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Abstract

The importance of left ventricular (LV) global longitudinal strain (GLS) is increasingly recognized
in multiple clinical scenarios. However, in patients with poor image quality, strain is difficult or
impossible to measure without contrast enhancement. The feasibility of contrast-enhanced GLS
measurement was recently demonstrated. We sought to determine: (1) whether contrast
enhancement improves the accuracy of GLS measurements against cardiac magnetic resonance
(CMR) reference, (2) their reproducibility compared to non-enhanced GLS, and (3) the
dependence of accuracy and reproducibility on image quality. We prospectively enrolled 25
patients undergoing clinically indicated CMR imaging who subsequently underwent transthoracic
echocardiography (TTE) with and without low-dose contrast injection (1-2 mL Optison/3-5 mL
saline 1V, GE Healthcare). GLS was measured from both non-contrast and contrast-enhanced
images using speckle tracking (Echolnsight, Epsilon Imaging). These measurements were
compared to each other and to CMR reference values obtained using feature tracking
(SuiteHEART, NeoSoft). Inter-technique comparisons included linear regression and Bland—
Altman analyses. A random subgroup of 15 patients was used to assess inter- and intra-observer
variability using intra-class correlation (ICC). Contrast-enhanced GLS was in close agreement
with non-enhanced GLS (r= 0.95; bias: — 0.2 + 1.5%). Both inter-observer (ICC = 0.88 vs. 0.82)
and intra-observer variability (ICC = 0.91 vs. 0.88) were improved by contrast enhancement. The
agreement with CMR was better for contrast-enhanced GLS (7= 0.87; bias: 1.1 + 2.2%) than for
non-enhanced GLS (r= 0.80; bias: 1.3 + 2.7%). In 12/25 patients with suboptimal TTE images
that rendered GLS difficult to measure, contrast-enhanced GLS showed better agreement with
CMR than non-enhanced GLS (r=0.88 vs. 0.83) and also improved inter-observer (ICC = 0.83 vs.
0.76) and intra-observer variability (ICC = 0.88 vs. 0.82). In conclusion, contrast enhancement of
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TTE images improves the accuracy and reproducibility of GLS measurements, resulting in better
agreement with CMR, even in patients with suboptimal acoustic windows. This approach may aid
in the assessment of LV function in this patient population.
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Introduction

Global longitudinal strain (GLS) measured using speckle-tracking echocardiography (STE)
has been shown to be a strong predictor of morbidity and mortality in patients with heart
failure, independent of left ventricular (LV) ejection fraction (EF) [1-7]. It has thus been
incorporated into routine clinical practice and has been endorsed by the ASE and EACVI in
the recent chamber quantification guidelines [8, 9]. GLS has also been shown to be the
optimal parameter of LV deformation for the early detection of subclinical chemotherapy-
related LV dysfunction across a wide variety of cancer types [10]. However, in patients with
poor image quality, strain is difficult or sometimes even impossible to measure without
contrast enhancement. The feasibility of contrast-enhanced GLS measurement was recently
demonstrated in patients with a wide range of GLS values, including those with suboptimal
image quality [11]. Cardiac magnetic resonance (CMR) imaging is the established reference
standard for the quantification of LV size and function. CMR-derived strain measured by
feature tracking has been used as a reference technique in several recent studies [12-20].
However, the availability of CMR is limited, and until recently, no commercial STE software
has been able to measure strain from contrast-enhanced echocardiographic images.

In this study, we sought to determine whether contrast enhancement would improve the
accuracy of GLS measurements compared to non-enhanced GLS measurements, using CMR
imaging as a reference. Additionally, we aimed to assess the reproducibility of contrast-
enhanced compared to non-enhanced GLS measurements, as well as the dependence of
accuracy and reproducibility on image quality.

Methods

Population and study design

We prospectively enrolled 25 patients undergoing clinically indicated CMR imaging. The
indications for CMR in our study population were as follows: 14 patients were referred to
assess etiology of non-ischemic cardiomyopathy, 6 patients were post-transplant patients
referred for surveillance, 3 patients were referred to assess for viability in the setting of
ischemic cardiomyopathy, and 2 patients were oncology patients receiving active
chemotherapy that were referred to rule out cardiotoxicity. The baseline characteristics of
these 25 study patients are listed in Table 1. Each patient subsequently underwent TTE
imaging both with and without injection of contrast as soon as possible following the CMR,
in the majority of cases (20/25 patients) within 24 h of CMR imaging. GLS was measured
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from both non-contrast and contrast-enhanced images using echocardiographic speckle
tracking technique. These measurements were compared to each other and to reference
strain values obtained using CMR feature tracking. Exclusion criteria were: congenital heart
disease, arrhythmia during image acquisition, and presence of pacemaker or defibrillator
leads. The study was approved by the Institutional Review Board, and informed written
consent was obtained from each patient.

Echocardiographic imaging and strain measurement

Transthoracic echocardiographic imaging was performed in the apical position and 2-, 3-,
and 4-chamber LV-focused views were obtained with the patient in the left lateral decubitus
position (IE33 or EPIQ systems, Philips Healthcare, Andover, MA) with an X5-1
transducer. Before each acquisition, images were optimized for endocardial visualization by
adjusting the gain, compress, and time-gain compensation controls. The same operator
acquired images both with and without contrast. Acquisition settings for contrast-enhanced
imaging included: (1) approximately half of the manufacturer-recommended dose of a
commercial contrast agent (Optison by GE Healthcare Chicago, IL; 1-2 mL diluted in 3-5
mL saline), used to provide partial contrast enhancement with lower bubble density than that
typically used for LV opacification, resulting in some degree of visible swirling; (2) higher
than usual mechanical indices (0.6-0.7); (3) focus set at the level of the mitral valve annulus
to facilitate accurate tracking of the speckles in the far field; and (4) lowest frequency range
for maximal penetration.

Images were stored digitally and used for offline analysis. Both contrast-enhanced and non-
enhanced echocardiographic images were analyzed using speckle tracking software to
measure GLS (Echolnsight, Epsilon Imaging, Ann Arbor, MI). LV boundaries were
manually identified at end-diastole and automatically tracked throughout the cardiac cycle
by the speckle tracking software. For both contrast-enhanced and non-enhanced images,
manual corrections were performed as needed to optimize boundary tracking throughout the
cardiac cycle.

CMR imaging and strain measurement

CMR imaging was performed on a 1.5 T scanner (Philips; Best, Netherlands) with a five-
channel cardiac coil. A steady-state free-precision (SSFP) pulse sequence was used to obtain
cine loops, during approximately 5 s breath holds (repetition time 2.9 ms, echo time 1.5 ms,
flip angle 60°, and temporal resolution = 30-40 ms). Images were analyzed using
commercial software (SuiteHeart, NeoSoft; Pewaukee, WI) with feature tracking technology
to measure GLS from the 2-, 3-, and 4-chamber cine imaging planes. Similar to the
echocardiographic analysis, LV boundaries were identified at end-diastole and end-systole
and automatically tracked throughout the cardiac cycle. Manual tracings were adjusted as
needed to optimize boundary tracking throughout the cardiac cycle.

Statistical analyses

Contrast-enhanced and non-enhanced echocardiographic GLS measurements were compared
to one another and to CMR feature tracking-derived GLS. Inter-technique comparisons
included linear regression with Pearson correlation coefficients. In addition, Bland—Altman
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analyses were performed to assess the bias and limits of agreement for each comparison.
Continuous variables are reported as means and standard deviations, categorical variables
are reported as absolute numbers and percentages.

Reproducibility assessment

The reproducibility of both contrast-enhanced and non-enhanced echocardiographic GLS
measurements was tested using repeated measurements in 15 patients randomly selected
from the study group. To determine inter-observer variability, repeated measurements were
performed on the same image loops by two independent investigators blinded to all prior
measurements, and subsequently compared to one another. To determine intra-observer
variability, images were re-analyzed 3 months later by the same investigator, also blinded to
all prior measurements. Inter- and intra-observer variability were quantified by calculating
intraclass correlation coefficients (ICCs).

Sub-group analysis: suboptimal acoustic windows

Results

All of the aforementioned analyses were repeated in a subset of patients with suboptimal
acoustic windows on TTE, defined as poor endocardial border visualization in at least two
LV segments (12/25 patients), in order to determine the dependence of accuracy and
reproducibility on image quality.

None of the study patients experienced adverse reactions to the ultrasound contrast agent.
Examples of GLS measurements obtained from non-enhanced TTE, contrast-enhanced TTE,
and CMR in a patient with suboptimal acoustic windows are shown in Figs. 1, 2, 3. The
mean GLS values obtained from contrast-enhanced TTE, non-enhanced TTE, and CMR
were 13.1 £ 4.7%, 13.2 + 4.3%, and 12.4 £ 4.5%, respectively.

Contrast-enhanced echocardiographic GLS measurements were in close agreement with
non-enhanced echocardiographic GLS measurements (r= 0.95; bias: — 0.2 £ 1.5%). Inter-
and intra-observer variability of contrast-enhanced GLS was better than for non-enhanced
GLS (Table 2).

CMR-derived GLS measurement using feature tracking was unsuccessful in 3/25 study
patients. In the remaining 22 patients, the agreement between contrast-enhanced GLS and
CMR-derived strain (r=0.87; bias: 1.1 + 2.2%) was better than for non-enhanced GLS (r=
0.80; bias: 1.3 + 2.7%) (Fig. 4).

Similar to the entire study group, a sub-group analysis of 12/25 patients with suboptimal
acoustic windows showed that contrast-enhanced GLS was in better agreement with CMR
than non-enhanced GLS (r=0.88; bias: 1.4 + 2.4% vs. r=0.83; bias: 1.6 + 3.1%), and also
more reproducible, as reflected by better inter- and intra-observer variability (Table 2).
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Discussion

The results of this study demonstrated for the first time that contrast enhancement improves
the accuracy of GLS measurements using echocardiographic speckle tracking when
compared to CMR reference, and also improves the reproducibility of these measurements.
We also found that these findings hold across the spectrum of image quality and,
importantly, apply equally to patients with poor acoustic windows, in whom speckle tracking
is difficult to use without contrast enhancement.

In the United States, an estimated 15% of echocardiography studies have poor image quality,
and contrast agents are recommended for better visualization of endocardial borders for the
purpose of wall motion assessment and to allow the quantification of LV volumes and EF.
Although it is possible to measure GLS in a subset of patients with suboptimal image quality
[21], in many patients with poor image quality, GLS measurements are not possible,
resulting in a diagnostic disadvantage, which may affect clinical management.

This study was designed to determine whether contrast enhancement with low-dose contrast
injection improves the accuracy of GLS measurements compared to non-enhanced GLS
measurements, using CMR as the gold standard reference. In addition, we sought to assess
the inter- and intra-observer reproducibility of contrast-enhanced GLS measurements
compared to non-enhanced GLS measurements. We also analyzed a sub-group of patients
with suboptimal acoustic windows on echocardiography, to assess the accuracy and
reproducibility of contrast-enhanced GLS in this patient population.

We found that contrast-enhanced GLS measurements were in close agreement with non-
enhanced GLS measurements, and that both inter- and intra-observer variability were
improved by contrast-enhanced GLS compared to non-enhanced GLS. The agreement
between contrast-enhanced GLS and CMR was better than for non-enhanced GLS. All of
the above results extended to the sub-group with suboptimal acoustic windows on
echocardiography.

Previous studies that have used the full manufacturer-recommended dose of contrast for
complete LV opacification showed a significant amount of variability in global and regional
strain measurements between contrast and non-contrast images, raising questions about the
reliability of this methodology for strain analysis [22, 23]. A recent study conducted by our
group aimed to identify optimal contrast administration settings for strain analysis, and
found that the combination of a higher mechanical index with the partial opacification of the
LV cavity resulting in a certain degree of swirling, rather than a homogeneously opacified
LV cavity, was found to provide better conditions for contrast-enhanced GLS analysis [11].
We thus used approximately half of the manufacturer-recommended dose of the contrast
agent (1-2 mL diluted in 3-5 mL saline) to achieve this swirling effect.

While there is a large body of literature demonstrating the safety of ultrasound enhancing
agents, adverse events have been reported and are usually minor and self-limiting, including
headache, nausea, altered sense of taste, dry mouth, and back pain. Intolerance to some
components of contrast agents can occur and manifest as urticaria, pruritus, or rash.
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Generalized allergic or anaphylactic reactions are rare (approximately 1 in 10,000) [24]. No
adverse events were noted in our study patients.

One advantage of this study compared to previous studies is that the current study used a
combination of apical four, three, and two-chamber views to calculate GLS, resulting in a
more robust and accurate GLS measurement. Previous feasibility studies calculated GLS
using only the apical four-chamber view [11], which may have resulted in less accurate GLS
measurements. The methodology used to calculate GLS in our study may also explain the
greater degree of reproducibility of GLS compared to previous studies.

One limitation of our study is the small sample size. Our study was designed to test whether
contrast-enhanced GLS with one commercial contrast agent can be used as an accurate and
reproducible measure of LV function. Based on our study’s positive findings, larger studies
are needed to test the generalizability of our results using other contrast agents.

In addition, CMR-derived GLS measurement using feature tracking was unsuccessful in
3/25 of our study patients, despite attempted manual corrections to optimize boundary
tracking. This was due to the performance of the MRI software used in this study and is
unlikely to have had a significant effect on our findings.

Conclusions

This study demonstrated that in a small group of patients with a diverse range of clinical
diagnoses, GLS measured from contrast-enhanced TTE was more accurate and reproducible
than GLS obtained from non-enhanced images when compared to the CMR reference
standard, even in those patients with suboptimal acoustic windows. These results suggest
that the routine use of echocardiographic contrast should be considered when measuring
GLS in patients with limited echocardiographic windows, who may otherwise be
diagnostically disadvantaged.
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Fig. 1.
Non-enhanced echocardiographic GLS measured using speckle tracking software from

apical four- (top middle), two- (bottom left), and three-chamber windows (bottom right). See
text for details
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Fig. 2.
Contrast-enhanced echocardiographic GLS measured using speckle tracking software from

apical four- (top middle), two- (bottom left), and three-chamber windows (bottom right). See
text for details
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Fig. 3.
CMR-derived GLS measured using feature tracking software from two-, three-, and four-

chamber cine stacks. See text for details
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Fig. 4.
Results of linear regression (top) and Bland—-Altman (bottom) analyses comparing

echocardiographic measurements of global longitudinal strain obtained from non-enhanced
(left) and contrast-enhanced (right) images against CMR reference values
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Table 1

Baseline characteristics of the study population (N = 25)

Age (years)
Gender (male %)

BSA (m?)

47 £ 17
48
20+03

Coronary artery disease (%) 24

Hypertension (%)

Diabetes mellitus (%)

76
8.0

Dilated cardiomyopathy (%) 64

Chronic kidney disease (%) 16

Ejection fraction (%)

43 +£17
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Table 2

Inter- and intra-observer variability of echocardiographic measurements of global longitudinal strain with and
without contrast enhancement

Randomly selected subgroup of patients (N = 15)  Patients with suboptimal acoustic windows (N = 12)

Contrast-enhanced GLS  Non-enhanced GLS  Contrast-enhanced GLS Non-enhanced GLS

Inter-observer variability 0.88 0.82 0.83 0.76
(ICC)
Intra-observer variability 0.91 0.88 0.88 0.82
(ICC)
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