Original Article

Changes in routine blood parameters of patients with
generalized tonic clonic seizure: a retrospective study
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Objectives: To analyze the alterations in routine
blood parameters in these patients. Generalized tonic
clonic seizure (GTCS) is one main type of generalized
epilepsy. Clinicians have recently found changes in
routine blood parameters in GTCS patients.

Methods: A retrospective study of 45 GTCS patients

and 200 healthy controls was conducted. Blood
routine tests in emergency ward and on the second
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day of admission were retrieved. Changes in routine
blood parameters, including red blood cell (RBC)
count, white blood cell (WBC) count, platelet count,
lymphocyte count, neutrophil count, and neutrophil-
to-lymphocyte ratio (NLR) on the seizure episode
day and the second day after seizure were analyzed.

Results: The GTCS patients had increased platelet
count, RBC count, WBC count, neutrophil count,
lymphocyte count, and NLR, especially at onset of
GTCS episode, compared to the controls. These
parameters had decreased on the second day after
seizure onset. The neutrophil count and WBC count
in GTCS cases with seizure duration <5 min were
significantly lower than those with seizure duration
>5 min. However, this phenomenon was not observed
in other indices.

Conclusion: The GTCS may induce a transient
increase in RBC count, WBC count, and platelet
count, and obvious elevation in neutrophil count.
There is a certain correlation between WBC count
and the duration of seizures. Changes in routine
blood parameters observed in GTCS patients may
provide useful information clinically.
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pilepsy is a relatively common neurological disorder
which is characterized by persistent susceptibility to
seizures and the associated cognitive and psychosocial
consequences.! Epilepsy is among the top 3 most
contributing diseases to the global burden in terms of
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neurological disorders.>? The estimated global incidence
of epilepsy is 0.76%,* And an estimated 45 million
people are affected by epilepsy worldwide.” Epilepsy
can result from any pathophysiological process that
deranges extracellular ion homeostasis or alters receptor
function, energy metabolism, or transmitter uptake.®

Generalized tonic clonic seizure (GTCS) is one of the
fundamental types of generalized epilepsy (also known
as grand mal seizures) characterized by seizures with a
tonic phase followed by clonic muscle contractions .”*
The GTCS is the most regular type of motor seizure
in epilepsy cases. The seizure emanates from a certain
point in the epileptic network composed of subcortical
structures and bilateral cerebral cortex and rapidly affects
the whole network.”'® The GTCS is more pervasive
in elders, and can be caused by a plethora of reasons,
including hypoxia, ischemia, low-grade glioma, cortical
dysplasia, encephalitis, trauma, and cerebrovascular
diseases.! " It is a severe neurological emergency and
is often accompanied by altered consciousness or
complete loss of consciousness. Lack of timely control
of the seizure may lead to life-threatening respiratory
depression, joint muscle injury, and brain edema. Severe
cases of epilepsy have a significantly worse prognosis.
Thus, early risk stratification of epileptic patients is a
key imperative to improve outcomes.'*

Routine laboratory investigations are broadly
implemented in clinical settings and are of great clinical
importance in predicting the diagnosis and progression
of many diseases, such as anemia,”" infectious
diseases,'®"? tumors,”*?! and cardiovascular diseases.*?*
Routine blood investigations are inexpensive and easily
conducted. Routine blood parameters such as platelet
count, white blood cell (WBC) count, and neutrophil-
to-lymphocyte ratio (NLR) have been widely studied
in clinical practice® as markers of many pathological
conditions, such as inflammation. For example,
NLR is increased in various inflammatory disorders
including thyroid conditions,? irritable bowel disease,”
diabetes mellitus,”® and SARS Cov2 infection.”
Recent studies have found changes in routine blood
parameters in epileptic patients, especially those with
GTCS. Epileptic seizure was found to correlate with
NLR and platelet-lymphocyte ratio (PLR).***" In our
clinical practice, some patients with GTCS showed
significantly increased WBC counts during emergency
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routine blood investigations. However, subsequent
observation showed no signs of secondary infection,
and these parameters gradually returned to normal after
stabilization of the patient’s condition. Thus, additional
explorations were essential to investigate the changes in
routine blood parameters in patients with GTCS.

In this study, we retrospectively analyzed the
changes in routine blood parameters, such as WBC
count, red blood cell (RBC) count, lymphocyte count,
neutrophil count, platelet count, and NLR in patients
with GTCS, especially on the day of seizure episode and
on the second day after seizure. This study may provide

meaningful information for the clinical diagnosis and
treatment of GTCS.

Methods. Data source. This was a retrospective
study of data retrieved from the electronic medical
record system (Neusoft Corporation) of the Zhongda
Hospital Lishui branch, Southeast University, China.
The database contains data of all patients admitted to
the hospital since January 1, 2020. The data include
detailed clinical information including vital signs,
diagnoses, and treatment details.

All authors of this study were authorized to access
the electronic medical record system after approval of
the hospital administration. This research was permitted
by the Ethics Committee of Zhongda Hospital Lishui
Branch, Southeast University.

Participants. Patients with epilepsy were hospitalized
in Neurology Department of Zhongda Hospital Lishui
branch, Southeast University between January 1, 2020
and March 31, 2021, and eligible for inclusion. The
inclusion criteria included: (1) patients diagnosed with
GTCS; (2) availability of routine blood test results at
the onset and after admission to hospital. The exclusion
criteria were: (1) patients with respiratory or urinary
tract infection; (2) patients with hematological disorders
such as aplastic anemia, leukemia, and granulocytosis;
(3) patients with serious heart, liver, and/or kidney
disease; (4) patients admitted 24 h after the onset of
GTCS. A total of 45 cases (25 males and 20 females;
mean age: 63.7+15.2 years) qualified the study-selection
criteria and were considered in the research. A total of
200 healthy subjects (105 males and 95 females; mean
age: 65.319.2 years) were enrolled as the control group.
The healthy subjects were enrolled from the general
physical examination center (January 1, 2020 to March
1, 2021).

Biochemical tests. Demographic characteristics,
comorbid diseases, blood routine tests in emergency
ward and on the second day of admission, and liver
and kidney function indices of all selected patients
were retrieved. All biochemical tests were performed
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in the Clinical Laboratory of the institution. All tests
were conducted on venous blood samples. The YSMEX
automatic blood cell analyzer was used for routine
blood tests, and Beckman-Coulter 5800 automatic
biochemical analyzer was used for the measurement of
liver and kidney function indices. Comorbid diseases,
liver and kidney function indices, WBC count, RBC
count, lymphocyte count, neutrophil count, platelet
count, and NLR were studied between the 2 groups.
Within the GTCS group, we compared the WBC count,
RBC count, lymphocyte count, neutrophil count, and
platelet count on the day of seizure episode with those
on the second day after onset.

Data analysis. The Statistical Package for the Social
Sciences 26.0 (IBMCorp, Armonk, NY, USA) software

Table 1 - Demographical and clinical features of subjects.
Parameters GT(CI:lsz 4Gsr)oup sz::i g(})r)oup P-value
Male (%) 25 (55.6) 105 (55.6) 0.711
Age (year) 63.7£15.2 65.3+9.2 0.505
Hypertension (%) 14 (31) 68 (34) 0.844
Diabetes (%) 13 (28.9) 56 (28) 0.905
Cr (pmol/L) 6.29+1.51 7.99+4.85 0.358
Ur (mmol/L) 68.9+£13.5 61.2+18.7 0.387
ALT (U/L) 22.4+7.2 31.2+18.1 0.220
AST (U/L) 23.1+5.7 24.8+6.8 0.592

ALT - alanine aminotransferase, AST - aspartate aminotransferase, Ur
- urea, Cr - creatinine, GTCS - Generalized tonic clonic seizure

was adopted for statistical analysis. Continuous variables
were presented as meantstandard deviation (SD) and
between-group differences were assessed for statistical
significance using independent t test. Paired t test was
applied for comparing blood indices in the acute phase
and 1 day after the GTCS episode. Categorical variables
are presented as frequency (percentage), and between-
group differences were assessed using Chi-square
test. p<0.05 was considered indicative of statistical
significance.

Results. Demographic data. There was no significant
difference between GTCS patients and healthy controls
with respect to age and sex distribution, or the prevalence
of comorbid diseases such as hypertension or diabetes.
Moreover, there were no significant between-group
differences regarding the liver and kidney function
indices (Table 1).

Increased RBC and platelet counts in GTCS patients.
The mean RBC count and platelet count in the control
group were (4.28+0.55) x10'*/L and (163+51) x10°/L,
respectively. The mean RBC count and platelet count
of patients with GTCS immediately after the epileptic
attack were (4.46+0.51) x10'?/L and (181.36+64.24)
x10°/L, respectively. The mean RBC and platelet count
on the second day after GTCS episode were (4.11+0.53)
x10"/L and (159.33+56.59) x107/L, respectively. The
mean RBC count in GTCS group at emergency was
higher than that in control (»<0.05). And it was also
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Figure 1 - Change in the RBC and PLT count in GTCS patient. RBC - red blood cell, PLT - platelet, GTCS - generalized tonic clonic seizure
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Figure 2 - Changes in the WBC count in GTCS patients

Table 2 - Routine blood parameters in GTCS patients with different
seizure duration.
GTCS duration
Parameters <5 min >5 min P-value
(n=20) (n=25)
Red blood cell count (10'%/L) 4.61£0.89 4.66+1.07 0.891
Platelet count (10°/L) 184+66 179465 0.779
White blood cell count (10°/L)  8.23+2.65 11.96+4.20  0.001
Neutrophil count (10°/L) 5.70£1.61 8.65+4.09 0.002
Lymphocyte count (10°/L) 2.15+1.39 2.74+1.94 0.254
NLR 4.09+3.51 6.02+6.74 0.224

NLR - neutrophil to lymphocyte ratio, GCTS - generalized tonic clonic

seizure

significantly higher than that on the second day of
attack. However, the RBC count of GTCS patients on
the second day was similar to that in the control group
(»>0.05). This indicated a transient increase in the RBC
count in GTCS patients.

The platelet count in the GTCS group at emergency
was slightly higher to that in control but notsignificantly
(»>0.05). The platelet count in GTCS group at
emergency was higher compared to that on the second
day of attack (p<0.05). There was no significant different
in the platelet count on the second day of GTCS group
compared to the control (p>005). In GTCS patients,
the trend of change in platelet count was similar to that
of the RBC count, showing highest levels on the day of
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seizure attack. The RBC and platelet counts showed a
response to GTCS attack (Figure 1).

Increased WBC count in GTCS patients. Nineteen
(42.2%) cases in the GTCS group had WBC count
greater than the normal range at the onset of seizure
attack at emergency. After seizure attack, the mean WBC
count, neutrophil count, and lymphocyte count were
(10.49+3.83) x10°/L, (7.41+3.53) x10°/L, (2.40+1.47)
x10°/L, respectively. The mean WBC count, neutrophil
count, and lymphocyte count on the second day of
attack were (7.34+3.17) x10°/L, (5.38+2.85) x10°/L
and (1.64+1.84) x10°/L, respectively. The mean WBC
count, neutrophil count, and lymphocyte count in the
control were (6.16+1.44) x10°/L, (3.96+1.30) x10°/L
and (1.67+0.54) x10°/L, respectively (Figure 2).

Compared to the control, WBC count, neutrophil
count, and lymphocyte count were higher in GTCS
group at emergency (p<0.001, 2<0.001, and < 0.001,
respectively). In the GTCS group, all three indices
were also remarkably greater at emergency compared to
those on the second day of attack (p<0.001, p<0.001,
and p< 0.05, respectively). Moreover, all 3 indices in
GTCS group on the second day after admission were
higher than those in the control (p< 0.05 and p<
0.05, respectively). However, there was no significant
between-group difference with respect to lymphocyte
count (p>0.05). These results showed that WBCs,
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including neutrophils and lymphocytes, increased in
response to the GTCS episode.

The NLR in peripheral blood reflects the balance
between systemic immunity and inflammation and can
be used as a prognostic biomarker in various diseases.”
NLR of GTCS patients in emergency at initial attack,
on the second day after attack, and in the controls were
4.64+3.96, 4.50+3.28, 2.59+1.20, respectively. The
NLR in the GTCS group, either in emergency or at the
second day after attack, was larger than that in control
(»<0.001 and p<0.001, respectively). In GTCS group,
the NLR at emergency was similar to that on the second
day (p>0.05). These results indicated a potential role of
inflammation in GTCS attack (Figure 2).

Correlation of blood-routine parameters and GTCS
duration. The GTCS cases were categorized into two
groups in accordance with the duration of the seizure
attack. In 20 GTCS patients, the seizure duration
was <5 min, while in 25 GTCS patients, the seizure
duration was >5 min. There were no significant
differences between these two groups regarding age, sex,
or prevalence of basic comorbid conditions (data not
shown). The RBC count, lymphocyte count, platelet
count, and NLR were also comparable between GTCS
patients with seizure duration <5 min and those with
seizure duration >5 min. However, the WBC count
and neutrophil count in GTCS cases with seizure
duration <5 min were significantly lesser than those in
GTCS cases with seizure duration >5 min, respectively
(»=0.001 and p=0.002). These results suggest a potential
correlation of WBC count and neutrophil count with
the duration of GTCS attack (Table 2).

Discussion. Generalized tonic clonic seizure
(GTCS) is caused by a disturbance in the functioning of
both sides of the brain.* It usually occurs suddenly and
the patients are typically admitted to hospital from the
emergency center. In clinical settings, disease history
and EEG are used for the diagnosis and surveillance
of GTCS. Development of more methods to facilitate
the diagnosis and monitoring of this disease is a key
imperative. Characterization of other biological changes,
such as RBC and WBC counts, associated with GTCS
may help in designing management strategies and
improving patient prognosis. Changes in routine blood
parameters were recently shown to correlate with GTCS.
Herein, we retrospectively scrutinized the changes in
routine blood parameters in GTCS patients, especially
on the day of seizure episode and 1 day after the onset.
The results showed changes in the WBC count, RBC
count, lymphocyte count, neutrophil count, platelet
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count, and NLR in GTCS patients. In particular, these
indices increased on the day of seizure episode, followed
by a decrease on the subsequent day. GTCS patients
with seizure duration <5 min showed significantly lower
WBC and neutrophil counts compared with GTCS
patients with seizure duration >5 min.

Only a few studies have investigated the changes in
routine blood parameters in GTCS patients. Gunes and
Buyukgol®* determined PLR, NLR, and mean platelet
volume (MPV) during GTCS, and investigated their
relationship with seizures. They found a relationship
of seizure with PLR and inflammation mediated by
neutrophils; the increase in NLR by 1 unit was shown
to correspond to 1.95-fold increase in the risk of
seizure. In our study, GTCS was found to have induced
a transient increase in the RBC count, platelet count,
and WBC count. Among these, the extent of increase
in WBC count was most significant (nearly 40%). The
RBC count, platelet count, and lymphocyte count
returned to normal on the second day after attack;
however, the total leucocyte count and the neutrophil
count were still higher compared to those in the control.
The transient increase in RBC count and platelet count
may be due to the decrease in plasma volume induced
by blood concentration, and the consequent relative
increase in erythrocyte volume. The GTCS patients may
experience excessive sweating and vomiting during a
seizure episode. This may cause dehydration, which can
lead to blood concentration, manifesting as increase in
RBC count and platelet count. Further studies should
investigate the relation of clinical symptoms with RBC
count and platelet count.

This study found that GTCS may induce a transient
increase in RBC count, WBC count, and platelet
count. Among these, the most obvious elevation was
found in neutrophil count. There is a certain correlation
between the increase in WBC count and the duration of
seizures. Generally, routine blood investigations on the
second day can show a significant decline. Clinicians
should carefully assess the clinical manifestations and
the results of repeat investigations on the subsequent
day in order to avoid unnecessary antibiotic treatment
on the presumption of infection based on increased
WBC counts. In specific cases, if the description about
the seizure is not clear or when the seizure episode
occurred in the absence of any bystander, the possibility
of grand mal seizure and the severity of the attack can
be speculated through the elevation of RBC count
and WBC count. The increase in WBC count may be
used to monitor the status of GTCS patients after the

Neurosciences 2023; Vol. 28 (2) 127



Blood parameters change of GTCS patients ... Huang et al

seizure. Our results may provide useful information for
management of patients hospitalized due to GTCS.

Some limitations of this study should be
acknowledged. This was a retrospective single-center
study with a relatively small sample size. Data about
the duration of seizure episodes was based on the
description provided in the medical history, which may
not be entirely accurate. Our results indicate a need to
investigate the correlation between seizure duration and
routine blood parameters. More rigorous and in-depth
research about the seizure should be conducted to
clarify this issue. Besides, the blood indices in this study
were evaluated only at 2 time-points: on the day of
seizure episode and on the second day after admission.
More detailed investigation of dynamic changes was
not performed. Prospective investigations in a larger
population are required to further clarify the changes
in routine blood indices in GTCS. Besides, the detailed
mechanisms should also be taken in consideration to
clarify the correlation between change in blood-routine
parameters and GTCS.

Conclusion. In conclusion, this retrospective study
analyzed the changes in the levels of routine blood
parameters in GTCS patients, at GTCS onset and 1 day
after the seizure episode. We found a transient increase
in RBC count, platelet count, and lymphocyte count
and more significant increase in WBC and neutrophil
counts during the GTCS process. The WBC count and
neutrophil count in GTCS cases with seizure duration
<5 min were significantly lower than those in GTCS
cases with seizure duration >5 min. Further studies are
required for in-depth characterization of changes in
blood parameters in GTCS, which may provide insights
into the pathophysiology and outcomes of the disease
episode for better patient management.
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