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e Stress echocardiography has been well
validated as a sensitive and specific test
for the diagnosis of coronary artery

disease

e Assessment of myocardial ischemia by
echocardiography rests on the detection
of systolic wall motion abnormalities,
namely, reduced wall thickening.




e Over the past decade, numerous studies have
documented its prognostic value in a wide variety of
patient populations and have demonstrated the utility
of a semi-quantitative, but subjective, approach to
Interpretation

This semi-quantitative approach has included
assessment of stress-induced changes in wall motion
score index, left ventricular end-systolic volume, and
ejection fraction, all of which have been shown to be
markers of the extent and severity of disease. These
markers have been valuable in identifying patients at
highest risk of cardiovascular events




However, there are important limitations:

Although the reproducibility of the subjective interpretation of
stress echocardiograms at a single, high-volume center with
experienced readers is very good, the variability of interpretation
of stress echocardiography increases if multiple centers are
involved or if the interpreter lacks experience

Second, there are inherent limitations in a technique which relies
on the development of stress-induced abnormalities of wall
motion and thickening. The extent of coronary disease may be
underestimated compared to techniques that involve perfusion or
diastolic function, as these abnormalities occur prior to the
develcszment of systolic wall motion abnormalities in the ischemic
cascade.

The assessment is semi-quantitative




e Various techniques proposed to improve
accuracy of stress echocardiography have
Included

peak exercise imaging

three-dimensional imaging
myocardial contrast perfusion imaging
combined stress modalities

methods to quantify regional wall motion,
Including acoustic quantification and color
kinesis, which involve tracking the blood and
myocardial tissue interface




peak exercise imaging
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myocardial contrast perfusion
Imaging

e for the detection of CAD=50%% in QLA patients
[n=116 patients)

Figure 3 Diagnostic value for WM with and without MPI for
detection of CAD = 50% in QCA patients (n = 116). *P < .05
versus WM criteria.

Gaibazzi,et al, JASE 2009




combined stress modalities

e Atropine augmentation in dobutamine
stress echocardiography: role and
incremental value in a clinical practice

setting

2EREEET Ting et al, JASE, 1996



color kinesis
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e A gquantitative technigue would be able to
address problems relating to the learning
curve, variablility between sites, and

perhaps even increase the sensitivity of
the test by being able to identify smaller
areas of ischemia or less ischemic
segments.




Tissue Doppler Echocardiography

e High-spatial resolution and high temporal
resolution

e does not involve edge detection

e permits quantification of long-axis function,
and as this movement is parallel with the
direction of subendocardial fibers, abnormal
longitudinal function may be more sensitive to
Ischemia than radial function.

e high temporal resolution and is able to identify
temporal dispersion in contraction that may
occur with myocardial ischemia.




Regional Diastolic Function by Pulsed Doppler
Myocardial Mapping for the Detection of Left
Ventrlcular Ischemla Durlng Pharmacologic Stress Testing
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.echocardiography with doppler tissue imaging

Figure 2. Myocardial velocities obtained from patient with 80% stenosis of right
coronagl artery. Peak late systolic myocardial velocity (S2) at rest ﬁA) is 6 cm/s and
during dobutamine infusion (B) 8 cm/s. Increment in myocardial velocity is 33.3%. A,
Late diastolic velocity; E, early diastolic velocity; S1, early systolic velocity.

Leitman et al, JASE 2003



e Strain Is a dimensionless parameter which
expresses the deformation of the muscle as a

fractional ¢
SR iIsthe c

Doppler ve
estimate of strain rate and from that, of strain.
These measurements have been validated
both in vitro and in vivo, with interobserver and
Intraobserver variability of in vivo strain and
SR of less than 15% and provide an objective
assessment of regional wall motion

nange from its original dimension.
nange in strain over time. Tissue

ocities can be used to obtain an




Prior studies have shown that longitudinal strain and SR are very
sensitive markers of ischemia

Acute ischemia induces both early systolic thinning and a delay in
the onset of systolic thickening. There is a progressive decrease
in the rate and degree of maximal systolic thickening.

Concomitant with the decrease in maximal systolic thickening, an

abnormal ischemia-related relative thickening occurs after aortic
valve closure, which has been termed post-systolic thickening
(PST). This is actually a result of pathological systolic thinning
occurring during acute ischemia, which appears as paradoxical
diastolic thickening.

Strain and SR measurements have also been shown to
differentiate between stunned myocardium and ischemic
myocardium.




e The strain rate parameters had no major
change from base to apex, and had
higher diagnostic accuracy compared to

conventional wall motion assessment.




«Strain-rate increase 0.8+1.6-) s 1-versus -2.0+1.1 s ,1-P (0.05>and strain (-
16+£7% versus -10£8% ,P (0.05>were significantly reduced (both P 0.01>
compared with nonischemic .(Postsystolic shortening (PSS) was found in all
ischemic segments .The ratio of PSS to maximal segmental deformation was
the best quantitative parameter to identify stress-induced ischemia .
Compared with conventional readings, SRI curved M-mode assessment
mproved sensitivity/specificity from 81%/82% to 86%/90% .

Voigt et al, Circulation 2003



e A major limitation of current TDE and TDSE is that
peak amplitudes, and to some extent phase (timing),
of velocity and strain variables are influenced by the
angle of the incident ultrasound beam with the
myocardial wall. This restricts imaging to the apical

projections wherein the operator attempts to align the
myocardial wall parallel to the ultrasound beam:;
however, this is not always possible.

e the complex 3-dimensional deformation of the heart
during the cardiac cycle may not be adequately
captured by investigating velocity and strain only in the
longitudinal direction. This limitation may impact the
ability of this method to accurately detect inducible
Ischemia.




e Non-Doppler, two dimensional (2D) speckle image processing is
a newer technique for obtaining strain and strain rate
measurements. It is based on automatic tracking of natural
acoustic markers. These markers are stable acoustic speckles
(that result from ultrasound wave backscatter), that are
statistically equally distributed throughout the myocardium.

Current available software allows spatial and temporal image
processing with recognition and selection of such elements on
ultrasound image. The geometric position of these speckles
changes from frame to frame with the surrounding tissue motion.
The geometric shift of each speckle represents local tissue
movement

By tracking theses speckles, 2 dimensional tissue velocity, strain
and strain rate can be calculated




New locatior







e Non-Doppler 2D strain imaging is simple to
perform. It requires only one cardiac cycle to
be acquired; further processing and
Interpretation can be done after image data
acquisition. Since it is not based on tissue

Doppler measurements, images are easier to
obtain as they are angle independent - it is not
necessary for the main motion vector to be
parallel to the beam.

e The currently available software allows a bull's
eye strain map to be created, which may be an
Important tool in localizing ischemic changes.
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e The clinical application of non-Doppler 2D
strain imaging has been studied. It has been
shown that 2D strain correlates well with
tissue-Doppler derived strain parameters and

accurately identifies infracted myocardial
segments

2D strain has also been used to calculate
global longitudinal strain, which has been
shown to be an important indicator of left
ventricular systolic function




2D strain during stress
echocatdiograph

e Reant et al assessed 2D strain for detection of
Ischemia during dobutamine stress echocardiography
In open chest pigs. They measured peak systolic
longitudinal, radial and circumferential strain at rest
and during dobutamine infusion at various degrees of
coronary artery stenosis. They found that
circumferential and longitudinal strains are decreased
at rest in presence of flow limiting stenosis and during
dobutamine in non flow limiting stenosis. Radial strain
was decreased in the presence of severe flow limiting
stenosis during dobutamine
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Table Il. Twodimensional srain parameters during dobuamine
stress echocandiography in the dervalion study population

Incremental value of 2-dimensional spec
strain imaging to wall motion analysis for detection
of coronary artery disease in patients undergoing

dobutamine stress echocardiography

Variable CAD([-)[n=14) CAD [+) (n = 48) P
Mean global longitudinal strain (%)
Rest 12129 16324 001
Paak stress 217 £30 157 +29 <001
Glabal circumferential strain [%)
Rest -203=+35 =129 241 75
Paak stress 25257 =121 £546 005
Mean radial strin (%)
Rest 450 £ 147 Alg =129 24
Paak stress 524140 BT 2140 ooe

CAD (-], Mo significont CAD; CAD (+), significont CAD.
* Poobues by unpained Studant 1 et betwsen CAD (-] ond CAD [+].
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Dobutamine Stress Echocardiography Stage
Values of global longitudinal strain at each dobutamine
stress echocardiography stage

Reat Lowy Pre-Paak Faak
Doze Doze Doz

—Nealgnificant CAD 480223 -217:£33 213297 207:08

=== Significant CAD AT52 24 -Z04£31" 188228 ATT:27

Mean global lengitudinal strain for patients with and without
significant CAD at 4 different stoges of dobutamine stress echocar-
diography. *F < 05 versus corresponding mean global lengitudingl
strain ot rest with Bonferoni comedion [within group); TF < 05
between mean global longitudingl strain of corresponding dobuta-
mine stress echocardiography stoge |betwesn group).



Table IV, Sensiiies, specifies, ond oceurocies of cfierent anclyis mefhodlogies dung peask dobiamine shegs echocadiogaphy in
detecing signficmn! CAD

Variable Sensifvity (%) Specificty (%) Accuracy '

Meen radial strain 783 51 03

Globd craumberenfal srai 739 74 157
[ We glabal angioaina Srain 512 i3 Y
[ Expert wall mdfion analysis 78] 929 VAR
Combinafion mean racial sfrain and expertwall mafion analyss 957 A gl
Combination glebal circumferentil stain and expert wall mofion analysi B2 L §l.1
Cambinafion mean global bgfudinal sFain and experfwal mafion nalysis 1 8/ 70

Arnold C.T. Ng,et al , Am Heart J 2010



Although there has been a focus on assessment of
systolic abnormalities, ischemia also affects diastole.

Akin to global systolic dysfunction, regional diastolic
dysfunction could exist in the absence of global

diastolic dysfunction and that a certain critical mass of
regional diastolic dysfunction resulted in global
diastolic dysfunction

Liang et al reported altered diastolic strain rates in the
setting of ischemia at rest

diastolic strain rates seemed more specific and a
combination of diastolic and systolic mechanics
provided the highest accuracy for prediction of CAD




A¥3Ims 533ims B3ims
iU % Wall Thickening 250% stenotic segments 270% stenotic segments

N 0.74

g ‘." SU|39 «
Sensitivity: 97% Sensitvity: 97%
Specificity: 93%, Specificity: 8%

(%)

A

[0 IS ol

+
I"‘ "
] 'y
I. o
¥
S y
i
a. ]

(n=471) S (n=amy)

4
.

¥ J
T &

','i}uunurNtm:uM:ml i.m urider the ROC curve = 0,965
004
00 02 04 06 08 10 00 02 04 06 08 10

t-Specificty

i

L Lel [ ate] BIHI:I
AVC 130D (ms) Sensitiity and Specifciy of SIDI Ratio 5 Min After Treadmil Exerclse for 250% and 270% Stenatic Segments

Transverse Strain Curve and SI-D1 of Normal Conteol Sensiivty and specifity of the strain imaging diastalic indax (SH01 ratio 5 min after treadmil sxsmise far the detection of
250 and =70% comnary stenosis, Senitivity and spscificity were derived from the receiveroperator characteristiz (ROC) curve,

Both strain values at aortic wahe closurs (A) and at onethird of disstale durs
ticn (BY wers measurad. The strain imsaging disstelic index (5100 was calow
lated @s: (4 — B) /A = 100%, 153 DD = ansthird of diastols duration; AVC =
aoric valve closure; DD = diastols duration.




Incremental value of 2-dimensional spec ing
strain imaging to wall motion analysis for detection
of coronary artery disease in patients undergoing

dobutamine stress echocardiography
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=== Significant CAD AT52 24 -Z04£31" 188228 ATT:27

Mean global lengitudinal strain for patients with and without
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Rest studies
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igure 2. Deformation variables for normal and ischemic (shaded bars) segments in territories of the (A) left coronary, { B) circumflex, and ¢ C) right corons
rteries. #*p =<<0.035, (D) Receiver-operaling characteristic curves for SEs and SRe. AUC = area under the curve,

Hsin-Yueh Liang,, et al, Am J Cardiol 2006
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ROC curve analysis for the detection of high-risk CAD
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100-8 pecificity
[ AUC = 0.86 (95% CI 0.80-0.90); P<.001 |

Accuracy of GLS to detect obstructive CAD. Recsiver-operator
charocterisic curve, testing the accurocy of GLS to detect obstructive
CAD. GIS =-17.4% provided the highest sensitivity [B3%) ond
spacilicity [77%) for identification of potients with obstructive CAD
[positive likelihood ratio 3.51, negative likelihood mifio 0.23). AUC
indicates aren under the curve,

Relation hetwean CAD and |V diastalic dvshunctian

100-Spocificity

Model 1 (Duke Clinical Score)
AUC = 072 (95% €1 0.65-0.78); F=< 001

Meodel 2 (Duke Clinical Score + diastalic dysfunction)
——— AUC =0.75 [95% C1 0.68-0.81); P=.001
|F= 25 vs, Model 1)

Model 3 (Buke Clinical Score + diastolic dysfunction + GLS = -17.4%)
=== AUC = (L83 (95% €I 0,77-0.88); P« .0
[P = 001 vs, Model 1 and Model 2}

Incremental value of GLS. Receiveroperater chorocteristic curves
testing the potenfial incemental value of diastolic dysfunction and
GLS =17 4% over the Duke Clinical Score to detect obstructive CAD.
AUC indicates area under the curve.

Gaetano Nucifora,et al Am Heart J 2010



ROC curves of Global strain, SPSS and PSS%10
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ROC curves of Global strain, SPSS and PSS%10
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e Rest changes

e Peak exercise systolic and diastolic
changes

e Recovery




Peak Systolic Strain

Peak Systolic Strain




Post Systolic Index
Peak Systolic Strain Rate
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High Resolution Speckle Tracking Dobutamine Stress
Echocardiography Reveals Heterogeneous
Responses in Different Myocardial Layers: Implication
for Viability Assessments

Assami Rosner, MD, Ole Jakob How, 'hD, Ering Aarszther, MD, Thor Allan Stenberg, Thomas Andreasen,
Timofei V. Kondratiev, MD, PhD, Terje 5. Larsen, PhD, and Truls Myrmel, MD, PhD, Tromss, Norway
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Fesuts: Dabutaming stress at constant coronary stenosis ncreased fow n allayers. T s increased
predominanly I e midmyocarda Byers in the longtudin and croumferential directions, whereas
subendocardial i i not improve in et drscton

Conclusion: Dobutaming stess nflences ET stan dfferentl n the varous axes and layers of the mye-
cardum and only partily in corespndence o tissus fow. Longhudial and cicurferentl funciondl

eserve opens the potente forthe speciic detection of midsubendocardal viblefissue by highresoluon
STE. {/ Am Sc Echocardogr 2010.23438447)
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