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Abstract

Aims: We investigated the relation between myocardial blush grade reserve (MBG
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) and fractional flow

reserve:

O T reserve (FFR) measures. FFR is a marker of inducible myocardial ischaemia, which could guide percuta-

reserve
¢ intermediate
diameter coronary
lesions
* myocardial blush
grade reserve

neous coronary intervention (PCI) and stent placement. However, it requires a pressure wire and is asso-
ciated with additional costs and potential hazards. The aim of our study was to investigate the ability of
MBG for the evaluation of functional significance in intermediate coronary lesions during pharmacologic
hyperaemia.

Methods and results: Fifty-six patients who underwent routine cardiac catheterisation for known or sus-
pected coronary artery disease (CAD) and clinically indicated FFR measures in at least one coronary vessel

e stable coronary
artery disease

were analysed. MBG was assessed at baseline and during pharmacologic hyperaemia. Video densito-

reserve

metric parameters were then calculated by the ratio of maximal density (G__ ) and the time to reach maxi-
mum density (T_ ). G__ /T during hyperaemia divided by G__ /T at baseline provided the MBG

max ~ max

A significant association was observed between MBG and FFR. A cut-off value of MBG _ =2.1 dem-

reserve reserve

onstrated sensitivity of 80% and specificity of 96% for the prediction of abnormal FFR of <0.8. MBG
increased in coronary territories that underwent PCI, reaching similarly high values compared to those

reserve”

reserve

observed in FFR-negative lesions.

Conclusions: Quantitative MBG
pressure wire measurements in the interests of patient safety, time and costs.

is closely related to FFR measures and may obviate the need for

reserve
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Introduction
Assessment of fractional flow reserve (FFR) represents the current
standard reference technique for the evaluation of functional signifi-
cance in anatomically intermediate coronary lesions'. In the recent
multicentre FAME trial, routine measurement of FFR in patients
who underwent interventional treatment with drug-eluting stents
was shown to reduce the rate of cardiac events significantly during
two years of follow-up compared to patients who underwent stand-
ard angiography-guided PCI*“. However, FFR requires the intro-
duction of a flow wire into the coronary vessel of interest, which
is associated with potential vessel wall injury and additional costs’.

We and others have previously demonstrated the ability of
quantitative myocardial blush grade (MBG) to provide insight into
the microvascular integrity of the myocardium in patients with
acute coronary syndromes and in cardiac transplant recipients®®.
This method does not require the insertion of a catheter or wire
into the periphery of the coronary vessel and is therefore less risky
and potentially more time- and cost-effective.

The aim of our study was to investigate the ability of MBG for
the evaluation of functional significance in intermediate coronary

lesions during pharmacologic hyperaemia.

Methods

STUDY POPULATION

Our study patient group consisted of consecutive patients who
underwent clinically indicated coronary angiography for sus-
pected or known coronary artery disease (CAD) between April and
September 2012. During this time period, 56 patients exhibited
intermediate (40-70%) diameter stenosis and subsequently under-
went clinically indicated FFR measures. A corresponding flow
chart including exclusion criteria is depicted in Appendix Figure 1.
Traditional risk factors including arterial hypertension, hyperlipid-
aemia, current or prior smoking, diabetes mellitus, family history
of CAD, prior infarction and revascularisation and increased body
mass index >30 kg/m? were recorded. History of CAD encompassed
angiographically significant CAD (>50% stenosis), prior infarction
and revascularisation procedures. Informed consent was obtained
from each patient and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in prior
approval by the institution’s human research committee.

FRACTIONAL FLOW RESERVE AND MYOCARDIAL BLUSH GRADE
FFR measurements were performed in coronary arteries with
intermediate lesions (40-70% diameter stenosis by visual estima-
tion) as clinically indicated by the operating interventional cardio-
logist. Measures were performed using the RadiAnalyzer™ Xpress
(St. Jude Medical, St. Paul, MN, USA) and a coronary pressure
wire (Certus™; St. Jude Medical). After calibration and equalisa-
tion, the pressure wire was carefully advanced in the distal part of
the vessel of interest. Hyperaemia was subsequently induced by
intravenous administration of 140 pg/kg/min adenosine and, after
reaching a steady state (~3 minutes), a wire pullback was per-
formed to the position of the guiding catheter in order to correlate

changes in the FFR during pullback with coronary anatomy and
to check the equalising position, which should always be equal to
1.0, i.e., to exclude potential drift>!°. FFR values of <0.80 were
considered as indicative of myocardial ischaemia®.

For the assessment of myocardial blush, predefined projections
were used, as described previously®. A frame rate of 12.5/s was
used for the acquisition of all MBG data. Choosing these projec-
tions, we sought to assess the perfusion territory of the correspond-
ing coronary artery and simultaneously to avoid superpositioning
of the other coronary territories''. Contrast injections were per-
formed by manual injection of ~8 ml contrast over ~1 s and using
6 Fr guiding catheters for the left and right coronary arteries.

QUANTIFICATION OF MYOCARDIAL BLUSH GRADE

A computer-assisted procedure which was applied in digital sub-
traction angiography images was used to quantify myocardial tis-
sue level perfusion. The technical details of this procedure have
been described elsewhere®'?, whereas an image series for MBG
intensity rise assessment after background subtraction is provided
in Appendix Figure 2. Briefly, the time course of MBG intensity
rise was analysed using ECG-gated angiograms. Regions of inter-
est were placed in the distal perfusion territory of the correspond-
ing coronary vessel to estimate the plateau of mean grey level
pixel intensity (G, measured on a standard greyscale of 0-255)
and the time to maximal intensity rise (T, measured in seconds).

Subsequently, the ratio G /T

max ~ max

was computed. Furthermore,
based on the temporal distribution of myocardial blush in epi-
cardial vessels, arterioles and capillaries, parametric quantifica-
tion was applied according to the timing of maximal grey values.
Frames had to be long enough to allow filling of the venous coro-
nary system, and images were acquired during breath hold to
avoid potential artefacts due to diaphragmal shift.

Acquisitions were performed in identical projections at baseline
and during pharmacologic hyperaemia with adenosine, adminis-
tered during FFR. For each coronary lesion, the myocardial blush
reserve was calculated as follows:

Myocardial blush reserve (MBG,__ )=

Gmaxstress Gmaxbase[i ne
/ T / T .
maxstress maxbaseline

A schematic illustration of a region of interest (red coloured
areas) placed in the LAD perfusion territory during blush grade
acquisitions and the corresponding curves at baseline and dur-
ing maximal hyperaemia are shown in Figure 1A and Figure 1B,
respectively.

STATISTICAL ANALYSIS

Continuous variables were expressed as meantstandard devia-
tion for parametric or as median with interquartile range (IQR)
for non-parametric variables. For continuous variables, differences
between groups were compared using repeated measures analysis

of variance with Bonferroni correction for multiple comparisons.
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Figure 1. Image acquisition for the computer-assisted algorithm with digital subtraction angiography. In a region of interest (red-rimmed),

grey level intensity rise at baseline and during adenosine infusion (A). Time replenishment kinetics of the myocardial blush grade at baseline

and during hyperaemia for the calculation of MBG

reserve

(B).

Categorical variables were expressed as counts or percentages.
Linear regression was used to assess the relation between myo-
cardial blush and FFR. Receiver operating characteristics (ROC)
analysis was used to define the optimal cut-off values for myo-
cardial blush to predict functional significance as assessed by the
reference standard FFR. For the assessment of the optimal cut-
off value, the Youden index J was used'>*. For all analyses, a
p-value of <0.05 was regarded as statistically significant. All
tests were two-sided. Intra-observer variabilities for myocardial
blush reserve were assessed by repeated analysis of all patients
and by selecting different ROIs in each vessel of interest by the
two independent readers. Readings were separated by eight weeks
to minimise recall bias. The MedCalc 13.2 (MedCalc Software,
Mariakerke, Belgium) computer programme was used throughout.

Results

BASELINE CHARACTERISTICS

The demographic, laboratory and angiographic characteristics of
our patient cohort are illustrated in Table 1. FFR was performed
in 66 coronary vessels of 56 patients. Six vessels (9%) included

more than one coronary lesion. Lesions were located in the LAD
(n=17 [26%]), LCX (n=26 [39%]) and RCA (n=20 [30%]). Two
cases (3%) involved the first diagonal branch and one case (1.5%)
involved the first marginal branch. Calculation of myocardial
blush was feasible in all cases, independent of the location of the
lesions. Twenty patients (36%) had single-vessel CAD, whereas
36 (64%) had multivessel CAD.

In 42 cases, FFR was >0.80, deferring PCI. On the other hand,
in 24 lesions FFR was <0.80, so that PCI was performed. FFR was
repeated in all lesions after PCI and stent placement.

ASSOCIATIONS BETWEEN FFR AND MYOCARDIAL BLUSH
RESERVE (MBG,,.,.) PRIOR TO PCI

Asignificant association was observed between FFR and MBG
(r=0.70, 95% CI: 0.55-0.80, p<0.001) (Figure 2A). Using ROC analy-
sis, a cut-off value of MBG,__ >2.1 demonstrated sensitivity of 83%
(95% CI: 69-93%), specificity of 96% (95% CI: 80-100%), positive
predictive value of 97% (95% CI: 86-100%), negative predictive
value of 77% (95% CI; 59-90%) and AUC of 0.95 (95% CI: 0.87-
0.99) for the prediction of normal FFR >0.8 (Figure 2B, Tahle 2).
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Coronary angiography data

=2y
S

Cardiac medications

Single-vessel CAD, n (%) 20 (36%) 2
Multivessel CAD, n (%) 36 (64%) %
FFR prior to PCI (n=24 lesions) 0.72+0.07 W
FFR after PCI (n=24 lesions) 0.87+0.05

Data are presented as meanzstandard deviation or as proportions.
ACE.: angiotensin-converting enzyme; AT: angiotensin; FFR: fractional
flow reserve; LDL: low-density lipoprotein; MDRD: Modification of Diet
in Renal Disease; PCl: percutaneous coronary intervention

FFR and MBG

reserve

were similarly distributed within the three

major coronary territories (Appendix Figure 3). The association

between FFR and MBG

reserve

was slightly higher in patients with

single-vessel versus multivessel CAD (r=0.76, 95% CI: 0.49-0.90
versus 1=0.69, 95% CI: 0.51-0.82), without however reaching sta-
tistical significance by z-statistics (z=-0.52, p=ns).

|
m
=
S L .
2 Table 1. Demographic, clinical, laboratory and baseline coronary A Lo
3 angiography data. ®
=
g Parameters All patients (n=56)
0.9
S Clinical data =
= [
= Age (yrs) 68+10 < .
N > -
é-v lVIaIe gender, n (%) 34 (61%) g [),8—-u-uu-uu-nu‘au-u Eu:u T
N e
5 Arterial hypertension, n (%) 5 (95%) z .". J
("3 Hyperlipidaemia, n (%) 48 (86%) 5 074 ® i
N 1 H 0O, 0, 5 . i
N Current or prior smoking, n (%) 24 (43%) g ° g0, :
Diabetes mellitus, n (%) 14 (25%) - 06 g
Family history of CAD, n (%) 19 (34%) - O 0
Prior myocardial infarction, n (%) 11 (20%) i ,,<E,uu-1 o
0.5 =
Prior CABG, n (%) 0 (0%) 0 i ) ) ) 5
Laboratory data Myocardial blush reserve
@ l1=abnormal FFR <0.8 @ 2=normal FFR >0.8
Total cholesterol (mg/dl) 3.1+1.8
LDL cholesterol (mg/dl) 107+30 B 100
MDRD (ml/min/1.73 m?) 82+19
Serum urea (mg/ml) 38+19 80
Serum creatinine (mg/dl) 0.9+0.2

AUC=0.95

B-blockers, n (%) 41 (73%) 95% C1: 0.88-0.99
ASS or clopidogrel, n (%) 56 (100%) 0 | | | p<0.[:01 |

g ° o 0 20 40 60 80 100
Coumadins, n (%) 9 (16%) 100-Specificity
ACE inhibitors/AT 11 blockers, n (%) 49 (88%)
Diuretics, n (%) 22 (39%) Figure 2. Statistical association, sensitivity and specificity.
Statins, n (%) 52 (93%) Significant association between FFR and MBG,, (r=0.70, 95%

CI: 0.55-0.80, p<0.001) (A) and ROC analysis showing the high
precision of MBG, _ for the prediction of normal FFR >0.8

(AUC=0.95, 95% CI: 0.88-0.99, p<0.001) (B). FFR and MBG
measures after PCI were excluded from analysis.

INCREASE OF FFR AND MBG
PLACEMENT

FFR significantly increased from 0.72+0.07 before PCI to 0.87+0.05
after PCI (n=24, p<0.001), thus reaching values such as those
observed in FFR-negative vessels, 0.89+0.04 (p=NS compared to
post-PCI lesions) (Figure 3A). Similarly, MBG

AFTER PCI AND STENT

RESERVE

increased in

reserve

Tahle 2. Overview of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and area under the curve

(AUC) of MBG _, ., for the prediction of abnormal FFR of 0.8 or less.
Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%)
MBG,.,. 51 83% 96% 97% 77% 0.95

(69-93%) (80-100%)

(86-100%) (59-90%) (0.87-0.99)




A p=NS

p<0.001

1.00

0.90

0.80

0.70

0.60

Fractional flow reserve

0.50

0.40 —

1

0 2
O=prior to PCl; 1=after PCl; 2=negative FFR (>0.8)

Figure 3. Peri-interventional measures. FFR (4) and MBG

reserve

compared to FFR-negative vessels.

coronary territories that underwent PCI, reaching similarly high val-
ues compared to those observed in FFR-negative lesions (Figure 3B).

Comparing FFR and MBG,__ before and after PCI and stent
placement, the relative increase of FFR was related to that of
MBG__, . (Figure 4).

An example of a patient with abnormal FFR of 0.64 in the LAD
and reduced MBG, _ of 1.1 is demonstrated in Figure 5A at base-
line and Figure 5B during hyperaemia. In Moving image 1, the
myocardial blush in the distal septal branches can be appreciated
during pharmacologic hyperaemia prior to PCI. Note the presence
of moderate blush around the distal septal branches. After PCI and
placement of two stents, adenosine administration was repeated,
exhibiting FFR of 0.86 and markedly increased MBG, ., of 4.12.
Increased myocardial blush can be appreciated in Figure 5C and
around the mid and septal branches in Moving image 2 during

pharmacological hyperaemia after PCI.

A

Baseline
B

Adenosine
C

Post PCI

Figure 5. Patient example. Representative case with positive FFR and reduced MBG

Both FFR and MBG,

reserve

Blush grade reserve for real wireless FFR
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o
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[
p<0.001 H

Myocardial blush grade reserve

0 1 2
O=prior to PCl; 1=after PCI; 2=negative FFR (>0.8)

(B) are both significantly increased after PCI, reaching similar levels
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Figure 4. The relative increase of FFR was related to that of
MBG afier PCI and stent placement (r=0.57, 95% CI: 0.21-0.79,

reserve

p=0.004).
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prior to percutaneous coronary intervention (A & B).

reserve

subsequently increased after successful revascularisation (C).
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INTER- AND INTRA-OBSERVER VARIABILITY
Assessment of G_ /T  at baseline, G_ /T

max ~ max max ~ max

infusion and MBG was highly reproducible with intra- and

reserve

inter-observer variabilities of 6.5% and 8.2%, 7.6% and 12.1%,
and 10.7% and 11.0%, respectively.

during adenosine

Discussion

Our main findings are that:

1. MBG can be assessed during pharmacologic hyperaemia and
routine cardiac catheterisation with high reproducibility.

2. MBG

reserve

is related to FFR. An equal or more than 2.1-fold
increase of MBG during adenosine was highly predictive of
a normal FFR >0.8.

If this close relation holds true in larger studies, MBG may

reserve

be an alternative to FFR because of procedural costs and patient
safety.

CURRENT EVIDENCE REGARDING PRESSURE WIRE-BASED
FFR
FFR is a surrogate marker of inducible regional myocardial
ischaemia, which can be measured during routine cardiac cath-
eterisation’. Several large-scale randomised clinical trials have
demonstrated that FFR can be used to guide interventional pro-
cedures, significantly improving patient outcomes compared
to visually guided PCI>*!¢. In addition, FFR-guided PCI was
recently shown to improve outcome of patients with stable
CAD compared to medical therapy alone within the randomised
FAME 2 trial'’. Therefore, FFR has in the meantime emerged as
a gold standard for the assessment of the functional significance
of CAD during routine cardiac catheterisation.

Although FFR measurement is a safe procedure, there is still
a low risk of injuring vessels by wire manipulation. Thus, in
the recent Nordic-Baltic bifurcation substudy, FFR measure-
ments could not be obtained in 10% of the cases due to side
branch dissection by the pressure wire or wiring failure with
complex anatomy'®. Similarly, FFR assessment was reported
not to be feasible in up to 13% of side branches in bifurca-
tion'’. In addition, such measures are associated with additional
costs. Among other factors, this may contribute to the low
adoption rate of FFR measurement in real-world clinical prac-
tice, as <10% of intermediate stenoses are currently evaluated
by FFR, as reported in the recent US CathPCI Registry?. Thus,
the systematic use of FFR seems to be difficult to implement
in clinical practice, and decisions during interventions are still
most often based on direct visual estimation of coronary steno-
sis by angiography?'. Conversely, assessment of MBG in side
branches would be as feasible as measuring myocardial blush
in the distal part of main branches, without requiring manipula-
tion with a guidewire. However, caution is needed with MBG
measures in such distal diagonal, marginal or septal branches
due to superimposition with nearby territories, which may be
associated with potential difficulties in distinguishing the ter-
ritory of interest.

COMPUTATION OF VIRTUAL FFR-BASED 3D CORONARY
ANGIOGRAPHY AND CARDIAC CT

Based on computational fluid dynamics, three-dimensional quanti-
tative coronary angiography (QCA) can provide a virtual haemo-
dynamic assessment model using only routine angiography without
requiring invasive physiology measurements®> and even without
requiring hyperaemia induction®. Cardiac computed tomography
angiography (CCTA) on the other hand may represent a non-inva-
sive alternative method with high diagnostic performance for the
detection of functionally relevant coronary lesions. An overview
of current virtual FFR studies, using pressure-wire FFR as the ref-
erence standard, can be seen in Tabhle 32>, Our present results are
provided at the bottom of Table 3 for comparison.

With most current virtual FFR methods, however, the flow
used to calculate the FFR is pre-specified and assumed to be
equal in all stenoses unless there is large variation in hyperaemic
blood flow. This is related to assumptions with computational
flow dynamics and may represent a limitation with angiographic
or CCTA-based techniques. With CCTA on the other hand, mod-
elling of theoretical coronary artery flow is required to derive the
necessary parameters from the shape of the coronary lesions and
to calculate CTFFR*. Such modelling, however, may be chal-
lenging in patients with heavy coronary calcification and irregu-
lar heart rhythm.

QUANTITATIVE MYOCARDIAL BLUSH GRADE AND CURRENT
FINDINGS

The assessment of MBG is a simple, fast and cost-effective modal-
ity for the prompt diagnosis of microvascular function during rou-
tine cardiac catheterisation without the need for additional wires
or imaging sequences. Instead of focusing on epicardial anatomy
and without theoretical assumptions, MBG can serve as a surro-
gate marker of myocardial blood flow. Thus, for the first time in
the current literature, we present a wire-guided FFR comparison to
a computer-assisted method, which enables the direct quantifica-
tion of microvascular integrity.

In previous studies, we and others demonstrated that the quan-
tification of MBG can be performed on coronary angiograms of
either CAD or CAV patients®. In this regard, G_ /T is a use-
ful surrogate parameter of microvascular integrity, which can esti-
mate clinical outcomes in heart transplant recipients with impaired
perfusion reserve but without angiographically evident atheroscle-
rosis™. In addition, G /T predicts infarct transmurality and
functional recovery in patients with STEMI and NSTEMI®%33,

In this study, we found a good correlation between MBG
and wire-guided FFR. The high accuracy of MBG
tion of ischaemic CAD was established without an additional wire

reserve

esenve TOT predic-
or theoretical assumptions for microcirculation and collaterals as
with all virtual FFR methods so far. Thus, MBG_ .
alternative to FFR because of procedural costs and patient safety.
Although MBG___
>0.8, some vessels with MBG

>0.8. This may be related to increased microvascular resistance

may be an

>2.1 was highly predictive for normal FFR
<2.1 still exhibited normal FFR

reserve



Table 3. Comparison of the performance of MBG
reserve (FFR) as the reference standard.

reserve

Blush grade reserve for real wireless FFR

to previously reported physiology models using pressure-wire fractional flow

Imaging Sample Time L Correlation
S modality size spent LTI to FFR EE
VFAI23 Conventional angiography | 139 lesions 15 min/vessel - r=0.78 0.92
Stenosis flow reserve (SFR)?® Conventional angiography | 110 patients - - r=0.61 -
FFRQCA by TIMI frame count?? 3-dimensional QCA 68 patients <10 min/case Intra-observer r=0.81 0.93
variability=
0.00+0.03;
inter-observer
variability=
0.01+0.03
Virtual FFR-VIRTU-124 Rotational angiography 35 vessels 24 hri/case - r=0.84 0.97
DISCOVER-FLOW?¢ CCTA 159 vessels - - r=0.68 0.90
DeFACTO?” CCTA 407 vessels 6 hr/case for - r=0.63 0.81
FFRCT analysis
HeartFlowNXT28 CCTA 484 vessels 1-4 hr/case for - r=0.82 0.93
FFRCT analysis
Vascular resistance ratio (VRR)?* | OCT 21 patients = = r=0.81 =
MBG reserve Conventional angiography 66 lesions 8 min/vessel* Intra-observer r=0.70 0.95
variability=7.6%;
inter-observer
variability=11.0%

Reported values correspond to the pre-intervention per-vessel analysis. * 2 min per vessel for MBG acquisitions and 6 min per vessel for the MBG

reserve

calculation. CCTA: coronary computed tomographic angiography; OCT: optical coherence tomography; QCA: quantitative coronary angiography;

vFAL: virtual functional assessment index

due to diabetes, metabolic syndrome or microvascular embolisa-
tion after PCIL. In this regard, the association of MBG,__ .~ with

FFR, coronary flow reserve and microvascular resistance merits
further investigation in future studies.

Limitations

Our study has some limitations. MBG is a surrogate marker

of the epicardial and microvascular flow within a coronary terri-
tory so that, in case of more than one moderate anatomic lesion,
a differentiation of which narrowing is more significant may not
be possible by this method. In addition, the number of patients
included is relatively small and the cut-off value of MBG for
the prediction of the physiological significance of coronary
lesions by FFR may not be applicable in other patient cohorts.
Currently, a commercial software tool is available (namely
QuBE [Quantitative Blush Evaluator]; http://qube.sourceforge.
net/), which was utilised in the TAPAS trial®, and can be used
for MBG assessment. However, it should be noted that a differ-
ent methodology is used compared to our software tool, which
is currently not freely available. In addition, myocardial blood
flow reserve by cardiac magnetic resonance was not available in
our study, which is closely associated to microvascular function

and possibly closely related to MBG However, the evidence

reserve’
for FFR and prognosis is greater compared to that available for
coronary flow reserve. Finally, further studies are needed for the

evaluation of MBG

reserve

in diffuse coronary atherosclerosis and
in serial coronary lesions.

Conclusions

Quantification of MBG can be measured simultaneously with FFR
during pharmacologic hyperaemia and in the catheterisation labo-
ratory, providing reproducible assessment of the myocardial perfu-

sion reserve (MBG ). This parameter is closely related to FFR

measures. A more than 2.1-fold increase of myocardial blush was
highly predictive of a normal FFR >0.8 in our study population,
and thus could be potentially used for deferring PCI procedures.
The assessment of MBG,

may provide an alternative way for a real wireless FFR measure-

during routine cardiac catheterisation

ment, increasing patient safety and obviating the need for pressure

wire measurements in the interests of time and cost.

Impact on daily practice

The ability of fractional flow reserve (FFR) to guide PCI proce-
dures, leading to improved outcome of patients with stable CAD
is now widely appreciated. Although FFR is a widely available
procedure, it requires the insertion of a guidewire in the coro-
nary artery, which is associated with some risk for the patient
and additional costs. In our study, we demonstrated that quan-
tification of myocardial blush grade (MBG) can be measured
simultaneously with FFR. MBG and FFR are closely related to
each other. Thus, the assessment of MBG during routine cardiac
catheterisation may provide an alternative way to estimate FFR,
obviating the need for a pressure wire insertion into the coro-
nary artery, in the interests of patient safety, time and cost.
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Supplementary data

Appendix Figure 1. Study flow chart.

Appendix Figure 2. Image series for MBG intensity rise assess-
ment after background subtraction in the LAD perfusion territory.
Measurement of MBG over time is provided by placing a blue
ROI in the distal part of the LAD.

Appendix Figure 3. Distribution of FFR and MBG reserve values
within the three major coronary territories.

Moving image 1. The presence of moderate myocardial blush in
the distal septal branches can be appreciated during pharmacologic
hyperaemia prior to PCI.

Moving image 2. Increased myocardial blush after PCI can be
appreciated in the same area.

The supplementary data are published online at:
http://www.pcronline.com/

eurointervention/115th_issue/363
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Appendix Figure 3. Distribution of FFR and MBG reserve values
within the three major coronary territories.
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Appendix Figure 2. Image series for MBG intensity rise assessment after background subtraction in the LAD perfusion territory. Measurement
of MBG over time is provided by placing a blue ROI in the distal part of the LAD.






