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1. ABSTRACT  

Objectives: We compared the long-term prognosis of subjects without prior 

cardiac disease who underwent either vasodilator single-photon emission 

computed tomography (SPECT) or contrast stress-echocardiography (cSE) for 

suspected coronary artery disease (CAD).  

Background: The routine use of ultrasound contrast media during cSE improves 

wall motion assessment and test feasibility, but the prognostic value of cSE in 

comparison with SPECT is not known.  

Methods: Subjects who underwent vasodilator SPECT or cSE between 2008 and 

2012 for suspected CAD but no history of cardiac disease were included. We 

compared the prognostic value of each method for combined all-cause death and 

non-fatal myocardial infarction, and their positive predictive value for 

angiographically obstructive CAD.  

Results: 1387 subjects were selected, 497 who underwent SPECT and 890 cSE. 

During 4 years of mean follow-up there were 78 hard events in the cSE group and 

51 in the SPECT group. Event-free survival in subjects testing positive for 

ischemia, either with SPECT or cSE, was significantly worse both in the overall 

population and after propensity-matching patients 1:1 for baseline characteristics 

(p=0.032 for SPECT and p<0.001 for cSE). In multivariable analyses (entire group 

or splitted SPECT or cSE subgroups) SPECT or cSE demonstrated significant 

stratification capability, an ischemic test doubling (SPECT) or more than doubling 

(cSE) the risk of future hard events independently from other variables. Positive 

predictive value of SPECT for the diagnosis of obstructive CAD was inferior to 

cSE, (PPV=63% vs 89% respectively, p<0.001).  

Conclusions: Our study suggests that SPECT and cSE have comparable 

significant prognostic capability, with cSE demonstrating better diagnostic positive 



	
   	
   6	
  

predictive value for CAD. The absence of ionizing radiation and anticipated lower 

direct and also indirect costs from higher positive predictive value, suggest that 

cSE may be preferable to SPECT as a gatekeeper in subjects without a prior 

history of CAD.  
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2. ABBREVIATIONS  

SPECT = stress single-photon emission tomography  

CAD = coronary artery disease  

SE = stress-echocardiography  

cSE = contrast stress-echocardiography  

MI = myocardial infarction  

WM = wall motion  

SDS = summed difference score  

LVEF = left ventricular ejection fraction  

PPV = positive predictive value  

LAD = left anterior discending 

CFVR = coronary flow velocity reserve 

 

Keywords: scintigraphy; single photon emission computed tomography; contrast-

echocardiography; stress-echocardiography; coronary artery disease; outcome; 

prognosis; positive predictive value. 
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3. INTRODUCTION 

Stress single-photon emission tomography (SPECT) is still the most-commonly 

utilized imaging stress test in the suspicion of coronary artery disease (CAD) and 

for prognostic stratification. Several million SPECT studies are being performed 

each year in USA only, while stress-echocardiography (SE) today follows as the 

second most utilized imaging stress test. They are usually referred to as 

“functional testing” and they have been regarded as very accurate methods for the 

detection and risk stratification of CAD for decades. But their clinical use, 

effectiveness and feasibility may vary in the various centers. Although functional 

tests, such as SPECT and SE, are often treated as a single entity, they may well 

differ regarding their diagnostic sensitivity/specificity balance, overall accuracy, 

and also for their prognostic yield. 

SPECT is also the single largest contributor to medical radiation burden and 

published estimates suggest that this burden may be causal of significant 

secondary disease in the community (1).  The radiation dose of SPECT is about 

15 mSv, depending upon type of technology, operator skills, and clinical 

questions. According to the updated risk estimates released in the Seventh Report 

of the authorative Committee to Assess Health Risks from Exposure to Low Levels 

of Ionizing Radiation (BEIR VII report), the attributable risk of cancer is 1/750 for 

15 mSv exposure, corresponding to the dose estimate of a SPECT using 99mTc-

Sestamibi tracer (2). 

Stress-echocardiography (SE) is the second most common imaging stress test, 

implies no radiation burden and has low direct costs (less than half of SPECT), but 

its partly subjective interpretation, not infrequently due to suboptimal images, is 

perceived as a drawback. Both methods have been considered accurate for the 

detection and risk stratification of CAD for decades and both are deemed 
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appropriate for suspected CAD in symptomatic low, intermediate and high-risk 

subjects (3,4).  

The true diagnostic accuracy of SE and SPECT for CAD has been questioned 

based on recent studies accounting for verification bias (5,6), which inflated 

sensitivity in previous-generation studies. Contrast stress-echocardiography (cSE) 

is able to improve the quality of wall motion (WM) assessment on which the 

method is based, thanks to endocardial border enhancement, leading to higher 

feasibility and reproducibility, potentially leading to higher accuracy (7,9). While 

exercise is the ideal stressor, a considerable number of imaging stress tests still 

need to be conducted using pharmacologic stressors (10). To date, no 

adequately-powered study has compared the long-term prognostic value of 

vasodilator SPECT versus cSE in a large population, although there are 

suggestions that cSE may be at least as effective (11). Comparison data may 

prove useful for the clinician to choose between SPECT and cSE for the large 

number of CAD-naïve patients presenting in current practice with suspect 

symptoms of CAD, since the radiation burden of SPECT would not be justified in 

case cSE is similarly accurate for risk stratification. We retrospectively evaluated 

all subjects without known CAD who underwent either vasodilator SPECT or cSE 

for suspected CAD in our centre, from 2008 (when we started to routinely use 

contrast during SE) through 2012. Our purpose was to assess their relative 

capability to stratify future myocardial infarction (MI) and all-cause mortality, and, 

secondarily to compare their positive predictive value for obstructive CAD in the 

subset of patients were indicated coronary angiography.  
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4. METHODS  

4.1 Study Design And Population  

Subjects were extracted from all consecutive patients recorded in the data banks 

of the University of Parma Medical Center, Parma, Italy, undergoing cSE or 

SPECT for suspicion of coronary artery disease or risk stratification from January 

2008 to December 2012. Our tertiary centre is the only facility performing SPECT 

and SE studies in the greater Parma area, where approximately 450,000 people 

reside.  

We excluded patients with either a history of prior MI, known CAD, significant 

congenital or acquired cardiomyopathy, severe valvular disease or other known 

co-morbidities reducing life expectancy to <1 year. The decision to choose either 

SPECT or cSE as the initial imaging provocative test for a specific patient was 

based on referring cardiologist preferences at the time of clinical visit, since the 

current analysis is retrospective, although databanks are prospectively collected. 

Because of the uncertain image quality at peak stress, all stress studies at our 

institution are performed with ultrasound contrast to guarantee optimal endocardial 

border enhancement, even when segmental wall motion is deemed interpretable 

at rest. This practice is also based on existing data suggesting that higher quality 

imaging is in any case a diagnostic advantage during SE (8-10).  

Contraindications to indicate or perform SPECT or cSE were an unstable 

hemodynamic status or arrhythmias that require urgent evaluation, suspected 

acute coronary syndrome (by cardiac troponin and/or ECG data abnormalities), 

pregnancy or lactation, or known hypersensitivity to components of the stressors, 

radionuclide or contrast material utilized. Since dipyridamole was used as a 

pharmacologic stressor, patients with more than 1st degree A-V block or asthma 

were always excluded by pharmacologic tests. Available risk factors and 
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medication usage were recorded at the time of testing and pre-test probability of 

CAD calculated by the DICAD method (12). Hypercholesterolemia was defined as 

total cholesterol >200 mg/dL or treatment with lipid lowering medications. 

Hypertension was defined as blood pressure>140/90 mm Hg or use of 

antihypertensive medication. This study complies with the Declaration of Helsinki, 

and the research protocol was approved by the locally appointed ethics committee 

(Parma ethics committee, Italy).  
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4.2 Stress-echocardiography protocol.  

Dipyridamole. Dipyridamole was always the stressor of choice and it was infused 

at the total dose of 0.84mg/kg in all patients. A total of 236 underwent a 10-minute 

0.84mg/kg dipyridamole infusion+atropine administration (up to 1 mg), while the 

majority of patients (n=654) underwent a 6-minute protocol, consisting of the 

0.84mg/kg dipyridamole infusion and no additional atropine administration. Two-

dimensional echocardiography,12-lead electrocardiographic and blood pressure 

monitoring were performed in accordance to established standard protocols. 

Aminophylline was routinely used to reverse dipyridamole effect.  

 

Ultrasound contrast protocol. The lipid-encapsulated microbubble SonoVue® 

(Bracco Imaging, Milan, Italy), was used as ultrasound contrast media, as 

repeated 0.5 ml bolus, for all studies at rest and peak stress. All cSE was 

performed using a commercially available ultrasound scanner, (iE33, Philips 

Medical Systems) equipped with low mechanical index real-time pulse sequence 

schemes. For this purpose the very-low mechanical index setting was set between 

0.09 and 0.12, and frame rate between 24 to 40 Hz, depending on sector width/ 

depth. While myocardial perfusion was usually additionally assessed with flash-

replenishment sequences in most cSE studies (13,14), in the current study such 

perfusion data were completely disregarded, and only the part of the final text 

report separately describing wall motion analysis was considered, while 

myocardial perfusion data in the report were not considered. Wall motion was 

assessed using the same real-time very-low mechanical index perfusion setting 

which was also utilized for perfusion assessement. There was no re-analysis of 

studies in the current study, only the text reports regarding wall motion data were 



	
   	
   13	
  

used. All studies were interpreted by reviewers who had performed and 

interpreted >500 cSE studies at our institution.  

 

Image Analysis  

The left ventricle was divided in 17 segments according to the recommendations 

of the American and European Societies of Echocardiography (15).  

Segmental WM was graded as follows: normal=1; hypokinetic=2; akinetic=3; and 

dyskinetic=4. Reversible ischemia was defined as the occurrence of a stress-

induced new dyssynergy or worsening of rest hypokinesia in ≥1 segment. Inter-

observer agreement data for WM assessment in our centre have been previously 

published (13,14).  

 

4.3 Stress SPECT protocols.  

99mTc-Sestamibi single-photon emission computed tomography was used. All 

included patients underwent pharmacological stress with dipyridamole 0.56mg/kg 

infusion for 4 min, because they reported or demonstrated inability to exercise 

maximally. Patients had to refrain from caffeine, methylxanthine-containing 

substances for at least 12 hours before testing. Stress and rest SPECT 

examinations were performed according to accepted guidelines, using the 17-

segment left ventricle segmentation (16). Briefly, either one or 2 days protocol was 

used; a weight-adjusted dose of 99mTc-Sestamibi tracer (approximately 740 MBq 

+ 740 MBq in 2 days protocol and 300 MBq + 900 MBq in one day protocol) was 

injected intravenously at rest and 2 minutes after the end of dipyridamole infusion. 

After a delay of 45–60 min (60 min delay for the rest phase) the ECG-gated stress 

images were acquired on a SPECT-CT Siemens Symbia T6 machine (dual-head 
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variable-angle gamma cameras with 6-slice diagnostic CT capability). Gated-

SPECT was always used when possible.  

Image Analysis  

SPECT data were visually analyzed by an experienced nuclear medicine 

physician with more than 500 interpreted studies and who was experienced in the 

commercially-available quantitative Cedars QGS/QPS software package. All study 

classifications were semi-quantitatively analyzed as: no ischemia, mild, moderate, 

severe ischemia, based on the summed difference score (SDS), respectively of 

<2, 2-4, 5-8 or >8, as per guidelines (16-18).  

A positive SPECT study for ischemia was defined in the current study using two 

different thresholds, either as the presence of any significant reversible perfusion 

defect (SDS >1) or, alternatively, as more often used in clinical practice, more-

than-mild (SDS>4) reversible perfusion defect.  

Follow-up. Data collection was performed through November 2016. Outcome was 

determined from patients’ interviews at the outpatient clinic, hospital chart reviews, 

and telephone interviews with the patient, or referring physician. Primary outcome 

variables were death and non-fatal MI. To avoid misclassification of the cause of 

death, we considered overall mortality (19). Myocardial infarction was defined by 

typical symptoms, electrocardiographic, and cardiac enzyme changes. Follow-up 

time was considered starting from cSE or SPECT date until the first event or the 

last contact date. Follow-up data were analysed to evaluate event free survival 

according to cSE and SPECT result accounting for classical risk factors.  

 

4.4 Study design and statistical analysis  

This was an observational retrospective study of data collected in clinical practice. 

Given the retrospective nature of the study and for the purpose of minimizing the 
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bias in the comparison between the two methods, a propensity-matched subgroup 

of cSE and SPECT patients was identified according to baseline demographics 

(age and gender) and relevant clinical data (conventional risk factors and 

medications at the time of test) using a 1:1 ratio and the nearest neighbor method 

(20). Baseline characteristics were described as number of subjects and 

frequencies in case of categorical variables and considering mean and standard 

deviation for continuous variables. The distribution of variables between the cSE 

and SPECT groups were compared using independent sample T-test and χ2 test. 

A p value <0.05 was considered statistically significant.  

A crude assessment of cSE and SPECT with respect to their ability to stratify the 

risk of future myocardial infarction and all-cause mortality was performed 

estimating event-free survival by tests result and comparing groups using the log-

rank test.  

Cox proportional hazards regression analyses were used to assess the 

relationships between tests result and risk of myocardial infarction and all-cause 

mortality.  

Multivariable models were used to “control” for the effect of baseline patient 

differences. Variables whose P was <0.1 at univariable analysis were considered 

for the inclusion in multivariable model.  

All analyses were performed both considering the initial group of patients 

(identified according to the pre-specified methods and criteria) and the propensity-

matched subgroup.  

In the subgroup of patients who underwent coronary angiography within 3 months 

after their test, the positive predictive value of cSE and SPECT was calculated and 

compared, with significant CAD defined as at least one visually-assessed coronary 

artery stenosis >50%.   
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5. RESULTS  

The overall number of subjects who underwent cardiac stress cSE or SPECT for 

suspicion of CAD between 2008 and 2012 was respectively 2638 and 3021 

studies, including both exercise and pharmacologic tests. After excluding tests 

using exercise stressor (18% of cSE and 69% of SPECT studies) and tests 

performed in patients with prior MI/known CAD or other exclusion criteria as per 

protocol in the current study, 890 patients with suspected CAD but no prior history 

of CAD were finally selected from the cSE database and 497 patients from the 

SPECT database. Therefore, the overall cohort of patients who underwent either 

stress test with vasodilator stressor and no exclusion criteria was finally composed 

of n=1387 subjects. We both report baseline data in the overall population, and in 

the propensity-matched group.  

Table 1 shows decriptive data for the cSE and SPECT groups, highlighting few 

significant differences (p<0.05) between cSE and SPECT populations, regarding 

anagraphical variables (age), prevalence of risk factors (smoke, 

hypercholesterolemia and hypertension) and medications at enrollment (aspirin 

and statins), while the pre-test probability of CAD was not different, and on 

average in the lower end of the CAD intermediate probability class (10%-90%) for 

both cSE (21%, 95% CI 11%-36%) and SPECT (22%, 95% CI 12%-39%).  

Table 2 shows the same baseline variables after patients of the cSE group were 

matched (paired) with patients in the SPECT group, by so doing ending up with 

each group composed by 497 patients. After matching was applied, there were no 

significant differences between baseline variables of the two groups, making 

groups better comparable and baseline bias removed for further univariate and 

multivariable analyses. Only the percentage of abnormal SPECT (any degree of 

ischemia) was higher than abnormal cSE in this case (20.5% vs 13.8%, p=0.005), 
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while such percentages become  similar (13.6% vs 13.8%, p=ns) when 

considering abnormal only more than mild ischemia at SPECT.  

Outcome: During a median and mean follow-up respectively of 1628 days and 

1515 days for the overall group of 1387 subjects, there were 139 hard events, 78 

in the cSE group (8.8% of 890 cSE subjects), 37 non-fatal MI and 41 deaths, and 

51 hard events in the SPECT group (10.3% of 497 SPECT subjects), 13 non-fatal 

MI and 38 deaths.  

In the SPECT group 27 patients (5.4%), and in the cSE group 95 patients (10.7%) 

underwent revascularization within 3 months. No periprocedural MI was recorded.  

After selecting only the 497 cSE subjects matched for baseline characteristics with 

the 497 SPECT patients, the number of events in the cSE was reduced to 46 hard 

events (9.3% of the 497 cSE subjects).  

Event-free survival and event rates: Figure 1 Kaplan-Meier curves show the 

event-free survival for the outcome of myocardial infarction or death either in the 

overall groups of patients who underwent SPECT or cSE (left) and depending on 

SPECT and cSE results (right), either using crude data of the entire populations of 

n=890 cSE subjects and n=497 SPECT (upper panels) or matched populations of 

n=497 cSE subjects and n=497 SPECT subjects (lower). The definition applied 

here for a positive SPECT for ischemia is the presence of any degree of ischemia, 

based on a SDS >1 (including mild ischemia). In unmatched or matched 

populations, the event-free survival curves for positive or negative cSE or SPECT 

were significantly different (Log-rank for unmatched <0.001, matched Log-

rank=0.002), although in the comparison between positive cSE vs positive 

SPECT, curves did not differ significantly (p=0.399 for comparison in unmatched, 

p=0.514 for matched).  
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Figure 2 shows Kaplan-Meier event-free survival curves for myocardial infarction 

or death depending on SPECT and cSE results, on the upper using crude 

unmatched data and on the lower after matching the two populations as previously 

described, but in this figure the threshold for a positive SPECT was set at the 

higher degree of SDS>4 (more than mild ischemia). Using this clinically widely 

used reporting for ischemia during SPECT (more than mild ischemia), it 

demonstrates better outcome stratification capability, compared with the definition 

used in Figure 1 of any form of ischemia (SDS>1). Applying the higher threshold 

definition for a positive SPECT, positive curve becomes now almost 

superimposable to the positive cSE curve, and the negative SPECT and negative 

cSE remain similar.  

Figure 3 shows the event-rates at increasing follow-up time (years) from the index-

test after matching the cSE and SPECT groups, as previously described. The 

outcome of myocardial infarction or death is significantly stratified by both cSE and 

SPECT (p<0.001 and p=0.032, respectively). The definition applied here for an 

ischemic SPECT is again based on more than mild ischemia, a SDS>4. The 

yearly hard event-rate for negative cSE and SPECT is similarly around 1.5-2%, 

while a positive test demonstrated more than double that yearly event-rate, with an 

apparent worse outcome for a positive cSE compared with SPECT, at least in the 

first few years, whereas later there is a catchup phenomenon with proportionally 

reduced difference in outcomes between subjects with abnormal SPECT and 

abnormal cSE, overall showing no significant differences.  

Univariable and multivariable analyses: The univariable Cox proportional 

hazard model for prognostication of outcome in the overall 1387 cohort of subjects 

who underwent either SPECT or cSE is shown in Table 3. Age, male gender, 

hypertension, diabetes, aspirin, clopidogrel and left ventricular ejection fraction 
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(LVEF) <50% considered as single variables all increase the risk of events. An 

abnormal dipyridamole SPECT or cSE (compared with negative cSE as a 

reference) also increased the risk of events (abnormal SPECT HR 2.78 95%CI 

1.47-5.25, cSE HR 3.83 95%CI 2.43-6.03).  

Table 4 shows the univariable Cox proportional hazard model in the matched-

cohort including overall n=994 1:1 matched subjects. The results are similar to 

table 3, with the exception that in this case clopidogrel results not statistically 

significant (p=0.083). The multivariable Cox proportional hazard model for 

prognostication of hard events confirms a risk-increasing role for age, male gender 

and diabetes. LVEF<50%, positive SPECT and positive cSE were still 

independently predictors of risk. However an abnormal SPECT vs normal cSE had 

only borderline significance (p=0.051) (abnormal SPECT HR 1.95 95%CI 0.998-

3.81, cSE HR 1.98 95%CI 1.047-3.75).  

Table 5 shows multivariable Cox proportional hazard model separately performed 

in SPECT and cSE groups after 1:1 propensity-matching as previously described.  

Not differently from the multivarable analysis in the overall group, SPECT and cSE 

demonstrated a significant stratification capability, doubling (SPECT) or even more 

than doubling (cSE) the risk of future hard events independently from 

demographic and clinical variables.  

Coronary angiography and positive predictive value: When compared to 

angiography, positive predictive value (PPV) of SPECT was also significantly 

inferior to cSE, with only 22 out of 40 patients who underwent coronary angiogram 

because of positive SPECT truly demonstrating obstructive CAD (PPV=55%) 

when considering any ischemia at SPECT (SDS>1), and 19 out of 30 (PPV=63%) 

when using the definition of more than mild ischemia (SDS>4). For cSE 87 out if 

98 demonstrated obstructive CAD (PPV=89%) which was proportionately higher 



	
   	
   20	
  

than either interpretative PPV for an ischemic SPECT (p<0.001 and p=0.001 

respectively).  

Side effects: During or after the tests there were no severe or life-threatening 

events. Temporary headache was more often recorded (39% vs 14%, p<0.001) 

associated with the higher-dose dipyridamole infusion (0.84mg/kg) used during 

cSE, compared with the lower-dose infusion during SPECT (0.56mg/kg). 

Headache always resolved after aminophylline infusion.  
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6. DISCUSSION  

Our study is the first clinical comparison between cSE and SPECT regarding their 

long-term prognostic value in propensity-matched patients. It suggests that the two 

most frequently worldwide-utilized types of vasodilator imaging stress tests, 

namely SPECT and SE (this latter “upgraded” in the current study using contrast 

for best image quality) are capable of predicting myocardial infarction or death. 

Our study specifically applies to patients referred for suspicion of CAD without a 

prior diagnosis of CAD. cSE was instead better when it comes to diagnostic 

positive predictive value for obstructive CAD in the subgroup undergoing coronary 

angiography, indicating that an abnormal SPECT study may be less specific for 

detecting obstructive CAD. This finding has been demonstrated by others (7), and 

suggests that the overall prognostic and diagnostic profile of cSE would positively 

impact downstream financial costs without affecting patient outcome.  

Another point is the role of radiation risk of SPECT versus cSE. 

The radiation dose of SPECT is about 15 mSv, depending upon type of 

technology, operator skills, and clinical questions. According to the updated risk 

estimates released in the Seventh Report of the authorative Committee to Assess 

Health Risks from Exposure to Low Levels of Ionizing Radiation (BEIR VII report), 

the attributable risk of cancer is 1/750 for 15 mSv exposure, corresponding to the 

dose estimate of a SPECT using 99mTc-Sestamibi tracer (2). 

For this reason, considering the absence of ionizing radiation and hence the lower 

biological and environmental impact (21,22) lead us to propose that cSE should be 

preferred over SPECT in subjects with symptoms of suspected CAD and no prior 

cardiac disease.  
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On the other hand, patients with previous CAD were per-protocol excluded from 

this study, and it is unclear if these differences in PPV would apply, and what 

effect negative and positive studies have on outcome. cSE might be less accurate 

in patients with baseline wall motion abnormalities, while SPECT could 

theoretically be superior because of its inherent ability to assess for viability in this 

setting.  

cSE is a form of technically optimized SE, associated with higher feasibility, 

reproducibility and, possibly, accuracy compared with standard SE. In the current 

study we purposefully refrained from incorporating cSE myocardial perfusion 

assessment (and/or Doppler coronary flow reserve on the left anterior descending 

coronary artery) potentially available during cSE, which would possibly add 

prognostic accuracy and diagnostic sensitivity to the test interpretation based only 

on wall motion (11,13,14), but adding complexity to the examination, perceived as 

too technically demanding to become truly clinically widespread; contrast 

endocardial border enhancement is instead very simple and can be easily applied 

in every day clinical practice, as long as presets are used to lower the mechanical 

index and allow complete left ventricular cavity opacification.  

Patients with no prior history of CAD but a suspicion for CAD symptoms and a 

normal imaging stress test are expected to demonstrate very low combined event-

rate (<1% cardiac mortality+non-fatal MI /year) and this may appear lower than the 

5-6% hard events reported in the current study at 3-year follow-up; it should be 

stressed that we here reported total mortality by any cause in our “death+non-fatal 

MI” combined endpoint, the incidence of total mortality being approximately 3 

times that of cardiac mortality (23), so that, after adapting our data to cardiac 

mortality, as mostly reported in prior SPECT or SE studies, current results are in 

line with previous literature (24).  
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Although the study population ranged at the lower-end of the intermediate CAD 

risk class, an abnormal result turned out to be predictive of a worse outcome, with 

approximately 15% (SPECT) to 20% (cSE) hard events at 3 years. Patients 

referred for abnormal dipyridamole SPECT or cSE studies and no prior known 

CAD are clearly at high risk of events and in need of aggressive medical and 

possibly interventional therapy.  

No direct comparison between cardiac magnetic resonance and cSE is available 

in the literature and, as far as it is possible to compare different studies, in a recent 

summary describing overall data from stress cardiac magnetic resonance risk-

stratification studies (25), patients without previously known CAD are credited with 

yearly 3% all-cause mortality if no ischemia at first-pass perfusion, while yearly 

6.3% incidence if ischemia is detected: such data does not appear to better stratify 

risk compared with cSE results in our current study. However, patients referred for 

stress MRI may be at higher pre-test risk, and propensity matching would be 

required for any true comparisons.  

6.1 Study Limitations  

The current results need to be interpreted with caution due to the retrospective 

and single-centre design. Nonetheless, there are apparently no prior studies in the 

literature comparing vasodilator SE, performed with contrast for endocardial 

border enhancement, with vasodilator SPECT in suspected CAD patients, and the 

long follow-up period recorded also confers adequate statistical power, since we 

anticipated a low event-rate in such type of patients without known CAD. The 

single-centre nature of the study, considering the retrospective design, is probably 

not a drawback in this case, since a superimposable geographical, genetic, racial, 

risk factors and age distribution is expected in a single centre for both SPECT and 

cSE patients.  



	
   	
   24	
  

In the current study we preferred not to censor patients undergoing 

revascularization from follow-up, considering that introducing the bias of a possible 

confounding effect of coronary revascularization on outcome (26, 27) was less for 

a comparison study, and any revascularization bias would similarly affect both 

SPECT and cSE subgroups.  

Enrolled pharmacologic cSE patients were more than pharmacologic SPECT 

patients, because exercise is the preferred modality for SPECT (leading to 

exclude more patients), while vasodilator stressor in our institution is preferred 

over exercise when indicating SE for suspect CAD, for the higher technical quality 

of images.  

Finally data on the coronary flow velocity reserve (CFVR) on LAD during stress 

echocardiography are not available for this study. In our opinion the latter could 

have increased the sensitivity and specificity of cSE compared to SPECT. 

 

6.2 Costs of the strategy. Considering the perspective of the Italian National 

Health System, the actual reimbursement established for diagnosis related group 

(DRG) concerning cSE, SPECT and coronary angiograms the total cost of the 

strategy is based on the cost of the functional tests and those related to coronary 

angiogram performed in case of positive test results for the confirmation of the 

diagnosis. Costs of the strategy were higher for SPECT because of greater costs 

associated with unnecessary coronary angiograms. 

 

          7. CONCLUSIONS  

Our study demonstrates that SPECT and cSE have comparable significant 

prognostic capability for mortality and MI, with cSE demonstrating better 

diagnostic positive predictive value for CAD.  
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7.1 Clinical implications 

Since SPECT apparently does not confer advantages in this specific setting, 

environmental protection considerations, financial and biological costs would 

apparently orient towards the use of cSE in subjects referred for pharmacologic 

stress imaging without a prior history of CAD.  

Furthermore Stress echocardiography has several advantages, including the 

possibility of obtaining information on regional function and CFVR in the same 

sitting, with low cost and radiation-free, and the possibility to assess variety of 

applications and indications beyond coronary artery disease (28). 

 

8. COMPETENCY IN MEDICAL KNOWLEDGE: In the current retrospective 

study, the long-term outcome of subjects with symptoms suggestive of CAD but no 

prior history of cardiac or coronary disease, who underwent either SPECT or 

contrast stress-echocardiography using vasodilator stressor was analyzed after 

careful matching of baseline characteristics. Since risk-stratification was similarly 

effective for both tests, and positive predictive value for CAD diagnosis was higher 

for contrast stress-echocardiography, we conclude and suggest that this cheaper 

test, with less impact on the environment and bio-hazard on the subject should be 

preferred in those subjects. Current results on subjects with no prior history of 

coronary or cardiac disease at this time should not be extrapolated to patients with 

prior MI, who were excluded from this study.  
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9. TRANSLATIONAL OUTLOOK: Further studies are needed to better appreciate 

how the tests that we have used for decades compare to each other regarding 

diagnostic and prognostic accuracy, but also according to their relative biological 

and environmental cost.  
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11. Figure Legends  

Figure 1 shows Kaplan-Meier event-free survival curves for the outcome of 

myocardial infarction or death either in the overall group of patients who 

underwent either SPECT or cSE (left) or depending on SPECT and cSE results 

(right), either using crude data (upper) or matched populations (lower). The 

definition applied here for a positive SPECT for ischemia is any degree of 

ischemia, based on a summed difference score >1 (any degree of ischemia, mild 

included).  

Figure 2 shows Kaplan-Meier event-free survival curves for the outcome of 

myocardial infarction or death depending on SPECT and cSE results, on the upper 

analysing crude data and on the lower after matching the two populations. In this 

case an ischemic SPECT was defined based on a summed difference score >4 

(more than mild ischemia).  

Figure 3 shows event-rates at increasing time (years) from the index-test after 

matching the two contrast stress-echocardiography (cSE) and SPECT groups 

based on demographics and clinical variables, as previously described. The 

outcome of myocardial infarction or death is significantly stratified by both cSE and 

SPECT. The definition applied here for an ischemic SPECT is again a summed 

difference score >4 (more than mild ischemia). 
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12. TABLES 
Table 1. Baseline clinical characteristics and echocardiographic findings. 

 

 

 

 

Data presented are mean value ±SD or number (%) of patients. CAD indicates coronary 

artery disease; LVEF. left ventricle ejection fraction; WM. wall motion; MP. myocardial 

perfusion; ACE-I. angiotensin converting enzyme inhibitors; ARBs. angiotensin receptor 

blockers. * Blood pressure≥140/90 mm Hg or treatment of hypertension. † Total 

cholesterol >200 mg/dl or treatment of hypercholesterolemia. 

 
  

 

cSE 
(n=890) 

SPECT 
(n=497) Total (n=1.387) p-value 

Age 65.1(11.5) 68.9 (11.1) 66.5 (11.5) <0.001 
Male gender 462(51.9%) 237(47.7%) 699(50.4%) 0.131 
Probability of CAD, % (95% 
CI) 21 (11-36) 22 (12-39) 21 (11-37) 0.163 
Smoke 228(25.6%) 72(14.5%) 300(21.6%) <0.001 
Hypercholesterolemia 472(53.0%) 229(46.1%) 701(50.5%) 0.013 
Diabetes 211(23.7%) 124(25.0%) 335(24.2%) 0.604 
Hypertension 637(71.6%) 383(77.1%) 1020(73.5%) 0.026 
Aspirin 458(51.5%) 220(44.2%) 678(48.9%) 0.01 
Plavix/Ticlop 61(6.9%) 29(5.8%) 90(6.5%) 0.46 
Beta blockers 449(50.5%) 253(50.9%) 702(50.6%) 0.871 
ACE/ARB 491(55.2%) 252(50.7%) 743(53.6%) 0.11 
Statins 402(45.2%) 138(27.8%) 540(38.9%) <0.001 
LVEF <50% 80(9.0%) 59(11.9%) 139(10.0%) 0.084 
Positive test (any degree of 
ischemia) 

148 
(16.6%) 102 (20.5%) 250 (18%) 0.070 

Positive SPECT more than 
mild ischemia - 68 (13.6%) - - 
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Table 2. Baseline clinical characteristics and echocardiographic findings after matching 

the 2 populations based on demographic and clinical variables. As expected, the 

baseline differences are not anymore statistically significant after the matching process. 

 

  
 
     Abbreviations as in Table 1.	
    

   cSE (n=497) SPECT 
(n=497) 

Total (n=994) p-
value 

Age 68.5 (10.5) 68.9 (11.1) 66.5 (11.5) 0,517
7 

Male gender 237 (47.7%) 237 (47.7%) 699 (50.4%) 1 

Smoke 79 (15.9%) 72 (14.5%) 300 (21.6%) 0,536 

Hypercholesterolemi
a 

227 (45.7%) 229 (46.1%) 701 (50.5%) 0,899 

Diabetes 121 (24.4%) 124 (25.0%) 335 (24.2%) 0,825 

Hypertension 368 (74.0%) 383 (77.1%) 1020 (73.5%) 0,268 

Aspirin 222 (44.7%) 220 (44.2%) 678 (48.9%) 0,898 

Plavix/Ticlop 29 (5.8%) 29 (5.8%) 90 (6.5%) 1 

Beta blockers 247(49.7%) 253 (50.9%) 702 (50.6%) 0.703 

ACE/ARB 239 (48.1%) 252 (50.7%) 743 (53.6%) 0.41 

Statins 132 (26.6%) 138 (27.8%) 540 (38.9%) 0.669 

LVEF <50% 60 (12.1%) 59 (11.9%) 139 (10.0%) 0.922 

Positive test (any 
degree of ischemia) 

69 (13.8%) 102 (20.5%) 171 (12.3%) 0.005 

Positive SPECT 
more than mild 
ischemia 

- 68 (13.6%) - - 
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Table 3. Univariate analysis of main clinical, medications and imaging parameters as 

predictors of cardiac ischemic events in the entire group of 1387 subjects who underwent 

either SPECT or cSE. 

 
ACE-I/ARBs=ACE-inhibitors or angiotensin blockers; LVEF=left ventricle ejection 

fraction. cSE= contrast stress-echocardiography SPECT is defined as ischemic only for 

more than mild ischemia (SDS>4).  

  

   

Univariate analysis  HR (95%CI) 95% CI p-
value 

 

Clinical      
Age  2,108 1.459 3.047 0.00  
Male Gender  1.057 1.039 1.076 0.00  
Pre-test probability of CAD  1.032 1,024 1,040 0.00  
Smoke  0.919 0.598 1.413 0.70  
Hypercolesterolemia  0.890 0.630 1.257 0.51  
Diabetes  1.730 1.204 2.485 0.00  
Hypertension  1.891 1.185 3.017 0.01  

Drugs       
Aspirin  1.880 1.313 2.690 0.00  
Clopidogrel  2.316 1.372 3.911 0.00  
Beta-Blockers  1.375 0.969 1.951 0.08  
ACE-I/ARBs  1.427 1.000 2.036 0.05  
Statin  1.223 0.863 1.732 0.26  

Imaging       
Rest LVEF <50%  2.066 1.415 3.017 0.00  
Overall cSE (vs overall SPECT)  0.892 0.626 1.270 0.53  
Pos cSE vs Neg cSE  3.832 2.434 6.032 0.00  
Neg SPECT vs Neg cSE  1.400 0.915 2.142 0.12  
Pos SPECT vs Neg cSE  2.785 1.476 5.253 0.00  



	
   	
   36	
  

Table 4. Univariate and multivariable analysis of main clinical, medications and imaging 

parameters as predictors of cardiac ischemic events in the group of 994 subjects 

obtained after matching the 2 groups (497 SPECT plus 497 matched cSE) who 

underwent SPECT or cSE. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
  

 
 
Univariate analysis 

 
 

HR 

 
 

Inf  
 

CI95% 

 
 

Sup 
CI95% 

 
 

p-value 

Clinical     
Age 1.059 1.036 1.082 0.00 
Male Gender 2.112 1.392 3.205 0.000 
Smoke 1.200 0.711 2.026 0.494 
Pre-test probability of CAD 1.032 1,022 1,041 0.00 
Hypercolesterolemia 0.814 0.543 1.219 0.318 
Diabetes 1.788 1.181 2.706 0.006 
Hypertension 1.814 1.046 3.145 0.034 

Drugs     
Aspirin 1.684 1.127 2.516 0.011 
Clopidogrel 1.835 0.924 3.643 0.083 
Beta-Blockers 1.434 0.957 2.149 0.080 
ACE-I/ARBs 1.417 0.947 2.120 0.090 
Statin 1.290 0.842 1.977 0.242 

Imaging     

Rest LVEF reduction (<50%) 2.304 1.432 3.707 0.001 

Overall cSE (vs overall SPECT) 0.947 0.635 1.412 0.791 
Pos cSE vs Neg cSE (reference) 3.074 1.640 5.761 0.000 
Neg SPECT vs Neg cSE (reference) 1.172 0.734 1.871 0.506 
Pos SPECT vs Neg cSE (reference) 2.343 1.206 4.553 0.012 
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ACE-I/ARBs=ACE-inhibitors or angiotensin blockers; LVEF=left ventricle ejection 

fraction. cSE= contrast stress-echocardiography SPECT is defined as ischemic only for 

more than mild ischemia (SDS>4).	
  

 
 

 
 
 
     

Multivariable analysis HR 
(95%CI) Inf CI95% 

Sup 
CI95% p-value 

     

Age 1.060 1.036 1.085 0.000 
Male Gender 2.227 1.459 3.400 0.000 
Smoke -    
Pre-test probability of CAD     
Hypercolesterolemia -    
Diabetes 1.533 1.006 2.335 0.047 
Hypertension 1.486 0.846 2.609 0.168 

 -    
Aspirin 1.193 0.790 1.800 0.401 
Clopidogrel -    
Beta-Blockers -    
ACE-I/ARBs -    
Statin -    

 -    
Rest LVEF reduction (<50%) 1.816 

1.121 2.944 0.015 
Overall cSE (vs overall 
SPECT) 

-    

Pos cSE vs Neg cSE 
(reference) 1.982 1.047 3.750 0.036 
Neg SPECT vs Neg cSE 
(reference) 1.068 0.667 1.710 0.784 
Pos SPECT vs Neg cSE 
(reference) 1.950 0.998 3.810 0.051 
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Table 5. Multivariable cox models to predict outcome in SPECT and cSE groups after matching 

the cSE population based on the SPECT population. 

SPECT group 
n=497 MULTIVARIATE 

   
 

HR CI 95% p-value 
    
Age 1.056 1.024 1.089 0.001 
Gender 3.231 1.738 6.005 0.000 
Hypertension 2.301 0.968 5.466 0.059 
LVEF<50% 1.844 0.941 3.612 0.074 
Positive (SDS>4) vs Neg 1.974 1.019 3.824 0.044 

     ECHO matched group 
N=497 MULTIVARIATE 

   
 

HR CI 95% p-value 
     
Age 1.064258 1.027 1.102 0.001 
Diabetes 1.557312 0.852 2.844 0.15 
LVEF<50% 1.860616 0.937 3.692 0.076 
Positive vs Neg cSE 2.314893 1.224 4.375 0.01 

 
 
LVEF=left ventricle ejection fraction. cSE= contrast stress-echocardiography. SPECT is defined as 

ischemic only for more than mild ischemia (SDS>4). 
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Figure 1.
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Figure 2. 
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Figure 3 
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