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Encephalopathy encompasses a wide range of brain dysfunctions resulting from metabolic, in-
fectious, inflammatory, toxic, or structural abnormalities. Cerebrospinal fluid (CSF) analysis
plays a pivotal role in the diagnostic evaluation of encephalopathies, enabling differentiation
among infectious, autoimmune, metabolic, and toxic etiologies. This report provides an in-depth
review of CSF findings across various encephalopathies, supported by current research.

1. CSF Composition in Normal and Abnormal States

CSF is a clear, colorless fluid that cushions the brain and spinal cord while facilitating waste re-
moval and immune surveillance. Key CSF parameters in normal and pathological conditions in-
clude:

Parameter Normal Significance in Encephalopathy
Appearance Clear, colorless Cloudy indicates infection; xanthochromic indicates hemorrhage
Opening Pressure 7-20 cm H,O Elevated in intracranial hypertension (infection, inflammation, malignancy)
White Blood Cells (WBC) < 5 cells/uLL Increased in infections and autoimmune encephalitis
Protein 15-45 mg/dL Elevated in inflammation, malignancy, and infection
Glucose 50-80 mg/dL Decreased in bacterial, fungal, and some viral infections
CSF/Serum Glucose Ratio ~0.6 Lowered in infectious or neoplastic encephalopathy
Lactate 1.2-2.1 mmol/L  Elevated in mitochondrial/metabolic encephalopathies
Oligoclonal Bands Absent Present in autoimmune and demyelinating conditions

2. CSF Findings in Different Types of Encephalopathy
2.1 Infectious Encephalopathies

A. Bacterial Meningoencephalitis
e Markedly elevated WBC (>1,000 cells/uL, predominantly neutrophils)
e  Low glucose (<40 mg/dL)
o  FElevated protein (>100 mg/dL)
e Positive Gram stain and culture
. Elevated lactate (>3.5 mmol/L)

B. Viral Encephalitis (e.g., Herpes Simplex Virus, Arboviruses, COVID-19-Associated)

o  Mildly elevated WBC (10-500 cells/uL, lymphocyte predominant)
e  Normal or slightly decreased glucose
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e Moderate protein elevation
. PCR positive for viral DNA/RNA

C. Fungal and Tuberculous Encephalopathy
e Moderate pleocytosis (50-500 cells/uL, lymphocytes)
e  Markedly low glucose (<40 mg/dL)
o  Elevated protein (100-200 mg/dL)
o  Positive India Ink stain (Cryptococcus) or TB PCR

2.2 Autoimmune and Paraneoplastic Encephalopathies

A. Autoimmune Encephalitis (Anti-NMDA, Anti-LGI1, Anti-GABAB Receptor)
e  CSF pleocytosis (10-100 cells/u L, lymphocytic)
e Normal or mildly elevated protein
e  Presence of oligoclonal bands
e CSF-specific autoantibodies detected by immunoassay

B. Hashimoto’s Encephalopathy (Steroid-Responsive Encephalopathy Associated with Au-
toimmune Thyroiditis - SREAT)

. Elevated CSF protein (>50 mg/dL)

e  Mild pleocytosis

o  Elevated CSF IgG levels

e  Negative infectious markers

2.3 Metabolic and Toxic Encephalopathies

A. Hepatic Encephalopathy
e Normal WBC and protein
o Elevated blood ammonia; no direct CSF abnormalities

B. Uremic Encephalopathy
o  Typically normal CSF
e  Mild protein elevation in severe cases

C. Hypoxic-Ischemic Encephalopathy (HIE)

. Elevated neuron-specific enolase (NSE)
o Increased lactate due to anaerobic metabolism

2.4 Neurodegenerative and Prion Diseases
A. Creutzfeldt-Jakob Disease (CJD) / Prion Disease
e  Presence of 14-3-3 protein
o  Elevated total tau protein

e  Positive CSF RT-QulIC assay

B. Alzheimer’s Disease
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e Decreased CSF AB42
e  Increased phosphorylated tau and total tau
. Elevated neurofilament light chain (NfL) levels

3. Clinical Applications and Diagnostic Approach
CSF-Based Diagnostic Algorithm for Encephalopathy:

1. Evaluate CSF Appearance and Pressure
O Cloudy — Infection
O Bloody — Hemorrhage
O Xanthochromia — Subarachnoid hemorrhage

2. Check Cell Count and Type
O Neutrophilic pleocytosis — Bacterial or early viral infection
O Lymphocytic pleocytosis — Viral, autoimmune, or neoplastic

3. Analyze Protein and Glucose
O Low glucose, high protein — Bacterial/fungal/TB meningitis
O Normal glucose, high protein — Autoimmune or paraneoplastic

4. Perform Specialized Tests
O PCR for viral encephalitis
O Oligoclonal bands for autoimmune disorders
O Tau, APB42 for neurodegeneration

CSF analysis is an essential, powerful diagnostic tool for evaluating encephalopathy. It provides
critical insights into infectious, autoimmune, metabolic, and neurodegenerative brain disorders. A
structured diagnostic approach combining clinical evaluation, imaging studies, and CSF findings
is key to accurate diagnosis and effective management. Advances in biomarker research continue
to enhance diagnostic precision and patient outcomes.
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