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Angiographic Predictors of Viability
During Intervention for a ST Elevation
Myocardial Infarction

Suhaib Al-Maashari,' Yasir Al-Malki,' Hatim Al Lawati,> Adil Al-Riyami,* *Sunil K Nadar?

ABSTRACT: Objectives: This study aimed to identify angiographic features that would predict myocardial viability
after coronary intervention for ST elevation myocardial infarction (STEMI). Methods: This retrospective study
included patients who attended Sultan Qaboos University Hospital, Muscat, Oman, between January and December
2019 with a STEMI. Results: A total of 72 patients (61 male; mean age = 54.9 + 12.7 years) were included in the study;
11 patients had evidence of non-viability on echocardiography. There were 13 patients with viable myocardium and
3 with non-viable myocardium who had a myocardial blush grade (MBG) of 2 or lower. Similarly, 10 patients with
viability and 1 with non-viable myocardium had thrombolysis in myocardial infarction (TIMI) flow of 2 or lower in the
infarct related artery (IRA). However, none of these were statistically significant. The TIMI flow in the IRA at the end
of the procedure correlated with the MBG. Conclusion: There were no clear angiographic features during primary

angioplasty that could predict myocardial viability.
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HE PHRASE “TIME IS MUSCLE” IS OFTEN-QUOTED

during the management of a ST elevation

myocardial infarction (STEMI) to emphasise
the need for timely reperfusion and restoration of flow
in the occluded artery.! Studies have demonstrated
that rapid restoration of flow in the occluded artery,
either by thrombolysis or by primary percutaneous
coronary intervention (PPCI), is associated with lesser
myocardial damage, resulting in improved mortality
and morbidity and decreased incidence of long term
complications such as heart failure and ventricular
arrhythmias.” Restoration of brisk flow (thrombolysis
in myocardial infarction [TIMI]-3 flow) in the infarct
related artery (IRA) has been previously demonstrated
to be associated with good long-term prognosis
following a STEMI?**

Studies have conclusively demonstrated that
PPClis better than thrombolysis in restoring epicardial
flow with more than 95% of patients achieving TIMI
2-3 flow compared to 60—-80% with thrombolysis.>
However, studies have also demonstrated that although
a commonly accepted indicator of reperfusion, brisk
flow in an epicardial vessel might not always be
associated with myocardial viability as flow in the
epicardial vessel does not always reflect flow at the
microvasculature or perfusion at the cellular level >
For late presenters, irreversible damage might have
already been done and restoring flow does not restore
myocardial viability or improve mortality.* Even for
those where the artery is opened within the guideline-
recommended time frame, the myocardium might

have been rendered non-viable due to other factors.
The IRA in a STEMI is occluded with thrombus and
although routine aspiration of the thrombus during
the PPCI has not been demonstrated to be useful in
preserving myocardium or improving prognosis, it is
inevitable that during the coronary intervention, some
of the thrombus can embolise downstream and block
the microvasculature.'>™

One potential way to assess flow in the
microvasculature is by the myocardial blush grade
(MBG) which is the presence of contrast in the
myocardium.”® MBG has been found to be a
predictor (independent of the TIMI flow in the vessel)
of both in-hospital and long-term mortality in patients
with STEMI who underwent primary angioplasty.16
It is a qualitative visual assessment of the amount
of contrast medium filling a territory supplied by
an epicardial coronary artery and correlates with
tissue perfusion and microvascular patency. This is a
variable that is often noticed by the operator, but not
routinely commented on or documented. Similarly,
the slow-flow, no-reflow phenomenon can also reflect
poor myocardial perfusion as can sluggish flow (less
than TIMI 2 flow) in the IRA.**'” There is limited and
largely conflicting data corelating these angiographic
findings and myocardial viability.'”'®

Assessment of these findings during a PPCI
procedure is important and could guide the operator
to optimise angiographic reperfusion end points,
which could be a surrogate of myocardial viability.
This study aimed to assess the different angiographic
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findings at the time of a PPCI and examine whether
any of these features, especially the MBG, predict
myocardial viability after reperfusion.

Methods

This retrospective study included all patients who

attended Sultan Qaboos University Hospital, Muscat,
Oman, between January and December 2019 with
a STEML Patients were included in the study if full
data on pre- and post-angiography electrocardiogram
(ECQG) and post procedure echocardiogram to assess
viability were available. Those who did not have a full
set of investigations and patients who were transferred
from other institutions where information was
incomplete were excluded.

The angiograms were assessed for target vessel
intervention, the TIMI flow in the culprit vessel before
and after intervention and the TIMI blush score along
with the presence or absence of collaterals to the IRA
prior to intervention. The angiograms were assessed
independently by 2 trained operators. Where there
was a discrepancy, a third operator assessed the data,
blinded to the values of the other 2 operators. Where a
discrepancy still persisted, all 3 operators assessed the
angiograms together to come to a consensus.

The TIMI flow in the culprit vessel was classified
as described previously.” TIMI 0 flow indicates
complete occlusion of the vessel with no flow; TIMI
1 flow is slow flow within the vessel with the contrast
failing to opacify of the distal end of the vessel; TIMI
2 flow is sluggish flow in the vessel with contrast
opacifying the distal vessel but at a rate much slower
than that of other corresponding vessels; and TIMI 3
flow indicates brisk flow in the vessel with complete
opacification of the distal bed at a rate similar to other
comparable vascular beds.

The MBG was scored as described earlier.”® MBG
of 0 signifies no contrast entering the myocardial
microvasculature; MPG of 1 suggests slow entry of
contrast into the microvasculature, but it does not
get washed away and persists even into the next set
of images; and MPG of 2 represents delayed entry and
exit of contrast from the microvasculature. There is
delayed entry, and the intensity of contrast persists to
more than 3 cardiac cycles from entry but is washed
away before the next set of images. Lastly, a MPG of
3 represents brisk entry and exit of contrast from the
microvasculature. The contrast enters briskly and the
intensity quickly fades to complete washout within 3
cardiac cycles from the time of entry of the contrast
into the microvasculature.

The presence of collaterals was defined by
the Rentrop classification.” Grade O represents no
collaterals; Grade 1 represents filling of just the side
branch of the recipient artery without filling of the
main epicardial artery; Grade 2 is partial filling of
the main epicardial recipient artery; and Grade 3 is
complete filling of the main epicardial recipient artery.

Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS),
Version 221 (IBM Corp., Armonk, New York, USA).
The data are represented using percentages and mean
+ standard deviation or median (interquartile range).
Analysis was performed using Chi-square test and
bivariate analysis. Cohens Kappa was used to assess
the level of agreement between the 2 investigators.
For the binary regression analysis, presence of viability
was the outcome and other angiographic features were
used as the predicting variables. A P value of less than
0.05 was considered statistically significant.

Ethical
commencing the study.

approval was obtained prior to

Results

A total of 110 patients (89 male and 21 female; mean age
=55.8 + 12.1 years) were identified as having presented
with a STEMI during the study period. Of these, 72
patients (61 male; mean age = 54.9 + 12.7 years) had
the complete data set which was used in the analysis.
Evidence of akinesia of the target left ventricular (LV)
wall on echocardiography was found in 11 patients
and was considered to have non-viable myocardium.
The remaining 61 patients had either normal wall
motion or hypokinesia suggesting viability. All patients
received loading dose of acetylsalicylic acid (300 mg)
and clopidogrel (600 mg) prior to the procedure. None
of the patients in this study received a glycoprotein
IIb/Illa inhibitor. There was no difference between
the 2 groups in terms of cardiovascular risk factors,
location of M, pain to balloon time or resolution of
ST elevation or presence of Q waves on ECG [Table 1].
Interestingly, all patients with non-viable myocardium
had Q waves on their ECG, as well as a high proportion
of those with viable myocardium had Q waves (100%
versus 81.9%; P = 0.22)

Table 2 shows the angiographic correlates of these
patients with viability on echocardiography. A Cohens
Kappa of 0.80 (P <0.001) was observed for assessing the
TIMI flow in the IRA (95% agreement in first reading)
and a kappa of 0.56 (P = 0.02) for the MBG score
(85% agreement in first reading). Although there was
good agreement in assessing both parameters by the
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Table 1: Baseline characteristics of the patients (N = 72)

Characteristic

No akinesia on echo (n = 61)
Age in years + SD 55 %12
Sex
Male 51 (83.6)
Female 10 (16.4)
Diabetes 25 (40.9)
Hypertension 31 (50.8)
Dyslipidaemia 20 (32.7)
Smoker 17 (27.8)
Location of STEMI
Anterior 13 (21.3)
Inferior/inferoposterior 35 (57.3)
Lateral 13 (21.3)

Pain to balloon time in minutes

50% resolution of ST segment 47 (77.1)

Q waves on ECG post-procedure 50 (81.9)

Peak troponin 2593 (1321-5076)
Peak creatinine 82 (67-99)
Lowest GFR + SD 75+ 19

230 (165-318)

n (%) P value

Akinesia on echo (n =11)

47 £ 10 0.04*
0.53
10 (90.9)
1(8.9)
7 (63.6) 0.16
6 (54.5) 0.052
3(27.2) 0.052
3(27.2) 0.96
0.08
5 (45.4)
2(18.1)
4(36.3)
285 (153-442) 0.60¢
9(81.8) 0.53
11 (100) 0.22
3590 (2955-6387) 0.06+
73 (67-84) 0.30%
83+ 11 0.17*

SD = standard deviation; STEMI = ST segment elevation myocardial infarction; ECG = electrocardiogram; GER = glomerular filtration rate.

“Using students t-test. 'Using Mann-Whitney test.

2 investigators, these findings show greater consensus
for the assessment of TIMI flow rather than the MBG.
There was no difference between the 2 groups in terms
of TIMI flow in the IRA pre- or post-PCI, or even
the MBG, or the presence or absence of collaterals
on presentation. None of the angiographic features
could predict the presence of viable myocardium on
echocardiography. Although 7 of the 61 patients with
TIMI 2 flow or greater in the vessel post intervention
had a MBG of 2 or less, there was however a significant
corelation between the TIMI flow in the vessel at the
end of the procedure and the MBG (fishers exact test:
P <0.001). Binary regression analysis was performed
using viability on echocardiogram as the dependent
variable. All other angiographic and clinical features
were used as the independent variables. None of the
independent variables were predictive of myocardial
viability.

Discussion

Preserving myocardial viability is the main outcome
desired of timely intervention in PPCI. The aim of the
cardiac interventionalist therefore, is to achieve an
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optimal angiographic appearance post-intervention
that would increase the likelihood of myocardial
viability. These include getting an optimal result in
the occluded vessel and achieving TIMI 3 flow in the
IRA.# If there were additional factors that could be
identified on the angiogram that could predict better
long term outcomes, the interventionalist would aim
to achieve these optimal features.

The current study found that clinical factors
such as cardiovascular risk factors and the ischaemic
time (pain to balloon time) did not predict viability.
It is well documented that the longer the delays in
revascularisation, the higher the chance of complete
myocardial necrosis and non-viability.! However, the
documented ischaemic times are often unreliable as
the patient might have ignored the pains or delayed
seeking medical advice and recollection of the onset of
pain has been demonstrated to be inaccurate. -

This study also demonstrated that there are no
angiographic features that would predict viability
post-intervention. Presence of flow greater than TIMI
2 on the first angiographic image has previously been
shown to be associated with improved prognosis
and viability and referred to as an aborted STEML*
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Table 2: Angiographic findings of the included patients (N = 72)

Finding

No akinesia in infarct territory (n = 61)
Culprit vessel
LAD 23 (37.7)
Circumflex 12 (19.6)
RCA 22 (36.1)
Diagonal 3(4.9)
SVG 1(1.6)
TIMI flow in IRA pre- PCI
0 43 (70.4)
1 4(6.5)
2 4(6.5)
8 9(14.7)
TIMI flow pre-PCI >2 13 (21.2)
TIMI flow in IRA post-PCI
0 0
1 0
2 10 (16.4)
3 51 (83.6)
MBG post-PCI
0 1(1.6)
1 2(3.2)
2 10 (16.4)
13) 48 (70.4)
MBG of 2 or 3 58 (86.8)
Presence of collaterals 18 (29.5)
Collateral grade
0 43 (70.4)
1 9(14.7)
2 5(8.1)
3 4(6.5)

n (%) P value*
Akinesia in infarct territory (n = 11)
0.11
9(81.8)
1(8.9)
1(8.9)

0

0.6

3(27) 0.3

0.53

0
1(8.1)
10 (91.9)
0.8
0
1(8.2)
2(18.1)
8 (72.7)
10(90.8) 0.58
2(18.1) 0.44
077
9 (81.8)
1(89)
1(8.9)

0

LAD = left anterior descending artery; RCA = right coronary artery; SVG = saphenous vein graft; TIMI = thrombolysis in myocardial infarction; IRA
= infarct related artery; PCI = percutaneous coronary intervention; MBG = myocardial blush grade.

*Using Chi-squared test.

However in the current study, there was no difference
between the groups.

The MBG has been assessed previously with
regards to myocardial viability. Bertomeu-Gonzalez et
al. demonstrated only a very weak corelation between
the MBG and perfusion and LV function in patients
who had been thrombolysed for their STEMI.*
Kampinga et al. studied the prognostic value of

MBG as scored by the operator during PPCI in 2,118
consecutive patients with STEMI. They found a strong
corelation between the MBG at the end of the PPCI
procedure and mortality and they recommended that
MBG be documented at the end of each procedure.18
They however did not correlate this with myocardial
viability. Similarly, Henriques et al. also found a strong
correlation between an MBG of greater than 2 with
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improved mortality and long-term outcomes in
their study on 924 patients. They demonstrated that
approximately 1 in 10 patients with TIMI 3 flow in
the IRA had MBG of 0 or 1 and these patients had
a worse long term prognosis and lower LV ejection
fraction.16 However, the current study could not
find any corelation between higher MBG grades and
viability, although patients were not followed-up to
assess outcomes.

Medications given during the procedure as well
as during follow-up can affect myocardial viability.
Locuratolo et al. followed-up 2,476 patients after an
acute coronary syndrome and demonstrated clearly
that good medical therapy in the acute phase and
during follow-up is associated with good outcomes.”
The role of antiplatelet therapy in improving hospital
outcomes and long term morbidity and mortality
are well known and recommended by all major
guidelines.” The newer antiplatelets such as ticagrelor
and prasgrel have been demonstrated to improve
myocardial microcirculation after infarction and limit
infarct size.®®* In the current study, all patients were
given dual antiplatelet therapy prior to the procedure.
None of the patients were given a glycoprotein IIb/IIla
inhibitor. Hence, it was not possible to assess the effect
of medications on viability.

It was previously demonstrated that the presence
of collaterals in patients with STEMI does not indicate
viability in case of a chronic occlusion.® In this study
as well, it was found that the presence of collaterals
prior to the procedure did not indicate or predict
viability. The current study highlights that myocardial
viability is the result of a complex interaction between
various factors and there was no single factor that
the authors could identify on angiography that could
predict viability.

The retrospective nature of this study was
the main limitation as the authors had to rely on
recorded information from the case notes for the
clinical information. Prospective data on the long
term outcomes of the patients as well as follow up
echocardiography to see if there was any improvement
in wall motion abnormalities was not available. This
study relied on akinesia on echocardiography to
diagnose non-viability rather than viability tests.
The authors did not have nuclear scans or magnetic
resonance imaging to look for definitive signs of
infarction and loss of viability. The sample size was
small which could also have influenced the results.

Conclusions

There are no definite angiographic features during a
PPCI that can predict viability. Despite this, however,
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every effort should be made to achieve optimal end
result at the end of an intervention for STEML
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