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Introduction: No reflow phenomenon following primary percutaneous coronary intervention (PCI) is a strong predictor of mortality. Platelet/
lymphocyte ratio (PLR) is an indicator of long-term outcome in ischemic heart disease patients. The aim of this study was to assess the relation
between PLR measured on admission and the occurrence of no-reflow phenomenon in patients presenting with acute ST-segment elevation myocardial
infarction (STEMI) managed by primary PCI. Methods: This was a prospective study including 100 patients with acute STEMI managed by primary
PCI. Venous blood samples were obtained on admission to assess hemoglobin level, platelet count, and lymphocyte count. Thrombolysis in myocardial
infarction (TIMI) flow grade, myocardial blush grade (MBG), and TIMI thrombus scale were assessed immediately following revascularization.
During hospital stay, peak creatinine kinase MB fraction (CK-MB) was recorded, and transthoracic echocardiography was performed to assess
left ventricular ejection fraction (LVEF). Results: Patients were divided into two groups based on the TIMI flow grade following PCI: Normal
coronary flow group (TIMI 3 flow grade, n = 71) and reduced coronary flow (no-reflow) group (TIMI 0, 1, and 2, n = 29). There was a larger
proportion of diabetic patients in the no-reflow group (P = 0.028). In addition, patients in the no-reflow group had a more advanced Killip class on
presentation (P=10.001), alower LVEF (P <0.0001), and a significantly higher PLR 213.66 + 115.35 versus 122.81 + 59.82 (P <0.0001). PLR was
significantly higher in patients with lower TIMI flow grade and lower MBG (P <0.0001 for both). A significant correlation existed generally between
PLR and peak CK-MB more in the no-reflow group (r =0.471, P=0.01). A PLR more than 108.08 predicted no-reflow with a sensitivity of 53%,
a specificity of 86%, PPV of 80.5%, and a NPV 0f 43.1% (AUC = 0.73). PLR was found to be an independent predictor of no-reflow multivariate
regression analysis for predictors of no-reflow (8 = 0.0023, 95% CI = 0.0014-0.0032, P < 0.0001). Conclusions: PLR measured on admission
is elevated in patients with STEMI who develop no-reflow during primary PCI. PLR is an independent predictor of no-reflow in such patients.
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No reflow means the occurrence of myocardial hypoperfusion
in the presence of patent coronary arteries. The development of

INTRODUCTION

Acute myocardial infarction is the leading cause of morbidity

and mortality worldwide. ST-segment elevation myocardial Address for correspondence: Dr. Ahmed Mohamed EI Missiri,

infarction (STEMI) carries potentially serious consequences
to atherosclerotic coronary artery disease patients. Primary
percutaneous coronary intervention (PCI) is the current
treatment of choice for patients presenting with STEML.U-!
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no-reflow during primary PCl is a strong predictor of mortality
and carries a negative prognosis irrespective of infarct size.[*
Early no-reflow during primary PCI is associated with worse
baseline clinical and angiographic characteristics and a worse
long-term prognosis.t*7)

Inflammation is a part of the atherosclerotic process. The
precipitation of activated platelets leads to the secretion of
inflammatory substances from endothelial cells and leukocytes.
This leads to monocyte adhesion and migration, thereby
exaggerating the inflammatory process and leading to the
progression of atherosclerosis. Lymphocytes are also part
of the inflammatory process of atherosclerosis, with a lower
lymphocyte count associated with increased cardiovascular
risk and mortality in STEMI patients.[®*! Platelet/lymphocyte
ratio (PLR) has been studied as a marker of long-term outcomes
in patients with connective tissue disease and oncologic
diseases. Studies have suggested that an elevated PLR might
be associated with adverse outcomes in patients with coronary
artery disease.['*1?]

The aim of this study was to assess the relation between PLR
measured on admission and the occurrence of no-reflow after
primary PCI for patients presenting with acute STEMI.

MeTHoDS

This was a prospective study performed on 100 consecutive
patients presenting to the emergency room at our institution
with their first attack of acute STEMI within 12 h from
symptom onset in the period from August 2018 to May 2019.
All patients underwent primary PCI as the standard of care
provided for such patients. Approval of the Institutional Ethical
Committee was obtained for the study protocol, and informed
consent was obtained from all patients.

Myocardial infarction was defined using the fourth universal
definition of MI as the detection of a rise and/or fall of
cardiac biomarkers, with at least one of the values being
elevated (>99" percentile upper reference limit) (using creatine
kinase [CK]-MB in this study) in addition to symptoms
of myocardial ischemia in the past 24 h and/or new (or
presumably new) significant ST-segment elevation or left
bundle branch block.!?!

Patients were excluded from the study if they had any of the
following conditions that represent a possible contraindication
for primary PCI; conditions that affect bleeding/coagulation
profile; and other conditions that might affect platelet and
lymphocyte count: Presenting >12 h after the onset on angina
or angina equivalent symptoms; presenting with non-ST
segment elevation acute coronary syndrome; history of prior
myocardial infarction; history of prior PCI or coronary artery
bypass grafting; receiving thrombolytic therapy for the index
STEMI; recent infection; known hematological abnormalities;
history of renal impairment or chronic kidney disease; history
of valvular surgery; history of deep venous thromboembolism;
receiving chronic anticoagulation for any indication.

Emergency room management

After confirming the diagnosis and performing a rapid history
taking and clinical examination, all patients received loading
doses of aspirin (300 mg PO) and clopidogrel (600 mg PO)
in the emergency department before being transferred to
the cardiac catheterization laboratory. Patients’ Killip and
Kimball class!'¥! at presentation was assessed. Admission
venous blood samples were obtained from an antecubital
puncture to estimate hemoglobin level, platelet count,
lymphocyte count, and serum creatinine. PLR was calculated
by dividing the absolute platelet count by the absolute
lymphocyte count.

Coronary angiography and intervention

Coronary angiography was performed through a right
femoral artery approach in all patients starting with
angiography of the non-culprit vessel using a diagnostic
catheter after which the culprit vessel was cannulated using
a guiding catheter with immediate evaluation of the site of
stenosis/occlusion. Each coronary artery was evaluated in
several orthogonal views.

Patients underwent primary PCI according to current
standards with final stenting using drug-eluting stents. Balloon
angioplasty (PTCA) with an undersized balloon was allowed
only once per patient to be inflated at its nominal pressure. If a
patient required repeated balloon inflations, they were excluded
from the study. Post-deployment PTCA with noncompliant
balloons was performed as required. Proper stent deployment
was confirmed by stent boost technology.!"” Glycoprotein
[Ib/Ila antagonists were not administered before or during
the procedure.

Thrombolysis in myocardial infarction (TIMI) flow grade!®
was assessed immediately after stent deployment and before
post-deployment PTCA (if performed). Myocardial blush
grade (MBG)!'! and TIMI thrombus scalel'® were also
assessed.

Final TIMI flow grade!'® was defined as described in published
literature into Grade 0 (no perfusion), Grade 1 (penetration
without perfusion), Grade 2 (partial perfusion), and Grade
3 (complete perfusion).

MBG!' was classified as described in the literature into MBG
score 0 (no contrast opacification in the myocardium), MBG
score 1 (minimal opacification or persistent staining without
washout), MBG score 2 (reduced blush compared to the
contralateral noninvolved vessel), and MBG score 3 (normal
entry and exit of dye).

The TIMI thrombus scale!'® was classified as described in
literature into Grade 0 (no thrombus), Grade 1 (reduced
contrast density, haziness, irregular lesion contour, or a
smooth meniscus at the site of occlusion), Grade 2 (definite
thrombus with its greatest dimension less than half of the
vessel diameter), Grade 3 (definite thrombus with its greatest
dimension more than half to less than twice the vessel
diameter), Grade 4 (definite large thrombus with its greatest
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dimension more than twice the vessel diameter), and Grade
5 (definite complete occlusion of a vessel by a thrombus).

No reflow was defined as having a final TIMI flow Grade of 0,
1, or 2 which indicates a failure of reperfusion and has a worse
prognosis compared to those with final TIMI flow Grade 3.1

Further laboratory tests and trans-thoracic
echocardiography

During hospital stay, the peak creatinine kinase MB
fraction (CK-MB) was recorded as a marker of the infarct size.

Standard transthoracic echocardiography was performed for all
patients by an experienced echocardiographer within 48 h after
primary PCI using a Vivid S5 machine with an M4S matrix
array probe (General Electric Vingmed, Horten, Norway)
to assess left ventricular ejection fraction (LVEF) using the
modified Simpson’s method of discs.??

Statistics

Data were coded, tabulated, and statistically analyzed using Graph
Pad Prism (version 8, GraphPad Software, San Diego, CA, USA).
The sample size was estimated by the institutional research review
committee giving a study power of 80. Descriptive statistics were
done for continuous variables as mean + standard deviation,
whereas they were done for categorical variables as number
and percentage. Tests performed were a two-tailed Student’s
t-test, Fisher’s exact test, Pearson’s correlation coefficient, and
one-way ANOVA test. A receiver-operating characteristic (ROC)
curve analysis was used to determine the cutoff level for PLR
that predicts no-reflow. Multivariate regression analysis for
predictors of no-reflow was performed. The level of significance
was taken at a P < 0.05.

ResuLts

Patients were divided into two groups based on their TIMI
flow grade immediately following PCI: Normal coronary flow
group (included those with TIMI 3 flow grade, n = 71) and
reduced coronary flow (no-reflow) group (which included those
with TIMI flow Grades 0, 1, and 2, n = 29).

Comparing clinical characteristics of both groups

The no-reflow group had a larger proportion of diabetic
patients 18 (62.1%) versus 27 (38%) (P = 0.028). There was
no difference between both groups regarding age, gender
distribution, smoking status, presence of hypertension, and
dyslipidemia [Table 1].

In addition, the no-reflow group had a larger proportion of
patients in Killip classes 2, 3, and 4 at presentation compared
to a larger proportion in Killip class 1 in the normal coronary
perfusion group (P =0.001).

Comparing laboratory and echocardiographic findings
of both groups

Patients in the no-reflow group had a higher platelet count
340.24 + 122.35 versus 255.06 + 97.59 x 10°/L (P < 0.0001),
a lower lymphocyte count 1.80 + 0.55 versus
2.31 £ 0.85 x 10°/L (P = 0.004), and accordingly a higher
PLR 213.66 + 115.35 versus 122.81 + 59.82 (P < 0.0001).
There was no difference between both groups regarding
baseline serum creatinine, baseline hemoglobin levels, and
peak CK-MB [Table 1].

In addition, those in the no-reflow group had a lower LVEF of
39.7 £ 9.5 versus 47.5 £ 7.7% (P < 0.0001).

Table 1: Comparing clinical, laboratory, and echocardiographic findings in both groups

Variable Normal coronary flow group (n=71), n (%) No reflow group (n=29), n (%) P
Clinical characteristics
Age, years 51.99+10.29 54.24+9.07 0.306
Male gender 59 (83.1) 25(86.2) 0.7
Current smoking 39 (54.9) 17 (58.6) 0.736
Hypertension 45 (63.4) 19 (65.5) 0.84
Type 2 diabetes mellitus 27 (38) 18 (62.1) 0.028
Dyslipidemia 18 (25.4) 5(17.2) 0.382
Killip class 1 69 (97.2) 21(72.4) 0.001
Killip class 2 1(1.4) 4(13.8)
Killip class 3 0(0) 3(10.3)
Killip class 4 1(1.4) 1(3.4)
Laboratory findings
Peak CK-MB, mg/dl 348.06+175.50 386.45+184.49 0.33
Serum creatinine, mg/dl 1.06+£0.33 1.01+0.21 0.484
Hemoglobin level, g/dl 13.12+1.86 13.02+2.10 0.818
Platelet count, x10°/L 255.06+£97.59 340.24+122.35 <0.0001
Lymphocyte count, x10%/L 2.31+0.85 1.80+0.55 0.004
Platelet/lymphocyte ratio 122.81£59.82 213.66+115.35 <0.0001
Echocardiographic findings
LVEF, % 47.5+7.7 39.7+9.5 <0.0001

Continuous variables are expressed as mean and SD; categorical variables are expressed as numbers (percentage). CK-MB=Creatine kinase-MB fraction;

LVEF=Left ventricular ejection fraction; SD=Standard deviation
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Comparing angiographic and procedural findings of both
groups

As would be expected, the normal coronary flow group
had a larger proportion of patients with MBG 3, 2, and 1
with all patients in the no-reflow group having an MBG of
0 (P <0.0001). There was no difference between both groups
regarding the frequency of affection of one coronary artery
over the other and TIMI thrombus scale [Table 2].

Platelet/lymphocyte ratio

On further examining PLR for the whole cohort, PLR
was significantly higher the lower the TIMI flow
grade (P < 0.0001 for trend) so that it was the highest in
those with TIMI 0 flow grade and lowest in those with TIMI
3 flow grade [Table 3].

Similarly, PLR was significantly higher the lower the
MBG (P <0.0001 for trend) so that it was the highest in those
with MBG 0 and lowest in those with MBG 3 [Table 3].

Conversely, PLR was significantly lower the lower the Killip
class at presentation (P < 0.001 for trend) so that it was the
highest in those with Killip class 4 and lowest in those with
Killip class 1 [Table 3].

PLR showed a positive correlation with peak CK-MB
levels (reflecting infarct size) (r = 0.312, P = 0.002 for the
whole cohort, » =0.471, P=0.01 in the no-reflow group).

A PLR of >108.08 was found to predict the occurrence of
procedural no-reflow in such patients with a sensitivity of 53%,
a specificity of 86%, a positive predictive value of 8§0.5%, and
a negative predictive value of 43.1% (Area under the ROC
curve = 0.73) [Figure 1].

On performing multivariate regression analysis for predictors
of no-reflow after adjustment for variables [Table 4],
it was found that PLR was an independent predictor
of no-reflow (B = 0.0023, 95% CI = 0.0014--0.0032,
P <0.0001).

Table 2: Comparing angiographic details in both groups

Variable Normal coronary flow group (n=71), n (%) No reflow group (n=29), n (%) P
MBG 3 41 (57.75) 0 (0) <0.0001
MBG 2 29 (40.85) 0(0)
MBG 1 1(1.4) 0(0)
MBG 0 0(0) 29 (100)
TIMI Thrombus scale 1 1(1.4) 0(0.0) 0.253
TIMI Thrombus scale 2 3(4.2) 0(0.0)
TIMI Thrombus scale 3 7(9.9) 0(0.0)
TIMI Thrombus scale 4 1(1.4) 1(3.4)
TIMI Thrombus scale 5 59 (83.1) 28 (96.6)
Diseased coronary vessel
Left main coronary artery 0(0) 0(0) 0.334
LAD only 37 (52.10) 19 (65.5)
LAD and LCX 2 (2.80) 0 (0.00)
LAD and RCA 2 (2.80) 2 (6.90)
LCX only 10 (14.10) 1 (3.40)
RCA only 20 (28.20) 7 (24.10)

Categorical variables are expressed as numbers (percentage). MBG=Myocardial blush grade; TIMI=Thrombolysis in myocardial infarction; LAD=Left
anterior descending coronary artery; LCX=Left circumflex coronary artery; RCA=Right coronary artery

Table 3: Platelet/lymphocyte ratio in different thrombolysis in myocardial infarction flow grades and myocardial blush

grades
PLR in relation to different TIMI flow grades
Grade 0 Grade 1 Grade 2 Grade 3 P
323.33x14.14 223.21+87.13 199.34+125.24 122.81459.82 <0.0001
PLR in relation to different myocardial blush grades
Grade 0 Grade 1 Grade 2 Grade 3 P
213.66=115.35 172.00+£0 150.45+69.94 102.06+42.23 <0.0001
PLR in relation to Killip class at presentation
Killip 1 Killip 2 Killip 3 Killip 4 P
131.52466.34 255.12+100.09 378.25£105.51 334.09+£170.35 <0.001

Continuous variables are expressed as mean and SD. TIMI=Thrombolysis in myocardial infarction; PLR=Platelet-lymphocyte ratio; SD=Standard

deviation
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Table 4: Multivariate regression analysis for predictors of no-reflow

Variable B SE T P 95% CI

Lower Upper
Age 0.002 0.004 0.609 0.544 —0.005 0.010
Gender 0.028 0.121 0.231 0.818 —-0.213 0.269
Smoking status —0.030 0.089 0.339 0.339 —0.209 0.148
Hypertension —0.079 0.089 0.890 0.376 —0.257 0.098
Diabetes mellitus 0.118 0.084 1.415 0.161 —0.048 0.285
Dyslipidemia —0.099 0.091 1.094 0.277 —0.281 0.082
Peak CK-MB level 0.0001 0.0002 0.430 0.668 —0.0004 0.0006
Platelet/lymphocyte ratio 0.0023 0.0004 4.902 <0.0001 0.0014 0.0032

CI=Confidence interval; SE=Standard error; CK-MB=Creatine kinase-MB fraction
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Figure 1: Receiver operating characteristic curve analysis of platelet/
lymphocyte ratio for occurrence of no reflow

Discussion

The main findings of this study are that (1) PLR was significantly
elevated in patients presenting with acute STEMI managed by
primary PCI who develop no-reflow during the procedure
compared to those with normal coronary perfusion; (2) PLR
was an independent predictor of no-flow in such patients; (3)
PLR was higher the lower the final TIMI flow grade; (4) PLR
was higher the lower the MBG; (5) PLR more than 108.08
predicted the occurrence of no-reflow in such patients with
good specificity but relatively weak sensitivity; (6) PLR was
higher the higher Killip class at presentation.

The secondary findings included that the incidence of no-reflow
in this study was 29%. Those who developed no-reflow had
a more advanced Killip class at presentation, were more
frequently diabetic, and had a lower LVEF after the procedure.
Our study was a prospective one in contrast to most studies
examining the relation of PLR to various conditions in the
literature which tend to be retrospective.

PLR has been used as a biomarker in a wide array of diseases
and conditions that combine pro-thrombotic states with acute
inflammation. It has been studied in cancer patients, systemic
lupus erythematosus, Behcet’s disease, thyroid disease,

pulmonary embolism, and even mood disorders. Its increase
is generally associated with worse outcomes, disease activity,
and poor survival.[?2¢

PLR was also studied in patients with different forms of
coronary artery disease where in most instances it was
associated with a worse prognosis. In patients suffering from
acute coronary syndromes, it is considered a predictor of
cardiovascular adverse events and all-cause mortality. The
same was reported in those with high-risk stable coronary
artery disease.!'>?7]

Studies have shown that in STEMI patients managed by primary
PCI, impaired coronary perfusion, and flow at the end of the
procedure are associated with poor outcomes in both the short
and long term and are associated with increased mortality.?*2!
Researchers have reported that predictors of no-reflow in the
setting of primary PCI include diabetes mellitus, impaired
LVEF on admission, prolonged pain-to-balloon time, high
thrombus burden, and an initial TIMI flow of <1.50-33]

Most studies in the literature examining the relation of PLR
to various outcomes in coronary artery disease patients are
retrospective studies in contrast to our study. In a study
on 520 patients with acute STEMI managed by primary
PCI, the incidence of no-reflow was 22.5%. PLR measured
before intervention was significantly higher in those with
no-reflow compared to those with normal coronary perfusion.
A preprocedural PLR of more than 126 was predictive of the
occurrence of postprocedural no-reflow with a sensitivity of
71% and a specificity of 73%.*" These findings are similar to
those of the current study; however, the cutoff value of PLR
reported (126) had a higher sensitivity, but lower specificity
than the one we report (108.08).

Another study followed a cohort of 514 patients with high-risk
coronary artery disease undergoing coronary angiography for
different indications for a median follow-up period of 5 years.
They divided patients into tertiles based on their preprocedural
PLR. They found that those with a PLR of >145 had a worse
prognosis than those with a PLR of < 106 and those with a
PLR of 106.1-145. A PLR >137 was associated with higher
all-cause mortality. The authors concluded that PLR may be a
useful biomarker to predict the prognosis in such patients.?*”
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Another study was performed on 587 patients with acute
coronary syndrome undergoing coronary angiography where
patients were divided into tertiles according to their PLR. The
authors found that in-hospital mortality was highest in patients
in the upper PLR tertile. Using a cutoff value of 142 PLR
was found to predict in-hospital mortality with a sensitivity
of 69% and a specificity of 63%.2% PLR was also reported
to be significantly higher in a group of 78 patients with slow
coronary flow on comparing them to 50 patients with normal
coronary flow.**

An earlier study examined patients with normal coronary
anatomy on angiography of whom 221 had slow coronary
flow (defined in this study as a TIMI frame count > 2) and 293
were considered healthy controls. Similar to the findings of
the current study, the authors found that PLR was significantly
higher in the slow coronary flow group and through logistic
regression analysis PLR was found to be independently
associated with the occurrence of coronary slow flow.[

Additionally, researchers examined the prognostic value of
PLR in primary PCI in 440 patients who had acute STEMI.
Patients were divided into a low PLR group (<137) and a high
PLR group (>137). Patients in the high PLR group had higher
SYNTAX scores, higher mortality, and a higher incidence of
no-reflow (defined as a TIMI flow grade other than 3). The
authors concluded that PLR is an independent risk factor of
no-reflow (in agreement with the findings of the current study)
and in-hospital adverse events.B®

High PLR was found to be an independent risk factor for
the development of inadequate myocardial perfusion in 445
STEMI patients who underwent primary PCI similar to the
results of the current study. High PLR patients (=165.33) more
frequently had TIMI flow grades 0-2 and MPG 0-1. These
patients also had more advanced heart failure and in-hospital
major adverse cardiac events.”

Study limitations

The limitations of the current study are that it was performed
in a single medical center with a relatively small number
of patients. Results are mainly driven by postprocedural
angiographic findings. No long-term follow-up or assessment
of major adverse cardiovascular events was performed.
Intravascular ultrasound imaging was not performed, and
assessment of coronary flow and thrombus burden was only
assessed angiographically.

CoONCLUSIONS

PLR measured on admission is elevated in patients with
STEMI who develop no-reflow during primary PCI. PLR is
an independent predictor of no-reflow in such patients.
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