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Abstract

Aim: This is a unique study that aimed to determine anemia and inflammatory status in simple febrile seizure vs complex febrile
seizure patients. Neutrophil/lymphocyte ratio and platelet/lymphocyte ratio are positively correlated with inflammatory markers
including TNF alpha and IL-6. They are practical, inexpensive, and valuable tools for evaluating inflammation.

Materials and Methods: Patients presenting with first febrile seizures were enrolled retrospectively. We investigated hemoglobin,
hematocrit, mean corpuscular volume, mean corpuscular hemoglobin concentration and red blood cell distribution width values
and white blood cell count, neutrophil, lymphocyte count, neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, and mean platelet
volume, C - reactive protein.

Results: Our study showed that higher neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, and lower mean platelet volume
values in complex febrile seizure cases than simple febrile seizure cases. We determined cut-off values for neutrophil/lymphocyte
ratio, platelet/lymphocyte ratio, and mean platelet volume of 2.5, 10523.3, and 7.3 respectively.

Conclusion: High neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, and low mean platelet volume values can help distinguish
simple febrile seizure and complex febrile seizure patients and predict the clinic. The optimal cut-off values that we determined may

guide clinicians.
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INTRODUCTION

Febrile seizures (FS) are the most common seizure
disorder in children between 6 months to 6 years of age,
affecting %2-5 of the pediatric population (1,2). According
to the clinical presentation, FS are divided into two groups.
Simple febrile seizures (SFS) have a short duration of
fewer than 15 minutes. The seizures are generalized and
they do not recur within the same febrile illness. Complex
febrile seizures (CFS) have a longer duration, more than
15 minutes, may present with focal signs, and recur in the
same febrile illness. (2,3).

The exact underlying mechanism of FS seems to be
multifactorial. Infectious agents, genetic factors, vaccines,
anemia, and inflammation were proposed as possible
causes (3-5).

Iron deficiency is one of the most frequent micronutrient
deficiencies. Iron is essential for neurogenesis and
differentiation of brain cells. Iron deficiency causes
abnormal brain structure and alters hippocampal
development, metabolism of synaptic neurotransmitters

including norepinephrine, dopamine, serotonin,
glutamine, and gamma-aminobutyric acid (6). The higher
predominance of anemia in CFS was demonstrated in
previous studies (5).

SFS was reported to be followed by epilepsy in about
2% of patients, while epilepsy development after
CFS was reported from 4% to 12% of individuals (7).
Prolonged FS directly damage the hippocampus and
surrounding structures (8). Inflammation plays a role in
the pathogenesis of FS and epilepsy after FS (9,10). As
the fever is induced by cytokines like TNF-a, IL-1, IL-6,
these inflammatory cytokines lead to the development
of FS (11,12). Endogenous pyrogenic cytokine; IL-1B is
involved in the febrile response generation of FS (13).
Cytokine gene polymorphisms, which affect the amount
of cytokine produced, are thought to be related to the
development of FS (9,14). However, there are conflicting
results in the literature. Nur et al. showed the role of IL-6
single nucleotide polymorphisms in the pathogenesis of
FS (14). Haspolat et al. reported that gene polymorphisms
of IL-1B, IL-1a, and IL-1Ra did not show a significant
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role in FS (15). But they are impractical and expensive
to evaluate. Cytokines alter white blood cell, neutrophil
and lymphocyte counts. Leukocytosis, neutrophilia,
lymphopenia and high C- reactive protein (CRP) levels
have been widely used in various febrile and inflammatory
disorders (16-18). On the other hand, neutrophil to
lymphocyte ratio (NLR) and platelet to lymphocyte ratio
(PLR) are practical, inexpensive and valuable tools for
evaluating inflammation (19). NLR and PLR positively
correlate with inflammatory markers including TNF alpha
and IL-6 (19,20). NLR, PLR and anemia presence were not
studied together in children with FS before.

Inthe present study, we aimedtoinvestigate thebiomarkers
that might be useful for detecting inflammation in SFS
and CFS patients. We also evaluated anemia presence in
patients with SFS and CFS.

MATERIALS and METHODS

In our retrospective study, we enrolled 66 children with FS,
who were consulted to Dokuz Eylul University Pediatric
Neurology Clinics between the years of 2014 and 2015.
Patients with a chronic or systemic disease and a history
of epilepsy, prematurity, central nervous system (CNS)
abnormalities, CNSinfections, CNShemorrhage, electrolyte
disorders, toxic encephalopathies, static encephalopathy,
stroke, mental retardation, hydrocephalus were excluded.
This study was approved by the Local Ethics Committee of
Dokuz Eylul University.

The patients were divided into two groups as SFS and CFS
groups. A single FS with no focal features and lasting less
than 15 minutes were defined as SFS. If the FS lasted more
than 15 minutes, or had focal features or repeated in the
first 24 hours, it was defined as CFS (2,3). Age, sex, birth
weight, family history of epilepsy and FS were recorded.
Complete blood counts and CRP levels were investigated
at administration. Hemoglobin (Hgb), hematocrit (Htc),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin concentration (MCHC), red cell distribution
width (RDW), neutrophil, lymphocyte, platelet (PLT), mean
platelet volume (MPV) and CRP results were recorded.

Based on the former studies Hgb lower than 10.5 g/dL for
6-24 months and lower than 11.5 g/dL for 25-72 months
of age, Htc lower than 33 % for 6-24 months and lower
than 34% for 25-72 months of age, MCV lower than 70 fL
for 6-24 months and lower than 75 fL for 25-72 months of
age, MCHC lower than 30 g/dL for 6-24 months and lower
than 31 g/dL for 25-72 months of age were determined
as anemia (1,9). Normal MPV ranged between 7.4-10.4 fL
and the normal CRP level was under 8 mg/L. As red cell
distribution width varies per laboratory, we used a cut-
off value identified by each laboratory with the lowest
acceptable value being %14.3 in our laboratory. NLR
was defined as the absolute neutrophil count divided by
the absolute lymphocyte count. PLR was defined as the
platelet count divided by absolute lymphocyte count.

SPSS 22.0 for Windows was used to analyze the data. The
distribution of the dependent variables was evaluated by

the Kolmogorov-Smirnov test. Results were expressed
as mean and standart deviation. Chi-Square Test was
used to compare categorical variables. Analysis for the
association between the seizure types and laboratory
findings was done by the Mann-Whitney-U test. p
values less than 0.05 were considered to be statistically
significant. Cohen's d test was used to indicate the
standardized difference between the two mean values of
our groups. ROC curve analysis was used for calculating
the optimal cut-off values, sensitivity and specificity of
NLR, PLR and MPV.

RESULTS

Patients and demographic characteristics

Sixty-six children (mean age 25.6 * 2.0 months) with FS
were evaluated. Thirty-four (53.1%) patients were in the
SFS group. Thirty (46.9%) patients were male. There were
5 (9.6%) patients with a family history of epilepsy and
28 (53.8%) patients with a family history of FS. Anemia
was found in 12 (18.8%) children with FS. There was no
statistically significant difference regarding age, gender,
birth weight and family history of epilepsy and febrile
seizure between the two groups (Table 1).

Table 1. The demographic characteristics of Simple febrile seizure

and Complex febrile seizure groups

SFS CFS

(n:34) (n:32) P
Age 2554183 2584142 0942
(months)
Male 0 o
(/%) 19(55.9%)  11(36.7%) 0.141
Birth weight 3097.3 +636.9 3228.6 £606.6 0.530
(grams)
FaTlly history of epilepsy 3(13%) 2(6.9%) 0.644
(n/%)
{:Ilgl)ly history of febrile seizure 12 (52.2%) 16(55.2%)  1.000
Anemia 5(14.7%) 7(23.3%)  0.523

n: number, SFS: simple febrile seizures, CFS: complex febrile seizures

Laboratory Findings

There was no statistically significant difference regarding
Hg, Htc, MCV, MCHC, RDW, PLT, CRP, and WBC values.
Neutrophil count (56.7 £16.5 % vs. 68.6 £ 15.1 %, p= 0.004),
NLR (2.6 + 2.6 vs. 4.5+ 4.1, p= 0.035), and PLR (10802 +
8209.2 vs 19209.3 + 18919.7, p=0.022) were found higher
and lymphocyte count (31.8 + 15.3 % vs. 22.8 + 11.7 %,
p=0.012), and MPV (7.5 £ 0.7 vs 7.1 £ 0.6, p=0.027) were
found lower in CFS group than SFS group. Mean values
and standart deviations of laboratory findings are listed
in Table 2.
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According to the ROC curve analysis, the optimal cut-off
value for NLR, PLR and MPV were found to be 2.5,10523.3
and 7.3 respectively (Figure 1-3) (Table 3).

Table 2. Mean values and standart deviations of laboratory findings

SFS (n:34)  CFS (n:32) p Cohen's d"
Hb (g/dL) 11.4(x0.9) 11.3(x0.9) 0.668
Htc (%) 33.7(3) 33.5(2.6) 0.853
MCV (fL) 76.2 (#5.8) 77.9(x4.7) 0.197
RDW (%) 14.4(+1.8) 14.4(+1.2) 0.950
MCHC (g/dL) 33.7(x22) 33.8(+1.1) 0.878
SRR ol
MPV (fL) 75(+x0.7) 7.1(x06) 0.027°  0.58
CRP (mg/dL) 8.5(+3.4) 85(3.6) 0987
Lt L (13318 A ;5) (:152276%(.)8) s
Neu (%) 56.7 (+16.5) 68.6(+15.1) 0.004°  0.75
Lym (%) 31.8(¢15.3) 22.8(+11.7) 0.012°  0.65
NLR 2.6(+2.6) 45(41) 0035  0.54
10802 19209.3

PLR 0.022 0.57

(¢8209.2)  (+18919.7)

" Difference is statistically significant; * Only results with a modarate
effect size between groupswere added; n: number, SFS: simple febrile
seizures, CFS: complex febrile seizures, dL: deciliter, fL: femtoliter,

g: grams, L: liter, mg: miligrams, Hgb: hemoglobin, Htc: hematocrit,

MCV: mean corpuscular volume, MCHC: mean corpuscular hemoglobin
concentration, MPV: mean platelet volume, RDW: red cell distribution
width , PLT: platelet, NLR: neutrophil to lymphocyte ratio, PLR: platelet
to lymphocyte ratio

ROC Curve

0.8+

o
3
1

Sensitivity

o
0
1

0.2

T T
00 02 04 06 08 10
1 - Specificity

Diagonal segments are produced hy ties

Figure 1. ROC curve analysis for Neutrophil/Lymphocyte ratio in
differentiating simple febrile seizure and complex febrile seizure.
AUC (95%Cl): 0.694 (0.564-0.824)
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Figure 2. ROC curve analysis for Platelet/Lymphocyte ratio in
differentiating simple febrile seizure and complex febrile seizure.
AUC (95%Cl): 0.704 (0.573-0.835)
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Figure 3. ROC curve analysis for Mean platelet volume in
differentiating simple febrile seizure and complex febrile seizure.
AUC (95%Cl): 0.670 (0.537-0.802)

Table 3. ROC curve analysis results of NLR, PLR and MPV in simple

febrile seizure and complex febrile seizure groups

?;sc':or AUC (95% Cl)  Cut-off se"(s;:)i"ity s"e(coi/nf)"’“y
NLR (0_5249?82 g 25 0008 667 676
PLR (0_53'37_%‘835) 105233 0.005 667  67.6
MPV 0670 73 0020 60 58.8

(0.537-0.802)

ROC: receiver operating characteristic, AUC: area under curve, CI:

confidence interval, MPV: mean platelet volume, NLR: neutrophil to
lymphocyte ratio, PLR: platelet to lymphocyte ratio
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DISCUSSION

This is a unique study that aimed to determine both
anemia and inflammation in SFS vs CFS patients by
using simple biomarkers including complete blood cell
count, NLR and PLR which can be easily obtained. Our
study showed that higher neutrophil count, NLR, PLR and
lower lymphocyte count and MPV can be considered as
independent biomarkers of inflammation in patients with
CFS.

Iron deficiency anemia was found to be related to raising
the threshold for the first febrile seizure. Fallah et al.
demonstrated that iron deficiency and iron deficiency
anemia was significantly higher in febrile patients with
seizure. And it was found to be more common in patients
with CFS (21). Daoud et al showed that anemia was
significantly related to first febrile seizure (22). Ozaydin
et al found that Hgh, Htc, MCV levels were lower and
RDW levels were higher in children with CFS than those
with SFS. These studies suggest that anemia may be a
risk factor for CFS (17). In the present study microcytic
anemia was found in %14.7% and %23.3% of the SFS and
CFS patients respectively. Although we did not have a
control group, the percentage of anemia was not different
from previous studies which reported anemia between
15.5%-48% in Turkish children (23).

In animal models, hyperthermic seizures as amodel of CFS
were found to be related to alterations in brain structure.
Inflammation in early life was found to be associated with
increased brain excitability in adulthood (24). Pavlidou
et al. reported that CFS increases the risk for epilepsy
3.6 times (25). In the previous studies, the relationship
between FS and inflammation has been reported. It is
therefore important that CFS is predictable. Higher NLR
and PLR values were found in the CFS group. In the
differentiation of SFS and CFS, the optimal cut-off values
for NLR and PLR were 2.5 and 10523.3, respectively. In the
previous FS studies, cut-off values for NLR were reported
1.98 and 2.31 (26,27). In our study both the cut-off value,
sensitivity and specificity for NLR were slightly higher. Liu
et al showed higher NLR and MPV in all FS patients than
control (28). Similar to their study, we got the same cut-off
value of NLR for differentiating CFS from SFS.

The MPV values reflect the size of platelets which was
shown to be inversely correlated with inflammation (29).
High-grade inflammatory conditions are associated with
the circulation of predominantly small platelets with low
levels of MPV (19). Low MPV values were reported in
various inflammatory diseases including cardiovascular
diseases, rheumatologic diseases, cancer and some
infectious diseases (29-31). There are conflicting reports
about MPV in patients with FS. Ozaydin et al. reported
lower levels of MPV as an inflammatory biomarker in
patients with CFS (17). In Chinese children, MPV was
found to be higher in SFS group (28). Other 2 studies from
Turkey revealed no difference in MPV values for SFS and
CFS patients (26,27). In our study patients with CFS had
lower MPV values, and the cut-off value of 7.3 may be
useful for differentiating CFS.

LIMITATIONS

Limitations in our study should be addressed, as it is a
retrospective study, serum cytokines and serum iron were
not measured and we could not compare our findings
with healthy subjects. We could not evaluate the other
parameters of anemia and inflammation. Also, we would
like to underline that our study has a small sample size.

Our study has some strength. It is the first study that
investigated both anemia and inflammation together
in FS patients. Diagnostic testing is not needed in SFS.
However, the physicians following patients with FS may
not be sure how long follow-up time should be. The
present study provided some suggestive parameters.

CONCLUSION

High NLR, PLR and low MPV values compared to cut-off
values can guide in terms of CFS. We determined cut-
off values for NLR, PLR and MPV in our study. Cases
presenting with the first FS and high NLR, PLR and low
MPV values may be at risk for developing CFS and should
be followed for a longer period.
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