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Abstract
Background

Microvascular angina (MVA) is increasingly recognized as an endotype of ischaemia with no obstructive
coronary artery disease (INOCA), but assessment remains di�cult while validated diagnostic
investigation is invasive. This pilot study assessed the correlation between left ventricular contractile
reserve (CR), measured via speckle-tracking imaging on low dose dobutamine stress echocardiography
(DSE) and the invasive coronary microvascular function in patients with INOCA.

Methods

Forty-two patients with INOCA and abnormal coronary vasomotor dysfunction were prospectively
screened at a single tertiary centre covering the Northern metropolitan area of South Australia, from
February 2018 to December 2020 (ACTRN12618000149268). Forty patients were invited into to the DSE
study after coronary angiography demonstrated NOCAD and abnormal coronary epicardial and
microvascular function (n = 40).

Results:

Of the 40 participants undergoing DSE study, 30 were suitable to be included in the �nal analysis.
Average age of 54.8 ± 10.8 years old and more female (76.2%) than male recruited. 92.1% of patients
were of Caucasian ethnicity. 65.8% were considered obese. The study cohort demonstrating a degree of
angina burden, with 73.7% experiencing > once angina in a week. Weak positive association between CR
with hyperaemic microvascular resistance (HMR); at 5mcg/kg/min, CR(absolute) (r=0.427, p-
value=0.019); between 5 and 10 mcg/kg/min, CR(absolute) (r = 0.481, p-value = 0.007). The relationship
between CR and HMR showed a trend of increase in CR at a DSE of 5mcg/kg/min, but a blunted response
at the higher doses of 10 and 20mcg/kg/min (p=0.400). Weak positive association between CR with
coronary �ow reserve (CFR); at 5mcg/kg/min, CR(absolute) (r = 0.442, p-value = 0.015). The relationship
between CR and CFR showed a trend of increase in CR at a DSE of 5mcg/kg/min, but a blunted response
at the higher doses of 10 and 20mcg/kg/min (p=0.393).

Conclusion:

This pilot study has provided the possible utility of speckle tracking technique in assessment of INOCA
with a MVA endotype.

Introduction
Ischaemic heart disease does not always require signi�cant �xed obstructive coronary artery disease
(CAD) to manifest as angina.1–8 Ischaemia with no obstructive coronary artery disease (INOCA) is a
relatively new entity, comprising the spectrum of vasospastic angina (VSA), coronary microvascular
angina (MVA), or a combination of both. Microvascular angina (MVA) refers to abnormal regulation of the
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coronary microcirculatory vasculature in the absence of other heart disease such as hypertrophic
cardiomyopathy, leading to angina. MVA is a heterogenous clinical syndrome with its pathophysiology of
coronary microvascular dysfunction (CMD) remaining poorly understood.9–11

Clinical presentation of patients with MVA are variable and may present with typical angina pectoris,
atypical symptoms, or angina-equivalent symptoms. However, CMD can also occur in asymptomatic
subjects.12 MVA caused by CMD appear to be less responsive to nitrates therapy.13,14 There is an
increased female prevalence, especially in postmenopausal women.15–17 Perhaps, the false positive
functional study phenomenon in females with chest pain, abnormal stress test with chest pain but
normal or no obstructive coronary artery disease could be attributed to microvascular angina.

Diagnosis remains challenging given the inability of assessing these coronary microvessels at coronary
angiography. MVA diagnosis is often hypothetical with exclusion of other possible causes of chest
discomfort.11,18,19 A de�nitive diagnosis of MVA will require the documentation of a coronary
microcirculatory functional assessment which is often invasive with its procedural risk.11,20 Different non-
invasive modalities, such as transthoracic doppler echocardiography (TTDE), myocardial contrast
echocardiography (MCE), positron emission tomography (PET) and cardiac magnetic resonance (CMR),
have been explored in assessing for MVA.21–29 However, these modalities have its own pitfalls with
availability, accessibility and costs.

Two-dimensional (2-D) speckle tracking, a second generation of strain imaging is gaining traction in
systemic conditions such as with the diagnosis of amyloidosis and chemotherapy related
cardiotoxicity.30–34 Utilising this technique during DSE allows sensitive and accurate quanti�cation of
contractile reserve (CR) compared with visual wall motion assessment and has been shown to be of
incremental value to visual assessment during dobutamine stress echocardiography (DSE).35 A reduced
left ventricular (LV) contractile reserve (CR) to inotropic stimuli has been demonstrated in conditions such
as hypertension, valvular heart disease and assessment of stunned myocardium in ischaemia.36–38 LV
CR with low-dose DSE may be used to estimate IMR non-invasively with an impaired CR indicating
coronary microvascular dysfunction.39

This pilot study explores the feasibility and the reproducibility of LV CR, measured via speckle-tracking
imaging on low dose DSE and its correlation with invasive coronary microvascular function, coronary
�ow reserve (CFR) and hyperaemic microvascular resistance (HMR) in INOCA patients.

Methods

Study Cohort and Design:
We prospectively screened and recruited participants with INOCA to an observational study (Australia
New Zealand Clinical Trials Registry number, ACTRN12618000149268). Those who met the inclusion
criteria and gave informed consent to participate in an invasive functional coronary diagnostic study, and



Page 4/23

2-D speckle-tracking imaging on low dose dobutamine stress echocardiography (DSE) study within 2
weeks of their invasive procedure.

Inclusion criteria were a clinical diagnosis of angina, persistent angina with referral for elective coronary
angiography demonstrating normal and no obstructive coronary artery disease (< 50% diameter stenosis),
permission to withhold calcium channel blockers and/or nitrates for at least 36 hours prior to diagnostic
angiography from the referring cardiologist, and patients that were willing and able to give appropriate
informed consent.

Exclusion criteria included other causes for chest pain [such as: obstructive coronary artery disease (any
stenosis ≥ 50%), valvular heart disease, pulmonary embolus, myocarditis/pericarditis, cardiomyopathy
(EF < 50%)], the inability to withhold concurrent vasoactive medications, previous coronary artery bypass
grafting, history of severe asthma, non-English speaking patients, those with permanent pacemakers or
de�brillators, and those unable to give consent due to cognitive impairment, pregnancy and poor
echocardiographic image quality for speckle tracking imaging, active cardiac arrhythmias or
cardiomegaly due to the potential of these conditions to produce inaccurate and/or unreliable results.
Severe comorbidities with severe disability or likelihood of death and signi�cant memory, perceptual or
behavioural disorders were also excluded. The Central Adelaide Local Health Network Human Research
Ethics Committee approved the study (reference HREC/17/TQEH/156).

Ischaemia with No obstructive Coronary Artery Disease
(INOCA) de�nition:
INOCA is de�ned by angina like symptoms with or without signs of myocardial ischaemia on functional
testing and the absence of any obstructive coronary artery stenosis (≤ 50% luminal diameter stenosis
and fractional �ow reserve ≥ 0.80 during coronary angiography).40,41

Interventional diagnostic procedure in angina with NOCAD
for assessment of coronary vasoactivity:
The interventional diagnostic procedure consists of assessment of coronary circulatory vasorelaxation
using invasive coronary physiology at rest and with hyperaemia and assessment of the propensity of the
coronary circulation for excessive vasoconstriction using intra-arterial acetylcholine (microvascular
and/or epicardial vasospasm). The left anterior descending coronary artery was used as the target vessel
because it subtended the largest myocardial mass.8

6F-guiding catheter was used to engage the left main coronary artery. A temporary pacing electrode was
advanced into right ventricle via femoral venous approach and set to a threshold of 50bpm. Combowire
(dual sensor guide wire) was calibrated and advanced in the proximal to mid left anterior descending
artery (LAD), ensuring a good Doppler signal waveform. ECG, pressure and �ow velocity waveforms were
recorded using the ComboMap system (Volcano Corporation San Diego, CA, USA). Systemic, coronary
haemodynamics, 12 lead ECG were monitored throughout the protocol and the procedure was covered
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with intravenous heparin (50–70 U/kg). Patients underwent a comprehensive invasive coronary
haemodynamic evaluation that included the assessment of resting angiographic contrast �ow, coronary
microvascular hyperaemic function, coronary endothelial function and provocative coronary spasm
testing. The details of these components are outlined below:

1. Resting angiographic contrast �ow assessment was undertaken for the diagnosis of the Coronary
slow �ow phenomena (CSFP), based upon the contrast opaci�cation rate; that is requiring ≥ 3 beats
to opacify the vessel (equivalent of TIMI-2 �ow). The TIMI frame count was also calculated to
provide a more quantitative measure of angiographic �ow.

2. Coronary microvascular hyperaemic function was assessed using coronary �ow reserve (CFR) and
hyperaemic microvascular resistance index (HMR) measured by a combined pressure/Doppler wire
(Combowire, Volcano Corporation, San Diego, CA, USA). This procedure has been previously
described in literature 42,43. Following pressure equalization in aorta and then placement of
Combowire in the LAD, baseline resting coronary physiology measurements including mean aortic
and distal pressure (Pa & Pd) and average peak velocity (APV) were recorded over a 5-minute period
and then reassessed following hyperaemic stimulus with intravenous adenosine (140mcg/kg/min)
via a femoral venous line infused over two minutes. HMR was calculated as the distal coronary
pressure divided by APV at maximal hyperemia and the HMR > 1.9 was used to de�ne coronary
microvascular dysfunction44. CFR was calculated as a ratio of peak and baseline APV and the value
of < 2.5 was considered as an impaired �ow reserve.45

3. Coronary endothelial function was assessed with low dose intracoronary acetylcholine (IC-ACh)
infusions 10− 6 mol/L (0.18 µg/min) and 10− 5 mol/L (1.8 µg/min) administered over 2 minutes
respectively46,47. Combowire remained in-situ and Doppler measurement of peak velocity was
obtained at the end of each acetylcholine infusion, before contrast injection. Post acetylcholine cine
images were obtained for each concentration for quantitative coronary angiography (QCA)
assessment (see below). We ensured that coronary �ow returned to baseline before each infusion.
Epicardial coronary artery endothelial dysfunction was de�ned on the basis of absence of a
vasodilation (including vasoconstriction) to the ACh infusion i.e. no change or reduction in coronary
diameter in response to the ACh infusion48. Microvascular endothelial dysfunction was de�ned as a
coronary blood �ow increase < 50% from baseline49. Coronary blood �ow response was calculated
from the Doppler-derived time-velocity integral and vessel diameter by the following equation:
Coronary blood �ow = π (average peak velocity/2)(vessel diameter/2)2. Vessel diameter was
calculated at the mid-LAD segment, just distal to the Doppler wire tip.

4. Coronary spasm provocation testing was performed using incremental bolus doses of IC-ACh (25, 50
and 100mcg) administered over 20 seconds in left coronary system, with coronary angiography was
performed within one minute of each injection. Provocative testing was concluded following either
the induction of occlusive/sub-occlusive coronary artery spasm, or by attaining the maximal ACh
dose without inducing coronary spasm. Right coronary artery (RCA) was assessed for inducible
spasm using 25 & 50 mcg IC-ACh boluses, if no spasm was documented in left system. The
provocation test was considered diagnostic for vasospastic angina if ACh administration induced (i)
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chest pain, (ii) ischaemic ECG changes, de�ned as transient ST-segment depression or elevation ≥ 
0.1 mV in at least 2 contiguous leads on 12 lead continuous monitoring7,50−52, and (iii) ≥ 90%
vasoconstriction in epicardial artery.2 A diagnosis of ‘microvascular spasm’ was made if ACh
administration induced (i) chest pain, and (ii) ischaemic ECG changes as above, in (iii) the absence
of coronary artery constriction (< 90%). Basal epicardial coronary artery tone was determined by the
change in coronary artery diameter from baseline images in response to 150mcg of intracoronary
nitroglycerine administered into the right and left coronary arteries, at the end of the procedure.

Angina with NOCAD and impaired coronary microvascular
function de�nition:
In patients with NOCAD, impaired coronary microvascular function was de�ned as a hyperaemic
microvascular resistance index (HMR) > 1.9 and/or coronary �ow reserve (CFR) < 2.5.44,45

Low dose dobutamine stress echocardiography:
Two-dimensional transthoracic echocardiography was performed in the left lateral decubitus position
with commercially available ultrasound equipment (M5S probe, Vivid e95; GE Healthcare Life Sciences,
Little Chalfont, Buckinghamshire, UK). Images were digitally stored on hard discs for o�ine analysis
(EchoPAC, BT13; GE Healthcare Life Sciences). Images were acquired using standard protocol with DSE
images acquisition at rest and at low-dose dobutamine infusion with 5mcg/kg/min, 10mcg/kg/min and
20mcg/kg/min, at 3 minutes mark of every 5 minutes of each infusion stage. Participant’s beta-blocking
agents, calcium channel blockers and/or nitrates were held for at least 36 hours prior to the low-dose
DSE. The 2-D images of the LV were obtained with the highest possible frame rates in the apical four-
chamber, two-chamber, and long-axis views. Three cardiac cycles were obtained for each view.

Two-dimensional speckle tracking analysis:
Two-dimensional speckle tracking analyses were performed by an experienced independent observer
blinded to the clinical history, coronary angiography and coronary physiology measurements. During 2-D
speckle tracking analyses, the endocardial border was manually traced at end-systole and the region of
interest width was adjusted to include the entire myocardium. The software then automatically tracks
and accepts segments of good tracking quality and rejects poorly tracked segments, while allowing the
observer to manually override decisions based on visual assessments of tracking quality. The mean
global longitudinal systolic strain was calculated from the three global longitudinal strain curves of the
three apical views. The mean global peak negative systolic longitudinal strain was measured in the three
apical views at rest and low-dose dobutamine stages (Fig. 1). Contractile reserve was then calculated as
the mean global peak negative systolic longitudinal strain at low-dose dobutamine minus the
corresponding values at rest.

Interobserver and intra-observer reliability on GLS analysis:
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Strain measurements were repeated in 10 randomly selected patients at least four weeks apart by the
same observer on the same echocardiographic images, and by a second observer to determine inter-
observer and intra-observer reliability respectively.

Statistical Methods:
Standard statistics were used to describe the baseline clinical characteristics, and procedural and clinical
outcomes. Normally distributed continuous data are expressed as mean ± standard deviation (SD) or
median (interquartile range [IQR]), as appropriate. Normal distribution data is tested with independent t-
tests, while data with skewed distributions is tested using Mann-Whitney U. Discrete variables are
presented as counts and percentages and were compared by chi-square or Fisher exact test.

Pearson’s correlation was used to assess the relationship between the absolute or relative changes of
GLS measurement and coronary hemodynamic parameters, for each level of dobutamine increase
(baseline to 5 mcg, baseline to 10 mcg, baseline to 20 mcg, 5 mcg to 10 mcg, 10 mcg to 20 mcg). General
linear model repeated measures analysis was performed to evaluate the change in the GLS in each level
of dobutamine dose (baseline, 5 mcg, 10 mcg, and 20 mcg). A P-value (two-sided) of 0.05 was
considered statistically signi�cant. Inter-observer reliability and intra-observer reliability of GLS
measurement were performed using Cohen’s kappa. SPSS software (SPSS for Windows, version 25) was
used for statistical analyses.

Results
Of the 42 patients with angina with a high pre-test probability of vasoactive angina screened with
coronary angiography, 2 were excluded from further study due to the presence of obstructive coronary
artery disease and 2 declined to perform the DSE. A total of 38 participants of angina with NOCAD
underwent interventional diagnostic procedure for coronary vasomotor disorder diagnosis. Out of these, a
further 8 were excluded due to loss to follow-up (n = 3) and poor image quality (n = 5). A �nal total of 30
participants were included in the �nal analysis.

Table A showed the demographic and comorbid clinical characteristics of the total study cohort (n = 30).
Average age of 55.7 ± 11.4 years old and more females (73.3%) than males were recruited. 90% of
patients were of Caucasian ethnicity. 66.7% were obese (BMI > 30).

Table B showed the clinical symptom characteristics of the study cohort demonstrating a degree of
angina burden, with 73.3% experiencing greater than one episode of angina in a week.

Inter-observer and intra-observer reliability on GLS analysis:
The GLS inter-observer reliability showed interclass correlation of 0.819, while, intra-observer reliability
with an interclass reliability of 0.914.

Relationship between contractile reserve and HMR:



Page 8/23

Figure 2 depicts the association between contractile reserve (absolute change in GLS) and HMR.

At 5mcg/kg/min dobutamine infusion, there was a statistically signi�cant positive association between
CR (absolute change in GLS) and HMR (standardized β -0.129 (95%CI -0.235- -0.023), r = 0.427, p-value = 
0.019) (Fig. 2a).

However, at higher doses of dobutamine this positive association was not demonstrated. Speci�cally at
10mcg/kg/min dobutamine infusion, there was no association between CR and HMR. CR (absolute
change in GLS) and HMR (standardized β 0.033 (95%CI -0.067- -0.134), r = 0.127, p-value = 0.504)
(Fig. 2b).

Similarly at 20mcg/kg/min dobutamine infusion, there was no association between CR and HMR. CR
(absolute change in GLS) and HMR (standardized β 0.055 (95%CI -0.087- -0.098), r = 0.023, p-value = 
0.905) (Fig. 2c).

Differences of contractile reserve and HMR between each dose of dobutamine infusions were explored as
shown in Fig. 2d to 2f.

At 5mcg/kg/min and 10mcg/kg/min dobutamine infusion, there was a statistically signi�cant positive
association between CR (absolute change in GLS) and HMR (standardized β -0.122 (95%CI -0.036-
-0.208), r = 0.481, p-value = 0.007) (Fig. 2d).

At 5mcg/kg/min and 20mcg/kg/min dobutamine infusion, there was a non-statistically signi�cant trend
towards a positive association between CR (absolute change in GLS) and HMR (standardised β -0.350
(95%CI -0.052–3.065), r = 0.350, p-value = 0.058). (Fig. 2e).

At 10mcg/kg/min and 20mcg/kg/min dobutamine infusion, there was no association between CR and
HMR. CR (absolute change in GLS) and HMR (standardised β 0.033 (95%CI -0.067- -0.134), r = 0.145, p-
value = 0.441). (Fig. 2f).

Figure 3 demonstrated the relationship between GLS at different dobutamine infusion rate at baseline, 5
mcg/kg/min, 10 mcg/kg/min and 20mcg/kg/min with LAD HMR. Abnormal HMR was de�ned as ≥ 2.0.
Although not statistically signi�cant (p = 0.400), there was a trend of increase in contractile reserve at a
low dose of dobutamine of 5mcg/kg/min, but a blunted response at the higher doses of 10 and
20mcg/kg/min.

Relationship between contractile reserve and CFR:
Figure 4 depicts the association between contractile reserve (absolute change in GLS) and CFR.

At 5mcg/kg/min dobutamine infusion, there was a positive association between CR (absolute change in
GLS) and CFR (standardised β 0.162 (95%CI 0.035–0.289), r = 0.442, p-value = 0.015) (Fig. 4a).
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As with HMR, the positive association between CR and CFR was lost at higher concentrations of
dobutamine. During 10mcg/kg/min dobutamine infusion, there was no association between CR and CFR.
CR (absolute change in GLS) and CFR (standardised β 0.049 (95%CI -1.062–1.370), r = 0.049, p-value = 
0.797) (Fig. 4b).

Similarly at 20mcg/kg/min dobutamine infusion, there was no association between CR and CFR. CR
(absolute change in GLS) and CFR (standardised β 0.123 (95%CI -0.903–1.749), r = 0.123, p-value = 
0.519) (Fig. 4c).

Differences of contractile reserve and CFR between each doses of dobutamine infusions were explored
as shown in Fig. 4d to 4f. Overall there was no association between these parameters.

In detail, at 5mcg/kg/min and 10mcg/kg/min dobutamine infusion, there was no association between CR
(absolute change in GLS) and CFR (standardised β -0.323 (95%CI -2.241–0.140), r = 0.323, p-value = 
0.082) (Fig. 4d).

Then at 5mcg/kg/min and 20mcg/kg/min dobutamine infusion, there was no association between CR
(absolute change in GLS) and CFR (standardised β -0.221 (95%CI -2.119–0.556), r = 0.221, p-value = 
0.241) (Fig. 4e).

Again at 10mcg/kg/min and 20mcg/kg/min dobutamine infusion, there was no association between CR
(absolute change in GLS) and CFR (standardised β 0.122 (95%CI -0.575–1.113), r = 0.122, p-value = 
0.519) (Fig. 4f).

Figure 5 demonstrated the relationship between GLS at different dobutamine infusion rate at baseline, 5
mcg/kg/min, 10 mcg/kg/min and 20mcg/kg/min with LAD CFR. Abnormal CFR was de�ned as ≤ 2.5.
Although not statistically signi�cant (p = 0.393), there was a trend of increase in contractile reserve at a
low dose of dobutamine of 5mcg/kg/min, but a blunted response at the higher doses of 10 and
20mcg/kg/min.

Discussion
In this pilot study in South Australian patients with INOCA, we explored different doses of low dose
dobutamine stress echocardiography (5mcg/kg/min, 10mcg/kg/min and 20mcg/kg/min) and assessed
the association between GLS derived contractile reserve and invasive coronary haemodynamic indices of
CFR and HMR. We found that there were more GLS derived contractile reserve at 5mcg/kg/min of
dobutamine infusion between normal and abnormal coronary haemodynamic indices which may suggest
hibernating myocardium contractility recruitment during the infusion. It is possible that in this cohort of
patients with INOCA who reported frequent, prolonged and often random episodes of spontaneous
myocardial ischaemia (Table B) developed a resting hibernating state that was reversed at very low dose
dobutamine. The consistent failure to have any response to higher doses of dobutamine indicated limited
contractile reserve.
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Furthermore, the inability to demonstrate a negative association between GLS and CFR or HMR at low
dose dobutamine may be explained by an inability to be a stressor that induces su�cient myocardial
ischaemia to alter GLS. Higher doses of dobutamine were not used in this study. Alternatively, the
mechanism of inducing myocardial ischaemia in patients with this pathophysiology is not triggered by
dobutamine.

Leung et al also demonstrated an impaired CR indicates coronary microvascular dysfunction with low-
dose DSE derived LV CR via echocardiographic speckle tracking method to estimate IMR non-invasively.39

Coronary microvascular dysfunction and impaired myocardial contractile reserve was demonstrated in
women with angina and no obstructive coronary artery disease by Michelsen et al but without invasively
derived microvascular indices but with reduced coronary �ow reserve on echocardiography. The GLS
reserve was found to be signi�cantly lower in women with CMD.53

The �nding in our study is similar to the �ndings of Leung et al. The main difference is the slight increase
in contractile reserve at a low dose of dobutamine of 5mcg/kg/min (a dose not used in the Leung study),
but a blunted response at the higher doses of 10 and 20mcg/kg/min. Our hypothesis is that there is a
degree of hibernating myocardium that is recruited initially but the expected demonstration of contractile
reserve in normal myocardium is impaired in this cohort with microvascular dysfunction as demonstrated
by Leung et al.

Recently, Rahman et al demonstrated that in patients with angina and no obstructive coronary artery
disease, diminished coronary �ow reserve characterizes a cohort with inducible ischemia and a
maladaptive physiological response to exercise, during simultaneous coronary pressure and �ow velocity
measured using a dual sensor-tipped guidewire during rest, supine bicycle exercise, and adenosine-
mediated hyperaemia.54

There is no robust simple and effective non-invasive assessment for vasospastic angina, except for
abnormal ECG changes for myocardial ischaemia and an exclusion of obstructive coronary artery
disease on coronary angiography.55,56 The dynamic nature of coronary artery spasm has made this
challenging for non-invasive evaluation. As for microvascular angina, different modalities have been
explored. These include transthoracic doppler echocardiography (TTDE), myocardial contrast
echocardiography (MCE), positron emission tomography (PET) and cardiac magnetic resonance (CMR).
TTDE assessing coronary blood �ow velocity can be evaluated at baseline and during hyperaemia by
pulsed-wave Doppler echocardiography, with the sample volume placed on the colour signal in the mid- or
distal tract of the left anterior descending coronary artery (LAD). This technique requires extensive
training and assessment is only con�ned to LAD but not other coronary arteries.21–25

MCE-derived myocardial blood �ow and myocardial blood volume can be assessed through intravenously
injected, echogenic, gas-�lled microbubbles that are similar in size and rheological properties to red blood
cells and are detected in the myocardium by high-intensity ultrasound pulses. Myocardial perfusion
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abnormalities during dipyridamole infusion in patients with otherwise normal wall motion seems to be a
marker of CMD.26,27

CMR derived myocardial perfusion obtained through the �rst-pass kinetics of T1- enhancing extracellular
gadolinium-based contrast media. The contrast medium, diffusing from the microvasculature into the
interstitial space, results in an increase in signal intensity that is proportional to the perfusion and blood
volume of the tissue, the extravascular compartment size, and capillary permeability. A delayed signal
increase and persistently hypointense regions are indicative of reduced perfusion. This technique is
promising but limited to local availability. A further validation study is underway for this group of patients
conducted by the CorMicA CMR sub-study.28

PET provides accurate, and reproducible quanti�cation of regional myocardial blood �ow, by means of
continuous monitoring of the radioactivity emitted by an intravenously administered tracer, in the
circulation and the myocardium. Despite well validated with coronary microvascular dysfunction and
utilised in CMD research, this technique is limited by ionizing radiation, expense and lack of availability.29

The utility of 2D speckle tracking was assessed in a study by Roushdy et al in 2017.57 In a prospective 80
patient cohort of patients with possible angina, speckle tracking at peak stress for global longitudinal
strain during dobutamine stress echocardiography (DSE) showed an increased sensitivity of 77% and
speci�city of 84% in detecting ischemia due to obstructive epicardial coronary artery disease, Our study in
patients with INOCA did not demonstrate the same result as for patients with obstructive coronary artery
disease.

Further research to de�ne a simple functional non-invasive protocol that may assist in the diagnosis of
myocardial ischaemia for patients with angina with no obstructive coronary artery disease would have
incremental value given the recent increasingly recognised condition, together with emerging endotypes
speci�c strati�ed medical therapy.

Study Limitations
The interpretation of our study �ndings should be considered in the context of the following limitations.
Firstly, speckle tracking has been known to be afterload-dependant and in some circumstances may not
be re�ective of myocardial contractility. Secondly, the echocardiographic acquisition was not conducted
simultaneously with the invasive study, instead, within 2 weeks from initial assessment. Thirdly, there
was no healthy control in our study cohort. Finally, the population size was small and indicates the need
for further studies in a larger cohort of patients.

Conclusion
This study has demonstrated the complexity of the effect of microvascular dysfunction on myocardial
contractile response to dobutamine in patients with INOCA.
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Tables
Table A – Demographic and comorbid clinical characteristics of the study cohort. (n=38)
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Baseline Demography Mean ± SD

Median (IQR)

N (%)

Age (mean ± SD) 55.7 ± 11.4  

Gender - female (n, %)

Post menopause

  22 (73.3)

16 (72.7)

Ethnicity

Caucasian
Indigenous
Asian

   

27 (90.0)

2 (6.7)

1 (3.3)

Obesity   20 (66.7)

BMI (mean ± SD) 31.5 ± 5.9  

Hypertension   15 (50.0)

Diabetes   7 (23.3)

Dyslipidaemia   19 (63.3)

Active smoker

Ex-smoker

  4 (13.3)

10 (33.3)

Depression/anxiety   13 (43.3)

Migraine   8 (26.7)

Atrial �brillation   1 (3.3)

GORD   19 (63.3)

Medication

ACE/ARB
Beta-blocker
CCB – dihydroperidine
CCB – NonDHP
Nitrates
SSRI
Antiplatelet
Anticoagulation
Statins
HRT

   

0 (33.3)

3 (10.0)

6 (20.0)

17 (56.7)

18 (60.0)

11 (36.7)

11 (36.7)

1 (3.3)

16 (53.3)
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3 (10.0)

Table B – Clinical symptom characteristics of the study cohort.

Clinical Symptom Characteristics Mean ± SD

Median (IQR)

N (%)

Symptom

Angina on exertion
Angina at rest
Angina with emotional stress
Nocturnal angina
Angina on exposure to cold

   

22 (73.3)

28 (93.3)

14 (46.7)

 

16 (53.3)

9 (30.0)

Duration of angina

Less than 20 mins
20 mins- 1 hr
>1 hr

   

13 (43.3)

13 (43.3)

4 (13.3)

Frequency of angina

First presentation
Once a month
Weekly
> once a week

   

1 (3.3)

4 (13.3)

3 (10.0)

22 (73.3)

Figures
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Figure 1

Mean GLS at rest and different low-dose dobutamine doses
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Figure 2

Contractile reserve – absolute GLS change (%) vs HMR 
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Figure 3

The relationship between GLS at different dobutamine infusion rate with LAD HMR
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Figure 4

Contractile reserve – absolute GLS change (%) vs CFR 
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Figure 5

The relationship between GLS at different dobutamine infusion rate with LAD CFR 
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