BODY FLUID ANALYSIS
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1. Introduction | Sections | About

The interstitial fluid includes the fluid that
surrounds the outside of all of the cells of the
body. It is the largest volume of fluid in the
body that is not contained within the cells.
Although this fluid is not analyzed in the
medical laboratory, it plays an important role
in determining the composition of plasma, the
liquid portion of the blood.

The lymph fluid is formed from the interstitial
fluid, so it is also considered to be an
interstitial fluid.
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Intravascular Fluid

Intravascular fluid is the liquid plasma of the
blood contained in the heart, veins, arteries
and capillaries of the circulatory system. As
the blood travels through the body,
compounds from various organs diffuse from
the interstitial fluid into the plasma. The
presence of these compounds in the plasma is
the basis for the clinical significance of many
of the tests performed in the medical
laboratory.
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Transcellular Fluid

Transcellular fluid is not contained within the
cells, the plasma, or the interstitial fluid, but is
in some way separated from those fluids by
cellular barriers, usually within epithelial-lined
compartments. An example would be synovial
fluid, which is found in compartments
enclosing the joints, such as the knee joint
shown to the right.

All of the transcellular fluids together are only
about one liter, so they are not large in
volume. However, transcellular fluids include
a number of important fluids that are analyzed
in the medical laboratory.
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The transcellular fluids include:
«Urine - inside the bladder
« Cerebrospinal fluid - surrounds the brain e

and spinal column Face
«Synovial fluid - surrounds the joints
«Pleural fluid - surrounds the lungs
«Pericardial fluid - surrounds the heart
«Peritoneal fluid - surrounds the organs of
the abdominal cavity
«Intraocular fluid (also called the vitreous
humor) - inside the eye
*Sweat
«Saliva
«Intestinal secretions and feces
+ Amniotic fluid - surrounds the fetus
«Breastmilk
*Semen
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In the medical laboratory, several types of
fluids from the body are examined to
determine their chemical composition, cellular
components, and to look for the presence of
infectious agents. The test results will provide
the health care provider with information
about what is going on in the body.

Some fluids may be sent to several areas of the
medical laboratory, while others will only be
sent to one area for analysis. For example,
cerebrospinal fluid may be sent to clinical
chemistry for glucose analysis, microbiology for
Gram staining and culturing, and hematology
for cell identification.
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Most Frequently Analyzed Body Fluids

The two most commonly analyzed body fluids ( >
in the medical laboratory are blood and urine.

If the blood is not clotted, the liquid portion *za
contains fibrinogen and is called plasma. If the i
blood has clotted, the fibrinogen is part of the

clot, so it is no longer found in the liquid L A
portion. When this occurs, the liquid is called

serum. There are entire courses describing <B e
blood and urine, the analysis of their Urine
components, and the correlation of the test <«C

results in health and disease. In this module,

we will look at other body fluids, how they are A-Serum or Plasma
analyzed, and their correlation to pathological B - White Blood Cells and Platelets
conditions. C - Red Blood Cells
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Match each body fluid with the correct description.

Medical Laboratory Science:

1. Introduction | Sections | About

The fluids found in cellular-lined compartments
throughout the body.

The fluids surrounding the outside of cells of the body.

The category of fluids having the largest volume:

The plasma.
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Central Nervous System
Skull

Dura
The Central Nervous System (CNS) is composed of / Eter
the brain and spinal cord, which are enclosed

within the skull and vertebrae of the spinal
column. The brain and spinal cord are covered by

Arachnoid

three meningeal membranes. The outer mater
membrane, known as the dura mater, is a thick, Wk b hnoid
tough membrane. The middle layer, the '}\su racanos
arachnoid mater, is a thin, spiderweb-like layer. space

The pia mater is the layer that lies directly on the Pia mater

surface of the brain and spinal cord. Itisin the

subarachnoid space, which is the area between ~— Brain
the arachnoid mater and the pia mater, that the

cerebrospinal fluid is located.

Click to read the learning objectives.
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Learning Objectives

By the end of this unit you should be able to:

Describe where cerebrospinal fluid is produced and located within the body
Discuss the chemical tests performed on cerebrospinal fluid

Identify the types of cells that can be found in cerebrospinal fluid
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Cerebrospinal Fluid Production Third Fourth
Ventricle Ventricle

Cerebrospinal fluid (CSF) is an ultrafiltrate of the
plasma. CSF is produced by specialized capillaries,
called the choroid plexus, along with ependymal
cells that extend into the ventricles of the brain.
Together, the ependymal cells and the choroid
plexus produce about 20-21 milliliters of CSF
every hour. This means about 400-500 milliliters
are produced everyday. However, as the fluid
circulates around through the ventricular system,
it is reabsorbed by the arachnoid cells. There are
only 90-150 milliliters (two-thirds of a cup) of
cerebrospinal fluid in the body of an adult, and
10-60 milliliters of CSF in neonates at any one
time.

TY OF MIN
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Indications for a Lumbar Puncture

A cerebrospinal fluid specimen (CSF) is obtained by
performing a lumbar puncture. Indications for
performing a lumbar puncture include:

«Suspected meningitis

«Subarachnoid hemorrhage

«Suspected central nervous system malignancy
«Demyelinating diseases

Lumbar punctures are also performed in order to
inject medications, anesthetics, or chemotherapy into
the CSF.
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Lumbar Puncture Procedure

In order to obtain a cerebrospinal fluid specimen, a needle is
inserted into the back, usually between the L3 and L4 lumbar i L3 vertsbra
vertebrae in adults and the L4 and L5 vertebrae in children. The |
spinal cord itself ends around L1 and L2, although in young
children, it may extend down to L3. By going in between L3 and L4,
although there are nerves within the spinal column space, there is
little risk of damaging the spinal cord.

Dura mater

Subarachnoid
space

Once the needle has been inserted into the subarachnoid space, the
cerebrospinal fluid pressure is measured using a column
manometer. Ten to twenty milliliters of the CSF is then collected
and divided into 3-4 sterile tubes. The first tube collected will go to
the chemistry or immunology laboratory. The second tube is sent to
the microbiology laboratory. The third tube is used for cell counts
and cell differentials. If a fourth tube is collected, it is used for
pellicle formation if tubercular meningitis is suspected.

Y OF MI
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Gross Examination of CSF

Normal cerebrospinal fluid should be clear. Causes of
turbidity in CSF include the presence of
microorganisms, white blood cells, red blood cells, and
an increased protein concentration.

Normal cerebrospinal fluid should also be colorless.
Red CSF could be due to the presence of a r
subarachnoid bleed, but it could also be due to a '

traumatic tap in which a blood vessel was cut when the
needle was inserted. If the red color is caused by a
traumatic tap, the intensity of the color and number of
red blood cells present will decrease by the time the
third tube is collected.

Traumatic Tap
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Xanthochromia

If the cellular components are removed by
centrifugation and the CSF remains pink or

orange to yellow in color, the condition of ; Poort #

the CSF is called xanthochromia. ,‘ |

Xanthochromia is usually an indication of a /i '

cerebral hemorrhage. After the

hemorrhage, hemoglobin is released by the

red blood cells and is converted to bilirubin. Houmal Xantht_)-
chromia

The yellow color peaks around 36 hours
after the bleed, but the yellow color can

persist for several weeks. Xanthochromia is Cerebrospinal Fluid
normal in the CSF of premature infants.
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Body Fl

Chemistries - Protein

The normal protein concentration in CSF is between 15 and 45
mg/dL, although the concentration varies some with age. If the
blood-brain barrier remains intact, the proteins in the CSF will be
primarily low molecular weight proteins from the plasma. The Normal CSF Protei Electrophoresis Patiern
protein concentration increases in cases of a traumatic tap,
subarachnoid hemorrhage, infection, and multiple sclerosis.

Often, the ratio of the concentration of albumin and IgG in CSF to
the amount in serum is used as an indicator of the permeability of
the blood-brain barrier, or the presence of demyelinating diseases.
Protein electrophoresis also provides additional information about
the proteins present in the CSF. CSF contains a unique protein
called tau-transferrin in the B2 region. The two or more peaks in
the gamma region are called oligoclonal bands, and indicate the
presence of demyelinating diseases, such as multiple sclerosis,
meningoencephalitis, and Guillain-Barre syndrome.
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Chemistries - Other Compounds

Glucose - The brain needs glucose for energy, so glucose enters
the CSF both by diffusion and active transport. Normal CSF
glucose concentration is between 40-70 mg/dL, but will vary
depending on the blood glucose concentration, so plasma
glucose concentration should be determined simultaneously.
CSF glucose will be decreased in acute or chronic bacterial
meningitis.

Lactate - Lactic acid increases when anaerobic metabolism
increases. Increases in CSF lactate concentrations are
associated with tissue hypoxia that occurs in meningitis,
cerebral infarct, hydroencephalus, and traumatic brain injury.

Lactate Dehydrogenase (LD)- Increased amounts of CSF lactate
dehydrogenase are associated with lymphoma, leukemias, and
meningitis.

Medical Laboratory Scienc

2. cerebrospinal Fluid

I Sections | About
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Cell Counts

Cell counts on cerebrospinal fluids should be performed
as soon as possible. If the cell count cannot be
performed within an hour of collection, the specimen
should be refrigerated. Some leukocytes can normally
be seen in CSF. The normal range for the number of
CSF leukocytes decreases with age.

Normal Ranges for CSF Leukocytes:
Adults: 0-5/pL
Neonates <1 yo: 0-30/pL
Children 1-4 years: 0-20/pL

Children >5 years: 0-10/uL

Medical Laboratory Scien

2. Cerebrospinal Fluid | Sections | About
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Differentials

When performing a differential on a cerebrospinal
fluid, stained slides should be scanned under 10X
magnification for abnormalities. These would
include clumps of cells from a tumor, plasma cells,
hemosiderin-laden macrophages, blasts, and other
abnormal cells. Normal nucleated cells found in
CSF include:

Adults

30% Monocytes

70% Lymphocytes

4 Page100f19 W
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Monocytes

CSF monocytes look like the monocytes that are
found in the peripheral blood. They are 15-25 pm in
size, have a fine, net-like chromatin pattern, and a
muddy blue-gray cytoplasm. Their function is to
phagocytize any foreign material and to initiate an
immune response. They are found in increased
concentration in the CSF when there is increased
permeability of the blood-brain barrier, in any non-
specific response resulting in an increased production
of leukocytes, and in diseases that cause an increased
number of monocytes. These conditions include
infections, hemorrhage, malignant conditions, and
multiple sclerosis.
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2. Cerebrospinal Fluid | Sections | About
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Lymphocytes

The lymphocytes observed in the CSF look like the
lymphocytes found in the peripheral blood, and can
exhibit the same reactive changes. The nucleoli are
often prominent, and the nucleus may be indented or
show convolution. Lymphocytes function to relay
antigenic information, and to produce antibodies and
lymphokines. Reactive lymphocytes are frequently seen
in viral infections. The presence of normal and reactive
lymphocytes along with plasma cells may be seen in
demyelinating diseases or other degenerative
neurologic disorders.

A mixture of lymphocytes and monocytes are often
present in viral, fungal and tubercular meningitis.

4 Pagel20f19 W
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Other Nonpathologic Cells

The cells lining areas of the central nervous system
may be seen following certain diagnostic procedures,
or with shunts or surgery. These cells include
choroidal cells, ependymal cells, and cells from the
arachnoid layer. Choroid cells originate from the
epithelial lining of the choroid plexus. Ependymal
cells are from the lining of the ventricles. It can be
difficult to differentiate between choroid cells and
ependymal cells. Both are frequently seen in clusters
and are relatively uniform in both size and shape.
These cells are distinguished from malignant cells by
the uniformity of their size, shape, and nuclei. Ependymal Cells

4 Page130f19





image26.PNG
Body Fluids Medical Laboratory Sciences

2. Cerebrospinal Fluid | Sections | About

Plasma Cells

Plasma cells are the cells that produce
antibodies, and they are not normally found in
cerebrospinal fluid. Plasma cells have a round
to slightly oval nucleus containing clumped,
condensed chromatin. The cytoplasm is
basophilic with the presence of a perinuclear
halo.

Plasma cells may be seen in the CSF in cases of
acute viral disease, multiple sclerosis, and in
chronic inflammatory diseases, such as
tuberculosis and syphilis.
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Histiocytes and Macrophages

Histiocytes and macrophages are found in CSF when there is an increased need for phagocytosis. This occurs in
chronic or post infection, or when the permeability of the blood-brain barrier increases. Macrophages containing
fat are found following a cerebral infarct, as the necrosis of the damaged tissue occurs

A cerebral hemorrhage will cause a severe irritation, and a rapid cellular response. Within 12-48 hours, red blood
cell-laden macrophages can be observed in the CSF. Within 48 hours, as the hemoglobin is broken down,
hemosiderin-laden macrophages or siderophages can be seen. These siderophages may be observed for months
after the bleed has occurred. The presence of hemosiderin should be confirmed with a stain for iron. Hemosiderin
can be further broken down to form a gold pigment called hemotoidin, often found in crystal form. Hemotoidin

does not stain positive for iron
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Neutrophils

Neutrophils originate from the peripheral blood
and tissues, and will look the same as peripheral
blood neutrophils. They may have a
hypersegmented nucleus or be immature bands.
The cytoplasm may be vacuolated and may contain
phagocytized bacteria, immune complexes or other
debris.

Neutrophils are increased in cases of bacterial
meningitis, cerebral abscess, hemorrhages,
malignancies, and after seizures. Neutrophils can
also be seen in the first day or two of viral, fungal,
tubercular, and parasitic meningitis.
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Eosinophils also appear as they would in
the peripheral blood. Increased
eosinophils counts in CSF will occur with
parasitic infections, rickettsial infections,
sarcoidosis, and rarely with fungal
infections. An increase in eosinophils may
also occur as a reaction to the introduction
into the central nervous system of foreign
materials, such as shunts or certain drugs.

CENTER FOR ALLIED HEALTH PROGRAMS
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Malignant Cells - Tumors

Three classifications of malignant cells can be found in the CSF — primary central nervous system tumors, cells from
other metastatic tumors, and malignant cells of hematologic origin

The majority of primary brain tumors are benign and do not metastasize. Of the malignant primary brain tumors,
medulloblastoma and glioblastoma are the most common. These tumor cells are large, with large nuclei, have a
large nuclear to cytoplasmic ratio, and usually appear in clusters. They have abundant fat-filled vacuoles in
basophilic cytoplasm

Metastatic tumors found in the CSF are most often melanomas or lung, breast, or gastrointestinal carcinomas. They
are large cells with nuclear shape variations, and may have large irregular nucleoli. They are also seen in sheets or
clumps of cells

Breast Cancer Cells
Page180f19 WP
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Malignant Cells of Hematologic Origin

Leukemic infiltrates are frequently seen in the CSF of
patients with acute leukemias. About 80% of patients
with acute lymphoblastic leukemia and 60% of patients
with acute myelogenous leukemia that are untreated
will have leukemic cells in their CSF at some stage of
their disease. Although less frequently, leukemic cells
may also be observed in the CSF of patients with chronic
lymphocytic or myelogenous leukemia. Lymphoma
infiltrates occur in the CSF of 5-27% of non-Hodgkin’s
lymphomas. With all leukocytic cells observed in CSF, it is
important to differentiate the morphologic reactionary
similarities of normal cells from the malignant cells.
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Body Fl

Serous Fluids

The serous fluids analyzed in the medical laboratory include
pleural fluid, pericardial fluid, and peritoneal fluid. Serous
fluids are formed in “potential” body cavities lined by
mesothelial cells. These areas are called potential cavities
because normally, there is very little space, with only a very
small amount of fluid present.

The outer layer of mesothelial cells is called the parietal layer.
The parietal layer is the site of serous fluid production. The
inner layer of the mesothelial cells forms the visceral layer,
which is the site of fluid absorption. The visceral layer covers
the outer surface of the organs in that particular region, such
as the heart for the visceral layer of the pericardium

Click here to read the learning objectives
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By the end of this unit of the unit, the participant should be able to:

Describe where serous fluid is found within the body
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Pericardial Fluid

In a normal, healthy adult, the pericardial sac
surrounding the heart will contain between 15
to 30 milliliters of pericardial fluid. This fluid
should be a clear, pale yellow with the viscosity
of serum. It serves as a lubricant, allowing the
two layers of the pericardium to move easily
against each other with each contraction and
relaxation of the heart muscle. When an analysis
of pericardial fluid needs to be performed, it is
collected from the pericardium by pericardial
aspiration.
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Pleural Fluid

The pleura is the cavity that surrounds the lungs. It
is composed of a double layer serous membrane.
The space between these two mesothelial layers is
the pleural cavity. Normally, less than three
milliliters of fluid is found in the space between
these two layers (the parietal lining producing the
fluid, and the visceral lining absorbing the fluid), so
there isn’t actually much of a cavity at all. The fluid
serves as a lubricant to minimize friction during
respiration. The pleural membranes also act to
maintain the lungs in an expanded state. When an
analysis of the pleural fluid needs to be performed,
it is collected from the pleura by a procedure
known as thoracentesis.
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Serous Fluid Production

Fluid formed by the parietal layer is primarily the result of
plasma ultrafiltration. The composition of the fluid can vary due
to changes in:

« osmotic and hydrostatic pressure

« the concentration of chemicals in the plasma

«increased permeability of the blood vessels and the lining of

the serous cavity

« lymphatic resorption
A pathologic condition that affects any of these conditions can
result in the accumulation of fluids within the cavity. In
addition, the mesothelial cells can begin to multiply and the
lining of these body cavities will thicken. When this occurs, fluid
can accumulate within the cavity. This accumulation of fluids is
called an effusion. These fluids are classified as being either a
transudate or an exudate.

TY OF MIN
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Transudates

A transudate effusion is the accumulation of fluids caused by a
non-inflammatory process in a systemic disease. This means a
mechanical factor is affecting the formation or resorption of
fluids by the serous membrane. Examples of this would be the
decrease in plasma oncotic pressure observed in
hypoproteinemia, or the increase in capillary hydrostatic
pressure seen in congestive heart failure.

Fluids from the plasma are filtering across an intact vascular
wall. Therefore, the transudate is a clear, light yellow filtrate
that will not clot because the fibrinogen did not cross the
vascular wall. Relatively few cells are observed in transudates,
<1000 nucleated cells per pL in pericardial and pleural fluids,
and <300 nucleated cells per pL in peritoneal fluids. The
majority of these will be monocytes and histiocytes, with
varying amounts of lymphocytes and mesothelial cells. Less
than 25% will be neutrophils.
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Exudates

An exudate is an effusion that accumulates as a result of
a primary pathologic condition, such as an inflammatory
process, an infection, trauma, or a malignancy. The
fluids accumulate due to an increase in the permeability
of the capillaries, or a decrease in lymphatic resorption.
Exudates will clot upon standing, and they tend to be
cloudy or turbid due to the presence of lipids, cellular
debris, or white blood cells.

Exudates can be further classified as chylous,
pseudochylous, or hemorrhagic effusions. These
classifications are based upon the source of the fluid -
the lymph, the breakdown of tissue, or the blood.
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A chylous effusion is the result of leakage from the lymphatic
system. Therefore the fluid contains chylomicrons, giving the
fluid an elevated concentration of triglycerides and a milky
appearance. Chylous effusions can result from lymphomas,
carcinomas, or trauma. Lymphocytes are the most common
cell type observed in chylous fluids.

Pseudochylous effusions are the result of the breakdown of
cellular lipids, and do not originate from lymph.
Pseudochylous effusions have a similar milky appearance, but
a low triglyceride concentration because no chylomicrons are
present. The lipid found in highest concentration in a
pseudochylous fluid is cholesterol, and cholesterol crystals are
often seen in the fluid. Pseudochylous fluids can occur with
tuberculosis or an inflammation of the pleura resulting from
rheumatoid arthritis.
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ics of Transudates and Exudates

Serum total bilirubin

Transudates Exudates

Protein <3 g/dL Protein >3 g/dL

Specific gravity <1.018 Specific gravity

Fluid protein/Serum protein <0.5 Fluid protein/Serum >0.5

protein

Lactate dehydrogenase <200 U/L Lactate dehydrogenase >200 U/L

Glucose Same as serum Glucose Normal or
decreased

Cholesterol <60 mg/dL Cholesterol >60 mg/dL

Fluid cholesterol/ <03 Fluid cholesterol/ >0.3

Serum cholesterol Serum cholesterol

Fluid total bilirubin/ <0.6 Fluid total bilirubin/ >0.6

Serum total bilirubin

ERSITY OF MI
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Cells Found in Serous Fluids — Mesothelial Cells

Mesothelial cells can be found in most serous effusions. These
cells line the pleural, pericardial, and peritoneal cavities. They
are large cells, ranging from 12-30 pm in diameter. The nucleus
is round to slightly oval in shape, and occupies between one-
third to one-half of the cell’s diameter. Some cells may be
binucleated. The nucleus can contain 1 to 3 nucleoli. The
cytoplasm of these cells can appear as light gray to dark blue,
and it may be vacuolated.

Reactive changes can cause these cells to resemble malignant
cells. The use of cytologic preparations and Papanicolaou
staining can provide better nuclear detail, making it easier to
distinguish between mesothelial and malignant cells.
Phagocytic mesothelial cells will look like macrophages or
histiocytes.
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Cells Found in Serous Fluids -
Macrophages and Histiocytes

Macrophages and histiocytes are large cells,
ranging from 12-50 ym in diameter. They
have abundant cytoplasm, with a nucleus to
cytoplasm ratio of 1:2 or less. The nucleus is
round to oval, and the cytoplasm is pale
gray, cloudy, and frequently vacuolated.
Phagocytized material may be seen in the
cytoplasm. In chylous or pseudochylous
fluids, lipophages may be seen.
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Cells Found in Serous Fluids - Malignancies

Malignancies are the most common cause of pleural General Properties of Malignant Cells
and pericardial effusions. The effusion is caused by the
obstruction of capillaries and lymphatics by the tumor,
resulting in decreased absorption of the fluid

* Large cells ( often > 50 ym)
lIrregular nuclear membrane, or nuclear folding

produced. Malignant cells also produce substances * Muttinuceated
that increase capillary permeability, which increases * Nuclear hyperchromasia
the rate the effusion is produced. * Uneven distribution of chromatin
« Prominent nucleoli with irregular size and shape
Malignant cells may all be similar in appearance + Increased or abnormal mitotic activity

(monomorphic), or they may appear very different
from one another (pleomorphic). It can also be very
difficult to distinguish malignant cells from cells that
are reactive due to infection or some other . Spherical et phistara
inflammatory process. The chart on the right lists some  * Cells engulfing other cells
of the general characteristics of malignant cells.

« Abnormal cytoplasmic inclusions and vacuolation
* Uneven cytoplasmic staining

4  Pagen2of1a mWp
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\3‘ ”

Most malignant effusions are caused by metastatic
adenocarcinoma. These adenocarcinoma cells can
originate from the breast, ovaries, stomach, colon or
rectum. These cells are generally seen in multiple round
cell aggregates, but large, isolated cells in bizarre forms
may also be seen. The cells may contain large vacuoles.

Mesothelioma is a malignancy of the mesothelial lining.
The malignant cells are usually seen in large clumps. The
fluid may be more viscous than normal due to an elevated
hyaluronic acid concentration. The cells are more
vacuolated and the vacuoles are small and usually placed
centrally around the nucleus. The nuclear chromatin
pattern is irregular.

CENTER FOR ALLIED HEALTH PROGRAMS
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Hematologic Cells in Serous Fluids

Whether they are normal or malignant, the hematologic
cells observed in serous fluids will have the same
morphologic characteristics as those seen in the
peripheral blood and bone marrow. Neutrophils will be
increased if there is a bacterial infection, while
lymphocytes can be the predominant cell type if the
infection is caused by a virus, fungus, or mycobacteria.

The malignant cells from Non-Hodgkin lymphomas,
Hodgkin’s lymphoma, plasma cell neoplasms, lymphocytic
leukemias, and non-lymphocytic leukemias are the
hematologic malignancies most commonly found in body
fluids.
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Other Fluids Analyzed in the
Medical Laboratory

There are other fluids that may be analyzed
in the medical laboratory. Some of the more
commonly analyzed fluids include:

«Synovial fluid

*Seminal fluid

Click here to read the learning objectives
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By the end of this unit you should be able to:

Describe the appearance of synovial fluid

Discuss the components of seminal fluid analysis
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Synovial Fluid

Muscle
Synovial
\ membrane

Synovial fluid is formed by the synovial cells
that line the joint. The fluid acts as a lubricant
within the joints, and provides nutrients to the
cartilage of the joint. Itis collected using a
procedure called arthrocentesis.

Cartilage

Diseases of the joints can be classified into four Tendon

categories:
*Group | - Non-inflammatory Bone
*Group Il - Inflammatory

*Group |l - Septic
*Group |V - Hemorrhagic
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Synovial fluid is a mixture of an ultrafiltrate of the plasma
and the secretions of the synovial lining cells, particularly
the mucopolysaccharide, hyaluronate. It is the high
concentration of hyaluronate that causes the synovial fluid
to be viscous. In pathologic conditions that cause the
capillaries to become more permeable, such as
inflammation or infection, or if bleeding into the joints is
occurring, the viscosity of the synovial fluid can decrease.

“String”
o

4

Viscosity is generally assesses when it is first obtained by the
physician. Viscosity is assessed by allowing a drop of fluid
to fall. A synovial fluid of normal viscosity will form a
“string” from the droplet between four to six centimeters
in length. Over time, lytic enzymes in the fluid can degrade
the protein-hyaluronic acid complexes, which decreases the
viscosity.
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Synovial Fluid Appearance

When the fluid arrives in the medical laboratory, it will usually be
contained in multiple tubes. One tube will not contain any additives in
order to determine if the fluid contains fibrinogen and will clot. Normal
synovial fluid does not clot upon standing. One tube may be a sterile
heparinized tube for microbiological testing. A tube containing sodium
heparin will be used for chemical analysis and to look for the presence
of crystals in the fluid. A fourth tube containing liquid EDTA may also
be used in order to identify cellular components present in the fluid
Powdered EDTA and lithium heparin tubes should not be used as
crystalline artifacts from these anticoagulants can be mistaken for
crystals originally found in the fluid

The synovial fluid is examined for volume, color, clarity, and clotting
Synovial fluid is normally clear, colorless to pale yellow, and it does not
clot upon standing. Cloudy synovial fluid may be caused by the
presence of white blood cells, whole blood, crystals, infectious
organisms, and cellular debris. Blood, hemoglobin, and bilirubin can
result in the synovial fluid being red to brown in color.

al Laboratory Scienc
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Synovial Fluid Cell Counts

Viscosity can interfere with the counting of cells in a synovial fluid. Clotted specimens should not be used for a cell

count. If viscosity is a problem, the addition of the enzyme hyaluronidase for five minutes will make the fluid less
viscous. A dilution can then be made with saline

A normal synovial fluid should contain fewer than 200 nucleated cells per microliter. Less than 25% of these cells
should be neutrophils, about 65% will be monocytes and histiocytes, and the remainder will be lymphocytes and

synovial cells. The synovial cells are morphologically the same as mesothelial cells. Sheets of synovial cells may be seen,
and they may be multinucleated
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Neutrophil Q;‘"
containing ’
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Neutropliilia

Synovial Cell bacteria
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Crystals in Synovial Fluid

Identification of crystals is an important part of the analysis of synovial fluids. Crystals are
affected by pH and temperature, so it is important to examine the synovial fluid as soon after
collection as possible. For crystal examination, a wet preparation of the fluid is viewed in the

light microscope, using brightfield and polarized light.
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Monosodium Urate Crystals Cal:lum Pyrophosphate Cholesterol crystals

Click each image for a larger image and more information ‘
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Seminal Fluid

Seminal fluid is a complex mixture of secretions from the
testes, epididymis, seminal vesicles, and prostate gland. Itis
produced for the purpose of transporting spermatozoa out of
the body. In the medical laboratory, it is most often analyzed
either to assess male infertility, or to determine the

effectiveness of a vasectomy. ‘r"'
oS

The specimen is observed for color, volume, and viscosity.

Normal semen is a gray-white color, is opalescent in { °

appearance, and will have a volume of two to five milliliters.
Semen will coagulate immediately after ejaculation, but
should liquefy within 30 minutes. If a specimen takes longer
than 60 minutes to liquefy, it should be noted, as this is
considered to be abnormal. Viscosity is assessed following
liquefaction. Normal semen should be watery, forming
discrete droplets, with a “string” of less than 2 centimeters in
length.
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Microscopic Analysis of Semen

The microscopic analysis of semen should " 7
take place as soon as possible following AL
liquification, or within one hour of specimen

collection. The microscopic examination \ ¥ NS
consists of a sperm count, and assessment of “ly
the motility and morphology of the J

spermatozoa. Sperm Motility Grading

0 No movement

1 Little movement, none forward
2 Slow or meandering movement
3 Moderate forward movement

4 Strong forward movement
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Introduction

In the medical laboratory, the two most
frequently analyzed body fluids are blood
and urine. However, there are many other
types of body fluids that are also sent to
the medical laboratory for analysis. In this
module, you will learn about the
classification of these fluids, where they are
located in the body, and some of the
analytical tests that are performed on
them.

Click here to read the learning objectives. Page1of10 P
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Learning Objectives

By the end of this unit, the participant should be able to:
« Describe the main functions of each body fluid
« Discuss where fluids are distributed in the body

« Discuss how the intracellular, interstitial, intravascular, and transcellular fluids are from one another
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Fluid Distribution in the Body

About 50-65% of the human body is water,
which for a 70 kg (154 pounds) person would
be about 42 liters, or a little over eleven
gallons. About 30 liters of the water in the
body are located inside the cells
(intracellular). About 3 liters constitute the
plasma of the blood, which is called the
intravascular fluid on the chart to the right.
The interstitial fluid is the fluid that

- Olntracellular Fluid
surrounds the outside of the cells that make Dintravascular Fluid
up the tissues of the body. There are about 8 M Interstitial Fluid
liters of interstitial fluid surrounding the cells MTranscellular Fluid

of the body.
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Intracellular Fluid

Intracellular fluid is the liquid found
inside the cells of the body. This liquid
contains all of the dissolved solutes and
organelles of the cell, so it is where all of
the chemical reactions of the cell are
occurring. The cell membrane actively
controls the concentration of solutes in
the intracellular fluid, and the same
process is also affecting the
concentration of solutes in the interstitial
fluid (the fluid that surrounds the
outside surface of the cells).

Cross. sect\on of a kidney
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