
Introduction 

Status epilepticus (SE) is a life-threatening neurological condition 
with high mortality and morbidity in children. It manifests as ei-
ther recurrent seizures without a return to normal consciousness 
or prolonged seizures lasting longer than 30 minutes [1]. In the 
management of SE, assessing the prognosis is crucial to avoid both 
overtreatment and long-term complications, as SE can arise from a 
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Original article

Purpose: This study was conducted to evaluate the correlation between persistent serum lactate 
elevation and brain magnetic resonance imaging (MRI) in children with status epilepticus (SE). 
Methods: In this prospective analytical study, serum lactate levels were measured 24 hours after 
episodes of SE, and brain MRI was performed within 7 to 14 days after SE termination. MRI ab-
normalities were classified as acute encephalopathy (AE) grade I to III. The Kruskal-Wallis test 
was utilized for statistical analysis. 
Results: The study included 42 participants with SE, of whom 85.70% were boys, with a mean 
age of 4.94 years. Viral encephalitis was the most common diagnosis, accounting for 47.60% of 
cases. Elevated serum lactate levels were detected in 71.40% of patients, and approximately 
47.60% exhibited abnormal MRI findings consistent with AE grade I. The median serum lactate 
levels for AE grades I, II, and III were 1.50, 3.10, and 0.78 mmol/L, respectively. Two patients died, 
and 66.70% experienced neurologic sequelae. A significant correlation (P=0.021) was observed 
between persistent serum lactate elevation and abnormal brain MRI findings. 
Conclusion: In children with SE, AE grade I was the most common neuroimaging pattern ob-
served, and persistently elevated serum lactate level was correlated with abnormal brain MRI 
findings. 
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variety of causes, including encephalitis [2-7]. Appropriate diag-
nostic and therapeutic interventions are anticipated to lower mor-
tality rates and influence the prognosis [2-7]. The annual preva-
lence of SE in the pediatric population is estimated to be between 
18 and 23 cases per 100,000 children, predominantly affecting ne-
onates through children up to 5 years old, with a mortality rate 
ranging from 2% to 7% [3]. The overall incidence of convulsive SE 
among children is estimated at between 10 and 38 cases per 
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100,000 children each year [8,9]. 
Brain magnetic resonance imaging (MRI) is employed in the 

evaluation of SE to assess structural damage, ascertain the cause of 
seizures, and predict patient prognosis [10,11]. Reported physio-
logical changes include cerebral edema, hyperperfusion, and 
changes to the blood-brain barrier. An imaging study revealed that 
brain abnormalities were detected in 20% of cases using computed 
tomography scans, whereas MRI of the brain revealed abnormali-
ties in 58% of individuals with SE [1]. 

Numerous studies have examined the relationship between se-
rum biomarkers and neurological disorders [12-14]. Serum levels 
of one biomarker, lactate, typically increase within the first few 
hours following a seizure. Once the seizure has ceased, lactate pro-
duction declines, and lactate is rapidly cleared from the system. 
The amount of blood lactate reflects the extent of brain damage 
and is associated with poor prognosis in children [11]. Nass et al. 
[15] have reported that lactate is an effective neurological biomark-
er for generalized seizures, with elevated levels detected in nearly 
90% of participants within 30 minutes after seizure cessation. Matz 
et al. [16] found that serum lactate levels collected within 2 hours 
after generalized tonic-clonic seizures were significantly elevated. 
Similarly, Calabrese et al. [17] observed that both cerebrospinal 
fluid and plasma lactate levels, collected within 12 hours after the 
end of a seizure, were significantly raised. These findings suggest 
that SE causes a notable increase in lactate levels, which may serve 
as an indicator of morbidity and mortality [12]. Several studies 
have noted elevated blood lactate levels and imaging abnormalities 
in children with hypoxic ischemic encephalopathy (HIE) [18]. 
However, no research has been conducted to explore the per-
sistence of elevated serum lactate levels, obtained within 24 hours 
following SE, and their reflection in brain imaging patterns in chil-
dren. The aim of this study is to investigate the correlation between 
persistently elevated serum lactate levels and abnormal brain MRI 
findings in children with SE. 

Materials and Methods 

1. Design and setting 
A prospective study was conducted from June to November 2019, 
encompassing all new pediatric patients with SE in the emergency 
room of Dr. Soetomo General Academic Hospital. 

2. Selection of participants 
The study included children with SE, ranging in age from 1 month 
to 12 years, who presented during the research period and for 
whom informed consent forms were completed. Patients were ex-
cluded if they had a history of seizures or traumatic brain injury 

within the previous 3 weeks, or if they had congenital anomalies of 
the central nervous system. The diagnosis of SE was confirmed ac-
cording to the standard international classification, which includes 
patients who have experienced continuous seizures or multiple sei-
zures without regaining consciousness for 30 minutes or longer [1-3]. 

3. Methods 
Each participant underwent blood testing to measure lactate levels 
as well as a head MRI examination. Blood samples for the determi-
nation of persistent serum lactate were taken 24 hours following 
the onset of the seizure; these samples were drawn from arterial 
vessels and processed within 15 to 30 minutes. Subsequently, MRI 
of the head was performed 7 to 14 days after the seizure, as per a 
predetermined schedule, and included diffusion tensor imaging 
(DTI) sequences.  

DTI is a modern imaging modality that can detect changes in 
the neuronal microstructure and other abnormalities not revealed 
by conventional MRI. Brain MRI examinations were conducted 
using magnetic resonance spectroscopy and perfusion with an 
MR360 Optima 1.5T system (GE HealthCare, Chicago, IL, USA). 
The MRI findings were reviewed by two neuroradiologists. MRI 
results for acute encephalopathy (AE) were classified into three 
categories based on the location of the observed abnormalities. 
Grade I was characterized by disorder confined to the white matter 
tracts, grade II encompassed both cortical and subcortical lesions, 
and grade III involved extensive lesions affecting the majority of 
the white matter [19-21]. 

4. Outcomes 
Outcome evaluation was conducted at the time of patient dis-
charge. Comprehensive data were documented, encompassing age, 
sex, nutritional status, history of comorbidities, hemoglobin level, 
leukocyte count, C-reactive protein level, serum lactate level, inter-
pretation of head MRI, and duration of hospital stay. The out-
comes were classified into three categories: “good” indicated no 
neurological sequelae; “mild to severe disability” denoted the pres-
ence of mild to severe neurological sequelae; and “death” referred 
to patient mortality. 

5. Ethical approval 
Ethical approval was obtained from the Ethical and Medico-legal 
Committee at Dr. Soetomo General Hospital Surabaya, under the 
ethics number 246/Panke.KKE/IV/2017. 

6. Data analysis 
All analyses were performed using SPSS version 21 (IBM Corp., 
Armonk, NY, USA). We examined the association between serum 
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lactate levels and brain MRI abnormalities in patients with SE by 
employing the Kruskal-Wallis test and the Spearman correlation 
test. A two-sided P≤0.05 was considered to indicate statistical sig-
nificance. 

Results 

A total of 44 participants presented with SE. All these patients were 
admitted through the emergency room before being transferred to 
the intensive care unit. Two patients died before a head MRI could 
be performed. The remaining 42 children, who fulfilled the inclu-
sion criteria, underwent both serum lactate testing and brain imag-
ing. The baseline clinical characteristics of the patients are detailed 
in Table 1. 

The study participants ranged in age from 1 month to 12 years, 
with a mean age of 4.94 years. The majority were male, accounting 
for 85.70%. Regarding nutritional status, 30 participants (71.40%) 
were assessed as normal. Viral encephalitis was the most common 
cause of SE, accounting for 20 cases (47.60%), while epilepsy was 
identified as the etiology in 10 cases (23.80%). Of the 42 children 
with SE, 38 (90.40%) received treatment for more than 7 days in 
the hospital. Upon discharge, 12 cases (28.60%) had a favorable 
outcome, whereas 28 cases (66.70%) experienced outcomes rang-
ing from mild to severe disability, and two cases (4.80%) were fatal. 

The data revealed that only two (4.80%) of the children with SE 
exhibited normal brain MRI results. The rest of the cohort present-
ed with abnormalities on MRI, categorized as AE grade I 
(47.60%), grade II (28.60%), or grade III (14.30%). The macro-
scopic appearances of the head MRI samples are depicted in Fig. 1. 
Of the patients with SE, 71.40% demonstrated serum lactate levels 
above the normal range of 0.3 to 1.3 mmol/L. 

A comparative analysis was conducted to examine the relation-
ship between serum lactate level and the degree of encephalopathy. 
The extent of encephalopathy was assessed using MRI images. As 
shown in Table 2, the persistent serum lactate level was shown to 
increase with escalating AE grade. In patients with normal head 
MRI images, the median serum lactate level was 1.30 mmol/L. For 
those with AE grade I, the median serum lactate level rose to 1.50 
mmol/L. Patients with AE grade II had a median serum lactate lev-
el of 3.10 mmol/L, and those with AE grade III had a median level 
of 3.50 mmol/L. The analysis indicated that serum lactate levels 
varied significantly with the grade of AE as determined by brain 
MRI (P=0.021). However, no significant relationship was ob-
served between serum lactate levels and outcomes in children with 
SE, as presented in Table 3 (P=0.187). 

We evaluated the associations of serum lactate levels, the degree 
of AE, and patient outcomes. The results of the Spearman analysis 

Table 1. Baseline patient characteristics 

Characteristic Value
Age (yr) 4.94±3.95
Sex
  Male 36 (85.70)
  Female 6 (14.30)
Age group (yr)
  <3 18 (42.80)
  3–<6 10 (23.80)
  6–12 14 (33.30)
Nutritional status
  Malnourished 12 (28.60)
  Normal 30 (71.40)
  Obese 0
Diagnosis (etiology)
  Viral encephalitis 20 (47.60)
  Meningoencephalitis 12 (28.60)
  Temporal lobe epilepsy 4 (9.60)
  Idiopathic generalized epilepsy 3 (7.10)
  West syndrome 3 (7.10)
Previous use of anti-seizure medication 10 (23.80)
Type of seizure
  Generalized 36 (85.70)
  Focal to secondary generalized 6 (14.30)
Hemoglobin (g/dL) 11.39±1.24
Leukocyte (cell/mL) 13,857.6±7,665.98
CRP (mg/L) 3.31±4.48
Length of hospital stay (day)
  <7 4 (9.50)
  >7 38 (90.40)
Serum lactate level (mmol/L)
  0.3–1.3 12 (28.60)
  >1.3 30 (71.40)
Outcomes
  Good 12 (28.60)
  Mild to severe disability 28 (66.70)
  Death 2 (4.80)
MRI finding
  Normal 2 (4.80)
  AE grade I 20 (47.60)
  AE grade II 12 (28.60)
  AE grade III 8 (14.30)

Values are presented as mean±standard deviation or number (%).
CRP, C-reactive protein; MRI, magnetic resonance imaging; AE, acute en-
cephalopathy.

indicated a significant correlation between serum lactate level and 
the degree of AE (P=0.001, rs=0.674). A significant correlation was 
also observed between AE grade and patient outcome (P=0.004, 
rs=0.594). 

Discussion 

Several studies have been published regarding the importance of 
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Fig. 1. Brain magnetic resonance imaging visualization (T2-weighted images, axial view) of a patient with status epilepticus. (A) Acute 
encephalopathy (AE) grade I, characterized by disorder confined to the white matter tract. (B) AE grade II, also depicting disorder limited 
to the white matter tract. (C) AE grade III, involving a lesion impacting most of the white matter.
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Table 2. Relationship between persistent serum lactate elevation and AE grading on magnetic resonance imaging in children with status ep-
ilepticus 

AE grading
Persistent serum lactate level

Number Median Min Max P value
Normal 2 1.30 1.30 1.30
AE grade I 20 1.50 0.70 3.20 0.021a

AE grade II 12 3.10 2.20 5.30
AE grade III 8 3.50 2.70 4.20

AE, acute encephalopathy.
aSignificant at α=0.05 (Kruskal-Wallis test).

Table 3. Relationship between persistent serum lactate elevation and outcome in children with status epilepticus 

Outcomes
Persistent serum lactate level

Number Median Min Max P value
Good 12 1.80 0.70 3.20
Mild to severe disability 28 2.70 0.80 4.20 0.187a

Death 2 5.30 5.30 5.30
aSignificant at α=0.05 (Kruskal-Wallis test).

imaging in SE. In brain imaging research, individuals with SE typi-
cally exhibit initial cerebral edema, followed by a progressive re-
duction in brain volume. The inner grey matter has been identified 
as the most vulnerable to damage from prolonged seizures 
[1,22,23]. MRI scans of the head using DTI sequences can reveal 
structural and functional damage in various brain regions associat-
ed with decreased consciousness due to seizures. Areas commonly 
impacted in both function and structure include the thalamus, 

brainstem, and consciousness pathways. In one study, the apparent 
diffusion coefficient values were significantly higher (P<0.05) in 
the bilateral dorsal thalamus and postero-superior midbrain of pa-
tients experiencing seizures. This suggests a disruption in the thala-
mus and upper brainstem, which are critical regions for indicating 
impaired consciousness in seizure patients [20,24-27]. DTI is a 
modern imaging modality capable of characterizing the random 
movement of water molecules, known as Brownian motion. It can 
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be used to detect neuronal microstructural changes and abnormal-
ities that conventional MRI may not reveal. Additionally, DTI of-
fers the benefit of illustrating the microstructure of the central ner-
vous system during brain development and maturation [20]. 

In this study, we employed head MRI examinations with con-
trast-enhanced DTI sequences to visualize neuronal damage re-
sulting from SE seizures. Abnormalities on head MRI were ob-
served in nearly all children with SE. The most common neuroim-
aging pattern identified was AE grade I. Gunawan et al. [19] re-
ported findings consistent with ours, noting similar MRI abnor-
malities in children with SE. The distribution of MRI-detected en-
cephalopathy in our study was as follows: grade I in 41.7% of cases, 
grade II in 33.3%, and grade III in 25% [19]. 

Blood lactate levels rise markedly within the first 60 minutes fol-
lowing brain damage. Some believe that this elevation is temporary, 
exhibited while the seizure is ongoing; afterwards, lactate produc-
tion will decrease, and lactate will dissipate rapidly [14]. Corre-
spondingly, serum lactate concentration may diminish over time. 
In cases of mild brain injury, serum lactate levels remain low, 
whereas in instances of severe injury, they decline over time [18]. 
Our study identified a sustained increase in serum lactate levels 
(measured over 24 hours following SE) exceeding 1.3 mmol/L. 
This increase is attributed to enhanced anaerobic glucose metabo-
lism during hypoxic events associated with tonic-clonic seizures 
[15,16]. When the blood-brain barrier is compromised due to in-
flammation—stemming from infection, seizure-induced hypoxic 
lesions, or traumatic brain injury—lactate levels in the blood will 
rise. This response renders lactate a meaningful clinical biomarker 
for detecting brain cell damage observed during seizures [27]. 

Research exploring the relationship between persistent serum 
lactate levels and neuroimaging is still scarce. This study seeks to 
ascertain whether elevated lactate levels over an extended period in 
the blood of children with SE are correlated with brain imaging 
findings indicative of functional brain damage. The results indicate 
that serum lactate levels increase proportionally to the degree of 
AE. Our study revealed an association between sustained serum 
lactate levels and the severity of AE as determined by brain MRI. 
Cerebral blood flow initially rises during the early phase of a seizure 
and subsequently falls in the later stages as blood pressure drops. 
However, the brain’s metabolic processes continue to require glu-
cose and oxygen. The accumulation of lactate and depletion of ad-
enosine triphosphate are associated with hypermetabolic neuronal 
necrosis. The excitotoxicity mechanism, mediated by glutamate 
N-methyl-D-aspartate (NMDA) and non-NMDA receptors, acti-
vates ion channels, leading to increased calcium permeability. This 
process contributes to neuronal damage in SE [28]. Elevated lac-

tate levels can serve as a sensitive biomarker and predictor of brain 
damage. A study of neonates revealed evidence of increased serum 
lactate levels 72 hours after HIE with hypothermia treatment. Ab-
normal brain MRI findings among those neonates exhibited a cor-
relation with poor neurological outcomes [15]. 

A prior study indicated that lactate serves as a prognostic factor 
for the incidence of SE, with higher blood lactate levels associated 
with poor outcomes [28-30]. Concurrently, the extent of encepha-
lopathy as determined by head MRI findings in children with SE 
was found to significantly correlate with outcomes. The specific 
changes observed on head MRI reflect distinct patterns of brain in-
jury (predominantly affecting the basal ganglia in cases of 
“acute-total,” and primarily involving watershed areas in “pro-
longed-partial” or “severe-global” damage), and these changes are 
strongly associated with neurodevelopmental abnormalities [31]. 

One limitation of this study is that persistent elevations in serum 
lactate may be influenced by extracranial disorders. Consequently, 
additional research is warranted to compare blood lactate levels 
with those in cerebrospinal fluid, which would allow for the deter-
mination of lactate concentrations unaffected by extracranial con-
ditions or other underlying diseases. Furthermore, respiratory is-
sues present in the study participants were not specifically investi-
gated, despite the possibility that hypoxia could be linked to im-
paired oxygenation. Moreover, lactate levels were not assessed us-
ing magnetic resonance spectroscopy. Future studies should ex-
amine the correlation between serum lactate and brain lactate lev-
els in SE. 

In conclusion, the study revealed an association between per-
sistently elevated serum lactate levels and brain MRI abnormalities. 
Furthermore, the findings demonstrated that AE grade I represent-
ed the most common pattern of brain damage in patients with SE. 
Moreover, a correlation was identified between abnormalities on 
brain MRI and patient outcomes in children with SE. These find-
ings are expected to be valuable in guiding the management and 
predicting the prognosis of patients who experience SE. 
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