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ABSTRACT  

Background: Acute febrile encephalopathy (AFE) in children is a medical emergency and 

could be a manifestation of many systemic and central nervous system pathologies as well. 

The clinical features of AFE are nonspecific and etiological spectrum variable depending on 

the studied population. The changes in MRI would help us to analyse the associated 

functional abnormalities. 

Objectives: To analyze the correlation between the severity of CNS signs, symptoms and 

the extent of lesions on MRI acute febrile encephalopathy in children and to analyze the 

variation in lesions found on MRI among different etiology of acute febrile encephalopathy 

in children. 

Methodology: Prospective observational study for one year, including 31 cases of acute 

febrile convulsion with disorientation but excluding the cases of head injury and not willing 

to be part of the study. All the subjects underwent MRI imaging. Due to time constraint only 

the cases with MRI changes were analysed. 

Results: Incidence of patients aged 11 years was higher, accounting for about 35.5% of the 

cases. 17(54.8%), while the rest of the 14 (45.2%) were males. Most common symptoms 

was irritability in 18 (58.1%) patients followed by Loose stools in 11 (35.5%). Viral 

encephalitis was the commonest diagnosis. modified Rankin score of 2 in 14(45.2%) of the 

patients or a score of 3 in 12 (38.7%) of the patients. The outcome was better irrespective of 

the score. Bilateral periventricular and peritrigonal region was the commonest MRI changes 

we observed with the incidence of about 16.1% (5/1). There was no association between the 

MRI changes and modified Rankin score and specific symptoms. 
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Conclusion: As the frequency of various MRI changes being observed among 31 cases in 

one year, this is comparatively higher. Hence, there is need for more such clinical study data 

to observe the epidemiology of acute febrile encephalopathy and related brain changes. 
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INTRODUCTION 

Encephalopathy is a disease state in which higher brain activities are affected 

due to metabolic disturbances. It is characterized by global cerebral dysfunction 

without any structural abnormalities in the brain1. Metabolic homeostasis greatly 

influences the neuron activities and working of the brain. Thus, any abnormality or 

variation of the metabolic systems will lead to brain disorders and can result in 

clinical and electroencephalographic variations1. 

 In some cases, these changes are reversible and in other cases, they are not. 

Metabolic encephalopathy is characterized by the general deterioration in the brain 

functioning caused due to failure of major organs of the body like liver, kidney or due 

to electrolytic imbalances. Encephalopathy caused due to acute or chronic renal 

failure is termed renal or uremic encephalopathy2,3. It is presented with alterations in 

mental status varying from mild sensorial clouding to delirium or coma state or motor 

disturbances. This type of encephalopathy is developed in patients with acute or 

chronic renal failures, but the encephalopathy symptoms are progressed rapidly in 

patients with acute renal failure. The symptoms of uremic encephalopathy are non-

specific, variable and due to multiple metabolic derangements. In uremic 

encephalopathy, the balance between excitatory and inhibitory neurotransmitters is 

affected due to the accumulation of uremic toxins accumulated due to renal failure4,5. 

This reduces the metabolic activity of brain and decreases oxygen consumption.  

Encephalopathy caused due to liver dysfunction or due to liver diseases like 

hepatitis or cirrhosis is termed hepatic encephalopathy6-8. It is a neuropsychiatric 

syndrome and symptoms varying from subtle memory loss or attention deficit to deep 

coma state. Hepatic encephalopathy (HE) is usually metabolically induced, when liver 
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fails to perform its detoxifying action. It can also occur due to portosystemic shunts 

which circulate the portal blood before removal of toxins by the liver. Ammonia 

neurotoxicity is the primary cause for hepatic encephalopathy where ammonia is not 

quickly converted to urea due to liver malfunctioning, thus causing ammonia to 

accumulate in the blood. Ammonia is produced due to the deamination of amino acids 

during protein metabolism and also by the intestinal bacteria. Thus, HE is a secondary 

disease affecting brain due to liver disease or portosystemic shunting.  

Encephalopathy due to low sugar level in the blood is termed hypoglycemic 

encephalopathy1. It occurs when the rate of glucose entering for systematic circulation 

is reduced, as compared to its uptake by the tissues. Brain is primarily affected when 

glucose level is reduced as it is the primary metabolic fuel. This will result in slow 

reaction of the patient, loss of consciousness, blurred speech and degradation of other 

cognitive functions9. 

Hypocalcemia is a type of encephalopathy caused due to low level of calcium 

in the blood. The major causes are hyperparathyroidism and vitamin D deficiency. It 

is highly epileptogenic and causes slowed EEG and generalized bursts of spikes. They 

get improved when normal calcium levels are restored. Hypercalcemia is caused due 

to increased level of calcium in the blood, which can weaken the bones, create kidney 

stones and can eventually affect heart and brain. It occurs mainly due to 

hyperparathyroidism; when over active parathyroid glands produce too much 

hormones resulting in increased level of calcium in the blood.  
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Encephalopathy caused due to low levels of sodium level in the blood is called 

hyponatremia. Higher levels of sodium in the blood lead to hypernatremia. Thus, 

cerebral activity is affected in metabolic encephalopathy in the absence of gross 

structural abnormalities of the brain. Metabolic encephalopathy can therefore be 

considered as a secondary neurological disease as brain is not primarily affected in 

this disease. Acute febrile encephalopathy (AFE) in children is a medical emergency 

and could be a manifestation of many systemic and central nervous system 

pathologies. The clinical features of AFE are nonspecific and etiological spectrum 

variable depending on the studied population10. 
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AIMS & OBJECTIVES 

 

Primary objective: 

Analyzing the role of MRI in identifying the acute febrile encephalopathy in 

children. 

Secondary objectives: 

 To analyze the correlation between the severity of CNS signs, symptoms and the 

extent of lesions on MRI acute febrile encephalopathy in children. 

 To analyze the variation in lesions found on MRI among different etiology of 

acute febrile encephalopathy in children. 
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REVIEW OF LITERATURE 

ENCEPHALOPATHY  

Encephalopathy is a term that refers to brain disease, damage, or malfunction. 

In modern usage, encephalopathy does not refer to a single disease, but rather to a 

syndrome of global brain dysfunction; this syndrome can have many different organic 

and inorganic causes. Encephalopathy can present a very broad spectrum of 

symptoms that range from mild, such as some memory loss or subtle personality 

changes, to severe, such as dementia, seizures, coma, or death11. 

In general, encephalopathy is manifested by an altered mental state that is 

sometimes accompanied by physical manifestations (like; poor coordination of limb 

movements). The term encephalopathy, in most cases, is preceded by various terms 

that describe the reason, cause, or special conditions of the patient that leads to brain 

malfunction. For example, anoxic encephalopathy means brain damage due to lack of 

oxygen, hepatic encephalopathy means brain malfunction due to liver disease and A 

child presenting with fever, altered cognition or personality, and altered sensorium 

and/or seizure is labelled as acute febrile encephalopathy (AFE). Additionally, some 

other terms either describe body conditions or syndromes that lead to a specific set of 

brain malfunctions. Examples of these are metabolic encephalopathy and Wernicke's 

encephalopathy12,13. There are over 150 different terms that modify or precede 

"encephalopathy" in the medical literature. 
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CAUSES OF ENCEPHALOPATHY  

The causes of encephalopathy are both numerous and varied. Some causes of 

encephalopathy include:  

• Infectious (bacteria, viruses, parasites, or prions),  

• Anoxic (lack of oxygen to the brain, including traumatic causes),  

• Alcoholic (alcohol toxicity),  

• Hepatic (liver failure or liver cancer), 

• Uremic (renal or kidney failure),  

• Metabolic diseases (hyper or hypocalcaemia, hypo or hypernatremia, or hypo 

or hyperglycemic), 

• Brain tumors (pathological, accidental),  

• Many types of toxic chemicals (mercury, lead, or ammonia),  

• Alterations in pressure within the brain (often from bleeding, tumors, or 

abscesses),  

• Poor nutrition (inadequate vitamin B1 intake or alcohol withdrawal).  

These examples do not cover all of the potential causes of encephalopathy but 

are listed to demonstrate the wide range of causes14. Although numerous causes of 

encephalopathy are known, the majority of cases arise from several major categories 

(some examples in parentheses):  

• Infection (HIV, Neisseria meningitides, herpes, hepatitis B and hepatitis C),  

• Liver damage (alcohol and toxins),  

• Brain anoxia or brain cell destruction (trauma and toxic chemicals), and 

• Kidney failure (uremic). 
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 Some drugs may cause encephalopathy; for example, posterior reversible 

encephalopathy syndrome (PRES) may occur due to the use of drugs like 

tacrolimus and cyclosporine. This syndrome manifests with symptoms of 

headache, confusion, and seizures. 

SYMPTOMS OF ENCEPHALOPATHY  

Despite the numerous and varied causes of encephalopathy, at least one 

symptom present in all cases is an altered mental state. The altered mental state may 

be subtle and develop slowly over years (for example, in hepatitis the decreased 

ability to draw simple designs, termed apraxia) or be profoundly obvious and develop 

rapidly (for example, brain anoxia leading to coma or death in a few minutes). Often, 

symptoms of altered mental status can present as inattentiveness, poor judgment, or 

poor coordination of movements. Other serious symptoms that may occur include:  

• lethargy,  

• dementia,  

• seizures,  

• tremors,  

• muscle twitching and myalgia,  

• Cheyne-Stokes respirations, and 

• Coma.  

Often the severity and type of symptoms are related to the severity and cause 

of the brain disease or damage. For example, alcohol-induced liver damage (alcoholic 

cirrhosis) can result in involuntary hand tremors (asterixis), while severe anoxia (lack 

of oxygen) may result in coma with no movement. Other symptoms may not be as 

severe and be more localized such as cranial nerve palsies (damage to one of the 12 
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cranial nerves that exit the brain). Some symptoms may be very subtle and result from 

repeated injury to the brain tissue. For example, chronic traumatic encephalopathy 

(CTE), due to injury like concussions repeatedly sustained by football players and 

others who play contact sports, may cause slow changes over time that are not easily 

diagnosed. Such injury may lead to chronic depression or other personality changes 

that can result in life changing consequences15.  

Even infants and children can suffer encephalopathy; similar symptoms can 

occur in the prenatal period if, for any reason like high fever and in neonate if they 

had any compromise to brain blood flow during its development. Rasmussen's 

encephalitis is a rare disease that is seen in children that progresses to intractable 

seizures if untreated; it may be due to autoantibody development16. Another rare form 

of encephalopathy that usually develops in younger people (about ages 4 to 20 years) 

is the mitochondrial encephalopathy, lactic acidosis, stroke-like episodes (MELAS 

syndrome) due to faulty deoxyribonucleic acid (DNA) in the patient's mitochondria. 

DIAGNOSIS OF ENCEPHALOPATHY  

The diagnosis of encephalopathy is usually done by clinical tests done during 

the physical examination (mental status tests, memory tests, and coordination tests) 

that document an altered mental state17. With most cases, findings on clinical tests 

either diagnose or presumptively diagnose encephalopathy. Usually, the diagnosis 

occurs when the altered mental state accompanies another primary diagnosis such as 

chronic liver disease, kidney failure, anoxia, or many other diagnoses.  

Consequently, physicians may utilize several different tests at the same time to 

diagnose both the primary condition (the cause of encephalopathy) and the 

encephalopathy itself. This approach to diagnosis is done by most physicians, because 
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many doctors view encephalopathy as a complication that occurs because of a primary 

underlying health problem. The most frequently utilized tests are listed below with 

some of the major primary causes of the same.  

• Complete blood count or CBC (infections or loss of blood)  

• Blood pressure (high or low blood pressure) Metabolic tests (blood levels of 

electrolytes, glucose, lactate, ammonia oxygen, and liver enzymes)  

• Drugs or toxin levels (alcohol, cocaine, amphetamines, and many others)  

• Blood and body fluid cultures and analyses (infections of many types)  

• Creatinine (kidney function)  

• Computed tomography (CT) and magnetic resonance imaging (MRI) scans 

(brain swelling, anatomical abnormalities, or infections) 

• Doppler ultrasound (abnormal blood flow to tissues or abscesses) 

• Encephalogram (EEG) (brain damage or abnormal brain wave patterns) 

• Autoantibody analysis (dementia caused by antibodies that destroy neurons)  

• Review of the person's medications as some medications (for example, 

cyclosporine) may be responsible for symptoms  

This list is not exhaustive, and not all of the above tests need to be done to 

reach a diagnosis. 

ACUTE FEBRILE ENCEPHALOPATHY 

Acute febrile encephalopathy (AFE) is defined in children, if a child is 

presenting with fever, altered cognition or personality, and altered sensorium and/or 

seizure. It is a medical emergency as well as a diagnostic and therapeutic challenge 

for the pediatrician1. A subset of such patients with evidence of inflammation of brain 

parenchyma, either infectious or noninfectious, is called as encephalitis19. 



Review Of Literature    

 

 Page 10 

 

Limited literature in children suggests CNS infections to be the most common 

cause of AFE in India20-23and other developing countries24-26 though there has been a 

great variation in the frequency of different contributing etiologies across the globe 

and even different regions within a country. The nonspecific nature of clinical 

features further makes the clinical prediction of possible etiology very difficult in 

cases of AFE; which in turn, may lead to a delay in institution of appropriate therapy.  

The paucity of data on risk factors associated with AFE in children is also well 

appreciated20.AFE was defined as acute onset (≤14 days) fever (axillary temperature 

>35.5°C or 95.5°F) with altered state of consciousness lasting for ≥12 h and/or 

seizure. AFE, though a rare diagnosis in children, is associated with significant 

morbidity and high mortality, particularly in a developing country like India.  

With nonavailability of many pathogen-specific microbiological 

investigations, etiological agent may remain elusive in a considerable proportion of 

cases. Nevertheless, many cases being viral in origin, where no specific treatment is 

available or highly effective, early institution of aggressive supportive care may be 

able to decrease mortality and long-term morbidity20. 

Incidence of Acute Febrile Encephalopathy 

The incidence of acute febrile encephalopathy is reported all over the world 

with viruses being the most common etiology. The incidence is approximately 0.9 per 

100,000 adults in Nigeria, to 185 per 100,000 adults in Nepal during an outbreak of 

Japanese encephalitis. In India, it has been estimated that a population of 135 million 

people residing in 171 endemic districts of 17 states are at risk of AFE.  
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Most of the disease burden is from Uttar Pradesh. JE was the most common cause for 

AFE in India and it remains to be the most common cause. The profile of acute febrile 

encephalopathy varies across different geographic regions with newer agents being 

increasingly recognized all over the world. The geographical variation may be 

attributable to the transmission by arthropods. Due to the diversity of causes and large 

number of similar conditions, it’s a challenge to the physicians as this syndrome has 

better outcome when early diagnosis and prompt treatment is done25. 

Epidemiology  

Acute febrile encephalopathy has wide range of causes. Viral, bacterial, 

parasitic, fungal or rickettsial and the spectrum varies with geography and seasonally. 

Epidemics are caused by single agent, sporadic cases are likely to be caused by 

multiple etiologies. Epidemics in India are mostly caused by Japanese encephalitis 

virus and have predominantly affected children.  

Bacterial meningitis in developed nation is 2-5/100000 and 10 times higher in 

developing nations. Herpes simplex encephalitis is the common sporadic encephalitis, 

while Japanese encephalitis is the endemic encephalitis in the world and is prevalent 

in South East Asia. But the cause of acute febrile encephalopathy in India has 

changed in the previous decade and both epidemic investigations and the surveillance 

of endemic cases have reported non-Japanese encephalitis etiology27. 
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Classification of Acute Encephalopathy27 
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Acute Febrile Encephalopathy- Clinical Presentation 

A pathologic feature of acute encephalopathy is non-inflammatory brain 

edema. This pathologic feature increases intracranial pressure, which leads to 

decreased cerebral perfusion pressure and eventually herniation syndromes and/or 

brainstem dysfunction associated with central nervous system-caused respiratory and 

circulatory failure28,29 

Seizures are common in many people, and they are often febrile and last for a 

long time (febrile status epilepticus). Depending on the child’s age, there may be a 

change in personality or behavior as well as a decrease in cognitive functioning, 

developmental regression/stasis, a reduction in conscious level, and specific localizing 

features such as seizures, ataxia, tremor, or other focal motor symptoms. Fever, 

vomiting, lethargy, loss of appetite, and headache are all examples of systemic 

symptoms.  

Regardless of the cause of encephalopathy, all cases of acute encephalopathy have 

at least one symptom, namely an altered mental state. The altered mental state can be 

subtle and develop over time, such as apraxia, or the inability to sketch simple 

drawings, or it can be obvious and develop quickly, leading to coma or death within 

minutes30. The clinical course of metabolic errors and inherited metabolic disorders 

may include gradually progressive or static features, followed by the emergence of an 

acute encephalopathic crisis, including lethargy, behavioral changes, or gait 

disturbances caused by infections or a fasting state. Patients presenting with a 

cytokine storm may have systematic inflammatory response syndrome, which 

includes –  
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(1) increased or depressed leukocytes or 10% immature neutrophils,  

(2) tachycardia or bradycardia, 

(3) tachypnea or the need for mechanical ventilation, and  

(4) Elevated or depressed leukocytes or 10% immature neutrophils.  

Acute excitotoxic encephalopathy, a mild encephalopathy caused by 

excitotoxicity is defined as a loss of consciousness that lasts more than 24 h and is 

usually accompanied by seizures but does not have a biphasic clinical course31. 

Selected causes of febrile encephalopathy in children 
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.Diagnosis 

A coma with obvious consciousness impairment or a convulsive condition is a 

clinical indicator of acute encephalopathy; however, identifying acute encephalopathy 

in these circumstances is fairly easy. However, there are various early signs and 

symptoms as well as variations in these symptoms. This large range of clinical 

symptoms mirrors the wide range of cerebral function abnormalities as provided by 

the International Encephalitis Consortium, which recommends the diagnosis of 

encephalitis and encephalopathy of presumed infectious or autoimmune etiology. An 

altered mental state is a major criterion.  

Additional criteria (minor) to substantiate diagnosis include fever ≥38 ◦C 

(100.4 ◦F) within the 72 h before or after presentation; generalized or partial seizures 

not fully attributable to a pre-existing seizure disorder; new onset of focal 

neurological findings; cerebrospinal fluid (CSF) white blood count ≥5 mm3 ; and 

electroencephalographic abnormality that is consistent with encephalopathy and not 

caused by another factor or and not caused by another condition32.  

A clinical examination and a management plan for a child with 

encephalopathy should be developed concurrently. As soon as possible, a full history 

should be obtained. A thorough neurologic examination should be performed to 

localize brain damage and evaluate early prognostic indicators as well as to detect 

systemic symptoms such as rash, lymphadenopathy, and hepatosplenomegaly33.  

During a physical examination, clinical procedures such as mental status tests, 

memory tests, and coordination tests that record an altered mental state are commonly 

used to diagnose encephalopathy. Clinical test results are frequently used to diagnose 
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or presumptively diagnose encephalopathy. When the altered mental state occurs 

associated with another primary disorder, such as chronic liver disease, kidney failure, 

anoxia, or a variety of other conditions, the diagnosis is typically made34.  

Glucose, ammonia, lactate, and ketone body levels in the blood as well as 

plasma acid–base status can all be used to help identify the subtype associated with 

genetic metabolic illnesses. The eventual diagnosis is based on certain laboratory 

findings at the start and/or during the static periods35. 

EEG is a widely used technique for detecting and monitoring children with 

acute encephalopathy. Technological advancement has greatly simplified long-term 

bedside EEG monitoring. EEG has the advantage of being able to examine real-time 

brain function by recording electrical activity in the brain. Some children with acute 

encephalopathy are extremely ill and unstable in general. Even under these 

conditions, EEG monitoring is possible35.  

Several studies on long-term EEG monitoring among critically ill children 

with reduced consciousness, including those with acute encephalopathy, have recently 

been published. There have been numerous studies published on conventional EEG 

findings in children with acute encephalopathy. According to these results, EEG 

abnormalities are extremely common among children with acute encephalopathy. As 

a result, EEG is deemed to be useful in diagnosing acute encephalopathy.  

These EEG abnormalities include generalized/unilateral/focal slowness, low 

voltage, periodic lateralized epileptiform discharges, and paroxysmal discharges36. 

EEG has demonstrated its ability to detect non-convulsive status epilepticus in AESD 

and FIRES/AERRPS (intermittent, latent seizures) 37.  
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EEG data may aid in differentiating AESD from long-term febrile seizures. 

Children with prolonged seizures and fever, reduced or absent spindles/fast waves as 

well as continuous or frequent slowing during sleep are diagnosed with AESD38. 

When combined with the clinical picture in patients with encephalopathy, EEG and 

brain imaging may improve diagnosis and have prognostic significance.  

The most common EEG finding in patients with encephalopathy is isolated 

persistent slowing of background activity. These patterns are linked to a variety of 

structural and non-structural pathologies. The analysis of CSF is critical for 

determining the cause of encephalitis and distinguishing it from other types of 

encephalopathy. Lumbar puncture (LP) should be performed as soon as possible in 

suspected cases of encephalitis unless contraindicated38. 

Clinical evaluation rather than cranial computerized tomography (CT) should 

be used to determine whether or not an LP is safe to perform39. Increased total protein 

and CSF/serum albumin quotient levels may be linked to severe edema40. Increased 

levels of cytokines and chemokines in CSF and serum may indicate an overly 

aggressive immune response41. CSF examination may reveal pleocytosis in some 

disorders42, whereas pleocytosis may be uncommon in others.  

Since 2000, imaging technology such as CT, MRI, SPECT, PET, and a variety 

of other neuroradiological tools have been used to treat heterogeneous acute 

encephalopathy syndrome. Acute febrile encephalopathy was first defined using 

neuroradiographic images and clinical data derived from imaging, and it has since 

advanced significantly. It was possible to see fine cerebral edema images in acute 

encephalopathy. When acute encephalopathy is suspected, CT is usually the first test 

performed, because it is available in the majority of Japanese regional centers and has 
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a quick imaging time. Acute encephalopathy is identified by cranial CT 

abnormalities35, which include:  

(1) low-density zones spanning the entire brain or possibly the entire cerebral 

cortex,  

(2) no clear distinction between the cerebral cortex and the limbic system 

medulla, 

(3) both the surface of the cerebral subarachnoid space and the ventricles 

becoming narrower,  

(4) areas of low density: bilateral thalamus (ANE) and unilateral cerebral 

hemisphere (in some cases of AESD),  

(5) narrowing of the brain’s surrounding cisterns: swelling of the brainstem 

In some cases, a CT scan can be used to diagnose severe encephalopathy (for 

example, HUS encephalopathy), which has more edema in the brain than in mild 

cases43. MRI, in contrast, is a sensitive and non-radiological method for detecting 

encephalopathy, with diffusion-weighted imaging (DWI) being especially helpful in 

detecting early abnormalities. High-intensity lesions were either visible only on b = 

3000 DWI for AESD, MERS, HSE, and unclassifiable encephalopathy or effectively 

identified on b = 3000 DWI than on b = 1000 DWI. The classifications of acute 

encephalopathy with febrile convulsive status epilepticus (AEFCSE), acute infantile 

encephalopathy [AIEF], and Acute encephalopathy with biphasic seizures and late 

reduced diffusion [AESD] are all part of a single spectrum and may refer to the same 

condition.  
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On MRI diffusion-weighted images, a clinical form of AESD that specifically 

disrupts frontal lobe function in infants has been reported. As a result, the concept of 

AIEF is intended to be included in AESD: unlike AEFCSE, which has a biphasic 

course after a relatively short convulsive overlap, AESD has a biphasic course after a 

relatively short convulsive overlap, i.e., an initial febrile convulsive overlap followed 

days later by an afebrile partial convulsion with abnormal onset on MRI images.  

There is no English literature on AEFCSE. In Japan, there was controversy 

based on cases of frontal lobe dominance with a course similar to AESD, whereas 

AEFCSE was a concept focused on the encephalopathy of the convulsive 

superimposed form of AESD. Since then, it has been determined that these three 

concepts are nearly identical to the AESD concept. 

MRI is better at defining the extent and severity of involvement in 

neuroinfections and other non-infectious conditions of the brain. Diffusion-weighted 

imaging (DWI) detects lesions early in patients with viral encephalitis, and in cases 

with parenchymal complications of meningitis. It is of help in differentiation of 

pyogenic abscess from other ring-enhancing lesions. It provides evidence of fronto-

temporal pathology in herpes simplex encephalitis, thalamic involvement in Japanese-

B encephalitis, demyelination in ADEM, or necrotizing lesions in acute necrotizing 

encephalopathy44. 

MRI is superior to CT in early detection of signs of Herpes encephalitis, which 

can be demonstrated within the first 48 hours on T2WI or FLAIR images45. Magnetic 

resonance imaging of EV71 encephalitis typically shows hyperintense lesions on 

T2WI located within the brainstem and dentate nuclei of the cerebellum46. It may also 

provide clue to the diagnosis of rarer infections like cryptococcal, fungal or amoebic 
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affection of the brain. The severity of involvement detected on an MRI may also aid 

in prognostication. Proton magnetic resonance spectroscopy can produce specific 

peak-patterns in cases of abscess, such as the presence of lactate and cytosolic amino 

acids47. 

COMPARITIVE STUDIES 

Bhalla A et al found that MRI was abnormal among 62.75% of the patients with 

AFE. Significant correlation was observed between MRI findings and the incidence of 

seizures. 50% of the patients with no focal neurological deficits also had found to be 

having abnormalities in MRI48. 

Yadav SS et al reported a case of a 3 year-old male child with low grade fever who 

was also a known case of febrile seizures. The seizures continued even after subsiding 

of fever and also upon  addition of other anti epileptic agents. Day 4, they suggested 

MRI brain and found that there were diffuse symmetrical areas of restricted diffusion 

in bilateral cerebral hemispheres, involving mainly white matter. Adjacent cortices 

were also hyperintense. They conducted a followup MRI after 4 weeks and observed 

the resolution of lesions49. 

A study by Modi A et al observed the difference in pattern of MRI changes in AFE, 

based on the etiology. They found meningeal enhancement in 41% of patients with 

pyogenic meningitis. The bilateral T2 thalamic hyperintensities, in particular 

hemorrhage, was the most common finding seen in five patients of japanese 

encephalitis out of seven patients in whom MRI brain was done. MRI brain in two out 

of four patients of HSV encephalitis showed characteristic T2-weighted 

hyperintensity corresponding to edematous changes in the temporal lobes. In six 
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patients, nonspecific MRI findings of meningeal enhancement with cerebritis and 

cerebral infarction were seen50. 

Takanashi J et al reported that although the pathophysiology behind the AFE among 

their recruited study population was unknown, their patients showed a distinctive 

encephalopathy syndrome and MRI was helpful in establishing the diagnosis of this 

encephalopathy. They found that the majority of the children were aged between 10 

months to 4 years.  

Clusters of complex partial seizures were a common type. MRI performed within 2 

days of presentation showed no abnormality. Subcortical white matter lesions were 

observed on DWI between 3 and 9 days in all the recruited patients. T2-weighted 

images showed linear high intensity of subcortical U fibers in 13/17 patients. The 

lesions were predominantly frontal or frontoparietal in location with sparing of the 

perirolandic region. The diffusion abnormality disappeared between days 9 and 25 

and cerebral atrophy was detected later than 2 weeks. Three patients having only 

frontal lesions had also relatively good clinical outcome51. 
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MATERIALS AND METHODS 

 

Source of data: Patients above the < 18 year old with the history of fever with 

disorientation with or without convulsion admitted at pediatric emergency of KLEs 

Dr.Prabhakar Kore Hospital and MRC, with diagnosis of sepsis during the 1 year 

period from January 2023 to December 2023.  

Study design: Prospective, Observational- hospital-based study for one year 

Study period: January 2023 to December 2023  

Sample size: Based on the formula z2pq/d2, where p is the prevalence of the disease, 

p= (1-p); z is the constant which is 1.96; d is allowable error for the given study. 

Prevalence of AFE in pediatric patients at our institute from June 2021 to June 22 was 

1.5 to 2% of all the pediatric admissions and we would like to consider the allowable 

error of 5% for the present study. So, the expected sample size of our study was 

30.11, approximately 30. We included 31 cases. 

 

Inclusion criteria:  

1. Patients of either gender aged less than 18-year-old visited the hospital with 

complaints of; 

• Fever with disorientation 

• Fever with convulsions  

• Even the cases of cerebral palsy with above conditions will also be 

included, to rule out secondary encephalopathy in such patients. 

2. Parents of the children willing to give written informed consent to be part of 

study 

 



Materials and Methods 

 Page 23 

 

Exclusion criteria:  

1. History of trauma to head 

2. Signs of sepsis 

3. History of congenital bleeding disorders 

4. History of implant in situ  

After obtaining the ethical clearance, the patients were recruited based on the 

above-mentioned inclusion criteria. Written informed consent was taken after 

explaining to the parents about the complete protocol in their understandable 

language. Detailed history of the presenting complaints and other demographic data 

had been obtained by face-to-face interview. Below is the Modified Rankin Score 

used to analyze the encephalopathy based on symptomatology. (Modi A et al)8 
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All vital parameters such as Blood pressure, temperature, oxygen saturation 

and urine output will be monitored. ECG were done. GCS scale was assessed. 

Assessed for any lymph node involvement. Routine blood investigations such as 

Complete blood count (CBC), C reactive protein (CRP), Erythrocyte sedimentation 

rate (ESR), Renal function test (RFT), Liver function test (LFT), Chest X ray (CXR), 

urine routine/culture sensitivity (CS) and blood culture and sensitivity will be done. 

Cerebrospinal fluid (CSF) analysis had been done by lumbar puncture.  

Also, the respective rapid or the serological tests had been done to find out 

probable viral and bacterial causes. Below are the diagnostic criteria used for different 

etiologies of acute febrile encephalopathy. (Modi A et al)8 
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RESULTS 

Due to lack of time period for the recruiting cases and controls, their data collection 

we had included only the cases of febrile convulsions having brain changes on MRI. 

All these were analysed to look for the distribution of type of lesions. 

Table 1: Distribution of age 

Age N % 

<1 year 6 19.4% 

1 to 5.11 years 7 22.6% 

6 to 10.11 years 7 22.6% 

11 years and more 11 35.5% 

Average age 9.85±2.7  

Minimum 10 days  

Maximum 17 years  
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Figure 1: Distribution of age 

 

The pattern of distribution of age amongst the study population is depicted in the chart 

above. The age group of above 11years had the maximum number of patients (11). 

While the age groups of 6 to 10.11 years and 1 to 5.11 years had 7 patients each. The 

age group  of less than 1 year had the least number of patients (6). 
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Table 2: Distribution of gender 

Gender N % 

Male 14 45.2% 

Female 17 54.8% 

 

 

 

Figure 2: Distribution of gender 

Out of the 31 participants, the majority were females i.e. 17(54.8%), while the rest of 

the 14 (45.2%) were males. 
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Table 3: Distribution of symptoms other than fever and convulsions 

Symptom N % 

Irritability 18 58.1% 

Loose stools 11 35.5% 

Excessive sleep 10 32.3% 

Loss of consciousness 7 22.6% 

Headache 7 22.6% 

Burning micturation 5 16.1% 

Lethargy 4 12.9% 

Blurring of vision 2 6.5% 

Cough 0 0.0% 

Pain abdomen 0 0.0% 

 

 

Figure 3:Distribution of symptoms other than fever and convulsions 

 

 Amongst our study population, apart from fever and convulsions, the most common 

symptoms was irritability in 18 (58.1%) patients followed by Loose stools in 11 

(35.5%) patients and excessive sleep in 10 (32.3%) patients. 
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Table 4: Vital parameters 

Parameter Mean or N SD or % 

Average temperature 101 1.3 

>1000 21 67.7% 

Average SBP 106 8.21 

Average DBP 70 6.8 

Average heart rate 110.16 10.54 

HR >110 13 41.9% 

Oxygen saturation <95% Nil  

 

The average vital parameters of the study groupies depicted above. The average 

temperature of the patients was 101F with 21 of the patients having a temperature of 

100F or above. The Average SBP was 106 while the  the average DBP was 70 mm of 

hg in the study population. The average heart rate of the patients was 110.16bpm 

while 13 patients had a heart rate of 110 bpm or above. None of the patients had a 

saturation of less than 95%. 
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Table 5: Laboratory parameters 

Parameter Values Corresponding % 

Average WBC 7592±857.5 cells/ccmm 

Raise WBC 9 29% 

Hypoglycaemia 2 6.5% 

 

The average WBC count of the study population was 7592±857.5 cells/ccmm, while 9 

of the patients had elevated WBC counts. Also, 2 of the patients had hypoglycemia. 

 

Table 6: Distribution of MRI findings 

Parameter N % 

Bilateral periventricular and peritrigonal region 5 16.1% 

Bilateral fronto-parieto-temporal region 2 6.5% 

Right fronto-parieto-temporal region 2 6.5% 

Bilateral basal ganglia, bilateral external capsule and bilateral 

thalami 
1 3.2% 

Bilateral caudate nuclei and bilateral putamenbilateral caudate 

nucleus, bilateral lentiform nucleus, bilateral thalami, bilateral 

uncus and pons 

1 3.2% 

Bilateral centrum semi ovale, bilateral corona radiata, posterior limb 

of internal capsule on right side, genu and splenium of corpus 

callosum, subcortical u fibers of fronto-parieto-temporal regions 

1 3.2% 

Bilateral fronto-parietal , left corona radiata and pons 1 3.2% 

Bilateral fronto-parietal region 1 3.2% 

Bilateral fronto-parieto-temporo-occipital region and bilateral 1 3.2% 
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globus pallidi 

Bilateral globus pallidi 1 3.2% 

Bilateral hippocampus 1 3.2% 

Bilateral internal capsule, splenium of corpus callosum, superior 

cerebral peduncles 
1 3.2% 

Bilateral medial temporal lobes and bilateral external capsule 1 3.2% 

Bilateral occipital region 1 3.2% 

Bilateral parietal region 1 3.2% 

Bilateral periventricular and bilateral fronto-parietal region 1 3.2% 

Bilateral thalamus, bilateral basal ganglia , bilateral caudate nucleus 

, bilateral cerebellum 
1 3.2% 

Bilateral thalamus, bilateral lentiform nucleus, splenium of corpus 

callosum, bilateral corona radiata , bilateral fronto-parietal region, 

dorsal brain stem 

1 3.2% 

Corpus callosum, bilateral cerebral peduncles and ventral brain stem 1 3.2% 

Left medial temporal lobe, left parietal region 1 3.2% 

Left medial temporal lobe, left posterior parietal and bilateral 

frontal regions 
1 3.2% 

Pons , bilateral thalami 1 3.2% 

Right fronto-parieto-temporo-occipital region and left frontal region 1 3.2% 

Splenium of corpus callosum 1 3.2% 

 

The Bilateral periventricular and peritrigonal regions had the highest frequency of 

lesions in the study population i.e. in 5 (16.1%) of the patients 
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Table 7: Distribution of lesion appearance on T1 imaging 

Parameter N % 

Hypointense 28 90.3% 

Isointense 3 9.7% 

 

 

Figure 4:Distribution of lesion appearance on T1 imaging 

 

In the majority of the patients in the study i.e 28 (90.3%) of the 31 patients had 

hypointense lesion on T1 imaging, while the rest of the 3(9.7%) patients had 

isointense lesions. 
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Table 8: Distribution of lesions on T2 

Parameter N % 

Hyperintense 29 93.5% 

Isointense 2 6.5% 

 

 

Figure 5: Distribution of lesions on T2 

 

In the majority of the patients in the study i.e 29 (93.5%) of the 31 patients had 

hyperintense lesion on T2 imaging, while the rest of the (6.5%) patients had 

isointense lesions. 

 

 

 

 

 

Hyperinten
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Table 9: Distribution of lesion appearance on flair MRI 

Parameter N % 

Hypointense 3 9.7% 

Isointense 5 16.1% 

Hyperintense 23 74.2% 

 

 

Figure 6:  Distribution of lesion appearance on flair MRI 

 

On the FLAIR sequence in MRI, majority of the lesions i.e. 23 (74.2%) appeared 

hyperintense. 5 (16.1%) appeared isointense while the remaining 3 (9.7%) of the 

lesions appeared hypointense. 
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Table 10: Distribution of diffusion restriction 

Parameter N % 

Restricting  24 77.4% 

Not restricting 7 22.6% 

 

 

Figure 7: Distribution of diffusion restriction 

 

 Also, it was noted that the majority of the lesions i.e 24 (77.4%) had diffusion 

restriction on DWI sequence, while the remaining 7(22.6%) of the lesions did not 

have diffusion restriction on DWI sequencing. 
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Table 11: SWI distribution 

Parameter N % 

Blooming 5 16.1% 

Not blooming 26 83.9% 

 

 

Figure 8: SWI distribution 

 

26(83.9%) of the 31 lesions studied were not blooming on the SWI sequence while 

only 5 (16.1%) of the lesions had blooming. 
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Table 12: Final diagnosis 

Diagnosis N % 

Acute disseminated encephalomyelitis 2 6.5% 

Acute encephalitis 3 9.7% 

Acute hemorrhagic necrotizing encephalitis 2 6.5% 

Cytotoxic lesion of corpus callosum 1 3.2% 

Encephalitis 2 6.5% 

Gliosis due to old vascular insult 2 6.5% 

Herpes simplex virus encephalitis 2 6.5% 

Ischemic encephalopathy 6 19.4% 

Metabolic encephalopathy 2 6.5% 

Post ictal edema 2 6.5% 

Viral encephalitis 6 19.4% 

 

The two most common diagnoses was  ischaemic encephalopathy and viral 

encephalitis in 6(6.5%) of the patients each. 

 

Table 13: MODIFIED RANKIN SCORE 

Score N % 

1 2 6.5% 

2 14 45.2% 

3 12 38.7% 

4 3 9.7% 

 

The majority of the patients had a modified Rankin score of 2 in 14(45.2%) of the 

patients or a score of 3 in 12 (38.7%) of the patients. Also, 3(9.7%) patients had a 

score of 4 and 2(6.5%) of the patients had a score of 1. 
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DISCUSSION 

Out of 31 cases of febrile convulsions, all (100%) of our study population had 

one or the other changes observed on MRI. In our study, incidence of the children 

>/=11years was high accounting for about 11 (35.5%). Aged between 6 - 10.11 and 1 

- 5.11 years had 7 (22.6%) patients each. <1 year were 6 (19.4%). The average age of 

our participants was 9.85±2.7. The lowest aged child was 10 days old and the highest 

being 17 years. Children aged <6 years were more than >6. There were 17(54.8%) of 

females and the rest 14 (45.2%) being male children. We did not find any difference 

in distribution of age and gender of our study group. Similarly, Das R et al52 more 

were 25 males (69.44%) with Male to female ratio of 2.3:1. The mean age of 

presentation was 1.93 ± 0.85 years which was very lesser than the present clinical 

cases but they too had no significant distributional changes. 

Amongst our study population, apart from fever and convulsions, the most 

common symptoms were. irritability amongst 18 (58.1%) cases, followed by Loose 

stools in 11 (35.5%) patients and excessive sleep in 10 (32.3%) affected population. 

Loss of consciousness, Headache, burning micturition, Lethargy and Blurring of 

vision were distributed among few of our patients. Blurring of vision incidence could 

of questionable as the children less than 6 might not be able to explain it better. 

The mean temperature of the patients was 101F0 with 21 still having >1000F 

on admission even after administering anti-pyretics. The Average SBP was 106±8.21, 

normal limit while the DBP was 70±6.8 mmHg. The average heart rate of the patients 

was 110.16±10.54bpm and 13(41.9%) had tachycardia. None of the patients had 

oxygen saturation <95%. 
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The average WBC count of the study population was 7592±857.5 cells/ccmm, 

while 9 of the patients had elevated than upper limit. Also, 2 of the patients had 

hypoglycaemia. Among these, lowered blood sugars might have further aggravated 

the convulsion. The bilateral periventricular and peri trigonal regions had the highest 

frequency of lesions in the study population i.e. in 5 (16.1%) of the patients. In most 

of the patients in the study i.e 28 (90.3%) of the 31 patients had hypointense lesion on 

T1 imaging, while the rest of the 3(9.7%) patients had isointense lesions. In the 

majority of the patients in the study i.e 29 (93.5%) of the 31 patients had hyperintense 

lesion on T2 imaging, while the rest of the (6.5%) patients had isointense lesions.  

Unlike this study who reported 100% MRI changes, MRI lesions in Das R et 

al, changes were distinguished among 11 (30.56%) patients. Cortical focal 

hyperintensity (CFH) in 42.1% was the commonest.52In our cases, Bilateral 

periventricular and peritrigonal regionwas common, including 5 (16.1%) followed by 

2 (6.5%) each with Bilateral fronto-parieto-temporal region and Right fronto-parieto-

temporal region involvement.One each had Bilateral basal ganglia, bilateral external 

capsule and bilateral thalami, Bilateral caudate nuclei and bilateral putamenbilateral 

caudate nucleus, bilateral lentiform nucleus, bilateral thalami, bilateral uncus and 

pons, Bilateral centrum semi ovale, bilateral corona radiata, posterior limb of internal 

capsule on right side, genu and splenium of corpus callosum, subcortical U fibers of 

fronto-parieto-temporal regions, Bilateral fronto-parietal + left corona radiata and 

pons, Bilateral fronto-parietal region, Bilateral fronto-parieto-temporo-occipital 

region with bilateral globus pallidi, Bilateral globus pallidi, Bilateral hippocampus, 

Bilateral internal capsule+ splenium of corpus callosum + superior cerebral 

peduncles, Bilateral medial temporal lobes and bilateral external capsule, Bilateral 

occipital region, Bilateral parietal region, Bilateral periventricular + bilateral fronto-
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parietal region, Bilateral thalamus + bilateral basal ganglia + bilateral caudate nucleus 

+ bilateral cerebellum, Bilateral thalamus + bilateral lentiform nucleus + splenium of 

corpus callosum + bilateral corona radiata + bilateral fronto-parietal region, dorsal 

brain stem, Corpus callosum + bilateral cerebral peduncles + ventral brain stem, Left 

medial temporal + parietal lobe, Left medial temporal lobe + left posterior parietal + 

bilateral frontal regions, Pons + bilateral thalami, Right fronto-parieto-temporo-

occipital region and left frontal region, Splenium of corpus callosum. 

The multiple seizures episode in 22 (61.11%) had significant association than 

single episodes which was 38.89% (14) in Das R et al.52 In our study, T2 

hyperintensity was found more and the unilateral lesions were common among our 

study population. Also, in Das R et al, MRI abnormality was cortical focal 

hyperintensity same as ours, among their cases, it was in 8 (42.10%) patients. 

5(26.31%) had subcortical focal hyperintensity. Subcortical white matter 

abnormalities incidence was 3 (15.71%). Further, the frequency of focal cortical 

dysplasia in this study is 3 (15.71%). two (5.56%) had acute infarction of the right 

MCA territory, one (2.78%) had subacute infarction of the right frontal lobe, one 

(2.78%) had MRI features suggestive of tuberous sclerosis, one (2.78%) had early 

leukodystrophy changes, one (2.78%) patient had frontotemporal atrophy. However, 

one (2.78%) patient had acute disseminated encephalomyelitis (ADEM).52,53 

Shinnar S et al observed that many of their patients had hyperintense lesions 

on T2 scan also unilateral hyperintensity was observed more than bilateral, which was 

the same as observed by Janszky J et al.53,54On the FLAIR sequence in MRI, majority 

of the lesions i.e. 23 (74.2%) appeared hyperintense. 5 (16.1%) appeared isointense 

while the remaining 3 (9.7%) of the lesions appeared hypointense. Also, it was noted 

that the majority of the lesions i.e 24 (77.4%) had diffusion restriction on DWI 



Discussion 
 

 Page 41 

 

sequence, while the remaining 7(22.6%) of the lesions did not have diffusion 

restriction on DWI sequencing. 26(83.9%) of the 31 lesions studied were not 

blooming on the SWI sequence while only 5 (16.1%) of the lesions had blooming. 

The two most common diagnoses were ischaemic encephalopathy and viral 

encephalitis in 6(6.5%) of the patients each. The majority of the patients had a 

modified Rankin score of 2 among 14(45.2%) of the patients or a score of 3 in 12 

(38.7%) of the patients. Also, 3(9.7%) patients had a score of 4 and 2(6.5%) of the 

patients had a score of 1. 

Maytal J et al had a similar age distribution. Sapir D et al as well had more 

patients with multiple convulsion episodes.55,56Hesdorffer DC et al also had observed 

subcortical focal hyperintensity, abnormal white matter signals, and focal cortical 

dysplasia as commonest findings.57 This could be explained by Shinnar S et al,58 who 

interpreted that the presence of lesions in the brain would be reducing the threshold 

for development of convulsions. The same has been explained by Besson P et al and 

Alonso-Nanclares L et al.59,60  

Other clinical studies by Kalnin AJ et al, Hesdorffer DC and Das S et al had 

reported the significant positive association between multiple focal convulsions and 

the brain lesions.61,62Das K et al and Das R et al had observed that the average 

duration of hospital stay of these patients with MRI changes was 7 days.63,5 

 



Conclusion    

 

 Page 42 

 

 

CONCLUSION 

Patients aged 11 years were more with male predominance but no positive 

association was observed in this distribution. 100% of the children with febrile 

convulsions had one or the other brain lesion. Involvement of Bilateral periventricular 

+ peritrigonal region 5 (16.1%) followed by 2 (6.5%) each with Bilateral fronto-

parieto-temporal region and Right fronto-parieto-temporal region involvement were 

the common sites affected. There was no association between the MRI changes and 

modified Rankin score.  
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SUMMARY 
 

• Based on the available data, Acute febrile encephalopathy (AFE) in pediatric age 

group is one of the medical emergencies manifesting as of various systemic and 

CNS pathologies as well. As it shows wide deviation in clinical features and these 

being nonspecific, the diplomatic outcomes are observed. Also, the etiological 

spectrum is variable depending on the studied population by various research 

scholars. The changes in MRI would help us to analyse the associated functional 

abnormalities. 

• The present study was taken to analyze the correlation between the severity of 

CNS signs, symptoms and the extent of lesions on MRI acute febrile 

encephalopathy in children and to analyze the variation in lesions found on MRI 

among different etiology of acute febrile encephalopathy in children. 

• In this Prospective observational study for one year, the hospital-based study, we 

included 31 cases of acute febrile convulsion with disorientation having 

radiological changes but excluding the cases of head injury and not willing to be 

part of the study.  

• In our study, the incidence of patients aged 11 years was higher, which was about 

35.5% of the 31 cases included. Of 31 patients, 17(54.8%) were females and 

(45.2%) were males. Most common symptoms was irritability in 18 (58.1%) 

patients followed by Loose stools in 11 (35.5%). Viral encephalitis was the 

commonest diagnosis.  

• Modified Rankin score of 2 in 14(45.2%) of the patients or a score of 3 in 12 

(38.7%) of the patients. The outcome was better irrespective of the score. There 

was no association between the MRI changes and modified Rankin score and 

specific symptoms. 



Summary    

 

 Page 44 

 

• Bilateral periventricular and peri trigonal region was the commonest MRI changes 

we observed with the incidence of about 16.1% (5/1). Bilateral fronto-parieto-

temporal region and Right fronto-parieto-temporal region among two each. Rest 

were with wide distribution. 
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LIMITATIONS 

 

LIMITATION OF OUR STUDY 

We could not add the control group for analysis due to time constraint.  

 

STRENGTH OF OUR STUDY 

Of all the observed cases with changes in MRI, has been analysed for the 

commonest findings which would be one of the reliable pieces of evidence for the 

further clinical evaluations. 

 



Bibliography    

 

 Page 46 

 

BIBLIOGRAPHY 

1. Schomer, Donald L, & Da Silva, Fernando Lopes. (2012). Niedermeyer's 

electroencephalography: basic principles, clinical applications, and related fields: 

Lippincott Williams & Wilkins. 

2. Moe, SM, & Sprague, SM. (1994). Uremic encephalopathy. Clinical nephrology, 

42(4), 251-256. 

3. Van Dijck, Annemie, Van Daele, Wendy, & De Deyn, Peter Paul. (2012). Uremic 

encephalopathy. Miscellanea on encephalopathies–a second look. InTech, 23- 38. 

4. Seifter, Julian Lawrence, & Samuels, Martin A. (2011). Uremic encephalopathy 

and other brain disorders associated with renal failure. Paper presented at the 

Seminars in neurology. 

5. Smogorzewski, Miroslaw J. (2001). Central nervous dysfunction in uremia. 

American journal of kidney diseases, 38(4), S122-S128. 

6. Ferenci, Peter, Lockwood, Alan, Mullen, Kevin, Tarter, Ralph, Weissenborn, 

Karin, & Blei, Andres T. (2002). Hepatic encephalopathy—definition, 

nomenclature, diagnosis, and quantification: final report of the working party at 

the 11th world congresses of gastroenterology, Vienna, 1998. Hepatology, 35(3), 

716-721. 

7. Guillén, Juan C Quero, & Gutiérrez, Juan M Herrerías. (2006). Diagnostic 

methods in hepatic encephalopathy. Clinica Chimica Acta, 365(1-2), 1-8. 

8. Musgrave, Heidi, & Hilsabeck, Robin C. (2019). Hepatic Encephalopathy 

Handbook on the Neuropsychology of Aging and Dementia (pp. 689-710): 

Springer. 



Bibliography    

 

 Page 47 

 

9. Blaabjerg, Lykke, & Juhl, Claus B. (2016). Hypoglycemia-induced changes in the 

electroencephalogram: an overview. Journal of diabetes science and technology, 

10(6), 1259-1267 

10. Kirti Gupta, Charul S. Purani, Anirban Mandal,1 and Amitabh Singh2. Acute 

Febrile Encephalopathy in Children: A Prospective Study of Clinical Features, 

Etiology, Mortality, and Risk Factors from Western India. J Neurosci Rural 

Pract. 2018 Jan-Mar; 9(1): 19–25.  

11. Steven L, Lewis MD. Encephalopathy. Emergency Neurology. Springer US. 

2012; 283-294. 

12. Sechi GP, Serra A. Wernicke’s encephalopathy: new clinical settings and recent 

advances in diagnosis and management. Lancet Neurol. (2007); 6: 442- 455.\ 

13. SA Kamarkar, Satinder A, shashi K, Arun S, Anju S. A study of acute febrile 

encephalopathy with special reference to viral etiology. Indian journal of 

pediatrics. 2008;75:801-805. 

14. Stevens RD, Pronovost PJ. The spectrum of encephalopathy in critical illness. 

Semin Neurol. 2006; 26: 440-451. 

15. NINDS encephalopathy page. National Institute of Neurological Disorders and 

Stroke website. Updated November 2010. Available from: http://www .ninds. 

nih.gov/disorders/encephalopathy/encephalopathy.htm (accessed October 2023). 

16. Davies E, Connolly DJ, Mordekar SR. Encephalopathy in children: an approach to 

assessment and management. Arch Dis Child. 2016; 97: 452- 458. 

17. Weathers AL, Lewis SL. Rare and unusual…or are they? Less commonly 

diagnosed encephalopathies associated with systemic disease. Semin Neurol. 

2009; 29: 136-53. 



Bibliography    

 

 Page 48 

 

18. Yeolekar ME, Trivedi TH. Febrile encephalopathy: Challenges in management. J 

Assoc Physicians India. 2006;54:845–7.  

19. World Health Oraganisation. Acute Encephalitis Syndrome. Japanese Encephalitis 

Surveillance Standards. From WHO-Recommended Standards for Surveillance of 

Selected Vaccine-Preventable Diseases. WHO/V&B/03.01. 2006. Last accessed 

on 2023 Jul 10. 

20. Bokade C, Gulhane R, Bagul A, Thakre S. Acute febrile encephalopathy in 

children and predictors of mortality. J Clin Diagn Res. 2014;8:PC09–11 

21. Karmarkar SA, Aneja S, Khare S, Saini A, Seth A, Chauhan BK, et al. A study of 

acute febrile encephalopathy with special reference to viral etiology. Indian J 

Pediatr. 2008;75:801–5 

22. Bansal A, Singhi SC, Singhi PD, Khandelwal N, Ramesh S. Non traumatic 

coma. Indian J Pediatr. 2005;72:46–73. 

23. Kumar R, Mathur A, Kumar A, Sethi GD, Sharma S, Chaturvedi UC, et al. 

Virological investigations of acute encephalopathy in India. Arch Dis 

Child. 1990;65:1227–30 

24. Singh RR, Chaudhary SK, Bhatta NK, Khanal B, Shah D. Clinical and etiological 

profile of acute febrile encephalopathy in Eastern Nepal. Indian J 

Pediatr. 2009;76:1109–11 

25. Gwer S, Chacha C, Newton CR, Idro R. Childhood acute non-traumatic coma: 

Aetiology and challenges in management in resource-poor countries of Africa and 

Asia. Paediatr Int Child Health. 2013;33:129–38.  

26. Anga G, Barnabas R, Kaminiel O, Tefuarani N, Vince J, Ripa P, et al. The 

aetiology, clinical presentations and outcome of febrile encephalopathy in children 

in Papua new guinea. Ann Trop Paediatr. 2010;30:109–18 



Bibliography    

 

 Page 49 

 

27. Hoshino, A.; Saitoh, M.; Oka, A.; Okumura, A.; Kubota, M.; Saito, Y.; Takanashi, 

J.; Hirose, S.; Yamagata, T.; Yamanouchi, H.; et al. Epidemiology of acute 

encephalopathy in Japan, with emphasis on the association of viruses and 

syndromes. Brain Dev. 2012, 34, 337–343 

28. Markand, O.N. Lennox-Gastaut Syndrome (Childhood Epileptic Encephalopathy). 

J. Clin. Neurophysiol. 2003, 20, 426–441 

29. Abe, Y.; Sakai, T.; Okumura, A.; Akaboshi, S.; Fukuda, M.; Haginoya, K.; 

Hamano, S.; Hirano, K.; Kikuchi, K.; Kubota, M.; et al. Manifestations and 

characteristics of congenital adrenal hyperplasia-associated encephalopathy. Brain 

Dev. 2016, 38, 638–647. 

30. National Institute of Neurological Disorders and Stroke. Encephalopathy 

Information Page. Available online: https://www. ninds.nih.gov/Disorders/All-

Disorders/Encephalopathy-Information-Page. accessed on 27 May 2023.  

31. Takanashi J, Oba H, Barkovich AJ, Tada H, Tanabe Y, Yamanouchi H, Fujimoto 

S, Kato M, Kawatani M, Sudo A, Ozawa H, Okanishi T, Ishitobi M, Maegaki Y, 

Koyasu Y. Diffusion MRI abnormalities after prolonged febrile seizures with 

encephalopathy. Neurology. 2006;9;66(9):1304-9 

32. Venkatesan, A.; Tunkel, A.R.; Bloch, K.C.; Lauring, A.S.; Sejvar, J.; Bitnun, A.; 

Stahl, J.-P.; Mailles, A.; Drebot, M.; Rupprecht, C.E.; et al. Case Definitions, 

Diagnostic Algorithms, and Priorities in Encephalitis: Consensus Statement of the 

International Encephalitis Consortium. Clin. Infect. Dis. 2013;57: 1114–1128. 

33. Britton, P.N.; Eastwood, K.; Paterson, B.; Durrheim, D.N.; Dale, R.C.; Cheng, A.; 

Kenedi, C.; Brew, B.; Burrow, J.; Nagree, Y.; et al. Consensus guidelines for the 



Bibliography    

 

 Page 50 

 

investigation and management of encephalitis in adults and children in Australia 

and New Zealand. Intern. Med. J. 2015;45: 563–576. 

34. Lim, J.; Kwek, S.; How, C.; Chan, W. A clinical approach to encephalopathy in 

children. Singap. Med. J. 2020, 61, 626–632 

35. Mizuguchi, M. Influenza encephalopathy and related neuropsychiatric syndromes. 

Influ. Other Respir. Viruses 2013; 7: 67–71. 

36. Mohammad, S.S.; Soe, S.M.; Pillai, S.C.; Nosadini, M.; Barnes, E.H.; Gill, D.; 

Dale, R.C. Etiological associations and outcome predictors of acute 

electroencephalography in childhood encephalitis. Clin. Neurophysiol. 

2016;127:3217–3224. 

37. Okumura, A.; Komatsu, M.; Abe, S.; Kitamura, T.; Matsui, K.; Ikeno, M.; 

Shimizu, T. Amplitude-integrated electroencephalography in patients with acute 

encephalopathy with refractory, repetitive partial seizures. Brain Dev. 2011; 

33:77–82. 

38. Ohno, A.; Okumura, A.; Fukasawa, T.; Nakata, T.; Suzuki, M.; Tanaka, M.; 

Okaia, Y.; Ito, Y.; Yamamoto, H.; Tsuji, T.; et al. Acute encephalopathy with 

biphasic seizures and late reduced diffusion: Predictive EEG findings. Brain Dev. 

2022;44: 221–228 

39. Solomon, T.; Hart, I.J.; Beeching, N.J. Viral encephalitis: A clinician’s guide. 

Pract. Neurol. 2007;7:288–305 

40. Neeb, L, Hoekstra, J.; Endres, M.; Siegerink, B.; Siebert, E.; Liman, T.G. 

Spectrum of cerebral spinal fluid findings in patients with posterior reversible 

encephalopathy syndrome. J. Neurol. 2016; 263: 30–34. 

41. Okada, T.; Fujita, Y.; Imataka, G.; Takase, N.; Tada, H.; Sakuma, H.; Takanashi, 

J.-I. Increased cytokines/chemokines and hyponatremia as a possible cause of 



Bibliography    

 

 Page 51 

 

clinically mild encephalitis/encephalopathy with a reversible splenial lesion 

associated with acute focal bacterial nephritis. Brain Dev. 2022; 44:30–35 

42. Imataka, G.; Yoshihara, S. Immature ovarian teratoma with anti-NMDA-receptor 

encephalitis in a 13-year-old Japanese female patient. Med. J. Malays. 2021; 76: 

436–437 

43. Imata,; Yoshihara, S. Immature ovarian teratoma with anti-NMDA-receptor 

encephalitis in a 13-year-old Japanese female patient. Med. J. Malays. 2021; 76: 

436–437 

44. Domingues RB, Fink MC, Tsanaclis AM, de Castro CC, Cerri GG, Mayo MS, 

Lakeman FD. Diagnosis of herpes simplex encephalitis by magnetic resonance 

imaging and polymerase chain reaction assay of cerebrospinal fluid. J Neurol 

Sci.1998; 157: 148-53.  

45. Maschke M, Kastrup O, Forsting M, Diener HC. Update on neuroimaging in 

infectious central nervous system disease. CurrOpin Neurol. 2004;17:475–480  

46. Shen WC, Chiu HH, Chow KC, Tsai CH. MR imaging findings of enteroviral 

encephalomyelitis: an outbreak in Taiwan. AJNR Am J 

Neuroradiol.1999;20:1889–1895 

47. KastrupO,Wanke I, Maschke M. Neuroimaging of Infections of the Central 

Nervous System. Sem Neurol. 2008;28:511-522  

48. Bhalla A, Suri V, Singh P, Verma S, Khandelwal NK. Imaging in adult patients 

with acute febrile encephalopathy: What is better, computerized tomography (CT) 

or magnetic resonance imaging (MRI)? J Acute dis. 2012; 1(1): 7-12 

49. Yadav SS, Lawande MA, Kulkarni SD, Patkar DA. Acute encephalopathy with 

biphasic seizures and late reduced diffusion. J PediatrNeurosci. 2013 Jan;8(1):64-

6 



Bibliography    

 

 Page 52 

 

50. Modi A, Atam V, Jain N, Gutch M, Verma R. The etiological diagnosis and 

outcome in patients of acute febrile encephalopathy: a prospective observational 

study at tertiary care center. Neurol India. 2012 Mar-Apr;60(2):168-73. 

51. Takahashi, A.; Kamei, E.; Sato, Y.; Shimada, S.; Tsubokawa, M.; Ohta, G.; 

Ohshima, Y.; Matsumine, A. Infant with right hemiplegia due to acute 

encephalopathy with biphasic seizures and late reduced diffusion (AESD): A case 

report. Medicine 2021, 100, e25468. 

 



Annexures 
 

 Page 53 

 

  ANNEXURES – I 

INFORMED CONSENT FORM 
 

INFORMATION ABOUT THE STUDY 

Title of the clinical study: Prospective study on role of MRI in acute febrile 

encephalopathy in children 

Study place: Department of Radio-diagnosis, JAWAHARLAL NEHRU Medical 

College, Belgaum  

Details of the primary investigator 

Name: REG. NO. BS0121008  

Designation: POST GRADUATE (MD RADIO-DIAGNOSIS) 

I, Dr. REG. NO. BS0121008, postgraduate, from the Department of Radio-diagnosis, 

JAWAHARLAL NEHRU Medical College, Belgaum, am carrying out a study on the 

topic, “Prospective study on role of MRI in acute febrile encephalopathy in children” 

with the objectives of analyzing the role of MRI in identifying the acute febrile 

encephalopathy in children.  

The required details from you are the name, age, familial, previous and current medical 

history of the child in detail. The child will be monitored continuously till the time of 

discharge by the specialists.  

The child will be subjected for laboratory investigations in order to find the cause of 

fever and the associated symptoms. After which the child will be subjected for MRI scan 

to rule out the involvement of brain and spinal tissue.  
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If you are uncomfortable, you have the right to withdraw from the interview / study at 

any time. 

You will NOT be paid any remuneration for the time you spend with us for this 

interview / study. The information provided by you will be kept in strict confidence. 

Under no circumstances shall we reveal the identity of the respondent or their families to 

anyone. 

If you are willing to be part of this study, please read the following statement and give 

us the consent for further procedure. 
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CONSENT 

The above information regarding the study, has been read by me/ read to me, and has 

been explained to me by the investigator/s in the language I am comfortable with. 

Having understood the same, I hereby give my consent to them to interview me. 

I, …………………………..am affixing my signature / left thumb impression to indicate 

my consent and willingness to participate in this study (i.e., willingly abide by the 

project requirements) 

Signature/Thumb impression of the study participant  

 

Signature/Thumb impression of the witness 

Relationship with the patient 

 

Signature of the primary investigator  
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ANNEXURE II- 

PROFORMA 

Name:                Age:                          Gender:                                   IP/OP number: 

Presenting complaints: 

Symptoms Present Absent 
If present then 

Duration of 
illness 

Number of 
episodes per 

day                        
(If applicable) 

History of contact with same 
symptoms (Applicable for 
epidemiological disease) 

Fever               

Irritability      

Excessive sleep      

Lethargy      

Loss of 

consciousness 

     

Convulsions       

Headache       

Blurring of vision      

Cough      

Pain abdomen      

Burning 

micturition 

     

Loose stools      
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VITALS 

Vital Baseline Follow 

up….. 

    

BP       

Temperature       

Heart rate       

Oxygen 

saturation 

      

 

LABORATORY PARAMETERS 

(Any significant changes will be noted down) 

 

 

 

 

MRI findings: 

 

Diagnosis: 
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ANNEXURE III:  

FIGURES 

CASE 1 (Figure 1) 

 

 

a. 

 

b. 

 

c. 

 

d. 

Bilateral symmetrical T2(a) hyperintense and FLAIR(b) isointense 

areas involving bilateral hippocampal region with evidence of 

diffusion restriction (c & d) in a case of viral encephalitis 
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CASE 2 (Figure 2) 

 
a. 

 
b. 

 
c. 

 
d. 

 
e. 

 
f. 

 
g. 

 

 

2.  

 

T2 (a, b & c) & FLAIR (d) hyperintense areas and T1 (e) hypointense areas 

involving bilateral caudate nucleus, bilateral lentiform nucleus, bilateral 

thalami, uncus, bilateral parahippocampal gyrus and pons which shows 

restriction on DWI sequence (f & g) suggestive of acute encephalitis  
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CASE 3 (FIGURE 3) 

 

a. 

 

b. 

 

c. 

 

d. 

 

e. 

 

f. 

 

 

 

 

 

 

Symmetrical T2 (a) & FLAIR (b)  hyperintense and T1 (c) hypointense areas involving  

bilateral basal ganglia, bilateral external capsule and bilateral thalami which shows 

diffusion restriction on DWI sequence (d & e) in bilateral thalami with blooming 

involving bilateral thalami & external capsule on SWI sequence (f) suggestive of acute 

hemorrhagic necrotizing encephalitis  
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CASE 4 (FIGURE 4) 

 

a. 

 

b. 

 

 

 

 

 

 

 

 

T2 hyperintense areas involving pons and bilateral thalami (left >right) 

with no evidence of diffusion restriction on DWI sequence and no evidence 

of blooming in SWI sequence suggestive of encephalitis 
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ANNEXURE – IV 

KEY TO MASTER CHART 

Fever  FE 

Irritability  IR 

Excessive sleep ES 

Lethargy  LE 

Loss of consciousness  LO 

Convulsion  CO 

Headache  HA 

Blurring of vision  BV 

Cough  COU 

Pain abdomen PA 

Burning micturation  BM 

Loose stools LS 

 

 

Bilateral hippocampus BH 

Pons PO 

Bilateral thalami BT 

Bilateral medial temporal lobes  MT 

Bilateral external capsule EC 
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Bilateral fronto-parietal region FP 

Bilateral basal ganglia BG 

Bilateral caudate nucleus CN 

Bilateral cerebellum CE 

Bilateral periventricular & peritrigonal 

region 

PP 

Left medial temporal lobe LMT 

Left parietal region LP 

Right fronto-parieto-temporal region RT 

Right fronto-parieto-temporo-occipital 

region 

RO 

Bilateral lentiform nucleus  BLN 

Bilateral uncus BU 

Bilateral putamen BP 

Bilateral internal capsule  IC 

Splenium of corpus callosum SCC 

Superior cerebral peduncles SCP 

Bilateral frontal region BF 

Bilateral corona radiata BC 

Genu and splenium of corpus callosum, GSC 

Subcortical U fibers of fronto-parieto-

temporal regions 

SU 
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Master chart 
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1 14YRS M 1170249 P P P P P N P N N N N N 100/70 100 110 96 WBC-16000 BILATERAL HIPPOCAMPUS HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING VIRAL ENCEPHALITIS 1

2 4YRS F 10019843 P P N N N P N N N N N N 98/66 101 100 98 NORMAL PONS , BILATERAL THALAMI HYPOINTENSE HYPERINTENSE ISOINTENSE NOT RESTRICTING NO BLOOMING ENCEPHALITIS 2

3 7YRS F 10023150 P P N N P P P N N N N N 96/70 99.9 98 96 WBC13000
BILATERAL MEDIAL TEMPORAL LOBES AND BILATERAL EXTERNAL 
CAPSULE

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING HERPES SIMPLEX VIRUS ENCEPHALITIS 2

4 9M F 10025167 P P P N N P N N N N N N 90/60 99.8 86 99 NORMAL BILATERAL FRONTO-PARIETAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING ACUTE DISSEMINATED ENCEPHALOMYLITIS 3

5 3YRS M 10002528 P P N N N P N N N N N N 100/68 102 130 98 NORMAL
BILATERAL THALAMUS, BILATERAL BASAL GANGLIA , BILATERAL 
CAUDATE NUCLEUS , BILATERAL CEREBELLUM

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING BLOOMING ENCEPHALITIS 2

6 7YRS M 7223381 P P N N N P N N N N N N 98/68 100 140 96 NORMAL BILATERAL PERIVENTRICULAR AND PERITRIGONAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING ISCHEMIC ENCEPHALOPATHY 3

7 5YRS M 1185379 P P N N N P N N N N N N 100/60 101 96 97 WBC-14500 LEFT MEDIAL TEMPORAL LOBE, LEFT PARIETAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING BLOOMING HERPES SIMPLEX VIRUS ENCEPHALITIS 3

8 3YRS M 1200593 P P N N P P N N N N N N 90/68 99.9 106 96 NORMAL RIGHT FRONTO-PARIETO-TEMPORAL REGION HYPOINTENSE HYPERINTENSE ISOINTENSE RESTRICTING NO BLOOMING POST ICTAL EDEMA 2

9 2YRS F 1206805 P P N N N P N N N N N N 90/60 103 150 99 WBC-15300
RIGHT FRONTO-PARIETO-TEMPORO-OCCIPITAL REGION AND LEFT 
FRONTAL REGION

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING VIRAL ENCEPHALITIS 2

10 7YRS F 260585 P P P N N P P N N N N N 100/70 102 116 98 WBC-12800
BILATERAL CAUDATE NUCLEUS, BILATERAL LENTIFORM NUCLEUS, 
BILATERAL THALAMI, BILATERAL UNCUS AND PONS 

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING ACUTE ENCEPHALITIS 3

11 4M F 255014 P N N N N P N N N N N N 90/60 100 168 95 NORMAL BILATERAL PARIETAL REGION HYPOINTENSE HYPERINTENSE HYPOINTENSE NOT RESTRICTING NO BLOOMING ISCHEMIC ENCEPHALOPATHY 3

12 9YRS F 1006624 P P N N P P N N N N N N 100/68 101 130 92 WBC-15700
BILATERAL BASAL GANGLIA, BILATERAL EXTERNAL CAPSULE AND 
BILATERAL THALAMI

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING BLOOMING ACUTE HEMORRHAGIC NECROTIZING ENCEPHALITIS 4

13 15YRS M 1009463 P N N N N P N N N N N N 116/76 100 80 94 NORMAL BILATERAL FRONTO-PARIETO-TEMPORAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING VIRAL ENCEPHALITIS 2

14 10YRS F 10019854 P P P N N P N N N N N N 100/66 99.9 125 98 NORMAL BILATERAL FRONTO-PARIETAL , LEFT CORONA RADIATA AND PONS HYPOINTENSE HYPERINTENSE HYPERINTENSE NOT RESTRICTING NO BLOOMING ACUTE DISSEMINATED ENCEPHALOMYLITIS 3

15 5YRS M 10025579 P P N N N P N N N N N N 90/62 99.8 88 97 WBC-13700
BILATERAL THALAMUS, BILATERAL LENTIFORM NUCLEUS, SPLENIUM OF 
CORPUS CALLOSUM, BILATERAL CORONA RADIATA , BILATERAL 
FRONTO-PARIETAL REGION, DORSAL BRAIN STEM

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING BLOOMING ACUTE HEMORRHAGIC NECROTIZING ENCEPHALITIS 4

16 7YRS M 238118 P P P N N P N N N N N N 98/66 100 90 96 NORMAL
BILATERAL FRONTO-PARIETO-TEMPORO-OCCIPITAL REGION AND 
BILATERAL GLOBUS PALLIDI

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING VIRAL ENCEPHALITIS 2
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17 13YRS F 11929059 P N N N N P N N N N N N 100/60 101 104 98 NORMAL BILATERAL PERIVENTRICULAR AND PERITRIGONAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE NOT RESTRICTING NO BLOOMING ISCHEMIC ENCEPHALOPATHY 3

18 17YRS M 11889340 P P P N N P N N N N N N 110/78 99.9 124 99 WBC-12680

BILATERAL CENTRUM SEMI OVALE, BILATERAL CORONA RADIATA, 
POSTERIOR LIMB OF INTERNAL CAPSULE ON RIGHT SIDE, GENU AND 
SPLENIUM OF CORPUS CALLOSUM, SUBCORTICAL U FIBERS OF FRONTO-
PARIETO-TEMPORAL REGIONS

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING BLOOMING ACUTE HEMORRHAGIC NECROTIZING ENCEPHALITIS 4

19 7YRS M 6965238 P N N N N P N N N N N N 100/66 100 100 95 NORMAL BILATERAL PERIVENTRICULAR AND PERITRIGONAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE NOT RESTRICTING NO BLOOMING ISCHEMIC ENCEPHALOPATHY 3

20 16YRS F 10008178 P N P P P P P N N N P P 108/74 101 76 96 WBC-13450
LEFT MEDIAL TEMPORAL LOBE, LEFT POSTERIOR PARIETAL AND 
BILATERAL FRONTAL REGIONS

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING ACUTE ENCEPHALITIS 2

21 12YRS M 236661 P N N N P P P N N N P P 98/66 99.8 90 98 NORMAL BILATERAL PERIVENTRICULAR AND PERITRIGONAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING POST ICTAL EDEMA 2

22 15YRS M 10005315 P N N P P P P N N N N N 110/80 99.9 98 97 BLOOD SUGAR-78 BILATERAL CAUDATE NUCLEI AND BILATERAL PUTAMEN HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING METABOLIC ENCEPHALOPATHY 3

23 10DAYS F 11928067 P P P P N P N N N N N P 90/60 100 166 98 BLOOD SUGAR-64
BILATERAL INTERNAL CAPSULE, SPLENIUM OF CORPUS CALLOSUM, 
SUPERIOR CEREBRAL PEDUNCLES

ISOINTENSE ISOINTENSE ISOINTENSE RESTRICTING NO BLOOMING METABOLIC ENCEPHALOPATHY 3

24 12YRS M 10005064 P N N N N P P P N N P P 100/66 100 94 99 NORMAL BILATERAL PERIVENTRICULAR AND PERITRIGONAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING ACUTE ENCEPHALITIS 2

25 5 MONTHS F 10005678 P P P N N P N N N N N P 90/66 101 120 95 NORMAL BILATERAL FRONTO-PARIETO-TEMPORAL REGION HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING VIRAL ENCEPHALITIS 2

26 17YRS F 1163407 P N N N N P N N N N N P 110/70 102 78 97 NORMAL SPLENIUM OF CORPUS CALLOSUM HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING CYTOTOXIC LESION OF CORPUS CALLOSUM 3

27 14YRS M 1178906 P N N N N P N P N N N P 100/64 101 90 98 NORMAL RIGHT FRONTO-PARIETO-TEMPORAL REGION HYPOINTENSE HYPERINTENSE HYPOINTENSE NOT RESTRICTING NO BLOOMING GLIOSIS DUE TO OLD VASCULAR INSULT 1

28 5YRS M 244316 P N N N N P N N N N P P 100/60 100 88 96 NORMAL BILATERAL OCCIPITAL REGION HYPOINTENSE HYPERINTENSE HYPOINTENSE NOT RESTRICTING NO BLOOMING GLIOSIS DUE TO OLD VASCULAR INSULT 2

29 1MONTH M 255678 P P P N N P N N N N N P 90/60 99.8 130 96 NORMAL
CORPUS CALLOSUM, BILATERAL CEREBRAL PEDUNCLES AND VENTRAL 
BRAIN STEM

ISOINTENSE ISOINTENSE ISOINTENSE RESTRICTING NO BLOOMING ISCHEMIC ENCEPHALOPATHY 2

30 17YRS F 233678 P N N N N P N N N N P P 110/70 99.9 100 97 NORMAL
BILATERAL PERIVENTRICULAR AND BILATERAL FRONTO-PARIETAL 
REGION

HYPOINTENSE HYPERINTENSE HYPERINTENSE RESTRICTING NO BLOOMING ISCHEMIC ENCEPHALOPATHY 3

31 10 MONTHS M 1187897 P N N N N P N N N N N P 88/66 100 144 99 NORMAL BILATERAL GLOBUS PALLIDI ISOINTENSE HYPERINTENSE ISOINTENSE RESTRICTING NO BLOOMING VIRAL ENCEPHALITIS 2


