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ABSTRACT:

COMPUTER-ASSISTED ASSESSMENT OF MICROCIRCULATION AND LONG-
TERM PROGNOSIS OF PATIENTS SUFFERING FROM ACUTE CORONARY
SYNDROME

Introduction

Coronary artery disease, mainly represented by acute coronary syndromes, is a high-
prevalence disease. While primary angioplasty has improved patient's prognosis, the
morbidity remains significant. Indeed, despite good revascularization of a culprit artery,
microvascular obstruction may subsist, leading to poor myocardial reperfusion and long-term
heart failure.

Various methods for microcirculation assessment exist, with their own benefits and
limitations.

In our study, we propose to use the QUBE program, an existing computer software, to obtain a
quantitative analysis of microvascular damage.

Methods and Results

From 2016 to 2018, 52 patients admitted at Grenoble Alpes University Hospital or at the
Annecy-Genevois Hospital for acute coronary syndrome were included in the Guardiancory
study. Patient's coronary angiograms were collected at and the QUBE score was performed on
the culprit artery before and after angioplasty.

Fifty angiograms before and after angioplasty was determined. We found that QUBE post-PCI
is highly correlated with LVEF at 6 months (p=0.005), whereas other variables like post-
angioplasty TIMI flow score, post-angioplasty blush grade score, or the index of
microcirculatory resistance are not.

Conclusions

A quantitative analysis of the blush, through the QUBE program, allows better stratification of
patient exposure. Indeed, lower QUBE score is related to a reduced 6-month LVEF.

Our study confirms the previous one and shows that QUBE program is an easy to use and
reliable method to assess myocardial reperfusion.



RESUME :

EVALUATION DE LA MICROCIRCULATION ASSISTEE PAR LOGICIEL
INFORMATIQUE, ET PRONOSTIC A LONG TERME DES PATIENTS
SOUFFRANT D'UN SYNDROME CORONARIEN AIGU.

Introduction

La maladie coronarienne, dominée par les syndromes coronariens aigus, est une maladie a
forte prévalence. Si I’angioplastie primaire a amélioré le pronostic de ces patients, la
morbidité liée a cette pathologie reste importante. En effet, malgré une bonne
revascularisation de l’artére coupable, il peut persister une obstruction microvasculaire
responsable d’une mauvaise reperfusion myocardique et d’une insuffisance cardiaque a long
terme.

Différentes méthodes d’évaluation de la microcirculation existent a ce jour, chacune avec ses
avantages et ses inconvénients.

Dans notre étude, nous nous proposons d’utiliser un logiciel informatique déja développé,
appelé QuBE, afin d’obtenir une analyse quantitative de 1’atteinte microvasculaire.

Méthodes et Résultats

Entre 2016 et 2018, 52 patients hospitaliseés au centre hospitalo-universitaire de Grenoble ou
au centre hospitaliser Annecy-Genevois pour syndrome coronarien aigu ont été inclus dans
I’étude Guardiancory. Leurs coronarographies ont été analysées de maniére rétrospective a
I’aide du logiciel QuBE, afin d’obtenir un score QuBE avant et aprés angioplastie pour
chaque artére responsable.

Au total, 50 scores QUBE pré et post-angioplastie ont pQt étre déterminés. Nous avons mis en
évidence que la valeur de QUBE post-angioplastie est bien corrélée a la fraction d’éjection
ventriculaire a 6 mois (p=0.005), alors que d’autres valeurs d’analyse de la microcirculation,
telles le score de flux TIMI, le blush score, ou la valeur de I’index de résistance
microcirculatoire ne le sont pas.

Conclusion

L’analyse quantitative du blush, a I’aide du logiciel QuBE, permet une meilleure stratification
de I’atteinte microvasculaire des patients. En effet, un score QuBE plus faible est li¢ a une
réduction de la FEVG a 6 mois.

Cette étude appuie les résultats des études précédemment réalisées avec le logiciel QUBE, et
met en évidence que son utilisation, facilement réalisable, est une méthode d’évaluation de la
reperfusion myocardique fiable.
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fonder une grande famille !

A Juliette et Emma, les deux plus jolies nieces que la terre ait portées.

A mon parrain Patrice, et a la belle legon d’amitié que papa et toi vous incarnez.

A Joélle, Patrice, Céline et Damien, une famille toujours bienveillante.

A Alexis, pour ton soutien sans failles et la confiance que tu me portes. Pour tous les
moments de bonheur que tu m’as apportés ces sept derniéres années, et tous ceux qu’ils nous
restent encore a vivre ensemble.

A Pascal, Jacklyn, et Héloise, et a tous les Malaval, pour m’avoir accueillie dans leur si jolie
famille.

A mes amis

A Betty, ma meilleure amie, ma confidente, ma maquilleuse, ma coiffeuse, ma co-pilote et ma
mono de ski... A Betty encore, le pilier indispensable et infaillible de ma vie.

Au ‘noyau’ des copains : Vincent, Bibu, Camille, Simon, Stanislas, Romain, Florence, Lucas,
pour m’avoir offert de si jolies pauses entre deux révisions.

A Vincent, pour ton sens de la famille et de ’amitié.

A Simon, tu nous manques, tabarnak !

A Bibu, merci de nous régaler encore et encore avec tes week-ends a Chamonix (si on met de
coté ceux ou on mange des courgettes, bien sir !).

A Camille et Romain, car on a un tour du monde de la gastronomie a terminer !

A Stan et Célia, et n’oubliez pas qu’il est bientdt ’heure de rejoindre la team des petits
grenoblois !

A Florence, pour ta gentillesse a toute épreuve.

A Lucas, pour la persévérance que tu as eu de croire en tes réves.

A Paulo et Emilie, les copines de toujours, grace a qui je sais aujourd’hui que le dicton ‘loin
des yeux loin du cceur’ n’est qu’un vilain mensonge !

A Marie-Caroline, qui a rendu ces années d’externat un peu plus douces. Pour ta fagon de voir
les choses, toujours positivement. Pour ton énergie, qui m’a emmenée au Sénégal, en
Ardéche, a Toulon, a Sanary, a Dublin, aux Etats-Unis, mais aussi en haut d’une colline, a
jeun, a 12h30, alors qu’il fait prés de 45 degrés a ’ombre. ..

A Fanny, grace a qui la P1 est ponctuée de jolis souvenirs : pour ta voiture, qui avait besoin
d’une descente a 90 degrés pour redémarrer (sérieux, qui aurait bien pu te la voler ?!), et pour
ces soirées post-concours mémorables ! J’espére que tu trouves a Brest tout le bonheur que tu
mérites.

Et a tous ceux que j’oublie...
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INTRODUCTION

Acute coronary syndromes (ACS), whether ST-segment elevation myocardial infarction
(STEMI) or non-ST-segment elevation myocardial infarction (NSTEMI), remain the clinical
presentation of coronary artery disease with the worst prognosis (1); myocardial involvement
in these forms of clinical presentation is associated with heart failure during the hospital phase
(2) and in the long term (1,3).

Coronary angioplasty is the primary treatment to restore normal epicardial flow in most
patients with ACS (4). However, despite recanalization of the culprit artery, myocardial
perfusion may not be fully recovered, due to microvascular obstruction (MVO) (5,6).This is
associated with a poor prognosis (7) and is a predictor of unfavourable remodelling leading to

heart failure (8).

Microvascular obstruction can be evaluated using different methods, both invasive and non-
invasive (9,10).

One of the invasive techniques, the determination of the index of microcirculatory resistance
(IMR), by using endo-coronary pressure guides and the thermo-dilution principle, is a robust
approach to assess the impairment of coronary microcirculation (11). IMR is one of the
markers most associated with an increased incidence of adverse events following coronary
angioplasty in patients with ACS (12,13). Although this technique appears to be effective, it
remains non-optimal in ACS, as it delays an invasive procedure in potentially unstable
patients.

In terms of non-invasive methods, cardiovascular magnetic resonance imaging (CMR)
represents the most promising approach to MVO analysis (14). The detection of
microcirculatory injury on CMR is associated with an increase in mortality and re-

hospitalization for heart failure at one year (15). But CMR is complimentary to coronary
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angiography and cannot be performed at the same time. Its access is restricted in some
angioplasty centres, and it is often performed only within 48 hours after the infarction.

Finally, both techniques remain imperfect, and discordances have been described between
IMR measurement and MVO analysis in CMR (16).

The myocardial blush grade (MBG) evaluation allows a direct and non-invasive approach of
the microcirculatory damage. It is a coronographic visual analysis of the microvascular
condition (17). The MBG value is, like the persistence of ST-segment elevation, an
independent marker of long-term mortality (18). But this measure is supported by a
qualitative evaluation, which is highly operator-dependent (19).

To obtain a less subjective and more reliable non-invasive assessment, some papers using
computer software for microcirculation testing have been published (20-23), in order to make

the MVVO measurement more quantitative.

In our study, we propose to use again the QUBE program described first in 2008 by
Vogelzang et al. (21). We used the population from the GUARDIANCORY study, a
multicentric study carried out on 52 patients hospitalized for STEMI or NSTEMI and
conducted by the Grenoble University Hospital. We took coronary angiography images and
applied the QuBE software to determine the microcirculation status.

Our primary endpoint is to show that the QUBE's measurement of microcirculation is

correlated with long-term prognosis of patients hospitalized for acute coronary syndrome.

13



METHODS

Study population

From December 2016 to June 2018, 52 patients were enrolled in the GUARDIANCORY
study. Patients were hospitalized at Grenoble Alpes University Hospital or at the Annecy-
Genevois Hospital, for a STEMI or a NSTEMI, and had to benefit from an angioplasty on the
culprit lesion within 48 hours after admission. Diagnosis was based on the appearance of a
change in the electrocardiogram in accordance with European recommendations (1).

The first study was designed to demonstrate, by IMR assessment, the value of polyethylene
terephthalate micro thread presents on the MGuard stent to achieve coronary plagque
stabilization and microcirculation protection in patients with ACS. The number of patients to
treat was calculated based on the main endpoint, IMR's achievement of microcirculation.
Using Query Advisor® v7.0, Statistical Solutions, Ireland, it was calculated that a sample of
26 patients per group (52 in total) would be required to demonstrate a 40% improvement of
IMR in the MGuard stent group (compared to BMS/DES stent group) with 80% power. This
was done using a bilateral Student's test with a common standard deviation of 11.4 and an
alpha risk of 5%.

Patients with a history of myocardial infarction or coronary artery bypass grafting, patients
with end-stage renal disease (creatinine clearance <30ml/min), patients allergic to iodine,
patients with contraindications to heparin, isoptin, or antiplatelet agents, pregnant or lactating
women, and all patients who were unable to give consent (including minors) were excluded.

All 52 patients included were randomized centrally using the Clinsight - ENNOV software.
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Catheterization protocol

Coronary angiography was performed radially using 5F or 6F catheters, with the
administration of 5000 IU of heparin and an ampoule of isoptin in the radial artery.
Coronaries were analysed in luminography, using a conventional guide catheter, visually and
in QCA (Quantitative Coronary Analysis). If a coronary lesion was detected, the eligibility
criteria were then checked, especially the thrombotic characteristics of the lesion, and
randomisation was performed in the catheter lab. A significant stenosis responsible for ACS
(NSTEMI or STEMI) was defined by a luminal diameter reduction > 50% with a TIMI
thrombus grade > 3. Culprit lesion was treated with a MGuard or BMS/DES stent, depending
on randomization. The decision to use anti-GPlIbllla and/or thromboaspiration and/or pre-
dilation prior to stenting was at the operator's discretion, but, if necessary, a 1.5 or 2.0mm
balloon diameter was be suggested to minimize the risk of embolization prior to stent
implantation. Post-dilation was at the operator's discretion. Using endocoronary imaging
before or after the angioplasty procedure was at the operator's discretion. Only the culprit
lesion was treated during the procedure. Additional angioplasty on non-culprit lesions was
allowed if necessary.

Before and after angioplasty, TIMI grade flow, and myocardial blush score, were measured of
the culprit artery, and a centralized review was performed by 2 observer-blinded from
randomization group. The IMR measurement was performed on the ACS artery immediately
after angioplasty, after administration of intracoronary nitrates (200 ug) and placement of an
endocoronary guide with a pressure of 0.014 (Saint Jude Medical Systems). Three injections
of 3 ml of heparin sodium solution at room temperature were made into the coronary artery,
and the mean resting transit time (Tmn) was measured. An intravenous infusion of adenosine
(140 pg/kg/min) were then given to induce the state of maximum hyperaemia, and three
further injections of 3 ml at room temperature were given to determine the hyperaemic Tmn.

Simultaneous measurements of mean aortic pressure (Pa, through the coronary catheter) and
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distal coronary pressure (Pd, through the endocoronary pressure guidewire) were also
recorded at rest and during maximal hyperaemia. IMR was calculated as Pd hyperaemic*Tmn

hyperaemic.

Angioplasty equipment

Patients included in the MGuard™ group received a MGuard™ metal stent from Inspire®.
The remaining patients received one of the stents used in standard practice, the choice was left
to the operator's discretion.

Only the use of the endocoronary pressure guidewire combined with adenosine for the
measurement of IMR has been standardised: the endocoronary pressure guidewire chosen was
PressureWire Certus, from Saint Jude Medical Systems, and the adenosine from the SANOFI-

AVENTIS France group was supplied by the hospital pharmacy.

QUuUBE computer program

The QUBE program (royalty-free, available at http://qube.sf.net) was developed and described
previously by Vogelzang et al (25).

This program loads coronary angiograms in standard DICOM format. The operator selects the
angiogram to use for assessment. On this angiogram, the operator indicates a polygonal shape
that contains the distal infarct-related area. Then the program calculates the QUBE value
(arbitrary unit), using the change in pixel, from -10 to 10.

For each change, the correlation between the old and the new frame is calculated, and the shift
with the best correlation between the frames is taken. In each frame of the run, a background
mask is composed by taking a median filter. This background mask contains all large-scale
structures, such as the diaphragm and large blood vessels, but no smaller-sized structures.
This mask is subtracted from the original frame, so that only smaller-sized structures remain.

All pixels in the polygon are subdivided in blocks of 5 by 5 pixels. For each block, the
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average of the darkest few pixels is taken (i.e. the pixels which have the most contrast
compared with the background). The value of a single frame is calculated as the average of
the best 50% of pixel blocks. The values for all frames provide a curve that reflect both the
filling and emptying phase of the vessels, by summing the maximum increase in grey value
and the maximum decrease after that.

Patient's coronary angiograms were collected at the end of the study and re-analysed by two
different operators. The QUBE score was performed on the culprit artery before and after
angioplasty (percutaneous intervention, PCI). They were also assessed on non-culprit arteries
when the images were analysable. The interest areas were defined like: for the right coronary
artery (RCA), the polygon is drawn from the median part of the artery ; for the left coronary
artery (LCA), the polygon begins after the second diagonal departure ; for the circumflex

artery, it begins after the first marginal (Fig. 1-2).

[

Blush value

.........

open DICOM e

Recacuise | Ontt oo 273

Blush value

Fig. 1 — RCA QuBE score, before and after PCI Fig. 2 — QuUBE score in left coronary arteries.
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Echocardiography
Within the first 7 days after the angioplasty, a transthoracic echocardiography (TTE) in left
lateral position was performed, using a Vivid E9 device (GE, Horten, Norway). This TTE was

repeated at 6 months, as part of the usual follow-up of patients with ACS.

Statistical analysis

Patient characteristics are summarized in Table 1.

QuBE variations before and after angioplasty are presented in Table 2. It was evaluated by
independent T-test.

A Pearson test was carried out for univariate correlation analysis (table 3). It was completed

by multivariate analysis for statistically significant results.

RESULTS

We included 52 patients, 25 in the MGuard™ group and 27 in the BMS/DES stent group.
Figure 3 shows the flow chart of our study. Overall, 190 angiograms were analyzed (50
angiograms before and after angioplasty, and 90 angiograms of non-culprit arteries). In
majority cases, the angiograms were not assessable because of the absence of a specific blush
sequence, due to the retrospective character of our study. In other cases, angiograms were not
analysed because of excess movement of the diaphragm or panning motions, technical quality

problems, or too much overlap of another artery in the blush area of interest.

18



52 QuBE pre and
post angioplasty

Y

52 patients

2 post-angioplasty
v unchecked <ol
arteries
104 non-culprit
arteries
& (24;?0/‘& 3 :fCA 50 QuBE pre and
ircumflex ; ) post angioplasty

15 unchecked
arteries

90 analysis
(23RCA; 41
Circumflex ; 26 LCA)

Fig. 3 — Flow Chart

Table 1 shows patient characteristics. Qualitative values are indicated as percentages, while
quantitative values are given as averages with standard deviation. Our population was
predominantly male, around age 65, and overweight. There is a large majority of smokers, but
few diabetics and hypertensives. Most patients were managed for STEMI, and the culprit

lesion was usually located on the right coronary artery.

Table 1 — Patients characteristics.

Qualitative values as percentages, quantitative values as averages with standard deviation

Male sex (%) 75

Age (years) 65,6 (x10,7)
BMI (%) 27,3 (+4,5)
Smoke (%) 59,6
Diabetes (%) 9,8
Glycemia (g/l) 6,2 (£1,1)
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HBALc (%) 5,8 (x0,5)
History of high blood pressure (%) 38,5

Family history of CAD (%) 23,5

LDLc (mmol/l) 1,3 (£0,5)
Past history of CAD (%) 5,8

Past history of stroke (%) 9,6

Past history of vascular disease (%) 3,8

Heart rythmn (bpm) 74,1 (x15,8)
Creatinine (umol/l) 74,5 (x17,5)
CPK (UIN) 2051,1 (+2833,3)
STEMI (%) 82,7

RCA as culprit lesion (%) 53,8
Circumflex as culprit lesion (%) 13,5

LAD as culprit lesion (%) 32,7
Multivessels disease (%) 23,1

TIMI thrombus 3,8 (x0,8)
TIMI flow 1,1 (+1,3)
Blush 0,75 (+1,2)
Pre-treatment (%) 60

Initial LVEF (%) 56,4 (+8)

To validate inter-observer comparability, 10 coronarographies, including 10 culpable arteries
before and after angioplasty and 17 non-culpable arteries (37 angiograms), were reassessed by
an independent observer. No significant difference was found between the QuUBE values

found by the two different observers (p=0.7).
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QUuBE values were measured before and after angioplasty, as reported in Table 2. We can see
a notable increase in QUBE value after angioplasty, more pronounced in STEMI patients (it
goes from 7.8 to 20.6 in STEMI cases, and from 12.6 to 22.8 in NSTEMI cases).

No significant difference was observed in QUBE post-PCI values between STEMI and

NSTEMI. Similarly, the kind of stent used had no influence on reported QUBE values.

Table 2 — QuBE variation, before and after angioplasty

QuBE before ATL QuBE after ATL p
STEMI (mean, SD) 7,8 (10,2) 20,6 (9) <0,0001
NSTEMI (mean, SD) 12,6 (8,4) 22,8 (8,6) 0,03

In univariate analysis, QUBE post-PCI is well correlated with 6-months LVEF (Table 3). It
also correlates with CPK peak, post-angioplasty TIMI flow score, and post-angioplasty blush
grade score. However, no correlation was found between post-angioplasty QUBE score and
the value of IMR (p=0.18).

Of the other variables, CPK peak is also correlated with 6-month LVEF. We didn't observe a
correlation between post-angioplasty TIMI flow score, post-angioplasty blush grade score, the
value of IMR, and 6-months LVEF (p=0.21, 0.17, and 0.47, respectively). In multivariate
analysis, only QUBE post-PCI stays highly correlated with LVEF at 6 months (p=0.005 and

beta=0.49, versus p=0.94 and beta=-0.28 for CPK). Figure 5 illustrates this correlation.
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Table 3 — Univariate variables comparison

p-value QUBE post- | CPK TIMI post- | Blush post- 6-months
(r correlation) | angioplasty | peak angioplasty | angioplasty | IMR LVEF
QuBE post- 0,008 | 0,004 <0,001 0,18 0,01
angioplasty (-0,39) | (0,9) (0,51) (-0,2) |(0,46)
0,008 0,14 0,3 0,77 0,02
CPK peak (-0,39) (-0,22) (-0,15) (0,05) | (-0,42)
TIMI  post- | 0,004 0,14 <0,001 0,28 0,21
angioplasty | (0,4) (-0,22) (0,82) (-0,16) | (0,23)
Blush  post- | <0,001 0,3 <0,001 0,45 0,17
angioplasty | (0,51) (-0,15) | (0,82) (-0,11) | (0,25)
0,18 0,77 0,28 0,45 0,47
IMR (-0,2) (0,05) | (-0,16) (-0,11) (-0,14)
6-months 0,01 0,02 0,21 0,17 0,47
LVEF (0,46) (-0,42) | (0,23) (0,25) (-0,14)
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DISCUSSION

The current study shows that computer-assisted quantitative blush evaluation is a useful and
feasible technique. We performed this analysis in patients with STEMI, but also in patients
with NSTEMI, which had never been done before.

We found that the QUBE value in post-angioplasty is well correlated with LVEF at 6 months.
Lower QUBE post-angioplasty is associated with greater damage to the microcirculation,
poorer myocardial recovery at 6 months, and lesser LVEF. In addition, lower QuBE is
associated with higher CPK peak, consistent with a larger area of infarction.

We did not find the same correlation between the 6-month LVEF and the qualitative analysis
of the microcirculation, provided by the TIMI grade flow and the MBG. This is an argument
for the superiority of quantitative microcirculation analysis, more predictive of long-term
myocardial recovery. Moreover, quantitative blush analysis is a non-invasive technique,

directly accessible, and can be interpreted immediately or delayed.

Previous data have already established the benefits of using computer analysis in the
microcirculation study.

In 2007, a first computer program trial showed us that the study of the Gmax/Tmax gradient,
with Gmax the peak grey level intensity and Tmax the time to obtain it, is very well correlated
with the LVEF (20).

In 2008, the QUBE program used in our study was introduced for the first time. It appears that
a lower QUBE score is associated with a poor resolution of the ST segment, a lower MBG, a
higher CPK peak and a higher 1-year mortality (21). A second study confirms these data,
even if the correlation on day 30-MACEs is not conclusive (22). A third study shows that a
higher QUBE value was significantly related with improved functional CMR outcomes at 4-6

months, including LV ejection fraction (23). These results look like ours.
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If in our study, as in the previous ones, QUBE values are related to BMI and heart rate. We
find QUBE which seems to be higher than in previous studies (21-23). This may be due to the

presence of NSTEMI patients in our study, while they were not included in prior trials.

We can note that we did not find a correlation between post-angioplasty QUBE and IMR. A
hypothesis to explain this is that IMR is a functional measure of microcirculation, while
quantitative blush analysis is an anatomical one. This has already been mentioned, to explain
the differences between IMR and MVO on CMR (24). Indeed, De Maria et al. (16) showed
that patients with MVVO and IMR >40 immediately post-PCI had no regression in infarct size,
whereas infarct size regressed in those with MVO and IMR <40. Similarly, in patients without
MVO, those with IMR <40 had regression in infarct size, whereas those with IMR >40 did
not. These findings indicate that IMR and MVO are not synonymous and may have distinct
clinical significance.

Other investigation has shown no correlation between IMR and CPK peak, although both are
related to microcirculation status (25).

Plus, MVO is a continuous variable (26), making a comparison of the different analysis more
difficult.

It should be mentioned that IMR is measured under hyperemia. In PROVE study (27), 3D
reconstruction software was used to obtain QFR, a non-invasive value which is well
correlated to the FFR. In this study, we note that QFR was determined considering time of
hyperemia, whereas this was not the case in our analysis. This may have contributed to the
absence of correlation between our values of QUBE and IMR.

It is still possible that our intervention had an influence on the results. The impact of stenting
on IMR should be considered (28). Using a stent that affects the thrombus, we influenced
coronary flow, and blush analysis, probably more than IMR, which is also related to other

factors (such as myocardial inflammation).
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Perspectives

We have highlighted that a computer analysis (via QUBE software) is more efficient than
human eye analysis (via TIMI and Blush scores) for evaluating microcirculation. Both TIMI
and blush scores have already proven their value (17,18). We can imagine that, by creating a
similar software improved by artificial intelligence and deep learning, more robust and non-
invasive microvascular injury detection could be obtained (29).

This could allow better treatment for patients who would benefit the most. Informatics
applications could help us to differentiate, through simple and non-invasive way, infarctions
with an important microcirculation damage.

It could also provide new attributes in the scan, which may develop novel pathophysiological
concepts to better differentiate patients.

This has an important impact on clinical practice. Currently, there is no specific treatment for
microcirculation dysfunction, although many studies have focused on the no-reflow
management (5). But these different trials were conducted on the whole heart attack
population. If we were able to divide infarcts into subgroups, according to the MVO, we
might be able to identify a subpopulation that would benefit from no-reflow therapies.
Stratified medicine is the identification of patient subgroups within a heterogeneous
population, these being distinguishable by disease severity and potential for response to
therapy (30). For example, the OXAMI-PICSO study has proved the value of the PICSO
device for infarctions with altered IMR (IMR >40) (31). Other studies with stratified IMR

management are on-going (32,33).
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Limits

Several limitations must be mentioned.

First, it is a bi-centric study, carried out on a small number of patients, with a low statistical
power.

Secondly, measures made with this system was not standardised when they could have been
done for example in a full screen with 30 frames per second. This led to operator-dependent
results and require further development.

Finally, our main endpoint, 6 months LVEF improvement, is an intermediate outcome. This is

not a strong criterion for patient follow-up.

CONCLUSION

Increased use of primary angioplasty in the acute phase of a myocardial infarction has led to a
significant improvement in patient prognosis. However, inequalities in myocardial recovery
persist, and greater damage to the microcirculation causes pejorative long-term prognosis.
Detecting this microvascular obstruction and managing it continues to be a challenge in the
treatment of coronary artery disease.

A quantitative analysis of the blush, through the QUBE program, allows better stratification of
patient exposure. Indeed, lower QUBE score is related to a reduced 6-month LVEF.

But it should be mentioned that coronary angiography remains an anatomical and non-

functional information. It may not itself provide all the needed information for the best care.
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APPENDIX

TIMI grade flow

Extracted from TIMI grade flow - https://www.ncbi.nlm.nih.gov/books/NBK482412/

Grade 0 (no perfusion): There is no antegrade flow beyond the point of occlusion.

Grade 1 (penetration without perfusion): The contrast material passes beyond the area of
obstruction but “hang up” and fail to opacify the entire coronary bed distal to the obstruction
for the duration of the cine-angiographic filming sequence.

Grade 2 (partial perfusion): The contrast material passes across the obstruction and opacifies
the coronary bed distal to the obstruction. The rate of entry of the contrast material into the
vessel distal to the obstruction or the rate of clearance from the distal bed are perceptibly
slower than its entry into or clearance from comparable areas not perfused by the previously
occluded vessel—e.g., the opposite coronary artery or the coronary bed proximal to the
obstruction.

Grade 3 (complete perfusion): Antegrade flow into the bed distal to the obstruction occurs as
promptly as antegrade flow into the bed proximal to the obstruction, and clearance of contrast
material from the involved bed is as rapid as clearance from an uninvolved bed in the same

vessel or the opposite artery.

Myocardial Blush Grade (18)

MBG 0 = no myocardial blush or contrast density

MBG 1 = minimal myocardial blush or contrast density

MBG 2 = moderate myocardial blush or contrast density but less than that obtained during
angiography of a contralateral or ipsilateral non infarct-related coronary artery

MBG 3 = normal myocardial blush or contrast density, comparable to that obtained during

angiography of a contralateral or ipsilateral non infarct-related coronary artery.
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Index of Microcirculatory Resistance (IMR) (11)

Microcirculation

\ \ Epicardial Coronary Artery
\\‘\ - [4 ’A‘ _
L J \ )
Specific to Epicardial Coronary Artery  Specific to Microcirculation
FFR, iFR, cFFR, resting P/P, IMR, hMR
1 J

Entire Coronary Tree
CFVR, (‘I"Rl‘hrrmu

cFFR indicates contrast fractional flow reserve; CFR, coronary flow reserve; CFRThermo,
thermodilution-derived CFR; CFVR, coronary flow velocity reserve; FFR, fractional flow
reserve; hMR, hyperemic microvascular resistance; iFR, instantaneous wave free ratio; IMR,
index of microcirculatory resistance; Pa, mean proximal coronary pressure; and Pd, mean
distal coronary pressure.

PressureWire

IMR=57x0.24=14

......................................

Example of physiological assessment using a PressureWire.
IMR = Pd x TmnHyp
TmnHyp = Hyperemic mean transit time
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Interest of hypereamia

(2)
Hyperaemia /

i

Increased
myocardial demand

///’// Resting conditions (1)
7 Decreased

myocardial demand

Coronary blood flow

R =
A I - (3)
Pw Coronary perfusion pressure

Figure | The coronary pressure—flow relationship. Coronary
blood flow at rest (solid lines) is controlled to match myocardial
oxygen demand and to counteract variations in perfusion pressure
by parallel changes in microvascular resistance, resulting in an auto-
regulatory plateau (1). During coronary vasodilatation, control is
exhausted and blood flow depends on perfusion pressure (dotted
line). The coronary pressure—flow relationship is concave at low
perfusion pressures. The zero-flow intercept on the pressure
axis (Pzf) slightly exceeds venous pressure (Pv). Straight extrapo-
lation of the hyperaemic pressure—flow relationship results in an
incremental-linear relationship that intercepts the pressure axis
at the coronary wedge pressure (Pw), which incorporates collat-
eral flow, heart rate, and ventricular wall tension, which may
vary widely in the human coronary circulation (3).””*’ Small vessel
disease or abnormal left ventricular function decreases the slope
of the pressure—flow relationship (curved arrow (2)). Elevated
left ventricular end-diastolic pressure or left ventricular hyper-
trophy cause a parallel shift to the right (straight arrow (3)).
Adapted from van de Hoef et al.*

Extracted from van de Hoef TP, Siebes M, Spaan JA, Piek JJ.

Fundamentals in clinical coronary physiology: why coronary flow is more important than

coronary pressure.

Eur Heart J. 2015;36(47):3312-9a. doi:10.1093/eurheartj/ehv235

Example of Microvascular Obstruction by Cardiac Magnetic Resonance imaging (15)

Figure 1 Example of microvascular obstruction and infarct size assessed by cardiac magnetic resonance imaging. The hypoenhanced area (orange)
corresponds to microvascular obstruction within the hyperenhanced infarct (yellow).
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THESE SOUTENUE PAR : Sara BLANC-VANNET

TITRE :

EVALUATION DE LA MICROCIRCULATION ASSISTEE PAR LOGICIEL
INFORMATIQUE, ET PRONOSTIC A LONG TERME DES PATIENTS SOUFFRANT D'UN
SYNDROME CORONARIEN AIGU.

CONCLUSIONS :

Introduction

La maladie coronarienne, dominée par les syndromes coronariens aigus, est une maladie a forte
prévalence. Si I’angioplastie primaire a amélioré le pronostic de ces patients, la morbidité liée a
cette pathologie reste importante. En effet, malgré une bonne revascularisation de I’artére
coupable, il peut persister une obstruction microvasculaire responsable d’une mauvaise
reperfusion myocardique et d’une insuffisance cardiaque a long terme.

Différentes méthodes d’évaluation de la microcirculation existent a ce jour, chacune avec ses
avantages et ses inconvénients.

Dans notre étude, nous nous proposons d’utiliser un logiciel informatique déja développé, appelé
QuBE, afin d’obtenir une analyse quantitative de 1’atteinte microvasculaire.

Méthodes et Résultats

Entre 2016 et 2018, 52 patients hospitalisés au centre hospitalo-universitaire de Grenoble ou au
centre hospitaliser Annecy-Genevois pour syndrome coronarien aigu ont été inclus dans I’étude
Guardiancory. Leurs coronarographies ont été analysées de maniere rétrospective a 1’aide du
logiciel QuBE, afin d’obtenir un score QuBE avant et aprés angioplastie pour chaque artére
responsable.

Au total, 50 scores QuBE pré et post-angioplastie ont piit étre déterminés. Nous avons mis en
évidence que la valeur de QuBE post-angioplastie est bien corrélée a la fraction d’éjection
ventriculaire a2 6 mois (p=0.005), alors que d’autres valeurs d’analyse de la microcirculation,
telles le score de flux TIMI, le blush score, ou la valeur de I’index de résistance
microcirculatoire ne le sont pas.

Conclusion

L’analyse quantitative du blush, a I’aide du logiciel QuBE, permet une meilleure stratification de
I’atteinte microvasculaire des patients. En effet, un score QuBE plus faible est 1ié a une
réduction de la FEVG a 6 mois.

Cette étude appuie les résultats des études précédemment réalisées avec le logiciel QuBE, et met
en évidence que son utilisation, facilement réalisable, est une méthode d’évaluation de la

reperfusion myocardique fiable.
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Sara BLANC-VANNET

COMPUTER-ASSISTED ASSESSMENT OF MICROCIRCULATION AND LONG-TERM
PROGNOSIS OF PATIENTS SUFFERING FROM ACUTE CORONARY SYNDROME

ABSTRACT: Coronary artery disease, mainly represented by acute coronary syndromes, is a
high-prevalence disease. While primary angioplasty has improved patient's prognosis, the
morbidity remains significant. Indeed, despite good revascularization of a culprit artery,
microvascular obstruction may subsist, leading to poor myocardial reperfusion and long-term
heart failure.

Various methods for microcirculation assessment exist, with their own benefits and
limitations.

In our study, we propose to use the QUBE program, an existing computer software, to obtain a
quantitative analysis of microvascular damage.

From 2016 to 2018, 52 patients admitted at Grenoble Alpes University Hospital or at the
Annecy-Genevois Hospital for acute coronary syndrome were included in the Guardiancory
study. Patient's coronary angiograms were collected at and the QUBE score was performed on
the culprit artery before and after angioplasty.

We found that QUBE post-PCI is highly correlated with LVEF at 6 months (p=0.005),
whereas other variables like post-angioplasty TIMI flow score, post-angioplasty blush grade
score, or the index of microcirculatory resistance are not.

Our study confirms the previous one and shows that QUBE program is an easy to use and
reliable method to assess myocardial reperfusion.

RESUME : La maladie coronarienne, dominée par les syndromes coronariens aigus, est une
maladie a forte prévalence. Si I’angioplastie primaire a amélioré le pronostic de ces patients,
la morbidite liece a cette pathologie reste importante. En effet, malgré une bonne
revascularisation de I’artére coupable, il peut persister une obstruction microvasculaire
responsable d’une mauvaise reperfusion myocardique et d’une insuffisance cardiaque a long
terme.

Différentes méthodes d’évaluation de la microcirculation existent a ce jour, chacune avec ses
avantages et ses inconvénients.

Dans notre étude, nous nous proposons d’utiliser un logiciel informatique déja développé,
appelé QuBE, afin d’obtenir une analyse quantitative de 1’atteinte microvasculaire.

Entre 2016 et 2018, 52 patients hospitalisés au centre hospitalo-universitaire de Grenoble ou
au centre hospitaliser Annecy-Genevois pour syndrome coronarien aigu ont été inclus dans
I’étude Guardiancory. Leurs coronarographies ont été analysées de maniére rétrospective par
le logiciel QuBE, afin d’obtenir un score QuBE avant et apres angioplastie pour chaque artére
responsable.

Nous avons mis en évidence que la valeur de QUBE post-angioplastie est bien corrélée a la
fraction d’¢éjection ventriculaire a 6 mois (p=0.005), alors que d’autres valeurs d’analyse de la
microcirculation, telles le score de flux TIMI, le blush score, ou la valeur de I’index de
résistance microcirculatoire ne le sont pas.

Cette étude appuie les résultats des études précedemment réalisées avec le logiciel QUBE, et
met en évidence que son utilisation, facilement réalisable, est une méthode d’évaluation de la
reperfusion myocardique fiable.

MOTS CLES: Maladie coronaire, syndrome coronarien aigu, microcirculation, logiciel
QUuBE, pronostic, FEVG
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