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CARDIAC PROCEDURES

== Stress imaging
Cardiac catheterization
Revascularization
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CARDIAC IMAGING-ECHOCARDIOGRAPHY

 Most used cardiac imaging
test
— 23 million echo studies in US
annualhe LK A4 M)

»~ 2.5 million stress echo R '
(UK 10 k) s b

T

« Most common use B o

— LV function assessment
— Valvular heart disease
— Haemodynamics

« Essential in management
of all forms of heart disease




CARDIAC IMAGING IN 2020-
ECHOCARDIOGRAPHY

50 years of innovation

Forms of echocardiography
1. M-mode echocardiography
2. 2D echocardiography

3. Doppler echocardiography

4. Stress echocardiography

5. Transesophageal
echocardiography

6. Intraoperative echocardiography
/. Contrast echocardiography

8. Digital echocardiography

9. 3D echocardiography

10. Intracardiac echocardiography

Indications

1. Assessment of ventricular size
and function, LVH

2. Diagnosis and evaluation of
valvular heart disease - severity of
valve pathology/ physiology, LV
status

3. Chest pain - ischemic and
pericardial disease

4. Cardioemboli; AF, masses

5. Congenital heart disease

Parisi A. The miracle of echocardiography: a clinician's retroprospective: The 1996
Inge Edler Lecture. JASE 1997




Progressive miniaturization
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Stress Echocardiography from 1979 to Present

William F. Armserong, MY, and Thomes Byan, MDD, FASE, das dsbor, Hﬁb&}m,‘
ard Colvemlues, Do

|ournal of the American Saciety of Echoardicgrphy
jariuary 2005

Table 1 Stress echocardiography methods

Exarciza
Poetmeadmill exarcizs
Supine or upright bicycle
Handigrip
Pharmacologlc
Cobutaming [=atroping
Dipyrdamods | atropine)
Adanosing [ xatroping)
Combined dobutaming + dipsridamode
Pharmacoiogc = handgip
Crrar
Transascphageal atrial pacing
TrarsvanoLs pacing ftamparary or permanant)
Ergonowing®
Hyperventiiatian®
Cokd prassor
Kantal simss




ACCF/ASE/ACEP/AHA/ASNC/SCAI/SCCT/SC
MR 2008 APPROPRIATENESS CRITERIA FOR

STRESS ECHOCARDIOGRAPHY.
CIRCULATION. 2008 MAR 3 [EPUB AHEAD OF PRINT]
DouGLAS PS, KHANDHERIA B, STAINBACK RF

WEISSMAN NJ.

An appropriate imaging study is
one in which the expected
incremental information,
combined with clinical judgment,
exceeds the expected negative
consequences* by a sufficiently
wide margin for a specific
indication that the procedure is
generally considered acceptable
care and a reasonable approach
for the indication.

General Assumptions for Stress Echocardiography

To prevent any nuances of interpretation. all indications were
considered with the following important assumptions:

1. All indications are assumed to apply to adult patients (18
wears of age or older).

2. The test is performed and interpreted by qualified individ-
wals in facilities that are proficient in the imaging
technigque.™®

For the 51 indications for the use of stress echocardiogra-

phy. 22 were found to be appropriate, 10 were uncertain, and

19 were considered inappropriate.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Douglas PS"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Douglas PS"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Douglas PS"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Khandheria B"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Khandheria B"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Khandheria B"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Stainback RF"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Stainback RF"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Stainback RF"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Weissman NJ"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Weissman NJ"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Weissman NJ"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1�

Stress Echo B Appropriate
n=298 B Uncertain

Inappropriate

B Unclassifiable

ACC 51: 1283, 2008
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& APPROPRIATE STRESS IMAGING STUDIES

Mayo

SPECT Echo
Category (N) (N) % of inapp

Asymp
Low-risk pt 20 25 48

Preop
Intermediate-risk surg 12 17
Good ex capacity

SX
Low pre test 5
Interp ECG, able to exercise

Preop
Low-risk surg

These 4 categories




TASK FORCE 4: TRAINING IN ECHOCARDIOGARPHY
ENDORSED BY THE AMERICAN SOCIETY OF ECHOCARDIOGRAPHY

THOMAS RYAN, WILLIAM ARMSTRONG, B1joy KHANDHERIA

JACC 2008;51:361-7

o Echocardiography is currently the most
widely used imaging technique for assessing

o Today, an echocardiography laboratory can
() appropriately be called an ultrasound
‘ imaging and hemodynamic laboratory....




Basic science review: The helix and the heart
Gerald D. Buckberg

J Thorac Cardiovase Surg 2002;124:863-823




ASSESSING MATURE TECHNOLOGY
JACC 2007. EDITORIAL COMMENT)

Cardiac Imaging
also be related to temporal changes

® Cardiac Imaglng in CHD mortality. An analysis of data

. . from Framingham Heart Study from
there 1s a shaft 1950 to 1999 revealed that CHD

1 The growth in cardiac imaging may

from reports on its death rates declined by 59%.
11 Is it reasonable to infer that CHD
toward mortality reductions are partially
related to greater use of diagnostic
tests22?
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Function
Perfusion %
Deformation™
Fibrosis 7?77



STRESS ECHO

o ADVANTAGES

Cheap
Availability
No radiation

Functional information

Information for perfusion







SPECKLE (2D) STRAIN

New location

= : 2D velocity vector
Old location

.

X

L1-L2
Strain =
{l%] L1

Leitman et al. J Am Soc Echocardiogr 2004, 17, 1021




STRAIN-STRAIN RATE: EXAMPLE OF
LONGITUDINAL STRAIN GRAPH (DOPPLER
DERIVED).

1 ' I
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647:930 HR




STRAIN AND STRAIN-RATE
PARAMETERS

qgMVC : MVO TmMvc . mMvo .
|iavo ave T L -1 AVO. AVE

Strain (%) Strain-rate (1/s)

1. onset value ao-fi oLl @, peak systolic SR
2. peak systolic value | fli .| 7.time to peak SR
3. peak value i e .| 8. peak E-wave

4. post systolic ¢ 9. peak A-wave
5. time to peak ¢




Non-Doppler 2D strain imaging by echocardiography is a new technique that
allows rapid and accurate assessment of LV function. It is easily obtained, has a
low rate of intraobserver and interobserver variability, and correlates well with
measurements obtained by tissue Doppler—based technique. Given the high
reproducibility, angle independence, and automated tracking system (which
allows even inexperienced observers to perform accurate measurements), it is
likely to become a widespread technique, with many clinical implications.


http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WMB-4NC5T11-9&_image=fig3&_ba=3&_user=275166&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&view=c&_acct=C000059642&_version=1&_urlVersion=0&_userid=275166&md5=dffa675055e60df0591bfcc5f7be9666�
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WMB-4NC5T11-9&_image=fig4&_ba=4&_user=275166&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&view=c&_acct=C000059642&_version=1&_urlVersion=0&_userid=275166&md5=c3446fef429aabc0a3336b5b643becd6�
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WMB-4NC5T11-9&_image=fig6&_ba=6&_user=275166&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&view=c&_acct=C000059642&_version=1&_urlVersion=0&_userid=275166&md5=6017c52deb2889e08c3ca03828737619�

Experimental Validation of

Circumferential, Longitudinal, and

Radial 2-Dimensional Strain During Dobutamine
Stress Echocardiography in Ischemic Conditions

Speckle-Derived Strain
A Better Tool for Quantification

of Stress Echocardiography?

Theadore P. Abraham, MD, FACC,

Patricia Reant, MD,* Louis Labrousse, MD,*+ Stephane Lafitte, MD, PHD,*t Pierre Bordachar, MD,* Aurelie C. Pinheiro, MD, PHD
Xavier Pillois, PHD,* Liliane Tariosse, MS,* Simone Bonoron-Adele, M5,* Philippe Padois, MS,* Baltimare, Maryland
Claude Deville, MD,} Raymond Roudaut, MD\,} Pierre Dos Santos, MD, PuD*t

Bordeaux, France

(4 Am Coll Cardiol 2008;51:149-57

We feel that 2ID strain represents a better parameter than
WT for early detection of myocardial contraction abnor-
malities duung DSE. The 2D strain can evaluate longitu-
dinal or circumferential abnormalities, which precede the
decrease in radial deformation in ischernia. Since subendo-
cardial myocardial fibers, which are mainly longitudinally
oriented, are more susceptible to lschemn, it might be
=xpected that the longitudinal function is altered earlier
‘han the radial function Ihs ’lssessed by the WT par :lﬂlE:TEl:l

Fe e a - -

Conclusions

The 2D strain is a new technique with real potential for
quantitative evaluation of myocardial function. During
DSE under ischemic conditions, abnormalities in €5 and

Example L5 were detected before radial dysfunction, and thus they
Quentcton o pesks (Wil arrows) i ciumfrentl s n end ystole provide an earlier indication of coronary stenosis. Clinical
In risk aress (yellow curve) and control aress (blue curve) In the (A) abssncs &

of coronary stenosls and (B) pressnce of lowdimiting stenosts 25%.

studies with 2-dimensional strain during DSE are needed
to confirm these experimental findings.



Assessment of the contractile reserve in patients with
intermediate coronary lesions: a strain rate imaging
study validated by invasive myocardial fractional

flow reserve

Frank Weidemann*", Philip Jung, Caroline Hoyer, Jens Broscheit, Wolfram Voelker,
Georg Ertl, Stefan 5tork, Christiane E. Angermann, and Joerg M. Strotmann

Eurapean Heart Jourmal (2007} 28, 1425- 1432
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QUANTITATIVE DOBUTAMINE STRESS ECHOCARDIOGRAPHY FOR THE
EARLY DETECTION OF CARDIAC ALLOGRAFT VASCULOPATHY IN HEART

TRANSPANT RECIPIENTS
EROGLU E., ET AL. HEART 2007 OCT 4;

100

[ SR <0.5 s-1

NN NN NN NN
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CORONARY FLOW RESERVE

Coronary flow velocity increase in TTDE is
Quantitation of the stenosis proportional to the severity of stenosis

* V1 = prestenotic flow velocity
V2 = maximum flow velocity

+ Severity of stenosis:

V2
1. M/P-ratio =

2 VZalone

.:Dian':élter r;-;:lum;n ECA 1‘%;
Saraste M et al. Clin Physiol 2000

Blood Flow




PROXIMAL LAD STENOSIS

CTA (62% diam. stenosis)

L Af? B
| LAD PRE
Bl i el Y O i

Color-Doppler view Flow velocity profiles

Maximal (2.1 m/s)

LTI

Pre-stenotic (0.3 m/s)
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SAFETY OF STRESS-CONTRAST ECHO
AGGELI C. ET AL. HEART 2008 MAY
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Safety and diagnostic accuracy of stress-contrast ‘

echocardiography in octogenarians.
Aggeli C., Giannopoulos G., Roussakis G., et al. ECS 2008




Supine Bicycle Echocardiography

Improved Diagnostic Accuracy and
Physiologic Assessment of Coronary Artery Disease
With the Incorporation of Intermediate Stages of Exercise

Tae-Ho Park, MD, Nawar Tayan, MD, Kimike Takeda, MD, Hui-Kyung Jeon, MD,
Miguel Ao Ouinenes, MD, FACC, William A, Zoghbi, MD, FACC

Heuston, Texar

(J &m Coll Cardlol 2007;50:16857-63;

Rest - Peak Rest - Intermediate Stages - Peak




Pre Destruction 1 second post destruction 5 seconds post destrug

Myocardial Contrast Echocardiography
for the Detection of Coronary Artery Stenosis (J Am Coll Cardiol 2006;47:141-5)



THE DIAGNOSTIC VALUE OF ADENOSINE STRESS-CONTRAST
ECHOCARDIOGRAPHY FOR DIAGNOSIS OF CORONARY ARTERY DISEASE IN

HYPERTENSIVE PATIENTS - COMPARISON TO TL-201 SINGLE-PHOTON
EMISSION COMPUTED TOMOGRAPHY

C. AGGELI, ET AL. AM J HYPERT 2007

0 700 / 1000 —//
’ 1
0,600 -/ —_— 900 A
0500 + ! o
0,400 no
0,300
0,200 L] 007
0.100 / EHSPECT w0
E —HEE o | -
LAD LR
RCA i
LCx 00 """
LAD RCA LCx - - .
B SPECT 0671 0.559 0.400 T Sensitivity Specificity ‘ P!;V NPV Ac;uracy
OMCE 0 'ﬁ'") 0’561 I 0!533 | !%E‘EEECT EIL‘.?I || E:z‘.i ‘| gjﬁ?u ‘I 8?30.5 || agi‘ | |




PHILIPS X2 15/03/2008 13:19:23 TIS0.0 MID.15L

29051320080315 S5-1/Perfusion MI1.45F

FR 35Hz M2
14em

Contrast
66%

C 50

P Off
Res

G
P{OH®
24 24




PHILIPS X2

15/03/2008 13:20:13 TIS0.0 MIO.15 L
29051320080315 S5-1/Perfusion MI1.45F
FR 35Hz
14em

M2
Contrast
73%
C 50
P Off
Res

o=
S8
.

S

£

i
g T

G
PEOH®
2.4 24

4/
7

fﬁﬂiﬂz/}}h%ﬁ




PHILIPS X2
29051320080315

FR 35Hz
14em

Contrast
73%

C 50

P Off

Res

Fe
-

P{OI®
24 24

15/03/2008

13:21:10 TIS0.0 MID.AS L

S$5-1/Perfusion

MI145F
M2




PHILIPS XX1 15/03/2008 12:12:49 TIS0.0 MID.15L

33431120080315 S5-1/Perfusion MI1.45F
FR 34Hz M2
15cm

Contrast
T4%

C 50

P Off

Res

G
PON®
24 24




DHILIPS XX1 15/03/2008 12:15:18 TIS0.0 MIO0.15 L

33431120080315 S5-1/Perfusion MI145F

FR 34Hz M2
15cm

Contrast
T74%

C 50

P Off

Res

~
-

P{ON®
24 24




PHILIPE TSOUTSAS 24/10/2008 11:51:53 TIS0.0 MID.10 L

50451120081024 S5-1/BR125 MI 0.64 F
FR 27Hz M5
14em

Contrast
63%

C 50

P Off

FPen

o]
DO} =
20 20




Vogel R. &t al .J Am Coll Cardiol. 2005 Mar 1:45(5):754-62.

2.0 -

154

1.0 9

0.5 4

00 = .
oo o5 1.0 15 20

y=0.899x+0.079; r *=0.88
Pc0.0001, SEE=0.112

MBF __ Imimin"g"]




Effect of contrast application on interpretability
and diagnostic value of dobutamine stress
echocardiography in patients with intermediate
coronary lesions: comparison with myocardial
fractional flow reserve

Philip H. Jung!*!, Johannes Rieber't, Stefan Stdrk2, Caroline Hoyer?2,
Isabelle Erhardt!, Anja Nowotny?, Wolfram Voelker?, Frank Weidemann?,
Georg Ertl?, Volker Klauss?!, and Christiane E. Angermann?

"Department of Internal Medicine, Division of Cardiology, Medizinische Polikinik Innenstadt, Ludwig-Maximilians-University, Ziemssenstrasse 1, 80336 Munich, Germany; and
Department of Internal Medicine |, Center for Cardiovascular Medicine, University of Wiirzburg, Germany

Received 1 October 2007; revised 3 April 2008; accepted 28 Apnl 2008
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RESULTS OF DOBUTAMINE STRESS
ECHOCARDIOGRAPHY OF ALL PATIENTS DURING
NEGATIVE AND CONTRAST-ENHANCED DSE IN
COMPARISON WITH THE FRACTIONAL FLOW
RESERVE (FFR)MEASUREMENT

(0 Non-pathological DSE
@ Pathological DSE

Mative DSE i i i a
'
Contrast DSE

' ' WWMW%

0.40 0.60 075 080 1.00

]

FFR




THE TRANSITION OF 2D TO 3D
IMAGING




REAL-TIME 3-DIMENSIONAL CONTRAST STRESS
Y ECHOCARDIOGRAPHY: A BRIDGE T00O FAR?

KRENNING B., ET AL. JASE 2007

o Benefits of real-time 3dimensional
echocardiogarphy

Rapid image acquisition

Less operator dependent

Reproducible views for analysis

Unlimited number of cross sections

Absent left ventricular foreshortening




Clinical research

Non-invasive assessment of myocardial ischaemia
using new real-time three-dimensional dobutamine
stress echocardiography: comparison with
conventional two-dimensional methods

Yoshiki Matsumura, Takeshi Hozumi*, Kotaro Arai, Kenichi Sugioka, Keiji Ujino,
Yasuhiko Takemoto, Hiroyuki Yamagishi, Minoru Yoshiyama,
and Junichi Yoshikawa

The Department of Internal Medicine and Cardiology, Osaka City University Medical School, 1-4-3 Asahi-machi,
Abeno-ku, Osaka 545 8585, Japan

Received 24 August 2004; revised 29 January 2005; accepted 3 February 2005




Real-time three-dimensional
dobutamine stress
echocardiography in detection
of myocardial iIschemia -
validation with coronary
angiography
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Diagnostic parameters of 2- and 3-dimensional dobutamistress echocardiography for
the detection of coronary artery disease ne a (>50% stenoses were deemed as
significant). In all cases, the differences between the two modalities were not
statistically significant

Sensitivity ~ Specificity PPV NPV Accuracy kappa
LAD | 2D echo 78% 92% 95% 82% 85% 0.748

3D echo 85% 90% 88% 87% 88% 0.749

2D echo 5% 90% 719% 86% 86% 0.646

3D echo 80% 86% 6% 89% 84% 0.654

2D echo 65% 96% 85% 86% 86% 0.638

3D echo 65% 92% 19% 86% 84% 0.600

LAD: left anterior descending artery, LCX: left circumflex artery, NPV: negative predictive value,
PPV: positive predictive value, RCA: right coronary artery




REAL TIME 3D VISULALIZATION OF
MYOCARDIAL PERFUSION
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AMERICAN SOCIETY OF ECHOCARDIOGRAPHY NEWS

President’s Message
THE TIME FOR 3D

Last
1971 decade
Transesop contrast
1956 hageal echo,
Doppler echo strain
O ltrasound rate,
1952 U
3D echo
TWO Michael P_icard, MD
. . President
dimensio American Sociery of Echocardiography

nal

The hist6ry of cardiovascular ultrasound is a history
filled with innovation. Three dimensional imaging is
one of these innovations. I suspect that in a few years;
1t will be a routine part of our ultrasound evaluation‘of
the heart.



AT THE END OF THE ROAD...

Real-time 3D stress
echocardiography without
any doubt will be the
fastest and probably
sometime the best way to
do a stress echo.
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