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THESISSUMMARY

In this thesis, our aims were to address some specific novel areas
advancing the utility of cardiac magnetic resonance (CMR) imaging in three
major areas of interest. These areas included the utility of CMR early after
STEMI, assessment of infarct size and microvascular obstruction post ST-
segment elevation myocardial infarction (STEMI) by CMR and ‘in-lab’

predictors of ‘no-reflow’ phenomenon.

The introduction of this thesis included 3 review articles. The first
review article summarised the evolution of treatment strategies for STEMI
over the last few decades. In our second review article, we reviewed the role of
CMR after acute myocardial infarction. We highlighted the potential of CMR
in offering the prospect of performing a ‘triple vital assessment’ of left
ventricular remodelling, ischemia in the non-culprit territory and myocardial
viability after acute myocardial infarction. In our third review article, we
reviewed the ‘no-reflow’ phenomenon. In this review article, we summarised

the diagnosis, pathophysiology and treatment of the ‘no-reflow’ phenomenon.

In our results section, we included five original articles. In our first
original article, we set out to determine the safety and utility of adenosine
stress CMR post STEMI. As up to 40% of patients presenting with STEMI
have multivessel disease, it is important to have a safe and accurate assessment

of non culprit territory stenosis. Visual assessment of adenosine stress CMR is
4



routine clinical practice. However, the semi-quantitative assessment of
adenosine stress CMR based on myocardial perfusion reserve index (MPRI)
has never been tested in patients post STEMI. We found that adenosine stress
CMR allowed accurate detection of non-culprit territory stenosis in patients
successfully treated with primary percutaneous intervention post STEMI. We
also found that semi-quantitative analysis may be required for improved

accuracy.

In our second original article, we continued to assess the utility of
CMR early after STEMI. We addressed the ongoing debate about which is the
best method for quantifying microvascular obstruction (MVO) on CMR. The
established methodology of first pass perfusion technique (early MVO) has
previously been compared to the late gadolinium enhancement technique (late
MVO). Nonetheless these methods were never compared against the semi-
quantitative assessment of resting and stress myocardial blood flow in the
infarct region. We found that of all the characteristics of microvascular injury
studied, CMR-derived extent of late MVO was the strongest predictor of
LVEF at 90 days following STEMI. We also reported for the first time that
quantitative CMR perfusion assessment of resting and stress infarct region
myocardial blood flow correlates strongly with left ventricular function 90

days post-primary PCI.

In our third original article we sort to validate a simple and novel ‘in-
lab’ tool, intracoronary-ECG as an accurate predictor of myocardial injury. We
aimed to define the most robust and accurate method for defining ST-segment

resolution on intracoronary-ECG (IC-ECG). Previous studies have used



different cut-offs such as >1mm, >50% and > 2mm to define ST-segment
resolution on intracoronary ECG. However no studies have compared the
different cut-offs against infarct size evaluated on cardiac MRI. To achieve this
in our study, we assessed 4 different methodologies for defining ST-segment
resolution on IC-ECG at 2 time points during primary-PCI. We then assessed
scar mass and left ventricular function on CMR. Myocardial injury was
assessed by biochemical analysis (peak CK) and CMR. The primary end-point
of this study was infarct size on CMR. We found that the degree of early
intracoronary ST-segment resolution (defined by IC-STR > 1-mm or <30%)
successfully predicts myocardial damage following primary angioplasty for an

acute STEMI.

Having established our technique and the most accurate method to
define ST-segment resolution on IC-ECG, we then sort to compare IC-ECG
with other established angiographic assessments of ‘no-reflow’ such as TIMI
myocardial perfusion grade (TMPG) and myocardial blush grade (MBG) for
assessment of microvascular obstruction (MVO). Previous studies have
reported the correlation between TMPG and MBG with MVO. However no
studies have compared the three ‘in-lab’ predictors of microvascular
obstruction. In our study, we found that intracoronary-ST-segment resolution
is a strong ‘in-lab’ predictor of MVO assessed 4 days after STEMI on CMR.
Furthermore, IC-STR correlates with infarct size and left ventricular

remodelling at 3 months.

In our fifth and last original research chapter, we assessed the

hypothesis that CMR utilising grid-tag myocardial strain evaluation and late



gadolinium enhancement can characterise peri-infarct left ventricular
dysfunction and identify patients at risk of ventricular arrhythmia. As previous
studies have demonstrated that re-entrant ventricular tachycardia commonly
originates from the peri-infarct region which may precipitate cardiac arrest,
identification of these regions by CMR would provide incremental prognostic
value beyond left ventricular volume or ejection fraction. In addition, we also
sort to determine the effect of MVO and transmurality of scar mass on regional
systolic and diastolic strain. We found that grid-tagged CMR-derived
myocardial strain accurately characterises the mechanical characteristics of
‘border zone’ peri-infarct region. The presence of ‘border zone’ peri-infarct
region was strongly associated with a recognised surrogate marker of

heightened risk of ventricular arrhythmia.

Thus, in summary, we have confirmed the utility of CMR after acute
myocardial infarction. We also confirmed the best methodology for
quantification of MVO on CMR and correlated this with ‘in-lab’ predictors of
MVO. In addition, we established the best criterion for defining ST-segment
resolution on IC-ECG and correlated this criterion with MVO. The potential
utility of this simple and novel ‘in-lab’ predictor of MVO requires further
evaluation in future studies. Specifically, the work in this thesis has led to
enthusiasm utilising ‘in-lab’ predictors for early identification of patients at
high risk of ‘no-reflow’ during primary-PCI to potentially investigate future

adjunctive therapies.
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successfully treated with primary percutaneous intervention post STEMI. We
also found that semi-quantitative analysis may be required for improved

accuracy.

In our second original article, we continued to assess the utility of
CMR cearly after STEMI. We addressed the ongoing debate about which is the
best method for quantifying microvascular obstruction (MVO) on CMR. The
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MVO). Nonetheless these methods were never compared against the semi-
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resolution on IC-ECG at 2 time points during primary-PCI. We then assessed
scar mass and left ventricular function on CMR. Myocardial injury was
assessed by biochemical analysis (peak CK) and CMR. The primary end-point
of this study was infarct size on CMR. We found that the degree of early
intracoronary ST-segment resolution (defined by IC-STR > 1-mm or <30%)
successfully predicts myocardial damage following primary angioplasty for an

acute STEMI.

Having established our technique and the most accurate method to
define ST-segment resolution on IC-ECG, we then sort to compare IC-ECG
with other established angiographic assessments of ‘no-reflow’ such as TIMI
myocardial perfusion grade (TMPG) and myocardial blush grade (MBG) for
assessment of microvascular obstruction (MVO). Previous studies have
reported the correlation between TMPG and MBG with MVO. However no
studies have compared the three ‘in-lab’ predictors of microvascular
obstruction. In our study, we found that intracoronary-ST-segment resolution
is a strong ‘in-lab’ predictor of MVO assessed 4 days after STEMI on CMR.
Furthermore, IC-STR correlates with infarct size and left ventricular

remodelling at 3 months.

In our fifth and last original research chapter, we assessed the
hypothesis that CMR utilising grid-tag myocardial strain evaluation and late
gadolinium enhancement can characterise peri-infarct left ventricular
dysfunction and identify patients at risk of ventricular arrhythmia. As previous
studies have demonstrated that re-entrant ventricular tachycardia commonly
originates from the peri-infarct region which may precipitate cardiac arrest,
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identification of these regions by CMR would provide incremental prognostic
value beyond left ventricular volume or ejection fraction. In addition, we also
sort to determine the effect of MVO and transmurality of scar mass on regional
systolic and diastolic strain. We found that grid-tagged CMR-derived
myocardial strain accurately characterises the mechanical characteristics of
‘border zone’ peri-infarct region. The presence of ‘border zone’ peri-infarct
region was strongly associated with a recognised surrogate marker of

heightened risk of ventricular arrhythmia.

Thus, in summary, we have confirmed the utility of CMR after acute
myocardial infarction. We also confirmed the best methodology for
quantification of MVO on CMR and correlated this with ‘in-lab’ predictors of
MVO. In addition, we established the best criterion for defining ST-segment
resolution on IC-ECG and correlated this criterion with MVO. The potential
utility of this simple and novel ‘in-lab’ predictor of MVO requires further
evaluation in future studies. Specifically, the work in this thesis has led to
enthusiasm utilising ‘in-lab’ predictors for early identification of patients at
high risk of ‘no-reflow’ during primary-PCI to potentially investigate future

adjunctive therapies.
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