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ABSTRACT

Background: Myocardial blush is a simple, widely available, and virtually costless technique for the
immediate diagnosis of microvascular impairment, and confirms myocardial tissue-level perfusion at time of
coronary angiography. Objective: Emphasizing the correlation between left ventricular functions and
angiographic evidence of myocardial blush grade (MBG) in patients with ischemic heart disease (IHD).
Patients and Methods: The present study included fifty patients who had been admitted to AL-Azhar
University Hospital (Damietta) between February 2015 and October 2015 by IHD, and eligible to coronary
angiography. Patients in the study were subjected to full history with special emphasis on age, sex, other risk
factors for coronary artery disease (CAD), and analysis of anginal pain. Echocardiography to assess LV
functions was done immediately before coronary angiography and assessment of MBG. Results: The mean
age of studied cases was 56.5 years. Most of our cases were males (68%), and the most frequent risk factor
was hypertension (54%). Ejection fraction was within normal limits in 54% of cases. Mild, moderate and
severe impairment of LV systolic functions were found to be 24, 10 and 12 % respectively. Most of the
patients (47 for right coronary, 43 for left circumflex and 44 for left anterior descending arteries) had
thrombolysis in myocardial infarction (TIMI) grade I11. Myocardial blush grading was assessed for both right
and left coronary arteries. The most frequent finding was grade 1l for both left (50%) and right (62%)
systems, and the least was grade | for left (16%) and right (10%) systems. Impaired MBG of the left coronary
system was associated with old age, male sex and low blood pressure, while right coronary system had no
such association. Impaired MBG of both right and left coronaries was related to impairment of left
ventricular systolic function, but not related to diastolic function. Also, degree of MBG was related to degree
of TIMI on both right and left coronaries. In contrast, degree of systolic function by echocardiographic
assessment was not related to TIMI of right coronary system or TIMI left circumflex (LCX) artery. Finally,
MBG was related to degree of stenosis of all coronary arteries except LCX artery. Conclusion: Myocardial
blush grade was correlated with left ventricular systolic function. Impaired myocardial blush grade was
related to TIMI and degree of coronary stenosis. Impaired MBG of left system was associated with old age,
male sex and low blood pressure.
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INTRODUCTION under normal circumstances, any blood
entering the coronary artery will reach the
capillaries, and thus flow measured at any
level of coronary tree will reflect tissue
perfusion (Chilian et al., 2011). Angio-
graphic “blush” is a simple widely
available and virtually costless technique

Perfusion can be defined as tissue
blood flow at the capillary level, which
can be described in term of velocity and
volume. Because there are no arterio-
venous connections in the human heart,
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for the immediate diagnosis of micro-
vascular impairment at the time of
catheterization.  Myocardial  perfusion
grade is the angiographic method
currently preferred to confirm myocardial
tissue-level perfusion after coronary
angiography (Porto et al., 2010).
Immediately after reperfusion in patients
with  acute  myocardial  infarction,
myocardial blood volume decreases in
proportion to the extent of necrosis, while
blood velocity generally increases above
baseline  pre-occlusion  levels.  The
decrease in blood volume is caused by
capillary injury and plugging resulting in
"no-reflow” in the capillaries. The
increase in blood velocity is secondary to
reactive hyperemia that lasts for several
hours after reperfusion (Kloner et al.,
2012). In patients after reperfusion
therapy, the myocardial blush grade, as
seen on the coronary angiogram, is a
predictor of left ventricular function, and
can be used to describe the effectiveness
of the myocardial reperfusion. Myocardial
blush grade (MBG) tends to be impaired
when ischemic time is prolonged, infarct
size is larger, and when distal
embolization is evident (Bethke et al.,
2015). It is reported that MBG is related
to TIMI flow in the epicardial vessel.
However, almost one third of patients
with TIMI 3 flow have MBG 0/1,
indicating poor perfusion at the tissue
level. This impaired myocardial perfusion
is associated with relatively more
extensive necrosis and, as a consequence,
is a predictor of poor regional and global
contractile function, with predictive power
beyond TIMI flow (Stone et al., 2012).

The present work aimed to emphasize
the correlation between left ventricular
functions and angiographic evidence of

myocardial blush grade in patients with
ischemic heart disease.

PATIENTS AND METHODS

This study included fifty patients
presented with anginal pain and were
eligible for coronary angiography at
Cardiology Department of Al-Azhar
University Hospital (Damietta) during the
period from February 2015 to October
2015.

Inclusion criteria

1. Acute coronary syndrome (ACS): Cases
of ST elevation myocardial infarction
and non ST elevation ACS as unstable
angina or non ST elevation myocardial
infarction in the presence of
intermediate or high risk according to
TIMI score.

2. Stable angina with occurrence of
recurrent chest pain in spite of medical
treatment.

3. Stable angina with high risk criteria by
stress testing.

Exclusion criteria

1. Poor echocardiography window.

2. Previous myocardial infarction.

3. Previous coronary artery bypass graft-
ing

Written informed consent was obtained
from each patient to perform the coronary
angiography.

All patients were subjected to full
history taking, clinical examination and
laboratory investigations for CBC,
creatinine, random blood glucose, INR,
serum troponin I, and electrocardiogram
(ECQG).

Using transthorathic probe of Phillips
IE 33 echo device, echocardiography was
performed (according to recommended
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methods by American Society of Echo-
cardiography) to assess left ventricular
systolic function by M mode (teichholz
method) in the left parasternal long axis
view, or using Simpson's methods if there
was SWMA, or altered LV geometry, and
was grade into three grades (Lang et al.,
2015).

Left ventricular diastolic dysfunction
was graded into 3 grades using the Pulsed-
wave mitral valve inflow method in
patients with sinus rhythm (Sipic et al.,
2013).

Using Philips Allura F.D (10/10), the
myocardial blush grade (MBG) was
graded on the angiograms. Angiographic
runs had to be long enough to allow some
filling of the venous coronary system to
be certain of adequate contrast filling of
the epicardial and intramyocardial
coronary vessels. All angiograms were
made with 6F diagnostic catheters in a
standardized fashion (Brener et al,
2013).

Statistical analysis: The collected data
were organized, tabulated and statistically
analyzed using statistical package for
social sciences (SPSS) version 19 (SPSS
Inc, Chicago, USA), running on IBM
compatible computer.  Frequency and
percent distributions were calculated, and
the Chi square (X?) test was used. Mean
and standard deviation (SD) were
calculated. One way ANOVA, least
significant difference (LSD) test and
correlation co-efficient (t-test) were used.
For all tests, p value <0.05 were
considered significant.

RESULTS

The mean age of studied cases was
56.5+8.1 years. Most of our cases were
males (68%), and the most frequent risk
factor was hypertension (54%). Mean
systolic and diastolic blood pressure were
126.4+13.7 and 78.6£9.9 respectively
(Table 1).

Table (1): General characteristics of studied cases (mean + SD).

Variables Findings
Age 56.5+8.1
Gender
Male: No (%) 34 (68)
Female: No (%) 16 (32)
Risk factors
Hypertension: No (%) 27 (54)
Smoking: No (%) 18 (36)
Diabetes mellitus: No (%) 17 (34)
Dyslipedimia: No (%) 20 (40)
Heart rate (b/m) 77.848.6
Systolic blood pressure 126.4+13.7
Diastolic blood pressure 78.6%£9.9
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The mean ejection fraction
54.3+£12.1. The mean end systolic and
diastolic dimensions were 39.9+8.3 and

was

56.1+8.8 respectively. The mean fraction
shortening was 26.9+7.1 (Table 2).

Table (2): Echocardiographic findings of studied cases (mean £ SD).

Variables Findings
Ejection fraction (%) 54.3£12.1
End diastolic dimensions (mm) 56.1+8.8
End systolic dimensions (mm) 39.9+8.3
Fraction shortening (mm) 26.9+7.1

The most frequent finding about diastolic function was grade | (64%) , and the least was

grade 111 (8%) (Table 3).

Table (3): Diastolic dysfunction of studied cases

Count
No. %
Grades
Grade | 32 64
Grade I1 14 28
Grade Il 4 8

Ejection fraction was within

normal

limits in most of our cases (54%). Mild,
moderate and severe impairment were

found to be 24, 10 and 12 % respectively
(Table 4).

Table (4): Degree of ejection fraction among studied cases

Parameters s No. v
Normal (> 55%) 27 54
Mild impairment (45-54%) 12 24
Moderate impairment (30-44%) 5 10
Severe impairment (<30%) 6 12

The most frequent finding about MBG
was grade 111 for both left (50%) and right
(62%) systems, and the least was grade |

for left (16%) and right (10%) systems
(Table 5).
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Table (5): Myocardial blush grading among studied cases

Systems Left coronary system Right coronary system
Grades
Grade | 8 (16) 5 (10)
Grade Il 17 (34) 14 (28)
Grade 111 25 (50) 31 (62)

Most of the patients (47 for RCA, 43 for LCX and 44 for LAD) had TIMI grade IlI

(Table 6).
Table (6): TIMI grading of studied cases
Cases TIMIRCA TIMI LCX TIMI LAD
Grades

Grade | 2 1 4

Grade 11 1 6

Grade 111 47 43 44
Impaired myocardial blush (grade 1) of the 0.018 respectively), with statistically

left coronary system was associated with
increased age (p=0.034), male sex
(P=0.039) and decreased both systolic and
diastolic blood pressure (P=0.003 and

significant difference, while there was no
significant difference regarding heart rate
(P=0.14 - Table 7).

Table (7): Comparison between myocardial blush grades of the left coronary system and

patient's characters (mean £ SD).

Grades
Grade | Grade 11 Grade 111

Characters (n=8) (n=17) (n=25) P
Age (years) 63.4£5 57+8 55.2+7.8* 0.035
Gender
Male (%) 8(100) | 12 (71) 13 (52) 0.039
Female (%) 0 (0) 5 (29) 12 (48)
Heart rate (b/m) 74.9+7.5 79.8+6.4 77.3x10.1 0.39
Systolic BP 113.8+12 133+13.6* 125.2+11 0.002
Diastolic BP 71.2+6.4 83.5+10.6* 78.8+9.7 0.017

*: significantly different from group I.
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There was no statistically significant
difference between grading of myocardial
blush of the right coronary system with
age (p=0.37), sex (P=0.067), both systolic

and diastolic blood pressure (P=0.11 and
0.32 respectively), and heart rate (P=0.5 -
Table 8).

Table (8): Correlation between myocardial blush grades of the right coronary system and
patient's characters (mean + SD).

Grades
Grade | Grade 11 Grade 111 p

Characters (n=5) (n=14) (n=31)

Age (years) 58+6.3 59.9+6.4 55.748.6 0.26
Gender

Males (%) 4 (80) 12 (86) 17 (55) 0.101
Females (%) 1(20) 2 (14) 14 (45)

Heart rate (b/m) 74.416 78.5+6.9 78.7£10.4 0.62
Systolic BP (mm Hg) 116+13.4 | 123.6+15.5 129+12.2 0.99
Diastolic BP (mm Hg) 74£5.5 77.9£11.9 80.6+10 0.37

Impaired myocardial blush of the left
coronary system was associated with
decrease in ejection fraction and fraction

end systolic and diastolic dimensions; all
with statistically significant difference (P=
<0.001 - Table 9).

shortening, while there was an increase in

Table (9): Comparison between myocardial blush grades of the left coronary system with
left ventricular dimensions and systolic function (mean + SD.

Grades
Grade | Grade Il Grade 111 p
(n=8) (n=17) (n=25)

Parameters

Ejection fraction (%) 39.2+6.4 56.1+8.6* 57.8+12* <0.001
End diastolic dimensions (mm) 68.4+4 57.3+5.6* 51.6+6.9* <0.001
End systolic dimensions (mm) 52.5+54 39.3+5.1* 36.4+6.8* <0.001
Fraction shortening (mm) 18+2.8 28+7.3* 28.9+5.9* <0.001

*: significantly different from group 1.

Impaired myocardial blush of the right
coronary system was associated with
decrease in ejection fraction and fraction
shortening, while there was an increase in

end systolic and diastolic dimensions; all
with statistically significant difference (P=
0.001-0.003 - Table 10).
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Table (10): Comparison between myocardial blush grades of the right coronary system

with left ventricular dimensions and systolic function (mean + SD).

563

Grades | Grade | Grade I1 Grade I11 P
Parameters (n=5) (n=14) (n=31)
Ejection fraction (%) 43.2+9.5 | 48.3+11.9* 57.9+11* 0.005
End diastolic dimensions (mm) 60.6x5 61.9+9.3 53.2+7.5*" 0.003
End systolic dimensions (mm) 47+5.3 44.9+9.5 37+6.2** 0.001

*: significantly different from group I.
#: significantly different from group I1.

Myocardial blush grading had a strong
positive correlation with EF, while it had
strong negative correlations with end

systolic and end diastolic dimensions with
statistically significant values (Table 11).

Table (11): Correlation between myocardial blush grades of the left coronary system with
left ventricular dimensions and systolic function

Parameters e MBG i

Ejection fraction (%) 0.51 <0.001
End diastolic dimensions -0.63 <0.001
End systolic dimensions -0.57 <0.001

Myocardial blush grading had strong
positive correlation with EF and fraction
shortening, while it had strong negative

correlations with end systolic and end
diastolic dimensions with statistically
significant values (Table 12).

Table (12): Correlation between myocardial blush grades of the right coronary system
with left ventricular dimensions and systolic function

MBG
MBG P
Parameters
Ejection fraction (%) 0.53 <0.001
End diastolic dimensions -0.48 <0.001
End systolic dimensions -05 <0.001

There was no significant correlation
between myocardial blush grading of the

left coronary system and left ventricular
diastolic function (P= 0.12-Table 13).
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Table (13): Comparison between myocardial blush grading of the left coronary system and

left ventricular diastolic function .

MBG
Grade | (n=8 Grade Il Grade I11
DF (n=9) (n=17) (n=25)
Grade | (n=33) 4 11 18
Grade Il (n=13) 5 5
Grade Il (n=4) 2 1 |
P value: 0.399
There was a statistically significant systolic function. The more impaired

correlation  (P=

<0.001)

between

myocardial blush grading of the left
left wventricular

coronary system and

systolic function the more was the
impaired myocardial blushing (Table 14).

Table (14): Comparison between degree of ejection fraction and myocardial blush grade of
left coronary system

MBG Grade I (n=8) Grade Il (n=17) | Grade Ill (n=25)
EF degree
Normal (n=27) 1 5 21
Mild impairment (n=12) 1 10 1
Moderate impairment (n=5) 3 2 0
Severe impairment (n=7) 3 0 3
P value: <0.001

There was no significant correlation
between myocardial blush grading of the

right coronary system and left ventricular
diastolic function (P= 0.22 - Table 15).

Table (15): Comparison between myocardial blush grading of the right coronary system
and left ventricular diastolic function (DF)and MBG

DF Grade | (n=5) Grade Il (n=14) Grade 111 (n=31)
Grade I (n=33) 4 9 20
Grade Il (n=13) 3 10
Grade 111 (n=4) 1 2 1

P value: 0.22
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There was a statistically significant
correlation ~ (P=  0.006) between
myocardial blush grading of the right
coronary system and left ventricular

systolic function. the more impaired
systolic function the more was the
impaired myocardial blushing (Table 16).

Table (16): Comparison between degree of ejection fraction (EF) and MBG .

MBG
Grade | Grade Il Grade 111
EF degree (n=5) (n=14) (n=31)
Normal (n=27) 1 3 23
Mild impairment (n=12) 2 6 4
Moderate impairment (n=5) 1 2
Severe impairment (n=6) 1 3 2

P value: <0.034

DISCUSSION

The MBG score is an angiographic
method for the assessment of reperfusion
during catheterization, based on the
kinetics of dye penetration within the
myocardium (Wieringa et al., 2014).

The present study was designed to
emphasize the correlation between left
ventricular functions and angiographic
evidence of myocardial blush grade in
patients with ischemic heart disease.

The mean age of studied cases was
56.5+8.1 years. Most of our cases were
males (68%) and the most frequent risk
factor was hypertension (54%). Mean
systolic and diastolic blood pressure were
126.4 and 78.6 respectively. Those results
were somewhat similar to Karahan et al.
(2015) who found that the mean age was
575 £ 11 years and most cases were
males (82.6%), smoking was the most
frequent risk factor (43.1%) and hyper-
tension represented 23.9%. This reflects
about the risk factors of coronary artery
disease which confirm that it increases

over age 45 years in men and over age 55
years in women. Dyslipidemia, high blood
pressure, cigarette smoking and diabetes
mellitus are other known risk factors
(Zengin et al., 2015).

Ejection fraction was within normal
limits in most of our cases (54%). Mild,
moderate and severe impairment were
found to be 24, 10 and 12 % respectively.
Those results were similar to Tabor et al.
(2015).

Regarding diastolic dysfunction (DD),
64% of patients had grade | dysfunction,
and grade Ill was present in 8% of
patients. Moreover, degree of dysfunction
was not related to age, gender, heart rate
or blood pressure. Sipic et al. (2013)
reported similar results among patients
with IHD. Grade | DD was reported in
64.2%, grade 11l in 4.6%, and it was not
related to any of the studied risk factors.
The coronary heart disease is one of the
most important causes of diastolic
dysfunction and almost all coronary
patients have a certain degree of diastolic
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dysfunction, regardless of concomitant
systolic dysfunction (Jamiel et al., 2016).

In the present work, MBG of our cases
was reported. It was for left system (grade
I= 8 cases, grade I1=17 cases and grade
1= 25 cases); and for the right system
(grade 1= 5 cases, grade Il1= 14 cases and
grade I11= 31 cases). Moreover, MBG was
directly correlated with TIMI of all
arteries.

Thus, the assessment of microvascular
perfusion and integrity was integral for
risk stratification in patients with IHD. In
this  regard, prior studies have
demonstrated the prognostic utility of MB
in this setting (Stone et al., 2012)

MBG may be practical when assessing
microvascular function in the catheter
laboratory especially at the time of PCI
(Porto et al.,, 2010). Previous results
showed that myocardial blush grade
(MBG) 0 and 1 were associated with
increased end-diastolic and end-systolic
volumes at follow-up (Niccoli et al., 2011
and Wong et al., 2012).

Similar to our results, a study
confirmed a correlation between MBG
and left ventricular systolic function
(Karahan et al., 2015).

However, there was a lack of studies
which included heterogeneous population
with IHD before coronary intervention.
Thus, according to our knowledge, we
were unique in the assessment of MBG in
different patients with IHD.

In the present study, there was a strong
correlation between MBG of both left and
RT coronary systems with left ventricular
function with highly statistically signifi-
cant values. Similarly, there was a
significant  correlation  between LV
function recovery and MBG. MBG was
univariate predictor of LV function
recovery. The myocardial blush grade

(MBG) was the most powerful predictor
of LV function recovery, MBG >2 and
ST-segment elevation index reduction had
good accuracy and MBG >2 had the best
negative likelihood ratio (AboulEnin et
al., 2015).

There was a statistically significant
correlation between MBG and
degree of right coronary stenosis. Also,
there was a statistically significant
correlation between MBG and LAD,
while there was no statistically significant
correlation with LCX . Those results were
a little bit different from Brener et al.
(2013) who reported that MBG was
correlated with RCA and LAD. In the
present work, degree of ejection fraction
was statistically significant correlated with
TIMI of LAD, while there was no
statistically significant correlation with
TIMI of LCX and RCA.

In a study, patients with TIMI grade 2-
3 post PCI had significantly lower EDV,
higher LVEF and better regional wall
thickening in the infarcted region, and
those patients also had significantly
smaller infarct sizes (Bethke et al., 2015).
However, there are lacks of data as regard
relation between ventricular function and
TIMI in ischemic patients.

CONCLUSION

Myocardial blush grade was correlated
with left ventricular systolic function, but
not related to grades of diastolic
dysfunction. Impaired myocardial blush
grade was related to TIMI. Finally,
impaired MBG of left system was
associated with old age, male sex and low
blood pressure.

RECOMMENDATIONS

Further large wide scale studies to
confirm the efficacy of myocardial blush
grade as well as its relation to coronary
intervention.
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