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Abstract

Background. Electrocardiographic (ECG) changes during stress testing are a common and perplexing finding during non-
ischaemic stress echocardiography (SE). Research has provided conflicting results regarding the implications. Methods. SE was
performed after maximal Bruce protocol treadmill exercise. Results. 3020 consecutive patients, mean age 58+12 years, 36%
female, were followed-up for up to 9 years (mean 3621 months) post SE. Time to first cardiac event (composite of heart failure
admission, worsening New York Heart Association class, worsening ejection fraction, acute coronary syndrome, revascularization,
angina or cardiovascular death) was analyzed and adjusted using Cox proportional hazards regression. Prognostic significance
was found with 1.5mm of downsloping or horizontal ST depression. Adjusting for baseline differences, increased risk of composite
major adverse cardiac events was shown with at least 1.5mm of exercise induced ST depression (Hazard ratio [HR] of 2.47, 95%
Confidence ratio [CI] 1.67-3.72, p<0.0001). Patients achieving high level exercise capacity ([?]13 metabolic equivalents or MET's)
with ST depression lower risk of cardiac events during follow-up Conclusion. Patients with ST segment depression but non-
ischaemic stress imaging have poorer prognosis compared to patients with non-ischaemic stress echocardiograms with normal
stress ECGs. ST depression of 1.5mm or more was established as a prognostically significance value. High exercise capacity
improves prognosis, and ECG changes in that setting can be regarded as false positives. Overall, however, ST depression during

non-ischaemic stress imaging is not a benign finding.
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Abstract

Background. Electrocardiographic (ECG) changes during stress testing are a common and perplexing finding
during non-ischaemic stress echocardiography (SE). Research has provided conflicting results regarding the



implications.
Methods. SE was performed after maximal Bruce protocol treadmill exercise.

Results. 3020 consecutive patients, mean age 58+12 years, 36% female, were followed-up for up to 9 years
(mean 3621 months) post SE. Time to first cardiac event (composite of heart failure admission, worsening
New York Heart Association class, worsening ejection fraction, acute coronary syndrome, revascularizati-
on, angina or cardiovascular death) was analyzed and adjusted using Cox proportional hazards regression.
Prognostic significance was found with 1.5mm of downsloping or horizontal ST depression. Adjusting for
baseline differences, increased risk of composite major adverse cardiac events was shown with at least 1.5mm
of exercise induced ST depression (Hazard ratio [HR] of 2.47, 95% Confidence ratio [CI] 1.67-3.72, p<0.0001).
Patients achieving high level exercise capacity ([?]13 metabolic equivalents or METs) with ST depression
lower risk of cardiac events during follow-up

Conclusion. Patients with ST segment depression but non-ischaemic stress imaging have poorer prognosis
compared to patients with non-ischaemic stress echocardiograms with normal stress ECGs. ST depression of
1.5mm or more was established as a prognostically significance value. High exercise capacity improves prog-
nosis, and ECG changes in that setting can be regarded as false positives. Overall, however, ST depression
during non-ischaemic stress imaging is not a benign finding.

Key words: Stress echocardiography, ST depression, ischaemic heart disease, prognosis
Abbreviations:

CI — Confidence interval

ECG - electrocardiography

EF — Ejection fraction

FRS — Framingham risk score

HR — Hazard ratio

LAV — Left atrial volume

MACE — Major adverse cardiac events
METSs — metabolic equivalents

NYHA — New York Heart Association
SE - stress echocardiography (SE)

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.

Introduction

Stress imaging was added to treadmill testing with the aim of increasing the accuracy of the investigative
technique. [1-3] Subsequent research supported this proposal and initial papers suggested that the imaging
result determined the prognostic outcomes rather than the electrocardiographic (ECG) findings. [2-5] Many
clinicians were left with the suspicion that non-ischaemic stress imaging with significant ECG changes may
not be completely reassuring. This research was conducted to test that hypothesis. Subsequently, one well
conducted study has been published suggesting that abnormal exercise ECG findings in the setting of normal
stress imaging may result in increased adverse events. [6]

Materials and Methods

Consecutive patients referred to GenesisCare Cardiology clinical testing facilities in Brisbane, Australia
were studied prospectively between June 2011 to November 2015. Patients underwent standard Bruce



protocol treadmill testing [7,8] with digital gated echocardiography before and after exercise. Patients with
an ischaemic stress echocardiogram, patients with a significant reduction in ejection fraction (EF < 50%),
those patients requiring dobutamine stress echocardiography, and patients with a paced rhythm or atrial
fibrillation were excluded. Patients with a resting left bundle branch block were documented, but not
included in the final analysis, due to difficulties in assessing ST change in that setting [9]. Indications for
the test included chest pain and dyspnoea for investigation.

Exercise was replicated and quantitated using General Electric medical grade treadmills using Case systems
(Milwaukee, USA). Standard Bruce protocols were used to produce exercise stress in a controlled and re-
producible manner. Diagnostic ST segment change was defined as horizontal or downsloping ST depression
0.08 seconds from the J-point of at least 0.5mm [7,8,10-12].

The echocardiographic image acquisition included the parasternal long axis, short axis, apical four, two, and
three chambers. Ejection fraction was measured by Simpson’s method. Stress imaging was completed in less
than 90 seconds after cessation of exercise.

The echocardiography scanners utilised included the General Electric Vivid €9 (Horton, USA) and Vivid 7
(Horton, USA), Siemens SC2000 and SC2000 Prime (Mountain View, USA) and the Phillips ie33 and Epic
(Best, The Netherlands). Metabolic equivalents (METSs) were used to represent exercise capacity, as per
standard protocols [1,7,8,10].

The echocardiogram was performed by cardiac sonographers with subspecialty training in stress echocardio-
graphy. The stress ECG was monitored by an exercise physiologist. All tests were supervised and read by
cardiologists with subspecialty training in stress echocardiography. Results were then over-read, standard-
ized and recorded by a single stress echocardiography specialised cardiologist, blinded to the results and the
outcomes.

Ischaemic stress echocardiograms were defined as those with new regional wall motion abnormalities in two
or more contiguous segments, or cavity dilatation with a lack of cardiac augmentation (direct comparison
of the pre- and post-exercise echocardiographic images). Non-ischaemic stress echocardiograms (niSE) were
defined as having no evidence of myocardial ischaemia on the stress imaging (no new regional wall motion
abnormalities, no cavity dilatation, and appropriate augmentation of cardiac contractility post exercise),
with an appropriate augmentation of left ventricular function, as assessed by echocardiography.

In the follow-up phase, medical records were reviewed for up to nine (9) years after the stress echocardio-
gram had been performed. Predetermined cardiovascular end-points included admission to hospital with a
diagnosis of heart failure, worsening New York Heart Association (NYHA) class, a reduction in ejection frac-
tion of greater than 10%, cardiovascular death, diagnosis of an acute coronary syndrome, new onset angina
pectoris and percutaneous cardiac revascularisation. Worsening NYHA class, a diagnosis of acute coronary
syndrome and angina were determined by the treating cardiologist at the time of follow-up. This assessment
was made independent to the study, and the treating specialist was blinded to the results. The time interval
to a patient’s first significant cardiac event (a composite of the above) was analysed using Cox proportional
hazards regression, adjusted for patient’s age, pre-test Framingham risk (calculated and determined at the
time of the stress echocardiogram), ejection fraction and left atrial volume.

The study design and methodology were reviewed and approved by the HeartCare Partners (GenesisCare)
echocardiographic working group ethics subcommittee. The research protocol was carried out in accordance
with The Code of Ethics of the World Medical Association (Declaration of Helsinki). All patients provided
written consent.

Results

All non-ischaemic stress echocardiograms from June 2011 to November 2015 were prospectively analysed
and followed. This resulted in a pool of 3020 studies. The patients were followed for up to 9 years or 48
354 patient months (mean of 36+-21 months). The mean age was 58+-12 years. There were 1087 females
(36%), which was expected for this cohort [9,13,14].



During follow-up, overall event rates were low. For all patients in this study, the event rate was 0.46% at
12 months, 1.0% at two years, 1.2% at three years and 2.8% at 5 years. This compared to a mean pre-test
predicted Framingham risk score of 13.4 +-10.3% over 10 years.

Patients who had any horizontal or downsloping ST depression ([?] 0.5mm) during niSE were shown to
have more outcome events compared to patients without any ST depression (hazard ratio [HR] 1.55, 95%
confidence intervals [95% CI] 1.22-1.95, p=0.0002). See Figure 1. However, comparison of the baseline
characteristics of the two groups showed statistically significant differences, including age, medical history,
Framingham risk score (FRS), ejection fraction (EF) and left atrial volume (LAV) (see Table 1). Adjusting for
these baseline differences, a cut point of 1.5mm of ST depression was shown to be incrementally prognostically
significant for niSE (see Figure 2, 3). These patients had statistically significantly more outcomes, compared
to those with less or no ST depression. On the basis of these data, subsequent analyses were conducted using
[?] 1.5mm of exercise induced ST depression as the diagnostic value for an electrically positive stress test
during niSE. An increased risk of major adverse cardiac outcomes (death, acute coronary syndromes and
revascularisation) was shown for those with at least 1.5mm of exercise induced ST depression with a HR of
2.47 (95% CI 1.67-3.72, p<0.0001). See Figure 4.

Events were seen in 21.0% (95% CI 0.17-0.25) of all niSE tests with 1.5mm of ST depression. This compared
to an event rate of 11.1% (95% CI 0.10-0.12, p<0.001) for patients who did not have ST depression, over
the total follow up period. The majority events occurred later in the follow-up period.

Exercise capacity has previously been shown to effect outcomes post stress testing. [15,16]. Patients who
were able to exercise to greater than or equal to 13 metabolic equivalents (METs, to the end of stage 4 on
the standard Bruce protocol) during niSE, but with significant ST depression had a HR of 0.55 (95% CI
0.39-0.77, p=0.005) compared to a HR of 1.83 (95% CI 1.3-2.57) for those exercising to less than 13 METs
with significant ST changes. See Figure 5. Exercise to more than 10.3 METSs has previously been shown to
have prognostic benefit [16]. In this study, those with diagnostic ST change ([?] 1.5mm) during niSE, exercise
capacity of greater than 10.3 METs did not impart statistically different outcomes compared to those with
lower exercise endurance. Reduced exercise capacity has been shown to result in poorer patient outcomes.
[15] Unfortunately for patients with ST depression and lower exercise capacity (e.g. [?] 7.1 METs), there
were insufficient numbers for an accurate analysis (n=77 for patients with ST depression [?]1.5mm and [?]
7.1 METSs).

Discussion

Stress echocardiography is an established and mature technique for the assessment of patients with suspected
and established coronary artery disease. [1-3] Stress imaging significantly increases the accuracy of the test
over exercise ECG analysis alone. [1-4] In the ischaemic cascade, regional wall abnormalities occur before
ECG changes. [17] Non-ischaemic stress echocardiograms have been shown to have very low event rates
in follow up [1-6] including the patients in this cohort (1.2% for all patients at 3 years post testing). As
a consequence, patients with ST changes with normal stress imaging have been felt to have a low risk
result. [3,4] However, ST depression during exercise testing occurs frequently, in both men and women. [10]
Concerns have remained over the significance of this finding.

The results here confirm the findings of Daubert et al [6] that ST changes during niSE result in more adverse
outcomes despite reassuring stress imaging. A number of factors influence these findings, including age,
pre-test risk, patient medical history and medical therapy. Differences persist despite correcting for these
factors. Adverse events tend to occur later in follow-up. Additionally, the research presented here suggests
that 1.5mm of ST depression during niSE appears to be the prognostically significant amount of change. It
also suggests that high exercise capacity has a moderating effect and that those patients have low risk going
forward despite the abnormal ECG findings.

These results also confirm that non-ischaemic stress echocardiography overall confers a good prognostic result
for patients. While there were increased events for patients with ST changes compared to those who did
not, overall event rates were low.



Why a non-ischaemic stress echocardiogram with ST segment change carries increased risk is more perplex-
ing. According to the ischaemic cascade theory, ECG changes should be a later event than regional wall
motion abnormalities. In treadmill stress echocardiography, imaging occurs after the patient has stopped
exercising. There is a delay of 5-20 seconds before stress imaging can commence. It is possible that echocar-
diographic changes normalise in these patients before imaging occurs. Stress echocardiography accuracy is
approximately 85%. [1-3] It is possible that the non-ischaemic tests with ECG changes are false negatives,
within the error rate of the test. Small vessel disease or ischaemia at a level smaller than the major epicardial
vessels may be part of this story. [18,19] The study by Daubert et al, included patients with ischaemic stress
echocardiograms. Those patients had significantly more events that patients with ECG changes but normal
echocardiographic responses. [6] The adverse outcomes associated with stress ECG changes may be related
to non-coronary causes (see below). It may be that ST segment change is another independent adverse
prognostic marker during stress testing.

There are a number of causes for exercise related ST segment change during niSE that don’t involve myocar-
dial ischaemia. Repolarization and conduction abnormalities such as bundle branch block and pre-excitation
can make interpretation of the stress ECG difficult [1,10, 20-22]. There were very few patients in this cohort
with these changes, and they were not included in the analysis (pre-specified condition). Medications such as
digoxin can have influence on the ECG [10,20-22]. No patients in this study were recorded to be on digoxin.
Conditions such as hypertension, left ventricular hypertrophy, valvular heart disease and arrhythmia have
been associated with increased risk of exercise induced ST changes [10, 20-22]. Age and an exaggerated blood
pressure response are also noted to influence the stress ECG [10, 20-22]. An attempt was made to account
for these influences during analysis. In the basic assessment of stress testing, ECG changes are assumed to
be related to coronary ischaemia.

There were limitations to this research. To definitively confirm the results of the stress echocardiogram, this
research would need to be conducted with patients undergoing an anatomical test to confirm the diagnosis in
a blinded manner after the stress test. From a practical and clinical viewpoint, invasive coronary angiography
would negate the non-invasive attributes of stress echocardiography. There would also be ethical implica-
tions for intermediate risk patients undergoing an invasive test. [1,2 23] Computer tomography coronary
angiography could be used, but would add significant cost and patient inconvenience. While complications
are low, there is still risk. [23-24] Multiple previous studies have already confirmed the accuracy of stress
imaging for the detection of myocardial ischaemia. [1-6] In most clinical scenarios, stress echocardiography
is used to attempt to avoid additional testing. A limited number of patients in this study had a clinical
reason to evaluate the coronary anatomy during follow-up, and in those patients, the effective and accurate
role of stress echocardiography in this setting was confirmed.

In this non-randomized, single centre cohort study, there were documented differences at baseline between
the groups (see Table 1). Attempts were made to take these differences into account, but these baseline
differences may have influenced the outcomes presented here.

There was a low frequency of positive tests overall. There was a large attrition rate in patient follow-up after
five (5) years. These factors will influence the results.

Evaluation of the medical records was a potential source of ascertainment bias. The possibility exists for
events occurring and not being recorded in the patient records. While failure to appropriately account for
missing data in analyses may lead to bias and loss of precision, imputation of missing results also requires
assumptions. The present analysis of cases with complete data rather than imputation of missing values
may not be associated in an epidemiological context with substantial bias in reported regression estimates.
25]

The multivariable prediction model described in the present study was derived from echocardiographic
observations at a single centre. There were significantly less women than men (a common problem in cardiac
research). This does reflect real world experiences. The reviewers were not blinded to the results of the
stress test, making it possible for ascertainment or other biases to occur. Overall event rates were low. The



present model would benefit from validation within an independently collected data set.

Conclusions

This study confirms that ST segment depression despite non-ischaemic stress echocardiographic imaging car-
ries a poorer prognosis compared to patients with those with normal exercise ECG analysis. It suggests that
1.5mm or more of ST depression during niSE has prognostic significance. High exercise capacity significantly
improves prognosis, and suggests that ECG changes in that scenario can be regarded as false positives. The
findings have clinical implications for physicians utilising these important investigative modalities. These
data confirm, corroborate and expand upon the prognostic value of exercise stress echocardiography.
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Tables.

Table 1. Baseline characteristics of patients with exertional ST depression compared to those with a normal

stress ECG.

ST depression with exertion Normal stress ECG P value

Number 497 2519
Age 60.1+11.2 years 57.6+12.7 p<0.0001
Gender 35% 36% p=0.35
BMI 27.7+4.4kg/m? 28.145.5 p=0.07
BSA 1.9840.22m? 1.994+0.24 p=0.42
Framingham risk score 14.31+10.8 13.0+10.1 p=0.01
Hypertension 52% 42 p=0.0004
LVH 37 19 p<0.0001
Coronary artery disease 18 9 p<0.0001
AF 10 8 p=0.21
Diabetes mellitus 2 2 NS
Heart failure 04 0.3 NS
Valvular heart disease 0.2 0.2 NS
Anticoagulation 0.4 0.9 NS
Aspirin 34 35 NS
ACE I/ARB 51 34 p<0.0001
Beta blockers 25 17 p=0.0002
Statin 43 40 p=0.36
Ejection fraction 6515 6445 p=0.001
Left atrial volume 31+10 30+8 p=0.02
METs 10.9+3.1 10.8+£3.4 p=0.55




BMI — Body mass index, BSA — Body surface area, LVH — left ventricular hypertrophy, AF — Atrial fib-
rillation, ACE I — Angiotensin converting enzyme inhibitor, ARB — Angiotensin receptor blocker, METs —
Metabolic equivalents, ECG - electrocardiogram

Figures.
Figure Legends.

Figure 1. Outcomes (combined composite events) for patients with any stress test ST depression compared
to those with none.

Figure 2. Outcomes (combined composite events) for patients with exercise ST depression [?] 1.5mm
compared to those without ST segment change.

Figure 3. Comparison of prognostic risk based on amount of exercise induced horizontal of downsloping ST
depression (unadjusted and adjusted).

Figure 4. Major adverse cardiac outcomes (death, acute coronary syndromes and revascularisation) for with
exercise induced ST depression of [?] 1.5mm compared to those without ST segment change.

Figure 5. Outcomes (combined composite events) for patients with exercise induced ST depression of [?]
1.5mm and exercise [?] 13 METs compared to those with exercise to [?] 13 METs.

Figure 1. Outcomes (combined composite events) for patients

with any stress test ST depression compared to those with none
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Figure 2. Outcomes (combined composite events) for patients

with exercise induced ST depression of = 1.5mm compared to

those without ST segment change
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Figure 3. Comparison of prognostic risk based on amount of exercise induced horizontal of downsloping ST depression (unadjusted and adjusted).

Number Hazard ratio | 95% Confidence ratio P value ]
Unadjusted for Cut-off where HR
risk exceeds 1.0
imm 732 1.55 1.22-1.95 P<0.0.0001
1.5mm 497 1.73 1.37-2.20 p<0.0001
2mm 312 1.63 1.22-2.18 p=0.0009
3mm 78 1.94 1.16-3.21 p=0.011
Adjusted for risk
imm 732 0.48 0.11-0.82 p=0.94
1.5mm 497 1.28 1.10-2.12 p=0.0001 2om 3w 15mm >
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Figure 4. Major adverse cardiac outcomes (death, acute coronary
syndromes and revascularisation) for with exercise induced ST depression

of = 1.5mm compared to those without ST segment change
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Figure 5. Outcomes (combined composite events) for patients
with exercise induced ST depression of = 1.5mm and exercise =
13 METs compared to those with exercise to < 13 METs
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