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Cerebrospinal Fluid (CSF) analysis
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Recommended C5SF Laboratory Tests

Routine
Opening C5F pressure
Total cell count (WBC and RBC)

Differential cell count (stained smear)
Glucose (CSF/plasma ratio)

Total protein

Useful under certain conditions
Cultures (bacteria, fungi, viruses, Mycobacterium tuberculosis)
Gram stain, acid-fast stain
Fungal and bacterial antigens
Enzymes (LD, ADA, CK-BB)
Lactate
Polymerase chain reaction (TB, viruses)
Cytology
Electrophoresis (protein, immunofixation)
Proteins (C-reactive, 14-3-3, 1, B-amyloid, transferrin)
VDRL test for syphilis
Fibrin-derivative D-dimer
Tuberculostearic acid
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Xanthochromia and Associated Diseases/Disorders

CSF supernatant color

Pink
Yellow
Orange

Yellow-green
Brown

Associated diseases/disorders

RBC lysis/hemoglobin breakdown products
RBC lysis/hemoglobin breakdown products
Hyperbilirubinemia

CS5F protein >150 mg/dL (1.5 g/L)

RBC lysis/hemoglobin breakdown products
Hypervitaminosis A (carotenoids)

Hyperbilirubinemia (biliverdin)
Meningeal metastatic melanoma

C5F Cerebrospinal fluid; REC, red blood cell.
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Causes of Increased CSF Neutrophils

Meningitis
Bacterial meningitis
Early viral meningoencephalitis
Early tuberculous meningitis
Early mycotic meningitis
Amebic encephalomyelitis
Other infections
Cerebral abscess
Subdural empyema
AIDS-related CMV radiculopathy
Following seizures
Following CNS hemorrhage
Subarachnoid
Intracerebral
Following CNS infarct
Reaction to repeated lumbar punctures
Injection of foreign material in subarachnoid space (e.g., methotrexate,
contrast media)
Metastatic tumor in contact with CSF



Causes of CSF Lymphocytosis

Meningitis

Viral meningitis

Tuberculous meningitis

Fungal meningitis

Syphilitic meningoencephalitis

Leptospiral meningitis

Bacterial due to uncommon organisms

Early bacterial meningitis where leukocyte counts are relatively low
Parasitic infestations (e.g., cysticercosis, trichinosis, toxoplasmosis)
Aseptic meningitis due to septic focus adjacent to meninges

Degenerative Disorders

Subacute sclerosing panencephalitis
Multiple sclerosis

Drug abuse encephalopathy
Guillain-Barré syndrome

Acute disseminated encephalomyelitis

Other Inflammatory Disorders

Handl syndrome (headache with neurologic deficits and CSF
lymphocytosis)

Sarcoidosis

Polyneuritis

CNS periarteritis



Adult Lumbar CSF Reference Values Adult Lumbar CSF Reference Values

Analyte Conventional Units S| Units
Protein 15-60 mg/dL 0.15-0.60 g/L
Prealbumin 2%-7%

Albumin 56%-76%

o,-Globulin 2%-7%

o,-Globulin 4%-12%

B-Globulin 8%-18%

v-Globulin 3%-12%

Analyte Conventional Units SI Units
Electrolytes

Osmolality 280-300 mOsm/L 280-300 mmol/L
Sodium 135-150 mEq/L 135-150 mmol/L
Potassium 2.6-3.0 mEq/L 2.6-3.0 mmol/L
Chloride 115-130 mEq/L 115-130 mmol/L
Carbon dioxide 20-25 mEq/L 20-25 mmol/L
Calcium 2.0-2.8 mEq/L 1.0-1.4 mmol/L
Magnesium 2.4-3.0 mEq/L 1.2-1.5 mmol/L
Lactate 10-22 mg/dL 1.1-2.4 mmol/L

Analyte Conventional Units S1 Units

pH

Lumbar fluid 7.28-7.32

Cisternal fluid 7.32-7.34

pCO.

Lumbar fluid 44-50 mm Hg

Cisternal fluid 40-46 mm Hg

pO, 40-44 mm Hg

Other Constituents

Ammonia 10-35 pg/dL 6-20 pmol/L
Glutamine 5-20 mg/dL 0.3-1.4 mmol/L
Creatinine 0.6-1.2 mg/dL 45-92 pumol/L
Glucose 50-80 mg/dL 2.8-4.4 mmol/L
Iron 1-2 pg/dL 0.2-0.4 umol/L
Phosphorus 1.2-2.0 mg/dL 0.4-0.7 mmol/L
Total lipid 1-2 mg/dL 0.01-0.02 g/L
Urea 6-16 mg/dL 2.0-5.7 mmol/L
Urate 0.5-3.0 mg/dL 30-180 umol/L
Zinc 2-6 pg/dL 0.3-0.9 pumol/L
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Normal
CSF

Acute
bacterial
meningitis
Viral
meningitis

Tubercular

meningitis
Fungal
meningitis

Acute
syphilitic

Clear

Turbid

Clear

Slightly
opaque
cobweb
formation

Clear

Clear

90 - 180
mm

Increased

Normal to
moderate
increase

Increased/

decreased,

spinal
block

Increased

Increased

0-8 lymph.

1000
-10000

5-300,
rarely
>1000

100-600
mixed or

lymph.

40-400
mixed

About 500
lymph

15-45

100 - 500

Normal to
mild
increased

50-300 due

to spinal
block

50-300

Increased
but <100

50-80

<40

Nomal

Decreased

Decreased

Nomal

115-130
mEq/L
Decreased

Normal

Decreased

Decreased

normal



Case report
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Culture: No «CRP: 3+ <WBC: 11500 .BS: 161 mg/dL :,l,sl g ;5 Slisks;]
U/A: Normal «growth

Erythrocyte: 0 .Leucocyte: 2/uL .LP appearance: Clear :LP olal;l
Glucose: 91 mg/dL .Protein: 50mg/dL



Case report

g g, Sliglesl 1SS
BS: 195 mg/dL : s>
Culture: Neisseria meningitidis <Glucose: 78 mg/dL :.LP -

Interpretation of the results ...



Composition of Normal CSF

Protein 15 -45 mg/dL
Glucose 50 - 80 mg/dL
Urea 6.0 - 16 mg/dL
Uric acid 0.5 - 3.0 mg/dL
Creatinine 0.6 - 1.2 mg/dL
Cholesterol 0.2 - 0.6 mg/dL
Ammonia 10 — 35 pg/dL




Composition of Normal CSF

Sodium 135 — 150 mEqg/L
Potassium 2.6 —3.0 mEq/L
Chloride 115 - 130 mEqg/L
Magnesium 2.4 —-3.0 mEg/L




Characteristics of normal CSF

Color - Colorless
PH -7.28 —7.32
Appearance - Clear

Sp. Gravity - 1.003 — 1.004
No clot formation on standing
Total solids - 0.85—-1.70 g/dL
PO2 - 40 — 44 mmHg




Reference Intervals for CSF

Cell type Adults(%) Neonates(%)

Lymphocytes 62 20
Monocytes 36

Neutrophils 2

Histiocytes Rare

Ependymal Rare

Eosinophils Rare




CSF lactate is increased in cases of bacterial meningitis (due to increased

glycolysis by bacteria & inflammatory cells)




* Toxic effect of glutamine is due to:

- Decrease ATP production because of decrease in a-KG

- Decrease In neurotransmitters, GABA, because of decrease
In glutamate

- Increase brain osmolarity, because of increase in glutamine

* One of the causes of Increased glutamine Is increased blood
ammonia, which also occurs due to liver disease, hepatic
encephalopathy.



CSF lactate dehydrogenase (LDH) may be elevated in bacterial
meningitis.

CSF adenosine deaminase (ADA) elevations can occur in tuberculous
meningitis.
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