
cardiovascular morbidity and mortality [12, 13, 14]. However, the use of longitudinal diastolic strain time
(Dst), measuring the time of lengthening of the myocardium and specifically the change in Dst during cancer
therapies has not been documented yet.

The aim of this pilot study was to evaluate the correlation of Dst with the routine echocardiography dia-
stolic parameters and to estimate the role of Dst change during cancer therapy for the early detection of
cardiotoxicity in patients diagnosed with breast cancer.

Methods

The study population is part of the Israel Cardio-Oncology Registry (ICOR) — a prospective registry enrol-
ling all patients evaluated in the cardio-oncology clinic at Tel Aviv Sourasky Medical Center. All patients
signed an informed consent at the first visit in the clinic and are then followed prospectively. The registry
was approved by the local ethics committee (Identifier: 0228-16-TLV) and is registered in clinicaltrials.gov
(Identifier: NCT02818517).

This cohort evaluated patients diagnosed with breast cancer planned for ANT therapy. All patients underwent
at least 2 echocardiographic evaluations, including GLS; at baseline before chemotherapy (T1) and during
Doxorubicin (a type of ANT) therapy (T2). A 3'dechocardiography exam (T3), was performed within 3
months after the completion of Doxorubicin therapy.

The exclusion criteria included LVEF<53% at T1 and significant GLS relative reduction[?]15% at T2.

Diastolic strain was measured by the time of lengthening (Dst) (ms) of the myocardium as specified in
the next paragraph (Figure 1). The change in Dst was assessed between T1 to T2 and its association for
GLS reduction in T3 was evaluated. A clinically significant reduction in GLS was considered as a relative
reduction of [?]15% from T1 to T3, adhered to the standard benchmark set by previous studies [15].

Three standard apical views (4-chamber, 2-chamber, and 3-chamber) were recorded using a General Electric
system, model Vivid S70 echocardiogram and were performed by the same vendor, technician and interpreting
cardiologist. Routine Left ventricle (LV) echocardiographic parameters included LV diameters, and LVEF
[16]. Early trans-mitral flow velocity (E), late atrial contraction (A) velocity, deceleration time (DT) and
early diastolic mitral annular velocity (medial and lateral e’) were measured in the apical 4-chamber view
[17]. The peak E/e’ ratio was calculated (septal, lateral and average). Images were acquired using high frame
rate (>50 frames/s) [18], and thereafter stored digitally for offline analysis. GLS was measured using 2D-
STE software and tracking within an approximately 5 mm wide region of interest. An end-systolic frame
was used to initialize LV boundaries which were then automatically tracked throughout the cardiac cycle.
Manual corrections were performed to optimize boundary tracking as needed. Optimization of images for
endocardial visualization through adjustment of gain, compress, and time-gain compensation controls was



done prior to acquisition. Dst was evaluated by measuring manually the time of lengthening (ms) of the
myocardium during diastole. According to past studies, showing significant association between diastolic
strain rate and the time constant of LV relaxation [11], we evaluated the Dst from the point of aortic valve
closure (AVC) throughout the isovolumic relaxation time and early diastolic, until the plateau of the curve
(Fig. 1), Dst was assessed in three apical views (2, 3 and 4-chamber), with 6 segments measured per each
view, with a total of 18 segments per each exam. Dst change between T1 and T2 was assessed according to
the following segments: Average, Anterior, Inferior, Lateral, Septal, Anteroseptal, Posterior, Apex, Mid and
Base, as specified in Table 2.

Statistical Analysis

Assessment of the relationship between the routine echocardiographic diastolic parameters and 2D-STE de-
rived parameters was done using repeated measures mixed linear regression models with e’ or E/e’ as the
dependent variable, strain measurements as fixed independent variables, and patient serial number as the
random variable. To assess the predictive ability of Dst on significant GLS reduction, individual logistic
regression models were built with significant GLS reduction as the dependent variable and relative change
in each Dst segment between T1 and T2 as independent variables. Using the results of the above models
the best predictor of significant GLS reduction was used in a multivariate model to assess its ability to inde-
pendently predict significant GLS reduction. First, a multivariate model was built with covariates including
relative GLS reduction between T1 and T2, baseline cardiac risk factors, cardiotoxic chemotherapy used and
cardio-protective medication used. The above primary model was then narrowed using a stepwise forward
and backwards Akaike information criterion (AIC) based method in order to select the best predictive model
which has lowest AIC. To further illustrate the diagnostic predictive power of Dst alone or in combination
with the other model covariates receptor-operator (ROC) curves were built and AUC with 95% CI and
Youden indexes were calculated. Comparison between AUC of ROC curves was done using the DelLong &
DeLong method. To detect whether adding Dst data contributed to the multivariate model predictive ability,
net classification index (NRI) was calculated for a logistic model with and without the added variable, 95%
confidence interval for NRI (and its positive and negative components) was calculated using a bootstrap-
ping method. Continuous variables are shown as mean+SD, while discrete variable as n(%). Results were
considered significant when p<0.05. As this is a primary proof of concept investigation, all assessments were
considered hypothesis generating and were not corrected for multiple comparisons. All calculations were done
using R version 3.5.0, R Foundation for Statistical Computing, Vienna, Austria.

Results

From July 2016 to March 2019, 72 patients were evaluated, of which 3 patients were excluded due to
significant GLS reduction at T2, leaving 69 patients for analysis, with a mean age of 52+13 years and female
predominance (97%). While only 2 (3%) patients had ischemic heart disease, cardiovascular risk factors
(hypertension, hyperlipidemia and diabetes mellitus) were relatively common ranging from 12 to 30 percent
of the patients. Due to comorbidities 21 patients (30%) were treated with either angiotensin converting
enzyme inhibitor (ACEI), angiotensin II receptor blocker (ARB) or beta blockers (BB) and 11 (16%) with
statins. All baseline characteristics are summarized on Table 1.

Cancer therapy, other than ANT (100%), included paclitaxel (88%) and the recombinant humanized mono-
clonal antibodies against HER2 Trastuzumab (21%) and Pertuzumab (19%) (Table 1).

All patients underwent 2D-STE assessment at T1 and T2 and 50 patients underwent 2D-STE assessment
at T3 as well. All patients had normal baseline LVEF (mean 60+1%) and normal GLS (mean -214+2%).
Clinically significant reduction of GLS was observed in 10 (20%) patients at T3, however only 2 (3%)
patients showed a significant reduction of LVEF[?]10% (Table 1) (7).

The mean baseline Dst (ms) of all 69 patients was 217.01+-28.77ms and is presented in Supplementary Table
Slaccording to each segment. When comparing the values of baseline Dst between patients with vs. without
cardiac disease or cardiac risk factors, we observed longer Dst values among the latter (Supplementary Table
S2). When comparing the Dst change between T1 and T2 we observed a longer values of Dst at T2 among the



group of patients that developed GLS reduction at T3 (Supplementary Table S3), which was not consistent
among the group of patients that did not developed GLS reduction (Supplementary Table S4).

When comparing the association between Dst to e’ average, significant inverse correlations were noted in
average, anteroseptal, apical and middle segments. When comparing the association of Dst and E/e’ average,
significant positive correlations were seen in average, lateral, posterior and basal segments (Table 2).

Using logistic models to assess the predictive ability of the relative Dst change from T1 to T2, the only
measurement that showed significant prediction capabilities for significant GLS reduction, was the basal
segment time (OR 1.09 for every 1% increase in basal diastolic time, p=0.03, Table 3). Therefore, we
continued investigation of this predictor only, in a multivariate fashion.

After construction of a multivariate logistic regression model of significant GLS reduction between T1 and
T3, with covariates including baseline cardiac risk factors, cardiotoxic cancer therapy and cardioprotective
medication, we ended up with a final multivariate model that included relative change in basal Dst, relative
change in GLS, hypertension, hyperlipidemia and Pertuzumab therapy. Of those, the only significant predic-
tors were the relative change in the basal Dst (OR 1.3 per 1% change, p=0.022) and Pertuzumab treatment
(OR 159.1, p=0.035). (Table 4)

The predictive ability of basal Dst for significant GLS reduction between T1 and T3 was moderate with
a Youden index of 0.38 and an AUC of 0.732 (95% CI 0.523-0.940). When building a ROC curve for the
prediction of the multivariate logistic model, predictive ability was better with a Youden index of 0.8 and
an AUC of 0.950 (95% CI 0.888- 1) (p for AUC comparison = 0.05, Fig. 2). The net reclassification index
(NRI) for basal Dst added to the multivariate logistic model was 0.48 (95% CI of 0.10 to 0.0.86) composed of
a positive NRI of 0.50 (95% CI 0.12 to 0.87) and a negative NRI of -0.02 (95% CT -0.08 to 0.00) showing that
adding the basal Dst to the multivariate model was overall significantly beneficial to its predictive ability.

Discussion

Past studies have shown that reduced GLS is associated with LVEF reduction among patients with cancer
[19]; however, limited data is available regarding diastolic strain. It has also been shown that diastolic strain
rate is associated with cardiovascular morbidity and mortality [12], but information is still lacking in cancer
patient populations [20]. In this study, new methods were highlighted by measuring Ds lengthening time to
gain direct insight into the relaxation of the ventricles rather than indirect measurements of filling pressures,
to help understand the relationship between diastolic strain changes and overall cardiac dysfunction in
patients with breast cancer.

Dst was found to be significantly associated with average e’ and average E/e’, showing that worse diastolic
function by the routine measurements is associated with longer Dst. These correlations suggest that Dst
can be used as measurements of diastolic function with an advantage of circumvent the inherent limitations
of the routine measurements, such as load and angle dependence [21,22, 23]. The association of longer
Dst and cardiac damage was also supported by the longer Dst values observed among patients with vs.
without cardiac disease or cardiac risk factors and among patients developing significant GLS reduction. The
importance of detection of diastolic dysfunction is apparent when considering its association with increased
all-cause mortality in heart failure (HF) patients [24]. However, the early detection and usefulness of 2D-STE
measurement techniques among cancer patients have not been well-defined and require further study.

With the use of both a univariate and a multivariate analyses, it was found that the change in basal Dst from
T1 to T2 appeared to be significantly associated with a clinically significant GLS reduction at T3 (p<0.04).
When building ROC curves the predictive ability of basal Dst was moderate with an AUC of 0.732, while the
entire model including basal Dst showed an excellent predictive ability with an AUC of 0.950, highlights that
added to the other variables in the regression basal Dst was overall significantly beneficial to its predictive
ability.

In line with previous studies [19, 25], we found that treatment with Pertuzumab emerged also as significantly
associated with GLS reduction. Since treatment with Pertuzumab is considered to be less cardiotoxic as



compared to Transuzumab [1], we believe that future studies focusing on Pertuzumab are required.

The usefulness in predicting the development of cardiac dysfunction can affect treatment course and clinical
decision-making as it has been shown that reversing cardiotoxicity can be achieved with early detection and
implementation of cardio-protective treatment [26]. Currently, many methods in assessing heart function are
considered to be inaccurate, leading to misguidance in therapy and possible premature termination [27].2D-
STE has emerged as having the highest sensitivity in detecting early LV changes associated with future
dysfunction [28, 29, 30]. The measurement of Dst can contribute to the clinician’s predictive capabilities
and clinical picture of the cancer patients’ heart functioning.

To our knowledge, our study is the first to report the evaluation of Dst. Moreover, data evaluating diastolic
strain and its association with systolic dysfunction among cancer patients are limited [20].

Our study has several limitations. First, it was a single center study, however, its strength is the prospective
nature following a homogenous population and the unity of all echocardiography performed by the same
vendor, technician and interpreting cardiologist. Second, the relatively short period of follow up did not
allow us to assess development of LVEF reduction, cardiac morbidity and all-cause mortality. Finally,
having many comparisons may increase the chances of having a statistically significant result by chance.
However, a physiologic mechanism and consistency in the results make this new method of cardiac function
estimation very promising as being another tool in a cardiologist arsenal for risk estimation. A larger cohort
with a longer echocardiography follow-up is planned and will allow us to determine the impact of Ds change
on the development of LV dysfunction and symptomatic heart failure.

Using a novel measurement method of Dst yielded significant findings. A high correlation was found between
the routine diastolic parameters and Dst. Moreover, a relative prolongation of Ds basal time acted as a
significant independent early predictor for clinically significant systolic dysfunction as measured by GLS
reduction. Future studies are needed in order to strengthen the validity of this new measurement and
assessing whether this early marker may play a role in introducing cardio-protective regimens in order to
prevent LV dysfunction.
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Figure 1 legend: Measurement of Diastolic strain time (ms).
A figure that shows how Diastolic strain time (ms) was calculated.

Figure 2 legend: ROC curves for change in Basal Diastolic time alone and as part of the multivariate
model for prediction of significant global longitudinal strain (GLS) decrease.

A graph showing ROC curves for predicting significant GLS change between the third and first echo using
(green) Basal diastolic time (Dst) change alone with an AUC of 0.726, 95% CI [0.515, 0.937] and (blue)
using the entire Multivariate model with an AUC of 0.950, 95%CI [0.888, 1], p value for differences between
AUCs: 0.0

AUC of the ROC for Basal Dst change alone showed statistically significant, although modest comparing
to the entire model, supporting that other parts of the model show a different aspect of GLS reduction
prediction.

Abbreviations : AUC, area under curve; CI, confidence interval; GLS, global longitudinal strain; ROC,
receiver operating characteristic;



Figure 1: Measurement of Diastolic strain time (ms)

Figure legend: A figure that shows how Diastolic strain time (ms) was calculated.



Figure 2: ROC curves for change in Basal Diastolic time alone and as part of the multivariate model for

prediction of significant global longitudinal strain (GLS) decrease
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Figure legend: A graph showing ROC curves for predicting significant GLS change between the third and first echo
using (green) Basal diastolic time (Dst) change alone with an AUC of 0.726, 95% CI [0.515, 0.937] and (blue)
using the entire Multivariate model with an AUC of 0.950, 95%ClI [0.888, 1], p value for differences between
AUCs: 0.0

AUC of the ROC for Basal Dst change alone showed statistically significant, although modest comparing to the

entire model, supporting that other parts of the model show a different aspect of GLS reduction prediction.



