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Abstract 
Chronic total coronary occlusions (CTO) are found in approx-
imately 15-30% of patients who undergo coronary angiogra-
phy for suspected or known coronary artery disease. Speckle 
Tracking Echocardiography (STE) is a novel technology to 
assessing modifications of myocardial deformation with higher 
accuracy than the simple visual of regional wall motion.

Purpose: The study was to evaluate, using STE applied 
to dobutamine stress echocardiography (DSE), changes in 
echo parameters before and after successful recanalization 
of a CTO.

Methods: Eleven patients with subacute or chronic coro-
nary syndromes and angiographic evidence of CTO, sched-
uled for reopening by percutaneous coronary angioplasty, 
underwent DSE, using standard protocol, before and 3 
months after CTO recanalization. The acquisition of Echo 
images was performed at baseline and peak stress.

Left ventricular ejection fraction (EF), volumes, wall motion 
score index, parameters of diastolic flow, tissue velocities at 
mitral annulus, global longitudinal strain (GLS), strain rate 
(SR), systolic and diastolic longitudinal functional reserve 
(SLR and DLR respectively) were obtained at baseline and 
at peak stress before and after percutaneous coronary an-
gioplasty (PCI).

Results: The mean follow-up after PCI was 3.09 ± 1 months. 
Statistical analysis showed significant improvement after 
PCI in EF, comparing to baseline (P < 0.03) and stress 
peak (P < 0.001) in systolic SR from the 4 chamber-view 
(P < 0.02), in DLR (P < 0.01), but there were no significant 
changes for SLR, GLS and SR.

Conclusion: Stress echocardiography associated with new 
imaging techniques, such as STE provides further improve-
ments of diagnostic accuracy in CTO patients.

Keywords
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Introduction

Chronic total coronary occlusions (CTO) are found in 
approximately 15-30% of patients who undergo coro-
nary angiography for suspected or known coronary ar-
tery disease (CAD) [1]. Current data on the benefits of 
CTO recanalization are derived only from observation-
al studies; thus, until now, many uncertainties remain 
about the proper selection of patients for adequate re-
vascularization in order to have clear clinical and func-
tional benefits. Latest evidences suggest that the factors 
that should be taken into account to guide the choice of 
CTO treatment include: patient's symptoms on optimal 
medical therapy, patient's clinical characteristics (age, 
comorbidity), localization and extension of concomitant 
CAD, ventricular function, degree of myocardial isch-
emia on optimal medical therapy and presence of viable 
myocardium [2].

Diagnostic accuracy of dobutamine stress echo (DSE) 
for detection of ischemic myocardium has high levels 
of sensitivity (80%) and specificity (77%) [3]; regarding 
viable myocardium accuracy detection, sensitivity val-
ues are from 71% up to 97% and specificity values from 
63% up to 95%, from different experiences available [4]. 
Therefore, information obtained by this method is well 
correlated with those derived from other non-invasive 
diagnostic imaging techniques.
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recanalization, there are no data about the usefulness 
that stress echocardiography, associated with STE, can 
provide in the assessment of this lesions subset.

The aim of this study was to evaluate, using STE ap-
plied to DSE, changes in echo parameters before and after 
successful recanalization of a chronically occluded vessel.

Materials and Methods

From October 2012 to February 2014, eighteen pa-
tients with subacute or chronic coronary syndromes and 

Speckle Tracking Echocardiography (STE), a novel 
technology recently applied also to stress echocardiog-
raphy, has allowed assessing modifications of myocardial 
deformation with higher accuracy than the simple visual 
assessment of regional wall motion for the diagnosis of 
significant coronary stenosis [5]; STE has also been suc-
cessfully tested to identify myocardial viability by DSE [6].

Despite the presence of several studies that evalu-
ate ventricular function and other echocardiographic 
parameters in patients who undergo successful CTO 
 

Figure 1: Triplane acquisition at baseline (upper panel) and peak (bottom panel) of stress.
A) Apical 4 chamber view (A4C); B) Apical 2 chamber view (A2C); C) Apical long axis view (LAX); D) Bull’s eye of global 
longitudinal strain (GLS).
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atropine 1 mg was administered in fractioned doses 
over 4 minutes.

The acquisition of the images was performed by GE 
Vivid E9 echocardiography system (GE Healthcare, Hort-
en, Norway), using a 3.5 MHz transducer; two-dimen-
sional standard views (parasternal long axis, apical 4, 3 
and long-axis chambers) have been recorded at base-
line and stress peak by triplane acquisition.

The test was defined positive in case of detection of 
echocardiographic biphasic response or in case of evi-
dence of a significant amount of viable or ischemic myo-

angiographic evidence of CTO, scheduled for reopening, 
underwent DSE before and 3 months after CTO recanal-
ization; among them, 7 patients were excluded because 
of unsuccessful attempts of CTO reopening. Therefore, 
11 patients successfully treated by percutaneous coro-
nary angioplasty (PCI) had a 3 months echocardiograph-
ic follow-up by additional DSE.

DSE was performed using standard protocol with in-
travenous infusion of dobutamine by incremental doses 
every 3 minutes (from 5 mcg/kg/min up to 40 mcg/kg/
min). If theoretical maximum heart rate was not reach, 

 

Figure 2: Global longitudinal strain and tissue velocities at mitral annulus before and after PCI (rest).
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Values are presented as mean ± standard deviation 
(SD). Differences among groups were evaluated by one-
way ANOVA. All p-values were considered statistically 
significant at less than 0.05.

The study has been performed in accordance with 
the ethical standard laid down in the 1964 Declaration 
of Helsinki and its later amendments.

Results

The baseline clinical characteristics of patients are 
summarized in Table 1. The mean echocardiographic fol-
low-up after PCI was 3.09 ± 1 month. The mean age of the 
patients was 58.5 ± 11.8 and among them, all (100%) were 
men. All patients had at least 2 or more cardiovascular risk 
factors including hypertension and dyslipidemia (81%); 
diabetes mellitus type II was present in 36% and 54% of 
them had previous myocardial infarction. Clinically, the 
majority of them had a stable angina causing, according 
to the Canadian classification, a mild (81%) or moderate 
(18%) reduction of the daily activities. All patients had 
previous coronary angiography, therefore CTO artery was 
known; CTO of left anterior descending coronary artery 
(LAD) was present in 18% of them, right coronary artery 
(RCA) in 45% and circumflex coronary artery (LCX) in 36%.

Morphological and functional echo parameters at 
rest before and after PCI are summarized in Table 2 and 
Table 3; statistical analysis didn’t show significant im-
provements or modifications of these parameters after 
revascularization.

Analysis of maximum heart rate achieved during 
stress showed improvements (P = 0.05) after PCI com-
pared to values before, while the WMSI analysis showed 
no significant modifications (Table 4). There was an im-
provement, at peak stress after PCI, of EF (p<0.001) and 
of systolic SR on 4 chambers view (p<0.02).

Changes (Δ), during stress, of functional echo pa-
rameters before and after PCI (Table 5): The analysis 
showed a trend towards improvement (9%) of EF (P = 
0.15) and some parameters of diastolic function such as 
E wave (P = 0.1) and E' wave (P = 0.02); DLR showed 
significant improvement after PCI (P < 0.01). There were 
no significant changes for SLR, GLS and SR.

Discussion

Many authors showed by echocardiographic studies 

cardium, respectively defined as the improvement (for 
viability) or worsening (for ischemia) of kinesis at least 
of 2 or more adjacent myocardial segments.

Measurements were performed off-line using dedi-
cated software (Echo PAC version 112.0; GE Healthcare, 
Milwaukee, WI), according to ASE-EACVI recommenda-
tion [7]. Morphological echo parameters, as wall thick-
ness and left ventricular (LV) diameters, were obtained 
at baseline; functional echo parameters were obtained 
both at baseline and stress peak; all before and after 
PCI. Functional parameters included: LV ejection frac-
tion (EF) by Simpson biplane method, end-diastolic 
(EDV) and end-systolic (EDS) volumes, wall motion score 
index (WMSI), indices of diastolic function (E wave, A 
wave, deceleration time, E/A ratio), tissue Doppler (TDI) 
derived parameters (E’ wave, S' wave, A' wave, E/E'), 
global longitudinal strain (GLS) calculated by STE, and 
strain rate (SR, S, E, A) (Figure 1 and Figure 2).

TDI velocity was also used to obtain systolic and di-
astolic longitudinal functional reserve (SLR and DLR re-
spectively) defined by recently proposed formulas [8,9]: 
SLR = S' {1 - (1/S' rest)} and DLR = E' {1 - (1/E' rest)}. E' 
and S' values indicate the variations of these parame-
ters between baseline and stress peak.

Table 1: Baseline Clinical Characteristics.

 Patients
Age (mean ± SD) 58.5 ± 11.8 y
Males 11/11
Hypertension 9/11
Hypercholesterolemia 9/11
Smokers 3/11
Former smokers 8/11
Diabetes mellitus 4/11
Myocardial Infarction 6/11
Clinical Presentation (Canadian Class):

•	 I Class 9/11
•	 II Class 2/11
•	 III Class 0
•	 IV Class 0

CTO artery:
•	 LAD 2/11
•	 RCA 5/11
•	 LCX 4/11

CTO: Chronic total occlusion; LAD: Left anterior descending 
coronary artery; RCA: Right coronary artery; LCX: Left circum-
flex coronary artery.

Table 2: Echocardiographic Morphological Parameters at rest before and after PCI.

 Pre PCI (mean ± SD) Post PCI (mean ± SD) P
LV IVSd (mm) 10.7 ± 1.6 10.4 ± 1 0.56
LV IVSs (mm) 15.8 ± 2.1 14.9 ± 2.2 0.04
LV IDd (mm) 53.4 ± 9.5 54.3 ± 9.5 0.61
LV IDs (mm) 37.4 ± 8.1 39.9 ± 11.5 0.16
LV PWd (mm) 10.2 ± 1.3 10.6 ± 1.1 0.54
LV PWs (mm) 14.9 ± 2.3 14.5 ± 1.4 0.69

PCI: Percutaneous coronary intervention; LV: Left ventricle; IVSd: Interventricular septum diastolic; IVSs: Interventricular septum 
systolic; IDd: LV internal dimension diastolic; IDs: LV internal dimension systolic; PWd: Posterior wall diastolic; PWs: Posterior 
wall systolic.
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Table 3: Echocardiographic Functional parameters at rest before and after PCI.

 Pre PCI (mean ± SD) Post PCI (mean ± SD) P
WMSI 1.6 ± 0.3 1.5 ± 0.4 0.50
LV EDV (mL) 110.4 ± 43.4 105.5 ± 40.7 0.53
LV ESV (mL) 59.1 ± 29.9 51.7 ± 29.5 0.18
LV SV (mL) 51.2 ± 14.5 53.8 ± 12.3 0.45
LV EF (%) 48 ± 7.2 53 ± 8.2 0.03
E Wave (m/sec) 68 ± 22.6 62.7 ± 15.5 0.94
E Dec. Time (ms) 217 ± 73.6 186 ± 82.5 0.29
A Wave (m/sec) 82 ± 17.2 79 ± 22.1 0.56
E/A Ratio 0.8 ± 0.2 0.9 ± 0.5 0.55
TDI S (cm/sec) 7.1 ± 1.3 7.1 ± 1.1 1
TDI E (cm/sec) 7.8 ± 2.3 6.2 ± 1.8 0.067
TDI A (cm/sec) 10.5 ± 2.2 10.7 ± 2.1 0.8
TDI E/E' 9.2 ± 3.7 9.9 ± 2.3 0.44
LV_GLS % - 15.6 ± 4.1 - 16.1 ± 3.4 0.4
A4C SR S - 0.8 ± 0.2 - 0.6 ± 0.2 0.03
A4C SR E 0.7 ± 0.3 0.8 ± 0.3 0.47
A4C SR A 0.9 ± 0.2 1.1 ± 0.2 0.02
A2C SR S - 0.9 ± 0.2 - 1 ± 0.1 0.07
A2C SR E 0.9 ± 0.3 0.9 ± 0.4 0.54
A2C SR A 1.1 ± 0.4 1.2 ± 0.3 0.48
A LAX SR S - 0.8 ± 0.2 - 1 ± 0.6 0.22
A LAX SR E 0.8 ± 0.3 0.8 ± 0.5 0.47
A LAX SR A 1 ± 0.3 1.3 ± 0.3 0.03

PCI: Percutaneous coronary intervention; WMSI: Wall motion score index; LV: Left ventricle; EDV: End diastolic volume; ESV: 
End systolic volume; SV: Stroke volume; EF: Ejection fraction; E: Early diastolic filling velocity; A: Late diastolic filling velocity; TDI: 
Tissue velocity imaging; S: Peak systolic velocity; E: Peak early diastolic velocity; A: Peak late diastolic velocity; GLS: Global lon-
gitudinal strain; SR: Strain Rate; A4C: Apical four chambers view; apical A2C: Two chambers view; A LAX: Apical long axis view.

Table 4: Echocardiographic functional parameters during stress before and after PCI.

 Pre PCI (mean ± SD) Post PCI (mean ± SD) P
HR (bpm) 120 ± 13.1 131 ± 12.2 0.05
WMSI 1.5 ± 0.3 1.5 ± 0.4 0.75
LV EDV (mL) 84.7 ± 31.9 84.7 ± 42.5 1
LV ESV (mL) 41 ± 22.6 36 ± 28.4 0.17
LV SV (mL) 43.6 ± 11.1 48.7 ± 15.1 0.08
LV EF (%) 53.6 ± 7.8 62 ± 11 0.001
E Wave (m/sec) 64.6 ± 12.7 81.7 ± 36.4 0.2
E Dec. Time (ms) 152 ± 56.3 150 ± 54 0.94
A Wave (m/sec) 95.5 ± 23.4 108 ± 35.4 0.26
E/A Ratio 0.6 ± 0.1 0.8 ± 0.4 0.39
TDI S (cm/sec) 11.4 ± 3.1 12 ± 3.4 0.52
TDI E (cm/sec) 7.8 ± 2.3 11.4 ± 4 0.11
TDI A (cm/sec) 13.3 ± 4.5 14 ± 4.7 0.37
TDI E/E' 7.4 ± 2.3 8.8 ± 4.3 0.70
LV_GLS % - 17.3 ± 4.8 - 17.4 ± 4.5 0.78
A4C SR S - 0.8 ± 0.2 - 1.8 ± 0.6 0.02
A4C SR E 1.2 ± 0.4 1.4 ± 0.8 0.27
A4C SR A 0.9 ± 0.2 1.5 ± 0.5 0.03
A2C SR S - 1.5 ± 0.3 - 1.6 ± 0.7 0.79
A2C SR E 1.2 ± 0.5 1.2 ± 0.5 0.77
A2C SR A 1.5 ± 0.4 1.6 ± 0.5 0.37
A LAX SR S - 1.4 ± 0.5 - 1.7 ± 0.6 0.01
A LAX SR E 1.1 ± 0.6 1.2 ± 0.7 0.27
A LAX SR A 1.4 ± 0.4 1.7 ± 0.6 0.13

PCI: Percutaneous coronary intervention; WMSI: Wall motion score index; LV: Left ventricle; EDV: End diastolic volume; ESV: 
End systolic volume; SV: Stroke volume; EF: Ejection fraction; E: Early diastolic filling velocity; A: Late diastolic filling velocity; TDI: 
Tissue velocity imaging; S: Peak systolic velocity; E: Peak early diastolic velocity; A: Peak late diastolic velocity; GLS: Global lon-
gitudinal strain; SR: Strain Rate; A4C: Apical four chambers view; apical A2C: Two chambers view; A LAX: Apical long axis view.
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number, we did not consider appropriate to differenti-
ate infarction/non-infarction subgroups.

The improvements of systolic function obtained 
from the results of our study were less noticeable: only 
STE analysis of systolic strain rate, a parameter closely 
related to myocardial elastance [15], showed significa-
tive improvement during peak stress, before and after 
PCI. Despite significant increase between baseline-peak 
values before and after revascularization, EF showed 
just an improved trend, compared to global mean val-
ues. Similarly, GLS values were slightly improved, in a 
rate lower than the norm.

However, this phenomenon may be related to rela-
tively short follow-up time and requirement of longer 
functional recovery periods but also likely to heteroge-
neity type of treated vessels, related to the small study 
sample observed.

Increased strain rate values has diagnostic accuracy 
in the identification of viable myocardium comparable 
to WMSI during dobutamine infusion [16]. Further-
more, the combined use of strain imaging associated 
with WMSI, significantly improves detection sensitivity 
of viable myocardium during dobutamine stress echo 
with values from 73% up to 82%. It also was shown in 
literature that peak systolic strain rate value greater 
than -0.23 sec. should be helpful to distinguish viable 
myocardium from non-viable with a sensitivity value of 
83% and a specificity value of 84% [17].

(performed at rest) a significant improvements in terms of 
EF, myocardial contractility and survival from major cardiac 
events in patients with successfully reperfused CTO. Erdo-
gan, et al. [10], using 3D echocardiography and STE in 118 
patients at one-month follow-up from CTO recanalization, 
showed improvements in EF, EDV and EDS volumes, and 
GLS values in patients with EF > 50%. Wei-Yue, et al. [11], 
using 3D Real Time echocardiography, assessed EF modi-
fications of 32 patients with and without prior myocardial 
infarction and successful CTO recanalization. The authors 
have shown significant EF improvements only in patients 
without previous myocardial infarction, emphasizing the 
importance of CTO collateral circulation in maintaining 
myocardial viability.

Studies with contrast echocardiography [12,13] showed 
significant improvements of WMSI, contractile function re-
covery and quantitative parameters of microvascular per-
fusion in the group of patients effectively reperfused.

Erdogan [10] also showed improvements of GLS val-
ues in successfully treated patients with EF > 50%, less 
evident in diabetics. Takimura and coll. [14] demon-
strated, using 3D echocardiography, significant im-
provements of systolic and diastolic function after ade-
quate CTO in 128 patients.

Our data showed non-significant increase of EF at 
rest and no significant WMSI variations; that’s probably 
due the presence, in some patients, of both ischemic 
and viable myocardium and, considering the sample’s 

Table 5: Changes (Δ) of functional echo parameters before and after PCI.

 Pre PCI (mean ± SD) Post PCI (mean ± SD) P
LV EDV (mL) - 25.7 ± 23.5 - 14 ± 19.9 0.001
LV ESV (mL) - 18.1 ± 16.2 - 15.7 ± 6 0.65
LV SV (mL) - 7.6 ± 9.7 - 5 ± 7.3 0.49
LV EF (%) 5.6 ± 5.7 9 ± 5 0.15
E Wave (m/sec) - 3.5 ± 26 20 ± 38 0.1
E Dec. Time (ms) - 65 ± 73 - 35 ± 83 0.4
A Wave (m/sec) 13 ± 15.5 29.3 ± 25.6 0.09
E/A Ratio - 0.1 ± 0.2 - 0.1 ± 0.3 0.47
TDI S (cm/sec) 4.2 ± 3.6 4.8 ± 3.1 0.66
TDI E (cm/sec) 1.5 ± 3 5.2 ± 3.6 0.02
TDI A (cm/sec) 2.8 ± 4 3.2 ± 3.8 0.76
TDI E/E' - 1.8 ± 3 - 0.8 ± 3.6 0.52
SLR 3.6 ± 3 4.2 ± 2.7 0.62
DLR 1.3 ± 2.6 4.3 ± 3 0.01
LV_GLS % - 1.7 ± 2 - 1.3 ± 8 0.68
A4C SR S - 0.6 ± 0.3 - 0.8 ± 0.5 0.15
A4C SR E 0.4 ± 0.3 0.5 ± 0.5 0.53
A4C SR A 0.3 ± 0.3 0.39 ± 0.39 0.53
A2C SR S - 0.7 ± 0.3 - 0.5 ± 0.5 0.64
A2C SR E 0.3 ± 0.3 0.2 ± 0.5 0.52
A2C SR A 0.4 ± 0.5 0.4 ± 0.5 0.83
A LAX SR S - 0.6 ± 0.4 - 0.7 ± 0.4 0.54
A LAX SR E 0.3 ± 0.6 0.4 ± 0.5 0.65
A LAX SR A 0.4 ± 0.6 0.45 ± 0.69 0.94

PCI: Percutaneous coronary intervention; WMSI: Wall motion score index; LV: Left ventricle; EDV: End diastolic volume; ESV: 
End systolic volume; SV: Stroke volume; EF: Ejection fraction; E: Early diastolic filling velocity; A: Late diastolic filling velocity; TDI: 
Tissue velocity imaging; S: Peak systolic velocity; E: Peak early diastolic velocity; A: Peak late diastolic velocity; GLS: Global lon-
gitudinal strain; SR: Strain Rate; A4C: Apical four chambers view; apical A2C: Two chambers view; A LAX: Apical long axis view.
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Informed Consent

Informed consent was obtained from all individual 
participants included in the study.
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Systolic and diastolic longitudinal reserve indices have 
been introduced recently as the most sensitive and early 
parameters to detect signs of subclinical myocardial dys-
function; they have been successfully used in groups of 
patients with diabetes [8], hypertrophic cardiomyopathy 
[18] and heart failure with preserved EF [9].

Similarly, to literature reported data, our study 
showed significant improvements of A wave, E’ wave 
TDI values and a global trend of improvement in other 
diastolic function indexes.

Regarding longitudinal systolic and diastolic reserve 
indices our study showed only significant improvement 
of the diastolic one.

Thus, after short-term follow-up, only parameters 
related to diastolic function (E wave, E’ wave TDI, dia-
stolic reserve longitudinal index) improved earlier and 
more markedly.

CTO represent an important pathophysiological 
model to understand myocardial viability and ischemia; 
cardiac tissue perfused by chronically occluded vessel 
may show contractility alterations and simultaneously 
be partly vital and ischemic. Myocardial ischemia can 
induce diastolic function impairment by determining 
alterations of left ventricle relaxation [19]; recovery, 
partial or complete, of myocardial distensibility may 
slow the progression to heart failure, as demonstrated 
by several studies that support the prognostic value of 
diastolic abnormalities in ischemic heart disease [20].

Conclusions

CTO recanalization, in patients with evidence of sig-
nificant amount of viable or ischemic myocardium, may 
offer advantages to obtain both systolic and diastolic 
function recovery.

Stress echocardiography is safe, inexpensive and 
easy to perform; it allows to study myocardial viability 
and ischemia in a complete, relatively easy way and with 
good sensitivity and specificity values; the association 
with new imaging techniques, such as STE for the anal-
ysis of longitudinal strain and strain rate, provides fur-
ther improvements of diagnostic accuracy. Additional 
controls with longer follow-up periods and larger study 
population are needed for a more accurate analysis.
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