
A Predictive Instrument Using Contrast Echocardiography in
Patients Presenting to the Emergency Department With Chest
Pain and Without ST-segment Elevation

Kevin Wei, M.D., F.A.C.C., Dawn Peters, PhD, Todd Belcik, B.S., R.D.C.S., Saul Kalvaitis, M.D.
1, Lisa Womak, B.S.2, Diana Rinkevich, M.D., F.A.C.C., Khim-Leng Tong, M.D., F.A.C.C.3,
Kenneth Horton, R.C.S., R.D.C.S.4, and Sanjiv Kaul, M.D., F.A.C.C.
Divisions of Cardiovascular Medicine and Biostatistics, Oregon Health & Science University,
Portland, Oregon

Abstract
Aims—Risk stratification of patients presenting to the emergency department (ED) with suspected
cardiac chest pain (CP) and an undifferentiated electrocardiogram (ECG) is difficult. We
hypothesized that in these patients a risk score incorporating clinical, ECG, and myocardial contrast
echocardiography (MCE) variables would accurately predict adverse events occurring within the
next 48 hours.

Methods and Results—Patients with CP lasting for ≥30 min who did not have ST segment
elevation on the ECG, were enrolled. Regional function (RF) and myocardial perfusion (MP) were
assessed by MCE. A risk model was developed in the initial 1166 patients (cohort 1), and validated
in subsequent 720 patients (cohort 2). Any abnormality or ST changes on ECG (OR 2.5, 95% CI:
1.4–4.5, p=0.002, and OR 2.9, 95% CI:1.7–4.8, p<0.001, respectively), abnormal RF with normal
MP (OR 3.5, 95% CI:1.8–6.5, p<0.001), and abnormal RF with abnormal MP (OR 9.6, 95% CI:5.8–
16.0, p<0.001) were found to be significant multivariate predictors of non-fatal myocardial infarction
or cardiac death. The estimate of the probability of concordance for the risk model was 0.82 for
cohort 1 and 0.83 for cohort 2. The risk score in both cohorts stratified patients into 5 distinct risk
groups with event rates ranging from 0.3% to 58%.

Conclusions—A simple predictive instrument has been developed from clinical, ECG, and MCE
findings obtained at the bedside that can accurately predict events occurring within 48 hours in
patients presenting to the ED with suspected cardiac CP and an ECG that is not diagnostic for acute
ischemic injury. Its application could enhance care of CP patients in the ED. For instance, patients
with a risk score of 0 could be discharged from the ED without further work-up. However, this needs
to be validated in a multi-center study.
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Introduction
Despite technological advances over the past few decades, patients who present to the
emergency department (ED) with chest pain (CP) and an electrocardiogram (ECG) non-
diagnostic for acute ischemic injury, continue to remain a diagnostic challenge1,2. Because of
anti-platelet and other therapy, even patients even who are experiencing an acute myocardial
infarction (AMI) are now less likely to present to the ED with a diagnostic ECG3. Moreover,
CP patients today are more likely to have unstable angina pectoris (UAP) rather than an AMI.

Current management of such patients involves either admission to the hospital or observation
in a CP unit in the ED, where the ECG is periodically repeated and blood samples are acquired
to measure biomarkers that indicate myocardial injury4. In the United States the majority of
these 5 million or so patients seen in the ED annually are discharged after myocardial injury
is ruled out, which costs the nation approximately $10 billion annually.

We and others have previously demonstrated the value of echocardiography (without and with
contrast) in the detection of AMI and other acute coronary syndromes (ACS) in the ED as well
as the prognostic utility of this tool to predict long-term outcome5–9. In this study we
hypothesized that a predictive instrument could be developed from clinical, ECG, and
myocardial contrast echocardiography (MCE) findings obtained at the bedside that would
accurately predict events occurring within 48 hours in patients presenting to the ED with
suspected cardiac CP and a non-diagnostic ECG. We developed the instrument from variables
derived from a cohort of patients undergoing these tests and then tested its accuracy in a
subsequent cohort who also underwent the same tests in the same ED.

Methods
Study Sample and protocol

This prospective study was approved by the Human Investigation Committee. Patients
presenting to the ED with a complaint of CP not easily attributable to a non-cardiac cause (such
as chest wall pain or pulmonary pathology), and who did not have ST segment elevation on
the ECG, were approached for enrollment. The inclusion criteria were age >30 yr and CP lasting
for at least 30 min and occurring within 12 h of ED admission. Patients with a history of prior
MI were not excluded from the study. All patients provided written informed consent. After
the history was obtained and physical examination was performed by a cardiologist, ECG,
blood samples, and MCE were obtained sequentially. ECG and blood samples were repeated
every 6 h as needed. MCE results (RF or MP) were not shared with the ED physician, who
admitted or discharged the patient based on routine criteria (clinical, ECG and cardiac serum
biomarkers).

The predictive instrument was developed in an initial cohort (cohort 1), and prospectively tested
in a subsequent cohort (cohort 2) that was sequentially recruited. A different contrast agent
(Definity) was used in cohort 2 because the agent used in cohort 1 (Optison) was no longer
available at that time.

Electrocardiography
The initial 12-lead ECG was interpreted by an observer blinded to all other information. It was
either classified as normal or abnormal. For the latter it was further characterized as having:
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ST segment abnormality or T-wave inversion, left ventricular hypertrophy (with or without
strain), conduction abnormality, and arrhythmia. Pathological Q waves in 2 or more contiguous
leads indicated prior MI.

Echocardiography
Echocardiography was performed using a Sonos 5500 system (Philips Ultrasound). In cohort
1, 3 mL of Optison (GE Healthcare) was diluted in 60 mL of normal saline and infused
intravenously at a rate of 3 mL·min−1 using a model AS40A pump (Baxter Healthcare). In
cohort 2, 1.5 mL of Definity (Lantheus Imaging) was diluted in 28.5 mL of normal saline and
infused at a rate of 1.5 mL·min−1 using the same pump.

The infusion rate was adjusted so as to obtain homogeneous left ventricular cavity opacification
with shadowing limited only to the left atrium in the apical views. Images were first acquired
for regional function (RF) analysis in the apical and parasternal views using low (<0.3)
mechanical index (MI). Myocardial perfusion (MP) images were then obtained using high (1.0)
MI intermittent imaging (ultrasound transmission gated to end-systole) with transmit/receive
frequencies of 1.3/3.6 MHz. Ultrasound compression was set at 75%. If tissue signal was seen
despite optimization of imaging settings, high MI intermittent power Doppler imaging was
performed to eliminate the tissue signal. All settings were optimized at the beginning of the
study and then held constant. Image acquisition was completed in <10 min.

MP images were acquired in apical 2-, 3-, and 4-chamber views at pulsing intervals (PI’s) of
1,2,3,4, and 5 cardiac cycles. The transmit focus was initially set at the level of the mitral valve,
but was adjusted to the apex if an apical defect was seen in order to discriminate between a
true defect and an artifact. RF and MP data were stored separately on magneto-optical disk.

Image interpretation
For cohort 1, RF and MP images were read separately by experienced observers blinded to all
other information. These were scored as normal or abnormal using a 14-segment model
covering the 3 coronary territories (Figure 1)10. MP was scored as abnormal if maximal
myocardial opacification was not seen within a segment by 5 cardiac cycles. RF was scored
as either 0=normal, 1=hypokinesia, 2=akinesia, or 3=dyskinesia. Studies were classified as
normal if RF or MP in the visualized segments within every perfusion territory were normal.
Studies were called abnormal if RF or MP was abnormal in 1 or more territories (usually
multiple segments), even if all segments were not visualized. If a study could not be classified
as above, it was deemed not assessable. For cohort 2, the MP study was evaluated immediately
following interpretation of RF, and each of the 14 myocardial segments was scored as either
normal or abnormal based on the combination of RF and MP results.

Statistical Methods
We used the ‘hard’ events of nonfatal AMI and cardiac-related death occurring within 48 h of
ED admission for analysis. AMI was defined by an abnormal Troponin I level (≥0.6
ng·mL−1). All patients who were admitted to hospital after enrollment were followed up in
person prior to discharge, and their medical records were reviewed. Follow-up of discharged
patients was obtained with a direct telephone call to each patient, or the patient’s primary
physician. All reported events were confirmed by review of medical records or death certificate.

Logistic regression was used to model the relationship between events and predictor variables
in cohort 1. We first found the best model excluding MCE and then examined the added
contribution made by MCE. To define the best model excluding MCE, all variables that had
p-values <0.20 on univariate analyses were entered in a backward selection routine. Variables
sequentially selected for removal were based on a significance level of 0.05. Following this
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initial selection of variables, original variables not selected were entered one at a time to the
backward selection model to determine significance in the presence of the other variables. Any
variable significant at p≤0.05 was then included in the final model. We used the same technique
to find the best overall model including MCE.

The Pearson goodness-of-fit statistic was obtained to assess the fit of the model. The c-index,
a measure of concordance between the predicted probabilities from the final logistic regression
model and the observed responses, was calculated as an assessment of the predictive ability of
the model11. A bootstrap estimate of the c-index for the final model corrected for over-optimism
was obtained using 1000 bootstraps12. A c-index was then obtained for cohort 2 using the final
model derived from cohort 1. In addition a simple risk score, created using the logistic
regression model from cohort 1, was validated in cohort 2. The contribution of a risk factor to
the risk score for an individual was based on the regression coefficient for that risk factor.
These coefficients were rounded to the nearest integer, so that a risk factor would contribute
0, 1, or 2 points to the summary score. Risk estimates were obtained as simple proportions and
the exact (Clopper-Pearson) confidence intervals were used for binomial data.

Results
Patient Cohorts

A total of 2045 patients were studied. The first 1282 patients receiving Optison were assigned
to cohort 1. Of these MP imaging was not performed in 34 due to lack of feasibility (usually
a technical problem such as interstitial infiltration of the intravenous fluid) and it was not
interpretable in another 78 (80% of cases due to attenuation over the mid and basal lateral
segments). Three additional patients had missing ECG’s and 1 was omitted from analysis due
to non-cardiac death. Those excluded from analysis were more likely to be male, (67% vs
54%), to smoke (84% vs 66%), and to have hypercholesterolemia (63% vs 52%), diabetes (40%
vs 28%) and coronary artery disease (CAD, 41% vs 28%). The latter was based on a patient’s
reported history and not on review of coronary angiography. Patients had prior MI confirmed
by EKG.

The second 763 patients receiving Definity were assigned to cohort 2. Of these, MP imaging
was not performed in 22 due to lack of feasibility and was non-interpretable in 19. Two
additional patients had missing ECG’s. There were more males among those with missing data
(72% vs 57%). No patient in either cohort had un-interpretable RF studies because of excellent
endocardial border delineation.

Thus, 1166 patients from cohort 1 and 720 patients from cohort 2 form the basis of this report
and their baseline characteristics are listed in Table 1. The cohort 1 patients had a higher
incidence of hypercholesterolemia, family history of CAD, history of smoking, and abnormal
RF on MCE, while the cohort 2 patients had a higher incidence of diabetes mellitus and an
abnormal ECG.

Patient Outcomes and Development of Risk Model
Of the 1166 cohort 1 patients, 142 (12%) had an event (138 had AMI, 4 had AMI followed by
death). In these patients, the initial troponin was 0.8±52 (<0.08–470) and the peak troponin
was 34±71 (0.61–470). Univariate predictors that were considered for incorporation into the
risk model included age, sex, the presence of cardiac risk factors (hypertension,
hypercholesterolemia, diabetes, family history of early CAD, current or history of smoking),
race (African American versus all others), ST-T changes on ECG, any abnormality on ECG,
abnormal RF and abnormal MP. When excluding MCE, our selection procedure produced a
model that included diabetes status (p=.011), sex (p=.004), ST-T changes on ECG (p<.001),
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and any abnormality on ECG (p<.001). We then included MCE to obtain its incremental utility.
The Pearson goodness of fit statistic for this model yielded a p-value of 0.48, suggesting a
reasonable fit.

Table 2 shows the odds ratios along with the regression coefficients associated with each
variable in this logistic regression model for cohort 1. In particular adding MCE to the model
resulted in a significant incremental contribution (p<0.001). Abnormal RF and MP were both
significant predictors of outcome. When both were abnormal, the odds of having an event was
9.0 times greater than when both were normal (95% CI:5.4–14.9, p<0.001). Other significant
multivariate predictors of events included the presence of ST-T changes on ECG (not ST
elevation, since patients with this finding were not included in the study), having any
abnormality on the ECG, and the presence of abnormal RF even when MP was normal. The
c-index for prediction of adverse outcome based on sex and diabetes was 0.61. When including
sex, diabetes, ST-T changes and any abnormality on ECG, the c-index was significantly higher
(0.74, p<0.001). With the addition of MCE, the c-index increased further (0.83, p<0.001). The
optimism of this estimator based on results from 1000 bootstrap samples using this final model
was only 0.006, and hence the bootstrap optimism-corrected estimate of the measure of
concordance was also 0.82. When the non-significant variables, diabetes and sex, were
removed from this model, the c-index remained at 0.82 and the remaining odds ratios changed
only slightly and remained highly significant (Table 3) This simpler model can also be obtained
via backward selection with all candidate variables (including MCE) used in the first step. We
focused on this more parsimonious model for risk prediction and validation.

In order to create a simple, clinically useful risk model, a risk score was assigned for each
individual based on the logistic regression coefficients given in Table 3. Each of the regression
coefficients for these variables was rounded to the nearest integer so that a subject would
receive 1 point each for having: non-specific ST-T changes on the ECG, any abnormality on
the ECG, abnormal RF, or abnormal MP. The final risk score then counts the number of
abnormalities among the four component tests. In particular if both RF and MP were abnormal,
then RF and MP would together contribute a score of 2 to the risk score. Each individual would
hence receive an integer score ranging from 0, if there were no abnormalities, to 4, when each
of any ECG changes, ST-T changes, RF and MP was abnormal. Patients were subdivided into
5 groups based on their risk score (0 to 4). Figure 2 shows the distribution of risk scores for
patients in cohort 1, along with their respective event rates and the average of the predicted
probabilities from the logistic regression model. A good separation in event rates is shown.

Prospective Testing of the Risk Model
In cohort 2, 74 of the 720 (10%) patients had an AMI and no patient died. For these patients,
the initial troponin was 0.7±12 (<0.08–97) and the peak troponin was 12 ± 20 (0.64–114).
Similar to cohort 1, sex, diabetes, and ST-T changes or any abnormality on ECG was associated
with a c-index of 0.73 for the prediction of an adverse cardiac outcome and the model was
significantly (p<0.001) improved with the addition of RF and MP data. With the addition of
MCE, the regression model constructed from cohort 1 resulted in a c-index of 0.83 when used
for prediction in cohort 2 and remained unchanged when sex and diabetes were eliminated
from the model, indicating that the simpler model predicted events in cohort 2 equally as well
as in cohort 1.

Figure 3 shows the distribution of risk scores for patients in cohort 2, along with their respective
event rates and average predicted probabilities using the simple risk model developed from
cohort 1. The results are analogous to those found in cohort 1, with a clear separation in event
rates between patients in the different risk groups. Patients who had a risk score of 0 had a very
low incidence of events (0.5%), which escalated to an event rate of 50% for those with a risk
score of 4. Finally, combining both cohorts, estimated risks and associated 95% confidence
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intervals corresponding to each risk score category are given in Table 4 based on all individuals,
and separately based only on individuals without prior MI. Removing patients with prior MI
does not substantially change the results.

Discussion
Predictive instruments have been described previously for patients presenting to the ED with
CP13,14. Most of these have relied solely on clinical and ECG variables. Despite both clinical
features and the initial resting ECG not being reliable at identifying patients at risk for adverse
events, they remain the mainstay of CP patient triage and management in the ED. Attempts
have been made to use cardiac biomarkers to develop risk models, but even if available rapidly,
it may take hours for them to become positive. We have previously shown that the assessment
of RF and MP by echocardiography can immediately identify patients at different risk levels
and that they provide better risk stratification than even biomarkers9. In this study we have
shown for the first time that by incorporating MCE with ECG findings in a simple model, we
can provide immediate risk stratification at the bedside in CP patients without a an ECG
diagnostic for acute myocardial injury. It is reasonable to assume that this early risk
stratification will also influence timely therapy as well as ED discharge.

Acute CP is the most common symptom of patients presenting to the ED, and the evaluation
of these patients remains a clinical challenge. Due to the high morbidity and mortality
associated with cardiovascular causes of CP such as AMI, aortic dissection, and pulmonary
embolism, a workup to distinguish and exclude these diagnoses is usually undertaken. Even
though cardiac CP is the most common “serious” etiology in these patients, an ACS is
diagnosed in only 10–30% of them15–17. In the Acute Cardiac Ischemia Time-Insensitive
Predictive Instrument (ACP-TIPI) study that included 10,689 patients presenting with
symptoms suggestive of acute ischemia - an ACS was diagnosed in only 17% (AMI in 8% and
UAP in 9%). The majority of patients (55%) were diagnosed with non-cardiac problems18.
Looking for the “needle in the haystack” is encumbered by the poor sensitivity and specificity
of the history, physical exam, and ECG findings for AMI.

The inability to rapidly diagnose and risk stratify patients makes their triage to an adequate
location for care difficult (hospital ward versus step-down unit versus coronary care unit versus
discharge from the ED), or to determine those who could benefit the most from aggressive
therapy. Many reports have focused on only a single variable (such as ECG abnormalities or
elevated serum cardiac markers)13,14,19–21, and subsequent reports have found them to be
unreliable. Despite major advances in imaging technology and many reports indicating the
benefits of MP imaging (whether echocardiography5–9 or single photon emission computed
tomography22–24) in such patients, their use is limited only to institutions where there is a
strong collaboration between the ED and cardiovascular medicine.

Another easily derived bedside risk score, the TIMI risk score25 that incorporates clinical, ECG
and biomarker variables, has been shown to successfully categorize patients with suspected
ACS into different risk subsets. We have previously shown that patients with a low modified
TIMI score (excluding biomarkers which are not available at time of ED presentation) have a
substantial event rate within 24 hours of ED presentation9. Thus, even the TIMI risk score
remains inadequate until biomarker data either become available or are conclusive, which could
take many hours after a patient’s ED presentation. We also found that the biomarkers did not
add any further prognostic information once MCE data were already known9. Furthermore,
the negative predictive value of a normal MCE remains extremely high even when MCE is
performed up to 12 hours after a patient’s last episode of CP26.
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In this study MCE results (both MP and RF) were blinded from the physicians taking care of
the patients, and did not affect their disposition. Based on clinical criteria, 67% of patients were
admitted to the hospital. Another 28% were kept in the ED chest pain unit for a complete rule
out (at least 2 negative cTNI determinations at least 8 hours apart). Thus, only 5% of patients
were discharged directly from the ED, usually after a single negative cTNI. This reflects current
clinical practice where virtually no patient with suspected cardiac chest pain is discharged prior
to a full rule-out, which is precisely the reason why a cost-effective means to rule out ACS
could decrease unnecessary hospital admissions or prolonged ED observation.

In this study, we tested the incremental value of variables that are available as soon as a patient
presents to the ED to predict events. Patient sex and the history of diabetes were significant
demographic predictors of events. ST-T wave changes or any abnormality on ECG added
significantly to the predictive ability of demographic variables. When we then examined the
incremental value of MCE, both abnormal RF and abnormal MP were identified as significant
independent predictors. After adding MCE, sex and history of diabetes no longer remained
significant predictors. These findings of incremental value of tests performed in a hierarchical
order are similar to our previous observations6,8,9.

Because MCE is portable, and does not require image post-processing, RF and MP results can
be made available to the managing physician immediately after data acquisition as long as
MCE can be performed expediently. Therefore, all the variables in our risk score can be
obtained with little delay allowing complete risk stratification at the bedside and early
disposition. But this does entail availability of a person trained to perform MCE and the same
or another person trained to interpret it. This investment needs to be made for better managing
patients in the ED with CP.

In the current cost-contained healthcare environment, it is important to evaluate the impact of
additional imaging for all patients presenting with CP. We have shown that MCE can be cost-
effective in these patients because it can be used to decrease down-stream resource utilization.
Patients with a normal MCE have a very low risk of adverse outcome, and can be discharged
expediently from the ED. By preventing unnecessary admissions to the hospital and stress
testing of low-risk patients for ACS, utilization of MCE can decrease cost by approximately
$900 per patient27. In the current analysis, patients who had a risk score of “0” (28% of the
validation cohort) had an extremely low early event rate (0.5%), so these patients could all
potentially have been discharged immediately after their MCE from the ED. This approach
will need further study for confirmation.

Study Limitations
The evaluation of RF abnormalities on echocardiography is subjective. It is imperative for
studies to be of high quality and all myocardial segments to be well delineated – all RF studies
were therefore performed with ultrasound contrast agents. Ultrasound contrast agents have
been shown to improve visualization of endocardial borders, image quality, reader confidence,
and observer agreement28–30. Although these agents are used in many medical centers for RF
assessment, they are not used that frequently for MP assessment. The training of sonographers
and echocardiographers would be required to reproduce the results reported here. In the
majority of patients in whom MP assessment is not feasible, RF assessment could suffice.
Because of the subjective nature of interpretation, mild perfusion/function mismatch could be
missed. Further, as stated earlier, a greater commitment of cardiologists would be necessary
to take on the responsibility in assisting in patient triage in the ED, something that has been
successfully implemented in our institution.

Despite differences between the 2 cohorts the ability of the model to predict events was similar
for both cohorts, which attests to its general applicability. Also the use of either Optison or
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Definity did not seem to affect the results as long as the imaging methodology remained
constant.

Conclusions
The management of patients with suspected cardiac CP who do not have ST-segment elevation
on the ECG remains suboptimal. Risk stratification of patients with suspected ACS is often
delayed pending the results of serial serum cardiac biomarkers. We have developed a model,
using variables that can be obtained at the patient’s bedside, with little delay, to assist in rapidly
risk stratifying patients presenting with suspected cardiac CP and a non-diagnostic EKG to an
ED. The application of this model in the ED could significantly enhance management of CP
patients in the ED.
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Figure 1.
The 14-segment myocardial model for regional function and myocardial perfusion analyses.
Individual segments were grouped into 3 coronary territories. See text for details.
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Figure 2.
Proportion of cohort 1 patients with a cardiac event and average of predicted probabilities for
a cardiac event based on logistic regression model. The numbers above each pair of bars
indicate the number of individuals with that risk score. Abbreviations: obs=observed
proportion, pre=average of predicted probabilities from model.
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Figure 3.
Proportion of cohort 2 patients with a cardiac event and average of predicted probabilities for
a cardiac event based on logistic regression model. The numbers above each pair of bars
indicate the number of individuals with that risk score. Abbreviations: same as in Figure 2.
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Table 1

Baseline Characteristics

Variables Cohort 1 (n=1166) Cohort 2 (n=720) p-value

Age¶ 59.8 ±13.6 57.9±13.3 0.003

Male (%) 624 (54%) 409 (57%) 0.163

African-American (%) 267 (23%) 168 (23%) 0.828

History of Hypertension (%) 756 (65%) 437 (61%) 0.070

History of Hypercholesterolemia¥ 607(52%) 290 (40%) <0.001

History of Diabetes Mellitus 324 (28%) 280 (39%) <0.001

Family History of CAD¥ 546 (47%) 290 (40%) 0.006

History of smoking (%)¥ 768 (66%) 327 (45%) <0.001

Documented CAD 328(28%) 233 (32%) 0.052

Prior Myocardial Infarction 88 (10%) 22(7%) 0.078

Abnormal ECG (%) 716 (61%) 501 (70%) <0.001

ST-T changes on ECG (%) 99 (8%) 69 (10%) 0.420

RF & MP <.001

 Abnormal RF & Abnormal MP 315 (27%) 128 (18%)

 Abnormal RF & Normal MP 172 (15%) 57 (8%)

Normal RF & Normal MP 679 (58%) 535 (74%)

Key: CAD = Coronary artery disease, ECG = Electrocardiogram, RF = Regional function, MP = Myocardial perfusion

¶
expressed as mean ± standard deviation

¥
1 missing value for these variables in cohort 2
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Table 2

Logistic Regression Model to Assess the Incremental Utility of MCE for Event Prediction in Cohort 1.

Predictors Odds- Ratio 95% Confidence Interval Regression Coefficient p- value

Abnormal ECG relative to Normal ECG 2.4 (1.4, 4.3) 0.9 0.003

ST-T changes relative to no ST-T changes 2.9 (1.7, 4.8) 1.1 <0.001

RF abnormal but MP normal relative to both normal 3.4 (1.8, 6.4) 1.2 <0.001

RF and MP abnormal relative to both normal 9.0 (5.4, 14.9) 2.2 <0.001

Diabetic relative to non- diabetic 1.31 (0.9,2.0) 0.1 0.190

Females relative to males 0.72 (0.5,1.1) −0.2 0.119

Key: ECG =Electrocardiogram, ST-T = ST segments or T-wave on ECG. RF = Regional function, MP = Myocardial perfusion
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Table 3

Final Logistic Regression Model for Event Prediction in Cohort 1

Predictors Odds- Ratio 95% Confidence Interval Regression Coefficient p- value

Abnormal ECG relative to Normal ECG 2.5 (1.4, 4.4) 0.9 0.002

ST-T changes relative to no ST-T changes 2.9 (1.7, 4.8) 1.1 <0.001

RF abnormal but MP normal relative to both normal 3.5 (1.8, 6.6) 1.2 <0.001

RF and MP abnormal relative to both normal 9.7 (5.8, 16.0) 2.3 <0.001

Key: ECG =Electrocardiogram, ST-T = ST segments or T-wave on ECG. RF = Regional function, MP = Myocardial perfusion
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Table 4

Risk scores, Estimated risks and 95% CI Combining Both Cohorts.

Risk score
Estimated Risk of Cardiac Event Number with Risk Score

(95% Confidence Interval) Full cohort
Estimated Risk of Cardiac Event Number with Risk Score

(95% Confidence Interval) Without Prior MI

0 0.4%
546 (0.04%, 1.3%)

0.4%
545 (0.04%, 1.3%)

1 5.8%
667 (4.2%, 7.9%)

4.8%
291 (2.7%, 7.9%)

2 14.9%
262 (10.8%, 19.8%)

18.1%
138 (12.1%, 25.6%)

3 28.1%
335 (23.3%, 33.2%)

22.5%
120 (15.4%, 31.0%)

4 55.3%
76 (43.4%, 66.7%)

65.5%
29 (45.7%, 82.1%)
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