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Abstract

Background The ability of adenosine stress myocardial contrast echocardiography (AS-MCE) to reveal decreased coronary
blood flow or perfusion defects (PDs) has not been explored for clinical implications after coronary revascularization. This
study sought to identify the prognostic value of PDs in asymptomatic patients following percutaneous coronary intervention
(PCI).

Methods We retrospectively analyzed 342 asymptomatic patients (67 years of mean age, 72% male) who underwent PCI
with stents at least 9 months before AS-MCE between May 2019 and December 2020. Resting regional wall motion abnor-
mality ('RWMA) and the patterns of PDs were assessed, and further PDs were classified as ischemic or fixed type. The
primary endpoint was the composite of hospitalization for worsening heart failure, coronary revascularization, and cardiac
death.

Results In AS-MCE (median time interval following PCI: 17.4 months), PDs were present in 93 (27.2%) out of 342 patients;
70 of ischemic PD (75.3%), 58 of fixed PD (62.4%). Those with PD showed a higher frequency of rRWMA than those
without PD (53.8 vs. 15.7%, p<0.001). During the median follow-up of 22.6 months, 26 (7.6%) patients experienced more
associated clinical outcomes with PD than rRWMA. Cox analysis revealed that the combined findings of rRWMA and PD,
and specifically, ischemic PD of >2 segments were associated with a high increase in adverse outcomes.

Conclusions AS-MCE provided prognostic value in asymptomatic patients with prior PCI. PD might be complementary to
rRWMA in risk stratification.

Keywords Myocardial contrast echocardiography - Perfusion - Ischemia - Prognosis

Introduction

With the rapid advancement of pharmacology and percu-
taneous coronary intervention (PCI) techniques, more and
more coronary stents have been employed in many patients
with complex coronary artery disease (CAD). Although
there is room for controversy, the current guidelines recom-
mend the revascularization of only critical infarct-related
arteries and suggest further performing functional tests in
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case of other non-critical stenosed arteries at an appropri-
ate time during the follow-up period [1-3]. In addition, in
asymptomatic patients with recent revascularization or > 1
year after revascularization, the non-invasive stress test can
be considered to evaluate residual ischemia or the patient’s
clinical status just in case of incomplete revascularization
[4, 5]. More specifically, invasive coronary angiography
(CAQ) or coronary anatomic imaging may be useful in the
patients at high risk based on these non-invasive ischemic
stress tests.

Nevertheless, in real-world practice, the incidence of 1-
or 2-year major adverse cardiac events (up to 10%/year) is
not negligible [6], and the rate of adverse events, includ-
ing recurrent CAD or progressive worsening left ventricular
(LV) dysfunction, is reported to reach around 7.0% follow-
ing PCI during long-term follow-up [1-3]. Among unex-
pected adverse events, abnormal myocardial contractility
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(hypokinesia or akinesia) is frequently observed in asymp-
tomatic patients even after successful PCI. This LV mechan-
ical dysfunction can be caused by stent re-stenosis, de novo
stenosis of coronary artery, microvascular ischemia, or pro-
gressive myocardial fibrosis, all of which can be explained
by the inflammatory processes or episodes of coronary
artery occlusion [7-9]. In contrast, normal contractility
with well-preserved systolic function can be occasionally
encountered with coronary arteries non-critically stenosed
or with chronic total occlusion with the collateral flow [10].

In an effort to address these issues, adenosine stress myo-
cardial contrast echocardiography (AS-MCE), which allows
visualization of myocardial perfusion imaging (MPI), has
been used to evaluate myocardial perfusion defect (PD) of
ischemia or scar formation and CV prognosis in patients
with CAD. Recent research has shown a sensitivity of 90%
and a specificity of 85% for AS-MCE in detecting ischemia
[11-13]. Accordingly, abnormal stress MPI could indi-
cate the need for coronary revascularization or specifically
reveal microvascular dysfunction in myocardial infarction
or non-ischemic diseases [14—16].

However, the prognostic usefulness of AS-MCE has
been still unclear in the case of successful revasculariza-
tion. Although the need for functional studies after PCI is
recognized, there is no consensus on the preferred tests of
asymptomatic patients. Considering the gap between the
guideline and clinical practice, an appropriate evaluation of
the risk-stratification, not for the invasive revascularization,
may be required in clinical practice, especially using func-
tional stress imaging modality. Thus, we sought to evaluate
the clinical implications of MPI in asymptomatic patients
with prior PCI and to determine the relationship between
LV mechanical dysfunction and MPI during the AS-MCE
study.

342 consecutive patients with PCT
in Keimyung University Dongsan Cardiovascular Imaging Center
(from May 2019 to December 2020)
I
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*Primary endpoint was the composite of heart failure, angina-revascularization, ACS-revascularization, or cardiac death.

Fig. 1 Study flow chart
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Methods
Study population

This study was a single-center retrospective observational
registry. Through a thorough review of the medical records
from May 2019 to December 2020, all consecutive patients
who underwent AS-MCE at the Keimyung University Dong-
san Cardiovascular Imaging Center (Daegu, South Korea)
were screened for inclusion in the current study: the per-
formance of AS-MCE was at the physician’s discretion and
patient’s agreement because of the recommendation against
routine cardiac stress testing for asymptomatic patients after
PCI within two years. We identified the patients (1) who
underwent PCI with coronary stents at least 9 months before
AS-MCE, (2) who underwent conventional echocardiogra-
phy at or near time of index PCI before hospital discharge,
and (3) who were free from typical angina pain or equiva-
lent since the index PCI. However, we excluded patients (1)
who showed poor imaging quality of conventional echocar-
diography or AS-MCE, (2) who underwent coronary artery
bypass graft surgery, or (3) who exhibited valvular heart
disease of more than moderate grade.

Echocardiography

Immediately before or after the index PCI, comprehen-
sive baseline echocardiography was performed in all study
patients according to the current recommended guidelines
[17]: quantification of LV chamber and wall thickness, LV
ejection fraction (LVEF), mitral inflow study, and tissue
Doppler velocity imaging (TDI). During follow-up periods
at outpatient clinics, AS-MCE was done using a Phillips
Epic Console (Phillips Health Care, Amsterdam, Nether-
lands) equipped with a 3.5-MHz transducer according to
the guidelines [18]. The Definity contrast agent (Lantheus
Medical Imaging Inc., North Billerica, MA, USA) was
infused using a perfusion pump machine from the resting
to the recovery phase through the stress phase. During the
stress phase, adenosine was infused (140-200 ug/kg/min)
for 8 min. Real-time MCE imaging was captured with a
very low mechanical index (0.13-0.15) and performed with
flash-replenishment using a high-flash mechanical index
(0.75-1.0). Imagings were captured at rest and until 8 min
after adenosine administration at 2-minute intervals. During
the recovery phase, myocardial contrast flash-replenishment
continued to be captured. The image was stored for 10 car-
diac cycles of cardiac beats. Using a visual assessment of
MPI during AS-MCE, resting regional wall motion abnor-
mality (rRWMA) and PDs were semi-quantified (Fig. 1).
PD was defined as a delay or absence of myocardial per-
fusion lasting for more than 2 beats after flash (Fig. 2). A
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Fig. 2 Adenosine stress echocar-
diography. In case of ischemic
perfusion defect, perfusion
defect (red arrow) was observed
lasting for more than 2 beats
after plash during just stress
phase at basal inferior segment
of wall motion abnormality (A).
However, the normal perfusion
(red arrow) could be observed
during both rest and stress
phases even in the akinetic seg-
ment of basal inferior wall (B)

fixed pattern was defined as a PD appearing throughout
the rest and stress phases. An ischemic pattern was defined
as PD appearing only at the stress phase with worsening
myocardial contractility. Written informed consents regard-
ing AS-MCE were obtained from all patients at the time of
echocardiography.

Clinical outcomes

The outcomes in this study were determined with review of
patient medical records. Patients whose follow-up records
were unavailable were censored. The primary endpoint was
the composite outcome consisting of the first occurrence of
hospitalization for worsening heart failure (HF), coronary
revascularization for stable angina or acute coronary syn-
drome (ACS), and cardiac death. Worsening HF was defined
according to the Framingham Heart Study criteria, requiring
hospitalization for intravenous diuretic use to relieve dys-
pnea caused by pulmonary edema which was seen on a chest
radiograph. Cardiac death was identified as death caused by
acute myocardial infarction (AMI), ventricular arrhythmias,
or congestive HF. All echocardiographic parameters were

A. Ischemic perfusion defect

reviewed and adjudicated by two expert cardiologists (H.
Kim and I-C. Kim). This study was approved by the Insti-
tutional Review Board (IRB) of the Keimyung University
Dongsan Medical Center. The study conformed to the ethi-
cal guidelines of the Declaration of Helsinki, and the IRB
waived the consent because of the retrospective nature of
the study.

Statistics

Continuous variables are expressed as mean + standard devi-
ation when normally distributed or as median (interquartile
range [IQR]) otherwise. Discrete variables are expressed as
frequency (proportion). The Student’s t-test, Mann-Whitney
U-test, or chi-square test were performed to compare groups
as appropriate. The effects of predictors on clinical outcomes
were determined using Cox regression analysis; variables
with statistical significance in the univariable Cox models
were entered in the multivariable models, excluding vari-
ables with significant correlations between each other. The
first model adjusted for the segment numbers of ischemic
PD, and the second model further adjusted for the combined
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Table 1 Baseline characteristics of the study patients during adenosine-myocardial contrast echocardiography

Variables Perfusion defect (-) Perfusion defect (+) P-value
(N =249) (N=93)
Age, years 66.79+9.13 66.75+8.92 0.972
Male, % 181 (72.7) 66 (71.0) 0.787
Height, cm 162.21+10.19 163.87+8.80 0.259
Weight, kg 66.10+9.45 67.89+12.88 0.162
Systolic blood pressure, mmHg 125.83£14.90 124.56 £ 14.06 0.476
Diastolic blood pressure, mmHg 72.33+10.75 70.06+11.34 0.089
Heart rate, bpm 73.04+£10.78 74.75£10.22 0.185
Medical history
Atrial fibrillation, n (%) 4(1.6) 5(5.4) 0.065
Diabetes mellitus, n (%) 70 (28.1) 39 (41.9) 0.019
Hypertension, n (%) 128 (51.4) 53 (57.0) 0.395
Stroke, n (%) 12 (4.8) 9(9.7) 0.126
Coronary artery disease
Chronic stable angina, n (%) 140 (56.2) 39 (41.9) 0.021
Unstable angina, n (%) 30 (12.0) 8(8.6) 0.442
NSTEMI, n (%) 63 (25.3) 25 (26.9) 0.782
STEMI, n (%) 16 (6.4) 21 (22.6) <0.001
Percutaneous coronary intervention
Disease-vessel, n 1.41+0.60 1.45+0.66 0.543
Number of stents, n 1.77+0.92 1.71+0.82 0.570
Left main artery, n (%) 7(2.8) 4(4.3) 0.499
Left anterior descending, n (%) 159 (63.9) 64 (68.8) 0.445
Left circumflex artery, n (%) 80 (32.1) 26 (28.0) 0.512
Right coronary artery, n (%) 97 (39.0) 37(39.8) 0.901
Serologic laboratory
CK-MB, ng/mL 12.54+37.30 70.77+162.42 <0.001
Troponin-I, ng/mL 2.35+10.70 4.28+12.81 0.178
NT-ProBNP, pg/mL 519.4+1775.6 860.2+1292.5 0.164
Medications
Antiplatelets, n (%) 249 (100) 93 (100) -
Lipid lowering drugs, n (%) 243 (97.6) 92 (98.9) 0.679
Beta-blockers, n (%) 133 (53.4) 60 (64.5) 0.068
ACEIs/ARBs, n (%) 117 (47.0) 50 (53.8) 0.276
CCB, n (%) 85 (34.1) 29 (31.2) 0.699
Diuretics, n (%) 11 (4.4) 10 (10.8) 0.041
Echocardiography at PCI
LVEDD, cm 4.97+0.50 5.12+0.81 0.013
LVESD, cm 3.15+0.61 3.60+0.80 <0.001
IVST, cm 0.98+0.27 1.0+£0.42 0.809
PWT, cm 0.94+0.33 0.98+0.26 0.941
LVVI, mL/m? 49.36+14.20 56.90+17.31 <0.001
LVEEF, % 60.90+10.48 52.05+11.82 <0.001
Mitral E, m/s 0.69+0.16 0.68+0.20 0.729
TDI-s’, cm/s 7.51+£1.56 6.61+1.64 <0.001
TDI-¢’, cm/s 6.24+1.85 5.50+1.61 0.001
PASP, mmHg 21.02+6.83 21.27+9.24 0.783
Adenosine stress myocardial contrast echocardiography
Time to AS-MCE from PCI, month 16.3 [12.43, 54.23] 20.26 [12.50, 72.28] 0.838
LVEEF, % 55.45+10.31 50.85+13.50 0.065
rRWMA (+), n (%) 39 (15.7) 50 (53.8) <0.001
Seg. No. of IRWMA, n 0.63+£2.24 2.87+3.41 <0.001
Type of perfusion defect
Ischemic perfusion defect - 70 (75.3) -
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Table 1 (continued)

Variables Perfusion defect (-) Perfusion defect (+) P-value

(N =249) (N=93)
Defect of 1 segment, n (%) - 17 (24.3) -
Defect of >2 segments, n (%) - 53 (75.7) -
Fixed perfusion defect, n (%) - 58 (62.4) -
Ischemic & fixed defect, n (%) 35(37.6)

Primary endpoint, n (%) 2(0.8) 24 (25.8) <0.001
Heart failure, n (%) 0(0.0) 6(6.5) <0.001
Angina-revascularization, n (%) 2(0.8) 10 (10.8) <0.001
ACS-revascularization, n (%) 0(0.0) 6(6.5) <0.001
Cardiac death, n (%) 0(0.0) 2(2.2) 0.073

NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST segment elevation myocardial infarction; CK-MB, creatine kinase-MB;
ACEIs/ARBs, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; CCB, calcium channel blocker; N7-ProBNP, N-terminal
pro-B-type natriuretic peptide; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; /VS7, inter-
ventricular septal thickness; PWT, posterior wall thickness; LV'V1, left ventricular volume index; LVEF, left ventricular ejection fraction; 7DI-s’,
systolic tissue Doppler velocity imaging of mitral annulus; TDI-¢’, early diastolic tissue Doppler velocity imaging of mitral annulus; PASP,
pulmonary artery systolic pressure; 4S-MCE, adenosine stress myocardial contrast echocardiography; PCI, percutaneous coronary interven-
tion; rRWMA, resting regional wall motion abnormality; ACS, acute coronary syndrome

findings of rRWMA and PD. Kaplan-Meier analysis accord-
ing to the risk-stratification was used to construct event-free
survival curves and compare them using the log-rank test.
Inter-observer and intra-observer reproducibility were per-
formed on 15 randomly selected MCE images and the reli-
abilities for the presence of PD were assessed by Cohen’s &
analysis. All statistical analyses were performed using the
Statistical Package for Social Science (version 13.0, SPSS
Inc., Chicago, Illinois, USA). Statistical significance was
set at p-value <0.05.

Fig. 3 The primary endpoint

according to the combination

of resting regional wall motion

abnormality and myocardial

perfusion defect in adenosine

stress myocardial contrast 30
echocardiography

11/43 (25.6%)

25
20
15

10

Primary outcomes (%)

Perfusion
defect (+)

Results
Baseline characteristics of the study population

Among the 390 screened patients who underwent PCI, 48
were excluded (25 for poor echocardiographic imaging, 17
for follow-up loss in outpatient clinics, and 6 for lack of fol-
low-up data). Eventually, the study included a total of 342
patients. Table 1 shows their baseline characteristics accord-
ing to the presence of PDs on AS-MCE. Patients with PDs
displayed a more frequency of diabetes mellitus and higher
creatine kinase-MB levels than those without PD. They
had higher frequency of ST segment elevation AMI (22.6
vs. 6.4%, p<0.001), but lower frequency of chronic stable
angina (41.9 vs. 56.2%, p=0.021). However, PCl-related
variables, such as disease-vessel, the number of employed

13/50 (26.0%)

1/39 (2.6%)

’ 1/210 (0.5%) Resting regional wall

motion abnormality (-)

Resting regional wall

motion abnormality (+)

Perfusion
defect (-)
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stents, and coronary arteries, were not different between the
two groups. As anticipated, the use of beta-blockers and
diuretics was more frequently observed in patients with PD.
Regarding echocardiography during index PCI, patients
with PD had increased LV chamber, a greater LV volume
index, lower LVEF, and lower TDI compared with those
without PD.

Patients underwent the AS-MCE test at a median time of
17.4 months [12.5, 55.9] from the index PCI. During AS-
MCE, rRWMA was more likely to be observed in patients
with PDs (53.8 vs. 15.7%, p<0.001). In particular, among
the patients with PDs, those with ischemic PD and fixed PD
were 75.3% and 62.4%, respectively. Furthermore, more
than half of patients with ischemic PDs showed ischemic
PD of >2 segments (75.7%).

Among a total of 93 patients of PD segments, the sub-
sequent treatment responses of physicians to AS-MCE
findings were as follows: 85 (91.4%) patients had the inten-
sified modification of medication therapy, 19 (20.4%) had
coronary computed tomographic angiography, but 2 (2.1%)
had PCI. Basically, all of the patients with >2 PD segments
had changes in medication intensification. There was good
agreement in inter-observer and intra-observer variability
in the assessment of PD: Cohen’s & coefficient=0.89 [95%
confidence interval (CI): 0.80-0.94] and 0.92 (95% CI:
0.88-0.94), respectively.

Clinical outcomes

During the median follow-up of 22.6 months [13.2, 29.0]
after AS-MCE, a total of 26 patients experienced clini-
cal outcomes. From the composite of clinical outcomes,
HF worsening and revascularization of stable angina or
ACS occurred more commonly in patients with PDs, who
also showed two cardiac deaths. Clinical outcomes fre-
quently developed in patients with both PDs and rRWMA,;

Fig.4 Kaplan-Meier survival
curves for the primary endpoint
according to the severity of
ischemic perfusion defect in
adenosine stress myocardial
contrast echocardiography

(A), and to the combination of
resting regional wall motion
abnormality and perfusion
defect (B)

A

Event fee probability

0.0 { LogRank Chi-squre = 68.9, P < 0.001

Table 2 The univariable and multivariable Cox proportional hazard
analysis for the primary endpoint

Variables Univariable Multivariable
Hazard ratio p-value Hazard ratio p-value
(95% CI) (95% CI)
Model 1
Diabetes 1.864 0.021 1.471 0.335
mellitus (1.140-4.030) (0.871-
3.222)
rRWMA of 3.317 0.002 0.790 0.654
AS-MCE (1.533-7.177) (0.281—
2.218)
Fixed PD 8.697 <0.001 3.528 0.029
(3.944-19.179) (1.134-
10.971)
Ischemic PD
IPD (-) Reference Reference
IPD 1 5.045 0.044 3.109 0.170
segment (1.046-24.327) (0.616—
15.703)
IPD>2 16.639 <0.001 9.577 <0.001
segments (6.858-40.367) (3.513-
26.110)
Model 2
Diabetes 1.864 0.021 1.140 0.743
mellitus (1.140-4.030) (0.521-
2.492)
PD+rRWMA
PD Reference (-) Reference (-)
(-)+rRWMA (-)
PD 5.426 0.232 5.522 0.227
(-)+rRWAM (+) (0.339-86.763) (0.345-
88.484)
PD 57.752 <0.001 56.827 <0.001
(+)+rRWMA (-) (7.553-441.59) (7.414—
435.55)
PD 70.055 <0.001 68.230 <0.001

Ischemic perfusion defect (-) 1.0 4

—
Ischemic perfusion defect
=1 segment 0.8
P

Ischemic perfusion defect

(+)+rRWMA (+) (9.020-544.10) (8.732-533.13)
rRWMA, resting regional wall motion abnormality; AS-MCE, ade-
nosine stress myocardial contrast echocardiography; PD, perfusion
defect; IPD, ischemic perfusion defect

more specifically, PDs contributed to the event rate more
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significantly than rRWMA (p<0.001) (Fig. 3).

According to the Kaplan-Meier analysis, it was found
that the rate of clinical events varied among patients with
PD. In all patients, ischemic PD of >2 segments showed
the largest between-group difference (Fig. 4). Furthermore,
the subgroup of patients with PD, regardless of rRWMA,
showed the most unfavorable prognosis. In univariable
Cox hazard regression analysis, diabetes mellitus, (RWMA
of AS-MCE, fixed PD, and ischemic PD were significant
predictors of CV outcomes in both models (model 1 and
2) (Table 2). Notably, in multivariable analysis, IRWMA,
the presence of PDs, and their combination displayed a high
increase in clinical outcomes.

Discussion

Assessment following percutaneous coronary
intervention

Recently, the chances to treat patients with coronary stents
in daily clinical practice are increasing. Established patients
with CAD who received stents have continued to get much
attention because of concerns regarding stent restenosis
or de novo CAD during long-term follow-up. However,
regarding post-PCI surveillance, it is not mandatory to eval-
uate the patency of coronary stents or the presence of isch-
emia in asymptomatic patients [1]. In addition to the lack
of demonstratable benefit of cardiac stress test following
PCI, the discrepancies between the guidelines and reality
could give rise to a point worth reconsidering the usefulness
of AS-MCE. This argument is because these recommen-
dations, initially based on the modalities of radionuclide
imaging or dobutamine echocardiography, have not been
updated, whereas the rapid advances in MCE techniques
have increased the clinical usefulness of cardiac imaging. In
the current study, a significant number of patients with PD
were identified and, it would be better to have a chance to
take steps for proper management of the disease, including
unnecessary invasive CAG or recommendation of only the
medication changes.

Missed opportunities to detect CAD recurrence because
of the vague symptoms in the elderly eventually lead to
ACS or its relevant CV events. Moreover, among the func-
tional tests to detect or predict ischemia after initial PCI,
the exercise-electrocardiography test for angina symptoms
or electrocardiographic abnormalities seem to have low
sensitivity and specificity [19]. Furthermore, radionuclide
imaging techniques are expensive and not often feasible.
Unfortunately, the role of functional tests for ischemia
after PCI is not yet recognized; revascularization of epicar-
dial coronary arteries cannot sufficiently resolve ischemia,

making it challenging to discriminate the remnant ischemia
following PCI from that due to new lesion [20]. Although
the patency of coronary stents is frequently observed even
in the hypokinetic lesion, LV remodeling can continue and
progress to advanced cardiomyopathy [18]. In patients with
rRWMA without obstructive epicardial vessels, microvas-
cular dysfunction, not an uncommon disease entity, can
account for this LV mechanical dysfunction [9, 10]. They
frequently have metabolic abnormalities or many CV risk
factors and microvascular dysfunction can have a high inci-
dence in patients with prior PCI [8-10, 16]. For this reason,
an MPI study is necessary to evaluate the substantial impli-
cations of ischemia following PCI. In addition to residual
ischemia, further evaluation of non-culprit arteries remain-
ing after index PCI is also required during the follow-up of
patients with PCI at the outpatient clinic.

Myocardial perfusion defect in epicardial
revascularization

Ischemic heart disease is not synonymous with obstruc-
tive CAD. Accordingly, defining the role of AS-MCE to
help identify patients with unresolved CAD is invaluable
because most centers do not routinely examine expensive
and infeasible cardiac magnetic resonance (CMR) or radio-
nuclide tests. In clinical practice, IRWMA can be seen with
or without stent restenosis during the long-term period fol-
lowing PCI. This is because impairment to the microvascu-
lar level of the myocardium continues even after epicardial
revascularization, such as hibernating phenomenon [21,
22]. These findings may confer the mandate to visualize
ischemic lesions and perfusion levels in the myocardium on
MPI [18].

In the current study, AS-MCE simultaneously provided
information on both PDs and rRWMA. For example, in
cases of hypokinetic or akinetic segments even after suc-
cessful PCI, MPI can guide the strategies of CAG. Nearly
a third of patients (43.8%) with IRWMA showed a normal
MPI, which may indicate appropriate myocardial perfu-
sion that does not require invasive CAG. In contrast, more
aggressive treatment may be necessary in the case of myo-
cardial PDs despite normal myocardial contractility. Thus,
these can be in line with the usefulness of MCE in evaluat-
ing microvascular obstruction [23].

Nevertheless, in some cases, it may be difficult to deter-
mine the need for revascularization in a dysfunctional myo-
cardium with a normal MPI. Limited data are available
regarding the implication of normal MPI during both the
resting and stress phases in the akinetic or hypokinetic seg-
ments [24]. These discrepancies between MPI and contrac-
tility can be commonly demonstrated in peri-infarct lesions
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such as the “Takotsubo effect” in patients with AMI [25], in
which this mismatch could be induced by a microvascular
obstruction, hemorrhage, edema, or suppressed metabolic
status in the early phase of AMI [26, 27]. However, in con-
trast to the Takotsubo mismatch, AS-MCE was performed
in the long-term follow-up period after PCI (median time
elapsed from index PCI to MPI: 17 months) in the current
study. As such, rather than acute changes such as the Takot-
subo mismatch, chronic interstitial fibrotic changes around
the injured myocardium may occur. This mismatch between
normal MPI and mechanical dysfunction can be also
observed, particularly in non-ischemic dilated cardiomy-
opathy (DCM) with myocardial fibrosis in CMR studies. In
these patients with non-ischemic DCM, myocardial fibrosis
or decreased myocardial blood volume (MBV) was sug-
gested as the cause of myocardial mechanical dysfunction:
MBYV was found to have decreased without the presence of
PDs during both the resting and stress phases [28, 29].

Prognostic value of adenosine stress
myocardial contrast echocardiography

Despite the many current studies on the usefulness of PCI
in patients with stable angina, it remains uncertain whether
coronary revascularization affects clinical outcomes. Cur-
rently, no study has used AS-MCE to evaluate the prognosis
of clinical events in asymptomatic patients following PCI.
The ability of AS-MCE to predict functional recovery or
viability since revascularization was comparable to that of
dobutamine stress echocardiography or radionuclide studies
[30, 31]. We also observed that MPI, together with rRWMA,
was informative for outcomes, including ischemic CAD and
HF worsening.

Ischemic PD of >2 segments in the stress phase appears
to influence adverse outcomes. These findings would justify
an explorative CAG to relieve the myocardium in patients
at high risk, and extend to cases in which the myocardium
shows normal contractility in conventional echocardiogra-
phy. More specifically, contrast agents enable physicians to
visualize the myocardium to assess small or large ischemic
lesions and recognize whether ischemia is related to prior
PCI. Based on these strengths, AS-MCE could guide physi-
cians in deciding the treatment strategy more rapidly and
efficiently than other stress test modalities.

In the real world, abnormal contractility is commonly
observed on daily echocardiography, from which it is not
clear whether additional CAG with PCI could be valuable
for the prognosis of asymptomatic patients [18, 19]. Abnor-
mal contractility can be related to the chronic fibrosis with
MBYV loss similar to idiopathic DCM, a fixed scar lesion
without viability, or a subacute stunned lesion in addition to
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a well-known hibernating or ischemic lesion [19]. Given the
viability and long-term CV prognosis, not all mechanical
dysfunctions require revascularization without evaluation
of risk stratification. In this respect, the further functional
evaluation of MPI shown in the current study appears to be
more important than the assessment of mechanical dysfunc-
tion alone. AS-MCE can reveal the consistency between
revascularized coronary artery territories and mechanical
dysfunction, inform decisions about PCI follow-up, and
provide further information about myocardial viability.
With these scientific approaches using AS-MCE, the simul-
taneous analysis of bot mechanical and functional dysfunc-
tion could enhance the risk stratification of CV outcomes.

Study limitations

This study has some limitations. First, the elapsed time
between AS-MCE and PCI was not the same between the
subjects because the study was a retrospective review of
the cohort’s medical records. Second, We did not measure
the contrast velocity nor the slope of its intensity ascending
curve from the plots of myocardial contrast intensity ver-
sus pulsing intervals. Although such post-hoc analysis may
be required to support the results, it is a time-consuming
process. Hence, the visual estimation of MPI appears to be
a pragmatic approach that could be sufficient to guide cli-
nicians in the treatment strategy. Third, we did not aim to
assess the relationship between PD and coronary anatomy
but to emphasize the importance of PD in risk stratification
and the further prognostic impact, which the physicians
should incorporate into diagnostic strategies of coronary
imaging. Last, this was a retrospective study, and thus the
analyses for the different context of CV treatment response
to the AS-MCE findings were limited. We need a further
prospective study to confirm the predictive ability of the PD
for prognosis in AS-MCE. Unfortunately, little is known
about the role of the non-invasive functional stress test of
AS-MCE in revascularized patients. However, as recently
mentioned in the current guidelines, we believed that clini-
cal status and, if any, remaining ischemia can be assessed
in asymptomatic patients with revascularization, based on
which the treatment strategies, including invasive CAG,
could be carefully determined [5]. Therefore, the risk strat-
ification based on PD of >2 segments in AS-MCE rather
than ischemia itself can be beneficial for patients who might
have been considered high risk.
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Conclusions

In this clinical follow-up study, AS-MCE, as a surveillance
test, provided information on MPI in asymptomatic patients
following PCI. In particular, combined with LV mechanical
dysfunction (rRWMA), MPI could enhance the risk strati-
fication of CV outcomes; patients who underwent PCI and
had more than two ischemic PD segments on MPI were at
high risk. Therefore, AS-MCE will increase awareness of
MPI and contribute a lot to the study for the viability of
normal-looking myocardial muscles, thereby facilitating the
use of this test in the surveillance of complex patients with
previous coronary revascularization.
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