DIAGNOSTIC
TESTING

Knowing the different normal lab values is an
important step in making an informed clinical
decision as an emergency medical provider.
Diagnostic and laboratory tests are tools that
provide invaluable insights and information about
the patient.
Lab tests are used to help confirm a diagnosis,
monitor an illness, and the patient’s response to
treatment.

Erythrocyte Studies
•
•
•
•
•
•
•
•

Red Blood Cell Count (RBC): Male adult: 4.5 – 6.2 million/mm3 ; Female adult: 4.5 – 5.0 million/mm3
Hemoglobin (Hgb): Male: 14-16.5 g/dL; Female: 12-15 g/dL
Hematocrit (Hct): Male: 42 – 52%; Female: 35 – 47%
Mean corpuscular volume (MCV): 78 – 100 μm3 (male) 78 – 102 μm3 (female)
Mean corpuscular hemoglobin (MCH): 25 – 35pg
Mean corpuscular hemoglobin concentration (MCHC): 31 – 37%
Serum iron: Male: 65 – 175 mcg/dL; Female: 50 – 170 mcg/dL
Erythrocyte sedimentation rate (ESR): 0 – 30 mm/hour (value may vary depending on age)

In medical terminology, erythrocytes are derived from two words;
‘erythro’ and ‘cyte’.

Erythro means red while cytes means cells.
These blood cells are the principal means in which vertebrate
organisms use to deliver oxygen to the tissues through the
circulatory system.

The primary functions of
erythrocytes are to pick up inhaled
oxygen from the lungs and
transport it to the body's tissues,
and to pick up some (about 24
percent) carbon dioxide waste at
the tissues and transport it to the
lungs for exhalation.

Erythrocytes remain within the
vascular network.

• Red blood cells, also referred to as red cells, red blood
corpuscles, haematids, erythroid cells or erythrocytes, are the
most common type of blood cell and the vertebrate's
principal means of delivering oxygen to the body tissues—via
blood flow through the circulatory system. RBCs take up
oxygen in the lungs and release it into tissues while squeezing
through the body's capillaries.

The following medical
conditions are some of the
possible causes of Low
erythrocyte.

Polycythemia. Chronic
heart failure
Hypofibrinogenaemia.
Poikilocytosis.
Spherocytosis. Sickled cells.

What to
know about
hypovolemic
shock

Hypovolemic shock typically refers to a severe drop in blood
volume that leads to further complications in a person’s
health.
The heart cannot pump blood around the body unless a
certain volume of blood is present. Blood volume describes
the total amount of blood in the body. If a person’s blood
volume drops significantly, then a person can go into
hypovolemic shock.
Many health problems can lead to hypovolemic shock. A
doctor will diagnose a patient with the issue once an
individual loses 20% or more of their blood volume.
Hypovolemic shock is a medical emergency that is difficult
to diagnose and treat. It can result in organ failure.

Mild

During the earliest stage of hypovolemic shock, a
person loses less than 20% of their blood
volume. This stage can be difficult to diagnose
because blood pressure and breathing will still
be normal.
The most noticeable symptom at this stage is
skin that appears pale. The person may also
experience sudden anxiety.

Moderate

In the second stage, the body loses 20-40% of blood.
The individual may experience increased heart and
breathing rates.

Blood pressure may still be within normal range.
However, the diastolic pressure, or bottom number, of
their blood pressure may be high. The person may begin
sweating, as well as feeling more anxious and restless.

Severe
•

By stage 3, a person with hypovolemic shock will have lost more than 40% of their blood.

• The systolic pressure, or top number, of their blood pressure, will be 100 millimeters of mercury (mm Hg) or lower. Their heart rate will increase to over 120
beats per minute (bpm). They will also have a rapid breathing rate of more than 30 breaths per minute.
•

They will begin to experience mental distress, including anxiety and agitation. Their skin will be pale and cold, and they will begin sweating.

•

They will have a weak pulse but an extremely rapid heart rate.

•

Breathing will become be very fast and difficult. Systolic blood pressure will be under 70 mm/Hg. They may experience the following symptoms:

•

drifting in and out of consciousness

•

sweating heavily

•

feeling cool to the touch

•

looking extremely pale

Hypovolemic shock and older adults

Older adults are particularly at risk of getting hypovolemic
shock because they can be more susceptible to
dehydration, which can trigger hypovolemia. They also do
not tolerate having a low blood volume well.
The risk of complications increases with age, especially if
other conditions have already caused organ damage such
as kidney failure or a heart attack.
It is especially important that older adults receive prompt
treatment as soon as they, or individuals near them,
recognize any signs of hypovolemic shock.

White Blood Cells and Differential
•
•
•
•
•
•
•

White Blood Cell (WBC) Count: 4,500 to 11,000 cells/mm³
Neutrophils: 55 – 70% or 1,800 to 7,800 cells/mm³
Lymphocytes: 20 – 40% or 1,000 to 4,800 cells/mm³
Monocytes: 2 – 8% or 0.0 to 800 cells/mm³
Eosinophils: 1 – 4% or 0.0 to 450 cells/mm³
Basophils: 0–2% or 0.0 to 200 cells/mm³
Bands: 0–2 % or 0.0 to 700 cells/mm³
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Coagulation Studies
• Platelet count (PLT): 150,000 to 400,000 cells/mm³
• Activated partial thromboplastin time (APTT): 20 to 60 seconds, depending on the type of activator used.
• Prothrombin time (PT): 11 – 13 seconds
• Partial Thromboplastin Time (PTT): 25 – 35 seconds
• International Normalized Ratio (INR): The INR standardizes the PT ratio and is calculated in the laboratory
setting by raising the observed PT ratio to the power of the international sensitivity index specific to the
thromboplastin reagent used.
• Fibrinogen: 203 – 377 mg/dL
• Bleeding time: 1 to 3 minutes (Duke method), 3 to 6 minutes (Ivy method)
• D-Dimer: < 500 ng/mL

Coagulation tests measure your
blood’s ability to clot, and how
long it takes to clot.
Testing can help identify risk of
excessive bleeding or
developing clots (thrombosis)
somewhere in blood vessels.

Conditions that can
cause coagulation
problems include:

liver disease

thrombophilia, which is
excessive clotting

hemophilia, which is an
inability to clot
normally

Coagulation tests are
useful in monitoring
people who take
medications that affect
clotting ability.

Coagulation tests are
also sometimes
recommended before
surgery.

Prothrombin time (PT or PT-INR)
Prothrombin is another protein your liver produces. The
prothrombin time (PT) test measures how well and how long it takes
your blood to clot.
It normally takes about 25 to 30 seconds. It may take longer if the
patient takes blood thinners.
Other reasons for abnormal results include hemophilia, liver disease,
and malabsorption.
It’s also useful in monitoring those who take medications that affect
clotting, such as warfarin (Coumadin).

An elevated D-dimer level is not normal. It's
usually found after a clot has formed and is in the
process of breaking down. A significant formation
and breakdown of blood clot in the body, Ddimer may be elevated.

A negative D-dimer test means that a blood clot is
highly unlikely.

Serum Electrolytes
• Potassium (K+): 3.5 – 5.0 mEq/L
• Sodium (Na+): 135-145 mEq/L
• Chloride (Cl-): 95 – 105 mEq/L
• Calcium (Ca+):
• Total calcium: 4.5 – 5.5 mEq/L (8.5 to 10.5 mg/dL)
• Ionized calcium: 2.5 mEq/L (4.0 – 5.0 mg/dL) 56% of total calcium
• Phosphorus (P): 1.8 – 2.6 mEq/L (2.7 to 4.5 mg/dL)
• Magnesium (Mg): 1.6 to 2.6 mg/dL
• Serum Osmolality: 280 to 300 mOsm/kg
• Serum bicarbonate: 22 to 29 mEq/L

Potassium plays a role in every
heartbeat.
A hundred thousand times a day,
it helps trigger your heart to
squeeze blood through your body.
It also helps your muscles to
move, your nerves to work, and
your kidneys to filter blood

Potassium is
a mineral (electrolyte) in the
body. Almost 98% of
potassium is found inside the
cells.

Small changes in the level of
potassium that is present
outside the cells can have
severe effects on the heart,
nerves, and muscles.

Potassium is important to
maintain several bodily
functions:

The heart muscle needs
potassium to beat properly
and regulate blood pressure.

Muscles need potassium to
contract.

The kidney is the main organ that controls the balance of potassium by
removing excess potassium into the urine.
When potassium levels are low (hypokalemia), you can become weak as
cellular processes are impaired.
The normal potassium level is 3.5-5.0 mEq/L (mEq/L stand for
milliequivalents per liter of blood and this is a unit measure used to evaluate
the level). Low potassium is defined as a potassium level below 3.5 mEq/L.
Almost one out of five people hospitalized in the United States has a low
potassium level.
People with eating disorders such as anorexia nervosa and bulimia, patients
with AIDS, alcoholics, and those who have had bariatric surgery have a higher
incidence of hypokalemia than others.

• Although sodium is often maligned as a
cause of high blood pressure, it also plays
several essential roles in the body.
• Sodium helps control blood pressure and
regulates the function of muscles and nerves,
which is why sodium concentrations are
carefully controlled by the body.
• However, most people consume far more
sodium than their bodies need.

Blood Pressure Control
• Sodium is dissolved in the blood and plays a key role in maintaining
blood pressure.
• Sodium attracts and holds water, so the sodium in the blood helps
maintain the liquid portion of the blood.
• On the other hand, if you consume too much sodium, your body may
hold onto extra water, increasing the volume of your blood.
• Since your blood vessels cannot expand to accommodate this
increased blood volume, your blood pressure will rise.
• High blood pressure is a risk factor for many diseases, including heart
problems and stroke.

Muscle and Nerve Function
• Both muscles and nerves require electrical currents to function
properly.
• Muscle and nerve cells generate these electrical currents by
controlling the flow of electrically charged molecules, including sodium.
• For muscle cells, these electrical currents stimulate contraction of the
muscle. Nerves, on the other hand, need electrical activity to
communicate with other nerves.
• Cells use molecular pumps to keep sodium levels outside the cell
high. When an electrical current is needed, cells can allow the positively
charged sodium ions into the cell, generating a positive electrical
current.

Hyponatremia and Hypernatremia
• Since sodium is an integral part of nerve and muscle function, it is not surprising that too little or too much sodium
in the body can affect both organ systems.
• Low levels of sodium, called hyponatremia, can cause muscle spasms, cramps, headache, irritability, restlessness,
nausea and fatigue.
• More serious signs of hyponatremia include confusion, hallucinations, decreased consciousness and coma.
• Too much sodium, also known as hypernatremia, can make you lethargic or restless.
• Hypernatremia may also cause increased deep tendon reflexes, muscle spasticity and seizures.

• You've heard that calcium protects your bones and that your glass of milk is loaded with it, but what do you
really know about this essential nutrient?
• Most people may not realize that calcium is the most abundant mineral in the body. Or that calcium does far
more than just strengthen your bones and teeth.

Calcium is probably best known for strengthening bones
and teeth.

As bones undergo their regular process of breakdown and
remodeling, calcium helps build new bone, especially during
growth and development.
Getting enough calcium is important for keeping your bones
strong throughout your lifetime, but especially during
childhood, while the bones are still growing.
It's also essential during the senior years, when bones start to
break down faster than they can rebuild. Older bones become
more brittle and easily fractured -- a condition called
osteoporosis.

•
•
•
•
•

Calcium also plays an important role in several other
body functions, including:
Nerve signal transmission
Hormone release
Muscle contraction
Blood vessel function
Blood clotting

• There's also some early evidence that calcium might
lower blood pressure and help protect against colorectal
and prostate cancers. However, these benefits have yet to
be confirmed in studies.

Extra phosphorus causes body changes that pull calcium
out of your bones, making them weak. High phosphorus
and calcium levels also lead to dangerous calcium
deposits in blood vessels, lungs, eyes, and heart.

People with high phosphorus
levels can also experience itching
and red eyes.

Symptoms of more severe cases
of high phosphorus may
include severe constipation,
nausea, vomiting, and diarrhea.

Phosphorus is a mineral that the body uses
for repair and growth of body cells and
tissues. Phosphorus is a major part of
almost all body cells and tissues, with 85%
concentration in the teeth and bones.
Phosphorus is further used by the body to
carry out many biochemical processes,
which include pH regulation and energy
production.

Magnesium is the fourth most abundant mineral in
your body.
It’s involved in over 600 cellular reactions, from making
DNA to helping your muscles contract.
Despite its importance, up to 68% of American adults
don’t meet the recommended daily intake.
Low magnesium levels have been linked to many
negative health outcomes, including weakness,
depression, high blood pressure and heart disease.

Symptoms and Signs of
Hypomagnesemia –

Clinical manifestations
include anorexia, nausea, vomiting,
lethargy, weakness, personality
change, tetany, and tremor
and muscle flickering or twitching.

Serum osmolality is a test used to
measure the amount of chemicals
dissolved in the serum of the blood.
Different chemicals can affect serum
osmolality such as chloride, sodium,
sugar and proteins. Antidiuretic
hormone (ADH) is a substance that
influences serum osmolality.

Bicarbonate is a substance called a base, which the body
needs to help keep a normal acid-base (pH) balance. This
balance prevents your body from becoming too acid, which
can cause many health problems. The lungs and kidneys keep
a normal blood pH by removing excess acid.

Serum bicarbonate mostly travels throughout the body as
carbon dioxide (CO2), a gas that's dissolved in the blood.
That's why the amount of CO2 in your blood is used to
measure serum bicarbonate (base), and to therefore check
your acid-base balance. If CO2 is too low in your blood, then
that means serum bicarbonate (base) is low, and your body
has too much acid. Too much acid in the body is
called metabolic acidosis.

Renal Function
Studies

Creatinine
(Cr): 0.6 to 1.3
mg/dL

Blood urea
nitrogen (BUN): 8
to 25 mg/dL

Glucose Studies
Glucose:
•Glucose, fasting: 70 – 110 mg/dL
•Glucose, monitoring: 60 – 110 mg/dL
•Glucose, 2-hr postprandial: < 140mg/dL
Glucose Tolerance Test (GTT)
•70 – 110 mg/dL (baseline fasting)
•110 – 170 mg/dL (30-minute fasting)
•120 – 170 mg/dL (60-minute fasting)
•100 – 140 mg/dL (90-minute fasting)
•70 – 120 mg/dL (120-minute fasting)
Glycosylated hemoglobin (HbA1c)
•7% or lower (good control of diabetes)
•7% to 8% (fair control of diabetes)
•Higher than 8 % (poor control of diabetes)
Diabetes Mellitus autoantibody panel: Less than 1:4 titer

with no antibody detected

Arterial Blood
Gases (ABGs)

Arterial blood
pH: 7.35 – 7.45

Oxygen saturation
(SaO2): >95%

Partial pressure of
carbon dioxide
(PCO2): 35 – 45
mmHg

Partial pressure of
oxygen (PaO2): 80
– 100 mmHg

Bicarbonate
(HCO3): 22 – 26
mEq/L

There are six key components to an ABG. They include:
•
•
•
•
•
•

pH
Partial pressure of oxygen (PaO2)
Partial pressure of carbon dioxide (PaCO2)
Bicarbonate (HCO3)
Oxygen saturation (O2 Sat)
Oxygen content (O2CT)

The components all have different normal values and represent different
aspects of the blood gas.
•
•
•
•
•

pH: 7.35-7.45
Partial pressure of oxygen (PaO2): 75 to 100 mmHg
Partial pressure of carbon dioxide (PaCO2): 35-45 mmHg
Bicarbonate (HCO3): 22-26 mEq/L
Oxygen saturation (O2 Sat): 94-100%

HCO3

PH

CO2

Respiratory acidosis

↓

↑

Normal

Respiratory alkalosis

↑

↓

Normal

Compensated
respiratory acidosis

↓

↑

↑

Compensated
respiratory alkalosis

↑

↓

↓

Liver Function Tests

Direct bilirubin
(conjugated): 0.0 to 0.2
mg/dL

Alanine
Aminotransferase
(ALT):

Aspartate
Aminotransferase
(AST):

• Male: 10 to 55 units/L
• Female: 7 to 30 units/L

• Male: 10 – 40 units/L
• Female: 9 – 25 units/L

Indirect bilirubin
(unconjugated): 0.1 to
1 mg/dL; Critical level: >
12 mg/dL

Amylase: 25 to 151
units/L

Albumin: 3.4 to 5 g/dL

Lipase: 10 to 140
units/L

Total bilirubin: 0.3 – 1.0
mg/dL

Ammonia: 35 – 65
mcg/dL (adult)

Protein: 6 to 8 g/dL

Lipoprotein Profile
Cholesterol: Less than 200 mg/dL
High-density lipoprotein (HDL): 30 to 70 mg/dL
Low density lipoprotein (LDL): Less than 130 mg/dL
Triglycerides: Less than 150 mg/dL

Cardiac Markers and Serum Enzymes
Creatine kinase (CK)
•Male: 38 – 174 U/L
•Female: 26 – 140 U/L
Creatinine kinase isoenzymes
•CK-MM: 95% – 100% of total
•CK-MB: 0% – 5% of total
•CK-BB: 0%
Myoglobin: 5–70 ng/mL
Troponin:
•Troponin: Less than 0.04 ng/mL; above 0.40 ng/mL may indicate MI
•Troponin T: Greater than 0.1 to 0.2 ng/mL may indicate MI
•Troponin I: Less than 0.6 ng/mL; >1.5 ng/mL indicates myocardial infarction
Atrial natriuretic peptide (ANP): 22 to 27 pg/mL
Brain natriuretic peptide (BNP): less than 100 pg/mL
C-type natriuretic peptide (CNP): reference range provided with results should be reviewed

Thyroid function test
Triiodothyronine (T₃): 80 to 230 ng/dL
Thyroxine (T₄): 5 to 12 mcg/dL
Thyroxine, free (FT₄): 0.8 to 2.4 ng/dL
Thyroid-stimulating hormone (thyrotropin): 0.2
to 5.4 microunits/mL

• Urinalysis
• Color: Pale yellow
• Odor: Aromatic odor
• Turbidity: Clear
• Specific gravity: 1.016 to 1.022
• pH: 4.5 to 7.8
• Protein: Negative
• Ketones: Negative
• Bilirubin: Negative
• Glucose: >0.5 g/day
• Red blood cells: < 3 cells/HPF
• White blood cells: < or = 4 cells/HPF
• Bacteria: None or >1000/ml
• Casts: None to few
• Crystals: None
• Uric acid: 250 to 750 mg/24 hours
• Sodium: 40 to 220 mEq/24 hours
• Potassium: 25 to 125 mEq/24 hours
• Magnesium: 7.3 – 12.2 mg/dL

Hepatitis Testing
Hepatitis A: Presence of immunoglobulin M (IgM) antibody to Hepatitis A and
presence of total antibody (IgG and IgM) may suggest recent or current Hep
A infection.
Hepatitis B: Detection of Hep B core Antigen (HBcAg), envelope antigen (HBeAg),
and surface antigen (HBsAg), or their corresponding antibodies.

Hepatitis C: Confirmed by the presence of antibodies to Hep C virus.

Hepatitis D: Detection of Hep D antigen (HDAg) early in the course of infection and
detection of Hep D virus antibody in later stages of the disease.
Hepatitis E: Specific serological tests for hepatitis E virus include detection of IgM
and IgG antibodies to hepatitis E.

Therapeutic Drug Levels

Acetaminophen
(Tylenol): 10 to 20 mcg/mL

Carbamazepine
(Tegretol): 5 to 12 mcg/mL

Digoxin (Lanoxin): 0.5 to 2
ng/mL

Gentamicin (Garamycin): 5
– 10 mcg/mL (peak); <2.0
mcg/mL (trough)

Lithium (Lithobid): 0.5 to
1.2 mEq/L

Magnesium sulfate: 4 to 7
mg/dL

Phenobarbital
(Luminal): 10 to 30
mcg/mL

Phenytoin (Dilantin): 10 to
20 mcg/mL

Salicylate: 100 to 250
mcg/mL

Theophylline: 10 to 20
mcg/dL

Tobramycin (Tobrex): 5 –
10 mcg/mL (peak); 0.5 –
2.0 mcg/mL (trough)

Valproic acid
(Depakene): 50 – 100
mcg/mL

Vancomycin (Vancocin): 20
– 40 mcg/mL (peak); 5 – 15
mcg/mL (trough)

Why is blood testing important?

Now that we understand blood testing
and the different types of blood test, let’s
see some of the importance of having
blood testing.

Disease Diagnosis.
Prevention and early detection are among the best ways to deal with any disease.
A blood test can help to find a disease or deficiencies such as vitamin deficiency.
Trends in various blood biomarkers can help to point out underlying problems and lead to further tests that can
identify a disease or problem.
Nobody wants to get a disease, but an early diagnosis can make a huge difference when it comes to treatment.
A proper, timely diagnosis can prevent plenty of issues such as anemia, blood clotting, infections, etc.

Blood test provides reliable data regarding your health and wellness.
• Regular blood testing provides a reliable data point for measuring your health and wellness.
• When it comes to your health, there are so many things you’re told to do; from diets to exercise and everything else.
• This can be quite confusing. Luckily, your blood test can provide data about your health and wellness.
• You can then use the information from the blood test to see if there are any underlying issues and find ways to improve
them accordingly.

Regular blood testing helps to maintain the necessary amount of minerals and vitamins.
• Routine blood testing can help to ensure that the body maintains the necessary amount of
minerals and vitamins.
• If you don’t have enough nutrients in your body, it can lead to minor health conditions,
such as constipation, body odor, headache, etc.
• It can also lead to fatal situations, such as neurological disorders, bone and joint diseases,
muscle impairment, and metabolic disorders.
• Blood test results will reveal the level of nutrients in your body that can help to put you on
a diet to compensate for the deficiencies.

Please complete
the quiz online

