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Background: Suboptimalmyocardial perfusion inprimary PCI is associatedwith increased infarct size, left ventric-
ular (LV) dysfunction and higher mortality rates as compared as those with optimal myocardial perfusion. We
identified clinical and procedural predictors of suboptimal myocardial reperfusion as judged by myocardial
plush grade (MBG) in primary PCI.
Methods and Results: 100 patientswith acute STEMIwho underwent primary PCIwere prospectively subjected to
clinical, ECG, laboratory and angiographic evaluation. Patients were classified into: Optimal myocardial reperfu-
sion group: (n=73) who had final MBG=3. Suboptimal myocardial reperfusion group: (n=27) who had persis-
tent final MBG ≤ 2. Suboptimal myocardial reperfusion group had statistically significant little history of angina
prior to MI 5 (18.5%) vs 44 (60.3%), little current aspirin intake 6(22%) vs 38 (52% ), increased blood sugar on ad-
mission (240± 101mg/dl vs 171± 72mg/dl), increased total leucocytic count on admission (12.1± 3.6 vs 10.2
± 3.3) 103/mm3, longer reperfusion time (6.1± 2.8 vs 4.3 ± 2.1 h ), higher thrombus burden 12 (44.4 % ) vs 13
(17.8 %), higher predilatation pressure (16 ± 2.3 vs 14 ± 1.8 ATM), repeated balloon inflation during
predilatation 24 (92.3 % ) vs 46 (69.7%) as compared optimal myocardial reperfusion group, (P b 0.05 for all).
Conclusion: Longer reperfusion time, repeated balloon inflations, high predilatation pressure> 15 ATM , high
thrombus burden, neither history of angina nor aspirin intake prior to AMI, high total leucocytic count N
10103/mm3 and high blood glucose level N 160mg/dl were predictors for persistent suboptimal myocardial re-
perfusion in primary PCI.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Primary percutaneous coronary intervention (PCI) is the preferred
reperfusion strategy for treating acute ST-segment elevationmyocardial
infarction (STEMI). The main goals are to restore epicardial infarct-
related artery patency and achieve microvascular reperfusion as early
as possible, thus limiting the extent of irreversibly injured (necrotic)
myocardium [1]. Adequate myocardial perfusion after 1ry PCI was asso-
ciated with better clinical outcomes, whereas suboptimal myocardial
perfusion was associated with increased infarct size, an increased rate
of left ventricular (LV) dysfunction and higher mortality rates. Restora-
tion of normal epicardial blood flow (TIMI grade 3) does notmean opti-
mal reperfusion at the microcirculation level. Myocardial blush grade
(MBG) had been well validated as an angiographic technique to assess
myocardial perfusion in patients with STEMI. MBG correlates with the
more accurate method of evaluating myocardial perfusion (magnetic
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resonance imaging) and enables the immediate evaluation of microvas-
cular patency in the catheterization laboratory [2].

2. Aim of this work

Aim of this workwas to identify clinical and procedural predictors of
sub-optimalmyocardial perfusion judged byMBG in patientswith acute
STEMI who undergo primary PCI.

3. Patient and methods

This is prospective non randomized study that included 100 consec-
utive patientswith acute STEMIwhowere subjected to primary PCI. The
culprit vessel was only subjected to intervention. Patients with severe
left main or multivessel coronary artery disease who in need for urgent
surgical revascularization and patients with saphenous vein grafts le-
sions were excluded from the study. All patients provided written in-
formed consent for the use of clinical, procedural, and follow-up data
for research. The study procedures were in accordance with the Decla-
ration of Helsinki and the institutional ethics committee of the Minia
University approved the study protocol.
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Table 2
Comparison between optimal and suboptimal reperfusion groups regarding their ECG and
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All patients were subjected to the following:

1- Thorough clinical evaluation including history of diabetes
mellitus, systemic hypertension, smoking, dyslipidemia and fam-
ily history of premature CAD, previousmyocardial infarction, an-
gina prior to MI and history of previous medication.

2- Twelve lead surface ECG: For evidence and site of myocardial in-
farction and calculation of ST segment resolution (STR) as sum of
ST elevation at ECG90min after 1ry PCI/sumof ST elevation at ini-
tial ECG, STR was classified according to the Schröder classifica-
tion as complete (70% to 100%), partial (30% to 69%), or absent
(b30%) [3].

3- Laboratory investigations including on admission blood glucose
level, total leucocytic count (TLC), blood urea nitrogen (BUN),
serum creatinine, hemoglobin, and platelets.

4- Interventional variables: primary PCI was performed by experi-
enced operators on call according to standard protocols. Unless
contra-indicated, all patients received; aspirin 300mg, nitroglyc-
erin infusion, intravenous bolus of 5000–10,000 units of heparin,
clopidogrel (loaded with 600 mg followed by 150 mg per day)
and Glycoprotein IIb/IIIa receptor antagonist infusion which is
the strategy of our centre according to guidelines at time of
study. Other anti-ischemic drugs like B-blockers, anti-
arrhythmics, inotropics and vasopressors were given when indi-
cated. Culprit vessels were identified by the operator according
to leads involved at ECG. Selection of guiding catheter and
guide wire, usage of catheter aspiration device, predilatation,
maximum balloon inflation pressure depending upon balloon
type and size, stenting for residual lesions, and post dilatation
were determined according to operator discretion. Experienced
interventional cardiologist whowas unaware of patient’s clinical
data carefully assessed a set of parameters for each angiogram:

A. Thrombus burden: Thrombus grade was classified from grade 0 to
grade 5 then thrombus burden had been reclassified into absent,
low, moderate or high as described [4].

B. TIMI flow grading from grade 0 to grade 3 at basic angiography and
at end of procedure as described [5].

C. Myocardial blush grading (MBG) according to the dye density score
of the myocardial territory subtended by the infarct related vessel as
proposed by van't Hof et al. [5] from grade 0 to grade 3 as follows:

MBG = 0: No contrast density or abnormal persistence of contrast
medium. MBG= 1: Minimal myocardial blush or contrast density.
Table 1
Comparison between optimal and suboptimal reperfusion groups regarding their clinical
data.

Optimal
reperfusion
(n = 73)

Suboptimal
reperfusion
(n = 27)

P
value

Age, (Ys) (mean ± SD) 54 ± 10 56 ± 13 0.27
Male, n (%) 63 (86%) 19 (70%) 0.07
Smoker, n (%) 44 (60%) 14 (52%) 0.45
HTN, n (%) 24 (33%) 14 (52%) 0.08
Family history of CAD, n
(%)

12 (16%) 9 (33%) 0.07

Dyslipidemia, n (%) 17 (23%) 7 (26%) 0.78
DM, n (%) 22 (30%) 14 (52%) 0.06
Previous MI, n (%) 6 (8%) 3 (11%) 0.65
Angina prior to MI, n (%) 44 (60%) 5 (18.5%) 0.001
Current therapies:

ASA, n (%) 38(52%) 6 (22%) 0.008
BB, n (%) 16 (22%) 6 (22%) 0.97
ACEI, n (%) 13 (17%) 8 (30%) 0.20
Statins, n (%) 19 (26%) 9 (33%) 0.47

P value b 0.05 was expressed in bold.
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: Normalmyocardial blush or contrast density, comparable
with that obtained during angiography of a contralateral or ipsilateral
non-infarction related coronary artery.

3.1. Statistical analysis

The Statistical Package for Social Sciences (SPSS) software version 20
was used for data entry and analysis. Categorical variables were
expressed as frequency tables and compared with chi square statistics
test. While continuous variables were expressed as mean and standard
deviation (SD) andwere compared using t-test. A probability level of P ≤
0.05 was chosen to be significant. Multiple regression analysis was used
to determine power of the predictors. Roc curve was used to determine
accuracy and cut off value of continuous variables.

4. Results

Patients were divided into two groups according to final myocardial
blush grade (MBG) into:

Optimal reperfusion group, (n = 73) who had final MBG= 3.
Suboptimal reperfusion group, (n = 27) who had persistent final

MBG ≤ 2.

4.1. Clinical characteristics

Suboptimal reperfusion group had statistically significant fewer
number of patients with both history of angina prior to MI 5(18.5%) vs
44(60%) and current aspirin intake 6 (22%) vs 38 (52%) as compared
to optimal reperfusion group (P = 0.001 and P = 0.008), respectively.
Otherwise, there was no statistically significant difference between
both groups regarding their clinical data as shown in (Table 1).

4.2. ECG findings

Therewas no statistically significant difference between both groups
regarding site of acuteMI (P=0.45). Suboptimal reperfusion group had
statistically significant less ST segment resolution (STR) as compared to
optimal reperfusion group, (P = 0.001), (Table 2).
procedural data.

Optimal
reperfusion
(n = 73)

Suboptimal
reperfusion
(n = 27)

P
value

Site of acute STEMI
Anteroseptal, n (%) 13 (18%) 4 (15%)
Anterior, n (%) 16 (22%) 9 (33%)
Extensive anterior, n (%) 8 (11%) 5 (18.5%) 0.45
Inferior, n (%) 15 (21%) 5 (18.5%)
Inferior + lateral, n (%) 9 (12%) 3 (11%)
Inferior + RV, n (%) 12 (16%) 1 (4%)
Reperfusion time (hours) 4.3 ± 2.1 6.1 ± 2.8 0.001
Predilatation 65 (89%) 26 (97%) 0.24
Length of balloon, (mm) 20 ± 2 20 ± 2 0.23
Size of balloon, (mm) 2.4 ± 0.5 2.8 ± 1.9 0.15
Maximum pressure, (ATM) 14.7 ± 1.8 16.1 ± 2.3 0.002
Repeated dilatation, (N
twice)

46 (70%) 24 (92%) 0.022

Stenting 68 (93%) 23 (85% 0.22
Length of stents, (mm) 29 ± 9 30 ± 11 0.53
Size of stents, (mm) 3.2 ± 0.4 3.2 ± 0.3 0.72
Maximum deployment
pressure, (ATM)

15.8 ± 1.8 15.8 ± 1.9 0.91

Post-dilatation 19 (28%) 11 (48%) 0.09



Table 4
Predictors of suboptimal myocardial reperfusion according to its odd ratio.

Predictors Odd ratio

Repeated balloon inflation during predilatation 8.20
High thrombus burden 5.01
No history of angina prior to MI 4.38
TLC on admission N10 (103/ mm3) 3.41
Blood glucose level on admission N160 mg/ dl 3.04
Longer reperfusion time (4 h) 2.68
No current ASA therapy 2.29
Predilatation at pressure N15 ATM 2.23
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4.3. Laboratory data on admission

Suboptimal reperfusion group had statistically significant in-
creased mean blood glucose level on admission (240 ± 101 mg/dl
vs 171 ± 72 mg/dl) and increased mean TLC on admission (12.1 ±
3.6 vs 10.3 ± 3.3) 103/mm3 as compared to optimal reperfusion
group, (P = 0.001 and P = 0.02), respectively. While there is no sta-
tistically significant difference between both groups regarding BUN,
serum creatinine, hemoglobin or platelets on admission (P N 0.05 for
all).
4.4. Angiographic data

Therewas no statistically significant difference between both groups
regarding infarct-related artery, site of the occlusion at IRAor type of the
occlusion (P = 0.20, P = 0.37, and P = 0.31), respectively. Suboptimal
reperfusion group had statistically significant higher thrombus burden
as compared to optimal reperfusion group (P = 0.01).
4.5. Procedural data

suboptimal reperfusion group had statistically significant longer
reperfusion time (6.1 ± 2.8 h vs 4.3 ± 2.1 h), increased predilatation
maximum balloon inflation pressure (16.1 ± 2.3 vs 14.7 ± 1.8 ATM),
more repeated balloon inflations (Ntwice) during predilatation [24
(92%) vs 46 (70%)] as compared to optimal reperfusion group P =
0.001, P = 0.002, and P = 0.022, respectively. While there was no
statistically significant difference between both groups regarding
predilatation, length of balloon, size of balloon, stent length, stent
size, maximum deployment pressure, and post-dilatation (P N 0.05
for all), (Table 2).

On admission, blood glucose level, TLC, maximum predilatation
pressure and reperfusion time had 70%, 65%, 69% and 70% accuracy,
respectively as predictors for suboptimal reperfusion. Suboptimal
reperfusion group had statistically significant more patients with
blood glucose level on admission N160 mg/dl [20(74%) vs 29(40%)
[P = 0.002], statistically significant more patients with TLC N 10
(103/mm3) [21(78%) vs 34(47%) [P = 0.005], statistically significant
more patients with reperfusion time N4 h [19 (70%) vs 29(40%) [P =
0.006] and statistically significant more patients with maximum
predilatation pressure N15 ATM [19(73%) vs 30(46%) compared
with optimal reperfusion group, P = 0.020, (Table 3). The predictors
of suboptimal reperfusion were arranged according to their power
which was determined according to its odd ratio as shown in
(Table 4). Aspiration device was used in 12 patients according to
operator's discretion, 10 (83%) of them had final MBG = 3 and 2
(17%) had final MBG ≤ 2.
4.6. Relation between final MBG and final TIMI flow grade

TIMI grade 3 was achieved in 84 patients, 11 patients of them (14%)
had suboptimal reperfusion (MBG ≤ 2), and 73 patients had optimal re-
perfusion (MBG = 3). Agreement between final TIMI flow and final
MBG was 89%.
Table 3
Cut off values for blood glucose level, total leucocytic count, reperfusion time and predilatation

Sensitivity Specificity Optim

Blood glucose N 160 74% 62%
TLC on admission N 10 63% 63%
Reperfusion time N 4 h 70% 61%
Predilatation pressure N 15 ATM 73% 62%
4.7. Short term clinical outcome

4.7.1. In-hospital mortality and major cardiac events (MACE)
Suboptimal reperfusion group had statistically significant higher in-

hospital total MACE (death, re-infarction, HF and stroke) 10 (37%) vs 6
(8%), P = 0.003 as compared with optimal reperfusion group.

4.7.2. Duration of hospital stay
Suboptimal reperfusion group had statistically significant longer du-

ration of hospital stay (8 ± 3 vs 3 ± 1 days), P = 0.02 as compared to
optimal reperfusion group.

4.7.3. Echocardiographic data
Echocardiographic data was available in 99 patients as one patient

died before echocardiography was done. Suboptimal reperfusion
group had statistically significant lower mean Ejection fraction (45 ±
5% vs 55 ± 7%, P = 0.001).

5. Discussion

5.1. Principal findings

Our study revealed that incidence of persistent suboptimal myocar-
dial perfusion was 27% and its predictors arranged according to their
power were, repeated balloon inflation during predilatation, high
thrombus burden, no history of angina prior to MI, high TLC, high
blood glucose level, longer reperfusion time, no current aspirin intake
before MI and high predilatation pressure. Also, our study revealed
that in spite of TIMI grade 3 was achieved in 84 patients, 11 patients
of them (14%) had suboptimal reperfusion (MBG ≤ 2). Higher in-
hospital totalMACE (death, re-infarction, HF and stroke) and longer du-
ration of hospital stay were observed in persistent suboptimal reperfu-
sion group.

Suboptimal myocardial reperfusion during primary PCI for STEMI
patients was considered to be a negative hallmark and predicting the
occurrence of worse clinical outcome. Therefore, attention has shifted
from epicardial artery patency to the status of the coronarymicrovascu-
lar and myocardial reperfusion [6]. In agreement with our results are
those of Marlos et al., who evaluated 99 primary PCI procedures, they
found that TIMI 3 flow was restored at procedure's end in 91 patients
in spite of MBG =3 was achieved in only 69 patients (69.7%) and inci-
dence of MBG ≤2 was 30.3% [2].

Prodromal angina pectoris (AP) had cardioprotective effect by ische-
mic preconditioning which delays infarct progression during the early
pressure.

al reperfusion (n = 73) Suboptimal reperfusion (n = 27) P value

29 (40%) 20 (74%) 0.002
34 (47%) 21 (78%) 0.005
29 (40%) 19 (70%) 0.006
30 (46%) 19 (73%) 0.020
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hours of AMI and extends the window of time for reperfusion therapy.
Prodromal AP associated with smaller infarct size, improved left ven-
tricular function and favorable short- and long-term prognoses after
AMI [7]. Our study revealed that suboptimal reperfusion group had sta-
tistically significant fewer patients with history of angina prior to MI
compared with optimal reperfusion group. In agreement with our re-
sults are those of Zhang et al. who found that prodromal angina (PA) as-
sociated with higher rates of overall procedural and of complete ST-
segment resolution at 90 min after the procedure (P = 0.001) [8].

Platelets may be implicated in no-reflow through microvascular ob-
struction by platelet aggregates, release of platelet-derived vasoactive
and chemotactic mediators. Patients with angiographic no-reflow had
higher levels of TXA2 compared with patients without angiographic no-
reflow independently of the Abciximab treatment [9]. Several reports in
the thrombolytic era had suggested the correlation between previous as-
pirin treatment and smaller infarct [10]. Our study revealed that subopti-
mal reperfusion group compared with optimal reperfusion group had
statistically significant fewer patients with current aspirin therapy.

Stress hyperglycemia in a setting of AMI increases the risk of malig-
nant ventricular tachyarrhythmias as well as in-hospital mortality [11].
Acute hyperglycemia causes several unfavorable effects that contribute
to the poor outcomes of patients with AMI. Oxidative stress, inflamma-
tion, apoptosis, endothelial dysfunction, hypercoagulability, platelet
hyperactivity, impaired ischemic preconditioning, and impaired micro-
circulation which directly damage the ischemic myocardium, and may
cause the no-reflow phenomenon during reperfusion [12]. Our result
revealed that suboptimal reperfusion group had statistically significant
increased blood glucose level on admission and more patient with
blood glucose level N 160 mg/dl as compared with optimal reperfusion
group. In agreement with our results, Iwakura et al. found that the no-
reflow phenomenon was more often observed in the patients with hy-
perglycemia [13].

Our study revealed that suboptimal reperfusion group had statisti-
cally significant increased TLC on admission as compared to optimal re-
perfusion group. The pathologic mechanisms involving neutrophils
were microvascular plugging, spasm, endothelial swelling, and inflam-
matory response by pro-inflammatory cytokines release, all of which
eventually lead to impairment of microvascular perfusion during acute
myocardial ischemia [14].

It was established that prolonged ischemia lead to edema of distal
capillary beds, swelling of myocardial cells, neutrophil plugging and al-
terations of capillary integrity. Furthermore, delayed reperfusion can re-
sult in more organized intracoronary thrombus, which may increase the
risk of distal embolization during primary PCI and reduce the likelihood
of achieving myocardial perfusion [15]. Our result revealed that subopti-
mal reperfusion group had statistically significant longer reperfusion
time compared to optimal reperfusion group. Cevat et al. studied 382 con-
secutive acute STEMI patients treated with primary PCI and found that
suboptimal reperfusion group had statistically significant more patients
with reperfusion time (≥4 h) (48.4%) and higher thrombotic burden as
compared with optimal reperfusion group (26.3%), P = 0.004 [16].

Acute STEMI is characterized by thrombus formation which leads to
occlusion of the infarct related artery (IRA). Angiographic evidence of
thrombus in the IRA is associated with poor in-hospital outcomes, in-
creased infarct size and higher long term mortality. While attempting
to open the occlusion during PCI, it is more likely to dislodge the throm-
bus downstream causing distal embolization and microvascular ob-
struction and contribute to “no reflow phenomenon” [17]. Our study
revealed that suboptimal reperfusion group had statistically significant
higher thrombus burden as compared with optimal reperfusion group.

Macro-embolisation occurred in 14% of patients with STEMI treated
with primary PCI and associated with worse TIMI flow in the infarct-
related artery, worse myocardial reperfusion, and less complete ST-
segment resolution, larger infarct size, worse left ventricular function
and higher mortality. Also distal micro-embolisation with primary PCI
may contribute to poor myocardial reperfusion. This had stimulated
attempts to remove thrombus, prevent distal micro-embolisation.
TAPAS study indicated that thrombus aspiration during primary PCI
was associated with an improvement in survival at 1 year [18]. In our
study Aspiration device was used during the procedure of 12 patients
according to operator's discretion, 10 patients (83%) of them had opti-
mal reperfusion (MBG=3) and 2 patients (17%) had suboptimal reper-
fusion (MBG ≤ 2). In agreement to our result are those of Tone et al. who
randomized 1071 STEMI patients to aspiration thrombectomy followed
by stenting versus stenting alone. They found that final MBG 0 or 1 oc-
curred in 17.1% in the thrombus-aspiration group and in 26.3% in the
conventional-PCI group (P b 0.001) and complete STR was significantly
higher with aspiration thrombectomy 56.6% vs 44.2% in the
conventional-PCI group, (P b 0.001) [19].

It has been hypothesized that predilatation of unstable plaques in
the context of unstable angina or myocardial infarction may facilitate
embolisation of cholesterol and necrotic debris, also local activation of
platelets and coagulation factors, liberation of clot-bound-thrombin
due tomechanical disruption of thrombuswhich increase the likelihood
of suboptimal reperfusion. Also predilatation can activate leukocytes
and oxidative stress, aggravating the inflammatory response and myo-
cardial reperfusion injury [20]. Our study revealed that suboptimal re-
perfusion group had statistically significant higher predilatation
maximum balloon inflation pressure, more repeated balloon inflation
(N twice) during predilatation and more patient with predilatation
pressure N 15 ATM compared to optimal reperfusion group. In agree-
ment with our results are those of Marlos et al., who found that subop-
timal reperfusion group compared to optimal reperfusion group had
statistically significant increased maximum dilation pressure (15.5 ±
3.9 vs 13.5 ± 4.2 ATM), P = 0.039 [2].
5.2. Study limitation

Small number of patients in only two centers study.
6. Conclusion

Based on the results of this study, it can be concluded that repeated
balloon inflation during predilatation, high thrombus burden, no history
of angina prior to MI, high TLC, high blood glucose level, longer reperfu-
sion time, no current aspirin therapy and high predilatation pressure
were predictors for persistent suboptimal reperfusion in 1ry PCI.
6.1. Clinical implications

Prevention rather than treatment should be the way forward as
treatment after no-reflow (suboptimal reperfusion) is established is un-
likely to succeed so an efficient emergency system that guarantees the
reduction in reperfusion time, careful history focused on angina prior
to MI, aspirin therapy as well as the evaluation of laboratory data such
as glucose level and TLC, and thrombus burden at basic angiography
to determine patients at a risk for suboptimal reperfusion to take amea-
sures to prevent its incidence. Lastly during primary PCI if possible
avoidance of repeated predilatation and also avoidance of predilatation
high pressure.
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