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ABSTRACT

Aims: Intense neuronal activity during epileptic seizures can cause neuroinflammation. Differential diagnosis of epilepsy and 
psychogenic non-epileptic seizures (PNES) is a great challenge. Immature granulocyte (IG) is a new inflammatory marker 
analyzed in hemogram. This study investigated the role of IG in differentiating epilepsy from PNES.

Methods: In this retrospective study, patients who applied to the emergency department for the first time with seizures and were 
diagnosed with epilepsy/PNES (clinical evaluation and electroencephalography) after included the seizure by the neurology 
clinical follow-up. Of the 84 patients, 54 had epilepsy, and 30 had PNES. Hemogram analyses were performed within 2 hours 
of the onset of the seizure.

Results: The IG count was 0.03 x109/L (0.02-0.06) and 0.03 x109/L (0.02-0.05) in the epilepsy and PNES groups, respectively. 
The two groups had no statistically significant difference (p=0.291). Serum C-reactive protein (CRP) levels were significantly 
higher in the epilepsy group (p=0.031). The ROC curve analysis for the CRP test yielded a serum CRP value of 2.35 mg/L, 
with a sensitivity of 0.57 and a specificity of 0.73, as the optimal cut-off value for distinguishing epilepsy from PNES. The ROC 
analysis for the AUC yielded an estimate of 0.64 (95% confidence interval: 0.52-0.77).

Conclusion: In conclusion, only CRP was useful in differentiating epilepsy from PNES in the study. However, the IG count 
did not help to separate the two seizures. Therefore, these findings should be confirmed by further prospective studies with 
large samples assessing the IG count. This study evaluating the IG count, a new inflammatory marker, will contribute to the 
literature.
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INTRODUCTION
Epilepsy, characterized by recurrent seizure attacks, is one of 
the most common neurological diseases worldwide. Seizures 
are one of the common reasons for presentations to the 
emergency department (ED) and constitute 1-3% of the ED 
visits.1 Differential diagnosis of epilepsy (generalized tonic-
clonic seizures) and psychogenic non-epileptic seizure (PNES) 
is a great challenge, and misdiagnosis rates can reach 40%.2,3 
Epilepsy is a disease caused by increased nerve cell excitability in 
the brain and is characterized by seizures.4 The PNES, also called 
a dissociative attack, is similar to an epileptic seizure but without 
epileptiform discharges or electroencephalography (EEG) 
abnormalities.5 PNES is a common condition in patients with 
functional neurological disorders and can cause severe disability 
in patients.3 The differential diagnosis of epileptic seizure and 

PNES is challenging in patients presenting to the ED with first-
onset seizures. EEG is the first-choice test to distinguish between 
these two clinical conditions. The gold standard in the differential 
diagnosis of these two seizures is video-EEG. However, video 
EEG monitoring centers are not available everywhere. In 
addition, due to the high cost of this procedure, it is not possible 
to apply this process to every seizure patient.6,7

A pathological event occurring in the brain tissue can initiate 
inflammation. Intense neuronal activity is observed during 
epileptic seizures, which can cause neuroinflammation.8,9 
Immature granulocyte (IG) is a new inflammatory marker 
routinely analyzed on hemogram, and an increase of IG in 
peripheral blood indicates bone marrow activation.10 It has 
been shown that IG is significantly increased in sepsis and 
infections when compared to healthy individuals.11,12 In this 
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study, the role of IG, an inflammatory marker, in differentiating 
epilepsy from PNES was assessed. In addition, in the 
differential diagnosis of seizures and PNES, immune-response 
related indicators: neutrophil-to-lymphocyte ratio (NLR),13 
monocyte-to-lymphocyte ratio (MLR),14 lymphocyte-to-
monocyte ratio (LMR),15 platelet-to-lymphocyte ratio (PLR),16 
systemic immune-inflammation index (SII),17 and systemic 
inflammation response index (SIRI)18 indices calculated from 
routine hemogram parameters, and C-reactive protein (CRP) 
values were also evaluated.

METHODS
Patients who applied to the ED of Kastamonu Training and 
Research Hospital with seizures between January 2020 and 
June 2023 were retrospectively investigated. Patients who 
presented with seizure for the first time and were diagnosed 
with epilepsy/PNES (clinical evaluation and EEG) by 
neurology clinical follow-up after seizure were included in 
the study. Patients younger than 18, pregnant/breastfeeding 
women, patients with systemic inflammatory symptoms, 
patients with a history of systemic disease, and patients without 
laboratory data were excluded from the study. Patients with 
hemogram/CRP data were enrolled in the study. The study 
was approved by the Kastamonu University Clinical Research 
Ethics Committee (approval number: 2023-KAEK-76, date: 
07.05.2023), in accordance with the Declaration of Helsinki. 
Hemogram and CRP analyses were performed immediately 
after patients were admitted to the ED. These analyses were 
completed in all patients within 2 hours of the onset of the 
seizure. Hemogram and CRP tests were performed on Sysmex 
XN-1000 (Sysmex, Kobe, Japan) hematology and Beckman 
Coulter AU 5800 (Beckman Coulter, Brea, CA, USA) clinical 
chemistry auto analyzers, respectively. The NLR,13 MLR,14 
LMR,15 PLR,16 SII,17 and SIRI18 were calculated as follows:

Figure 1. The ROC analysis of the CRP in the differential diagnosis of epilepsy and PNES.

NLR = Neutrophil count (x109/L) / Lymphocyte count 
(x109/L)
MLR = Monocyte count (x109/L) / Lymphocyte count 
(x109/L)
LMR = Lymphocyte count (x109/L) / Monocyte count 
(x109/L)
PLR = Platelet count (x109/L) / Lymphocyte count (x109/L)
SII = Platelet count (x109/L) x NLR
SIRI = Neutrophil count (x109/L) x MLR

Statistical analyses were performed using Statistical Package 
for Social Sciences 18.0 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were characterized as median and 
interquartile range (IQR). The chi-square test was used to 
determine whether there was a significant difference between 
the two groups regarding gender. The Mann-Whitney U 
test was used to compare the data between epilepsy and 
PNES. The receiver operating characteristic (ROC) analysis 
was performed, and Youden’s index was used to determine 
the area under the curve (AUC), sensitivity, specificity, and 
optimal cut-off values. Statistically significant p-value <0.05 
was considered.

RESULTS
Eighty-four patients who had seizures for the first time and 
met the inclusion criteria were included in this study. Of 
these, 54 patients (25 female, 29 male) were diagnosed with 
epilepsy, and 30 patients (18 female, 12 male) with PNES. 
Differential diagnosis was arrived in patients who applied to 
the neurology clinic after seizures. This process was managed 
with clinical evaluation, EEG, and magnetic resonance 
imaging (MRI) results.
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Table 1. Age and gender characteristics, IG count, immune response-
related markers (NLR, MLR, LMR, PLR, SII, and SIRI), and serum CRP 
levels in epilepsy and PNES groups.

Generalized tonic-clonic 
epileptic seizure PNES P-value

Age (years) 39 (24.75-57.50) 34 (22.75-47.50) 0.163
Female/Male 
(gender) 25/29 18/12 0.231

Leukocyte count 
(x109/L) 9.14 (6.78-11.87) 8.39 (7.34-10.41) 0.621

Neutrophil count 
(x109/L) 5.70 (3.79-8.21) 5.25 (3.93-7.47) 0.478

Lymphocyte 
count (x109/L) 2.06 (1.29-2.98) 2.30 (1.66-3.21) 0.265

Monocyte count 
(x109/L) 0.61 (0.47-0.75) 0.58 (0.52-0.73) 0.823

Platelet count 
(x109/L) 227 (189-295) 250 (224-300) 0.155

IG count (x109/L) 0.03 (0.02-0.06) 0.03 (0.02-0.05) 0.291
NLR 2.33 (1.55-6.89) 2.46 (1.50-3.40) 0.375
MLR 0.26 (0.21-0.42) 0.24 (0.19-0.33) 0.241
LMR 3.82 (2.40-4.85) 4.10 (3.07-5.26) 0.227
PLR 112 (76-174) 116 (84-152) 0.955
SII 592 (309-1263) 617 (354-924) 0.608
SIRI 1.52 (0.88-3.69) 1.20 (0.84-2.48) 0.320
CRP (mg/L) 2.85 (0.90-7.83) 1.55 (0.40-3.03) 0.031
PNES: psychogenic non-epileptic seizure, IG: immature granulocyte, NLR: neutrophil-to-
lymphocyte ratio, MLR: monocyte-to-lymphocyte ratio, LMR: lymphocyte-to-monocyte ratio, PLR: 
platelet-to-lymphocyte ratio, SII: systemic immune-inflammation index, SIRI: systemic inflammation 
response index, CRP: C-reactive protein.  

Age and gender characteristics, IG count, immune response-
related markers (NLR, MLR, LMR, PLR, SII, and SIRI), and 
serum CRP levels in epilepsy and PNES groups are presented in 
Table 1. The IG count was 0.03 x109/L (IQR: 0.02-0.06) in the 
epilepsy group and 0.03 x109/L (IQR: 0.02-0.05) in the PNES 
group. The two groups had no statistically significant difference 
(p=0.291). No significant difference existed in any immune-
response related biomarkers (Table 1). Only serum CRP 
levels significantly differed between the two groups (p=0.031). 
The serum CRP level was 2.85 mg/L (IQR: 0.90-7.83) in the 
epilepsy group, and the serum CRP level was 1.55 mg/L (IQR: 
0.40-3.03) in the PNES group. The ROC curve analysis was 
performed for the CRP test. It yielded a serum CRP value of 
2.35 mg/L with a sensitivity of 0.57 and a specificity of 0.73 
as the optimal cut-off value to distinguish epilepsy from the 
PNES. The ROC analysis for the AUC yielded an estimate of 
0.64 (95% confidence interval: 0.52-0.77) (Figure 1). 

DISCUSSION
In this study, the data of patients who had seizures for the 
first time were analyzed retrospectively. In the differential 
diagnosis of epileptic seizures and PNES, IG count, an 
inflammatory marker, immune response-related biomarkers 
(NLR, MLR, LMR, PLR, SII, and SIRI), and CRP levels were 
evaluated. When the literature was examined, we could not 
find any study that evaluated the IG count in the differential 
diagnosis of epilepsy and PNES. Therefore, we hope this study 
will significantly contribute to the literature.
Epilepsy is a common neurological disease characterized by 
seizures.4 The view that inflammatory mediators are released by 
both brain cells and peripheral immune cells in the epileptogenic 
process has been supported by studies. These inflammatory 
mediators are secreted in the brain by glia, neurons, and 
endothelial cells of the blood-brain barrier.9 Inflammatory 

processes developing in the brain contribute to both the onset 
of epilepsy and the recurrence of seizures by causing neuronal 
hyperexcitability by mechanisms that are not fully understood.19 
The role of inflammation in epilepsy has been shown in many 
studies.9,20,21 However, we could not found any epilepsy study on 
the IG count, a new inflammatory marker. Various studies have 
investigated whether the IG count can be a marker for the diagnosis 
and prognosis of some neurological diseases. In their study, Korkut 
et al. showed that the IG count effectively shows 30-day mortality 
in ischemic stroke patients.22 Bedel et al. found that the IG count 
was significantly associated with poor prognosis in spontaneous 
intracerebral hemorrhage.23 In addition, in a recent study, it was 
shown that the IG count is effective in predicting hospital mortality 
in spontaneous intracerebral hemorrhage.24 Hence, we compared 
our results with studies on immune response-related markers 
(NLR, MLR, LMR, PLR, SII, and SIRI), especially the NLR. 
There are many studies, especially on the relationship between 
NLR and epilepsy. NLR in epilepsy was found to be significantly 
higher in several studies compared to healthy controls.25-27 On 
the other hand, studies with no significant difference were also 
published.7,28,29 In our study, especially IG count and the NLR, and 
other immune response-related markers were not to be significant 
in differentiating epilepsy and PNES. In a study evaluating the 
potential use of leukocytosis in the differentiation of PNES and 
epileptic seizures, it was observed that leukocyte elevation started 
2 hours after the event, and there was a significant difference in 
epilepsy to the PNES.30  The fact that hemogram analyses were 
performed in the early phase of the seizure (within 2 hours of the 
seizure onset) in our study may have caused these results.
The CRP is one of the major acute phase reactants in humans,31 
and a significant difference was found in the epilepsy group 
only for the CRP test from the parameters in this study (p 
= 0.031). However, the results had low predictive properties 
(AUC: 0.64, sensitivity: 0.57, specificity: 0.73). Early sampling 
time (within 2 hours after the event) may have led to these 
findings, as expressed in the study mentioned above,30 
designed by dynamic blood collection after the seizure event.
To distinguish a generalized epileptic seizure from PNES, 
studies on parameters such as serum lactate level, prolactin 
level, postictal ammonia, and anion gap are available in the 
literature.30,32-34 These tests also have some limitations. Lactate and 
ammonia levels should be analyzed at an early period of seizure 
and they are more expensive tests than the hemogram.32,34 It has 
been shown that prolactin level can also increase after PNES.35 
In addition, prolactin analysis is not very useful in emergency 
conditions. However, the hemogram is rapid and inexpensive. 
Therefore, IG count, other hemogram parameters, and immune 
response-related markers (NLR, MLR, LMR, PLR, SII, and 
SIRI) that can be easily calculated from these parameters may be 
more beneficial for differential diagnosis. Consequently, further 
prospective studies with large sample sizes and well-designed 
according to the onset of the seizure time should be performed. 
This study has some limitations. First, the diagnosis of 
epilepsy/PNES in all samples was made by clinical evaluation 
and EEG in the neurology clinic after generalized tonic-clonic 
seizures. In other words, the diagnosis of PNES was not 
confirmed by the gold standard video-EEG procedure. The 
other, there were no clear records in the hospital information 
management system regarding the seizure onset times of 
the patients. Blood tests analyzed immediately after the ED 
admission were performed only once. In addition, the fact 
that our sample size is small (moderate) is another limitation 
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of this study. In conclusion, further studies need to be 
conducted in which dynamic blood collection is performed 
by following the patients for at least 24 hours after the event.

CONCLUSION
In summary, this study aimed to differentiate epilepsy and PNES 
from a practical and rapid blood test, as video-EEG is not helpful 
in the ED conditions. Of the parameters we evaluated, only 
the CRP test was significant in the differential diagnosis. This 
significance supports the existence of neuroinflammation in 
epilepsy. However, other inflammatory biomarkers, especially the 
IG count, did not help in differentiating. Thus, further prospective 
studies with large samples evaluating the IG count and immune 
response-related markers (NLR, MLR, LMR, PLR, SII, and SIRI) 
are required. By determining an appropriate cut-off limit, clinical 
decision support can be provided to clinicians for the differential 
diagnosis of generalized seizures, especially in the ED.
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