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Absolute Contraindications to 

Stress Testing—Should Not 

Do Them or Expect Them 
• Acute MI w/in 48 hours 

• Unstable AP not yet medically controlled 

• Uncontrolled CV arrhythmia w/hemodynamic 
consequence, like VT 

• Severe (symptomatic?) AS, aortic dissection, PE, 
pericarditis 

• Known multivessel CAD (left main) thought likely to 
produce MI w/stress test 

• Decompensated CHF 

• Uncontrolled hypertension (some say > 200/110) 

• Severe pulmonary hypertension 

• Acute illness for other reasons 
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Contraindications 

from Guidelines for Exercise Testing 

and Prescription, 4th Edition--1991 
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Relative Contraindications 

from Exercise Testing and Prescription, 4th 

Edition--1991 
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Inadequate TMs for Interpretation--I 

Did Them and They Didn’t Help Me 

• Inadequate HR = < 85% predicted for age 

– Beta blockers 

– CCBs (esp. diltiazem and verapamil) 

– Antiarrhythmics (esp. amiodarone and sotalol) 

– Digoxin (HR and ST segment changes) 

– Nitrates (blunt the ischemic response) 

– The atrial fibrillation problem w/HR 
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So What Do the Experts Say? 

• Who should have a plain TM test? 

• The ACC/AHA recommendations for this 

are in the usual Class I, IIa, IIb, III format 

• If you are not doing a plain TM, what 

stress test can you use? 
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Warning 

• At AAIM, we are not in the business of colluding between 
companies; we are in the business of educating and 
assuring quality assessments based on good scientific 
evidence. 

• Remember different companies use different manuals 
and have different internal policies and pricing 
philosophies so even if we could “grade” a test/case, it 
might well not imply the same conclusions. 

• Please refrain from questions or statements about exact 
ratings on impairments or cases; limit it to a “preferred 
status” or “standard” or “low or higher substandard” 
status in a general way. 
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Two Patients’ Bruce TMs—how 

would you rate these applicants? 

• 1 mm ST depression in Stg. 1-2, HR < 

120, 4.5 – 7 METS 

 

 

• < 1 mm ST depression, went into Stg. 4, 

HR 160, 10-13 METS 
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BTW, What is a MET? 

• It = metabolic equivalent of O2 consumption at 

rest = 3.5 ml O2/kg weight/minute, burned at 

rest 

 

• There is considerable evidence that MET level is 

a strong independent predictor of stratification 

into a low risk outcome group (as compared to 

“double product” or HR achieved or exercise 

duration)Chest 1999 Apr: 115 (4), 1166-1169. 
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METS in Males, Females and CV 

patients 

from Exercise Testing and 

Prescription, 4th Edition--1991 





Two Patients Bruce TM—how 

would you rate these applicants? 
•  1 mm ST dep. in Stg. 1-2, HR< 120, 4.5-7 

METS 
– 12 month survival <85% 

– 25% chance LM CAD 

– 60% chance 3 vessel CAD 

 

to 10 METS into Stg. 4, HR > 160, < 1mm ST, 10-13 
METS 

 --12 month survival > 99% 

 --< 1% LM CAD 

 --< 15% 3 vessel CAD 
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Baseline EKG Abnormalities and 

ST Interpretation—oh if only they 

all looked like this… 
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The two preceding EKGs are on 

the same patient at the start of a 

TM 

• What made the difference between those 

2 EKGs? 

• Will this make STsegment interpretation 

vary? 

• The importance of “averaged beat 

analysis” 
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Topics in TM Interpretation 

• How do baseline EKG abnormalities affect ST 
interpretation? 

• What is the EKG difference and mortality difference 
between normal, borderline, and abnormal TM 
interpretations? 

• What affects prognosis besides ST segments: actual 
MET level, pseudonormalization of T waves, LBBB, 
AVB, PVCs, hypotension? 

• How does HR recovery play a role? 

• What is a hypertensive response and what does it 
mean? 

• What are the predictors of mortality or poorer prognosis? 
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Why are these topics worth your 

time as an insurance medical 

director? 

 
• The insurance industry has identified the 

same parameters that clinical medicine 

uses to tell prognostically worse disease 

from more stable disease. 

• Here are some charts from two insurance 

manuals detailing characteristics (without 

debits) important to prognostication: 
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Two Manuals on TM Testing 

• Age of applicant 

• Stress imaging or plain 
TM 

• “for cause” test or 
screening 

• Presence/absence of >/= 
2 CV Risks 

• Stress imaging or plain 
TM 

• PACs or PVCs 

• BBB, intermittent or rate-
related 

• ST elevation or 
depression 

• T wave types and 
resolution 

• Reason for stopping 

• BP drop 

• HR incompetence 

• Aware of false + 
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Two Essential Points of 

Understanding in Treadmill Testing 

• 1—Sensitivity and Specificity of the Tests 

themselves 

 

• 2—Pre Test Probability of Disease (Bayes’ 

Theorem)—especially important in 

understanding female test outcomes 
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Sensitivity and Specificity 
• High sensitivity test will 

not miss many patients 

(few false negatives—

high % of + tests 

among all w/disease) 

• High specificity test will 

not identify a disease 

falsely (few false 

positives—high % of 

neg. test among all 

w/no disease) 
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Female TM testing 

Circulation 2010:122:2570-2580 
• Sensitivity 31-71% 

• Specificity 66-86% 

• + pred. value (test is + & correctly identifies 
disease) 47% vs. 77% female to male 

• - pred. value (test is – and correctly identifies no 
disease) 78% vs. 81% female to male 

• Thus a negative test is very helpful, but a + test 
is much < helpful in a female (estrogen’s 
“digoxin-like effect” on ST segments) 

• Heavily dependent on pre-test probability in 
females since prevalence is << males 
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Spectrum of Ischemic EKG 

Changes—Up-to-Date Text 

 

©  2013 Allstate Insurance Company     

For Broker-Dealer or Agent Use Only. This material may not be quoted, reproduced or shown 

to members of the public, or used in electronic or written form as sales literature for public use. 

 



What to Remember About ST 

Segments 

• Any time depolarization is abnormal… 

 

 

• Repolarization is also abnormal. 
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ST Segment Misinterpretation 

• WPW and attendant ST abnormalities 

• Pacing and assoc. ST abnormalities 

• LBBB 

• > 1 mm ST depression at rest 

• Digoxin use and effect on ST segments 

• LVH 

• Hypokalemia and ST abnormalities 

• And some would even say… “female’s estrogen-
like effects on ST segments” 
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Example WPW 

Lifeinthefastlane Web Site—this 

slide and next 
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Example Ventricular Pacing EKG 

Lifeinthefastlane Web Site 

 



Example LBBB EKG 

Emergency Electrocardiography 

Online Training Module 

 



Example LVH 

from ECGpedia.org 

 

http://nl.ecgpedia.org/images/f/fa/Extreme_lvh2.jpg


Example Digoxin Effect 

from ecglibrary.com 

 



Example Hypokalemia and ST 

abnormalities 

from Lifeinthefastlane Web Site 
 

http://cdn.lifeinthefastlane.com/wp-content/uploads/2011/02/severe-hypok-1.7.jpg


ST Segments Aside…Do METS 

Matter? 

• Yes, one of the most powerful mortality 

predictors in a TM is adequate TM 

performance as a whole, with or without 

the ST segments analysis 
Relative risks of death from any cause among subjects with various risk factors who 

achieved an exercise capacity of less than 5 metabolic equivalents (METs) or 5 to 8 

METs, as compared with subjects whose exercise capacity was more than 8 METs. Error 

bars are 95% confidence intervals for the relative risks.  

BMI = body mass index; COPD = chronic obstructive pulmonary disease. 

MYERS J, PRAKASH M, FROELICHER V, DO D, PARTINGTON S, ATWOOD JE. 

EXERCISE CAPACITY AND MORTALITY AMONG MEN REFERRED FOR EXERCISE 

TESTING. N ENGL J MED 2002; 346:793–801.  

COPYRIGHT© 2002, MASSACHUSETTS MEDICAL SOCIETY 
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Cleveland Clinic J Med 

June 2008 Vol.75.6, 424-430 

also JAMA 1989: 262:2395-2401 
• Prospective study of 

3100 females & 

10000 males age-adj. 

all cause mortality per 

10,000 person-years 

• Aerobic Center 

Longitudinal Study in 

healthy men and 

women 
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Non ST segment TM changes in 

Females 

• METS achieved for each additional MET 

in women a 17% mortality reduction (St. 

James’ Women Take Heart study; also in 

LRC study) 
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Am Heart J 2011 May:161 (5): 908-

914 
Capacity 2.00 2.09 0.99 <0.01 

HR 

Recover 

1.71 1.70 1.71 0.96 

CP 0.69 0.64 0.83 0.78 

Signif. 

ST 

1.10 1.09 1.12 0.93 
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END (Economics of Noninvasive 

Diagnosis) Study 

• Females achieving at least 85% max. HR 
compared to those w/< 85% had a ½ the 
death risk from any cause or CV cause 

• St. James’ Take Heart Study for every 
one bpm increase in HR achieved there 
was a 3% decrease in all cause mortality, 
and it remained at a 2% reduction in 
mortality even after controlling for CV risks 
and METS achieved 
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Hypertension and Hypotension 

• Dubach in Circ 

1988:78:1380-1387 

– Found a 3.2 x CV event 

rate over a 2 year period (P 

< 0.005) in those whose bp 

dropped 10 mm Hg over 

standing per TM bp 

• Froelicher in Am J Med 

1987: 83:1045-54 

– Found of the five exercise 

test responses, only an 

abnormal systolic blood 

pressure response and a 

poor exercise capacity 

predicted risk more 

frequently than by chance  
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LRC Study 

• Abnormal HR Recovery (< 12 bpm drop in 

first minute post exercise) predicted 

mortality independently in females from 

CV or all cause mortality—Hazard Ratio 

1.5 
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Preceding Slide 

•  Estimates of the relative risk of death within 6 years 
according to heart rate recovery 1 minute after cessation 
of exercise. Circles represent the relative risk of death 
for each of the quintiles as compared with the quintile 
with the greatest reduction (5th). Blue and red lines 
represent the 95% confidence intervals.  

• COLE CR, BLACKSTONE EH, PASHKOW FJ, SNADER 
CE, LAUER MS. 

• HEART-RATE RECOVERY IMMEDIATELY AFTER 
EXERCISE AS A PREDICTOR OF MORTALITY. N 
ENGL J MED 1999; 341:1351–1357. 

©  2013 Allstate Insurance Company     

For Broker-Dealer or Agent Use Only. This material may not be quoted, reproduced or shown 

to members of the public, or used in electronic or written form as sales literature for public use. 

 



HR Recovery and Chronotropic 

Response 

• Am Heart J. 2008 Oct;156(4):736-44. doi: 

10.1016/j.ahj.2008.05.025. 

• 9519 outpatients w/TMs 2001-2004 

• Hazard ratio of 1.9 for predicting mortality 

• adding this to a low Duke Treadmill Score 

risk group improved mortality prediction by 

a factor of 2.59 
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Preceding Slide 

• JOUVEN X, ZUREIK M, DESNOS M, 
COURBON D, DUCIMETIERE P. LONG-
TERM OUTCOME IN ASYMPTOMATIC 
MEN WITH EXERCISE-INDUCED 
PREMATURE VENTRICULAR 
DEPOLARIZATIONS.  

• N ENGL J MED 2000; 343:826–833. 
COPYRIGHT© 2000, MASSACHUSETTS 
MEDICAL SOCIETY. 
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Ventricular Arrhythmias 

• ventricular arrhythmias prediction controversial 

• A recent review found that ventricular ectopy 
during exercise testing or recovery was 
associated with an increased death rate in 13 
out of 22 studies. 

•  Fifteen of these studies included patient 
populations with symptomatic or known coronary 
artery disease; the other 7 studies were in 
healthy people without symptoms (eg, being 
screened for employment).  

©  2013 Allstate Insurance Company     

For Broker-Dealer or Agent Use Only. This material may not be quoted, reproduced or shown 

to members of the public, or used in electronic or written form as sales literature for public use. 

 



PVCs more Important in Recovery 

• Frolkis evaluated 29,244 patients referred to Cleveland Clinic for 
exercise treadmill testing and found a low prevalence of frequent 
ventricular ectopy (3% during exercise, 2% after exercise, and 2% 
both during and after exercise).  

 

• The 5-year mortality rate was higher in patients with frequent 
ventricular ectopy during exercise vs those without (9% vs 5%, P < 
.001)   

• was even higher in those with frequent ventricular ectopy in recovery 
vs those without (11% vs 5%, P < .001). 

 

•  After adjusting for confounding variables, only frequent ventricular 
ectopy in recovery, but not during exercise, was associated with an 
increased death rate (adjusted hazard ratio 1.5; 95% CI 1.1–1.9; P = 
.003).  
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How about combining TM findings 

and improving mortality prediction? 

• Dr. Daniel Mark beat you to it… 
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Duke Treadmill Score 

• The most widely used treadmill risk score, the 
Duke treadmill score can be calculated as:  

• Exercise time (in minutes, Bruce protocol) minus 
5 times the magnitude of ST-segment 
depression (in millimeters) minus 4 times the 
treadmill angina index (ie, 0 = no angina, 1 = 
nonlimiting angina, 2 = angina that is the reason 
for terminating exercise). 

DOI: 10.1056/NEPrognostic Value of a Treadmill Exercise Score in Outpatients 

with Suspected Coronary Artery Disease 

Daniel B. Mark, M.D., M.P.H., Linda Shaw, B.A., Frank E. Harrell, Jr., Ph.D., Mark A. 

Hlatky, M.D., Kerry L. Lee, Ph.D., James R. Bengtson, M.D., M.P.H., Charles B. 

McCants, B.S., Robert M. Califf, M.D., and David B. Pryor, M.D. 

N ENGL J MED 1991; 325:849-853September 19, 1991DOI: 

10.1056/NEJM199109193251204JM199109193251204 
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Duke Treadmill Score 

• Most widely used scoring system 

• >2800 pt.s including 30% women 

• Low risk DTS = >+5 

• Intermediate risk DTS = -10 to +4 

• High risk DTS = > -11 

 

• High risk DTS has 376 x risk of low risk DTS 

 

• In females, 81% of low risk DTS had no CAD and in high risk DTS, 
46% females had 3 vessel or left main 

 

• Low risk DTS annual mort.  0.25% vs. high risk 5% 

 

• JACC, 1998: 98: 1622-1630. 
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Cleveland Clinic/Kaiser Prediction 

Model 

• Ann Int Med 18Dec 2007:147:12: 821-828 

• Analytic based on CC 33,268 pts. w/normal 
EKGs; validation based on 5821 Kaiser pts. f/up 
6.2 yrs 

• Age/Sex/Smoking/bp/DM/AP and TM 
capacity/ST deviation/symptoms/HR 
recovery/PVCs in recovery 

• Results P value < 0.0001 and performed better 
than Duke Score & reclassified some correctly 
as low risk 
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Alternatives to Exercise 

• Adenosine/Regadenoson 

(Lexiscan)/Dipyridamole as coronary 

vasodilators (dilate the good artery and fail to 

dilate the partially blocked onerelative 

contraindication in reactive airways dis. (antidote 

= aminophylline) 

• Dobutamine raises HR to simulate exercise 

effect (at peak, decreases bp rather than 

increases it) used for reactive airways disease 

pt.s (antidote = fluids and BB’s) 
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Imaging Stress Tests 

• Stress echo (especially in females) 

increases the sens/spec to = a male TM 

test81-86% sens and 80-88% spec. in 

females over a plain TM (31-71% and 66-

86%) 

• SPECT nuclear stress (especially in 

females) increases the sens/spec to 78-

88% and 64-91% over a plain TM 
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Prognosis in Imaging Stress Tests 

--Women w/negative stress echo had a 96% 

CV event-free survival over three years 

compared to 55% in women w/abnormal 

stress echoes 

JACC 1997: 30: 414-420 
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Am J Med 1999 Feb;106 (2):  172-

178 

• Economics of Noninvasive Diagnosis (END) 

study group 

• 6 academic high volume nuclear CV labs 

studied 5000 males and 3400 females 

• 39% males w/perfusion defects and 25% 

females 

• 2.5 year f/up143 CV deaths 

• In females, # territories was strongest mortality 

predictor after adj. for exercise variables 
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Algorithm for stress testing in the evaluation of a symptomatic woman at low, intermediate, 
and high risk is determined by the patient's pretest probability of CAD. LBBB indicates left 

bundle branch block. 

Kohli P , and Gulati M Circulation 2010;122:2570-2580 

Copyright © American Heart Association 



Why can patients have a “normal” 

stress test and go on to infarct or 

die a short time later? 

• Stress tests detect (at the time of the 
test) the relative coronary flow, and high 
grade lesions, geographically, pre and 
post stress; they do not detect overall 
atherosclerosis and are poor at mild or 
subclinical disease (mild fat-laden 
plaques that are more prone to rupture 
and have acute events than calcific 
plaques- “vulnerable plaques”). 
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AV Block 

• No large trials of this either pre-TM or 

produced by the TM 

• There is a fairly high likelihood that the pt. 

in question has nodal or infranodal 

conduction system disease and needs a 

pacemaker, not just CAD 

©  2013 Allstate Insurance Company     

For Broker-Dealer or Agent Use Only. This material may not be quoted, reproduced or shown 

to members of the public, or used in electronic or written form as sales literature for public use. 

 



Pseudonormalization of T waves 

• Lots of case reports, few large or long 

term studies 

• Remember localizes apical hypertrophy as 

a cause 

• Can be with or without other TM+ findings 

• As an isolated finding, few indications of 

mortality prediction 
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Patient Adverse Outcome 

Predictors 

• < 5 METS 

• Exercise-induced AP esp. w/low METS 

• Low peak systolic bp or systolic bp fall of 

10 mm Hg 

• Chronotropic incompetence 
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TM Adverse Outcome Predictors 

• > 1 mm downsloping/flat ST segments in 
exercise or recovery 

• >2 mm ST depression in Stage 2 or < or with HR 
130 or < 

• Stage 1 or < 5 min. exercise ST depression 

• > 5 leads w/ST depression 

• ST elevation esp. leads w/no Q waves and not 
avR 

• PVCs esp. couplets or VT new with exercise and 
decrease in recovery 

• ST/HR slope of 6 mV/beat/min. 
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CASS Registry Study 

JACC 1986:8 (4): 741 

• --12% of patients had > 1 mm ST 

depression on TMs and < first 

Stg.annual mortality > 5% 

 

• 34% of patients had < 1 mm ST 

depression on TMs and exercised into 

Stage 3 annual mortality < 1% 
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Nuclear Stress Test Buzz Words 

• MPHR = maximum predicted HR (for age) 

• Lung tracer uptake or lung: heart ratio 

• Wall motion and thickening 

• Inferior/apical esp. small and fixed defects 

• Anterior esp. small and fixed defects 

• Breast attenuation and attenuation correction 

• SSS and SRS and SDS 

• Rapidity of ST resolution post exercise 

• LV dilation w/exercise or TID ratio 

• Prone position 

• What is a walking adenosine? 
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Summed Stress Score (SSS) 

Heart 2003 Nov 89 (11): 1291-1297 

• A representative method of scoring the total 
ischemic burden is to calculate the “summed 
stress score” or SSS, using the method 
developed at Cedars-Sinai Hospital (Los 
Angeles, California, USA).23 In large studies 
(over 20 000 patients) the SSS predicted patient 
outcome. A normal summed stress score (0–3) 
was associated with a mortality of less than 1%, 
whereas an increasing SSS predicted higher 
cardiac mortality  
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• METS matter… a lot…even if one cannot 

“read” the ST segments accurately 

• ST segment misinterpretation happens 

with various drugs, LVH, underlying EKG 

abnormalities of other sorts 

• PVCs matter less, but if so, more in 

recovery 

• Hypotension is a poor sign especially if 

produced by exercise; hypertension < 

predictive 

In Summary 



• Risk scores like the Duke TM score and 

the Cleveland Clinic/Kaiser score are very 

useful to combine clinical and TM 

parameters to predict risk 

• Female TMs are prone to misinterpretation 

unless imaging is also used; but a 

negative TM still has fair predictive value 

• HR recovery is not as useful as thought—

probably reflects conditioning 

In Summary 



In Summary 

• Other findings (except new LBBB) can 

occur with ischemia or with other causes, 

so not so useful 

• Imaging stress tests are probably more 

accurate if produced in an ICANL or 

ICAEVL lab 

• Remember the buzz words but also 

correlate with the total findings—i.e. the 

SSS in nuclears and WMA in echoes 


