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Abstract
Global Longitudinal Strain (GLS) is a useful tool to follow-up heart transplant (HT) recipients. Important
inter-vendor variability of GLS measurements has been reported in healthy subjects and different
conditions, but there is still limited evidence among HT patients. We assessed the reliability and validity
of GLS using two vendors (General Electric and Philips) in a group of consecutive and stable adult HT
recipients. Patients underwent two concurrent GLS analyses during their echocardiographic follow-up. We
evaluated GLS inter-vendor reliability using Bland-Altman’s limits of agreement (LOA) plots, computing its
coverage probability (CP) and the intraclass correlation coe�cient (ICC). Validity was assessed though
receiver operating characteristics (ROC) curves, predictive values, sensitivity and speci�city of GLS for
each vendor to detect a normal left ventricle function. 78 pairs of GLS studies in 53 stable HT patients
were analyzed. We observed a modest inter-vendor reliability with a broad LOA (less than 50% of values
falling out our CP of 2% and an ICC of 0.49). ROC analyses (areas under the curve of 0.824 Vs. 0.631,
p<0.05) and diagnosis test indices (Sensitivity of 0.73 Vs. 0.64; and Speci�city of 0.79 Vs. 0.50) favored
GE over Philips. Inter-vendor variability for GLS analysis exceeded clinically acceptable limits in HT
recipients. GLS from GE software seemed to show higher validity as compared to Philips’. The present
study provides evidence to consider caution for the interpretation of GLS for clinical management in the
follow-up of HT patients, especially when GLS is measured by different vendors.  

Introduction
Heart Transplant (HT) recipients have special characteristics, including heart denervation,
immunosuppressive therapy, exposure to allograft vasculopathy and cellular rejection, increasing the risk
for myocardial dysfunction [1, 2]. Thus, the identi�cation of early left ventricular dysfunction among HT
patients has important therapeutic and prognostic implications.

Two-dimensional (2D) speckle-tracking echocardiography permits a reliable and comprehensive
assessment of myocardial function. Global Longitudinal Strain (GLS) imaging can detect reduced
myocardial function before any measurable changes in 2D echo parameters, such as left ventricle
ejection fraction (LVEF) among HT patients [3–7] and other cardiovascular conditions[8, 9]. In fact,
different studies and guidelines suggest the use of GLS as a predictor of acute cellular rejection (ACR) in
HT recipients[3, 10–13].

Measuring GLS involves different sources of variability, such as ethnicity, image quality, tracking, operator
experience and vendor choice[14], as demonstrated in healthy volunteers and different patient types [15–
17]. As a result, it is recommend that serial assessment of GLS for individual patients be performed under
the same software plataform[18]. GLS are useful in different conditions such as in�ltrative
myocardiopathies[19], hypertrophic cardiomyopathy[20], cancer treatment related myocardiopathy[21],
and valvular heart disease [22, 23], however inter- vendor GLS are reported in some of these conditions
including cardiac amyloidosis and hypertrophic myocardiopathy (HCM)[24], ischemic
cardiomyopathy[25] and chemotherapy related cardiotoxicity [26]. There is, however, limited data about
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inter-vendor GLS variability measurements in HT patients. Starting on 2005, our institution has performed
over 100 HT. We thus sought to assess between-vendor GLS reliability and validity in a group of HT
recipients using two widely available brands.

Methods
Study sample and population

This study included adult HT recipients in our institution who also attended subsequent their follow-up
visits in our institution. We included consecutive stable adult HT recipients scheduled for a routine
echocardiographic evaluation between November 2018 and April 2019, excluding cases with suboptimal
echocardiographic image quality. Data regarding patient demographics, past medical history and
transplantation procedures were retrieved from our program’s records. The institutional review board at
our institution approved the study protocol, in compliance with the ethical guidelines of the 1975
Declaration of Helsinki. All participants gave a written informed consent.

Two-Dimensional Echocardiography

All patients underwent �rst a comprehensive transthoracic echocardiogram (index echo) as clinically
indicated. Four experienced, Cardiovascular Credentialing International certi�ed sonographers performed
additional echocardiographic. Images were obtained using any of the ultrasound systems from two
vendors: Vivid E9 (General Electric –GE-) and EPIQ 7 or iE33 (Philips). Sequentially, two-dimensional
images required for GLS analysis were obtained by the same sonographer in the second vendor. The
vendors associated with this analysis did not have a role in the design, data collection or interpretation of
this study.

Speckle-tracking Strain Analysis

An experienced observer performed two-dimensional speckle-tracking analysis blinded to clinical data,
using two vendor-speci�c software packages: EchoPAC PC version 110.1.2 (GE) and QLAB versions 10.0
(Philips). GLS was obtained from frame-by-frame tracking of speckle patterns throughout the left
ventricle (LV) myocardium in standard 2D cine loops. For optimal tracking results, we allowed manual
adjustment of the speckle area of interest. GLS measures were done at the time of image acquisition for
each vendor. Poor image acquisition or artifacts were excluded from analysis. We report the absolute
values of GLS in the text, �gures and tables, avoiding negative values of GLS. Any repeated measurement
of GLS within the same patient was blinded to previous analysis (informed consent in each visit was
mandatory).

Statistical Analysis

Data are presented as means ± standard deviation (SD), medians (interquartile range), or absolute
numbers (percentages). Normal distribution assumptions were tested with the Shapiro-Wilk statistic and
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the Kolmogorov-Smirnov test. A two-tailed P value < .05 was assumed as statistically signi�cant in all
comparative analyses.

We evaluated GLS inter-vendor reliability using different methods. First, Bland-Altman plots were
constructed by computing limits of agreement (LOA) ranges (±1.96 standard deviation of the differences
between the 2 imaging modalities). Approximately 95% of the differences are expected to fall within this
range [27], where agreement is proportional to the width of the LOA between the measured values.
Second, we calculated the coverage probability [27, 28], which is the proportion of values within the pre-
speci�ed acceptable paired absolute difference. For GLS, we pre-speci�ed paired absolute difference of
2% as a clinically acceptable boundary. Third, we used the intraclass correlation coe�cient (ICC).

Our validity assessment was based on GLS’s diagnostic performance of each vendor. It started by
generating receiver operating characteristics (ROC) curves, setting a normal LEVF (≥55%) as dependent
variable. We computed vendor-speci�c area under the curve (AUC) in order to identify the cut-off points
with the best diagnostic yield. We obtained sensitivity, speci�city, positive predictive value (PPV), negative
predictive values (NPV), as well as likelihood ratios (LRs) for each vendor.

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version
24.0 (SPSS, Inc, Chicago, IL), Epidat software (version 4.2) and Stata (version 13.0, StataCorp). We report
the above estimates along with their 95% con�dence intervals (95% CI) and considered a P value < .05 as
statistically signi�cant for hypothesis testing.

Results
Clinical and echocardiographic �ndings

We included a total of 78 prospective and consecutive pairs of echocardiographic studies in 53 stable HT
patients. The baseline characteristics of the study participants are presented in Table 1. Patients were
mainly male (84.9%) with a mean age of 51.6 ± 13.9 years. The median follow-up time after HT was 77.9
(IQR: 41.0 – 110.4) months. The more common causes for HT were idiopathic, ischemic and Chagas’
chronic cardiomyopathy. The index echocardiogram showed a mean LVEF of 55.6 ± 7.6% and LV
volumes were within normal limits.

Only 44 (56.4%) studies reported a normal LVEF (≥ 55%). GLS values generated for both Philips and GE
software packages discriminated differences between patients with normal Vs. reduced LVEF (Figure 1,
Table 2). GE’s GLS mean values were numerically, but not statistically lower than Philips’ in the low LVEF
group (12.85 ± 3.7% vs 14.31 ± 4.1%, respectively, p=0.128).

Inter-vendor reliability of GLS

As expected, mean GLS was similar for both vendors (15.41 ± 3.62% and 15.03 ± 3.55% for Philips and
GE, respectively). However, we found broad LOA between vendors, ranging from -6.72% to 7.49%. Only
46.2% of values fell within our pre-de�ned coverage probability of 2%, as highlighted in the Bland-Altman
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Plot of Figure 2. An intraclass correlation coe�cient (ICC) of 0.49 demonstrated only a moderate
reliability. The results of all indices comparing GLS for both vendors are summarized in Table 3. A four-
chamber frame with left ventricle bullseye displaying segmental peak strain and GLS values as well as
the corresponding polar map for each vendor for two different patients (agreement and disagreement)
are presented in Figure 3.

Validity analysis

ROC curves and AUC (Figure 4) showed a better, and statistically signi�cant (p=0.022) performance of
GE’s values, as compared to Philips’. Best GLS cut-off points were 15.4% for GE and 14.7% for Philips,
respectively. GE’s values showed higher sensitivity, speci�city, PPV, NPV, LR+ and a lower LR- (Table 4).

Impact of ACR on GLS

Data about the grade of previous ACR were not available. We conducted an exploratory analysis to
determine the impact of previous ACR events (0, 1 or ≥2) on GLS. Despite a numerically inverse
association between GLS and number of ACR in both providers (GE and Philips), we observed no
signi�cant association (Supplementary Table 1 and Supplementary Figures 1 and 2).

Discussion
Main Findings

In this study, we performed simultaneous echocardiographic assessments for GLS analyses in a group of
stable HT patients, aiming to evaluate inter-vendor GLS reliability and validity. Our �ndings do not support
that data obtained with the two GLS software packages under investigation could be clinically
exchangeable. The inter-vendor LOA were broad (-6.72% to 7.49%), with less than half of measurements
falling into our clinically acceptable boundary of 2% difference. Also, our ICC estimate indicating only a
moderate reliability. Although GLS data from both vendors discriminate LVEF categories, in this study the
GE platform showed a better diagnostic performance, suggesting higher validity for GLS evaluation in HT
recipients. Neither brand identi�ed an association between GLS and the number of previous ACR events.

Variability of GLS among healthy individuals and different clinical conditions

Based on a multicenter international study including more than 2000 individuals [29], the World Alliance
Societies of Echocardiography (WASE) proposed the normal values for GLS (17% to 24% for males and
18 % to 26% for females). Different studies have reported, however, inter-vendor GLS variability in healthy
volunteers. For example, a previous study[30], reported LOA between -3.41 to 1.81 comparing Philips Vs.
GE with an inter-vendor bias of -0.8 and normal mean GLS of 17.88±1.84 and 18.69±1.72, respectively.
Similar results in that study were reported for vendor-independent software (TOMTEC and Epsilon). Other
studies in healthy volunteers showed a wide LOA ranging from -6.0 up to 9.0 [31–33].
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Reports of GLS in patients with different heart diseases have shown similarly concerning results. In
ischemic cardiomyopathy, wide inter-vendor variability have been reported not only for GLS[25, 34], but
also for segmental longitudinal strain and layer-speci�c longitudinal strain [35], even in cancer
patients[26]. Another study including subjects with amyloidosis and hypertrophic myocardiopathy with
simultaneous image acquisitions using GE, Siemens and Philips machines, found global and regional
between-vendors variations in longitudinal strain [24]. As in our study, the Philips software tended to
report higher GLS values, as compared with other brands (GE and VVI) among patients with cardiac
amyloidosis. Although authors of that study did not report their LOA, their Bland-Altman plots showed
wide amplitude of distribution, more evident for the Siemens Vs. Philips plot. We did not include other
vendors in our study, because of our echocardiography lab only uses GE and Philips.

GLS in HT recipients

Although still subject of controversy, studies have shown GLS as an important marker for future LV
dysfunction and ACR after HT [5, 36–38]. Inter-vendor reproducibility in diagnosis performance of ACR
has been reported as low, with inconsistent results (between Siemens and TOMTEC) [6]. Our study did not
speci�cally aim at detecting such association. However, in the exploratory analysis we found an inverse,
but no signi�cant relationship between the number of previous ACR and GLS in any vendor.

Different studies in HT patients[12, 13, 39] reported low GLS values, despite a mean normal LVEF, as we
do in this study. It is known the higher capacity of GLS to detect myocardial deformation in contrast to
LVEF (that shows only LV volumetric changes based on Simpson’s method). However, controversy still
exists on when GLS values are abnormal in some myocardial diseases with thickened walls or small LV
cavity (HCM, amyloidosis) despite a preserved LVEF[9]. The relatively low GLS values we found in HT
recipients would represent normality or be the initial step for myocardial dysfunction.

Guidelines recommend measuring GLS in HT patients as a suitable parameter to diagnose subclinical
allograft dysfunction, and comparing changes occurring during serial evaluations[10]. Our study shows
that mean GLS in HT patients with normal LVEF were within normal limits, and similar for both vendors
(16.27 ± 3.0 for Philips Vs. 16.72 ± 2.3 for GE). As expected, among HT patients with low LVEF, mean GLS
were signi�cantly lower as compared to those with normal LVEF with consistency between the two
vendors assessed (14.31 ± 4.1 for Philips Vs. 12.85 ±3.7 for GE, respectively).

Reliability and Validity of GLS in HT recipients

To our knowledge, this is the �rst study evaluating inter-vendor GLS variability among HT patients. We
found, as previously reported in healthy subjects and patients with different heart diseases, a wide LOA
between vendors. Based on a previous study by Pellikka et al[28], we used a coverage probability as a
threshold for acceptable reliability. We found that less than half of pairs of measures are into 2% of inter-
vendor difference. Although the study of Pellikka et al was done to compare agreement of LVEF between
echo and cardiac magnetic resonance, we extrapolated the concept to GLS. This �nding was consistent
with an ICC of 0.49, demonstrating a moderate inter-vendor agreement. Based on such differences, our
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�ndings suggest that GE’s GLS performs better than Philips’. Also, our results enhance the concept that
GLS have multiple sources of variability that should be considered in clinical management and future
research.

Limitations
Our study has a number of limitations. First, these results are from a single center with a relatively small
sample size. However, we allowed paired, repeated measurements in the same patients over time
increasing our sample for analyses. Second, we only included two vendor-speci�c software packages.
There is, however, a wide spectrum of software (both independent and vendor-speci�c) available now,
with signi�cant differences already reported[30–33]. The two vendors included in our analyses are
heavily used, and available worldwide, making our results applicable to a many echocardiographic
laboratories using the same providers. However, this study has strengths to know: our HT patients were
heterogeneous with a different follow-up time since HT and our echocardiographic studies were
simultaneously obtained to reducing this risk of biases. However, it is possible that not-measured
variables may alter the results presented here.

Conclusion
Our study demonstrates a wide inter-vendor GLS variability with roughly half of the values exceeding a
clinically acceptable limits of agreement among HT recipients in our institution. GLS computed by GE
software seemed to be more associated with clinical characteristics, as compared to Philips in this
population. These data provide evidence to consider caution for the use of different GLS computations
for clinical management and decision making in the follow-up of HT patients. On the light of our results,
we recommend to use the same software platform for GLS analysis in HT recipients. Further studies are
needed to support the results presented in this study.
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Tables
Table 1 Clinical characteristics of patients with Heart Transplantation.
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Characteristics (n=53)  

Age (y) 51.6 ± 13.9

Male 45 (84.9%)

Follow-up, months since HT 77.9 (41.0 – 110.4)

Transplant indication*  

Ischemic cardiomyopathy 16

Idiopathic 15

Chagas disease 11

Myocarditis 3

Toxic 1

Family pattern 1

Arrhythmia 1

Lymphoma 1

Arrhythmogenic cardiomyopathy 1

Ebstein anomaly 1

Non-compacted myocardiopathy 1

Post-partum 1

Comorbidities  

Dyslipidemia 31 (58.5%)

Hypothyroidism 18 (34.0%)

Hypertension 13 (24.5)

Chagas disease 11 (20.8)

Diabetes mellitus 11 (20.8)

Chronic kidney disease 10 (18.9)

Chagas reactivation 8 (15.1)

Thrombophilia 6 (11.3)

Cancer 5 (9.4)

Stroke 5 (9.4)

Epilepsy 3 (5.7)
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ICD 3 (5.7)

Hepatitis B 1 (1.9)

HIV infection 1 (1.9)

Echocardiographic �ndings†  

LVEF (%) 55.6 ± 7.6

LV EDV (mL) 72.2 ± 22.4

LV EDV (mL/m2) 39.9 ± 10.4

LV ESV (mL) 32.9 ± 12.3

LV ESV (ml/m2) 18.1 ± 5.6

EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; LV, left ventricle; HT, heart
transplant; ICD, implantable cardio-de�brillator; HIV, human immunode�ciency virus.

Data are expressed as mean ± SD, median (IQR) or as number (percentage).

*Data are expressed as frequencies.

†Data correspond to index echocardiogram (any of the 2 vendors).

Table 2 GLS values according to LVEF† (≥55% vs <55%) for the two vendors assessed. 

  Philips GE

LVEF ≥ 55%

n =44

LVEF < 55%

n = 34

LVEF ≥ 55%

n =44

LVEF < 55%

n = 34

GLS, mean ± SD 16.27 ± 3.0 14.31 ± 4.1 16.72 ± 2.3 12.85 ±3.7

GLS mean difference* 1.95 (0.35, 3.55) 3.87 (2.50, 5.23)

p value 0.017 <0.001

LVEF, left ventricle ejection fraction; GLS, global longitudinal strain; CI, con�dence interval

*Represented as mean difference and lower and upper limits of 95% CI.

†Data correspond to index echocardiogram (any of the 2 vendors).

 Paired t test for LVEF ≥ 55% vs LVEF < 55% groups.
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Table 3 Variability of GLS values by vendor-speci�c software.

GLS Philips 15.41 ± 3.62

GLS GE 15.03 ± 3.55

Bland-Altman LOA*   -6.72%, 7.49%

Coverage probability†(%), 95% CI 46.2% (34.6, 57.7)

ICC, 95% CI 0.490 (0.302 – 0.463)

ICC, intraclass correlation coe�cient; GLS, global longitudinal strain; LOA, limits of agreement; CI,
con�dence interval

Data are expressed as mean ± SD

*Bland-Altman LOA de�ned by ±1.96 standard deviation of the differences between the 2 imaging
modalities. Approximately 95% of the differences are expected to fall within this range.

†Coverage probability is the proportion of participants who fall within the pre-speci�ed acceptable paired
absolute difference. For GLS, the pre-speci�ed acceptable paired absolute difference was 2 % Data are
reported as a proportion and its 95% CI.

Table 4 Diagnostic performance of GLS values¥ obtained from the two vendors assessed to discriminate
normal LVEF.

  Philips GE

AUC* 0.63 (0.50, 0.76) 0.82 (0.723, 0.93)

Sensitivity 0.64 (0.48, 0.77) 0.73 (0.57, 0.85)

Speci�city 0.50 (0.33, 0.67) 0.79 (0.62, 0.91)

PPV 0.62 (0.47, 0.76) 0.82 (0.66, 0.92)

NPV 0.52 (0.34, 0.69) 0.69 (0.52, 0.82)

LR + 1.27 (0.85, 1.91) 3.53 (1.78, 7.00)

LR - 0.73 (0.43, 1.22) 0.34 (0.21, 0.57)

AUC, area under the curve; CI, con�dence interval; NPV, negative predictive value, LR, likelihood ratio; PPV,
positive predictive value.

¥ Cut-off point of GLS to calculate parameters were 14.7% and 15.4% for Philips and GE, respectively.
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Data are expressed as a parameter value and lower and upper limits of 95% CI.

*p=0.022

Figures

Figure 1

GLS values among patients with normal Vs. low LVEF, for the two vendors assessed.
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Figure 2

Bland-Altman plot showing inter-vendor variability of GLS values. The red dashed lines correspond to
upper and lower LOA. The highlighted zone in blue corresponds to a pre-speci�ed coverage probability of
2%.
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Figure 3

Simultaneous inter-vendor GLS analysis performed in two different HT patients. Panel A shows apical
four-chamber frame and strain analysis a small inter-vendor GLS absolute difference of 0.1%. Conversely,
Panel B shows a wide inter-vendor GLS disagreement (absolute difference of 5,8%).
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Figure 4

ROC curves and AUC of GLS to estimate a normal LVEF for both vendors.
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