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mme Formation and Physiology

First recognized by Cotugno in 1764, cerebrospinal ﬂ“lld
(CSF) 1s a major fluid of the body.' CSF provides 2 physie-
logic system to supply nutrients to the nervous tissuc, remove
metabolic wastes, and produce a mechanical barrier to cusi-
ion the bramn and spinal cord against trauma.

The brain and spinal cord are lined by the
which consists of three layers: the dura mater, arachnoid, and
pia mater. The outer layer is the dura mater that lines the skull
and vertebral canal. The arachnoid is a filamentous (spider-
klke) inner membrane. The pia mater is a thin membrane lin-
ing the surfaces of the brain and spinal cord.

CSF is produced in the choroid plexuses of the two
lumbar ventricles and the third and fourth venticles. In
adults, approximately 20 mL of fluid is produced every hour.
The fluid flows through the subarachnoid space located
between the arachnoid and pia mater (Fig. 10-1). To maintain
a volume of 90 to 150 mL in adults and 10 to 60 mL in
neonates, the circulating fluid is reabsorbed back into the
blood capillaries in the arachnoid granulations/villae at a
rate equal to its production. The cells of the arachnoid
granulations act as one-way valves that respond to pressure
within the central nervous system (CNS) and prevent reflux
of the fluid.

The choriod plexuses are capillary networks that form
the CSF from plasma by mechanisms of selective filtration
under hydrostatic pressure and active transport secretion.
Therefore, the chemical composition of the CSF does not
resemble an ultrafiltrate of plasma. Capillary walls throughout
the body are lined with endothelial cells that are loosely con-
nected to allow passage of soluble nutrients and wastes
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gme Specimen Collection
and Handling

CSF is routinely collected by lumbar puncture :
third, fourth, or fifth lumbar vertebrae. Although th;, pr::
dure is not complicated, it does require certain

including measurement of the intracranial pressure ang o
ful technique to prevent the introduction of infection “&;
damaging of neural tissue.

The volume of CSF that can be removed is based oy
volume available in the patient (adult vs. ; :k
the opening pressure of the CSF taken when the m‘" ﬁ,:
enters the subarachnoid space. Elevated pressure regy,,
flud to be withdrawn slowly, with careful monitoning of 4,
pressure, and may prevent collection of a large volume

Specimens are collected in three stenle tubes
are labeled 1, 2, and 3 in the order in which they atc ey
drawn.
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Considering the discomfort to the patient and the possi-
ple complications that can occur during specimen collection,
Lboratory personnel should handle CSE specimens carefully
deally. tests are performed on a STAT basis. If this 1s not pos-
able, specimens are maintained in the following manner:

» Hematology tubes are refrigerated.
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» Microbiology tubes remain at room temperature.

« Chemustry and serology tubes are frozen

sse Appearance

The initial appearance of the normally crystal clear CSF can
provide valuable diagnostic information. Examination of the
fluid occurs first at the bedside and is also included in the lab-
oratory report. The major terminology used to describe CSE
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Figure 10-3 Tubes of CSF. Appearance left to right is normal,
xanthochromic, hemolyzed, and cloudy.

appearance includes crystal clear, cloudy or turbid, milky.
xanthochromic, and hemolyzed/bloody (Fig. 10-3). A cloudy,
turbid, or milky specimen can be the result of an increased
protein or lipid concentration, but it may also be indicative of
infection, with the cloudiness being caused by the presence of
WBCs. All specimens should be treated with extreme care
because they can be highly contagious; gloves must always be
worn and face shields or splash guards should be used while
preparing specimens for testing. Fluid for centrifugation must
be in capped tubes.

Xanthochromia is a term used to describe CSF super-
natant that is pink, orange, or yellow. A variety of factors can
cause the appearance of xanthochromia, with the most com-
mon being the presence of RBC degradation products.
Depending on the amount of blood and the length of ume it
has been present, the color will vary from pink (very shght
amount of oxyhemoglobin) to orange (heavy hemolysis) to
yellow (conversion of oxyhemoglobin to unconjugated biliru-
bin). Other causes of xanthochromia include elevated serum
bilirubin, presence of the pigment carotene, markedly
increased protein concentrations, and melanoma pigment.
Xanthochromia that 1s caused by bilirubin due to immature
liver function is also commonly seen i infants, particularly in
those who are premature. The clinical significance of CSF
appearance 1s summarized in Table 10-1.

mE¢  Traumatic Coilection (Tap)

Grossly bloody CSF can be an indication of intracramal hem-
orrhage, but it may also be due to the puncture of a blood ves-
sel duning the spinal tap procedure. Three visual examinations
of the collected specimens can usually determine whether the
blood is the result of hemorrhage or a traumatic tap.

Uneven Distribution of Blood

Blood from a cerebral hemorrhage will be evenly distributed
throughout the three CSF specimen tubes, whereas a trau-

matic tap will have the heaviest concentration of blood r‘ e
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pearance
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. Tﬂble' R Stnlen) Giguiicance ke Major Significance |
Appearance Cause i \
Crystal clear Bl
Hazy, turbid, milky, cloudy WBCs Meningitis 4
Microorganisms Disorders that affect blood-brain barrie,
Protein production of 1gG within the CNS
Oily : hic contrast media
Bl ik Hemorrhage
e Ripe Traumatic tap
hemorrhage
Xanthochromic Hemoglobin e tic ta
8 Lysed cells from traumatic tap
ey RBC degradation
S HED Elevated serum bilirubin level
Increased serum levels
Carot.ene Disorders affecting blood-brain barrier
::'t:;?n Meningeal melanosarcoma
Clotted Proiéin Disorders affecting blood-brain barrier
Clotting factors Introduced by traumatic tap
Pellicle Protein Disorders that affect blood-brain barrier
Tubercular meningitis

Clotting factors

tube 1, with gradually diminishing amounts in tubes 2 and 3.
Performing RBC counts on all three tubes to measure decreas-
ing or constant blood is not always reliable.? Streaks of blood
also may be seen in specimens acquired following a traumatic
procedure.

Clot Formation

Fluid collected from a traumatic tap may form clots owing to
the introduction of plasma fibrinogen into the specimen.
Bloody CSF caused by intracranial hemorrhage does not con-
tain enough fibrinogen to clot. Diseases in which damage to
the blood-brain barrier allows increased filtration of protein
and coagulation factors also cause clot formation but do not
usually produce a bloody fluid. These conditions include
meningitis, Froin syndrome, and blockage of CSF circulation
through the subarachnoid space. A classic web-like pellicle is
associated with tubercular meningitis and can be seen after
overnight refrigeration of the fluid.?

Xanthochromic Supernatant

RBCs must usually remain in the CSF for approximately
2 hours before noticeable hemolysis begins; therefore, a xan-
thochromic supernatant would be the result of blood that has
been present longer than that introduced by the traumatic
tap. Care should be taken, however, to consider this exami-

nation in conjunction with those previously discusseq
because a very recent hemorrhage would produce a cley
supernatant, and introduction of serum protein from a tray.
matic tap could also cause the fluid to appear xanthochromj;
To examine a bloody fluid for the presence of xanthochromy
the fluid should be centrifuged in a microhematocrit tube and
the supernatant examined against a white background.

Additional testing for differentiation includes micro-
scopic examination and the D-dimer test. The microscopic
finding of macrophages containing ingested RBCs (ery-
throphagocyiosis) or hemosiderin granules is indicative of
intracranial hemorrhage. Detection of the fibrin degradation
product, p-dimer, by latex agglutination immunoassay ind:
cates the formation of fibrin at a hemorrhage site.

Cell Count

The cell count that is routinely performed on CSF specimens
s the leukocyte (WBC) count. As discussed previously, the
presence and significance of RBCs can usually be ascertained
from the appearance of the specimen. Therefore, RBC coun®
are usually determined only when a traumatic tap has
occurred and a correction for leukocytes or protein is desired
The RBC count can be calculated by performing a total el
c}c:um and a WBC count and subtracting the WBC count from
; e loml.count.. if necessary. Any cell count should be K"
ormed immediately, because WBCs (particularly granule
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Caleulation of CSF Cell Counts

the sandard Neubauer calculation formula used for blood

«ll counts is also applied to CSF cell counts to determine the
qumber of cells per microliter.
Number of cells counted X dilution

Number of squares counted X volume of 1 square

=cells/uL

This formula can be used for both diluted and undiluted
specimens and offers flexibility in the number and size of the
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Figure 104 Neubauer counting chamber depicting the nine

krge square counting areas.
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lsrc\]culirgs counted. Many varied calculations are available,
tors b 'Ng condensations of the formula to provide single fac-
the Y which to multiply the cell count. Keep in mind that
cell Elrpose 9f any calculation is to convert the number of

S counted in a specific amount of fluid to the number of
cells that would be present in 1 pL of fluid. Therefore, a fac-
b o be used only when the dilution and counting area are
specific for that factor,

The methodology presented in this chapter eliminates
the need to correct for the volume counted by counting the
four large comer squares (0.4 pL) and the large center square
(0.1 uL) on each side of the counting chamber.’

Example

Number of cells

counted X dilution X i

1 uL (0.1 X 10)
(volume counted)

= cells/uL

Total Cell Count

Clear specimens may be counted undiluted, provided no
overlapping of cells is seen during the microscopic exam-
ination. When dilutions are required, calibrated automatic
pipettes, not mouth pipetting, are used. Dilutions for total cell
counts are made with normal saline, mixed by inversion, and
loaded into the hemocytometer with a Pasteur pipette. Cells
are counted in the four corner squares and the center square
on both sides of the hemocytometer. As shown in the preced-
ing example, the number of cells counted multiplied by the
dilution factor equals the number of cells per microliter.

WBC Count

Lysis of RBCs must be obtained prior to performing the WBC
count on either diluted or undiluted specimens. Specimens
requiring dilution can be diluted in the manner described
previously, substituting 3% glacial acetic acid to lyse the
RBCs. Addition of methylene blue to the diluting fluid stains
the WBCs, providing better differentiation between neutro-
phils and mononuclear cells.

To prepare a clear specimen that does not require dilu-
tion for counting, place four drops of mixed specimen in a
clean tube. Rinse a Pasteur pipette with 3% glacial acetic acid,
draining thoroughly, and draw the four drops of CSF into the
rinsed pipette. Allow the pipette to sit for 1 minute, mix
the solution in the pipette, discard the first drop, and load the
hemocytometer. As in the total cell count, WBCs are counted
in the four corner squares, and the center square on both
sides of the hemocytometer and the number is multiplied by
the dilution factor to obtain the number of WBCs per micro-
liter. If a different number of squares is counted, the standard
Neubauer formula should be used to obtain the number of

cells per microliter.
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Corrections for Contamination

Calculations are possible to correct for WBCs and protein arti-
fictally introduced into the CSF as the result of a traumatic
tap. Determination of the CSF RBC count and the blood RBC
and WBC counts is necessary to perform the correction. By
determining the ratio of WBCs to RBCs in the penpheral
blood and comparing this ratio with the number of contami-
nating RBCs, the number of artificially added WBCs can be
calculated using the following formula:
WBC (blood) X RBC (CSF)
WBC (added) RBC (blood)

An approximate CSF WBC count can then be obtained
by subtracting the “added” WBCs from the actual count.
When peripheral blood RBC and WBC counts are in the
normal range, many laboratories choose to simply subtract
1 WBC for every 700 RBCs present in the CSE Studies have
shown a high percentage of error in the correction of fluids
containing a large number of RBCs, indicating correction may
be of little value under these circumstances.®

Quality Control of Cerebrospinal Fluid
and Other Body Fluid Cell Counts

Liquid commercial controls for spinal fluid RBC and WBC
counts are available from several manufacturers. They can be
purchased at two levels of concentration. In-house controls
can also be prepared.

On a biweekly basis, all diluents should be checked for
contamination by examination in a counting chamber under
4 X magnification. Contaminated diluents should be dis-
carded and new solutions prepared.

On a monthly basis, the speed of the cytocentrifuge
should be checked with a tachometer, and the timing should
be checked with a stopwatch.

If nondisposable counting chambers are used, they must
be soaked in a bactericidal solution for at least 15 minutes
and then thoroughly rinsed with water and cleaned with iso-
propyl alcohol.

mme Differential Count on a
Cerebrospinal Fluid Specimen

ldentifying the type or types of cells present in the CSF is
a valuable diagnostic aid. The differential count should be
performed on a stained smear and not from the cells in the
counting chamber. Poor visualization of the cells as they
appear in the counting chamber has led to the laboratory
practice of reporting only the percentage of mononuculear
and polynuclear cells present, and this can result in the
overlooking of abnormal cells with considerable diagnostic
importance. To ensure that the maximum number of cells are
available for examination, the specimen should be concen-
trated prior to the preparation of the smear.

Methods available for specimen concentration include
sedimentation, filtration, centrifugation, and cytocentrifuga-
tion. Sedimentation and filtration are not routinely used in
the clinical laboratory, although they do produce less cellular
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Cerebrospinal Fluid Cellular Constituents

The cells found in normal CSF are primarily lymphocytes
and monocytes (Figs. 10-6 and 10-7). Adults usually have
a predominance of lymphocytes to monocytes (70:30),
Whereas the ratio is essentially reversed in children.
5 Improved concentration methods are also showing occa-
sional neutrophils in normal CSE9 The presence of increased
numbers of these normal cells (termed pleocytosis) is con-
sidered abnormal, as is the finding of immature leukocytes,
eosinophils, plasma cells, macrophages, increased tissue
cells, and malignant cells.

When pleocytosis involving neutrophils, ]ymphocytes.
Or monocytes is present, the CSF differential count is most
frequently associated with its role in providing diagnOS’ollC
information about the type of microorganism that is causing
an infection of the meninges (meningitis). A high CSF WBC
count of which the majority of the cells are neutrophils is con-
sidered indicative of bacterial meningitis. Likewise, 2 moder-
ately elevated CSF WBC count with a high percentage of
lymphocytes and monocytes suggests meningitis of viral,
tubercular, fungal, or parasitic origin.

As seen in Table 10-3, many pathologic conditions other
than meningitis can be associated with the finding of abnor-

R Rsl Predominant Cells Seen in Cerebrospinal Fluid

Type of Cell Major Clinical Significance Microscopic Findings
Lymphocytes Normal All stages of development may be found
Viral, tubercular, and fungal meningitis
Multiple sclerosis
Neutrophils Bacterial meningitis Granules may be less prominent than
Early cases of viral, tubercular, and fungal in blood
meningitis Cells disintegrate rapidly
Cerebral hemorrhage
Monocytes Normal Found mixed with lymphocytes
Viral, tubercular, and fungal meningitis
Multiple sclerosis
Macrophages RBCs in spinal fluid May contain phagocytized RBCs
Contrast media appearing as empty vacuoles or ghost
cells, hemosiderin granules and hema-
toidin crystals
Blidt forms Acute leukemia Lymphoblasts, myeloblasts, or
monoblasts
lymphoma cells Disseminated lymphomas Resemble lymphocytes with cleft nuclei
ety cells Multiple sclerosis Traditional and classic forms seen

Lymphocyte reactions

Ependymal, choroidal, Diagnostic procedures

and spindle-shaped cells

Malignant cells Metastatic carcinomas

Primary central nervous system carcinoma

Seen in clusters with distinct nuclei and
distinct cell walls

Seen in clusters with fusing of cell bor-
ders and nuclei

e —
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mal cells in the CSE Therefore, because laboratory l"*'"‘""""l

come so accustomed 1o finding neutrophils, lymphocytes,
and monocytes, they should be careful not to overlook other
types of cells, Cell forms differing from those found in blood
mgludc macrophages, choroid plexus and ependymal cells,
spindle-shaped cells, and malignant cells,

Neutrophils

In additon to bacterial meningitis, increased neutrophils also
are seen in the early stages (1 to 2 days) of viral, fungal, tuber-
cular, and parasitic meningitis. Neutrophils may also contain
cytoplasmic vacuoles following cytocentrifugation (Fig, 10-
8). Granules are also lost more rapidly in CSE Neutrophils
associated with bacterial meningitis may contain phagocy-
tized bacteria (Figs. 10-9 and 10-10), Although of litle clini-
cal significance, neutrophils may be increased following
central nervous system (CNS) hemorrhage, repeated lumbar
punctures, and injection of medications or radiographic dye.

Neutrophils with pyknotic nucleii indicate degenerating
cells. They may resemble nucleated red blood cells (NRBCs)
but usually have multiple nucleii, When a single nucleus Is
present they can appear similar to NRBCs (Fig, 10-11).
NRBCs are seen as a result of bone marrow contamina-
tion during the spinal tap (Figs. 10-12 and 10-13). This is
found in approximately 1% of specimens.' Capillary struc-

tures and endothelial cells may be seen following a traumatic
tap (Fig. 10-14),

Lymphocytes and Monocytes

A mixture of lymphocytes and monocytes is common in cases
of viral, tubercular, and fungal meningitis. Reactive lympho-
Cytes containing increased dark blue cytoplasm and clumped
chromatin are frequently present during viral infections in
conjunction with normal cells (Fig. 10-15). Increased lym-
phocytes are seen in cases of both asymptomatic HIV infec-
tion and AIDS. A moderately elevated WBC count (less than
50 WBCs/pL) with increased normal and reactive lympho-
cytes and plasma cells may be indicative of multiple sclerosis
or other degenerative neurologic disorders."!

’
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Figure 10-6 Normal lymphocytes. Some cytocentrifuge dis-
tortion of cytoplasm (X 1000).
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10-24).

Nonpathologically Significant Colls

These cells are most frequently seen following diagnogy,
procedures such as pneumoencephalography and i fluid
obtained from ventricular taps or during neurosurgep,
cells often appear In clusters and can be distinguished from
malignant cells by their uniform appearance,

Choroidal cells are from the epithelial lining of ¢h
choroid plexus. They are seen singularly and in clymp,
Nucleoli are usually absent and nuclei have a uniform appear.
ance (Fig, 10-25),

Ependymal cells are from the lining of the ventricles ang
neural canal. They have less defined cell membranes and are
frequently seen in clusters, Nucleoli are often present
(Fig, 10-26).

Spindle-shaped cells represent lining cells from the
arachnoid. They are ususally seen in clusters and may be seen
with systemic malignancies (Fig, 10-27),

Figure 10~7 Normal lymphocytes and monocytes (X500)
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caure 10-8 Neutrophils with cytoplasmic vacy
r

oles resylti
R nﬂocentrufugatnon (X500). ulting

Figure 10~11 Neutrophils with pyknotic nuclei. Notice the cell
with a single nucleus in the center (X 1000).

Figure 10-9 Neutrophils with intracellular bacteria (X 1000). Figure 10—-12 Nucleated RBCs seen with bone marrow con-
tamination (X 1000).

Figure 1013 Bone marrow contamination (X 1000). Notice
the immature RBCs and granulocytes.

ollular and extracellular
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Figure 10~15 Broad spectrum of lymphocytes and monocytes Figure 10-18 Macrophages showing erythrophagocytos|s
in viral meningitis (X 1000). (%X500).
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Figure 10~16 Eosinophils (x1000). Notice cytocentrifuge ;
distortion. Figure 10~19 Macrophage with RBC remnants (X500).
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10-20 Macrophage with aggregated hemosiderin

Figure 10-23 Macrophage containing hemaosiderin and hema
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Notice the prominent nucieol.

lymphocytes (X 1000).

10-28 Lymphoblasts from acute lymphocytic
Figure i
(XSOO)'

Figure 10-29 Myeloblasts from acute myelocytic leukemia
(X500).

Malignant Cells of Hematologic Origin

Lymphoblasts, myeloblasts, and monoblasts (Figs 10-28 10
10-30) in the CSF are frequently seen as a serious complicz-
tion of acute leukemias. Nucleoli are often more prominent
than in blood smears.

Lymphoma cells are also seen in the CSE indicating di-
semination from the lymphoid tissue. They resemble larg
and small lymphocytes and usually appear in clusters of larg.
small, or mixed cells based on the classification of the bym-

phoma. Nuclei may appear cleaved, and prominent nuckol
are present (Figs. 10-31 to 10-33).

Malignant Cells of Nonhematologic Origin

Mﬁtaslgﬁc carcinoma cells of nonhematologic ongn zrt
primarily from lung, breast, renal, and gastrointestnal



aure 10-31 Cleaved and noncleaved lymphoma cells
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Figure 10-32 Lymphoma cells with nucleoli (X500).

nancies. Cells from primary CNS tumors include astrocy
womas, retinoblastomas, and medulloblastomas (Fig. 10-34).
They usually appear in clusters and must be distinguished
fom normal clusters of ependymal, choroid plexus, lym-
phoma, and leukemia cells, Fusing of cell walls and nuclear
imegularities and hyperchromatic nucleoli are seen in clusters
of malignant cells. Slides containing abnormal cells must be
rferred to pathology:

e Chemistry Tests

Because CSF is formed by filtration of the plasma, one woukl
apect (o find the same Jow-molecular-weight chc‘mlcals in
the CSF that are found in the plasma. This 15 essentially true;
however, because the filtration process is selective apd the
Shemical composition is controlled by the blood-brain bar-
er, normal values for CSF chemi e not the same as the
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Figure 10-33 Burkitt lymphoma, Notice charactenstic vac-
uoles (X500).

e

Figure 10-34 Medulloblastoma (X 1000). Notice cellular clus-
tering, nuclear irregularities, and rosette formation.

plasma values. Abnormal values result from alterations in the
permeability of the blood-brain barrier or increased produc-
tion or metabolism by the neural cells in response to a patho-
logic condition. They seldom have the same diagnostic
significance as plasma abnormalities. The clinic ally important
CSF chemicals are few; under certain conditions it may be
necessary Lo measure a larger variety. Many CSF metabolites
are currently under investigation to determine their possible
diagnostic significance

Cerebrospinal Protein

The most frequently performed chemical test on CSF is
the protein determination. Normal CSF contains a very
small amount of protein. Normal values for total CSF protein
are usually listed as 15 10 45 mg/dL, but are somewhat
method dependent, and higher values are found in infants
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ligrams

and older 12 §id il rted in mil :
persons.** This value is repo protein

per deciliter and not grams per deciliter, as are plasma
concentrations

In general, the CSF contains protein fractions similar to
those found in serum; however, as can be seen in Table o
the ratio of CSF proteins to serum proteins varies am g
fractions. As in serum, albumin makes up the majority of iy
protemn. But in contrast to serum, prealbumin is the second
most prevalent fraction in CSE The alpha globulins include
primarily haptoglobin and ceruloplasmin. Transferrin is the
major beta globulin present; also, a separate carbohydralg-
deficient transferrin fraction, referred to as “tau,” is seen -
CSF and not in serum. CSF gamma globulin is primarily
immunoglobulin G (IgG), with only a small amount of 1gd.
Immunoglobulin M (IgM), fibrinogen, and beta lipoprotein
are not found in normal CSE!?

Clinical Significance of Elevated Protein Values

Elevated total protein values are most frequently seen In
pathologic conditions Abnormally low values are present
when fluid is leaking from the CNS. The causes of elevated
CSF protein include damage to the blood-brain barrier, pro-
duction of immunoglobulins within the CNS, decreased
clearance of normal protein from the fluid, and degeneration

of neural tissue. Meningitis and hemorrhage conditions that

damage the blood-brain barrier are the most common causes
of elevated CSF protein. Many other neurologic disorders can
elevate the CSF protein, and finding an abnormal result on
clear fluid with a low cell count is not unusual (Table 10-5).

Artificially Induced Plasma Proteins

Plasma protein can be artificially introduced into a specimen
by a traumatic tap in the same manner as blood cells. A cor-
rection calculation similar to that used in cell counts is avail-
able for protein measurements; however, if the correction is to

E :
e K
R »
~
§

Cerebrospinal Fluid* -
and Serum Protein. "
Correlations R

Fluid  Cerebrospinal Serum

(mg/dL) (mg/dL) Ratio

§ 874 238 14

155 3600 236

0.1 36.6 366

14 204 142

n G 1.2 987 802
A91.0.13 75 1346

, RA: Cerebrospinal fluid in diseases of

‘ed, WB Saunders, Philadelphia, 1992,

Clinical Causes

i 8

j; of Abnormal CSF

Protein Values

« Meningitis

« Hemorrhage

« Primary CNS tu.mors

« Multiple sclerosts

. guilla‘i)n-Barrt syndrome
« Neurosyphilis

« Polyneuritis

« Myxedema

« Cushing disease

« Connective tissue disease
» Polyneuritis

« Diabetes

« Uremia

Decreased Results

o CSF leakage/trauma

« Recent puncture

« Rapid CSF production
« Water intoxication

—_—

be used, both the cell count and the protein determinggy,
must be done on the same tube.® When the blood hematocr;
and serum protein values are normal, subtracting 1 mg/dL of
protein for every 1200 RBCs counted is acceptable.

[serum protein mg/dL X
(1.00 - Het)] X CSF RBCs/pL

. _ (plasma volume)
mg/dL protein added = blood RBC/pL

Methodology

The two most routinely used techniques for measuring total f
CSF protein use the principles of turbidity production o dye-
binding ability. The turbidity method h:
automated instrumentation
Methods for the measurement

-ldl

requires measureme
tein that apy




1o curately determine whethey
:‘ s being produced within the CNS gy i A iaid
o ali ol & defect In the blood-brain harrier can by,
e e orum and CSF levels of albumiy and. | L‘mmmm
e Methods include the CSF/serum albumt’:\'tmusl be
ot e the integrity of the blood-brain haryjey and n}:l““ .
il ox 10 measure 18Cr synthests within (e CN: the CSp
o o CSF/serum albumin index s caleulared l
i the s‘nm‘ff“"“““"‘ of CSE albumip iy mlllt:;rilrn:ismr-
ml‘ ; and the serum concentration i BYAMS per dec llper
~|‘|’; formuls wsed 15 s follows: Clilter,

IgG iy NCrease

CSF albumin (m dL)
Serum albumin
A Index }:\Iue llm than 9 represents an inl(ugé/ld tzood
parrier, The index increases relative 1o the ¢
n!"; ¢ o the barrier. ® fmount of
Caleulation of an IgG index, which is actually g ¢
w0 of the CSF/serum albumin index with the éSFIO;:F:,:
G Index, compensates for any 1gG entering the CSF via
e blund*hmm barrier." It is performed by dividing the
(SPfserum 1gG index by the CSF/serum albumin index as

follows:

Coffserum albumin index =

CSF 1gG (mg/dLYserum IgG (g/dL)
CSF albumin (mg/dL)Yserum albumin (g/dL)

Normal 1gG index values vary slightly among laborato-
o8, however, in general, values greater than 0.70 are indica-
e of 1gG production within the CNS.

Techniques for the measurement of CSF albumin and
,Jobuhn have been adapted to automated instrumentation,

[y Index =

Electrophoresis
E The primary purpose for performing CSF protein elec-
 qrophoresis is for the detection of oligoclonal bands repre-
-~ gnting inflammation within the CNS, The bands are located
E in the gamma region of the protein electrophoresis, indicating
- nmunoglobulin production. To ensure that the oligoclonal
l inds are ,prei'en,'t‘g the result of neurologic inflammation,
' serum electrophoresis must be performed. Dis-
phoma, and viral infections may
h can appear in the CSF as a
eakage or traumatic introduction
sen. Banding representing both
ment is seen in the serum and

more oligoclonal bands in the
serum can be a valuable tool
sclerosis, particularly when
index. Other neurologic

ers also produce oligo-
present in the serum.
anding must be con-
ms. Oligoclonal

“neurosyphilis, Guillain-.
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Low protein levels in the CSF make concentration of the
thaid prior 10 performing electrophoresis essential for. most
clm‘mmhorcllc techniques. Agarose gel electrophoresis fol-
lowed by Coomassie brilliant blue staining is most frequently
performed in the clinical laboratory. Better resolution can be
obtained using immunofixation electrophoresis (IFE) and
isoelectric focusing (IEF) followed by silver staining. Speci-
men concentration is not required by the more sensitive 1EF
procedure,
Electrophoresis is also the method of choice when deter-
mining if a fluid is actually CSE Idenufication can be made
based on the appearance of the previously mentioned extra
isoform of transferrin, tau, that is found only in CSE'®

Myelin Basic Protein

The presence of myelin basic protein (MBP) in the CSF is
indicative of recent destruction of the myelin sheath that pro-
tects the axons of the neurons (c_icmyclinalion). Measurement
of the amount of MBP in the CSF can be used to monitor the
course of multiple sclerosis.'” It may also provide a valuable
measure of the effectiveness of current and future treatments.
Immunoassay techniques are used for measurement.'®

Cerebrospinal Fluid Glucose

Glucose enters the CSF by selective transport across the blood-
brain barrier, which results in a normal value that is approxi-
mately 60% to 70% that of the plasma glucose. If the plasma
glucose is 100 mg/dL, then a normal CSF glucose would be
approximately 65 mg/dL. For an accurate evaluation of CSF
glucose, a blood glucose test must be run for comparison. The
blood glucose should be drawn about 2 hours prior to the
spinal tap to allow time for equilibration between the blood
and fluid. CSF glucose is analyzed using the same procedures
employed for blood glucose. Specimens should be tested
immediately because glycolysis occurs rapidly in the CSE .

The diagnostic significance of CSF glucose is confined
to the finding of values that are decreased in relation to plasma
values. Elevated CSF glucose values are always a result of
plasma elevations. Low CSF glucose values can be of consid-
erable diagnostic value in determining the causative agents
in meningitis. The finding of a markedly decreased CSF glu-
cose accompanied by an increased WBC count and
percentage of neutrophils is indicative of bacterial
tis. If the WBCs are lymphocytes instead of neu
tubercular meningitis is suspected. Likewise, if a norn
glucose value is found with an increased
cytes, the diagnosis would favor viral me
ratory patterns such as those just descrit
in all cases of meningitis, but they
are present.

Decreased CSF glucose valt
alterations in the mechanisms o
blood-brain barrier and by inc
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seen in different types of meningitis and the decreased levels Jutamine p CSF several methods of assaying “'"“mf.

S 1 the ‘

seen in other disorders producing dame % CNS W ammonia in th wed on the measurement of 5 he
! 1@ damage to the Jable and are Mg,

are availd This 15 preferred over ghe Ny

liberated from the glutamine.

Actate .y A ‘hl‘ Concen I
casure ¢ Y o m“n“\nm bt‘(ﬂ\l‘(‘ cent
‘ . o w & \\::“‘\S‘ '“\0"‘ Nﬂhlc lhan lh(‘ c()n‘-(..urmlli 0)
en
R‘\“N““\c

Jlatile ammonia 1 the collected specimen. The CSp 5
1

‘ Y "‘glu
el also ¢ relate W“h C“l\i\‘ﬂl Symptoms myge 13,
than does the [h bg \

2
blood ammonia.™ et
1in 'S
As the concentration ol ammonia in the CSF iy
the supply of a-k
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The determination of CSF lactate levels can be a valuable aid
n the diagnosis and management of meningitis cases. In bac-
terial, tubercular, and fungal wmeningitis, the elevation of CSF
lactate to levels greater than 25 mg/dl occurs much more
consistently than does the depression of glucose and provides
more reliable information when the initial diagnosis is diffi-
cult. Levels greater than 35 mg/dL are frequently seen with
bactgnal meningitis, whereas in viral meningitis, lactate levels
remain lower than 25 mg/dL. CSF lactate levels remain ele-
vated during tnitial treatment but fall rapidly when treatment
is successful, thus offering a sensitive method for evaluating
the effectiveness of antibiotic therapy:

Destruction of tissue within the CNS owing o oxygen
depAri\'anon (hypoxia) causes the production of increased CSF
lactic acid levels. Therefore, elevated CSF lactate is not limited "I Mlcroblology Tests
to meningitis and can result from any condition that decreases Jaboratory in the anal
the flow of oxygen to the tissues. CSF lactate levels are fre- m‘b S ‘Ol‘l ‘;Y. M
quently used to monitor severe head injuries. RBCs contain  lies in the identification of the causative agent in meningiy
high concentrations of lactate, and falsely elevated results may ~ For positive identification, tl?c micmm”gamsm must be recoy.

ered from the fluid by growing it on the appropriate culyg

wed to remove the toxic ammonj, v
disturbance of consciousness s 5

nsues, Some ‘
coma ¢ atamine levels are more than 35 o

ways seen when gl  ar :
?hc&rm the CSF glutamine test is a frequently requeg

o patients with coma ol unknown oy
procedure for } . LR e ‘
Appm,\'mmlcly 75% of children with Reye sy ndrome .

clevated CSF glutamine leve B

The role of the mi¢

be obtained on xanthochromic or hemolyzed flwid.®
- medium. This can take anywhere ;'rom f: holurs in cases of
bacterial meningitis to 6 weeks for tubercular meningjs
Cerebrospinal Fluid Glutamine Consequently, in many instances, the CSF culture is actually

Glutamine is produced from ammonia and a-ketoglutarate by @ confirmatory rather than a diagnostic procedure. However,
the microbiology laboratory does have several methods aval.

the brain cells. This process serves to remove the toxic meta- e _
able to provide information for a preliminary diagnosis. These

bolic waste product ammonia from the CNS. The normal con- :
centration of glutamine in the CSF is 8 to 18 mgdL®  methods include the Gram stain, acid-fast stain, India ink

Elevated levels are found in association with liver disorders  preparation, and latex agglutination tests_. In Table 106, the
that result in increased blood and CSF ammonia. Increased  laboratory tests used in the differential diagnosis of meningj.

synthesis of glutamine is caused by the excess ammonia that  tis are compared.

Major Laboratory Results for the Differential Diagnosis of Meningitis

Viral Tubercular Fur i

Elevated WBC count Flevated WBC count

Lymphocytes present Lymphocytes and
monocytes present

Moderate protein Moderate to marked
elevation protein elevation
Normal glucose level Decreased glucose level

Normal lactate level Lactate level>25 mg/dL
Pellicle formation
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n Py
l or\'“a' concentration is 15 to 45 mg/dL
) feated Values ar® Most frequently segp i,

* meningltis, hemorrhage, and multiple sderosgatnents with

Glucose .

| Normal value is 60% to 70% of the Plasma concen
'on, 5
reased levels are seen in patients

with g
whercular, and fungal meningitis, bacterial,

Lacaate ;
| Levels >35 mg/dL are seen in patients with bacteria|
meningitis. a
Levels >25 mg/dL are found in patients wj
3 ind fungal meningitis. with tubercular

1 Lower levels are seen in patients with vira| Meningitis

Glutamine
[ Normal concentration is 8 to |8 mg/dL_

1 Levels >35 mg/dL are associated with some disturbance
of consciousness.
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Gram Stain

The Gram stain is routinely performed on CSF from all
suspected cases of meningitis, although its value lies in the
detection of bacterial and fungal organisms. All smears and
clures should be performed on concentrated specimens
because often only a few organisms are present at the onset
of the disease. The CSF should be centrifuged at 1500 g for
15 minutes, and slides and cultures should be prepared from
the sediment.*’ Use of the cytocentrifuge provides a highly
concentrated specimen for Gram stains. Even when concen-

the causative organism is
and the blood.® A CSF Gram
slides to interpret because
t is usually small, and they
1 in a false-negative report.
if precipitated stain
. Therefore, consid-
interpreting a Gram stain.

tered include Streptococcus
i), Haemophilus influenzae
Escherichia coli (gram-
fitidis (gram-negative

sccus agalactiae and
may be encoun-
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Acid-fast or fluorescent antibody stains are not rout‘mel_y
ECT formed on specimens unless tubercular .meningnis is
Uspected Considering the length of time required to culture
mycobacteria, 4 positive report from this smear is extremely
valuable,

Specimens  from possible cases of fungal meningitis
are Gram stained and often have an India ink preparation
Performed on them to detect the presence of thickly encap-
sulated Cryptococcus neoformans (Fig, 10-35). As one of the
more frequently occurring complications of AIDS, cryptococ-
cal meningitis is now commonly encountered in the clinical
laboratory. Particular attention should be paid to the Gram
stain for the classic starburst pattern produced by Cryptococ-
cus, as this may be seen more often than a positive India
ink (Fig, 10-36)2¢

Latex agglutination tests to detect the presence of C. neo-
formans antigen in serum and CSF provide a more sensitive
method than the India ink preparation. However, immuno-
logic testing results should be confirmed by culture and
demonstration of the organisms by India ink, because false-
Positive reactions do occur. Interference by rheumatoid factor
is the most common cause of false-positive reactions. Several
commercial kits with pretreatment techniques are available
and include incubation with dithiothreitol or pronase and
boiling with ethylenediaminetetra-acetic acid.2!?> An enzyme
immunoassay technique has been shown to produce fewer
false-positive results 2

Latex agglutination and enzyme-linked immunosorbent
assay (ELISA) methods provide a rapid means for detecting
and identifying microorganisms in CSE Test kits are available
to detect Streptococcus group B, H. influenzae type b, S. pneu-
moniae, N. meningitidis A, B, C, Y, W135, and E. coli Kl anti-
gens. The bacterial antigen test (BAT) does not appear to be
as sensitive to detection of N. meningitidis as it is to the other
organisms.’’ The BAT should be used in combination with
results from the hematology and clinical chemistry laborato-
ries for diagnosing meningitis 2® The Gram stain is still the
recommended method for detection of organisms,

Figure 10-35 India ink preparation of C. neoformans
(%400). Notice budding yeast form. (Courtesy of Ann K.

Fulenwider, Md.)




