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LETTERS TO THE EDITOR
Normal Global Longitudinal Strain
An Individual Patient Meta-Analysis
There is abundant evidence of the prognostic and
diagnostic value of global longitudinal strain (GLS).
However, despite multiple reports, uncertainty per-
sists about the variance in normal GLS. The diffi-
culties in defining the lower limit of normality (LLN)
have provided 1 reason for slow uptake of GLS into
current clinical guidelines. This individual, adult-
patient meta-analysis sought to define the distribu-
tion of normal GLS and LLN.

PubMed, Cochrane, and EMBASE were searched
through August 2018 using the keywords “left
ventricle,” “normal global longitudinal strain,” and
“speckle tracking echocardiography,” including all
relevant synonyms. Relevant results before 2011 were
excluded because papers up until this date had been
previously included in a GLS meta-analysis (1) and
speckle tracking software has significantly evolved.
Studies were included if they included at least 20
healthy (defined as lack of known disease) individuals
>18 years of age, reported speckle tracking-based GLS,
and had contact information available. In the case
where the contacted authors offered unpublished data
that met the original inclusion criteria, this was
included. Variable distributions were assessed using
histograms, and data were presented as median
[25th centile, 75th centile]. Standard linear regression
was used to determine associations of GLS; variables
found to be colinear were removed from the regres-
sion. One-way analysis of variance followed by
pairwise comparison with a Bonferroni correction
was used to compare means between vendors.
The 5th percentile was used to indicate the LLN.
Traditional meta-analysis techniques were used to
define the scope of responder and publication bias.

Of 1,084 PubMed results, 76 abstracts were
reviewed, 56 papers were assessed, and 16 were
included. No additional papers were identified in the
Cochrane or EMBASE reviews. Using a conventional
meta-analysis approach from the 16 included papers,
the mean GLS was 20.7 (standard error ¼ 0.04), with
only minor funnel plot asymmetry, arguing against
significant bias.

Individual data were received from 8 of the 16
eligible papers (2–9), composing 2,396 people of mean
age 42 years (range: 18 to 92 years), weight 66 � 12 kg,
height 169 � 9 cm, body surface area 1.7 � 0.2 m2, and
systolic blood pressure 120 � 13 mm Hg. In the in-
terest of simplicity, GLS was expressed without a
positive or negative number. The normal range for
GLS was 21.0 [19.2, 22.7] but varied significantly with
age (Figure 1). GLS was lower in patients older than
age 60 years when compared with patients younger
than age 60 years (20.0% [18.4, 21.9] vs 21.0% [19.4,
22.9], p < 0.01). GLS <16% was present in 66 people
(2.8%); mean age was 54.3 years.

Normal ranges for GLS vary with common clinical
covariates such as age (Figure 1), weight (b ¼ –0.03,
p < 0.01), systolic blood pressure (b ¼ –0.02, p < 0.01),
and non-General Electric platform. The normal range
for GLS varied between the vendors, with TomTec
presenting the highest values (n ¼ 644; 22.1% [20.1,
23.8] , LLN 18.0%), followed by General Electric
(n ¼ 1,013; 21.%2 [19.9, 22.8], LLN 18.2%), Toshiba
(n ¼ 278; 19.9% [18.3, 21.5], LLN 15.8%), Philips
(n ¼ 379; 19.6% [18.1, 21.3], LLN 15.5%), and Siemens
(n ¼ 82; 16.9% [16.0, 18.8], LLN 14.0%), differences
being statistically significant (1-way analysis of vari-
ance p < 0.01). GLS with TomTec was significantly
higher than all other vendors (p < 0.01 for all 4
comparisons), GE was significantly higher than
Toshiba, Philips, and Siemens (p < 0.01 for all 3
comparisons). Toshiba (p < 0.01) and Philips
(p < 0.01) were significantly higher than Siemens.
Regardless of vendor or clinical covariate, a GLS <16%
likely indicates significant myocardial dysfunction.

This is the first study to reliably define GLS vari-
ance in a normal population and may now support
the routine use of GLS as a clinical decision-making
tool. The current results may be unreliable in older
populations because it is difficult to reliably exclude
all forms of cardiac disease with the screening
investigations used in most of the included studies.
We hope that the reported values may guide the
clinician in detecting myocardial dysfunction.
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FIGURE 1 Variations of GLS in Normal Individuals
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Global Longitudinal Strain by Age Group
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(A) Boxplot for global longitudinal strain (GLS) for multiple age groups. GLS decreases with age. The ranges for each age group are based on a

pooled vendor analysis, and the application of these values in the clinic hence requires clinical judgment. The center bar of the boxplot rep-

resents the median value, the extremities of the box represent the first and third quartile, and the whiskers extend to the furthest data point

within 1.5� the interquartile range from the upper and lower limits of the box. Any value outside of this is classified as an outlier. N¼ number of

patients in each group; mean� standard deviation are indicated in brackets. CI¼ confidence interval. (B)Mean, variance, and upper and lower

limits of the studies included in this meta-analysis.
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Relationship of Anticoagulant Therapies

on Coronary Plaque Progression
A Longitudinal CTA Analysis
Possible antithrombotic effects of anticoagulants in
coronary artery disease (CAD) have been proposed,
with experimental and clinical data indicating a key
role of coagulation factors in the progression of
atherosclerosis. Although vitamin K antagonists
(VKA) have been associated with increased coronary
artery calcification, experimental and clinical data on
the effect of direct oral anticoagulants (DOACs) sug-
gest a beneficial influence (1); therefore, we sought to
evaluate the effect of different oral anticoagulation
agents on the progression of atherosclerosis.

We included consecutive patients between 2006
and 2017 who underwent repeated computed to-
mography angiography (CTA) before left atrial
catheter ablation of atrial fibrillation (AF). All patients
had documented AF (82.0% paroxysmal, 18.0%
persistent), but no history of CAD or relevant
comorbidities (including valvular pathologies more
than mild, reduced ejection fraction more than mild,
chemotherapy, or chest radiation). The patients were
stratified according to their anticoagulation treat-
ment into controls (no anticoagulation or aspirin),
DOAC (all agents), and VKA (time in therapeutic
range $70%). Patients with a change in anti-
coagulation during the observation period or within
6 months before the initial ablation were excluded.

For comparison between the groups, patients were
matched using a near-neighbor propensity score
(caliper 0.2) for age, sex, and major cardiovascular
risk factors (hypercholesterolemia, hypertension,
diabetes, smoking, and positive family history for
CAD). These factors were again compared at follow-
up and showed no significant alterations.

All CT examinations were performed with a stan-
dardized protocol including coronary calcium scoring
(CCS) followed by contrast-enhanced CTA. AF rate
during the scan was 21.7% at baseline and 26.0% at
follow-up without differences between the groups
(p ¼ 0.76 and p ¼ 0.53, respectively). Patients with
any nondiagnostic segments were excluded. Every
segment was analyzed using a dedicated software
(QAngio, Medis Medical Imaging Systems, the
Netherlands) allowing semi-automated quantification
of total plaque volume, stenosis average, plaque
thickness, and lesion length. All measurements were
performed by 2 experienced, independent observers
blinded to patient details.

Of 606 enrolled patients, 161 had repeated CT ex-
aminations (mean time interval between scans 3.2
years, p ¼ 0.12 between groups) and were included in
the analysis. Of these, 61 were control patients, 50
administered DOAC (31 rivaroxaban, 10 dabigatran, 6
apixaban, and 3 edoxaban), and 50 administered
VKA. The final groups were comparable at baseline,
particularly quantitative plaque analysis; therefore,
repeated propensity score matching was not
necessary.

Automated lesion analysis revealed an absolute
plaque burden progression of 66.5 � 136.7 mm3 in
VKA, 27.2 � 73.6 mm3 in controls and an inhibition in
DOAC users with –7.1 � 42.1 mm3 (p < 0.001). This
translates into an annual progression of 23.2 �
47.0 mm3 for patients administered VKA, 12.3 �
4.3 mm3 for control patients, and –4.6 � 22.9 mm3 for
DOAC users (p ¼ 0.003). Average plaque thickness
increased by 0.5 � 0.7 mm for VKA, by 0.2 � 0.7 mm in
controls, and remained equal with 0.0 � 0.34 mm for
DOAC (p < 0.0001) (Figure 1). Maximal stenosis

mailto:tom.marwick@baker.edu.au
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref1
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref1
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref2
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref2
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref2
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref3
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref3
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref3
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref4
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref4
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref5
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref5
http://refhub.elsevier.com/S1936-878X(19)30785-5/sref5
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref6
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref6
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref6
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref7
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref7
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref7
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref8
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref8
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref8
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref9
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref9
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref9
http://refhub.elsevier.com/S1936-878X(19)30734-X/sref9

	Normal Global Longitudinal Strain
	References




