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THEORETICAL AND PRACTICAL 

CONSIDERATIONS

DISCLOSURES

•

•

* Inherent personal distaste for both stress AND exercise
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THE NBE IS NOT VERY SPECIFIC ABOUT CONTENT:

From:  Examination of Special Competence in Adult Echocardiography (ASCeXAM) brochure

OBJECTIVE – SCORE “YUUGE” ON STRESS!!

•

•

•

•
•

•

•

•
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KNOW THE ASE SEGMENTS

1 2 3

654
1

2
3

6
5

4

17-Segment Model

“ALTERNATE” ILLUSTRATION

SAME CONCEPT

Lang RM, et al.  J Am Soc Echocardiol (2015) 28:1-39
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KNOW YOUR PERFUSION DISTRIBUTION

Lang RM, et al.  J Am Soc Echocardiol (2015) 28:1-39

ISCHEMIC CASCADE



5/8/2018

5

PROPER ASSESSMENT OF WALL MOTION

•

•

•

•

•

•

•

•

GRADING WALL MOTION:

Score
Wall Motion 
Category

Endocardial Motion Wall Thickening

1 Normokinetic Normal, Inward Normal (>30%)

2 Hypokinetic Reduced, Inward (<5 mm) Reduced (<30%)

3 Akinetic Absent (<2 mm) Absent (<10%)

4 Dyskinetic Outward Thinning

5 Aneurysmal Outward; Diastolic Deformity Absent and Thinning
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Rest

WMSI:  2.00 (nl = 1.00)

Anterior

Lateral

Inferior

Apex Mid-ventricle Base

Stress

WMSI:  2.38

Normal

Hypokinesis

Akinesis

Dyskinesis

Aneurysm

Worsening wall 
motion abnormality 
with stress

=  sum of scores  /  number of segments visualized

WALL MOTION SCORE INDEX (WMSI)

CHAUDRY FA, ET AL. J AM COLL CARDIOL (1999) 34:730-738

OBJECTIVE – SCORE “YUUGE” ON STRESS!!

• ASE SEGMENTAL MODEL – KNOW YOUR WALLS

•

•

•
•

•

•

•
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STRESS ECHO MODALITIES

•

•

•

•

•

•

•

•

MOST IMPORTANT
for the examination

PHYSIOLOGIC DIFFERENCES

Modality
Inotropic 

State
HR BP SVR

Venous 
Return

Upright Exercise ↑ ↑ ↑ ↑ ↑ ↑ ↑ + ↓ ↑

Supine Bicycle ↑ ↑ ↑ ↑ + ↑ ↑ ↑ ↓ ↑ ↑ ↑

Dobutamine ↑ ↑ ↑ ↑ ↑ ↑+ ↓ ↓ ↓

Vasodilators ↑ ↑ ↓ ↓ ↓ ↓ ↓ ↓

adapted from: KOSMALA W AND MARWICK TH IN ASE’S COMPREHENSIVE ECHOCARDIOGRAPHY (2016)  LANG RM, ET AL, EDS
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METHODOLOGY:  EXERCISE STRESS

•

•

•

•

•

•

•

•

METHODOLOGY:  EXERCISE STRESS 2

•

•

•

•

•

•
•

•

•
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EXERCISE STRESS – BASELINE IMAGES

EXERCISE STRESS - STAGE IMAGES

REST RESTPOST-EX POST-EX

RECOVERY RECOVERY

PARASTERNAL

LONG AXIS

PARASTERNAL

SHORT AXIS
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EXERCISE STRESS – STAGE IMAGES

REST RESTPOST-EX POST-EX

RECOVERY RECOVERY

APICAL

4 CHAMBER

APICAL

2 CHAMBER

METHODOLOGY:  PHARMACOLOGIC STRESS

•

•

•

•

•
•

•

•

•
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DOBUTAMINE STRESS – BASELINE IMAGES

DOBUTAMINE STRESS – STAGE IMAGES

REST RESTLOW DOSE LOW DOSE

RECOVERY RECOVERYHIGH DOSEHIGH DOSE
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DOBUTAMINE STRESS – STAGE IMAGES

REST RESTLOW DOSE LOW DOSE

RECOVERY RECOVERYHIGH DOSE HIGH DOSE

WHEN DO I STOP??

•
•

•

•

•

•

•
•

•

•

•

•

ROY RR, MCCULLY R AND LESTERY SJ IN ASE’S COMPREHENSIVE ECHOCARDIOGRAPHY (2016)  LANG RM, ET AL, EDS
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Ex Echo

n=8592

DSE

n= 6755
P value

Total 

n = 5349

Overall Complication Rate 8 (0.09%) 47 (0.7%) <0.001 55 (0.36%)

Arrhythmia Requiring Rx 4 (0.05%) 39 (0.58%) <0.001 43 (0.28%)

SVT / AF 4 (0.05%) 33 (0.49%) <0.001 37 (0.24%)

VT / VF 0 6 (0.09%) <0.005 6 (0.04%)

Markedly + / Prolonged CP 

requiring hospitalization
3 (0.03%) 5 (0.07) 0.56 8 (0.05%)

Symptomatic hypotension requiring 

hospitalization
1 (0.01%) 3 (0.04%) 0.44 4 (0.03%)

Transfer to Hospital 5 (0.06%) 21 (0.31%) 0.0005 26 (0.17)

Cardiac Rupture or Death 0 0 ---- 0

IS THIS SAFE?

Kane GC, et al.  J Am Soc Echocardiol (2008)  21:333-341 

OBJECTIVE – SCORE “YUUGE” ON STRESS!!

• ASE SEGMENTAL MODEL – KNOW YOUR WALLS

• STRESS MODALITIES & METHODOLOGY

• SELECTION, PREPARATION, CONCLUSION, SIDE EFFECTS

•
•

•

•

•
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WHAT MAKES A “POSITIVE” TEST

•

•

•
•

•

•
•

•

DIAGNOSIS – ISCHEMIA

•

•
•

•

•

•

•

•

For Stress Echo “Overall”

GELEIJNSE ML, ET AL. J AM SOC ECHOCARDIOGR (2009)  22:1199-1208
HOFFMANN R, ET AL.  EUR HEART J  (1999) 20:1485-1492 
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88
82

87
82

77
82

74

94

77

0

20

40

60

80

100

Sensitivity Specificity Accuracy

%

Exercise Dobutamine Dipyridamole

n=119 n=17 n=136

P=0.002 P=0.001

n=136

ISCHEMIA DETECTION: COMPARING MODALITIES

Beleslin and Ostojic.  Circulation (1994)

ISCHEMIA – FACTORS AFFECTING ACCURACY

•
•

•

•
•

•

•

•
•

•

•

•

•

•

•
•

•

•

•
•

•
•

•

•

•
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DECIDING WHEN TO USE S.E. FOR ISCHEMIA

•

•

•

•
•

•

Likelihood of CAD CAD Prevalence Does testing help?

Low <10% NO, CAD unlikely – SE predictive power poor

Medium 10-90% YES

High >90% NO, CAD likely – Move on to cath

Fihn SD, et al.  JACC (2012)  60:e44-e164 

Wolk MJ, et al.  JACC (2014) 63: 380-406 

IMPACT OF PRETEST PROBABILITY

100 Patients
Pre test Likelihood 

10%

CAD +
10 pts

CAD -
90 pts

Sensitivity = 90%

Specificity = 80%

false +
18 pts

True -
72 pts

false -
1 pts

True +
9 pts

27 + tests: 

33% positive predictive value
Courtesy of

S. Lester
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IMPACT OF PRETEST PROBABILITY

100 Patients
Pre test Likelihood 

40%

CAD +
40 pts

CAD -
60 pts

Sensitivity = 90%

Specificity = 80%

false +

12 pts

True -

48 pts
false -
4 pts

True +
36 pts

48 + tests: 

75% positive predictive value
Courtesy of

S. Lester

APPROPRIATE USE – DX ISCHEMIA
SYMPTOMATIC PATIENTS

Wolk MJ, et al. Multimodality AUC for Stable Ischemic Heart Disease.  JACC (2014) 63: 380-406 

A = Appropriate M = May be Appropriate R = Rarely Appropriate
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APPROPRIATE USE – DX ISCHEMIA
ASYMPTOMATIC PATIENTS

Wolk MJ, et al. Multimodality AUC for Stable Ischemic Heart Disease.  JACC (2014) 63: 380-406 

A = Appropriate M = May be Appropriate R = Rarely Appropriate

OTHER FORMS OF STRESS

•

•

• MAY

•
•

•

•

•
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OBJECTIVE – SCORE “YUUGE” ON STRESS!!

• ASE SEGMENTAL MODEL – KNOW YOUR WALLS

• STRESS MODALITIES & METHODOLOGY

• SELECTION, PREPARATION, CONCLUSION, SIDE EFFECTS

• DIAGNOSIS:

• ISCHEMIA, 

•

•

•

DIAGNOSIS – VIABILITY

•

• INFARCTED

• VIABLE

•

•

•

•

• PPV 77% NPV 84%

CAUSE FATE

STUNNED ACUTE ISCHEMIC INJURY RECOVERS FUNCTION OVER TIME

HIBERNATING CHRONIC HYPO-PERFUSION RECOVERS WITH REVASCULARIZATION
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VIABILITY – WHY AND HOW?

•

•

•

•

•

•
• – OR –

•
•

CLASSIFYING SEGMENTAL RESPONSE

• MONOPHASIC

•

•

• BIPHASIC

•

•

• ISCHEMIC

•

•

• NONPHASIC

•

•
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DOBUTAMINE RESPONSE

MOST SPECIFIC
79% Sens, 89% Spec

MOST SENSITIVE
86% Sens, 68% Spec

Usually thin (<5 mm), 

Hyper-refractile

DOBUTAMINE – MONOPHASIC RESPONSE

Courtesy of 

Sunil Mankad
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DOBUTAMINE - BIPHASIC RESPONSE:

Courtesy of 

Sunil Mankad

5 MCG

10 MCG 15 MCG

ECHO CONTRAST UTILIZATION

• LV OPACIFICATION (LVO) 

•

•

•

•

•

• REAL TIME PERFUSION ECHO (RTPE) NOT FDA APPROVED

•

•
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OBJECTIVE – SCORE “YUUGE” ON STRESS!!

• ASE SEGMENTAL MODEL – KNOW YOUR WALLS

• STRESS MODALITIES & METHODOLOGY

• SELECTION, PREPARATION, CONCLUSION, SIDE EFFECTS

• DIAGNOSIS:
• ISCHEMIA, VIABILITY

•

•

•

PROGNOSTIC POWER – THE BAD

•
•

•
•

•
•

•
•

•



5/8/2018

24

PROGNOSTIC POWER – THE GOOD

•

•

•

•

•

<1% per year 1-3% per year

Stress Maximal (>85%) Submaximal

Resting EF >50% <40%

Anti-ischemics Off On

OBJECTIVE – SCORE “YUUGE” ON STRESS!!

• ASE SEGMENTAL MODEL – KNOW YOUR WALLS

• STRESS MODALITIES & METHODOLOGY

• SELECTION, PREPARATION, CONCLUSION, SIDE EFFECTS

• DIAGNOSIS:
• ISCHEMIA, VIABILITY

• PROGNOSIS

•

•
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PROGNOSTIC POWER

•

•

•

•

•

APPROPRIATE PROGNOSTIC USE

Wolk MJ, et al. Multimodality AUC for Stable Ischemic Heart Disease.  JACC (2014) 63: 380-406 

A = Appropriate M = May be Appropriate R = Rarely Appropriate
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Lancellotti P, et al. J Am Soc Echocardiogr (2017)  30: 101-138

DIAGNOSIS – DIASTOLIC STRESS TEST

•

•

•

•

•

•

•

•

•



5/8/2018

27



5/8/2018

28

DIASTOLIC STRESS – METHODOLOGY

•

•

•

•

•

•

•

•

Dyspnea
Breathlessness

Exertional Fatigue

Diastolic Stress Echo

HFpEF

Alternative Dx:
• Ischemia / WMA

• LVOT obstruction

• Dynamic MR

• Chrono incompetence

Clinical Factors
• Elderly

• Diabetes

• Hypertension

• Obesity

• Sedentary

• Exercise avg E/e’ >14 
or sept E/e’ >15

AND

• Exercise Peak TR Vel >2.8 m/s

AND

• Rest septal  e’< 7 cm/s 
or lateral e’<10 cm/s

YES NO

Lancellotti P, et al. J Am Soc Echocardiogr (2017)  30: 101-138
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67 MAN, DIABETES, HTN, LV HYPERTROPHY 

•

Courtesy:

S. Lester

OTHER SE APPLICATIONS – VALVE DISEASE

•
•

•
•

•

•
•
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STRESS ECHO FOR MITRAL REGURGITATION

•

•

•

•

•

•

•

•

Lancellotti P, et al. J Am Soc Echocardiogr (2017)  30: 101-138

SIGNIFICANT:

• Incr. MR ≥ 1 grade

• Incr. in ERO ≥ 13 mm2

• Ex PASP ≥ 60 mmHg

STRESS ECHO FOR AORTIC REGURGITATION

•

•

•

•

•

•

•

•

Lancellotti P, et al. J Am Soc Echocardiogr (2017)  30: 101-138
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STRESS ECHO FOR MITRAL STENOSIS

•

•

•

•

•

•

•

Lancellotti P, et al. J Am Soc Echocardiogr (2017)  30: 101-138

SIGNIFICANT:

• ↑ MG >15 mmHg (Ex)

• ↑ MG >18 mmHg (Dob)

• Ex PASP ≥ 60 mmHg

STRESS ECHO FOR AORTIC STENOSIS

•

•

•

•
•

•

•

Lancellotti P, et al. J Am Soc Echocardiogr (2017)  30: 101-138

SIGNIFICANT:

• Symptoms

• ↑ MG >18-20 mmHg

• Ex PASP ≥ 60 mmHg
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STRESS(FUL) SUMMARY

•

•

•

•

•

•

•

THANK YOU!


