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Abstract. – OBJECTIVE: Most febrile seizures 
occur outside of hospitals, and in most cases, 
information about the characteristics of the sei-
zures is obtained from the parents. This makes it 
difficult to differentiate between simple and com-
plex seizures. The aim of this study is to evalu-
ate the significance of the Neutrophil-Lympho-
cyte Ratio (NLR) and the red blood cell (eryth-
rocyte) distribution width (RDW) in distinguish-
ing between simple and complex febrile seizures. 

PATIENTS AND METHODS: The files of 142 
patients between the ages of 6 months and 5 ye-
ars who were admitted to the Emergency Depart-
ment with the diagnosis of first febrile seizure 
were reviewed retrospectively. Complete blood 
count and C-reactive protein (CRP) parameters 
obtained from the venous blood samples col-
lected from the patients at admission were eva-
luated.

RESULTS: The average values of NLR for sim-
ple and complex seizure groups were 2.38 ± 1.60 
and 3.42 ± 1.77 respectively, and the difference 
was statistically significant (p < 0.001). The aver-
age values of RDW for simple and complex sei-
zure groups were 16.15 ± 1.37 and 16.27 ± 1.53, 
respectively; the difference was not significant 
(p = 0.631). We used receiver operating charac-
teristic (ROC) analysis and chose a cutoff value 
of 2.315 for the NLR, and we found that the sen-
sitivity and specificity were 62.7% and 53.8%, 
respectively (area under the curve [AUC]: 0.665, 
p = 0.001, confidence interval [CI] 0.573-0.756). 

CONCLUSIONS: We suggest that NLR may 
provide clinicians with an insight into differen-
tiating between simple and complex febrile sei-
zures; however, it does not produce a clear-cut 
distinction. We found that the RDW ratio is not 
useful in this differentiation. 
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Introduction

Febrile seizures affect children between 6 
months and 6 years of age and are seen in 2%-
5% of children1. Complex seizures constitute 
25%-30% of these seizures1,2. Complex seizures 
are defined as seizures by fever with at least one 
of the following characteristics: seizure duration 
longer than 15 minutes, recurrence within 24 
hours, and showing focal characteristics of and/
or accompanied by neurological abnormalities3.

The American Academy of Pediatrics recom-
mended that no further diagnostic evaluations are 
required, except determining the source of fever, 
in the treatment approach to simple febrile seizu-
res4. On the other hand, in the etiology, usually a 
more detailed diagnostic approach is selected for 
complex febrile seizures because of the higher risk 
of recurrence and the possible presence of serious 
pathologies that should be treated immediately. 
Additionally, Vestergaard et al5 observed that the 
sudden and unexpected death rate was doubled 
within two years after complex febrile seizures 
when compared to the normal population, whereas 
this ratio was similar between the simple febrile 
seizure group and the normal population. 

Most febrile seizures occur outside of hospitals, 
and information on the character of the seizures is 
usually obtained from the parents. Currently, there 
are no objective parameters to distinguish between 
these two types of seizures. Hence, objective diag-
nostic indicators to determine the type of seizures 
in non-hospital seizures are needed. Goksugur et 
al6 suggested that NLR and RDW may be used to 
objectively make this distinction.

Neutrophil-Lymphocyte Ratio (NLR) is an in-
expensive, easily accessible, and easily calculable 
parameter that has been used for evaluation of 
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systemic inflammation. It has been shown that 
there is a relationship between NLR and chronic 
inflammation in cardiovascular diseases, hepatic 
cirrhosis, diabetes mellitus, familial Mediterra-
nean fever, and malignancies7-11. NLR increases in 
inflammatory conditions, and this increase is seen 
as an indicator of systemic inflammation.

Several researches12-16 revealed that the Red 
blood cell Distribution Width (RDW) increases in 
liver disease, cerebrovascular disease, sepsis, and 
cancer. Although the reasons for this association 
between RDW and these diseases has not been 
clearly defined, it has been thought that it is occur-
ring on an inflammatory basis, as it is with NLR. 

In our study, we investigated the significance 
of NLR and RDW values as objective data for 
the differentiation of simple and complex febrile 
seizures.

Patients and Methods

This retrospective study was conducted in a ter-
tiary hospital’s Emergency Department. The hospital 
admits a total of approximately 300.000 adult and pe-
diatric emergency patients annually. The number of 
admissions in the Pediatric Emergency Department 
is approximately 110.000. The study was planned and 
conducted according to the ethical standards detailed 
in the Declaration of Helsinki and approved by Eth-
ical Committee of Kocaeli University.

In our study, the files of patients who were 
admitted to the Emergency Department of Ko-
caeli Derince Education and Research Hospi-
tal, Kocaeli, Turkey with complaints of seizures 
accompanied by fever, from January 1, 2013 
through December 31, 2014, were reviewed retro-
spectively. Patients from the ages of 6 months to 
6 years diagnosed with their first febrile seizure 
were included in the study. Also, detailed per-
sonal and family histories of all patients, physical 
examination findings, and etiologic investigations 
conducted were reviewed.

The patients with prior afebrile seizure histo-
ry, structural or developmental central nervous 
system (CNS) abnormalities, metabolic disorders, 
findings of CNS infection, or toxic encephalopa-
thy were excluded.

All patients included in the study were re-
ferred to a pediatric neurologist during working 
hours (weekdays 08:00 to 17:00) or to a pedia-
trician if admitted outside of the working hours, 
and then evaluated by a pediatric neurologist the 
following week.

Patients were divided into two groups: the 
simple febrile seizure group and complex febrile 
seizure group. Simple febrile seizures were de-
fined as seizures accompanied by fever (fever 
in the emergency department > 38.3 °C), which 
lasted less than 15 minutes, occurred only once 
in 24 hours, and were not accompanied by focal 
neurological signs. Complex febrile seizures were 
defined as seizures accompanied by fever in the 
emergency room, lasted longer than 15 min-
utes, occurred more than once in 24 hours, and 
were accompanied by focal neurologic findings 
or postictal paresis. 

Laboratory Analysis
White blood cell count (WBC), hemoglobin 

(Hb), hematocrit (Hct), mean corpuscular vol-
ume (MCV), red blood cell count (RBC), RDW, 
platelet count (PLT), neutrophil and lymphocyte 
counts, biochemical parameters, and CRP levels 
were evaluated from peripheral venous blood 
samples collected in EDTA tubes during ad-
mission. NLR was calculated by dividing abso-
lute neutrophil counts into absolute lymphocyte 
counts.

Statistical Analysis
Statistical analysis was performed by using the 

SPSS Statistics 17.0 for Windows (SPSS Inc., Chica-
go, IL, USA) program. Compliance with the normal 
distribution of the dependent variable was evaluated 
by the Kolmogorov-Smirnov (K-S) test. Parametric 
data (quantitative) was expressed as numbers and 
percentages; qualitative data were expressed as a 
mean ± standard deviation. Independent samples 
t-test was used for comparison of independent data. 
The Mann-Whitney U-test was used for evalua-
tion of parametric data without binomial distribu-
tion. When appropriate, X2-test was used for the 
comparison of categorical data. Receiver operating 
characteristic (ROC) curve analysis was used for 
calculating the optimal cut-off values, sensitivity, 
and specificity of NLR. A value of p < 0.05 was 
considered significant for all tests. 

Results

A total of 142 patients were included in the 
study. There were no significant differences 
between the groups regarding age and gender. 
The demographic characteristics of patients with 
complex febrile seizures and simple febrile sei-
zures are shown in Table I. 
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We found that NLR and percentage of neutro-
phils were significantly lower, while the number 
and percentage of lymphocytes were significantly 
higher in the simple seizure group compared to 
the complex seizure group (Table II).

According to ROC curve analysis, in the dif-
ferentiation of simple and complex seizures we 
found the optimal cut-off value for NRL to be 
2.315 (sensitivity 62.7%, specificity 53.8%, AUC: 
0.665) (Figure 1).

Discussion

In our study, we investigated the significance 
of NLR and RDW as objective data for the differ-
entiation of simple and complex febrile seizures.

As a result, we found that NLR may provide 
clinicians with insights to differentiate between 
simple and complex febrile seizures; however, 
it does not produce a clear-cut distinction. We 
found that the RDW ratio is not useful in this 
differentiation. 

In our study, we showed that the average age 
of the patients in the complex seizure group was 
lower than in the simple seizure group, but the 
difference was not statistically significant. Our 
results agree with Goksugur et al6 and with the 
literature.

We found that the frequency of febrile sei-
zures was higher in boys. Similarly, in the works 
of Goksugur et al6 and Sfaih et al17, the frequency 
of febrile seizures was higher in boys. Our results 
are consistent with the literature18. 

We found a statistically significant difference 
in NLR values between the simple and complex 
seizure groups. This difference was also signifi-
cant in the study of Goksugur et al6, which is the 
only related report in the literature. 

In our paper, we determined the ideal cut-off 
value as 2.315 in the ROC curve, although this 
ratio was higher than the cut-off value determined 

Values are expressed as mean ± standard deviation.

 Simple Complex
 Seizure Seizure
 (n: 91) (n:51) p-value 

Age (months) 27.2 ± 15.3 25.7 ± 10.51 0.544
Gender   
– Male 42 (46.2%) 31 (60.8%) 0.094
– Female 49 (53.8%) 20 (39.2%) 

Table I. Age and gender of the patients.

Values are expressed as mean ± standard deviation.

 Simple Complex
 Seizure Seizure
 (n: 91) (n:51) p-value 

WBC 13.25 ± 6.03 14.24 ± 5.6    0.339
  (×103/mm3)
RBC (106/ml) 4.44 ± 0.35 4.45 ± 0.44    0.789
Hb (g/dl) 11.6 ± 0.93 11.5 ± 0.9    0.690
Hct (%) 34.89 ± 2.77 34.66 ± 3.26    0.669
RDW (%) 16.15 ± 1.37 16.27 ± 1.53    0.631
MPV (fl) 6.64 ± 0.74 7.0 ± 1.21    0.057
Neutrophil 7.34 ± 4.23 8.5 ± 3.57    0.072
  number 
  (×103/mm3)
Lymphocyte  3.86 ± 2.04 3.16 ± 1.81    0.039
  number 
  (×103/mm3)
CRP (mg/dl) 14.92 ± 20.93 19.3 ± 21.99    0.242
NLR 2.38 ± 1.60 3.42 ± 1.77    0.001
Neutrophil  53.26 ± 17.1 64.46 ± 14.46 < 0.001
  (%)
Lymphocyte  32.71 ± 15.76 23.28 ± 11.15 < 0.001
  (%)
MCV (fl) 78.69 ± 4.98 77.99 ± 4.39    0.402
PLT (109/L) 287.31 ± 80.7 255.01 ± 99.9    0.051

Table II. Relationships between laboratory findings
of the febrile seizure groups.

Figure 1. ROC curve analysis of neutrophil lymphocyte 
ratio (NLR) in differentiating simple and complex febrile 
seizures. Area under the curve (AUC, 0.665; confidence 
interval [CI], 0.573-0.756).
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by Goksugur et al6 (1.98); sensitivity and specific-
ity were similar. We believe that the difference 
between the cut-off values in these two studies 
may have resulted from our study’s being conduct-
ed with more patients. We found no statistically 
significant differences regarding average values of 
RDW between the two groups. On the other hand, 
Goksugur et al6 reported a statistically significant 
difference between the average RDW values be-
tween the groups. These differences may be due 
to several factors. Despite the recommendations 
of the International Council for Standardization 
in Haematology for standardization in the mea-
surement of RBC distribution curves published 
about twenty-five years ago, there is a lack of 
standardization among the manufacturers regard-
ing RDW measurements. Buttarello et al19 in their 
study, conducted with 220 healthy participants, 
detected a bias between 1%-24% in median RDW 
values and reference range. Independent research 
has shown that RDW measurements of Sysmex, 
Mindray, and Beckman Coulter hemocytometers 
are in accordance with each other and higher 
than the measurement of the Siemens devices; the 
measurements of the Abbott brand devices are the 
lowest among all devices19-21. In our investigation, 
all measurements are performed using the Abbott 
(Abbott CELL-DYN 3700, Abbott Diagnostics 
Division, Abbott Laboratories, IL, USA) device. 
Goksugur et al6 reported that they made all the 
measurements with the same hemocytometer, but 
they did not specify a brand.

Also, RDW may increase in several conditions 
such as iron deficiency, folate deficiency, vitamin 
B12 deficiency, sickle cell anemia, hemolytic ane-
mia, chronic liver disease, and myelodysplastic 
syndrome22. 

Although we excluded patients with metabolic 
diseases and the RDW values of the included pa-
tients were within normal range, we can’t exclude 
the lack of any substrate deficiency that causes 
higher RDW levels; we do not know the ferritin, 
folic acid, and vitamin B12 levels of the patients 
due to the retrospective nature of the study. We 
believe the difference between the two studies 
may have resulted from RDW’s predisposition to 
be influenced by many factors.

The pathogenesis of CNS pathologies has been 
investigated in many studies. In the literature, se-
rum inflammatory mediators have been reported 
to increase in several diseases such as cerebral 
ischemia, Parkinson’s disease, Alzheimer’s dis-
ease, traumatic brain injury, and multiple scle-
rosis23-28. For example, the association between 

seizures and the inflammatory process activated 
by increased cytokine production in Rasmussen 
encephalitis has been clearly shown29,30. Also, 
there are studies indicating immune system ac-
tivation in febrile seizures; and fever, the most 
common cause of febrile seizures, is a component 
of inflammation and multiple febrile seizures are 
predisposing causes of temporal lobe epilepsy31,32. 
Experimental studies have shown that interleu-
kin-1β (IL-1β) plays an important role in the 
development of febrile seizures and epileptogen-
esis33-35. Vezzani et al36 showed that this cytokine 
lowers the seizure threshold and worsens the 
seizure activity.

Fukuda et al35 showed that IL-1β plays an im-
portant role in prolonged febrile seizures and the 
development of temporal lobe epilepsy in mice35. 
Marchi et al37 showed that seizures followed an 
early rise in IL-1β levels in mice treated with 
pilocarpine. This indicates that increased IL-1β 
level is not a result of seizure development.

In our study, we found that NLR is signifi-
cantly higher in complex febrile seizures when 
compared to simple febrile seizures. We believe 
that this difference is associated with the inflam-
matory process developing by increase of IL-1β 
in febrile seizures. Particularly, the cut-off value 
of 2.315 had 62.7% sensitivity and 53.8% specific-
ity in this differentiation. Therefore, we suggest 
that NLR is a useful parameter in the differen-
tiation of simple and complex febrile seizures. 
Nevertheless, it is clear that the current sensitivity 
and specificity levels are far from assuring a de-
finitive and objective differentiation.

RDW shows the diversity of the distribution of 
the size of erythrocytes and has long been used 
to determine the etiology of anemia38. Several 
studies39-41 show that RDW also has a diagnostic 
and prognostic value in non-hematologic diseas-
es such as cardiovascular diseases, autoimmune 
diseases, and cancer. Although the relationship 
between RDW and pathogenesis of these dis-
eases unknown, the findings indicate that this 
relationship develops by inflammation. In our 
study, although we found that RDW increased 
above the normal values   in patients with febrile 
seizures, we did not find a significant difference 
between the RDW levels for differentiating be-
tween simple and complex seizures. Since it 
might be affected by many parameters including 
the measurement methods, prospective research-
es including more patients are needed to under-
stand the value of RDW in differentiating simple 
and complex seizures. 
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The retrospective design and the small sample 
group are the main limitations of our report. 

Conclusions

We suggest that NLR may provide clinicians 
with insights into differentiating between simple 
and complex febrile seizures; however, it does not 
provide a clear-cut distinction. We found that the 
RDW ratio is not useful in this differentiation. 
Prospective studies including more patients are 
needed to understand the value of RDW in differ-
entiating between simple and complex seizures.
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