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ABSTRACT:

Background: Acute myocardial infarction is known to be
accompanied by elevated leukocyte count. The differentiation of
leukocyte types gives an added benefit of judging the severity of A.C.S.
& predicting its clinical outcomes. Collecting peripheral blood samples
is an easy & inexpensive test.

Aim: To test the significance of Neutrophil to Lymphocyte ratio in
risk stratifying patients with acute coronary syndromes and its early
outcomes.

Methods: One hundred patients with UA and NSTEMI were
prospectively evaluated at Ain Shams University Hospital (63% UA and
37% NSTEMI). The patients were followed-up for clinical outcomes for
48 hours in-hospital & for one month after discharge.

Results: The median (IQR) NLR was 8.4 (5.3 t0 9.7) in NSTEMI
group versus 1.8 (1.2 to 2.8) in unstable angina group, NLR > 3.9 had
a sensitivity of 100%, & specificity of 92% as a diagnostic value. The
patients were categorized into three groups: low risk, intermediate risk,
& high risk, according to TIMI score. In unstable angina patients, the
quartiles of NLR in “low risk”, “intermediate risk” and “high risk”
groups were 3 (2.0, 4.3), 3.4 (2.4, 5.1) and 5.5 (3.4, 9.65). In NSTEMI
patients, the quartiles of NLR in “low risk”, “intermediate risk”, and
“high risk” groups were 5.1 (3.1, 8.1), 5.2 (3.0,9.0) and 6.5 (3.9, 11.7).
Meaning that there is positive correlation, as NLR values were found
to be significantly elevated in high-risk groups.

Conclusion: NLR on presentation, is a powerful & independent
predictor of cardiovascular outcomes in patients with NSTE-ACS. It
represents a good marker for stratifying patients with NSTE-ACS. It
appears to have the chance of revitalization as a practical biomarker
with high clinical predictability and prognostication. The easiness and
swiftness of doing this test make it simple, cheap, and flawless early
predictor for risk stratification in patients with NSTE-ACS.

Keywords: NLR, NSTE-ACS, Cardiovascular outcomes.

INTRODUCTION:

Acute coronary syndrome (A.C.S.) refers
to patients who are suspected or proved to have
unstable angina or infarction. Acute coronary
syndrome comprises NSTEMI, STEMI, and
U.A. It is noteworthy that the expanded use of
the high-sensitivity troponin test, has rehashed
most of patients previously diagnosed with UA

into non-STEMI patients. This has happened as
those patients previously diagnosed with UA
have abnormally raised high-sensitivity
troponin values. Classically, unstable angina is
defined as clinical and/or electrocardiographic
changes with normal biomarker level®
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Inflammation has a pivotal role in the
development of atherosclerotic lesions in
coronary arteries®. During the process of
atherosclerosis development & progression, a
huge number of inflammatory mediators are
secreted. This can be considered as a maker
for the monstrosity of atherosclerosis@&4),

Neutrophils are marker of inflammation,
while lymphocytes are marker of its
regulation, both are seen in the affected areas.
Both stimulate major cell types involved in
the inflammatory process. The Neutrophil-to-
Lymphocyte ratio (The absolute count of
neutrophils divided by the absolute count of
lymphocytes), is used to assess the prognosis
of an inflammatory process. It is a part of
routine blood count assay done in the
emergency room. The utilization of NLR as
marker for inflammation has been previously
stated&9),

Normal NLR values in a healthy, adult,
population are between 0.78 and 3.53(),

AIM OF THE WORK:

To test the significance of neutrophil to
lymphocyte ratio in risk stratifying patients
with NSTE-ACS, and its early outcomes.

PATIENTS AND METHODS:
Type of study:

A prospective, observational study.
Study setting:

It was performed
University Hospital.
Study period:

From 20/5/2021 until 20/11/2021.
Inclusion criteria:

Patients with NSTEMI
angina.

Exclusion criteria:

Patients with bacterial sepsis, infectious
or inflammatory  diseases such as
cholecystitis, nephritis, upper &/or lower
respiratory tract infections, urinary tract

in Ain shams

and unstable
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infections, ...etc, patients with renal

impairment and STEMI patients.
Sampling method:
Probability stratified random sampling.
Sampling size:
One hundred patients.
Ethical consideration:

Informed consent was taken from every
participant after explanation to him the aim of
work. The agreement of Ain Shams
university ethical committee was acquired in
accordance with the ethical guidelines of the
declaration of Helsinki (revised in 2008).

Study tools:

All the following was applied to the
study patients:

Collecting full history data:

Concentrating on the risk factors for
atherosclerosis, as: Age, gender, smoking,
hypertension, diabetes mellitus, dyslipidemia
& family history of IHD.

Full clinical examination:
General examination:

Especially measuring blood pressure and
pulse & auscultation of lung bases.

Local examination of the heart:

Concentrating on auscultation of heart
sounds, additional sounds & murmurs (for
possible  mechanical complications of
myocardial infarction).

Laboratory investigations, including:
Differential C.B.C.:

To get the total leukocyte count (T.L.C.)
and calculate neutrophils to lymphocyte ratio
(NLR). On admission the whole blood

sample was withdrawn under aseptic
conditions, from peripheral vein, un-
centrifuged and anticoagulated using

ethylene-diamine-tetra-acetic acid (EDTA).
Normal values of white blood cells count
4,000 to 11,000/cmm. NLR was obtained by
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dividing absolute number of neutrophils by
the absolute number of lymphocytes. The
normal values of NLR in a healthy, adult
personnel are between 0.78 and 3.53.®

Serial Creatine kinase MB (ck-MB):

On admission & every 8 hours for 24
hours. numeric measurement by getting the
serum  specimen anticoagulated  with
E.D.T.A. and centrifuged, using automated
analyzer Bechman coulter. Normal reference
value of ck-MB (5-25) 1U /L.®

Cardiac troponin (TnT):

Numeric measurement by collecting the
serum specimen on admission and being
anticoagulated with E.D.T.A. and centrifuged
using automated analyzer Bechman coulter.
Reference value: hs-TnT >30 ng/L ->
probable Myocardial infarction. %

Echocardiography:

Transthoracic echocardiography was
performed to assess systolic and diastolic
functions, RWMA and  mechanical
complications of MI in-hospital, before
discharge and one month follow up after
discharge.

The test was done with the patients lying
down in left lateral decubitus position.
The ejection fraction of the left ventricle
(LVEF) was measured in accordance with the
recommendations of American Society of
Echocardiography by using modified
Simpson’s.

Normal reference value for mean LVEF
is (62 +5 %). 1V

Follow-up:

Forty-eight hours in hospital monitoring
of:

Reinfarction, anginal pains. mortality of
cardiac causes.

One month follow up of:

Ischemic  symptoms, reinfarction,
arrhythmias, heart failure symptoms and
mortality of cardiac cause.

Statistical Methods:

Statistical analysis of the data collected
was done using IBM© SPSSO Statistics
version 26 (IBM®© Corp., Armonk, NY) and
Med-Calc® Statistical Software version 20
(Med-Calc Software Ltd, Ostend, Belgium;
https://www.medcalc.org; 2021).

Categorical variables are expressed as
counts and percentages and the intergroup
differences are compared using the Pearson
chi-squared test or Fisher’s exact test. Ordinal
data are collated using the chi-squared test for
trend.

Non-normally distributed continuous
variables are expressed as median and
interquartile range. The differences are
compared with the Mann-Whitney test (for
two-group comparison) or the Jonckheere-
Terpestra trend test (to assess the significance
of trend in multiple-group comparison). The
Conover test is used for post hoc pairwise
comparison.

Correlations between numerical
variables are tested using the Spearman rank
correlation or Pearson correlation. The
correlation coefficients (Spearman rho or
Pearson r) are interpreted as follows: <0.2 =
very weak, 0.2 to 0.39 = weak, 0.4 to 0.59 =
moderate, 0.6 to 0.79 = strong, > 0.8 = very
strong

Repeated-measures analysis of variance
(ANOVA) with logarithmic transformation is
used to analyze within-subjects and between-
subjects effects on the change in CK-MB.
Serial measurements analysis of log-
transformed data is used to calculate the area
under the time-CK-MB curve (AUC). The
unpaired t-test is used to compare different
AUCs.

Multivariable binary logistic regression
analysis is used to examine the relation
between NLR and NSTEMI as adjusted for
the effect of possible confounding factors.

P-values <0.05 are
statistically significant.

considered
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Case examples:

65 years old male patient. Known to be
diabetic, hypertensive, dyslipidemic and
smoker, came to the emergency room
complaining of recurrent typical chest pain of
two days duration. On examination the
patient had a blood pressure of 155/110, pulse
of 93 beat per minute and the rest of
examination was irrelevant. ECG showed ST
segment depression in the precordial leads.

NLR:14.2, Troponin T :223, CK-MB: 81.
The patient had a high risk TIMI score.

Another case, 72 years old female
patient. Known to be dyslipidemic with no
other history of medical importance, came to
the emergency room complaining of typical
chest pain. Her examination was irrelevant.
With no specific changes on ECG. Her
laboratory results showed NLR: 1.5,
Troponin T :7.5, CK-MB:25. The patient had

His laboratory test results revealed alow risk TIMI score.
RESULTS:
Table 1. Demographic characteristics
Variable All population UA (N=63) NSTEMI P-valuet
(N=100) (N=37)
Age (yr), median (IQR) 63.0 (57.0 to 68.5) 61 (56.3 to 66.0) 65 (60.0t0 72.3) | 0.011%
Male sex, n (%) 77 (77.0%) 51 (81.0%) 26 (70.3%) 0.220%
DM, n (%) 57 (57.0%) 32 (50.8%) 25 (67.6%) 0.102%
Hypertension, n (%) 45 (45.0%) 24 (38.1%) 21 (56.8%) 0.070%
Smoking, n (%) 39 (39.0%) 18 (28.6%) 21 (56.8%) 0.0053
Dyslipidemia, n (%) 46 (46.0%) 24 (38.1%) 22 (59.5%) 0.0383%
Risk stratification, n (%) <0.0018§
Low 52 (52.0%) 48 (76.2%) 4 (10.8%)
Intermediate 30 (30.0%) 13 (20.6%) 17 (45.9%)
High 18 (18.0%) 2 (3.2%) 16 (43.2%)

T. Mann-Whitney test 1. Pearson chi-squared test §. Chi-squared test for trend IQR = interquartile

range

Table (1) shows that patients in the
NSTEMI group were significantly older than
those in the unstable angina group (P = 0.011).
The percentage of patients with history of
smoking and dyslipidemia was significantly
higher in the NSTEMI group (P = 0.005 and
0.038, respectively). The patients were
categorized into three groups: low risk,
intermediate risk, & high risk, according to
TIMI score. The percentage of patients
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classified as at low, intermediate, and high risk
was 10.8%, 45.9% and 43.2% in the NSTEMI
group compared with 76.2%, 20.6% and 3.2%
in the unstable angina group, respectively.
These differences were statistically significant
(P < 0.001). Both groups were comparable as
regards the male/female ratio (P = 0.220) and
prevalence of DM (P = 0.102) or hypertension
(P =0.070).
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Table 2. Neutrophil, lymphocyte and NLR

Variable Total population Unstable angina NSTEMI (N=37) P-value
(N=100) (N=63)
Neutrophils (x1,000/pl, 6.4 4.9 9.6 <0.0001}
median (IQR) (4.2108.4) (3.8106.8) (7.41012.7)
Lymphocytes (x1,000/ul), 1.9 2.9 11 <0.00017
median (IQR) (1.2t0 3.5) (1.8t04.0) (0.9t01.5)
NLR, median (IQR) 2.9 1.8 8.4 <0.0001F
(1.6t05.9) (1.2t02.8) (5.3t09.7)
+. Mann-Whitney test  IQR = interquartile range
30
T J— —

Unstable angina

NSTEMI
ACS

Figure (1): Box plot illustrating NLR in patients suffering NSTEMI or unstable angina. Box represents the
interquartile range (25™ to 75" percentile). The line inside the box represents the median (501" percentile). Whiskers
constitute the minimum and maximum values excluding outliers and extreme values (rounded markers)
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Figure (2): Receiver-operating characteristic (ROC) curve for discrimination between patients with NSTEMI or
unstable angina using NLR. NLR has excellent diagnostic value with an area under the ROC curve (AUC) of 0.963
(95% CI = 0.905 to 0.990, P <0.0001). An NLR > 3.9 has a sensitivity of 100%, specificity of 92%, positive
predictive value (PPV) of 88% and a negative predictive value (NPV) of 100%, likelihood ratio positive (LR+) of
12.6, likelihood ratio negative (LR-) of 0.0, J index of 0.92 and an overall accuracy of 92%
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Figure (3): Plots of Sensitivity and Specificity versus NLR Criterion. Best cut-off criterion is an NLR > 3.9 which
has a sensitivity of 100%, specificity of 92%, positive predictive value (PPV) of 88% and a negative predictive
value (NPV) of 100%, likelihood ratio positive (LR+) of 12.6, likelihood ratio negative (LR-) of 0.0, J index of
0.92 and an overall accuracy of 92%

Figure (4): Plot of Youden index versus NLR Criterion. Best cut-off criterion is an NLR > 3.9 which has a sensitivity
of 100%, specificity of 92%, positive predictive value (PPV) of 88% and a negative predictive value (NPV) of 100%,
likelihood ratio positive (LR+) of 12.6, likelihood ratio negative (LR-) of 0.0, J index of 0.92 and an overall accuracy of
92%.

Table 3. Multivariable binary logistic regression analysis for the relation between NLR and NSTEMI as

adjusted for effect of possible confounding factors.

Variable Coefficient SE Wald P value Odds ratio 95% CI
NLR 1.327 0.347 14.621 <0.001 3.769 1.909 to 7.441
Age (years) -0.033 0.059 0.313 0.576 0.968 0.862 to 1.086
Male sext -0.069 0.895 0.006 0.938 0.933 0.161 to 5.393
Moderate risk} 0.810 1.189 0.464 0.496 2.248 0.218 to 23.124
High risk} -4.444 2.365 3.532 0.060 0.012 0.0001 to 1.210
Constant -4.211 3.413 1.523 0.217

1. Reference category is female sex }. Reference category is low risk
Table 4. Correlation between NLR and cardiac enzymes and EF

NLR
Variable Count Spearman's rho P-value
Troponin 100 0.872 <0.001
CK-MB at admission 100 0.752 <0.001
CK-MB at 8 h 98 0.778 <0.001
CK-MB at 16 98 0.720 <0.001
CK-MB at 24 h 98 0.716 <0.001
EF at admission 100 -0.670 <0.001
EF at 1 month 100 -0.632 <0.001

Table 4 shows the correlation between

and troponin and CK-MB. On the other hand,
there was moderate negative correlation
between NLR and EF.

NLR and cardiac enzymes or EF. There is a
very strong positive correlation between NLR
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Figure (5): Scatter plot illustrating the correlation between NLR and troponin. Scatters represent individual
observations. Fitted line represents local regression smoothing trend line. There is very strong positive
correlation between both variables (Spearman’s rho = 0.872, P-value <0.001).
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Figure (6): Scatter plot illustrating the correlation between NLR and EF at admission (%). Scatters represent
individual observations. Fitted line represents local regression smoothing trend line. There is moderate
negative correlation between both variables (Spearman’s rho = -0.670, P-value <0.001).

Table 5. Relation between NLR and ST segment depression or cardiac risk.

Variable Count NLR, median (IQR) P-value
ST segment Normal 35 1.6 (1.0to2.1) <0.0017
Depressed 65 5.1(2.7t09.2)
Risk stratification Low 52 1.8 (1.2t02.5) <0.001%
Intermediate 30 51(29to5.5)a
High 18 11.1(9.4t0 14.6) b

t. Mann-Whitney test

1. Jonckheere-Terpstra trend test a. P-value <0.01 versus Low-Risk Group

(Conover post-hoc test) b. P-value <0.01 versus Intermediate-Risk Group (Conover post-hoc test)

IQR = interquartile range

Table 5 shows comparison of NLR in
patients with depressed or normal ST segment.
The median (IQR) NLR was 5.1 (2.7 to 9.2)
versus 1.6 (1.0 to 2.1) in either group,
respectively. The difference is statistically
significant (P < 0.001). The NLR was
significantly higher in patient at high cardiac

risk (median 111, IQR = 94 to 14.6)
compared with those at low risk (median = 1.8,
IQR = 1.2 to 2.5, P < 0.01) or at intermediate
risk (median =5.1, IQR =2.9t0 5.5, P <0.01).
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DISCUSSION:

The expression of acute coronary syndrome
(ACS) is expressed for patients with either
query or confirmed acute myocardial
ischemia or infarction. STEMI, NSTEMI,
and UA are the three forms of acute ischemic
events. The three entities can be distinguished
by performing an ECG and measuring cardiac
biomarkers specifically troponins. STEMI is
diagnosed with the appearance of an elevated
ST segment and high cardiac troponins,
whereas NSTEMI and unstable angina can
have ECG abnormalities in the form of
depressed ST segment and/or inverted T
wave. The differentiating character between
Non-STEMI and UA is the occurrence of the
rise of cardiac troponins. 12

The expansive utilization of the high
sensitivity cardiac troponin has switched the
diagnosis of UA to NSTEMI in majority of
patients previously diagnosed to have
unstable angina. This has happened as those
patients previously diagnosed with unstable
angina, in-fact, have raised high-sensitivity
cardiac troponin levels. @3

Neutrophils and lymphocytes comprise
the front line of protection inside the human
being to face the different invading agents.
Neutrophils and lymphocytes are in the
foreground inflammatory and regulatory
agents, respectively, seen in the affected
areas. They stir the major cell types
concerned with acute and  chronic
inflammatory reactions. The Neutrophil-
Lymphocyte ratio (NLR) -obtained by
dividing the absolute count neutrophils count
by the absolute count of lymphocytes- is used
to assess the prognostication of the
inflammation.®¥

The utilization of NLR as a marker of
inflammation has been prescribed before.
Additionally, NLR has also been correlated
with unpleasant outcomes in different states,
including atherosclerosis, myocardial
infarction, coronary artery disease, and chronic
obstructive air-way diseases. %
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In our study, we found that the neutrophil
and lymphocyte counts were significantly
correlated with ACS subtypes, patients with
NSTEMI had significantly higher neutrophils
and lower lymphocytes than patients with
unstable angina having lower neutrophils and
higher lymphocytes. Thus, the Neutrophil to
Lymphocyte ratio shows statistically
significant difference between both NSTEMI
and unstable angina groups with the median
NLR was 8.4 (5.3 to 9.7) versus 1.8 (1.2 to
2.8) in either group, respectively. Moreover,
significantly higher levels of cardiac troponin
and peak CK-MB were seen in those with
higher NLR.

In agreement with our study, Mansiroglu
et al. @ conducted a single-centered study of
426 patients who were admitted to Bolu
Abant Izzet university hospital, to assess the
relation between NLR and ACS. They
realized that neutrophil and NLR were higher
in NSTEMI patients that in unstable angina
patients, also El Shafey et al. @ concord with
our study that higher NLR counts for
NSTEMI patients unlike lower NLR for
unstable angina.

Furthermore, Tahto et al.®® who
conducted a cross-sectional study, on one
hundred patients with ACS, agreed with our
study stating that TLC count, neutrophils, and
monocytes were significantly elevated in acute
myocardial infarction group than in unstable
angina group. NLR was also found to be
significantly more elevated in myocardial
infarction group compared to those with
unstable angina. Significantly more elevated
levels of hsTnl and CK-MB were found in
patients with myocardial infarction. NLR had
significantly positive correlation with the
readings of hsTnl, CK-MB, CRP & TLC.

In our study -after adjustment for the
effect of age, sex, and risk score- NLR was an
independent  predictor for NSTEMI.
Additionally, NLR is correlated with the
monstrosity of acute coronary syndromes
according to TIMI Score.
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The patients were assorted into three
groups: “low risk”, “intermediate risk”, &
“high risk”, according to TIMI score. In
unstable angina patients, the quartiles of NLR
in “low risk”, “intermediate risk” and “high
risk” groups were 3 (2.0, 4.3), 3.4 (2.4, 5.1)
and 5.5 (3.4, 9.65). In NSTEMI patients, the
quartiles of NLR in “low risk”, “intermediate
risk”, and “high risk” groups were 5.1 (3.1,
8.1), 5.2 (3.0, 9.0) and 6.5 (3.9, 11.7).
Meaning that there is positive correlation, as
NLR values were significantly elevated in
high-risk groups.

In the present study, patients with
NSTEMI had significantly higher Troponin
and CK-MB at admission. CK-MB at 8 hours,
16 hours and 24 hours were also significantly
more elevated in patients with NSTEMI &
showed positive correlation with the NLR.

In agreement to our study, Seaoud et al.
(19 showed that the NLR and WBC count,
were markedly elevated in the high-risk
group, while the mean lymphocyte count was
highest in the low-risk group., El Shafey et
al. @ found that there were statistically
significant differences between the three
studied groups regarding neutrophil count,
lymphocyte count and TLC.

Moreover, in concordance with our study
Soylu et al. ® who raised a study of 300
patients admitted to cardiology clinic at
Ondokuz Mayis University with NSTE-ACS,
agreed with our study in reporting that the mean
NLR was highest in the high-risk groups with
significant difference.

In consensus with our study, Gul et al. ¢V
-who conducted a prospective study included
308 patients, who were admitted to the
emergency room with NSTEMI and UA-
reported that there were significantly higher
levels of peak CK-MB, NLR and WBC count
in the higher-risk group.

On the other hand, the capacity of NLR
in prognostication of in-hospital and one
month follow up complications in both
groups (NSTEMI and UA), showed that NLR

has an excellent predictive value. As in our
study showed that complications occurred
more for those with high NLR.

In accordance with our study, Gul et al.
1) reported that the adverse outcomes at 30
days, hospitalization for heart failure,
reinfarction and cardiovascular mortality
were higher in high-NLR group.

Neutrophil-to-Lymphocyte ratio is a novel
addendum to the long list of biomarkers, which
is cheap, easy to get, & universally available
marker of inflammation, which can help in the
risk stratification of patients with different
cardiovascular diseases along with the other
traditionally used markers. Studies have been
carried-out to suggest an acceptable cut-off
value of it, with fruitful clinical use in different
patient groups. 9

Shumilah et al. @2, stated in their study,
that was conducted on one hundred patients
who were admitted to the E.R. and were
proved to have ACS, that the acceptable cut-
off value of NLR for the diagnosis of ACS
was found to be 2.95 with 90% sensitivity,
88% specificity, 89.7% negative predictive
value (NPV), and 88.2% positive predictive
value (PPV).

In our present study, NLR had excellent
diagnostic value in differentiation between
UA patients & those with NSTEMI. Using
the receiver-operating characteristic (ROC)
curve, the analysis showed that NLR > 3.9
had a sensitivity of 100%, specificity of 92%,
positive predictive value (PPV) of 88%,
negative predictive value (NPV) of 100% and
an overall accuracy of 92% in differentiating
patients with UA from those with NSTEMI.

Conclusion:

Admission NLR is a powerful and
independent  prognostication marker of
cardiovascular outcomes in patients with
NSTE-ACS. Therefore, with the other
privileges of NLR, it represents a good
marker for risk stratifying patients with
NSTE-ACS. The feasibility and swiftness in
doing these tests make them an independent,
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simple, cheap, and accurate early markers of
high-risk patients with ACS.

Recommendations:

Using NLR in patients with suspected
A.C.S. on presentation to E.R. for early,
feasible & cheap accurate marker -along with
other markers- is recommended for early risk
stratification & differentiating patients with
UA from those with NSTEMI.

Limitations:

The sample size of the included patients
in our study was relatively small and from a
single center. Another limitation is that we
could not compare NLR with other
inflammatory markers, such as C-reactive
protein, fibrinogen, myeloperoxidase, TNF-a
or IL-6, because they were not routinely
obtained in our study population. Lastly a
longer-term (more than one month) of follow-
up may be needed for a more comprehensive
assessment of the relationship between NLR
and long-term outcomes.

Conflict of interest:
There is no conflict of interest.
List of abbreviations:

ACS Acute coronary syndrome
AMI Acute myocardial infarction
CAD Coronary artery disease

CK Creatine kinase

cTnl Cardiac troponin |
cTnT Cardiac troponin T
EDTA Ethylene-diamine-tetra-acetic acid

Ml Myocardial infarction

NLR Neutrophil-to-lymphocyte ratio

NSTEMI Non-ST-elevation myocardial

infarction

NSTE-ACS Non-ST-elevation Acute coronary
syndrome

RWMA Regional wall motion abnormality

STEMI ST-elevation myocardial infarction

TLC Total leucocyte count

UA Unstable angina
WBC White blood cell count
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