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Abstract
Background: Resting myocardial perfusion (MP) and wall motion (WM) imaging during
real-time myocardial contrast echocardiography (MCE) improves the detection of coronary
artery disease (CAD). However, its prognostic role in different clinical settings (emergency
department and outpatient setting) remains unclear.
Methods: A systematic search in PubMed and Embase databases, and the Cochrane
library, was conducted to evaluate the role of resting MP and WM in predicting major
adverse cardiac events (MACE), including death, nonfatal myocardial infarction (NFMI) and
urgent revascularization in patients presenting to either outpatient clinics or emergency
departments with suspected symptomatic CAD. Summary receiver operating characteristic
(SROC) curves, sensitivity and specificity plots were applied to assess diagnostic
performance using RevMan 5.3.
Results: Seven studies met criteria, including 3668 patients (six with follow up ranging from 2
days to 2.6 years). The Relative Risk (RR) for predicting MACE in patients with both abnormal
resting MP and WM was 6.1 (95% CI, 5.1–7.2) and 14.3 (95% CI, 10.3–19.8) for death/NFMI,
when compared to normal resting MP and WM patients. Having both abnormal resting MP
and WM was also more predictive of MACE (RR, 1.7; 95% CI 1.5–1.9) and death/NFMI (RR,
2.2; 95% CI, 1.8–2.7) when compared to abnormal WM with normal resting MP.
Conclusion: In this meta-analysis of both ED and outpatient clinic presentations for
suspected CAD, having both a resting regional MP and WM abnormality identifies the
highest risk patient for adverse events.
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Introduction
Suspected symptomatic coronary artery disease (CAD) is a
common reason for referral to an emergency department
(ED) or outpatient clinic (1). Although standardized
clinical risk scores utilizing EKG and biomarker data are
commonly applied in the ED setting (2, 3), up to 7% of
those discharged from the ED still subsequently have
acute coronary events (ACS) (4). The EKG in the majority
of symptomatic patients is nondiagnostic, and although
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newer high sensitivity troponin assays are being utilized
to improve disease detection, they may still be normal on
the initial sample or false positive for a wide variety of
associated co-morbidities (5).
Resting myocardial perfusion (MP) and wall motion
(WM) have been utilized with myocardial contrast
echocardiography (MCE) to improve the sensitivity
of 2D echocardiography for detecting symptomatic
This work is licensed under a Creative Commons
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License.

L Qian et al.

coronary artery disease (CAD) in both the ED as well as
outpatient referral setting (6, 7, 8, 9, 10, 11, 12, 13, 14).
Furthermore, when utilizing real-time MCE with very low
mechanical index imaging and brief high mechanical
index impulses to clear myocardial contrast, it is possible
to detect subendocardial WM abnormalities even when
transmural wall thickening appears normal (6). This has
further improved the sensitivity of resting WM analysis
with echocardiography in predicting outcome (7). In the
evaluation of chest pain or suspected CAD, the detection
of a resting regional WM abnormality has been shown to
predict adverse outcomes (7, 8, 9, 10, 11, 12, 13, 14). The
resting regional WM abnormality may occur with either
normal or abnormal MP, since MP may have returned to
normal if reperfusion has occurred following an ischemic
event (myocardial stunning). A combination of both
abnormal regional WM (WMA) and abnormal MP (MPA)
in this setting has been considered the highest risk for
adverse events, as it may identify a persistent thrombotic
occlusion. The objective of this meta-analysis was to
summarize the available evidence regarding the role of
resting MCE in predicting subsequent major adverse
cardiac events in patients with suspected symptomatic
CAD and a nondiagnostic ECG. Patients presenting in
both an acute setting (ED) or less urgent (outpatient
evaluation of suspected symptomatic CAD) were included
in this analysis.
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(3) examining both resting WM and MP analysis; and
(4) diagnostic or clinical outcomes. We included peerreviewed studies that assessed the diagnostic accuracy
of qualitative MP and WM analysis in patients with
suspected symptomatic CAD and nondiagnostic ST
findings. Patients undergoing resting MP and WM
analysis prior to planned stress echocardiography were
included, if the predictive value of resting MP and WM
analysis were analyzed separately from stress data. The
end point included (1) the incremental effect resting MP
and WM analysis in detecting an ACS and (2) the effect
of resting MP and WM analysis in predicting longer term
major adverse cardiac events (MACE), including the
separate detection of nonfatal myocardial infarction
(NFMI) and death.
Data collection
Two investigators performed eligibility assessment with
a standardized data extraction individually and another
reviewer checked the data. Basic information was
extracted as follows: study name, patient number, study
design, enrolling time, length of follow-up, age, gender,
diagnosis of patients, the presence of coronary risk factors
(diabetes mellitus, hypertension, dyslipidemia, and
family history of coronary artery disease), and smoking
status. Additionally, technical characteristics of resting
MCE, criteria of abnormal MCE, reference standard and
end point definition were retrieved from the articles.
Quality assessment

Study selection
We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines for systematic
reviews of observational and diagnostic studies.
A comprehensive literature search was performed
throughout PubMed and Embase databases, and the
Cochrane library, with the following terms and key words:
‘contrast’, ‘echocardiography’, ‘perfusion’, ‘chest pain’
and ‘acute coronary syndrome’. Searches were completed
by November 2019.

Two reviewers evaluated the risk of bias with the Cochrane
Collaboration’s tool (RevMan 5.3) in the included trials.
The publication bias, including the risk of selection bias,
performance bias, detection bias, attrition bias, and
reporting bias, were assessed using the risk-of-bias graph
and summary table. Studies that may have included some
of the same patients in different publications (8, 15, 16,
17, 18) (similar authors, same institution, and overlapping
recruiting periods) were only included once, using only
the original published study.

Selection criteria

Statistical analysis

All the selected studies were initially screened for
relevance at the abstract level. The inclusion criteria
were as follows: (1) population: suspected symptomatic
CAD and no ST-segment elevation in either an ED
setting or echocardiography lab; (2) utilization of MCE;

Data were processed using RevMan 5.3. Summary
receiver operating characteristic (SROC) curves,
sensitivity and specificity plots were applied to assess
the performance of diagnostic tests. The weighted
mean was estimated by using random-effects with
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95% CI, and the Cochrane Q and I2 statistics were used
to assess heterogeneity. A fixed-effect model was selected
if there was no unexplained statistical heterogeneity,
otherwise, a random-effect model was used in the
meta-analysis. A P value <0.05 was considered to be
statistically significant.

Results
Study characteristic
A total of 204 studies were searched in our systematic
literature. One hundred forty-nine of these studies were
duplicate publications, and 30 did not meet inclusion
criteria. Twenty-eight studies were ruled out because (1)
18 were not scientific publications, (2) six had patient,
institution and recruitment period overlap, and (3) four
did not include qualitative or quantitative analysis (Fig. 1).
As a result, seven studies encompassing 3668 patients
were selected (7, 9, 10, 11, 12, 13, 14) with baseline
demographics and characters summarized in Table 1.
Three of these studies examined the sensitivity and
specificity of MP and WM to detect angiographic evidence
of in hospital-ACS, while six also looked at the predictive
value of a WM abnormality (WMA) with or without a MP
abnormality (MPA) to detect longer term MACE, including
death/nonfatal myocardial infarction (death/NFMI). The
characteristics of MCE, type of contrast agents used, resting
MCE analysis procedure, criteria for determining MPA or
WMA, reference standard, and clinical end-point for each
individual study were summarized in Table 2. An example
of a resting WMA with and without accompanying
MPA are displayed in Fig. 2 and Video 1, and Fig. 3 and
Video 2. Risk-of-bias graph and summary table showed a
low risk of bias across all included studies (Fig. 4).
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Diagnostic accuracy of resting WM and MP to
detect ACS
The meta-analysis of MP, WM, ECG, and initial troponin
to detect in hospital ACS is shown in Fig. 5. SROC plot
was based on the five different methods. Figure 5A
demonstrates that a resting MPA with WMA had the
highest area (0.80–0.90), while analyzing MP alone,
WM alone, and initial troponin alone had fair AUC
values (0.70–0.80). The initial ECG had low sensitivity
and specificity (0.50–0.60). Of the three studies which
performed ACS risk calculation using the MP + WM, MP,
WM and ECG models in Fig. 5B, the sensitivity values
were 0.79–0.92, 0.76–0.93, 0.51–0.79 and 0.33–0.86,
respectively, while the specificity values were 0.56–0.93,
0.60–0.93, 0.57–0.97 and 0.34–0.82, respectively. For
the older less sensitive troponin assays, the sensitivity
values were 0.51–0.54, while the specificity values were
0.91–0.97. For detecting an in hospital ACS, a combined
WMA/MPA provided incremental value over abnormal
WM alone, MP alone, ECG and troponin tests.
Predicting MACE with resting MCE
To investigate the risk of subsequent MACE at longer
term follow up, the predictive value of abnormal resting
WM was examined in the context of whether there was an
associated MPA. Figure 6 revealed a significantly elevated
risk of MACE in patients with (1) MPA + WMA (RR, 6.06;
95% CI, 5.11–7.18, P < 0.001) when compared with
normal MP/normal WM (MPN + WMN), (2) abnormal
WM/normal MP (WMA + MPN, RR, 3.37; 95% CI,
2.74–4.14; P < 0.001 vs MPN + WMN), and (3)
MPA + WMA vs resting WMA with normal MP (RR, 1.66;
95% CI, 1.45–1.90; P < 0.001) with high heterogeneity in
each comparison (I2 = 94%, 75% and 95%, respectively).
Note this predictive value of resting WM and MP

Figure 1
Preferred reporting items for systematic review
and meta-analysis (PRISMA) flowchart of the
process of study selection.
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Kang et al.
(2005) (11)

Korosoglou
et al.
(2004) (14)
Hagendorff
et al.
(2004) (12)
S, P

S, P

S, P

M, P

S, P

S, P

S, P

S, P

NA

NA

1998.1–1998.9

2001.10–2002.12

NA

2000.10–2003.1

NA

2007.10–2011.12

Recruitment
period

NA

59 ± 15

NA
NA

60 ± 10

62 ± 8

60 ± 11

60 (32–92)

60 ± 14

60 ± 13

Age (y)

NA

9m

8m

NA

NA

2.6 y

Length of
follow-up

NA

60

64

68

53

52

54

48

Men
(%)

Suspected cardiac CP
or shortness of
breath
Suspected cardiac CP
and no ST-segment
elevation
CP and a
nondiagnostic
electrocardiogram
Suspected cardiac CP
and no ST-segment
elevation
Suspected cardiac CP
and no ST-segment
elevation
Suspected cardiac CP
and no ST-segment
elevation
Suspected cardiac CP
and no ST-segment
elevation
Suspected cardiac CP

Diagnosis of patients

NA

NA

22

27

NA
NA

21

29

28

28

26

DM (%)

63

28

27

66

35

Smokers
(%)

NA

47

NA

50

65

66

65

61

NA

45

NA

NA

53

53

52

54

NA

NA

NA

54

NA

47

28

33

Family
history of
HT (%) Hyperlipidemia (%) CAD (%)

ACS, acute coronary syndrome; CAD, coronary artery disease; CP, chest pain; DM, diabetes mellitus; HT, hypertension; M, multicenter; NA, not available; P, prospective; S, single center.

42

203

Kaul et al.
(2004) (13)

1017

957

Tong et al.
(2005) (8)

Rinkevich et al.
(2005) (10)

1166

1028

Patients (n)

Wei et al.
(2010) (9)

Porter et al.
(2013) (7)

Study

Study
design

Table 1 Baseline characteristics of selected studies that met inclusion criteria for the meta-analysis.

L Qian et al.
Resting myocardial contrast
echocardiography
7:3
22

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International
License.

https://erp.bioscientifica.com
https://doi.org/10.1530/ERP-20-0023

Definity:
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Contrast
agents
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mechanical index impulses
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Optison:
BI 0.4 mL

Hagendorff
et al.
(2004) (12)

RTMCE; Low–mechanical
index, end-systole
triggered

RTMCE; Low–mechanical
index (0.14–0.18), brief high
mechanical index impulses
NA

NA

14

NA

14

14

14

17

No. of
segments

Maximal myocardial
opacification was not
seen within a segment
by 5 cardiac cycles.
Maximal myocardial
opacification was not
seen within a segment
by 5 cardiac cycles.
Maximal myocardial
opacification was not
seen within a segment
by 5 cardiac cycles.
Maximal myocardial
opacification was not
seen within a segment
by 4–6 cardiac cycles.
Maximal myocardial
opacification was not
seen within a segment
by 5 cardiac cycles.
0-no opacification;
1-severely decreased;
2-mildly decreased;
3-homogeneous
1-homogeneous
enhancement; 2-patchy
enhancement; 3-no
enhancement

Fixed or inducible
abnormalities

Criterion for abnormal MP

1-normal;
2-hypokinetic;
3-akinetic;
4-dyskinetic
0-normal;
1-hypokinetic;
2-akinetic;
3-dyskinetic
1-normal;
2-hypokinetic;
3-akinetic;
4-dyskinetic
1-normal;
2-hypokinetic;
3-akinetic;
4-dyskinetic
1-normal;
2-hypokinetic;
3-akinetic;
4-dyskinetic
1-normal;
2-hypokinetic;
3-akinetic;
4-dyskinetic
1-normal;
2-hypokinetic;
3-akinetic;
4-dyskinetic
NA
CA

NA

NFMI, ACS, USAP,
Perimyocarditis

Cardiac death, NFMI,
revascularization

SPECT

CA

Death, NFMI, ACS,
revascularization

Cardiac death, NFMI,
USAP, revascularization,
CHF hospitalization

Death, NFMI, USAP,
revascularization,

Cardiac death, NFMI, LVEF

Death, NFMI,
revascularization

End-point definition

CA

NA

CA

NA

CA

Criterion for abnormal Reference
WM
standard

Resting myocardial contrast
echocardiography

ACS, acute coronary syndrome; BI, bolus injection; CA, coronary angiography; CI, continuous infusion; MP, myocardial perfusion; NA, not available; NFMI, nonfatal myocardial infarction; RTMCE, realtime myocardial contrast echocardiography; SPECT, single-photon emission computed tomography; USAP, unstable angina pectoris; WM, wall motion.

SonoVue: BI
1.0–1.5 mL

Korosoglou
et al.
(2004) (14)

Optison: CI 5% RTMCE; Low–mechanical
with 3 ml/min index (<0.3), brief high
mechanical index impulses
(1.0)
Tong et al.
Optison: CI 5% RTMCE; Low–mechanical
(2005) (8)
with 3 ml/min index (<0.3), brief high
mechanical index impulses
(1.0)
Rinkevich et al. Optison: CI 5% RTMCE; Low–mechanical
(2005) (10)
with 3 ml/min index (<0.3), brief high
mechanical index impulses
(1.0)
Kang et al.
Sonazoid:
RTMCE; Low–mechanical
(2005) (11)
BI 0.5 mL
index, brief high mechanical
index impulses (1.3–1.6),
end-systole triggered
Kaul et al.
PESDA: CI 10% RTMCE; Low–mechanical
(2004) (13)
with 0.8–3
index, brief high mechanical
mL/min
index impulses (1.0)

Wei et al.
(2010) (9)

Porter et al.
(2013) (7)

Study

Table 2 Summary of the characteristics of resting MCE, golden standard and end-point definition for each individual study.
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Figure 2
An example of end systolic A3C chamber
perfusion images with arrows delineating the
perfusion defect in the mid inferolateral and
distal lateral segments.

was seen in both the ED studies as well as in a less
acute setting of outpatient evaluations for suspected
symptomatic CAD.
Video 1
Resting WMA with accompanying MPA. View Video 1 at
http://movie-usa.glencoesoftware.com/video/10.1530/
ERP-20-0023/video-1.
Video 2
Resting WMA without accompanying MPA. View Video 2
at http://movie-usa.glencoesoftware.com/video/10.1530/
ERP-20-0023/video-2.
Death/NFMI events elevated in abnormal resting
MCE patients
The outcome of all-cause death/NFMI was increased in
patients with resting MPA/WMA (RR, 14.26; 95% CI,
10.26–19.81; P < 0.001 compared to MPN + WMN, Fig.
7A) and WMA with normal resting MP (RR, 6.38; 95% CI,
4.29–9.63; P < 0.001 compared to MPN/WMN, Fig. 7B),
with I2 values of 84 and 7%, respectively. In addition, there
was a significant higher risk of death/nonfatal MI in the
resting MPA/WMA patients (RR, 2.20; 95% CI, 1.78–2.72;

P < 0.001, Fig. 7C) when compared to patients with resting
WMA but normal MP with high heterogeneity (I2 = 88%).

Discussion
This meta-analysis is the first to evaluate the incremental
diagnostic and prognostic value of combining WM
and MP during resting MCE in patients with suspected
symptomatic CAD and nondiagnostic ECG in both an
urgent ED and semi-urgent echocardiography lab setting.
In this combined setting, we demonstrated the critical role
of assessing both MP and WM under resting conditions
to evaluate risk. In the ED setting, we confirmed that
the pooled sensitivity and specificity of a resting MP and
WM abnormality added value to clinical and biochemical
markers for the detection of ACS. In this setting, a
combined WMA and MPA provided risk stratification for
all adverse cardiac events, as well as harder end points,
such as death/NFMI.
When compared to single-photon emission CT
myocardial perfusion imaging (19), coronary CT
angiography (20) and stress cardiovascular MRI (21) in the
emergent setting, resting MCE has advantages in detecting
suspected CAD in the ED, in that it is more practical,
portable, and less costly than other procedures (18).

Figure 3
An example of resting end systolic images of a
wall motion abnormality in the mid inferolateral
and distal lateral segments without accompanying
perfusion defects (arrows).
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of resting studies, the prognostic ability of a resting
WMA can be further stratified by assessing whether MP
is abnormal or normal. In the acute setting, this may
imply that if MP is restored in the presence of a resting
WMA it may indicate reperfusion has occurred and the
risk to the patient is less, while a combined MPA/WMA
would indicate ongoing ischemia and thus higher risk of
events (infarction, death). In the less acute setting of a
patient being referred for stress echocardiography because
of suspected symptomatic CAD, a resting WMA with
MPA may imply a prior infarction or ongoing ischemia.
Although this meta-analysis cannot identify which of
these two situations was present, a resting WMA with
or without MPA in this setting was still an independent
predictor of outcome irrespective of subsequent stress
echocardiogram findings (7).
Meta-analysis limitations
Figure 4
Risk-of-bias graph and summary table of review authors’ judgments
about each risk-of-bias item presented as percentages across all
included studies.

Although not all of the studies in this meta-analysis
utilized ultrasound contrast to enhance regional WM,
real-time very low mechanical index imaging techniques
are now recommended to assess perfusion and regional
function simultaneously (22, 23). This has permitted the
detection of subendocardial wall thickening, and further
improved the ability of echocardiography to detect resting
regional WMA (6, 7). It is interesting that in the context

The selection of three ED-based studies (Kang 2005
(11), Korosoglou 2004 (14), Kaul 2004 (13) and
Hagendorff 2004 (12)) was conducted to obtain the
diagnostic accuracy of resting MCE ,WM, ECG and
troponin I for the ACS risk calculation, respectively.
In these studies, WM was not analyzed with contrast,
and therefore the prevalence of resting WMA may
have been underestimated. Similarly, with new high
sensitivity troponin assays, the value of this biomarker
in detecting an ACS may have improved, although at
the cost of lower specificity (24). In the original ED
studies, the resting WM and MP data was not used in

Figure 5
SROC curves (A), sensitivity and specificity plots (B) comparing the diagnostic accuracy of MP + WM, MP, WM, ECG and troponin I for the detection of ACS,
respectively.
https://erp.bioscientifica.com
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Figure 6
Forest plot depicting the risk of major adverse cardiac events (MACE) between (A) abnormal MP and abnormal WM (MPA + WMA) and normal MP/normal
WM (MPN + WMN), (B) abnormal WM/normal MP (WMA + MPN) vs MPN + WMN, and (C) MPA + WMA vs WMA + MPN patients.

clinical decision making (8, 10), but subsequent studies
have prospectively validated the incremental value
of both contrast-enhanced WM and MP in predicting
outcome when used in clinical decision making and
when added to clinical, EKG, and biomarker data (9). In
the stress echocardiography setting, the resting data is
often accompanied by re-analysis of WM and MP during
stress conditions. However, in the prospective real-time
myocardial contrast stress echocardiographic study that
met criteria for this meta-analysis, a resting contrastenhanced WMA was the only multivariate predictor of
outcome (7). Nonetheless, our studies were mostly based
on studies performed at single centers, and larger multicenter studies are necessary to confirm the feasibility
and reproducibility of resting real-time MCE in detecting
ACS and predicting clinical cardiac outcomes in the
patent with suspected symptomatic CAD.
Another limitation is that all studies in the metaanalysis were performed prior to 2013, in single centers
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that have recognized expertise with the MCE technique.
Furthermore, the majority of the data originates
from only two centers. Although this may limit the
generalizability of the data, it should be noted that
both the 2017 European and 2018 American guidelines
for utilization of ultrasound enhancing agents have
emphasized resting real-time MCE to detect suspected
ACS, with the American guidelines giving contrast
enhanced WMA a Class I level of recommendation and
MP a Class IIa indication (23, 25).

Conclusion
Resting MP and WM assessment utilizing real-time MCE
is an effective diagnostic and prognostic tool in patients
with suspected symptomatic CAD and a nondiagnostic
ECG in a wide variety of clinical settings.
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Figure 7
Forest plot depicting the risk of death/NFMI between (A) MPA + WMA and MPN + WMN, (B) WMA + MPN vs MPN + WMN as well as (C) MPA + WMA vs
WMA + MPN patients.
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