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Abstract

Background: Feature Tracking software offers measurements of myocardial strain, velocities and displacement from
cine cardiovascular magnetic resonance (CMR) images. We used it to record deformation parameters in healthy
adults and compared values to those obtained by tagging.

Methods: We used TomTec 2D Cardiac Performance Analysis software to derive global, regional and segmental
myocardial deformation parameters in 145 healthy volunteers who had steady state free precession (SSFP) cine left
ventricular short (basal, mid and apical levels) and long axis views (horizontal long axis, vertical long axis and left
ventricular out flow tract) obtained on a 1.5 T Siemens Sonata scanner. 20 subjects also had tagged acquisitions
and we compared global and regional deformation values obtained from these with those from Feature Tracking.

Results: For globally averaged measurements of strain, only those measured circumferentially in short axis slices
showed reasonably good levels of agreement between FT and tagging (limits of agreement —0.06 to 0.04).
Longitudinal strain showed wide limits of agreement (—0.16 to 0.03) with evidence of overestimation of strain by
FT relative to tagging as the mean of both measures increased. Radial strain was systematically overestimated by
FT relative to tagging with very wide limits of agreement extending to as much as 100% of the mean value

(—0.01 to 0.23). Reproducibility showed similar relative trends with acceptable global inter-observer variability for
circumferential measures (coefficient of variation 4.9%) but poor reproducibility in the radial direction (coefficient of
variation 32.3%). Ranges for deformation parameters varied between basal, mid and apical LV levels with higher
levels at base compared to apex, and between genders by both FT and tagging.
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segmental level.

Myocardial velocity

Conclusions: FT measurements of circumferential but not longitudinally or radially directed global strain showed

reasonable agreement with tagging and acceptable inter-observer reproducibility. We record provisional ranges of
FT deformation parameters at global, regional and segmental levels. They show evidence of variation with gender
and myocardial region in the volunteers studied, but have yet to be compared with tagging measurements at the
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Background

Left ventricular myocardial systolic strain and defor-
mation parameters alter early in disease pathogenesis
[1,2] and vary with cardiac pathologies [3,4]. These
parameters can be measured with cardiovascular mag-
netic resonance (CMR) using a ‘tagging’ technique, in
which magnetization saturation bands in a grid format
are placed onto the myocardium at the start of the car-
diac cycle. Image processing is then often performed
using harmonic phase (HARP) imaging [5]. However,
this can be difficult as tagged images have lower tem-
poral resolution and the tag overlay fades through the
cardiac cycle. A new software system, ‘Feature Tracking’
(2D Cardiac Performance Analysis, Tom Tec, Germany)
aims to measure left ventricular deformation directly
from SSFP cine CMR images, without the need for spe-
cialised tagged images. The software tracks features,
such as the apparent cavity boundary or tissue patterns,
related to the endocardial contour. The movement of
features from frame-to-frame are used to quantify myo-
cardial deformation over the cardiac cycle.

Feature Tracking has been used to quantify myocar-
dial strain at a global level and within individual short
axis slices in several studies [6-8]. However, clinical
scenarios such as stress imaging or dyssynchrony evalu-
ation need to measure strain regionally or even at a
segmental level, and determine whether measured de-
formation parameters differ from normal values. We
performed Feature Tracking analysis on cine CMR
images obtained in a large number of normal subjects
that gave outputs for deformation parameters including,
strain, displacement, velocity and twist at a regional
and segmental level. We evaluated reproducibility of
selected outputs and assessed whether they showed
variation according to myocardial region or between
genders. Finally we compared values to those obtained
by traditional tagging techniques.

Methods

Study population

The CMR images from one hundred and forty five
healthy volunteers, recruited by advertisement as con-
trols for research studies over a two year period, were

analysed. None of the subjects had documented cardio-
vascular risk factors, cardiac disease or other medical
problems relevant to cardiac function. All subjects had
undergone the same non-contrast, left ventricular, SSFP
CMR acquisition protocol on a Siemens 1.5 T Sonata
scanner. Anthropometric measurements (height and
weight), blood pressure and fasting blood tests (lipid
profiles and glucose) had been obtained at the time of
the CMR scan. The research studies were approved by
the local ethics committee and informed consent for
participation obtained from all subjects.

Image acquisition

Cardiac magnetic resonance imaging

All images were recorded at 1.5 T with a 16 channel re-
ceiver coil without the use of contrast following the
same standardisation protocol for all acquisitions.
Image acquisition was prospectively electrocardiogram
(ECG) gated with a precordial three lead ECG and
acquired during end-expiratory breath holding. SSEP
cine sequences were used to acquire localisation images
followed by a SSFP ventricular short axis stack to ob-
tain coverage of the entire left ventricle (LV) and hori-
zontal long axis (HLA), vertical long axis (VLA) and
left ventricular outflow tract views (LVOT) cine in 1 cm
slices. Image acquisition parameters were echo time
(TE) of 1.5 ms, a repetition time (TR) of 3.0 ms, tem-
poral resolution 39.0 +2.8 ms and a flip angle of 60°,
field of view 360 mm, slice thickness 8 mm, acquisition
window 800 msec. In 20 subjects, a gradient echo-
based tagging pulse sequence had also been performed
in the long axis (horizontal long axis, vertical long axis
and 3 chamber view) and in the basal, mid ventricular
and apical short axis slices with a segmented K-space,
multi-shot sequence (repetition time 25 ms, echo time
7.4 ms and flip angle 25°). Slice positions were chosen
from the images obtained for the left ventricular short
axis SSFP stack. The nearest slice to the base in which a
complete circle of myocardium was visible throughout
the cardiac cycle was selected as the basal slice. The
mid-ventricular and apical slices were then selected
with sequential 2 cm gaps towards to the apex [9].
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Image processing

Feature tracking analysis

2D Cardiac Performance Analysis Software (TomTec,
Germany) was used to obtain strain quantification directly
from cine images. The same experienced operator per-
formed all measures following a standard protocol taught
by the software manufacturer. In 12 subjects measures
were repeated after an interval of 3 weeks by both this
observer and a second experienced observer to assess inter
and intra-observer agreement for measures. Following
uploading of the image, the brightness is optimised to
ensure optimal endocardial / blood pool discrimination.
Points are placed along the endocardial border (for deter-
mination of longitudinal and circumferential deformation
parameters) and both the epicardial and endocardial bor-
ders (for determination of the radial deformation para-
meters). The software then takes an endocardial border
line through the marked points and searches for the most
closely matching features along its length in subsequent
frames. In a proportion of subjects it was visually apparent
the software failed to track myocardial motion in certain
segments. Poor tracking was considered to be present
when the movement of the points along a portion of the
border deviated from the movement of the apparent endo-
cardial border by more than 50% of the myocardial width.
A record was kept of which segments failed to track and
these segments excluded from subsequent analysis. Longi-
tudinal strain, strain rates, velocities and displacement were
obtained from the long axis views. Circumferential and ra-
dial strain, strain rates, velocities as well as basal and apical
rotation and rotation rates were measured from the short
axis SSFP views. Short axis slice position was selected in
the same way as for tagging image acquisition and, there-
fore, corresponding slices were used in those who had both
sets of measures. Values were recorded at a segmental, re-
gional level (basal, mid and apical) and global level.

Cardiovascular magnetic resonance tagging

In those subjects who had also undergone tagging stu-
dies semi-automated analysis of the tagged cine images
was performed using CIM software (CIMTag2D v.7,
Auckland MRI Research Group, New Zealand). A grid
was aligned automatically to the myocardial tagging
planes at end diastole. End systole is determined visually,
and tags are adjusted at each frame through the cardiac
cycle. Circumferential, longitudinal and radial myocar-
dial strains and strain rates were calculated by the soft-
ware from the motion of the intersected tag lines. Global
values were recorded. Regional values were calculated at
basal, mid and apical levels.

Statistical analysis
Summary variables for subject characteristics and nor-
mal ranges of deformation parameters are presented as
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mean * standard deviation (SD). Inter and intra observer
variability was assessed using the coefficient of variation
(CV). Comparison of demographic, clinical and myocar-
dial deformation data between genders was performed
by paired Student t test for normally distributed vari-
ables and Wilcoxonian test for non-normally distributed
variables. Distribution of the variables was assessed using
the Kolomogrov Smirnov test. Comparisons of myocardial
deformation parameters between myocardial regions was
performed by ANOVA with a repeated measure design
using a Greenhouse-Geisser correction followed by paired
Student t-test to define the differences. Comparison of
feature tracking derived values with tagging results was
assessed using Bland Altman [10] analysis. Initially the
presence of proportional bias was assessed by performing
linear regression. If the slope of the regression differed sig-
nificantly from zero then the data was log transformed
prior to performing the Bland Altman analysis to obtain
the bias and limits of agreement which were then back
transformed to give representative results.

Results

Study population and strain analysis

Baseline characteristics of the 145 subjects in the study
cohort are recorded in Table 1. All subjects had analy-
sable scans and of the 5200 segments assessed only 520
could not be tracked adequately by the software (10%).
This was predominantly a problem with the segmental
analysis of radially and longitudinally directed deforma-
tions, affecting 291 and 211 segments, respectively. Only
18 segments were considered unsuitable for analysis of
circumferential strain. Inter and intra-observer agree-
ments for Feature Tracking analysis are shown in Table 2.
For global and regional strain measurements, the best
observer agreement tended to be with circumferential
strain at both global (CV 2.8-4.9%) and regional (CV
range between 3.2% and 9.2%) levels with the poorest

Table 1 Baseline characteristics

Characteristic Overall
Male (Total number) 54
Female (Total number) 91
Age (Years) 207+76
Weight (kg) 70.7£136
Height (cm) 171.2£9.1
Body mass index 241 +44
Fasting total cholesterol (mmol/I) 45+1.1
Fasting glucose (mmol/l) 48+05
Systolic blood pressure (mmHg) 1163+119
Diastolic blood pressure (mmHg). 706+82
Heart rate (beats/min) 669+93

Data are presented as mean + SD. KG, kilograms; CM, centimetres; mmol/I,
millimoles/litre; mmHg, millimeters of mercury; min, minute.
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Table 2 Feature Tracking, interobserver and intraobserver coefficient of variation
Global Basal Mid Apical
FT FT FT FT FT FT FT FT
Interobserver Intraobserver Interobserver Intraobserver Interobserver Intraobserver Interobserver Intraobserver
agreement agreement agreement agreement agreement agreement agreement agreement
Longitudinal Strain 109 12.3 10.8 17.7 17.5 17.7 313 42.7
Longitudinal Strain 16.2 16.0 343 19.2 21.1 17.8 256 232
Rate
Radial Strain 323 229 135 485 26.3 14.8 29.1 239
Radial Strain Rate 14.9 15.6 15.8 14.1 27.2 1.3 313 302
Circumferential 49 28 32 6.0 45 6.4 9.2 6.0
Strain
Circumferential 79 6.3 159 6.3 6.9 183 173 9.1
Strain rate
Longitudinal 132 222 24.3 233 337 322 65.5 312
Velocity
Longitudinal 186 318 256 18.1 372 349 439 756
Displacement
Radial Velocity 24 6.2 52 5.1 50 4.5 6.2 73
Radial 27 43 7.5 43 6.4 45 7.5 57

Displacement

CMR indicates cardiac magnetic resonance; FT, feature tracking.

agreement for radial strain (global CV 22.9-32.3%;
regional CVs range from 13.5 to 48.5%). Regional repro-
ducibility was best at the mid and basal ventricular levels
(with an inter-observer CV for mid circumferential
strain of 4.5%) and worst at the apex.

Global and regional feature tracking strain deformation
values

Ranges for deformation parameters derived by Feature
Tracking at a global and regional level are shown in
Table 3. The results at the segmental level are shown
in Table 4. Interestingly, all longitudinal, circumferen-
tial and radial parameters were higher at the basal
compared to the apical level (p<0.05) although the
magnitude of difference for circumferential strain did
not meet significance (p =0.09). Absolute rotation and
rotation rate were also higher at the base compared
with the apex (p<0.05). Table 5 presents recorded
values for global deformation parameters by gender
with groups matched to ensure similar age distribu-
tions. There were no significant differences between
genders in circumferential strain or strain rate. How-
ever, longitudinal strain values were higher in females,
whereas, radial values were higher in males for strain
(0.23+0.04 vs. 0.22+0.06, p=0.02), strain rate (1.16 +
0.17 s vs. 1.13+049 s, p=0.03), velocities (2.60 +
029 cm/s vs. 229+0.28, p<0.001) and displacement
(5.24 £ 0.60 vs. 4.76 £ 0.69, p < 0.001).

Feature tracking and tagging comparison
Analysis of a complete data set using Feature Tracking
was quicker than by tagging (8.8 + 4.7 minutes vs. 15.4 +

4.9 minutes, p <0.05). The plots of Figure 1 show evi-
dence of differences between the Feature Tracking and
tagging methods of strain measurement, particularly for
measurements of longitudinal and radial strain. Compa-
ring the longitudinal measures of strain, about half of
the points showed >25% differences of global values,
greater deformation being associated with greater over-
estimation of the negative strain by FT relative to tag-
ging. Comparing radial measures of strain, more than
half of the points showed between 50 and 100% diffe-
rences, with all points except one showing overesti-
mation of strain by FT relative to tagging, and a trend
suggestive of greater overestimation when there is
greater strain.

Absolute values for tagging derived strain for each
gender are presented in Table 5. The different patterns
in regional strain between genders was similar to those
described for Feature Tracking. However, absolute values
of reported strain differed, in particular for radial strain
in females. This is demonstrated in the Bland Altman
analysis which is presented in Table 6 for both global
and regional parameters. For global strain parameters
the narrowest limits of agreement were seen for circum-
ferential strain (-0.06 to 0.04) with a systematic bias in
radial strain and wide limits of agreement (-0.01 to
0.23). A similar pattern was seen when comparing strain
rates estimated by feature tracking and those by tagging
with the lowest bias and narrowest limits of agreement
being seen with circumferential strain rate (-0.21 s,
-0.53 to 0.11) and the poorest agreement with radial
strain rate (0.26 s, -0.34 to 0.86). Larger biases and lim-
its of agreement were seen when comparing feature



Table 3 Values for systolic deformation parameters obtained using feature tracking for global and slice values in the volunteers studied (basal, mid, apical)

Longitudinal Radial Circumferential Rotation  Rotation rate Torsion
N " N " - - " " - X (deg) (deg/s) (deg)
Level Strain Strain rate  Velocity = Displacement Strain Strain rate  Velocity  Displacement Strain Strain rate
s (cm/s) (cm) (s (cm/s) (cm) s

Global —-0.19+0.03 -1.08+024 260+055 504£1.14 025£006 125+04  25+036 51+£.073 -021+£003 121+0.18 N/A N/A 1552+755
Basal -021+£005 -121+£036 338+072 6.61+183 026+008 123+039 284+053 6.02+1.08 —022+004 -133+£028 -844+606 —59.79+3344 N/A

Mid ~ -019+£004 -108+027 265+069 637+1015 024+008 125+£036 248+041 489+082 -0.18+003 -1.05+.018 N/A N/A N/A
Apical  -0.16+005 -098+034 17+074 274+1.15 023+009 1.18+043 219+041 438+082 -021+038 -126+025 736+538 5290+2878 N/A

Data are presented as mean £ SD. s, seconds; cm, centimetres; deg, degrees; N/A, not applicable.
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Table 4 Segmental values for systolic deformation parameters obtained using feature tracking in the volunteers studied

Longitudinal Radial Circumferential
Level Strain Strain rate (s') Vel (cm/s) Displacement (cm) Strain Strain rate (s') Vel (cm/s) Displacement (cm) Strain Strain rate (s™)
Basal
Anterior -0.21+0.10 —-1.08+0.88 413+£183 8.15+454 039+0.21 1.73+081 3124099 6.69 +2.08 —0.22 £0.08 -1.06+277
Lateral —-020+0.11 -161+382 329+ 155 585+3.25 035+0.17 193+0.35 288+ 0.75 589+ 1.70 -026+0.10 -159+069
Posterior —024+0.11 -149+0.69 3.72+1.75 7.01+3.00 026+0.14 1.18+0.56 3.01+£0.81 624 +1.69 -0.23+0.08 -141+£058
Inferior -0.16 £ 0.09 -087+058 264+ 1.15 516+ 286 0.17+£0.11 093 +049 3.03+09 6.51+191 -0.20+0.09 —-121+057
Septum —0.15+0.08 -1.08+059 355+1.73 586+ 331 0.12+0.08 081049 2384075 504+157 —0.22 £0.09 -1.26+062
Anterior Septum —024+0.12 -15+£077 329+181 730+ 3.89 022+0.12 1.13+£0.69 26+08 567 +1.65 -020+0.07 -120+057
Mid
Anterior —0.23+0.08 -121+061 336+1.72 6.05+3.17 033+£0.18 161+£0.74 245+0.58 492+1.15 -0.18+£0.06 —1.05+0.38
Lateral —0.22+0.11 -136+0.74 298+1.58 417+29 032+0.14 169+08 26+056 505+1.12 —0.19+0.06 —1.09+045
Posterior —0.18 +0.09 -1.14+067 2594133 468+258 026+0.13 1.25+05 256 +0.65 495+13 —0.18 £0.06 -1.10+037
Inferior —-0.13+0.07 -0.73+042 264+1.15 486+ 258 0.16 £0.09 089+ 044 250+ 0.60 49+1.22 -0.17+0.06 -1.05+037
Septum —-0.15+0.08 —-091+051 297+157 414+226 0.13+£0.08 085+ 046 238106 467 €122 -0.18+£0.06 -1.04+037
Anterior Septum —-0.19+0.12 -1.22+083 249+137 4.79+2.1 022+013 125+ 064 241+£0.59 483+1.14 -0.17+0.06 —0.93+0.38
Apical
Anterior -0.18 +0.07 -1.11+060 149+0.77 266+ 139 029+0.14 1424061 209+ 051 420+098 —0.20+0.05 -1.12+034
Lateral —-0.13+0.07 -083+043 3.07+233 237+203 024+0.14 128 +£0.60 227 +0.54 448 +1.06 -0.22+0.05 —1.31+043
Inferior —-0.16 £ 0.07 -09+044 153+088 3.19+£1.81 014+£0.12 090+ 0.55 230+0.53 4.60+091 -0.23+0.07 —-1.38+047
Septum -0.13+0.07 -0.88+ 046 195+1.24 233+£143 0.18+0.10 1.07+£0.57 209+0.51 422+1.05 -021+0.07 —1.21+048

Data are presented as mean + SD. s, seconds; cm, centimetres; vel, velocity.
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Table 5 Deformation results from feature tracking and tagging according to gender

CMR FT CMR Tagging
Male (n =54) Female (n=62) P Value Male (n=7) Female (n=13) P Value
Age 2746 +5.06 26.59 £ 4.64 0.29 2676 £1.53 2757 £1.51 0.35
Systolic BP 11561+ 1061 11296 +10.74 0.24 11031 +5.87 11642 +12.67 035
Diastolic BP 68.15+ 745 69.98 +6.99 0.25 66.61 +6.65 6942 +4.31 035
BMI 2399 +3.06 23.11+4.03 0.02 23.89+3.20 2126 £2.11 0.06
LV Mass Index 63.83 £5.07 49.27 £793 <0.001 5745+9.16 42.34+£599 0.002
EF CMR 63.88 +5.07 64.35+523 062 63.76 £4.56 6542 +457 0.28
Longitudinal Strain -0.17+£0.04 -0.18 £0.04 0.04 -0.14£0.01 -0.16 £0.01 0.005
Longitudinal Strain Rate (s™) -098+0.28 -1.13£031 0.02 —0.69£0.66 -081+0.12 0.09
Circumferential Strain -0.20+0.02 -021+0.03 0.86 -0.19+£0.02 -0.19+0.02 0.08
Circumferential Strain Rate (s™") -1.19+0.16 —-1.16+0.15 031 -0.84+-0.10 —-091+064 0.12
Radial Strain 0.23+£0.04 0.22£0.06 0.02 0.15+£0.04 0.10£0.02 0.003
Radial Strain Rate (s™) 116017 1.13£049 0.03 0.98 £0.31 0.65+0.89 0.014
Radial Velocity (cm/s) 260+0.29 229+0.28 <0.001
Radial Displacement (mm) 524+ 060 476 +0.69 <0.001
Longitudinal Velocity (cm/s) 3.04+091 3.14+1.06 0.64
Longitudinal Displacement (mm) 451191 490+198 0.28

Data are presented as mean + SD. s, seconds; cm, centimetres; mm, millimetres; BP, blood pressure; LV, left ventricle; EF, ejection fraction; BMI, body mass index.

tracking with tagging at a regional level compared with a
global level although again, the agreement for radial
strain was poorest.

Discussion

This study documents ranges for all left ventricular myo-
cardial systolic strain parameters as well as myocardial
displacement and velocities recorded using Feature Track-
ing down to a segmental level in a large group of healthy
subjects, although the latter have yet to be compared with
an alternative type of measurement. The results showed
regional variation, with higher strain at the base than apex,
as well as gender differences.

Feature Tracking software delivers outputs of myocardial
strain, segmental velocity and displacement parameters
which are relatively quick in terms of image acquisition
and post processing. The technique avoids the add-
itional time needed for either tissue phase mapping or
tagging and raises the possibility of retrospective ana-
lysis of existing CMR datasets. We found the software
could be easily applied to existing SSFP cine sequences
and was apparently able to track 90% of imaged seg-
ments. This compares favourably to echocardiographic
studies of regional speckle tracking analysis in which
strain typically can only be measured in around 80% of
segments [11-13]; presumably due to difficulties in
obtaining adequate echocardiographic windows with
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Figure 1 Modified Bland Altman plots showing comparisons between Feature Tracking and CMR tagging for global strain parameters:
Circumferential strain (left); longitudinal strain (middle); radial strain (right). The bias (blue solid line) and limits of agreement (blue dashed
lines) are shown. The oblique dashed lines demonstrate 25 (green), 50 (purple) and 100% (red) difference levels.
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Table 6 Bland Altman analysis for comparison between CMR tagging and feature tracking
CMR Tagging vs. FT agreement

Global Basal Mid Apical
Variable Bias LOA Bias LOA Bias LOA Bias LOA
Longitudinal Strain -0.01 -0.16 to 0.03 -0.06 —-0.19 to 0.06 -0.05 -021t0 0.1 0.04 -0.12t0 0.20
Longitudinal Strain Rate (s™) -0.22 —0.82t0 037 0.01 -0.16 10 0.19 0.03 —0.05t0 0.12 —-0.02 —0.12 to 0.07
Radial Strain 0.11 -001t00.23 0.12 0.03 to 0.23 0.12 -0.05 to 0.30 0.08 —-0.13t0 0.30
Radial Strain Rate (s™) 0.26 —-0.34 to 0.86 0.20 -071to0 1.11 041 -032to 1.16 0.17 -083to 1.16
Circumferential Strain —-0.007 —0.06 to 0.04 —0.05 —0.14 to 0.04 0.02 —-0.04 to 0.07 0.009 —0.05 to 0.07
Circumferential Strain rate (s™") -0.21 -0.53t0 0.11 -044 —1.09 to 0.21 -0.07 -042 to 0.27 -0.12 —0.50 to 0.25

CMR indicates cardiac magnetic resonance; FT, feature tracking; LOA, limits of agreement; s, seconds.

poorer delineation of the endocardial and epicardial
borders compared with CMR.

Nevertheless, as others have reported [7,14,15], we
found observer reproducibility to vary considerably be-
tween the three main deformation directions with global
strain values acceptable for circumferential assessment
(inter-observer CV 4.9%) but poor for radial strain
(CV 32.3%). There was also a deterioration in reproduci-
bility from a global to regional level with poor reproduci-
bility for apical measures. This pattern is similar to that
previously reported for reproducibility using the tagging
technique in which CVs for circumferential strain range
from 8.3% to 10.8% and for radial strain from 9.0% to
59.2% [16]. It has been proposed that the poor reproduci-
bility for radial parameters may be due to the geometry
of the heart with analysis in a plane of movement with
the smallest potential diameter for tracking. Our results
suggest both tagging and feature tracking are similarly
limited in the radial direction. This poor reproducibility
may explain why we found significant variation in abso-
lute deformation values recorded in the radial direction
with tagging and feature tracking. This was particularly
evident in females for whom mean radial strain by fea-
ture tracking was 0.22 + 0.06 compared to 0.10 + 0.02 by
tagging. Alternatively, as there was a systematic bias, with
larger values derived from feature tracking, this diffe-
rence may be a real effect and relate to how strain is
measured by the two techniques.

Tagging measures myocardial strain from the changing
in-plane separations of tags that mark the intersections
of orthogonally orientated tagging planes. They are
therefore relatively unaffected by a through-plane com-
ponent of motion. In contrast, feature tracking analyses
motion in a 2D plane of features along a myocardial
band defined by the endocardial border. The algorithms
used by TomTec to track features are based on an adap-
tation of particle velocimetry algorithms in common use
in multiple technologies including speckle tracking. They
use voxel patterns within the image identified during
initial contour application and subsequent searching be-
tween frames based on a hierarchical protocol that

allows for reducing region of interest to improve accu-
racy, recognition of variation in motion between base
and apex and rules regarding endocardial and epicardial
boundaries [17]. Interestingly, the variation between fea-
ture tracking and tagging measures of longitudinal strain
appears to vary with magnitude of strain so that the dif-
ference in measures is greater with larger strain values.

Changes in the voxel pattern during the cardiac cycle
within the myocardium may have an impact on consistency
of feature tracking and account for some variation in strain
measures, particularly in the radial direction. For instance,
it is possible the compaction and exclusion of blood from
interstices in trabeculated myocardium at end systole may
alter voxel appearances in this region sufficiently to make
accurate tracking difficult. The higher degree of trabecula-
tions seen at the LV apical level when compared with the
basal level may account, in part, for the increased variability
in measurements seen in this region.

These differences in the approach of feature tracking
prompted our study to define feature tracking-specific
ranges for strain [6-8,18]. Normal ranges of strain and
velocities have already been described using various
other imaging modalities including tagging [11,13,19-21]
and significant variations noted. In the future, develop-
ment of standardised reference ranges may allow conver-
gence of technologies and ranges. However, significant
further work is needed, including with Feature Tracking.
For example, it is not known what effect contrast agents
have on strain results and future validation of segmental
strain values is necessary.

Our results showed some consistent trends between
techniques in our study population. For instance, de-
formation values varied between genders and myocardial
regions when assessed by both feature tracking and tag-
ging [22,23]. Multi-modality imaging studies describing
normal strain values have tended to vary in their find-
ings with respect to differences between the base and
apex [24] with some reports of lower strain values to-
wards the apex [25]. However, the velocity values we
obtained in this study are similar to previous reports
both in terms of normal ranges and the finding of a
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reduction of myocardial velocities at the apex compared
to the left ventricular base [26]. Circumferential mea-
sures, particularly at a global or mid-ventricular level
showed the least inter-observer variability and the great-
est comparability between techniques in our study. Fur-
thermore, at the mid-ventricular level the circumferential
strain values reported in our study are similar to those
previously reported for feature tracking by Hor et al
(0.18 £0.03 vs. 0.19 £ 0.02) [6] and Harrild et al. (0.18 +
0.03 vs. 0.21 £ 0.04) [9]). It has been suggested that a rela-
tively simple measures such as relative change of boundary
length may be equally robust to characterise circumferen-
tial myocardial deformation [14]).

Conclusions

FT measurements of circumferential but not longitudin-
ally or radially directed global strain showed reasonable
agreement with tagging and acceptable inter-observer
reproducibility. We recorded provisional ranges of FT
deformation parameters at global, regional and segmen-
tal levels in healthy volunteers. The software rapidly
extracts these measures from existing SSFP cine images.
Our results show evidence of variation with gender and
myocardial region in the volunteers studied, but have yet
to be compared with tagging measurements at the seg-
mental level.

Abbreviations

CMR: Cardiac magnetic resonance; ECG: Electrocardiogram; HARP: Harmonic
phase; HLA: Horizontal long axis; LOA: Limits of agreement; LV: Left ventricle;
LVOT: Left ventricular outflow tract; SD: Standard deviation; SSFP: Steady
state free precession; TE: Echo time; TR: Repetition time; VLA: Vertical long
axis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

DA was involved in the conception and design of the study; acquisition of
data, analysis, drafting and approved the manuscript. AL carried out
acquisition of data, analysis, revising the draft critically for important
intellectual content and has given final approval of the version to be
published. ML was involved in acquisition of data, analysis and has given
final approval of the version to be published. AR was involved in analysis
and has given final approval of the version to be published. JF carried out
acquisition of data, revising the draft critically for important intellectual
content and has given final approval of the version to be published. SM was
involved in revising the draft critically for important intellectual content and
has given final approval of the version to be published. AN was involved in
revising the draft critically for important intellectual content and has given
final approval of the version to be published.SN was involved in revising the
draft critically for important intellectual content and has given final approval
of the version to be published. HB was involved in revising the draft critically
for important intellectual content and has given final approval of the version
to be published. SEP was involved in revising the draft critically for important
intellectual content and has given final approval of the version to be
published. PL was involved in the conception and design of the study;
revising the draft critically for important intellectual content and has given
final approval of the version to be published. All authors read and approved
the final manuscript.

Page 9 of 10

Authors’ information

This work was funded by a grant from the Engineering and Physical Sciences
Research Council (EP/G030693/1) and supported by the Oxford British Heart
Foundation Centre of Research Excellence and the National Institute for
Health Research Oxford Biomedical Research Centre. Dr P Leeson is
supported by the British Heart Foundation. Dr S Petersen was directly
funded by the National Institute for Health Research Barts and The London
Biomedical Research Unit.

Author details

'Oxford Cardiovascular Clinical Research Facility, Department of
Cardiovascular Medicine, John Radcliffe Hospital, University of Oxford, Oxford
OX3 9DU, UK. “Oxford Centre for Clinical Magnetic Resonance Research,
Department of Cardiovascular Medicine, University of Oxford, Oxford, UK.
3nstitute of Biomedical Engineering, University of Oxford, Oxford, UK.
“Mazankowski Alberta Heart Institute, University of Alberta, Edmonton,
Canada. *William Harvey Research Institute, Barts and the London NIHR
CVBRU, Queen Mary, University of London, London, UK.

Received: 23 April 2012 Accepted: 8 January 2013
Published: 18 January 2013

References

1. Ng ACT, Delgado V, Bertini M, Antoni ML, van Bommel RJ, van Rijnsoever
EPM, van der Kley F, Ewe SH, Witkowski T, Auger D, et al. Alterations in
multidirectional myocardial functions in patients with aortic stenosis and
preserved ejection fraction: a two-dimensional speckle tracking analysis.
Eur Heart J. 2011; 32:1542-1550.

2. Lewandowski AJ, Lazdam M, Davis E, Kylintireas I, Diesch J, Francis J,
Neubauer S, Singhal A, Lucas A, Kelly B, Leeson P. Short-Term Exposure to
Exogenous Lipids in Premature Infants and Long-Term Changes in Aortic
and Cardiac Function. Arterioscler Thromb Vasc Biol. 2011; 31:2125-2135.

3. Kim M-S, Kim Y-J, Kim H-K, Han J-Y, Chun H-G, Kim H-C, Sohn D-W, Oh B-H,
Park Y-B. Evaluation of left ventricular short- and long-axis function in
severe mitral regurgitation using 2-dimensional strain echocardiography.
Am Heart J. 2009; 157:345-351.

4. Popovic ZB, Kwon DH, Mishra M, Buakhamsri A, Greenberg NL, Thamilarasan
M, Flamm SD, Thomas JD, Lever HM, Desai MY. Association Between
Regional Ventricular Function and Myocardial Fibrosis in Hypertrophic
Cardiomyopathy Assessed by Speckle Tracking Echocardiography and
Delayed Hyperenhancement Magnetic Resonance Imaging. J Am Soc
Echocardiogr. 2008; 21:1299-1305.

5. Ibrahim E-S. Myocardial tagging by Cardiovascular Magnetic Resonance:
evolution of techniques—pulse sequences, analysis algorithms, and
applications. J Cardiovasc Magn Reson. 2011; 13:36.

6. Hor KN, Gottliebson WM, Carson C, Wash E, Cnota J, Fleck R, Wansapura J,
Klimeczek P, Al-Khalidi HR, Chung ES, et al. Comparison of Magnetic
Resonance Feature Tracking for Strain Calculation With Harmonic Phase
Imaging Analysis. JACC Cardiovasc Imaging. 2010; 3:144-151.

7. Schuster A, Kutty S, Padiyath A, Parish V, Gribben P, Danford D, Makowski M,
Bigalke B, Beerbaum P, Nagel E. Cardiovascular magnetic resonance
myocardial feature tracking detects quantitative wall motion during
dobutamine stress. J Cardiovasc Magn Reson. 2011; 13:58.

8. Maret E, Todt T, Brudin L, Nylander E, Swahn E, Ohlsson J, Engvall J.
Functional measurements based on feature tracking of cine magnetic
resonance images identify left ventricular segments with myocardial
scar. Cardiovasc Ultrasound. 2009; 7:53.

9. Harrild D, Han Y, Geva T, Zhou J, Marcus E, Powell A. Comparison of
cardiac MRI tissue tracking and myocardial tagging for assessment of
regional ventricular strain. Int J Cardiovasc Imag. 2012; 28:2009-2018.

10.  Bland JMAD. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet. 1986; 1:307-310.

11, Marwick TH, Leano RL, Brown J, Sun J-P, Hoffmann R, Lysyansky P, Becker M,
Thomas JD. Myocardial Strain Measurement With 2-Dimensional Speckle-
Tracking Echocardiography: Definition of Normal Range. J Am Coll Cardiol
Img. 2009; 2:80-84.

12. Manovel A, Dawson D, Smith B, Nihoyannopoulos P. Assessment of left
ventricular function by different speckle-tracking software.

Eur J Echocardiogr. 2010; 11:417-421.

13. Saito K, Okura H, Watanabe N, Hayashida A, Obase K, Imai K, Maehama T,

Kawamoto T, Neishi Y, Yoshida K. Comprehensive Evaluation of Left



Augustine et al. Journal of Cardiovascular Magnetic Resonance 2013, 15:8

http://www.jcmr-online.com/content/15/1/8

20.

21.

22.

23.

24.

25.

26.

Ventricular Strain Using Speckle Tracking Echocardiography in Normal
Adults: Comparison of Three-Dimensional and Two-Dimensional
Approaches. J Am Soc Echocardiogr: Offic Publ Am Soc Echocardiogr. 2009;
22:1025-1030.

Kempny A, Fernandez-Jimenez R, Orwat S, Schuler P, Bunck A, Maintz D,
Baumgartner H, Diller G-P. Quantification of biventricular myocardial
function using cardiac magnetic resonance feature tracking, endocardial
border delineation and echocardiographic speckle tracking in patients
with repaired tetralogy of fallot and healthy controls. J Cardiovasc Magn
Reson. 2012; 14:32.

Morton G, Schuster A, Jogiya R, Kutty S, Beerbaum P, Nagel E. Inter-study
reproducibility of cardiovascular magnetic resonance myocardial feature
tracking. J Cardiovasc Magn Reson. 2012; 14:43.

Swoboda P, Larghat A, Greenwood J, Plein S. Reproducibility of strain and
twist measurements calculated using CSPAMM tagging. J Cardiovasc
Magn Reson. 2011; 13:P52.

Hor KN, Baumann R, Pedrizzetti G, Tonti G, Gottliebson WM, Taylor M,
Benson W, Mazur W. Magnetic resonance derived myocardial strain
assessment using feature tracking. J Vis Exp. 2011; 48:2356.

Simonetti OP, Raman SV. Straining to Justify Strain Measurement.

J Am Coll Cardiol Img. 2010; 3:152-154.

Moore CC, Lugo-Olivieri CH, McVeigh ER, Zerhouni EA. Three-dimensional
Systolic Strain Patterns in the Normal Human Left Ventricle:
Characterization with Tagged MR Imaging1. Radiology. 2000; 214:453-466.
Foll D, Jung B, Schilli E, Staehle F, Geibel A, Hennig J, Bode C, Markl M.
Magnetic Resonance Tissue Phase Mapping of Myocardial Motion /
CLINICAL PERSPECTIVE. Circ Cardiovasc Imaging. 2010; 3:54-64.

Young A, Imai H, Chang C, Axel L. Two-dimensional left ventricular
deformation during systole using magnetic resonance imaging with
spatial modulation of magnetization [published erratum appears in
Circulation 1994 Sep;90(3):15841. Circulation. 1994; 89:740-752.

Lawton J, Cupps B, Knutsen A, Ma N, Brady B, Reynolds L, Pasque M.
Magnetic resonance imaging detects significant sex differences in
human myocardial strain. Biomed Eng Online. 2011; 10:76.

Hurlburt HM, Aurigemma GP, Hill JC, Narayanan A, Gaasch WH, Tighe DA.
Direct Ultrasound Measurement of Longitudinal, Circumferential, and
Radial Strain Using 2-Dimensional Strain Imaging in Normal Adults.
Echocardiography. 2007; 24:723-731.

Fonseca CG, Oxenham HC, Cowan BR, Occleshaw CJ, Young AA. Aging alters
patterns of regional nonuniformity in LV strain relaxation: a 3-D MR tissue
tagging study. Am J Physiol Heart Circ Physiol. 2003; 285:H621-H630.
Edvardsen T, Gerber BL, Garot J, Bluemke DA, Lima JAC, Smiseth OA.
Quantitative Assessment of Intrinsic Regional Myocardial Deformation
by Doppler Strain Rate Echocardiography in Humans. Circulation. 2002;
106:50-56.

Petersen SE, Wiesmann F, Hudsmith LE, Robson MD, Francis JM,
Selvanayagam JB, Neubauer S, Channon KM. Functional and structural
vascular remodeling in elite rowers assessed by cardiovascular magnetic
resonance. J Am Coll Cardiol. 2006; 48:790-797.

doi:10.1186/1532-429X-15-8

Cite this article as: Augustine et al.: Global and regional left ventricular
myocardial deformation measures by magnetic resonance feature
tracking in healthy volunteers: comparison with tagging and relevance
of gender. Journal of Cardiovascular Magnetic Resonance 2013 15:8.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Image acquisition
	Cardiac magnetic resonance imaging

	Image processing
	Feature tracking analysis
	Cardiovascular magnetic resonance tagging

	Statistical analysis

	Results
	Study population and strain analysis
	Global and regional feature tracking strain deformation values
	Feature tracking and tagging comparison

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Authors’ information
	Author details
	References

