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Aims: To assess the prognostic value of dual imaging stress echocardiography after coronary artery bypass
grafting (CABG). Dual imaging stress echocardiography, combining the evaluation of regional wall motion and
Doppler echocardiographic derived coronary flow velocity reserve (CFVR) of the left anterior descending artery
(LAD), is the state-of-the-art methodology during vasodilatory stress.
Methods and results: In a prospective,multicenter, observational study, 349 patients (270men; 69±9 years; 262
symptomatic) with history of CABG underwent high-dose dipyridamole (0.84mg/kg over 6min) stress echocar-
diography with CFVR evaluation of LAD by Doppler. The composite endpoint of death and myocardial infarction
was considered in the survival analysis. Positivity rate with either criteria was 13% in the 262 symptomatic pa-
tients with appropriate and 6% in the 87 asymptomatic patients with maybe/rarely appropriate indications on
the basis of 2014 American College of Cardiology Foundation guidelines. During a median follow-up of
22 months (1st quartile 8, 3rd quartile 44), there were 56 (16%) events: 21 deaths, and 35 nonfatal myocardial
infarctions. At Cox analysis, ischemia at stress echo (HR 4.80, 95% CI 2.69–8.55; p b 0.0001), and CFVR of LAD
≤2 (HR 2.28, 95% CI 1.32–3.95; p = 0.003) were multivariable prognostic predictors. Considering the group
with no ischemia, patients with CFVR ≤2 showed 2.5 fold higher yearly hard events as compared to those with
CFVR N2 (7.5 vs 2.9%; p = 0.002).
Conclusions: Dual imaging stress echocardiography provides useful prognostic information following CABG.
Inducible ischemia and abnormal CFVR are strong and independent prognostic indicators in patients with
appropriate and rarely/maybe appropriate indications.

© 2018 Published by Elsevier B.V.
1. Background

Stress echocardiography has a class I indication in symptomatic pa-
tients after coronary artery bypass grafting (CABG), but not in the
post-procedure period [1]. The indication is more questionable in
asymptomatic patients, in whom noninvasive stress testing may be ap-
propriate ≥5 years after CABG and is considered rarely appropriate
b5 years after CABG [2]. The technique has been proved to be effective
in risk stratification after surgical revascularization in several studies
showing that the evidence of ischemia adds significant prognostic infor-
mation to that provided by clinical data and resting echo [2–6]. Appro-
priate and inappropriate stress echocardiography after CABG account
for 5 to 10% of all indications in large volume laboratories [7–9].
Physiology, Via G. Moruzzi, 1,
However, the assessment of the value of the technique is made difficult
by the lack of reliable data with state-of-the-art protocols. In particular,
after CABG the assessment of ischemia due to a stenosis in the graft is
complicated by several confounding features, including the potential
for microvascular abnormalities due to ischemic fibrosis and scarring,
pre-existing or bypass-surgery myocardial infarction, chronic low-
flow ischemia or reversible damage due to inflammatory state with in-
creased oxidative stress [10]. In the last decade, stress echocardiography
evolved to include coronary flow velocity reserve (CFVR) of the left an-
terior descending artery (LAD) as an add-on to standard regional wall
motion analysis as the new standard providing information on abnor-
malities of coronary microcirculation which are unable to induce myo-
cardial ischemia. Vasodilator dual imaging stress echocardiography
has entered the clinical practice and it has been proved to provide addi-
tive prognostic information in several clinical conditions [11–14].
Therefore, the aim of this study was to assess the additive prognostic
value of Doppler-derived CFVR of LAD in patients with history of CABG.
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2. Methods

The study population consisted of 349 patients [270 men; mean (±SD) age 69 ±
9 years] with history of CABG who were evaluated at four Italian Cardiology Institutions
(Lucca, Benevento, Mestre, Pisa) from August 2003 to November 2015 for enrollment in
a study focused on assessing the prognostic value of CFVR in the setting of known or
suspected coronary artery disease. The study design is observational, not randomized,
prospective and patients were entered the databank at the time of initial assessment. All
patients underwent stress echocardiography with wall motion and CFVR assessment of
LAD by transthoracic Doppler ultrasound. Exclusion criteria were significant valvular or
congenital heart disease, prognostically relevant non-cardiac diseases (cancer, end-stage
renal disease, or severe obstructive pulmonary disease), and inadequate acoustic window
precluding satisfactory imaging of left ventricle (for 2D echo) or of LAD flow Doppler (for
CFVR assessment). Follow-up information was available for all patients. Reasons for
testing were the presence of symptoms suggestive of ischemic origin in 262 (75%) and
screening for asymptomatic progression of the disease in 87 (25%) patients (Table 1).

According to individual needs and physician's choices, 156 (45%) patients were
evaluated after anti-anginal drugs had been discontinued, and 193 (55%) patients were
evaluatedduring anti-anginal treatment (Table 1). Phylline-containing drugs or beverages
were discontinued at least 24 h before testing. All patients gave their written informed
consentwhen they underwent stress echocardiography.Whenpatients signed thewritten
informed consent they also authorized physicians to use their clinical data. Stress echo
data were collected and analysed by stress echocardiographers not involved in patient
care. Diabetes mellitus [15], arterial hypertension [16], and hypercholesterolemia [17]
were defined according to standard criteria.

2.1. Stress echocardiography

Transthoracic stress echocardiographic studies were performed with commercially
available ultrasound machine (Sonos 7500 or iE 33, Philips Ultrasound, Andover, Mass;
Vivid System 7, GE/Vingmed, Milwaukee, Wis; Sequoia C256 Acuson Siemens Mountain
View, Calif) equipped with multifrequency phased-array sector scan probe (S3–S8 or
V3–V7) and with second harmonic technology. Two-dimensional echocardiography and
12-lead electrocardiographic monitoring were performed in combination with high-
dose dipyridamole (up to 0.84mg over 6min) [18]. Echocardiographic imageswere semi-
quantitatively assessed using a 17 segments, 4-point scale model of the left ventricle [19].
A wall motion score index (WMSI) was calculated by dividing the sum of individual
segment scores by the number of interpretable segments. Ischemia was defined as
stress-induced new and/or worsening of preexisting wall motion abnormality. A test
was considered positive for ischemia only on the basis of wall motion analysis. Rest wall
Table 1
Clinical and echocardiographic characteristics for patients with CFVR of left anterior de-
scending artery N2 and b2.

CFR N 2
(n = 218)

CFR ≤ 2
(n = 131)

p value

Age (years) 69 ± 8 70 ± 10 0.43
Males 166 (76%) 104 (79%) 0.48
Symptoms after CABG 158 (72%) 104 (79%) 0.15

Clinical history
Family history of CAD 61 (28%) 45 (34%) 0.21
Diabetes mellitus 59 (27%) 53 (40%) 0.009
Arterial hypertension 167 (77%) 97 (74%) 0.59
Hypercholesterolemia 158 (72%) 95 (72%) 0.99
Smoking habit 67 (31%) 45 (34%) 0.48
Left bundle branch block 13 (6%) 11 (8%) 0.38
Prior myocardial infarction 126 (58%) 77 (59%) 0.86

Anti-ischemic therapy at the time of test
β-Blockers 99 (45%) 67 (51%) 0.30
Calcium antagonists 39 (18%) 26 (20%) 0.65
Nitrates 24 (11%) 28 (21%) 0.008
At least one medication 117 (54%) 76 (58%) 0.43

Resting echocardiogram
WMA at rest 123 (56%) 87 (66%) 0.06
WMSI at rest 1.26 ± 0.34 1.37 ± 0.38 0.006
Left ventricular ejection fraction % 54 ± 8 51 ± 10 0.001

Stress echocardiography
Ischemic result 26 (12%) 38 (29%) b0.0001
WMSI at peak stress 1.26 ± 0.32 1.44 ± 0.41 b0.0001
Resting velocity of LAD (cm/s) 30 ± 9 35 ± 16 b0.0001
CFVR of LAD 2.60 ± 0.60 1.72 ± 0.24 b0.0001

Data presented are mean value ± SD or number (%) of patients.
CABG = coronary artery bypass grafting; CAD = coronary artery disease; WMA = wall
motion abnormality; WMSI = wall motion score index; LAD = left anterior descending
artery; CFVR = coronary flow velocity reserve.
motion abnormality was akinetic or dyskinetic myocardium with no thickening during
stress. Left ventricular ejection fraction was assessed in the standard 4-chamber view
using the area-length method [19]. CFVR was assessed during the standard stress echo
examination by an intermittent imaging of both wall motion and LAD flow [18]. Coronary
flow in themid-distal portion of LADwas searched in the lowparasternal long-axis section
under the guidance of colourDoppler flowmapping [18]. Contrast was not used for the as-
sessment of CFVR in any of the study patients. All studies were digitally stored to simplify
off-line reviewing and measurements. Coronary flow parameters were analysed off-line
using the built-in calculation package of the ultrasound unit. Flow velocities were mea-
sured ≥2 times for each study, namely at baseline and at peak stress (before
aminophylline injection). At each time point, 3 optimal profiles of peak diastolic Doppler
flow velocities were measured, and the results were averaged. CFVR was defined as the
ratio between hyperemic peak and basal peak diastolic coronary flow velocities. A CFVR
value ≤2.0 was considered abnormal [11]. All investigators of contributing centers passed
quality control criteria for regional wall motion and Doppler interpretation prior to
entering the study as previously described [20]. The feasibility of CFVR assessment on
LAD is 94% [21]. The previously assessed intra- and inter-observer variability for
measurements of Doppler recordings and regional wall motion analysis assessment
were b10% [21].

2.2. Follow-up data

Follow-up data were obtained from review of the patient's hospital record, personal
communication with the patient's physician and review of the patient's chart, a telephone
interview with the patient or a patient's close relative conducted by trained personnel, a
staff physician visiting the patients at regular intervals in the out-patient clinic. Clinical
events were defined as death and non-fatal acute myocardial infarction. In order to
avoidmisclassification of the cause of death [22,23], overallmortalitywas considered. Cor-
onary revascularization (surgery or angioplasty) was also registered; however, it was not
identified as clinical event. Follow-up datawere analysed for the prediction of hard events
(death, myocardial infarction). Whenmore than one of these events occurred, the patient
was censored at the time of the most severe event.

2.3. Statistical analysis

Continuous variables are expressed as mean ± SD. Differences between groups were
compared using Student's t and chi-square test, as appropriate. Hard event rates were
estimatedwith Kaplan-Meier curves and comparedby the log-rank test. Patients undergo-
ing coronary revascularizationwere censored at the time of the procedure. The association
of selected variableswith outcomewas assessedwith theCox's proportional hazardmodel
using univariate and stepwisemultivariate procedures. A significance of 0.05was required
for a variable to be included into the multivariate model, whilst 0.1 was the cut-off value
for exclusion. Hazard ratios (HR) with the corresponding 95% confidence interval (CI)
were estimated. Statistical significancewas set at p b 0.05. Statistical Package for the Social
Sciences (IBM, SPSS Statistics, version 21) was used for analysis.

3. Results

3.1. Stress echocardiographic findings

No complication occurred during the test.
Mean CFVR of LAD was 2.27 ± 0.65. At individual patient analysis,

131 (38%) individuals had CFVR ≤2 and 218 (62%) had CFVR N2. Stress
echo was positive for ischemia in 64 (18%) subjects: 38 of 131 with
CFVR ≤2 and 26 of 218 with CFVR N2 (29 vs 12%; p b 0.0001)
(Table 1). Thirty-eight patients (11%) had both ischemia and CFVR ≤ 2,
whilst 192 (55%) patients had no ischemia and CFVR N2. Positivity rate
with either criteria was 13% in the 262 symptomatic patients and 6%
in the 87 asymptomatic patients.

Patients with CFVR ≤2 were more frequently diabetics, had higher
resting velocity of LAD, higherWMSI, and lower left ventricular ejection
fraction on the resting echocardiogram than patients with CFVR N2
(Table 1). In the subset of 280 patients with no inducible ischemia, his-
tory of diabetes was present in 35 out of 93 with CVFR ≤2 and in 50 out
of 192 with CVFR N 2 (38 vs 26%; p = 0.04). Hypertension was equally
prevalent in the 2 groups: 67/93 and 150/192 (72 vs 78%; p = 0.26).
Ejection fraction was lower in patients with reduced CVFR (52 ± 10
vs 55 ± 8; p = 0.01).

3.2. Outcomes

During amedian follow-up of 22months (1st quartile 8, 3rd quartile
44), 56 (16%) events were registered: 21 deaths, and 35 nonfatal myo-
cardial infarctions.
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According to the physician's judgement, 45 (13%) patients
underwent myocardial revascularization (10 surgery, and 35 percuta-
neous intervention) after a median of 149 days (1st quartile 30, 3rd
quartile 271) from the index stress echo. There were 21 revasculariza-
tions in patients with ischemia and 24 in those without ischemia at
stress echo (33 vs 8%; p b 0.0001). In addition, therewere 31 revascular-
izations in patients with CFVR ≤2 and 14 in those with CFVR N2 (24 vs
6%; p b 0.0001). Of the 10 asymptomatic patients with positive test, 7
(2 with inducible myocardial ischemia and 5 with no ischemia) were
revascularized at 341 ± 361 days from testing.

3.3. Outcome prediction

Patients evaluated for symptoms suggestive of myocardial ischemia
had a non-significant higher annual hard event-rate than those asymp-
tomatic (7.5 vs 4.5%; p = 0.16).

Univariate predictors of hard events are reported in Table 2. At mul-
tivariate analysis, ischemia at stress echo (p b 0.0001), and CFVR of LAD
≤2 (p b 0.0001) were the only independent prognostic indicators.

The 3-year hard event rate was 59% in patients with both ischemia
and abnormal CFVR, 42% in patients with ischemia only, 21% in patients
with abnormal CFVR only, and 7% in patients with no ischemia and nor-
mal CFVR (Fig. 1). In pairwise comparisons, all groups significantly dif-
fered from each other except in the ischemic population between
subjects with CFVR ≤ 2 and those with CFVR N 2 (Fig. 1). In Fig. 2 is
shown the yearly hard event-rate in patients with both ischemia and
abnormal CFVR, ischemia only, abnormal CFVR only, and no ischemia
and normal CFVR. Of note, a negative stress result with a normal CFVR
was associated to 2.5 fold lower risk of death or myocardial infarction
than a negative stress result with an abnormal CFVR (2.9 vs 7.5%; p =
0.002) (Fig. 2). In addition, dual imaging stress echo result provideduse-
ful prognostic information both in the 262 symptomatic patients with
appropriate and in the 87 asymptomatic patients withmaybe/rarely ap-
propriate indication for testing (Fig. 3).

4. Discussion

In CABG patients who underwent vasodilator dual imaging stress
echocardiography with the assessment of both wall motion and CFVR,
it is possible to identify different strata of risk, being the highest for
the symptomatic subset and inducible wall motion abnormalities and
the lowest for the asymptomatic subset, no wall motion abnormalities
and normal CFVR. The use of routine stress echocardiography after
Table 2
Univariable and multivariable predictors of hard events (death, acute myocardial infarction).

Univariate analysis

HR (95% CI)

Age 1.02 (0.99–1.05)
Male sex 1.38 (0.69–2.73)
Family history of CAD 0.74 (0.41–1.34)
Diabetes mellitus 1.85 (1.09–3.15)
Arterial hypertension 1.19 (0.63–2.26)
Hypercholesterolemia 1.53 (0.78–2.97)
Smoking habit 1.33 (0.78–2.26)
Left bundle branch block 1.86 (0.84–4.12)
Symptoms after CABG 1.63 (0.82–3.23)
Prior myocardial infarction 1.10 (0.65–1.88)
Ongoing anti-ischemic therapy 1.06 (0.62–1.82)
WMA at rest 2.12 (1.17–3.76)
WMSI at rest 2.39 (1.24–4.64)
Ischemia at stress echo 6.55 (3.80–11.30)
Peak WMSI 4.96 (2.71–9.07)
Resting velocity of LAD 1.04 (1.03–1.06)
CFVR of LAD b2 2.91 (1.70–4.98)

Abbreviations as in Table 1.
surgical revascularization remains controversial and the time lag
(5 years) indicated by appropriateness criteria may be quite arbitrary.
Stress echocardiography, however, remains a very performing clinical
tool able to provide critical information with a high accuracy and an
excellent ability to identify a wide spectrum of risk, putting together
different parameters showing the severity of disease. In our data set,
inducible ischemia and abnormal CFVR were strong and independent
prognostic indicators. Of interest, a negative stress result with a normal
CFVRwas associated to 2.5 fold lower annual risk of death ormyocardial
infarction than a negative stress result with an abnormal CFVR.

4.1. Comparison with previous studies

There is no a large dataset showing the ability of CFVR in risk strati-
fying patients after CABG. Several studies have used Doppler-derived
CFVR for the assessment of graft patency, showing its clinical utility
and demonstrating that the improvement after revascularization was
related to a better outcome [24,25]. In a previous study [5] from our
groupwe have shown that stress echocardiography represents an effec-
tive tool for the risk stratification of patients with previous CABG inde-
pendently of the presence of symptoms suggestive of ischemic origin.
In particular, the evidence of inducible ischemia added significant prog-
nostic information to that provided by clinical data and resting echo [5].
However, in that previous report no data on CFVR was obtained. CFVR
has been proved to provide an additive prognostic information in pa-
tients with known or suspected coronary artery disease, identifying
the subset at risk of death in the follow-up [13]. It was also shown
that in patients with normal coronary arteries and no inducible ische-
mia, the microvascular impairment was related to highest level of risk
when compared to patients with no microvascular disease [26]. Also
in this setting, microvascular impairment was related to a worse out-
come in the face of normal rest and peak left ventricular function. It is
interesting to note that similar results were obtained in a subgroup of
patients with diabetes and no symptoms for coronary artery disease
[27], again confirming that symptoms may not be a perfect marker of
disease.

4.2. Clinical implications

The present studywas undertaken to shed light on the clinical man-
agement of patients who had undergone surgical coronary revasculari-
zation. Management remains quite controversial and stress testing
indication does not always modulate treatment. These patients are
Multivariate analysis

p value HR (95% CI) p value

0.29
0.36
0.31
0.02
0.58
0.21
0.30
0.12
0.16
0.72
0.82
0.01
0.01
b0.0001 4.80 (2.69–8.55) b0.0001
b0.0001
b0.0001
b0.0001 2.28 (1.32–3.95) 0.003
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difficult for their anatomy and stress testing interpretation may be
difficult. However, there are some scenarios that can be envisioned on
the basis of the present results: 1. Symptomatic patients with stress
echo positivity for wall motion criteria show the highest rate of events
over time and merit an aggressive treatment; 2. Patients with sole
microvascular impairment show a rate of events which is double to
that of patients with no microvascular impairment. This subset of pa-
tients, although unsuitable for revascularization should be treated
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with optimal medical therapy. In the face of the scarcity of data on
CFVR in CABG patients, the assessment of microvascular dysfunction
should be included in the clinical armamentarium due to its high
value in modulating stress echo response. It is also interesting to note
that symptoms were related to a worse outcome but this difference
did not reach statistical significance.

Due to the wide spectrum of disease progression occurring in pa-
tients with prior CABG [10], an optimal approach to noninvasive stress
testing after CABG should probably include dual imaging, focused not
only on the detection of large arteries (native vessels or grafts) stenosis
inducing regional wall motion abnormalities but also on assessment of
CFVR (or perfusion abnormalities). Post-CABG patients may develop
new obstructive disease in native vessels not bypassed in the first oper-
ation and new stenoses in existing bypass grafts, which are mirrored by
newwall motion abnormalities during noninvasive stress testing. There
is also another pathway, unable to induce myocardial ischemia, and
linked to microcirculation abnormalities, due to anatomic (scar and
ischemic fibrosis due to infarction and chronic low flow ischemia) or
functional, partially reversible damage of the coronary microcirculation
possibly due to a systemic inflammatory response, which promotes cor-
onary microvascular disease, and may be due to contact of blood with
the bypass circuit, myocardial ischemia during bypass, aortic cross-
clamping and reperfusion injury [28]. Themicrocirculatory target ismir-
rored in CFVR reduction in the absence of newwallmotion abnormalities
[29]. Bothwallmotion abnormalities and CFVR parameters offer comple-
mentary information, target different mechanisms and - not surprisingly
- show clearly additive prognostic power [30]. On the basis of these re-
sults we are not advocating the use of stress echocardiography in post-
op patients outside the conventional recommendations because this
may raise the number of unnecessary testing and downstream costs.
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Nonetheless, the work-up of these patients is difficult and dual imaging
stress echocardiography is potentially an ideal tool because of its ability
to dissect macro from micro-vascular disease.

4.3. Study limitations

Several limitations have to be acknowledged to the present results:
1. The retrospective nature of the analysis; 2. Stress results were avail-
able to the referring physician but it is conceivable that in most cases
CFVR was not included as a parameter of stress positivity, reducing, at
least in part, the power of discrimination of stress testing; 3. There
was no central reading and interpretation of both wall motion and
CFVR was left to the peripheral laboratories; however, all centers en-
rolled in the analysis had a long lasting experience in stress echocardi-
ography reducing a potential high inter-centre variability; 4. The
ultimate decision for re-revascularization was left to surgeons and
stress echocardiography is one of many different parameters that are
evaluated in decision-making; 5. Most of these patients underwent
dual-imaging stress echocardiography as a first-line exam due to the
high false positive results of exercise ECG. It is, then, not possible to ex-
trapolate how exercise ECG compareswith dual imaging stress echocar-
diography. 6. There is a high prevalence of men in the group under
investigation. However, this is not a selection bias, but reflects the real-
ity of large stress echo laboratories.

5. Conclusions

The assessment of patientswhohadundergone surgical revasculariza-
tion is clinically challenging. Appropriateness criteria indicate that asymp-
tomatic patients should not be tested before 5 years from intervention;
even after this period of time stress echo result should be put into context
(normal left ventricular function, suboptimal medical therapy) before a
re-revascularization. The present study was aimed at assessing how
wall motion and CVFR contribute in risk stratification of CABG patients.
The results indicate that in such a complex subset of patients, the refine-
ment of risk stratificationwith several parametersmay be critical. The di-
chotomy response positive/negative for myocardial ischemia may not be
enough in this setting. Bothmacrovascular andmicrovascular dysfunction
contribute to risk profiling and as stand alone parametersmay not be suf-
ficient to identify patients at highest risk. The results of this retrospective
analysis will be tested prospectively in the ongoing large scale, multicen-
ter, effectiveness Stress echo 2020 study [31].

Conflict of interest

The authors report no relationships that could be construed as a con-
flict of interest.
Funding sources

Financial support for the present study was received from institu-
tional funding of the CNR, Institute of Clinical Physiology, Pisa, Italy.
References

[1] P.S. Douglas, B. Khandheria, R.F. Stainback, N.J. Weissman, E.D. Peterson, R.C. Hendel,
et al., American College of Cardiology Foundation, American Society of Echocardiog-
raphy, American College of Emergency Physicians, American Heart Association,
American Society of Nuclear Cardiology, Society for Cardiovascular Angiography
and Interventions, Society of Cardiovascular Computed Tomography, Society for
Cardiovascular Magnetic Resonance, ACCF/ASE/ACEP/AHA/ASNC/SCAI/SCCT/SCMR
2008 appropriateness criteria for stress echocardiography: a report of the
American College of Cardiology Foundation Appropriateness Criteria Task Force,
American Society of Echocardiography, American College of Emergency Physicians,
American Heart Association, American Society of Nuclear Cardiology, Society for
Cardiovascular Angiography and Interventions, Society of Cardiovascular Computed
Tomography, and Society for Cardiovascular Magnetic Resonance endorsed by the
Heart Rhythm Society and the Society of Critical Care Medicine, J. Am. Coll. Cardiol.
51 (2008) 1127–1147.

[2] M.J. Wolk, S.R. Bailey, J.U. Doherty, P.S. Douglas, R.C. Hendel, C.M. Kramer, et al.,
American College of Cardiology Foundation Appropriate Use Criteria Task Force,
ACCF/AHA/ASE/ASNC/HFSA/HRS/SCAI/SCCT/SCMR/STS 2013 multimodality appro-
priate use criteria for the detection and risk assessment of stable ischemic heart dis-
ease: a report of the American College of Cardiology Foundation Appropriate Use
Criteria Task Force, American Heart Association, American Society of Echocardiogra-
phy, American Society of Nuclear Cardiology, Heart Failure Society of America, Heart
Rhythm Society, Society for Cardiovascular Angiography and Interventions, Society
of Cardiovascular Computed Tomography, Society for Cardiovascular Magnetic Res-
onance, and Society of Thoracic Surgeons, J. Am. Coll. Cardiol. 63 (2014) 380–406.

[3] A.M. Arruda, R.B. McCully, J.K. Oh, D.W.Mahoney, J.B. Seward, A.P. Pellikka, Prognos-
tic value of exercise echocardiography in patients after coronary artery bypass sur-
gery, Am. J. Cardiol. 87 (2001) 1069–1073.

[4] A. Rossi, T. Moccetti, F. Faletra, P. Cattaneo, M. Rossi, E. Pasotti, et al., Dipyridamole
stress echocardiography stratifies outcomes of asymptomatic patients with recent
myocardial revascularization, Int. J. Card. Imaging 24 (2008) 495–50215.

[5] L. Cortigiani, R. Bigi, R. Sicari, P. Landi, F. Bovenzi, E. Picano, Stress echocardiography
for the risk stratification of patients following coronary bypass surgery, Int. J. Cardiol.
143 (2010) 337–342.

[6] S.C. Harb, T. Cook,W.A. Jaber, T.H. Marwick, Exercise testing in asymptomatic patients
after revascularization: are outcomes altered? Arch. Intern.Med. 172 (2012) 854–861.

[7] E. Picano, E. Pasanisi, J. Brown, T.H. Marwick, A gatekeeper for the gatekeeper: inap-
propriate referrals to stress echocardiography, Am. Heart J. 154 (2007) 285–290.

[8] R.J. Gibbons, T.D. Miller, D. Hodge, L. Urban, P.A. Araoz, P. Pellikka, et al., Application
of appropriateness criteria to stress single-photon emission computed tomography
sestamibi studies and stress echocardiograms in an academic medical center, J. Am.
Coll. Cardiol. 51 (2008) 1283–1289.

[9] L. Cortigiani, R. Bigi, F. Bovenzi, S. Molinaro, E. Picano, R. Sicari, Prognostic implica-
tion of appropriateness criteria for pharmacologic stress echocardiography per-
formed in an outpatient clinic, Circ. Cardiovasc. Imaging 5 (2012) 298–305.

[10] M.R. Patel, J.H. Calhoon, G.J. Dehmer, J.A. Grantham, T.M. Maddox, D.J. Maron, et al.,
ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2017 Appropriate Use Criteria for Coro-
nary Revascularization in Patients With Stable Ischemic Heart Disease: A Report of
the American College of Cardiology Appropriate Use Criteria Task Force, American
Association for Thoracic Surgery, American Heart Association, American Society of
Echocardiography, American Society of Nuclear Cardiology, Society for Cardiovascu-
lar Angiography and Interventions, Society of Cardiovascular Computed Tomogra-
phy, and Society of Thoracic Surgeons, J. Am. Coll. Cardiol. 69 (2017) 2212–2241.

http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0020
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0020
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0020
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0045
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0045
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0045
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0050


271L. Cortigiani et al. / International Journal of Cardiology 277 (2019) 266–271
[11] L. Cortigiani, F. Rigo, S. Gherardi, R. Sicari, M. Galderisi, F. Bovenzi, et al., Additional
prognostic value of coronary flow reserve in diabetic and nondiabetic patients
with negative dipyridamole stress echocardiography by wall motion criteria, J.
Am. Coll. Cardiol. 50 (2007) 1354–1361.

[12] L. Cortigiani, F. Rigo, M. Galderisi, S. Gherardi, F. Bovenzi, E. Picano, et al., Diagnostic
and prognostic value of Doppler echocardiographic coronary flow reserve in the left
anterior descending artery in hypertensive and normotensive patients, Heart 97
(2011) 1758–1765 (Erratum in: Heart 2012;98:92).

[13] L. Cortigiani, F. Rigo, M. Galderisi, S. Gherardi, F. Bovenzi, E. Picano, et al., Coronary
flow reserve during dipyridamole stress echocardiography predicts mortality, JACC
Cardiovasc. Imaging 5 (2012) 1079–1085.

[14] L. Cortigiani, F. Rigo, S. Gherardi, M. Galderisi, F. Bovenzi, R. Sicari, Prognostic mean-
ing of coronary microvascular disease in type 2 diabetes mellitus: a transthoracic
Doppler echocardiographic study, J. Am. Soc. Echocardiogr. 27 (2014) 742–748.

[15] L. Rydén, P.J. Grant, S.D. Anker, C. Berne, F. Cosentino, N. Danchin, et al., ESC Guide-
lines on diabetes, pre-diabetes, and cardiovascular diseases developed in collabora-
tion with the EASD: the Task Force on diabetes, pre-diabetes, and cardiovascular
diseases of the European Society of Cardiology (ESC) and developed in collaboration
with the European Association for the Study of Diabetes (EASD), Eur. Heart J. 34
(2013) 3035–3087 (Erratum in: Eur Heart J 2014;35:1824).

[16] G.Mancia, R. Fagard, K. Narkiewicz, J. Redon, A. Zanchetti,M. Böhm, et al., 2013ESH/ESC
guidelines for themanagement of arterial hypertension: the Task Force for theManage-
ment of Arterial Hypertension of the European Society of Hypertension (ESH) and of
the European Society of Cardiology (ESC), Eur. Heart J. 34 (2013) 2159–2219.

[17] Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III), Circulation 106 (2002) 3143–3421.

[18] R. Sicari, P. Nihoyannopoulos, A. Evangelista, J. Kasprzak, P. Lancellotti, D.
Poldermans, et al., J.L. Zamorano, Stress echocardiography expert consensus state-
ment from the European Association of Echocardiography, Eur. J. Echocardiogr. 9
(2008) 415–437.

[19] R.M. Lang, L.P. Badano, V. Mor-Avi, J. Afilalo, A. Armstrong, L. Ernande, et al., Recom-
mendations for cardiac chamber quantification by echocardiography in adults: an
update from the American Society of Echocardiography and the European Associa-
tion of Cardiovascular Imaging, J. Am. Soc. Echocardiogr. 28 (2015) 1–39.

[20] E. Picano,W.Mathias Jr., A. Pingitore, R. Bigi, M. Previtali, on behalf of the EDIC Study
Group, Safety and tolerability of dobutamine-atropine stress echocardiography: a
prospective, large scale, multicenter trial, Lancet 344 (1994) 1190–1192.

[21] F. Rigo, M. Richieri, E. Pasanisi, V. Cutaia, C. Zanella, P. Della Valentina, et al., Useful-
ness of coronary flow reserve over regional wall motion when added to dual-
imaging dipyridamole echocardiography, Am. J. Cardiol. 91 (2003) 269–273.

[22] S.S. Gottlieb, Dead is dead—artificial definitions are no substitute, Lancet 349 (1997)
662–663.

[23] M.S. Lauer, E.H. Blackstone, J.B. Young, E.J. Topol, Cause of death in clinical research:
time for a reassessment? J. Am. Coll. Cardiol. 34 (1999) 618–620.

[24] A. Nemes, T. Forster, I. Ungi, V. Nagy, A. Vass, A. Pálinkás, et al., The coronary flow
velocity reserve measured by stress transoesophageal echocardiography evaluates
the success of coronary interventions—results of a 5-year follow-up, Scand.
Cardiovasc. J. 39 (2005) 286–292.

[25] T. Fukui, H. Watanabe, M. Aikawa, Y. Tsunoda, M. Tabata, S. Takanashi, Assessment
of coronary flow velocity reserve by transthoracic Doppler echocardiography before
and after coronary artery bypass grafting, Am. J. Cardiol. 107 (2011) 1324–1328.

[26] R. Sicari, F. Rigo, L. Cortigiani, S. Gherardi, M. Galderisi, E. Picano, Additive prognostic
value of coronary flow reserve in patients with chest pain syndrome and normal or
near-normal coronary arteries, Am. J. Cardiol. 103 (2009) 626–631.

[27] L. Cortigiani, S. Gherardi, M. Faggioni, F. Bovenzi, E. Picano, et al., Dual-imaging stress
echocardiography for prognostic assessment of high-risk asymptomatic patients
with diabetes mellitus, J. Am. Soc. Echocardiogr. 30 (2017) 149–158.

[28] F. Crea, P.G. Camici, C.N. Bairey Merz, Coronary microvascular dysfunction: an up-
date, Eur. Heart J. 35 (2014) 1101–1111.

[29] E. Picano, A. Pálinkás, R. Amyot, Diagnosis of myocardial ischemia in hypertensive
patients, J. Hypertens. 19 (2001) 1177–1183.

[30] E. Picano, P.A. Pellikka, Stress echo applications beyond coronary artery disease, Eur.
Heart J. 35 (2014) 1033–1040.

[31] E. Picano, Q. Ciampi, R. Citro, A. D'Andrea, M.C. Scali, L. Cortigiani, et al., Stress echo
2020: the international stress echo study in ischemic and non-ischemic heart dis-
ease, Cardiovasc. Ultrasound 15 (2017) 3.

http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0055
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0055
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0055
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0055
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0060
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0060
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0060
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0060
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0065
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0065
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0065
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0070
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0070
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0070
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0075
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0075
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0075
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0075
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0075
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0075
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0080
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0080
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0080
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0080
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0085
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0085
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0085
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0085
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0085
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0090
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0090
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0090
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0090
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0095
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0095
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0095
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0095
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0100
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0100
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0100
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0105
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0105
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0105
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0110
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0110
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0115
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0115
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0120
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0120
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0120
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0120
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0125
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0125
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0125
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0130
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0130
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0130
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0135
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0135
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0135
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0140
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0140
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0145
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0145
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0150
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0150
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0155
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0155
http://refhub.elsevier.com/S0167-5273(18)34341-9/rf0155

	Prognostic value of dual imaging stress echocardiography following coronary bypass surgery
	1. Background
	2. Methods
	2.1. Stress echocardiography
	2.2. Follow-up data
	2.3. Statistical analysis

	3. Results
	3.1. Stress echocardiographic findings
	3.2. Outcomes
	3.3. Outcome prediction

	4. Discussion
	4.1. Comparison with previous studies
	4.2. Clinical implications
	4.3. Study limitations

	5. Conclusions
	Conflict of interest
	Funding sources
	References


