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Abstract
Objectives Current methods for infarct size andmicrovascular
obstruction (MVO) quantification by cardiac magnetic reso-
nance (CMR) imaging rely on planimetry. This method is
time-consuming. We sought to evaluate a direct assessment
of MVO severity based on visual evaluation and to compare it
to a reference method.
Methods CMR was performed in 112 consecutive patients
after reperfused myocardial infarction. MVO was estimated
by direct visual assessment based on a three-grade severity
scale (MVO 1, mild; MVO 2, moderate; MVO 3, severe) on
late gadolinium-enhancement (LGE).

Results MVO was present in 69 patients (61.6 %). Quantitative
MVO extent significantly increased accordingly to visual MVO
grading (p< 0.01). Correlation between visual grading and quan-
titative assessment was excellent (r = 0.92, IQR 0.88–0.95,
p < 0.001). CMR inter- and intraobserver variability for visual
MVO evaluation was low (κ = 0.93 and κ = 0.96, respectively),
whereas quantitative MVO assessment suffered from moderate
agreement (interobserver, bias =−0.81 ± 1.8 g LV; intraobserver,
−0.83 ± 2.1 g LV). Visual evaluation was significantly faster than
reference method (0.65 ± 0.37 vs. 10.2 ± 2.9 min, p < 0.0001).
Conclusions MVO severity based on direct visual assessment
on LGE images is feasible, rapid, reproducible and agrees
very well with quantitative methods, with a very low inter-
and intraobserver variability. Our approach could be used for
routine evaluation in patients undergoing CMR after acute
myocardial infarction.
Key Points
• Microvascular obstruction direct visual evaluation is feasi-
ble, rapid and highly reproducible.

• Microvascular obstruction direct visual evaluation corre-
lates well with quantification by planimetry.

• Microvascular obstruction or no-reflow phenomenon is de-
termined on late gadolinium-enhanced images.

• Cardiac MRI is useful for myocardial damage assessment
after myocardial infarction.
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LVEDV left ventricle end-diastolic volume.
LVEF left ventricle ejection fraction
LVESV left ventricle end-systolic volume
MVO microvascular obstruction
PCI percutaneous coronary intervention
STEMI ST elevation myocardial infarction
SSFP steady-state free-precession
TIMI thrombolysis in myocardial infarction
TE echo time
TR repetition time

Introduction

Despite advances in reperfusion therapy in acute ST seg-
ment elevation myocardial infarction (STEMI), myocardi-
al reperfusion may not be optimally restored even with
re-establishment of epicardial coronary artery blood flow
because of microvasculature damage. Such impairment is
known as the no-reflow phenomenon, also called micro-
vascular obstruction (MVO) [1]. Presence of MVO has
been shown to be an independent predictor of adverse left
ventricle (LV) remodelling after STEMI [2]. MVO is im-
plicated in the occurrence of major adverse cardiovascular
events with a higher incidence of death and LV dysfunc-
tion [3, 4]. Among the different imaging modalities that
can be used to detect MVO, cardiovascular magnetic res-
onance (CMR) has emerged as a useful tool for accurate
analysis of myocardial perfusion on first-pass perfusion
imaging and allows direct visualization of MVO
( n o n - r e p e r f u s e d m y o c a r d i u m ) u s i n g l a t e
gadolinium-enhancement CMR [5].

Recent studies revealed that MVO extent has an additional
prognostic value after STEMI. Consequently, MVO quantifi-
cation now has an important role in CMR [6, 7]. MVO quan-
tification by CMR is usually performed by manual tracing
(planimetry) on late gadolinium enhancement (LGE) MR im-
ages. This method is recognized as the reference standard [5,
8]. However, it is time-consuming and requires specific
post-processing software. To date, no practical, simple
and reproducible qualitative methods have been validated
for daily practice.

The goal of our study was to develop a direct visual
assessment of MVO extent, using visual scoring with a
dedicated grading scale, and to compare our results with
those obtained with the reference standard method. We
based our visual assessment method on a three-grade se-
verity scale on LGE images in a cohort of patients hospi-
talized for a first episode of acute STEMI undergoing
urgent coronary reperfusion within the 6 h following
symptoms onset.

Materials and methods

Patient population and study design

We prospectively included 115 consecutive patients (56 ±
6 years old) admitted for STEMI in a multicentre national
study, from October 2010 to September 2012 (ClinicalTrials.
gov identifier: NCT01113268). Acute STEMI was defined as
prolonged chest pain associated with ST segment elevation of
at least 2 mm (0.2 mV) in at least two contiguous leads on
electrocardiogram, and thrombolysis in myocardial infarction
(TIMI) flow grade of 0 or 1 at the initial coronary angiography
[9]. Reperfusion therapy was performed in accordance with
the consensus guidelines by either percutaneous coronary in-
tervention (PCI) or thrombolytic therapy [10]. Mechanical
thrombectomy was performed prior to PCI by manual throm-
bus aspiration. The time from symptoms onset to reper-
fusion therapy defined the total ischaemic time.

Inclusion criteria were a first episode of acute STEMI with
a reperfusion therapy performed within 6 h of symptoms on-
set. Exclusion criteria were (1) age (less than 18 years old and
greater than 80 years old), (2) previous myocardial infarction,
(3) left main trunk disease, (4) renal insufficiency (serum cre-
atinine greater than 1.5 mg/dl), (5) cardiogenic shock and (6)
contraindication to MRI. Included patients were recruited at
five sites: 38 patients (34 %) at site 1; 22 patients (20%) at site
2; 15 patients (13 %) at site 3; 12 patients (11 %) at site 4 and
25 patients (22 %) at site 5. A total of three patients were
excluded from the prospective cohort (2.6 %): one patient
developed a cardiogenic shock; one patient suffered claustro-
phobia and could not enter the MR system equipped with a
60-cm-diameter bore; one patient was excluded because in-
formed consent was not fully signed.

The institutional ethics committee approved the study and
all patients gave written informed consent.

CMR protocol

CMR was performed with a 1.5-T MRI system (Avanto,
Siemens Medical Solutions, Forchheim, Germany) in all 112
patients at day 4 ± 2 days (range 2–5 days) after reperfusion
therapy. A five-element phased-array surface cardiac coil and
vector electrocardiography were used for signal reception and
cardiac gating, respectively. CMR protocol included retro-
spective ECG-triggering breath-hold steady-state
free-precession (SSFP) cine MR images. Cine MR images
acquired in long axis and short axis served to assess global
and regional LV function (number of phases, 30). The cardiac
short axis sequences were planned to cover the entire left
ventricle using contiguous 8-mm-thick slices. First-pass per-
fusion images (four short axis views) were acquired during
administration of gadoterate meglumine at a dose of
0.1 mmol/kg (Dotarem®, Labora to i res Guerbet ,
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Roissy-Charles de Gaulle, France) followed by a 20-ml saline
flush at a rate of 4 ml/s. A second dose of gadolinium was
administered in order to reach 0.2 mmol/kg of gadolinium
chelate in order to obtain LGE MR images 8 to 10 min after
contrast injection. Inversion time (TI) was adapted to suppress
the signal of normal myocardium and sequence parameters
were as follows: repetition time (TR) = 4.9 ms, excitation time
(TE) = 1.9 ms, flip angle = 15°, slice thickness = 8 mm and
spatial resolution = 1.35 × 1.35 × 8 mm3.

CMR data analysis

CMR examinations were analysed offline with dedicated soft-
ware (QmassMR 7.0;Medis, Leiden, the Netherlands) by two
experienced observers blinded to clinical information and an-
giographic findings. A separate analysis was performed with a
2-month interval in order to define the inter- and intraobserver
variability for all measurements of our direct visual assess-
ment method. A final consensus between observers was
reached for ambiguous cases. We also determined inter- and
intraobserver concordance for MVO assessment using a ref-
erence method (i.e. planimetry). Interobserver concordance
was assessed by planimetry measurements in all patients.
For intraobserver concordance, we performed the analysis
on a random sample of 30 patients with MVO.

On LGE images, infarct core was defined as subendocar-
dial or transmural myocardial hyperenhanced zone and was
measured by manual delineation in short axis images. Infarct
size was expressed both in grams and as a percentage of LV
mass as previously described [5].

MVO was defined as a dark zone (hypoenhanced areas)
within the infarcted zone (hyperenhanced myocardial seg-
ments) usually located in the subendocardium. MVO area
was quantitatively determined on short axis CMR images by
manual tracing on LGE images. Results are expressed both in
grams and as a percentage of infarct size as previously de-
scribed [8]. Qualitative quantification of MVO was also per-
formed. The degree of MVO severity was graded as follows:
mild MVO (MVO 1), moderate MVO (MVO 2) and severe
MVO (MVO 3). MVO 1 corresponded to patchy
non-confluent hypoenhanced zones; MVO 2 or moderate
MVO corresponded to confluent zones of slight MVO; and
MVO 3 or severe MVO corresponded to large and confluent
zones of hypoenhanced areas within the infarcted area.
Figure 1 displays examples of visual MVO grading with three
different degrees of severity.

The length of time in order to complete the evalua-
tion using the two different methods for MVO assess-
ment was measured. The time needed for the reference
method (i.e. quantification by planimetry) and the direct
visual evaluation was recorded in all patients with
MVO.

Statistical analysis

Values are reported as mean ± SD or median (25th to 75th
percentile) for continuous variables and as frequency with
proportions and percentage for categorical variables.

AWilcoxon–Mann–Whitney test and a Fisher’s exact test
were used to compare differences between groups of contin-
uous and categorical variables, respectively. For the statistical
analysis the results obtained with quantitative planimetry were
considered as the standard of reference. To assess
intraobserver variability, a Cohen’s kappa was calculated for
MVO visual grading. Interobserver variability was assessed
using the kappa statistic from the results of the first examina-
tion. For quantitative assessment of MVO, the degrees of
agreement between different observers, and repeatedmeasure-
ments of one observer were determined as mean absolute dif-
ference (bias) and 95 % confidence interval of the mean dif-
ference (limits of agreement) according to the methods of
Bland and Altman [11]. We also divided patients with MVO
assessed quantitatively in three parts, each containing a third
of the population, in order to obtain tertiles of the population
with MVO: tertile 1, tertile 2 and tertile 3.

Spearman correlation coefficient was used to assess corre-
lation between visual and quantitative MVO grading.

All statistical tests were two-tailed, and a value of p < 0.05
was considered statistically significant. Calculations were
generated by SPSS software (version 12.0 for Windows,
SPSS, Inc., Chicago, Illinois).

Results

Patients and angiographic findings

All 112 patients, admitted for a first episode of acute
STEMI, were treated by primary PCI with balloon inflation
and stent implantation. They were 100 men and 12 women,
with a mean age of 56 ± 6 years old (range 48–62 years old)
and mean height and weight of 173.1 ± 8.3 cm and 76.4 ±
12.4 kg, respectively. Patients’ characteristics are shown in
Table 1. Thrombus aspiration was performed prior to PCI in
92 patients (82 %), and abciximab (ReoPro®, Eli Lilly,
France) was given in 103 patients (92 %). Final TIMI 3
flow was established in 93 patients (83 %) and TIMI ≤ 2
flow in the remaining 19 patients (17 %). The mean total
ischaemic time was 4.1 ± 2.1 h. The majority of the patients
(52 %, n = 58) had single-vessel disease. Most myocardial
infarctions involved the left anterior descending artery
(61 %) followed by the right coronary artery (24 %) and
the circumflex artery (15 %). Fifty-eight patients (52 %) had
a single-vessel disease, while two- and three-vessel disease
was observed in 43 patients (39 %) and 11 patients (9 %),
respectively. Importantly, time to reperfusion had no
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influence the presence of MVO even when looking at its
different severity grades (Table 2). In the MVO patient
group, left anterior descending artery occlusion was more
often responsible for severe MVO (MVO 3). The right cor-
onary artery was less often responsible for moderate to se-
vere MVO grade (i.e. ≥2). However, this difference did not
reach any statistical significance. The myocardial infarction
territory and its corresponding coronary artery occlusion did
not influence the presence or severity of MVO (Table 2).
Anterior myocardial infarction location, total ischaemic time
and TIMI flow post-PCI did not affect MVO severity. No

differences could be observed between MVO and TIMI
flow post-PCI (Fig. 2). A tendency toward greater MVO
extent with a lower TIMI flow grade post-PCI is noted.
This difference or more precisely this trend is statistically
not significant (p = 0.48). In addition, the no-reflow phe-
nomenon was usually visible in first-pass perfusion images
in almost all patients (n = 108/112; 95.5 %), whereas it was
not always observed in LGE images (n = 69/112; 61.6 %) as
shown in Fig. 3. Presence or absence of the no-reflow phe-
nomenon on LGE images was not influenced by post-PCI
TIMI flow grade.

Fig. 1 CMR images of 4
different patients with anterior
STEMI revascularised within the
first 6 h of chest pain onset.
Different views are displayed
(short axis, long axis 4- and
2-chamber views), according to
visual MVO severity grades
(rows a, b, c and d). Row a
displays an example of anterior
STEMI with noMVO (absence of
MVO on late gadolinium-
enhanced images). Row b
displays CMR findings in a
patient with anterior STEMI with
mild MVO (MVO 1). Row c
displays a patient with moderate
MVO (MVO 2). Row d: Patient
with severe MVO (MVO 3)
demonstrated by the extensive
low signal intensity within the
anterior infarcted area on late
gadolinium-enhanced images
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CMR analysis

All 112 patients underwent CMR with a mean delay of 4 ±
2 days (range 2–5 days) after reperfusion therapy. All patients
(100 %) had myocardial high signal intensity areas on LGE
images indicating myocardial necrosis. Excellent agreement
was observed between coronary territory of the treated artery
(infarct-related artery) and location of high signal intensity
areas on LGE images. Presence of MVO was observed in 69
patients (61.6 %). The remaining 43 patients (38.4 %) had no
MVO associated with the myocardial high signal intensity
areas (no MVO patients). In patients with MVO, visual as-
sessment of the degree of MVO severity was performed using
our visual grading scale. The different grades of MVO extent

and severity are shown in Fig. 3. MVO 1 (mild) was found in
26 patients (38 %), MVO 2 (moderate) in 22 patients (32 %)
and MVO 3 (severe) in 21 patients (30 %). The mean MVO
size determined by planimetry for each grade was 2.03 g ±
1.34 for MVO 1, 7.10 g ± 3.40 for MVO 2 and 13.05 g ± 7.09
for MVO 3 (p < 0.001). MVO extent increased significantly
accordingly to visual MVO severity grade.

Patient characteristics according to presence of MVO
and its various severity grades are shown in Table 3.
Patients with MVO 2 and MVO 3 had greater infarct
sizes and lower LVEF when compared with those of pa-
tients with no MVO or MVO 1 (49.2 ± 12.4 vs. 31.1 ± 5.2
for infarct size (p < 0.001) and 44 ± 3 vs. 51 ± 5 for LVEF
(p < 0.001)). The extent of myocardial infarction was
greater in patients with MVO 2 and MVO 3 when com-
pared with that of patients with no MVO or MVO 1
(Table 3, top). This extension can be expressed as the
number of akinetic segments. Indeed, the akinetic seg-
ments were numerous in patients with MVO 2 and
MVO 3 when compared with patients with MVO 1 or
no MVO (6 ± 2 vs. 4 ± 1 respectively, p < 0.001). We then
compared MVO direct visual severity grades with quanti-
tative MVO evaluation divided into tertiles each contain-
ing a third of the population (Table 3, bottom).
Interestingly, using the quantitative method we could iden-
tify the exact same patients than we identified using direct
visual grading (Table 3). Patient population corresponding
to the two upper tertiles (i.e. tertile 2 and tertile 3) in fact
corresponded to patients with severe visual grading (i.e.
MVO 2 and MVO 3). These results demonstrated the ex-
cellent correlation between our qualitative visual method to
assess MVO and quantitative MVO assessment by manual
planimetry as shown by Fig. 4. Correlation between visual
MVO grading and quantitative MVO assessment was mea-
sured at r = 0.92 (IQR 0.88–0.95) (p < 0.001).

MVO evaluation using the reference method (i.e.
planimetry) was a time-consuming task when compared to
direct visual assessment. The time needed for direct visual
evaluation was significantly shorter than the length of time
needed for MVO quantification using reference method
(0.65 ± 0.37 vs. 10.2 ± 2.9 min, p < 0.0001).

Interobserver and intraobserver variability

Inter- and intraobserver variability for visual MVO grading on
CMR was very low with κ = 0.93 and κ = 0.96, respectively.

Interobserver and intraobserver variability for MVO quan-
titative assessment using planimetry suffered from moderate
agreement, with a mean bias of −0.81 g LV (limits of agree-
ment ±1.8 g LV) and −0.83 g LV (limits of agreement ±2.1 g
LV), respectively (Fig. 5). The mean MVO size evaluation
was 6.8 g ± 5.9, which represents 4.1 % ± 3.1 of the percent-
age of LV mass.

Table 1 Characteristics of the patients included in the study, combining
clinical, angiographic and cardiovascular magnetic resonance (CMR)
findings

Clinical characteristics All patients (n = 112)

Age (years) 56 ± 6

Male gender, n (%) 100 (89)

Weight, kg (IQR) 76.4 ± 12.4

Height, cm (IQR) 173.1 ± 8.3

BMI, kg/m2 (IQR) 25.7 (23.2–27.9)

Hypertension, n (%) 31 (28)

Diabetes mellitus, n (%) 28 (25)

Dyslipidaemia, n (%) 58 (52)

Current smoking, n (%) 65 (58)

Family history of CVD, n (%) 12 (11)

Killip class >1, n (%) 106 (95)

Total ischaemic time, min 246 ± 126

Angiographic findings

Initial TIMI flow grade 0/1 pre-PCI, n (%) 86 (77)

TIMI 3 post-PCI, n (%) 93 (83)

Infarct-related artery

LAD, n (%) 68 (61)

RCA, n (%) 27 (24)

CX, n (%) 17 (15)

Single-vessel disease, n (%) 58 (52)

Double-vessel disease, n (%) 43 (39)

Triple-vessel disease, n (%) 11 (9)

CMR

Delay from STEMI onset to CMR, days (IQR) 4 (3–5)

LVEDV, ml/m2 (IQR) 91 (76–99.7)

LVESV, ml/m2 45 (37.8–57.1)

LVEF % 48.2 (42–53.7)

IQR interquartile range, BMI body mass index, CVD cardiovascular dis-
ease, TIMI thrombolysis in myocardial infarction, LAD left anterior de-
scending artery, RCA right coronary artery, CX circumflex artery, STEMI
ST elevated myocardial infarction, LVEDV left ventricle end-diastolic
volume, LVESV left ventricle end-systolic volume, LVEF left ventricle
ejection fraction,MVOmicrovascular obstruction, IQR interquartile range
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Discussion

In our study, we performed a direct comparison between the
quantification and a direct visual evaluation ofMVO based on
a three-grade severity scale in post STEMI patients. Other
teams developed a visual method using two grades (i.e. small
and large MVO) [8] or another qualitative method (based on
number of akinetic segments associated with MVO) [12].
However, no comparisons were made with the reference stan-
dard method.

In our study, visual MVO assessment using a three-grade
severity scale was significantly correlated with quantitative

measurements by planimetry, with high agreement between
both methods. Our results suggest that our semiquantitative
method should be used routinely for MVO assessment using
CMR. This method allows for rapid evaluation of MVO se-
verity. Manual quantification using planimetry is much more
time-consuming. Even though this visual assessment is not
quantitative, it allowed us to draw confident conclusions about
MVO severity. Visual MVO assessment is very reproducible
and more robust when compared with quantitative evaluation.
We found very low levels of inter- and intraobserver variabil-
ity using this method and excellent concordance of measure-
ments. In addition, we are the first to report the variability of
MVO assessment using planimetry measurements. MVO
quantitativemeasurements may suffer from high interobserver
variability, and therefore moderate agreement. Mean MVO
size measurement is approximately 7 g (4.1 % of LV mass).
Bland and Altman analysis reports limits of agreement around
2 g. This result could be interpreted as a somewhat high var-
iability of quantitative MVO measurement using planimetry.
This emphasizes the importance of our new method, which is
more robust with a low intra- and inter-observer variability.
Our own unpublished data regarding infarct size reproducibil-
ity are comparable to previous work dedicated to infarct size
measurement in the setting of acute and chronic myocardial
infarction [13, 14]. Direct visual evaluation of MVO extent
using our method is reproducible and accurate, making CMR
the method of choice as a surrogate end point in clinical trials
of reperfusion.

Table 2 Clinical, biological and
angiographic characteristics
according to different visual
MVO severity grades

No MVO–MVO 1 (n = 70) MVO 2–MVO 3 (n = 42) p

Age (years) 56 (48–61.8) 56 (47.5-63) 0.98

Male sex, n (%) 60 (86) 35 (84) 0.92

Cardiovascular risk factors

Hypertension, n (%) 19 (27.1) 11 (26.2) 0.31

Diabetes mellitus, n (%) 15 (21.4) 13 (30.9) 0.62

Hyperlipidaemia, n (%) 38 (54.3) 20 (47.6) 0.76

Current smoking, n (%) 47 (67.1) 16 (38.1) 0.0061

BMI, kg/m2 25.2 (22.8–27.7) 26.1 (24.8–28.7) 0.11

Killip class 1, n (%) 67 (95.7) 37 (88.1) 0.91

Angiographic findings

Initial TIMI flow grade 0/1, n (%) 52 (74.3) 34 (81) 0.11

TIMI 3 flow post-PCI, n (%) 60 (85.7) 33 (78.6) 0.88

Infarct-related artery, n (%)

LAD 44 (62.9) 24 (57.1) 0.51

CX 8 (11.4) 9 (21.4) 0.11

RCA 18 (25.7) 9 (21.4) 0.54

Time to reperfusion, h 4.6 (1.5–8.3) 4.4 (1.7–7.1) 0.83

Door to balloon time, min 31.5 ± 10.4 3.1 ± 12.5 0.89

No MVO absence of MVO on late gadolinium-enhanced images, MVO 1 mild MVO, MVO 2 moderate MVO,
MVO 3 severe MVO. See Table 1 for other abbreviations

Fig. 2 Box plot analysis displaying MVO size measured by planimetry,
expressed in grams (g), according to TIMI flow grade post-PCI. No
difference between groups is noted
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Despite improvements in therapeutic strategies in the
treatment of STEMI patients, the incidence of major ad-
verse cardiac events after STEMI and revascularisation re-
mains important [15]. Quantification of infarct size as well
as accurate evaluation of MVO size and extent by CMR has
become an important issue in this setting. Therefore the risk
stratification in such a group of patients is of great concern.
Besides, there are an increasing number of patients that are
referred to CMR centres for cardiac evaluation after STEMI
[16]. CMR allows accurate assessment of LV and RV func-
tion, transmural extent of myocardial necrosis and infarct
size quantification in all segments of the LV. Infarct size has
an additional prognostic value in post-myocardial infarc-
tion patients that could be used for the therapeutic strategy
management [16–19]. The presence of microvascular
damage is a key factor of adverse outcomes in patients with
STEMI [17]. MVO corresponds to a structural obstruction
or disruption of the microvascular system within the myo-
cardium. It is promoted by PCI that is responsible for reper-
fusion tissue damage. Oxygen free radicals promote tissue
factor synthesis responsible for fibrin and fibrinogen
deposition in the capillaries facilitating distal thrombosis.
MVO is also due to leukocyte entrapment [20] and distal
microembolization of platelets in the capillaries [21]. MVO
is a dynamic phenomenon and previous studies have shown

that the magnitude and spatial extent of MVO may vary
over time after contrast media administration [22]. There
is a decrease of MVO extent from early to late imaging as
assessed by CMR [23]. There are some additional experi-
mental studies that have demonstrated that MVO extent
may vary from 1 to 24 h after reperfusion therapy and
may further increase 48 h post-reperfusion [22, 24].

MVO can be detected by CMR using different tech-
niques: first-pass perfusion method and the Btraditional^
LGE [25]. First-pass perfusion provides a valuable as-
sessment of MVO extent [26, 27]. This method has been
validated against histological studies [22, 28], but suffers
from low spatial resolution and insufficient LV coverage.
We therefore opted for the LGE method that offers a
better LV coverage, better signal-to-noise ratio or spatial
resolution. LGE provides a valuable assessment of MVO
extent in STEMI patients [29], and seems to be the pre-
ferred method for MVO quantification because it has an
additional prognostic value over other methods. MVO
extent has been validated as an independent predictive
factor for all major adverse cardiac events using LGE
images [4, 30].

One main limitation may be raised with respect to our
study. This is the limited impact of our work at this stage.
We did not assess the value of our direct visual MVO

Fig. 3 CMR images of 3 different patterns encountered in LGE images
(upper row) and first-pass perfusion images (lower row). Images
displayed in a, b, c and d are an example of anterior STEMI with
successful revascularisation and presence of no-reflow in both fist-pass

perfusion images and LGE images. Interestingly, TIMI flow grade post-
PCI was respectively TIMI flow 1 (a, b) and TIMI flow 3 (c, d). Images e
and f show the presence of hypoperfusion in first pass (f) but no MVO in
LGE images (e), with a TIMI flow grade of 3, post-PCI

2172 Eur Radiol (2016) 26:2166–2175



evaluation method as a potential indicator of prognostic mark-
er for LV adverse remodelling or major adverse cardiac
events. Even though we found a good concordance bet-
ween planimetry and visual MVO assessment in our
study, we did not assess the prognostic role of our novel
method. We only validated a feasibility study of a direct
visual assessment method for MVO severity evaluation.
Our visual method does not provide an absolute value of
MVO size. This may have some implication in the search

for establishment of a prognostic marker. Further studies
specifically designed to address the question raised by the
present study are needed. MVO is in fact a marker of
infarct severity by its extent (number of segments in-
volved) and reflection of deep myocardial damage (severi-
ty of MVO). Our direct visual evaluation reflects both
aspects of the phenomenon. In particular MVO visual
grade 3 reflects particularly severe myocardial damage
and large extent. We are confident in the potential of our
new method because our visual evaluation of MVO re-
flects both the intensity of myocardial damage and its
extent by the number of segments involved. MVO is
known to be an important predictor of global functional
recovery after STEMI, whatever the location of the acute
myocardial infarction [31]. Moreover, we know that the
presence of microvascular damage is a key factor of ad-
verse outcomes in patients with STEMI [32]. These
results suggest that our method is clinically relevant and
might be appropriate in such the setting of STEMI pa-
tients to rapidly further classify the severity of myocardial
damage. The present work is dedicated to a comparison
between two evaluation methods. However, we are cur-
rently exploring the useful potential value of our method
in this setting for prognostic assessment [33]. Recently,

Fig. 4 Box plot displaying MVO size measured by planimetry,
expressed in grams (g), according to direct visual MVO severity grade
assessment: MVO 1 mild MVO; MVO 2 moderate MVO; MVO 3 severe
MVO. *p = 0.0003 for MVO 2 versus MVO 3; **p = 0.0001 for MVO 1
versus MVO 2

Table 3 CMR characteristics
according to different visual
MVO severity grades (top) and
quantitative MVO evaluation
classified by tertile (bottom)

Cardiac magnetic resonance imaging No MVO–MVO 1 MVO 2–MVO 3 P
n = 70 n = 42

Delay from STEMI onset to CMR, days 4 (3–5.8) 4 (3–5) 0.13

LVEDVi, ml/m2 90 (73.5–97.8) 92.1 (78.8–102.5) 0.18

LVESVi, ml/m2 43.2 (34.7–54.8) 50.3 (42.8–59.4) 0.0086

LVEF, % 50 (44–54.7 44 (38.4–49.8) 0.0015

Akinetic segments, n 4 (2–5) 6 (4–8) 0.00052

Infarct size, g 31.1 (18.8–38.1) 49.2 (39–55.9) 0.000003

Relative infarct size, % LV mass 25.7 (16.8–29.9) 36.4 (32.2–42.4) 0.000007

Pericardial effusion, n (%) 13 (18.6) 24 (57.1) 0.00003

Cardiac magnetic resonance imaging No MVO–MVO tertile 1 MVO tertile 2 & 3 P
n = 71 n = 41

MVO size, g 0.45 (0–0.67) 9.4 (4.8–11.2) <0.0001

Delay from STEMI onset to CMR, days 4 (3.2–5.7) 4 (3.1–5.3) 0.96

LVEDVi, ml/m2 89.4 (73.8–98.9) 88.7 (78–97.3) 0.02

LVESVi, ml/m2 46.1 (35.7–55.1) 49.4 (42.5–53.9) 0.03

LVED, % 49.2 (42.6–54.9) 44.7 (41.8–50.1) 0.006

Akinetic segments, n 3.9 (2–5) 5.5 (4–7) 0.0005

Infarct size, g 29.9 (17.8–39.1) 48.2 (36.5–51.8) <0.0001

Relative infarct size, % LV mass 24.1 (16–29.9) 36.7 (29–38.6) 0.0003

Pericardial effusion, n (%) 12 (16.9) 23 (56.1) <0.0001

Values are expressed in mean (with interquartile range) unless specified. For quantitative evaluation we divided
patients with MVO into three groups, each containing a third of the population. Therefore we obtained tertiles of
the population with MVO: tertile 1, tertile 2 and tertile 3

No MVO absence of MVO on late gadolinium-enhanced images, MVO 1 mild MVO, MVO 2 moderate MVO,
MVO 3 severe MVO, STEMI ST elevation myocardial infarction, LVEDVi left ventricle end-diastolic volume
index, LVESVi left ventricle end-systolic volume index, LVEF left ventricle ejection fraction
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not only LV ejection fraction but also the presence of
MVO has been recognized as an independent prognostic
marker of adverse cardiovascular events, even after ad-
justment for other cardiovascular risk factors, such as in-
farct size and TIMI flow or myocardial blush grade after
revascularisation in STEMI patients [34]. These findings
emphasize the close relations between microvascular
damage, myocardial infarct size and functional parame-
ters, even in the week following acute myocardial infarc-
tion. Studies highlighting the role of microvascular
damage as a determinant of prognosis are of critical im-
portance. We believe that our MVO visual estimation has
the potential to be clinically relevant and might be appro-
priate in such a setting of STEMI patients to rapidly
further classify the severity of myocardial damage and
therefore determine its potential damaging role and in-
fluence on patients’ long-term prognosis.

Finally, determinants of myocardial perfusion have not
been determined as well as other predictors for LV remodel-
ling or clinical outcome on patient admission in STEMI, such
as intramyocardial haemorrhage which is a common finding
in patients with acute reperfused myocardial infarction [35].
Again this is beyond the scope of the present study and needs
further evaluation.

Conclusion

Direct appraisal of MVO severity by visual assessment
using LGE images is feasible, rapid, reproducible and ac-
curate with a very low inter- and intraobserver variability.
Its agreement with the reference method by quantitative
planimetry is excellent. Our results suggest that our ap-
proach could be used for routine evaluation in patients

undergoing CMR after acute myocardial infarction. The
impact of direct visual MVO severity evaluation should
be validated in a larger cohort to assess its prognostic value
in reperfused STEMI patients.
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