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Abstract

Introduction

Microvascular obstruction (MVO) is a strong independent predictor of left ventricular
remodelling and mortality following ST-segment elevation myocardial infarction
(STEMI). Microvascular obstruction can be identified at angiography or with
gadolinium-enhanced cardiac MRI (CMR). First-pass perfusion CMR also allows a
novel quantitative evaluation of myocardial blood flow (MBF) that might provide
superior predictive data in the assessment of MVO. We sought to compare
angiographic and CMR derived methodologies in the assessment of MVO to
determine the optimal methodology that best predicts the surrogate outcome marker

of left ventricular function post STEMI.

Methods

Following primary-PCl angiographic assessment of ‘no-reflow’ with TIMI
myocardial perfusion grade (TMPG) and myocardial blush grade (MBG) were
documented. Assessment of CMR derived MVVO was assessed on day three, with
MVO on first-pass perfusion imaging termed ‘early MVO’ and on late gadolinium
enhancement, ‘late MVVO’. Furthermore on the same day three CMR scan, myocardial
blood flow in the infarct region was quantified at adenosine stress and rest utilizing
standard perfusion imaging sequences. Assessment of remodelling, structure and
function was undertaken via standard CMR imaging assessment on day 90 post-

STEMI and was used as the surrogate marker for long term clinical outcome.



Results

Forty patients (age 59+ 12 years, 84% males) were appraised. Late MVVO had the
strongest correlation with LVEF at 90 days compared to the CMR parameters of early
MVO, stress infarct region MBF and rest infarct region MBF (r= -0.754, r=-0.588, r=
0.595 and r=0.345 respectively). Of the angiographic parameters used to assess MVO,
TMPG had the strongest relationship with MVVO when assessed via CMR. Myocardial
blush grade however showed no relationship to CMR derived assessment of MVO.
On multivariate analysis, of all angiographic and CMR variables, late MVO was the

strongest predictor of LVEF at 90 days (p=0.004).

Conclusion

Cardiac magnetic resonance imaging derived assessment of microvascular obstruction

on late gadolinium enhancement strongly predicts left ventricular function following

STEMI at 90 days.



Introduction

In acute ST-segment elevation myocardial infarction (STEMI), reperfusion therapy
has contributed to the reduction in mortality by limiting the extent of myocardial
necrosis. However despite successful recanalisation of the infarct-related artery, as
many as 30-75% of patients have impaired myocardial perfusion due to microvascular
obstruction (MVO) [1]. This phenomenon is angiographically referred to as the ‘no-
reflow’ phenomenon [2]. Patients with microvascular obstruction are known to
exhibit a higher prevalence of early post infarct complications, adverse left ventricular
remodeling, recurrent hospitalisations for heart failure and mortality [3-5]. The
diagnosis of microvascular obstruction can be made using angiography [6,7],
electrocardiography [8], nuclear scintigraphy [9], myocardial contrast

echocardiography [10] or cardiovascular magnetic resonance imaging (CMR) [3].

The advantage of utilizing CMR in the measurement of MVO, is other valuable
information such as myocardial viability, infarct size, ischaemia, left ventricular
remodelling and systolic function can also be acquired. Microvascular obstruction
assessed on CMR can be assessed by two methods utilising gadolinium contrast: first
pass perfusion (early MVO) [3] and late gadolinium enhancement (late MVO) [11].
Many studies have assessed the impact of the presence and extent of early and late
MVO on global and regional function [12,13]. One recent study showed that in
contrast to early MV O, the presence and extent of late MVO was a strong and
independent predictor of the long-term occurrence of death, myocardial re-infarction
and congestive heart failure, even when compared with traditional post-infarction risk

stratification markers and scores after STEMI [14]. Quantification of regional resting



of myocardial blood flow (MBF) on first pass perfusion has been described [15] but
has never been correlated with MVO. Furthermore CMR offers a unique opportunity
to evaluate not only fixed, but dynamic aspects to microvascular obstruction and
subsequent MBF when imaging is undertaken in response to a microvascular dilator
such as adenosine. To our knowledge, no studies have compared the predictive value
of CMR indices (including resting and stress infarct region MBF) with angiographic
derived assessment of MVO in the prediction of left ventricular function at 90 days

post STEMI. This was the focus of this analysis.

Methods

Study population

All subjects provided written informed consent in accordance with local human
research and ethics committee approval. Patients with acute STEMI who underwent
primary PCI between April 2008 and April 2009 were prospectively enrolled. STEMI
was defined as chest pain for at least 30 minutes and an ECG demonstrating ST-
segment elevation >0.1 mV in 2 contiguous leads. Patients aged <18 years, previous
myocardial infarction in the same territory, atrioventricular block of grade II or
higher, severe asthma of chronic obstructive airways disease, contraindications to
CMR, (eg, pacemaker implantation or claustrophobia) contraindication to
gadopentetate dimeglumine.(eg, known hypersensitivity to gadopentetate
dimeglumine or creatinine clearance <50ml/min/1.73m’) or pregnancy were excluded

from the study. All patients abstained from caffeine for 24 hours prior to CMR.



Coronary Angiography

All angiographic findings were analyzed by 2 interventional cardiologists, by
consensus agreement, each of whom were blinded to the CMR and ECG findings. The
myocardial blush grade (MBG) and TIMI myocardial perfusion grade (TMPG)
analyses were performed at the end of procedure utilizing standard methodology
[6,7]. In brief, we ensured the duration of cine filming exceeded 3 cardiac cycles in
the washout phase to assess clearance of the myocardial blush. Blush was assessed
distal to the culprit lesion and angiographic runs were made in identical views
according to the infarct-related artery thereby assuring assessment in equivalent
conditions.

Myocardial blush grade was identified according to a dye density score (0=no
myocardial blush or persistent blush; 1=minimal blush; 2=moderate blush, but less
than obtained during angiography of the contralateral or ipsilateral noninfarct-related
artery; 3=normal myocardial blush) [6]. Impaired MBG was defined as MBG <2 [12].
TIMI myocardial perfusion grade was identified according to perfusion of dye score
(O=minimal or no myocardial blush; 1= dye stains the myocardium, and this stain
persists on the next injection; 2= dye enters the myocardium but washes out slowly so
that dye is strongly persistent at the end of the injection; 3= there is normal entrance
and exit of dye in the myocardium).[7] Impaired TMPG was defined as TMPG <2

[16].

Adenosine infusion protocol

Adenosine (Adenoscan®, Sanofi-Synthelabo) was infused at 140ug/kg/min through
an antecubital vein using an accurate syringe pump (Graseby® 3500) by a supervising
cardiologist. The target time of the infusion was 3 minutes, however if patients

developed persistent or symptomatic 3" AV block, severe hypotension (systolic blood



pressure <90mmHg) or bronchospasm, infusion was discontinued. On standby was
aminophylline for adenosine receptor antagonism, nitroglycerine for persistent chest
pain, atropine for persistent AV block and a fully equipped crash trolley with

defibrillator if required.

CMR protocol

Cardiac MRI was performed using a 1.5 Tesla MRI scanner (Magnetom Avanto,
Siemens, Germany) equipped with a dedicated cardiac software package and cardiac
phased array surface coil. Cine images were acquired in sequential short-axis slices
covering the entire ventricular myocardium during breath-hold with retrospectively
ECG-gated TrueFISP (Fast Imaging with Steady-State Precision) sequences. Section
thickness was 6 mm with intersection gaps of 4 mm. Acquisition time was 90% of the
RR-interval, image matrix 256 X 150, field of view (FOV) 380 mm, repetition time
52.05 ms, echo time (TE) 1.74 ms, flip angle 70°, and 25 heart phases were acquired
per repetition time interval.

Following at least three minutes of adenosine infusion, a gadolinium-based contrast
agent (Dimeglumine gadopentetate, Magnevist; Schering, Germany) was
administered intravenously at 0.1 mmol/kg body weight (injection rate, 7ml/s),
followed by at least 30 mL saline flush at the same rate [17,18]. Perfusion imaging
(echo time 1.08 ms, repetition time 2.2 ms, saturation recovery time 100 ms, shot time
100 ms, voxel size 2.5 x 1.9 x 10 mm; flip angle 10 °) was performed every cardiac
cycle during the first pass, using a T1-weighted fast low-angle single shot gradient-
echo sequence (GRE). Parallel acquisition method using generalised autocalibrating
partially parallel acquisition (GRAPPA) was utilised [19]. Three short axis slices,

positioned from base to the apex of the left ventricle, were obtained. The same



imaging sequence with a second dose of Magnevist 0.1 mmol/kg body weight (total
dose 0.2 mmol/kg) was repeated 10 minutes later without adenosine to obtain
perfusion images at rest. Delayed enhancement imaging was obtained by acquiring an
inversion-recovery segmented gradient echo T1 weighted sequence (TR=2 heart
beats, TE=3.32ms, flip angle=25°, FOV=38cm, matrix size=176x256) 10-15 minutes

after the second contrast administration.

CMR data analysis and definitions

Left ventricular ejection fraction (LVEF), volume and mass were derived from cine
images using commercially available software (MASS, Medis, The Netherlands).
Papillary muscles and pericardial fat were excluded from calculations. In brief, the
end-diastolic and end-systolic cine frames were identified for each slice and the
endocardial and epicardial borders were manually traced. The end-diastolic and end-
systolic volumes were then calculated using Simpson's true disk summation technique
(i.e. sum of cavity sizes across all continuous slices), as previously described [20].
The change in end diastolic volume from baseline scan was used as the marker of left
ventricular remodeling [21]. Ejection fraction at day 90 was used as the primary end-
point for assessment of left ventricular function. Regional left ventricular function
was evaluated by wall motion score index (WMSI). As recommended by the
American Society for Echocardiography a 16-segment model was used for left
ventricular segmentation [22]. This model consists of six segments at both the basal
and mid-ventricular levels and four segments at the apex. Each segment’s function
was scored as: normal or hyperkinesis =1, hypokinesis =2, akinesis =3 and dyskinesis
(or aneurysmatic) =4. Wall motion score index was derived as the sum of all scores

divided by the number of segments visualized [23].



First-pass perfusion was evaluated qualitatively. Microvascular obstruction was
considered to be present if a region of hypoperfusion persisted for >1 min after
contrast bolus arrival in the left ventricle and was located in the subendocardial layer
of the infarct core in at least 1 of the slices [24]. The frame demonstrating peak signal
intensity in the remote normal myocardium was chosen for quantification of the
myocardial extent of the perfusion defect. To verify that a true perfusion deficit
persisted after passage of the contrast agent, all acquired phases were evaluated. The
perfusion defect was defined visually as hypoenhanced region and then planimetered
manually [24]. (Figure 1) Microvascular obstruction on first-pass perfusion imaging
was termed early MVVO. The presence and extent of early MVVO was determined.

For perfusion analysis to quantify resting and stress infarct region MBF, we used the
methodology as previously described [15]. In brief, the endocardial and epicardial
contours of three short axis sections (base, mid and apex) were traced (MASS version
7.2, Medical Imaging Solutions, Leiden, the Netherlands) and corrected manually for
displacements (eg. breathing) by an examiner blinded to coronary angiography
findings. In each short axis slice, MBF was determined for 6 myocardial segments in
ml - min™" g " by deconvolution of signal intensity curves with an arterial input
function measured in the left ventricular blood pool, with explicit accounting for any
delay in the arrival of the tracer. (Figure 1) As basal MBF is closely related to the
rate-pressure product, an index of left ventricular oxygen consumption, values for
basal flow in each patient were also corrected for the respective rate-pressure product
(ie, the absolute values of flow were divided by rate-pressure product/10 000) [15].
Segments were assigned to vascular regions according to the segmental model of the
American Society of Echocardiography, with modifications to correct for variable

coronary dominances as previously described [25]. Segments 6, 1 and 2 were assigned
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to the left anterior descending artery; segments 2, 3 and 4 were assigned to the
circumflex artery; and segments 4 and 5 were assigned to the right coronary artery.
(Figure 2) The MBF in the infarct region at stress and at rest was determined, termed
‘stress infarct region MBF’ and ‘resting infarct region MBF’. The difference between
stress infarct region MBF and resting infarct region MBF was calculated and termed
‘infarct region MBF difference’.

Late gadolinium enhancement (LGE) images were assessed both for infarct mass and
MVO area. (Figure 3) The endocardial and epicardial borders on each slice were
traced manually. Infarcted tissue was defined as areas with late gadolinium
enhancement. These regions were identified and then quantified using a semi-
automated algorithm. Areas of enhancement were defined by full width at half
maximum technique which has been shown to be accurate for assessing infarct size
[26].The mass of infarcted myocardium was then automatically calculated.
Transmural extent of LGE was evaluated using a two point scale: 0 = less than 50%,
1= greater than 50% of wall thickness. A 16-segment model was used for left
ventricular segmentation and a maximal LGE score was derived [22].We defined
MVO on LGE imaging as a region of subendocardial hypo-enhancement within a
hyper-enhanced region as previously described [27,24].The area of MVO was
manually planimetered. (Figure 1) Microvascular obstruction was included in the
calculation of the total infarct size. Microvascular obstruction on late gadolinium
enhancement imaging was termed late MVO. The presence and extent of late MVO

was determined.
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Statistical analysis

Values are expressed as mean + standard deviation or median (interquartile ranges) as
appropriate. The primary endpoint was to evaluate the relationship between CMR
indices of MVVO and LVEF at 90 days. Association between variables were assessed
by Chi square analysis, Mann-Whitney or Spearmans correlation when appropriate.
Variables were normalised for multiple linear regression, with p<0.2 on simple linear
regression defining variables used in this analysis. Likelihood ratio test was
performed to compare two linear regression models (i. Late MVO, ii. Late MVVO and
stress infarct region MBF) for prediction of LVEF at 90 days. Statistical analysis was
performed with SPSS 17.0 (SPSS Inc, Chicago, IL, USA). A p value <0.05 was

considered statistically significant.

Results

Baseline patient characteristics and medication are listed in Table 1. Fifty patients
were prospectively recruited, however six patients did not undertake the follow up
study and a further four patients did not undergo adenosine stress protocol due to

contraindications. The remaining 40 patients form the basis of this report.

All 40 patients completed the adenosine stress CMR study, which was undertaken at a
mean of 3+2 days post primary PCI. During adenosine stress CMR perfusion, most
patients reported at least one mild symptoms of flushing, breathlessness or chest

discomfort. No patients developed significant AV block or hypotension.
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Angiographic Assessment Of Microvascular Obstruction

Thirty five patients (88%) achieved TIMI grade 3 flow at the end of the primary-PCI
procedure. There were 26 patients (65%) with impaired TMPG while 5 patients
(12%) had impaired MBG (Table 1). Impaired TMPG correlated both with the extent
of late MVO (704.5 vs 298, p=0.034) and early MVO (354.8 vs 133.4, p=0.036). In
addition, impaired TMPG correlated with stress infarct region MBF (19.3 vs 26.5,
p=0.039) but not resting infarct region MBF (p=0.116). MBG did not correlate with
the extent of late MVVO (p=0.159), extent of early MVO (p=0.102), resting (p=0.098)
or stress infarct region MBF (p=0.595). There was no statistical association between

impaired TMPG and MBG with pain-to-balloon time.

Cardiac MRI assessment of MVO

The CMR examinations were performed 3 + 2 days and 90 + 8 days after primary
PCI. The LVEF at baseline was 57.5 + 9.4%, which significantly improved to 62.0 +
9.6 % at 90 days (p<0.001). The total infarct mass at baseline was 33.5 g (21.8; 41.9)
which decreased to 23.1 g (14.6; 30.2) at 90 days. The analysis of CMR derived MVVO
assessment were performed on the first CMR scan performed at 3 + 2 days. The stress
infarct region MBF was higher than the resting infarct region MBF [24.3 + 10.1 vs
14.8 +5.1ml mint g™ (mmHg bpm/10 %), p<0.001]. Stress infarct region MBF
correlated with the extent of early MVO (r = -0.748) and late MVO (r = -0.682). The
resting infarct region MBF also correlated with the extent of early MVO (r=-0.524)
and late MVO (r=-0.46). Infarct region MBF difference correlated with the extent of
late MVO (r=-0.474) and early MVO (r=-0.528). Late MVVO was present in 31
patients (78%) while early MVVO was present in 29 patients (73%). There were 2

patients (5%) who had late MVVO without early MVO. The presence of late (60% vs
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70%, p=0.005) and early MVO (59% vs 69%, p=0.001) predicted LVEF at 90 days
respectively. The presence of late (p=0.015) and early MVVO (p=0.04) correlated with
impaired TMPG. However MBG did not correlate with the presence of late (p=0.886)

or early (p=0.688) MVO.

Predictors of end diastolic volume change

Resting infarct region MBF correlated best with EDV change compared to the extent
of late MVO and early MVO (r=-0.618, -0.5 and -0.515 respectively). Stress infarct
region MBF (p=0.169) and infarct region MBF difference (p= 0.685) did not
correlate with EDV change. Maximal LGE correlated with EDV change (r=-0.32,
p=0.044). When evaluating angiographic parameters of MVVO both TMPG (p= 0.431)

and MBG (p=0.984) did not correlate with EDV change.

Predictors of wall motion score index at 90 days follow up

The extent of late MVVO correlated best with WMSI at 90 days compared to the extent
of early MVO, stress infarct region MBF, resting infarct region MBF and infarct
region MBF difference (r=-0.822, r= 0.641, r =-0.651, r=-0.474 and r=-0.445
respectively). Maximal LGE correlated with WMSI at 90 days (r = 0.549, p<0.001).
When evaluating angiographic parameters of MVO, TMPG (p=0.048) but not MBG

(p=0.313) correlated with WMSI at 90 days.

Predictors of LVEF at 90 days follow up
The extent of late MVVO correlated best with LVEF at 90 days compared to the extent
of early MVO, stress infarct region MBF, infarct region MBF difference and resting

infarct region MBF (r=-0.754, r=-0.595, r = 0.595, r= 0.431 and r=0.345
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respectively). Infarct mass at baseline also correlated with LVEF at 90 days (r= -
0.384). Maximal LGE score correlated with ejection fraction at day 90 (r=-0.431,
p=0.006) When evaluating angiographic parameters of MVO, TMPG (p=0.002) but
not MBG (p=0.115) correlated with LVEF at 90 days. On univariate linear regression,
extent of late MVO (B=-0.68) and stress infarct region MBF (= 0.492) were better
predictors of LVEF at 90 days compared to TMPG (B= -0.486). On multiple linear
regression, extent of late MVO was the strongest predictor of LVEF at 90 days
(p=0.016), independent of infarct mass and other assessments of microvascular injury
(Table 2). On post-hoc analysis utilising likelihood ratio test, the addition of ‘Stress
infarct region MBF’ to late MVO significantly improved the prediction of LVEF at 90

days (chi-square (1) = 6.20, p = 0.013).

Discussion

This study is the first to directly compare both CMR (including stress and resting
infarct region MBF) and angiographic derived indices of MVO to assess which is best
to predict the surrogate marker of LVEF 90 days post STEMI. The main outcome was

that CMR derived late MVO was the strongest predictor of LVEF at 90 days.

Angiographic Assessment Of Microvascular Obstruction

Despite improvement in reperfusion strategies, patients who experience microvascular
dysfunction following STEMI continue to have a poor clinical outcome. The “time
dependent open artery and open microvascular hypothesis” represents a paradigm
shift in the treatment of STEMI, which is now targeted to restoring and maintaining

myocardial tissue perfusion [28]. Restoration of myocardial perfusion can be assessed
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angiographically by two main techniques; TIMI myocardial perfusion grade (TMPG)
and myocardial blush grade (MBG). Gibson et al. showed that independent of flow in
the epicardial artery and other covariates such as age, blood pressure, and heart rate,
TMPG was a strong predictor of mortality in acute STEMI at 2 years [7]. Meanwhile,
Appelbaum et al. showed that post-PCI TMPG correlated with CMR measures of
MVO and infarct size [29]. This is consistent with the finding of our study showing
correlation between TMPG and all CMR measures of MVO including stress infarct
region MBF. Furthermore our study found no relationship between MBG and the
CMR derived assessments of MVO studied, including stress and rest infarct region
MBF. This finding is consistent with several other recent studies which have called
into question MBG’s correlation with microvascular obstruction in context of

myocardial infarction [12].

Infarct Region MBF

To the best of our knowledge, this is the first study reporting the use of quantitative
CMR perfusion imaging to evaluate stress and resting MBF within the infarct region
and evaluate its predictive impact on LVEF at follow up. Using quantitative CMR
perfusion imaging, this study shows that stress and resting infarct region MBF
correlated with the extent of early MVO, late MVO and LVEF at 90 days. The utility
of quantitative CMR perfusion imaging to assess resting regional MBF has previously
been described [15]. Selvanayagam et al, utilising this methodology, demonstrated
that resting MBF is abnormal within hibernating myocardial segments supplied by
severely stenosed coronary arteries. The methodology from this study formed the
template for our study. The findings from our MBF assessment showed that

hyperaemia induced by adenosine resulted in higher infarct region MBF at stress
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compared to rest (24.3 + 10.1 vs 14.8 + 5.1 ml-min™ g ™). In addition, stress infarct
region MBF had stronger correlation with the extent of early (r=-0.748 vs r = -0.524)
and late MVO (r =-0.682 vs r = -0.46) than resting infarct region MBF. Furthermore,
we found that the addition of stress infarct region MBF to late MVO has incremental
benefit in predicting LVEF at 90 days. This would infer that dynamic microvascular
integrity does play a role in the healing process of the left ventricle post myocardial
infarction. While many studies to date have evaluated the effects of fixed
microvascular obstruction (ie. late MVO) on left ventricular function post Ml [14,3],
we can find no evidence to date to support the microvascular dynamic function
impacts on this measure. As this finding was not independently predictive of LVEF
on multivariate analysis, it is possible that the ‘landscape’ of microvascular function
in the infarct area is largely overwhelmed by fixed structural abnormality when
evaluating the impact on myocardial function at 90 days. Interestingly while the
adenosine responses in our infarcted area were severely reduced (ie. only 80%
increase, where previous studies report a three to fivefold increase in MBF in non-
infarcted regions) [30], it is possible that this measure of dynamic function may play a
more prominent role in predicting long term left ventricular systolic function in
situations where less fixed structural microvascular damage (ie. smaller myocardial
damage) is seen. We find this novel observation extremely intriguing and worthy of

further studies.

Microvascular Obstruction
There has been active debate regarding the relative superiority of either MVVO
measure. Previous studies by Lund et al. and Nijveldt et al. have found differences in

sensitivity between first pass and late gadolinium enhancement for quantification of
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MVO [31,12]. It is however generally accepted that late MVO is less sensitive than
early MVO because small ‘no-reflow’ zones become rapidly enhanced owing to
diffusion of the extracellular contrast medium from surrounding regions without
impaired microvasculature. Whereas late MVVO might therefore be more specific as it
reflects regions of ‘true’ no-reflow in contrast to early MVO, which represent areas
with minimal residual blood flow. The interpretation that late MVO reflects areas of a
more severely disturbed microcirculation is supported by the finding of a recent study
by de Waha et al who found that the presence of late MVVO was not only a better
predictor than early MVO but was also the strongest independent predictor for the
occurrence of death, non-fatal myocardial re-infarction and congestive heart failure
after STEMI [14]. Our study finding that the extent of late MVVO was a superior

predictor of LVEF at follow-up (than early MVO) is therefore in agreement.

Predictors of LVEF 90 days post-Primary PCI

The present study directly compared the angiographic, gadolinium-enhanced CMR
characteristics of MVO (early and late MVVO) and the novel quantitative CMR
perfusion imaging (stress and resting infarct region MBF) and their predictive value
upon LVEF at 90 days. We showed that the extent of late MVVO was a better predictor
of LVEF at 90 days than the two angiographic assessments of MVO; TMPG and
MBG. One possible explanation of why late MVO assessment on CMR is a better
predictor of LVEF at 90 days compared to angiographic assessment is that MVO
continues to evolve over the hours and days following STEMI meaning an assessment
made angiographically immediately after reperfusion may lack accuracy [32]. Stress

and resting infarct region MBF correlated with early and late MVO as well as
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predicted LVEF at 90 days on univariate analysis. However on multivariate analysis,
late MVVO was the best independent predictor of LVEF at 90 days.

Finally, the findings of this study suggest that late MVO is an early predictor of
adverse left ventricular function after STEMI. This may become relevant in the
clinical setting as late MVVO could be a future early index used to assess the utility of
novel therapies beyond current standard of care post acute myocardial infarction, in

this high risk group.

Limitations

The number of patients in the present study was relatively small which may limit the
interpretation of multivariate analysis. This study was also not powered to compare
the predictive value of the angiographic and CMR parameters for evaluation of MVVO
with clinical end-points. We used LVEF at 90 days as a marker of left ventricular
function rather than change from baseline as LVEFs on CMR prior to STEMI were
unavailable. The predictive value of early MVVO may have been hampered by the
incomplete left ventricular coverage by first-pass perfusion. We utilised 3 short axis
slices as previously described by Yan et al [13]. Further studies are required to
determine whether the new accelerated k-t SENSE first-pass perfusion described by
Mather et al which allows full left ventricular coverage improves the predictive value
of early MVO [33]. MBF analysis was undertaken on a segment by segment basis
with myocardial segments assigned based on coronary territory. Despite correction for
dominant circulation, the distribution of myocardial segments based on coronary

artery territories varies between individuals. Hence the infarct region MBF may have
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included the MBF values of non-infarcted segments, which might dilute its predictive

accuracy.

Conclusion

Quantitative CMR perfusion assessment of resting and stress infarct region
myocardial blood flow correlates strongly with left ventricular function 90 days post-
primary PCl. TMPG (but not MBG) also correlated with the presence as well as
extent of early and late MVVO. However, of all the characteristics of microvascular
injury studied, CMR-derived extent of late MVVO was the strongest predictor of LVEF

at 90 days following STEMI.
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Table 1 — Patient Characteristics and Angiographic Data

Variable
Demographics
Age (years)
Gender (M/F)
Diabetes
Hypertension
Hypercholesterolaemia
Prior MI
Discharge Medications
Aspirin
Clopidogrel
Beta blocker
Statin
ACE inhibitor

Infarct location
Anterior
Inferior
Inferoposterior
Lateral

Procedural Data
Abciximab
Thrombectomy catheter
Pre-PCI TIMI Flow
Post-PCI TIMI Flow
Pain to balloon time
Door to balloon time

TIMI myocardial perfusion grade post —PCI
0-1
2-3
Myocardial blush grade post-PCI
0-1
2-3

21

Total (n=40)

58 +12
34/6

5 (13%)

16 (40%)

13 (33%)

4 (10%)

40 (100%)
40 (100%)
35 (88%)
39 (97%)
38 (94%)

16 (40%)

16 (40%)
6 (15%)
2 (5%)

37 (93%)
13 (33%)
0.7x1
29+£03
188 (138, 241)
87 (40, 99)

26 (65%)
14 (35%)

35 (88%)
5(12%)



Table 2 - Univariable and Multivariable Linear Regression Analysis for the

Prediction of Ejection Fraction At 90 days

Variable
Extent of Late MVO
Extent of Early MVO
Stress Infarct Region MBF
Resting Infarct Region MBF
Infarct Mass
Impaired TMPG
Impaired MBG

LVEF at 90 days
Univariable Multivariable
B p value B p value

-0.68 <0.001 -0.648 0.016
-0.366 0.051 - 0.772
0.492 0.005 - 0.698
0.385 0.023 - 0.739
-0.313 0.049 - 0.973
-0.486 0.002 - 0.405
-0.206 0.203 - -
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Figure 1 — Comparison of myocardial blood flow (MBF) in the infarct and non
infarct region. a) Late gadolinium enhancement image showing scar and
microvascular obstruction area (highlighted in yellow) in the inferior and inferolateral
region. b) First pass perfusion image showing segmentation of a short axis slice into 6
segments. ¢) Myocardial (green and white) and blood pool (red) signal intensity
versus time curves at stress. Stress infarct region MBF (white) is lower than the stress
non infarct region MBF. d) Signal intensity versus time curves at rest. The MBF at
rest is lower than at stress. Resting infarct region MBF (white) is lower than the

resting non infarct region MBF (green).
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Figure 2 - Diagrams show segments assigned to vascular regions. On every section,
segments 6, 1, and 2 were assigned to the left anterior descending artery (LAD);
segments 2, 3, and 4, to the circumflex artery (CFX); and segments 4 and 5, to the

right coronary artery (RCA).
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Figure 3 - A) Late gadolinium enhancement image on cardiac MRI showing regions
of myocardial necrosis (white) and microvascular obstruction area ‘late MVO’ (black
blood lakes within myocardial necrosis, highlighted in orange and purple). B) First

pass perfusion imaging on cardiac MRI showing microvascular obstruction area ‘early

MVO?’, highlighted in orange.
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