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Summary

Background: Leukocytes total count is an independent risk marker for cardiovascular events. The ratio between
neutrophils and lymphocytes (N/L) count has been investigated as a new predictor for cardiovascular risk, although its
diagnostic role when assessing patients suspected of an acute coronary syndrome (ACS) condition is not yet known.

Objective: To evaluate the diagnostic power of N/L ratio in patients who have been admitted at a Chest Pain Unit (CPU)
with the suspicion of ACS.

Methods: Evaluation was conducted in 178 patients admitted with chest pain. Diagnostic flowchart including clinical,
electrocardiographic, and laboratory data. Diagnosis obtained was: acute myocardial infarction (AMI) with (AMI-STE)
and with no segment T elevation (AMI-NSTE), unstable angina (UA ) and non-cardiac pain (NC). Total and differential
leukocyte count was conducted in peripheral blood sample collected at admission.

Results: Patients diagnosed with non-cardiac pain reported the lowest N/L ratio (n=45; 3.0 = 1.6), followed by UA
(n=65; 3.6 = 2.9), AMI-NSTE (n=33; 4.8 * 3.7) and AMI-STE (n=35; 6.9 * 5.7); p < 0.0001. N/L ratio above 5.7 (highest
quartile) reported 91.1% specificity, 4.51 odds ratio (Cl1 95% 1.51 to 13.45) for the final diagnosis of ACS when compared
to the groups at lower quartiles.

Conclusion: The N/L ratio presents correlation with final diagnosis of patients with suspicion of ACS at admission.
Considering this is a low cost, good reproductibility test, new studies should ellucidate whether the ratio may be of

relevance for diagnosis flowcharts currently in use. (Arq Bras Cardiol 2008;90(1):30-35)
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Introduction and wide availability - has not been investigated to its optimal
predictive value. Recent data have suggested that some
specific subtypes of leukocytes have higher predictive value
in assessing cardiovascular risk. Such value is even higher
when N/L ratio is used - the total count of neutrophils and
lymphocytes’. In patients submitted to angioplasty, N/L ratio
is an independent predictor for long-term mortality®.

Atherosclerosis is a multifactor condition involving
dyslipedemia, hyperglycemia, smoking habits, hypertension
and other endothelial lesion causes in its pathogenesis'2.
Atherogenesis is an active inflammatory process triggered by
this endothelian injury, rather than a passive infiltration of
lipids in the arterial wall as described earlier**.

Since it is an inflammatory disease, some inflammatory Although preliminary data have shown that N/L ratio is
markers have been proposed for the evaluation of the a.predl(.:tor for long-term cardiovascular risk, its role for the
cardiovascular risk. From those, C-reactive protein (CRP) has diagnosis of acute coronary syndrome (ACS) has not been
deserved most studies and has been the most applicable in  €valuated. The purpose of the present study was to evaluate the
clinical practice®. However, its predictive value was recently ~ diagnostic power of N/L ratio in patients who have been admitted
questioned, and the need for new, complementary markersis ~ reporting chest pain and under the suspicion of ACS.
obvious®. Total leukocyte count also promotes an assessment
of inflammatory status, although its result - despite low cost  pathods
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Consecutive recruiting was carried out after the research
was duly explained and Informed Consent duly signed. Pain
symptoms assessment followed diagnostic flowchart including
clinical and electrocardiographic data, as well as myocardial
necrosis markers®. Diagnosis included: acute myocardial
infarction (AMI) with segment T elevation (AMI-STE), AMI with
no segment T elevation (AMI-NSTE), unstable angina (UA),
and non-cardiac pain (NC). Whenever necessary, following
assistant clinician’s judgement, a functional test was conducted
before patient’s discharge at the Chest Pain Unit.

Sample Calculation

Based on the absence of previous similar studies a
pilot study was conducted for sample calculation. A 0.86
difference was detected in N/L level between the ACS groups
and the non-cardiac pain group (standard deviation: 1.47).
The sample was then calculated so as to detect the difference
being a=0.05 and 1-8=0.80. The result was 7 patients in
each group (1- non-cardiologic, and 2- ACS). Patients were
recruited consecutively until the right number was reached
in both groups (consequently, more ACS patients were
included until the right number was reached in the non-
cardiac pain group).

Exclusion Criteria

Patients with a history of trauma, surgery, neoplasia, or
infectious diseases in the 30 days prior to admission, as well as
current use of immunosupressors (corticoid included) and non-
communicative individuals, or those unable to fully understand
the Informed Consent were excluded from the study.

Clinical Data

Evaluation included the presence of risk factors, prior
medical history, and the use of concurrent medications.
Clinical data under research included systemic hypertension
(HTN), diabetes mellitus (DM), dyslipidemia (Dyslp), smoking,
depression, previous history of coronary artery disease (CAD)
involving coronary angioplasty or myocardial revascularization
(MRV), and early family history of coronary artery disease.
Hypertension, diabetes, dyslipidemia and depression were
defined by previous history of comorbidities or by the report
on specific medications. Family history was defined as the
report of death of first degree relative from cardiovascular
causes, myocardial infarction or revascularization before the
age of 55 for men and 65 for women. Smoking habits was
defined as the history of tobacco use at admission or in the
6 months prior to visit.

Laboratory Analyses

Laboratory analyses collection was conducted in peripheral
blood sample at patients” admission, with 3 ml of blood
withdrawn and stored in Vacu-tainer vial with ethylene
diamine tetra-acetic acid (ETDA). They also included complete
blood countand creatine phosphokinase (CPK) and creatine
phosphokinase MB fraction dosing. Total blood count
was carried out using Cell Dyn® hematology analyzer and
impedance method. Subtypes differentiation was carried out
manually through smear on plate. Variables of interest were

neutrophils and lymphocytes count. N/L ratio was obtained by
dividing total count of neutrophils by lymphocytes count.

Statistical Analysis

For the purpose of assessing diagnostic value of N/L ratio
in acute coronary syndrome a test was considered positive
when its value was in the fourth quartile (considering values
for all patients enrolled in the study); and negative when in
the lower three quartiles. Acute coronary syndrome patients
were those diagnosed with UA , AMI-NSTE and AMI-STE.
Based on those data (positive test, negative test, presence
or absence of the disease) sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV)
of the N/L ratio were calculated for the diagnosis of ACS, in
addition to determining the area under the ROC (receiver
operating characteristic) curve.

Student t test was used for the purpose of comparing means
from the 2 groups. ANOVA was used for the comparison of
more than 2 groups. Whenever the variable did not follow
Gaussian distribution, non-parametric tests were used. Chi-
square test was used to compare ratios. The correlation between
continuous variables was determined by Pearson’s correlation
test (or Spearman test whenever distribution was not normal).
Considering values reported had normal distribution, total and
differential count were logged in in quartiles for primary analysis.
p<0.05 was considered statistically significant.

Results
Clinical Data

Recruitment enrolled 178 patients. Average age was
60 + 13 years; 59% males. Most prevalent risk factor was
hypertension (HTN), followed by dyslipidemia (Dyslp.),
Diabetes Mellitus (DM) and family history of coronary heart
disease (CHD). Previous history of coronary angioplasty was
reported by 25% of patients. Patients’ clinical data can be
found in Table 1.

Patients’ Clinical Data

Characteristic (n=178)
Mean Age (years) 60+ 13
Males (%) 59
Hypertension (%) 78
Dyslipidemia (%) 44
Diabetes Mellittus (%) 28
Previous Myocardial Revascularizaton (%) 12
Previous Angioplasty (%) 25
Early Family Coronary Heart Disease (%) 32
Current and Past Smoking Habits (%) 17

n - number of patients.

Most frequently observed diagnosis was unstable angina
(UA): 65 patients (36% of cases). AMI-NSTE was reported
in 33 (19%) and AMI-STE in 35 (20%) patients. Forty-five
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individuals (25%) were diagnosed with non-cardiac pain (NC).
Patients’ clinical data from the different diagnosis groups can
be found in Table 2.

Leukocyte count and Subtypes Following Final Diagnosis

Total leukocyte count showed gradual incerase of
leukocytes, lower in the NC (8,825 + 2,443) and higher
among patients diagnosed with AMI-STE (10,804 =+ 3,777);
p<0.005. Similarly to total count, the number of neutrophils
was lower among NC (5,921 = 2,304), intermediate in UA
patients (6,096 + 2,448) and AMI-NSTE (6,889 = 3,187) and
higher among AMI-STE patients (9,391 = 2,960). However,
lower levels of lymphocytes could be observed in the AMI-STE
group (1,684= 592), followed by AMI-NSTE (1,794 = 647).
Highest levels could be observed in the NC group (2,156 =
782) (Graphic 1).

N/L ratio was directly associated to final diagnosis. That ratio
was the highest among AMI-STE patients: 6.9 = 5.7. Among
AMI-NSTE patients the ratio was 4.8 = 3.7, among those with
UA it was 3.6 = 2.9. The lowest ratio was found whenever a
cardiologic cause was ruled out (NC) - 3.0 = 1.6.

Assessing Diagnostic Value of N/L Test

Above 5.7 (highest quartile), the N/L ratio reported a 31%
sensitivity (Cl 95%: 23-38%) with specificity and 91.1% PPV
(C195%: 83-99%) for the diagnosis of ACS. Test accuracy was
53%. ROC curve was constructed to assess the ability of N/L
ratio to predict the presence of ACS. The under ROC curve
area obtained was 63%.

Total count of leukocytes, neutrophils, lymphocytes, as well
as N/L ratio were also calculated through Odds Ratio (OR) for
ACS diagnosis by comparing patients in the highest quartile
to all the others. OR for total leukocyte count for ACS and
NC patients was 1.23 (Cl 95% 0.55-2.75). Neutrophils and
lymphocytes count: 2.14 (Cl 95% 0.88-5.23) and 0.47 (Cl
95% 0.22-1.003) respectively. As for N/L ratio, OR was 4.51
(C1 95% 1.51-13.45) (Graphic 2).

Considering that AMI-STE diagnosis is essentially
electrocardiographic, 35 patients who were diagnosed were
excluded. Specificity and sensitivity were also calculated for

Clinical Data and Risk Factors in Diagnostic Groups

the diagnosis of ACS with no ST elevation (UA and AMI-NSTE).
Sensitivity was kept low: 23% (Cl 95% 15 — 32%). The N/L
ratio, however, also reported high specificity - 91% (Cl 95%
83 - 99%)- and high positive predictive value — 85% (Cl 95%
72 — 99%) for the diagnosis of ACS with no ST elevation.

N/L Correlation and Myocardial Necrosis Marker

With the purpose to assess whether the N/L ratio was
directly associated to myocardial necrosis, the study correlated
N/L and the highest CKMB obtained at the Chest Pain Unit.
The correlation was not strong (Pearson r=0.48) but significant
(p<0.0001) between the two variables. However, for the 68
patients who presented CKMB above the upper limit of normal
levels the two variables presented poor correlation (Pearson
r=0.40; p=ns).

Discussion

The findings of the present study demonstrate that the
ratio obtained from a universally known, simple, low-cost test
provides relevant information regarding the risk of patients
who are admitted with chest pain to also be presenting ACS.
In a country where the lack of resources keeps the access of
so many to the best diagnostic methods, the N/L ratio may
be turned into an additional parameter for the preliminary
approach of patients with suspicion of ACS.

It has been estimated that from 5% to 10% of all emergency
room assistance in the United States results from chest pain
or other symptoms suggesting acute myocardial ischemia
every year'®. In Brazil no statistical estimate is available.
Although chest pain may have a wide range of causes, those
resulting from cardiocirculatory system are of highest concern
to patients and health professionals. In an attempt to both
improve diagnosis accuracy and optimize expenses, the
Chest Pain Units have come to the scene as a new approach
for emergency assistance. Low-cost and highly predictive
diagnostic methods for ACS are the very objective of CPUs.

High leukocyte count showed to be an independent
predictor for ACS at the emergency room setting for individuals
presenting chest pain suggestive of coronary heart disease, thus

Characteristic MM G COUGH TESTS: )
(n=45) (n=65) (n=33) (n=35)

Mean Age (years) 56 + 14 59 + 11 69+ 13 61+10 <0.0001
Males (%) 56 55 61 60 NS
Hypertension (%) 67 86 79 63 0,05
Dyslipidemia (%) 33 57 36 37 NS
Diabetes Mellittus (%) 22 32 27 26 NS
Previous Myocardial Revascularization (%) 1 15 15 3 NS
Previous Angioplasty (%) 16 37 24 1 0,01
Early Family Coronary Heart Disease (%) 31 28 24 46 NS

NC - non-cardiac pain; UA - Unstable Angina; AMI-NSTE (Acute Myocardial Infarction with No Segment T Elevation; AMI-STE (Acute Myocardial Infarction with Segment

T Elevation; n - number of patients; NS - non significant
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Neutrophils, lymphocyte, leukocyte count, as well as N/L ratio in the different diagnoses . AMI-STE (Acute Myocardial Infarction with Segment T Elevation;
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Odds Ratio for SCA diagnosis considering N/L ratio, total leukocyte
count and neutrophils and lymphocytes count. Results demonstrate the chance
of SCA diagnosis in patients at the fourth quartile (N/L > 5.7; lymphocytes >
2,508/mma3; neutrophils > 8,718/mm3; leukocytes > 11,150/mm3) as compared
to the patients at lower quartiles.

showing evidence that leukocytes would act as markers for
exacerbated inflammatory conditions''. However, few studies
have evaluated the role played by leukocytes subtypes in
determining cardiovascular risk, and results are somewhat
conflicting. One study demonstrated that monocytes are the

highest predictive cells'?, whereas others have demonstrated
that neutrophils are the highest preditors'> 4.

Post-AMI healing processes suggest the adaptive
characteristic of neutrophils. More recently, it was proposed
that increased vasculogenesis may be the response to ischemia
conditions, therefore explaining a chronic adaptation process
with higher number of circulating neutrophils. On the other
hand, in the ACS scenario, neutrophils may be associated to
the formation of aggregates between platelets and leukocytes in
the intravascular lumen, thus even determining the increase of
infarction extension areas'. Recent studies with animal models
have shown that neutrophilic invasion of the atherosclerotic
plaque had direct visualization. Neutrophils may make plaque
rupture easier through the release of protheolytic enzymes,
arachidonic acid derivatives, and superoxide radicals'.
Therefore, the higher count of neutrophils may not only
mirror the exacerbated inflammatory condition found in
atherosclerotic patients but also be associated to the role
played by those cells in atherosclerotic plaque instability.

Considering that the atherosclerotic plaque contains
macrophage infiltrates and lymphocytes in its subendothelial
layer, it could be postulated that the increase of
polymorphonuclear cells is associated to the increase of
mononuclear cells for the stability of the different plaque
components. However, it has been observed that AMI-
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STE patients presented lower lymphocyte concentration
as compared to AMI-NSTE patients, followed by those
presenting UA and NC. Results from other prospective studies
have demonstrated that absolute and relative lymphocyte
concentrations are significantly lower in patients with cardiac
events. They have also shown those patients to be exposed to
higher risk of future cardiac events'”"°. Such reduction seems
to be related to the physiological stress of such conditions, thus
determining cortisol production increase, which in its turn
results in lymphocyte count decrease in peripheral blood*.

It has been demonstrated that increased total leukocyte
count after coronary angioplasty is associated to higher
mortality rate’. More recently, the relevance of N/L ratio
has been investigated in the 3-year follow-up of coronary
angioplasty patients®. The present study showed an
independent, strong association between N/L ratio and
mortality rate of patients submitted to percutaneous
intervention (PI), irrespective of indication, thus showing that
N/L ratio (but not total leukocyte count) increased mortality
rate in the long run. Those findings support the evidence that
neutrophils are associated to ischemic processes, particularly
in acute phases.

The present study has not evaluated N/L ratio increase
mechanisms. However, the N/L ratio does not seem to be
associated to myocardial necrosis per se, since in patients
presenting increased CKMB its correlation with N/L was
poor and had no statistical significance. Studies on chronic
condition patients may demonstrate whether there is any
correlation between this ratio and the already established
coronary heart disease. Afiune et al*' have demonstrated that
among all leukocytes subtypes, the monocytes are the ones
to be associated to the highest rate of coronary disease. One
possibility is that the N/L ratio acts as a better marker for ACS
than leukocytes isolated subtypes. Such possibility is based
on two distinctive mechanisms: neutrophilia would reflect
systemic inflammatory status, and as a consequence, higher
cardiovascular risk, and lymphopenia would reflect the acute
stress presented by ACS.

Low test sensitivity (31%) makes clear that the N/L ratio
will not play a diagnostic role if used isolatedly. On the
other hand, high specificity and high positive predictive
value may be most invaluable at centers where myocardial
necrosis evaluation through laboratory exams is still
carried out exclusively through CKMB dosing. Our data
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