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Objective: 

To understand the biochemistry and disorders of various diseases commonly affecting 

human beings 

Unit I 

Specimen collection and processing (blood, urine and faeces). Anti coagulants and 

preservatives for blood and urine. A brief review of units and abbreviations used in 

expressing concentrations, standard solutions and clinical values. Electrolytes and 

acid base balance. Maintenance of acid base balance by respiratory and 

renalmechanism. Acidosis and alkalosis. 

Unit II 

Disorders of Carbohydrate metabolism: Diabetes mellitus, glucose tolerance test, 

sugar levels in blood, renal threshold for glucose, factors influencing blood glucose 

level. 

Unit III 

Disorders of Lipids and Proteins: Plasma lipoproteins, cholesterol, triglycerides and 

phospholipids in health and diseases. Hyperlipidemia, hyperlipoproteinemia, 

abetalipoproteinemia. Abnormalities in nitrogen metabolism uremia, 

hyperuricemia, coma. 

Unit IV 

Disorders of liver, kidney and heart: Jaundice, fatty liver, functions of liver and 

kidney. Diagnostic enzymes – enzymes in health and diseases. Renal calculi, 

Cardiac arrest and management, atherosclerosis. 

 



 

 

Unit V 

Cancer – properties of cancer cells, etiology of cancer, carcinogenic agents, 

biochemistry of metastasis, tumor markers. Gall stones, Prenatal diagnosis and 

postnatal diagnosis, duodenal ulcer, diseases of hyper and hypothyroidism. 

Reference Books: 

1. Textbook of Medical Biochemistry, Chatterjea, MN and Rana Shinde. Jaypee 

Brothers, New Delhi, 7th edition, 2007. 

2. The Biochemistry of Clinical Medicine, William S. Hoffman, Year Book 
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3. Clinical Medicine (A Textbook of Clinical Methods and Laboratory 

Investigations), KV Krishna Das (Editor in Chief), 2013, Jaypee Brothers Meical 

publishers, New Delhi. 

4. Clinical Chemistry Interpretation and techniques, 4th edition, A.Kaplan, R. 

Jack, K.E. Opheim, B. Toivola, A.W. Lyon, Williams and Wilkins, USA, 1995. 

5. Clinical Chemistry in Diagnosis and treatment, J.F. Zilva and P.R. Pannall the 

d., G Publishing pvt limited, 1984. 

6. Tietz Textbook of Clinical Chemistry and Molecular Diagnostics, Carl A. Burtis 

, Edward. Ashwood and David E. Bruns, Elsevier2012. 

7. Biochemistry with clinical Correlation, T.M. Devlin, 7th edition, Wiley 

Publications2010.



 

 

UNIT-1 

SPECIMEN COLLECTION AND PROCESSING 

SPECIMEN COLLECTION  

➢ Specimen collection is the process of obtaining tissue or fluids for laboratory analysis or 

near-patient testing. It is often a first step in determining diagnosis and treatment. 

➢ The types of biological samples accepted in most clinical laboratories 

are: serum samples, virology swab samples, biopsy and necropsy tissue, cerebrospinal 

fluid, whole blood for PCR, and urine samples. These are collected in specific containers 

for successful processing in the laboratory. 

➢ Sample collection usually takes place in doctors' rooms or in a testing 

laboratory collection centre where there are trained specimen collectors 

(phlebotomists). Samples can also be collected at hospitals and day clinics. Samples can 

even be taken for analysis during a surgical procedure. 

PRINCIPLES OF SPECIMEN COLLECTION 

The specimen must be: 

• Appropriate to the patient’s clinical presentation 

• Collected at the right time 

• Collected in a way that minimises contamination 

• Collected in a manner that reduces health and safety risk to all staff handling the 

specimen (including laboratory staff) 

• Collected using the correct equipment 

• Documented clearly using appropriate forms 

PREPARATION 

     Prior to each collection, review the appropriate test description, including the specimen 

type indicated, the volume, the procedure, the collection materials, patient preparation and 

storage and handling instructions. 

 

 

 



 

 

✓ Preparing the Patient.  

➢ Provide the patient, in advance, with appropriate collection instructions and 

information on fasting, diet, and medication restrictions when indicated for the 

specific test. 

✓ Preparing the Specimen.  

➢ Verify the patient's identification. Proper identification of specimens is extremely 

important.  

➢ All primary specimen containers must be labeled with at least two identifiers at the time 

of collection. Submitted slides may be labeled with a single identifier, but two identifiers 

are preferred.  

➢ Examples of acceptable identifiers include (but are not limited to): patient's name 

(patient's first and last name exactly as they appear on the test request form), date of 

birth, hospital number, test request form number, accession number, or unique random 

number.  

➢ A location such as a hospital room number is not an appropriate patient identifier. If 

chain of custody documentation is necessary for the procedure, follow the appropriate 

protocol.  

➢ All specimens should be labeled in the presence of the patient. Process and store the 

specimen(s) as required.  

➢ Appropriate storage and handling are necessary to maintain the integrity of the specimen 

and, consequently, the test results. 

BLOOD SPECIMEN  

The first step in acquiring a quality lab test result for any patient is the specimen collection 

procedure. The venipuncture procedure is complex, requiring both knowledge and skill to 

perform. Several essential steps are required for every successful collection procedure: 

Venipuncture Procedure: 

1. A phlebotomist must have a professional, courteous, and understanding manner in all 

contact with all patients. 



 

 

2. The first step to the collection is to positively identify the patient by two forms of 

identification; ask the patient to state and spell his/her name and give you his/her birth 

date. Check these against the requisition (paper or electronic). 

3. Check the requisition form for requested tests, other patient information and any special 

draw requirements. Gather the tubes and supplies that you will need for the draw. 

4. Position the patient in a chair, or sitting or lying on a bed. 

5. Wash your hands. 

6. Select a suitable site for venipuncture, by placing the tourniquet 3 to 4 inches above the 

selected puncture site on the patient. See below for venipuncture site selection “notes.” 

7. Do not put the tourniquet on too tightly or leave it on the patient longer than 1 minute. 

8. Next, put on non-latex gloves, and palpate for a vein. 

9. When a vein is selected, cleanse the area in a circular motion, beginning at the site and 

working outward. Allow the area to air dry. After the area is cleansed, it should not be 

touched or palpated again. If you find it necessary to reevaluate the site by palpation, the 

area needs to be re-cleansed before the venipuncture is performed. 

10. Ask the patient to make a fist; avoid “pumping the fist.” Grasp the patient’s arm firmly 

using your thumb to draw the skin taut and anchor the vein. Swiftly insert the needle 

through the skin into the lumen of the vein. The needle should form a 15-30 degree angle 

with the arm surface. Avoid excess probing. 

 

11. When the last tube is filling, remove the tourniquet. 

12. Remove the needle from the patient's arm using a swift backward motion. 

13. Place gauze immediately on the puncture site. Apply and hold adequate pressure to avoid 

formation of a hematoma. After holding pressure for 1-2 minutes, tape a fresh piece of 

gauze or Band-Aid to the puncture site. 

14. Dispose of contaminated materials/supplies in designated containers. 

Note: The larger median cubital and cephalic veins are the usual choice, but the basilic 

vein on the dorsum of the arm or dorsal hand veins are also acceptable. Foot veins are a 

last resort because of the higher probability of complications. 

https://www.geisingermedicallabs.com/catalog/blood_specimens.shtml#avoid


 

 

Fingerstick Procedure: 

1. Follow steps #1 through #5 of the procedure for venipuncture as outlined above. 

2. The best locations for fingersticks are the 3rd (middle) and 4th (ring) fingers of the non-

dominant hand. Do not use the tip of the finger or the center of the finger. Avoid the side 

of the finger where there is less soft tissue, where vessels and nerves are located, and 

where the bone is closer to the surface. The 2nd (index) finger tends to have thicker, 

callused skin. The fifth finger tends to have less soft tissue overlying the bone. Avoid 

puncturing a finger that is cold or cyanotic, swollen, scarred, or covered with a rash. 

3. When a site is selected, put on gloves, and cleanse the selected puncture area. 

4. Massage the finger toward the selected site prior to the puncture. 

5. Using a sterile safety lancet, make a skin puncture just off the center of the finger pad. 

The puncture should be made perpendicular to the ridges of the fingerprint so that the 

drop of blood does not run down the ridges. 

6. Wipe away the first drop of blood, which tends to contain excess tissue fluid. 

 

7. Collect drops of blood into the collection tube/device by gentle pressure on the finger. 

Avoid excessive pressure or “milking” that may squeeze tissue fluid into the drop of 

blood. 

8. Cap, rotate and invert the collection device to mix the blood collected. 

9. Have the patient hold a small gauze pad over the puncture site for a few minutes to stop 

the bleeding. 

10. Dispose of contaminated materials/supplies in designated containers. 

11. Label all appropriate tubes at the patient bedside. 

Heelstick Procedure (infants): 

The recommended location for blood collection on a newborn baby or infant is the heel. The 

diagram below indicates the proper area to use for heel punctures for blood collection. 



 

 

 

1. Prewarming the infant's heel (42° C for 3 to 5 minutes) is important to increase the flow 

of blood for collection. 

2. Wash your hands, and put gloves on. Clean the site to be punctured with an alcohol 

sponge. Dry the cleaned area with a dry gauze pad. 

3. Hold the baby's foot firmly to avoid sudden movement. 

4. Using a sterile blood safety lancet, puncture the side of the heel in the appropriate regions 

shown above. Make the cut across the heel print lines so that a drop of blood can well up 

and not run down along the lines. 

5. Wipe away the first drop of blood with a piece of clean, dry cotton gauze. Since 

newborns do not often bleed immediately, use gentle pressure to produce a rounded drop 

of blood. Do not use excessive pressure because the blood may become diluted with 

tissue fluid. 

6. Fill the required microtainer(s) as needed. 

7. When finished, elevate the heel, place a piece of clean, dry cotton on the puncture site, 

and hold it in place until the bleeding has stopped.  Apply tape or Band-Aid to area if 

needed. 

8. Be sure to dispose of the lancet in the appropriate sharps container. Dispose of 

contaminated materials in appropriate waste receptacles. 

9. Remove your gloves and wash your hands. 

Order of Draw: 

Blood collection tubes must be drawn in a specific order to avoid cross-contamination of 

additives between tubes. The recommended order of draw is: 

1. First - blood culture bottle or tube (yellow or yellow-black top) 

2. Second - coagulation tube (light blue top). 

3. Third - non-additive tube (red top) 



 

 

4. Last draw - additive tubes in this order: 

o SST (red-gray or gold top). Contains a gel separator and clot activator. 

o Sodium heparin (dark green top) 

o PST (dark green green top with gold rim). Contains lithium heparin anticoagulant 

and a gel separator. 

o EDTA (lavender top) 

o Oxalate/fluoride (light gray top) or other additives 

NOTE: Tubes with additives must be thoroughly mixed. Clotting or erroneous test 

results may be obtained when the blood is not thoroughly mixed with the additive. 

Labeling the Sample 

▪ All specimens must be received by the laboratory with a legible label containing at least two 

(2) unique identifiers. 

▪ The specimen must be labeled with the patient's full name (preferably last name first, then 

first name last) and one of the following: 

• Geisinger medical record number (MRN) - for Geisinger locations, this is the required 

second identifier 

• Patient's full date of birth (must include the month, day, and year) 

• Unique requisition identifier/label 

Areas to Avoid When Choosing a Site for Blood Draw: 

Certain areas are to be avoided when choosing a site for blood draw: 

• Extensive scars from burns and surgery - it is difficult to puncture the scar tissue and 

obtain a specimen. 

• The upper extremity on the side of a previous mastectomy - test results may be affected 

because of lymphedema. 

• Hematoma - may cause erroneous test results. If another site is not available, collect the 

specimen distal to the hematoma. 

• Intravenous therapy (IV) / blood transfusions - fluid may dilute the specimen, so collect 

from the opposite arm if possible. 



 

 

• Cannula/fistula/heparin lock - hospitals have special policies regarding these devices. In 

general, blood should not be drawn from an arm with a fistula or cannula without 

consulting the attending physician. 

• Edematous extremities - tissue fluid accumulation alters test results. 

Techniques to Prevent Hemolysis (which can interfere with many tests): 

• Mix all tubes with anticoagulant additives gently (vigorous shaking can cause hemolysis) 

5-10 times. 

• Avoid drawing blood from a hematoma; select another draw site. 

• If using a needle and syringe, avoid drawing the plunger back too forcefully. 

• Make sure the venipuncture site is dry before proceeding with draw. 

• Avoid a probing, traumatic venipuncture. 

• Avoid prolonged tourniquet application (no more than 2 minutes; less than 1 minute is 

optimal). 

• Avoid massaging, squeezing, or probing a site. 

• Avoid excessive fist clenching. 

• If blood flow into tube slows, adjust needle position to remain in the center of the lumen. 

Blood Sample Handling and Processing: 

Pre-centrifugation Handling - The first critical step in the lab testing process, after obtaining 

the sample, is the preparation of the blood samples. Specimen integrity can be maintained by 

following some basic handling processes: 

• Fill tubes to the stated draw volume to ensure the proper blood-to-additive ratio. Allow 

the tubes to fill until the vacuum is exhausted and blood flow ceases. 

• Tubes should be stored at 4-25°C (39-77°F). 

• Tubes should not be used beyond the designated expiration date. 

• Mix all gel barrier and additive tubes by gentle inversion 5 to10 times immediately after 

the draw. This assists in the clotting process. This also assures homogenous mixing of the 

additives with the blood in all types of additive tubes. 



 

 

• Serum separator tubes should clot for a full 30 minutes in a vertical position prior to 

centrifugation. Short clotting times can result in fibrin formation, which may interfere 

with complete gel barrier formation. 

Blood Sample Centrifugation – It is recommended that serum be physically separated from 

contact with cells as soon as possible, with a maximum time limit of 2 hours from the time of 

collection. 

• Complete gel barrier formation (gel barrier tubes) is time, temperature and G-force 

dependent. The uniformity of the barrier is time dependent; an incomplete barrier could 

result from shortened centrifugation times. 

 

• In general, for a horizontal, swing-bucket centrifuge, the recommended spin time is 10 

minutes. For a fixed-angle centrifuge, the recommended spin time is 15 minutes. 

• NOTE: Gel flow may be impeded if chilled before or after centrifugation. 

• Tubes should remain closed at all times during the centrifugation process. 

• Place the closed tubes in the centrifuge as a “balanced load” noting the following: 

o Opposing tube holders must be identical and contain the same cushion or none at 

all. 

o Opposing tube holders must be empty or loaded with equally weighted samples 

(tubes of the same size and equal in fill). 

o If an odd number of samples is to be spun, fill a tube with water to match the 

weight of the unpaired sample and place it across from this sample. 

Centrifuge Safety 

• Interference with an activated centrifuge by an impatient employee can result in bodily 

injury in the form of direct trauma or aerosolization of hazardous droplets. 



 

 

• Centrifuges must never be operated without a cover in place. 

• Uncovered specimen tubes must not be centrifuged. 

• Centrifuges must never be slowed down or stopped by grasping part(s) of the device with 

your hand or by applying another object against the rotating equipment. 

• Be sure the centrifuge is appropriately balanced before activating. If an abnormal noise, 

vibration, or sound is noted while the centrifuge is in operation, immediately stop the unit 

(turn off the switch) and check for a possible load imbalance. 

• Clean the centrifuge daily with a disinfectant and paper towel. Broken tubes or liquid 

spills must be cleaned immediately. 

URINE SPECIMEN 

PRINCIPLE: 

 Urine is one type of specimen that can be easily collected from a patient. Urinalysis testing can 

give the doctor valuable information about many body systems especially kidney function. The 

physician uses the information from urine testing to diagnose and treat many disease states. 

 Types of urine specimens:  

1. Random sample: Sample which is collected anytime during the day. Usually used only 

for routine screening because the composition of urine changes throughout the day.  

2. First voided specimen: Sample also referred to as a first morning specimen. This sample 

is collected the first time the patient urinates in the morning. A first voided specimen is the 

most concentrated and is the preferred specimen for pregnancy testing, bacterial cultures and 

microscopic examinations. 

 3. Timed specimens: These specimens are used when the physician requires urine samples 

to be taken at specific intervals during the day. Twenty-four (24) hour urine specimens are 

required for creatinine clearance tests and many other hormone studies. 

 4. Clean-catch midstream specimen: This sample type is collected if the urine is going to 

be cultured and examined for bacterial growth or used for cytology. 

 5. “Dirty collection:” This specimen will be used for DNA testing and the FIRST part of the 

voided stream is collected.  



 

 

6. Catheterized specimen: These specimens are obtained by inserting a catheter or sterile 

flexible tube into the bladder via the urethra to withdraw urine. This procedure is done only 

by specially trained personnel 

 

PROCEDURES 

Specimen collection: 

 1. Routine or random sample: The patient is given a non-sterile collection container and 

instructed to collect a midstream specimen in the container. This type of specimen is 

routinely used for urinalysis and may not be used for a culture and sensitivity.  

2. First voided specimen: The patient is given a urine container to take home and instructed 

to collect a sample of the urine the first time he or she urinates in the morning. Because urine 

is not stable, the specimen should be returned to the laboratory within one (1) hour of 

collection. If that is not possible, the specimen should be refrigerated until it can be tested. 

 3. Timed specimen: Timed specimens are usually a 24 hour urine collection.  

A. The patient is given a large container (approximately 1 gallon) that is labeled with the 

patient’s name and date. Space is provided to write the time the collection begins and ends.  

B. Before issuing the 24 hour urine container the type of testing ordered is checked for 

preservative requirements. This information can be found in the BVH Laboratory specimen 

collection manual and any required preservatives addition is done by a tech. Cautionary 

labels are also often applied to caution patients that the added preservative may be caustic. 24 

hour urine specimens are also usually required to be refrigerated during the collection period. 

This information should be recorded on the label applied to the 24 hour container.  

C. The test usually begins in the morning. The patient is told to empty their bladder and 

discard the urine in the toilet and record the time on the label of the urine 

container. For the next 24 hours, all urine must be collected in the container. The next day at 

the same time the test began the patient empties their bladder, collects the urine in the 

container, and records the time the test ended. The patient should be instructed to avoid fecal 

contamination of the specimen.  

D. The 24 hour urine specimen is brought to the laboratory as soon as possible as the 24- 

hour period is over. 



 

 

 4. Clean-catch mid-stream specimen: Patients with orders for a urine culture and 

sensitivity are given the proper mid-stream urine collection kit and the appropriate instruction 

sheet. 

A. Give the patient a sterile urine collection kit. The kits are located in the out-patient lab.  

B. Explain to the patient that an instruction sheet is included in the kit. There are two sets of 

instructions. There are different instructions for males and females. Verify that the patient 

understands the instructions. 

 C. Male urine culture collection instructions: 

 These are general instructions. BVH periodically changes the company which provides the 

mid-stream collection kits. Each manufacturer provides very specific instructions to correlate 

with their specific type of container. These instructions may vary slightly with different 

manufacturers. The current use kit instructions are the instructions provided to the patient. 

 1. Wash hands thoroughly with soap and water, rinse and dry.  

2. Open the collection package but DO NOT TOUCH INSIDE OF CUP OR RIM. Open the 

package of 3 towelettes. Retract foreskin if present. With the first towelette, cleanse the 

urinary opening of the penis starting at the center and work outward. Repeat the cleansing in 

the same manner with the two remaining towelletes.  

3. Remove lid carefully from the collection container, DO NOT TOUCH the inside of the 

container or rim. Gently grasp the container. 

 4. Begin to void urine, letting the first 20-25 ml pass into the toilet. Position the cup in the 

stream of urine until the container is about half to two-thirds full. Finish voiding into the 

toilet.  

5. After obtaining the urine specimen, screw the lid on tightly again being careful to avoid 

touching inside the container or lid.  

6. Bring the specimen to the lab within 1 hour or collection or store refrigerated for up to 24 

hours.  

D. Female urine culture collection instructions: These are general instructions. BVH 

periodically changes the company which provides the mid-stream collection kits. Each 

manufacturer provides very specific instructions to correlate with their specific type of 

container. These instructions may vary slightly with different manufacturers. The instructions 

included in the kit currently in use are the instructions provided to the patient.  

1. Wash hands thoroughly with soap and water, rinse and dry. 



 

 

 2. Open the collection package but DO NOT TOUCH INSIDE OF CUP OR RIM. Open the 

package of 3 towelettes. While seated on the toilet spread labia major (outer folds). With the 

first towellete, wipe one side of the labia minora (inner fold) using a single downward stroke. 

Discard towellete. With the second towellete repeat the procedure on opposite side using a 

single downward stroke. Discard towellete. With the third towelette, cleanse meatus (center 

area) with a single downward stroke. Discard towellette.  

3. Remove lid carefully from the collection container, DO NOT TOUCH the inside of the 

container or rim. Gently grasp the container.  

4. Begin to void urine, letting the first 20-25 ml pass into the toilet. Position the cup in the 

stream of urine until the container is about one-half to two-thirds full. Finish voiding into the 

toilet.  

5. After obtaining the urine specimen, screw the lid on tightly again being careful to avoid 

touching inside the container or lid. 

 6. Bring the specimen to the lab within 1 hour of collection or store refrigerated for up to 24 

hours.  

5. “Dirty” specimen: The patient is given a sterile urine cup and told to clean as stated above 

for a clean-catch specimen. They are then instructed to collect the FIRST part of the voided 

stream. Fill the container one half to two thirds full and finish voiding into the toilet. Apply 

the cap tightly and label the cup. 

 6. Catheterized specimen: These specimens are collected by specially trained personnel 

only.   

          All urine specimens should be promptly returned to the laboratory. Specimens must be 

labeled with the patient’s name, DOB, date, time of collection and ordering physician. 

Instruction sheets have been developed to be given to patients for common urine collections 

testing. These forms can be found in in the collection manual. 

FAECES SPECIMEN 

➢ Stool analysis is a series of tests done on a stool (feces) sample to help diagnose certain 

conditions affecting the digestive tract. These conditions can include infection (such as 

from parasites, viruses, or bacteria), poor nutrient absorption, or cancer. 

https://www.uofmhealth.org/health-library/hw371116#hw371116-sec
https://www.uofmhealth.org/health-library/stp1244#stp1244-sec
https://www.uofmhealth.org/health-library/stv15687#stv15687-sec
https://www.uofmhealth.org/health-library/stb117002#stb117002-sec


 

 

➢ For a stool analysis, a stool sample is collected in a clean container and then sent to the 

laboratory.  

➢ Laboratory analysis includes microscopic examination, chemical tests, and microbiologic 

tests.  

➢ The stool will be checked for color, consistency, amount, shape, odor, and the presence 

of mucus.  

➢ The stool may be examined for hidden (occult) blood, fat, meat fibers, bile, white blood 

cells, and sugars called reducing substances. 

➢ The pH of the stool also may be measured.  

➢ A stool culture is done to find out if bacteria may be causing an infection. 

Stool analysis is done to 

• Help identify diseases of the digestive tract, liver, and pancreas. Certain enzymes (such as 

trypsin or elastase) may be evaluated in the stool to help determine how well the pancreas is 

functioning. 

• Help find the cause of symptoms affecting the digestive tract, including prolonged 

diarrhea, bloody diarrhea, an increased amount of gas, nausea, vomiting, loss of appetite, 

bloating, abdominal pain and cramping, and fever. 

• Screen for colon cancer by checking for hidden (occult) blood. 

• Look for parasites, such as pinworms or Giardia. 

• Look for the cause of an infection, such as bacteria, a fungus, or a virus. 

• Check for poor absorption of nutrients by the digestive tract (malabsorption syndrome). 

For this test, all stools is collected over a 72-hour period and then checked for fat (and 

sometimes for meat fibers). This test is called a 72-hour stool collection or quantitative fecal 

fat test. 

Peparation 

• Many medicines can change the results of this test.  

• Need to avoid certain medicines depending on which kind of stool analysis you have.  

• Need to stop taking medicines such as antacids, antidiarrheal medicines, antiparasite 

medicines, antibiotics, laxatives, or nonsteroidal anti-inflammatory drugs (NSAIDs) for 1 

to 2 weeks before go to the test.  

https://www.uofmhealth.org/health-library/stb117029#stb117029-sec
https://www.uofmhealth.org/health-library/tp10281#tp10281-sec
https://www.uofmhealth.org/health-library/tp10281#tp10281-sec
https://www.uofmhealth.org/health-library/stp1367#stp1367-sec
https://www.uofmhealth.org/health-library/stc123799#stc123799-sec
https://www.uofmhealth.org/health-library/tp10141#tp10141-sec
https://www.uofmhealth.org/health-library/tp12584#tp12584-sec
https://www.uofmhealth.org/health-library/ste122090#ste122090-sec
https://www.uofmhealth.org/health-library/uh1565#uh1565-sec
https://www.uofmhealth.org/health-library/stp1665#stp1665-sec
https://www.uofmhealth.org/health-library/stf124090#stf124090-sec
https://www.uofmhealth.org/health-library/stn166055#stn166055-sec


 

 

• Be sure to tell the doctor about all the nonprescription and prescription medicines take. 

• Be sure to tell the doctor if the person has 

➢ Recently had an X-ray test using barium contrast material, such as a barium 

enema or upper gastrointestinal series (barium swallow). Barium can interfere with test 

results. 

➢ Traveled in recent weeks or months, especially if you have traveled outside the country. 

This helps your doctor look for the parasites, fungi, viruses, or bacteria that may be 

causing a problem. 

If stool is being tested for blood, need to avoid certain foods for 2 to 3 days before the test. This 

depends on what kind of stool test use. And do not do the test during menstrual period or if the 

person has active bleeding from hemorrhoids. Do not use a stool sample for testing that has been 

in contact with toilet bowl cleaning products that turn the water blue. 

Equipment 

• Clean bed pan or disposable receiver – ensure the bedpan is not contaminated with 

detergent or disinfectant as this may affect the results (PHE, 2014); 

• Pulp tray to carry equipment; 

• Sterile specimen pot with an integral spoon; 

• Non-sterile gloves; 

• Apron; 

• Specimen form and specimen bag. 

Separate hard lumps, like nuts (hard to pass).

Sausage-shaped but lumpy.

Like a sausage but with cracks on the surface.  

Like a sausage or snake, smooth and soft.

Soft blobs with clear-cut edges.  

Fluffy pieces with ragged edges.

Watery, no solid pieces. Entirely Liquid.

CONS I ST ENCY OF STO OL

 

https://www.uofmhealth.org/health-library/tu6485#tu6485-sec
https://www.uofmhealth.org/health-library/stc123757#stc123757-sec
https://www.uofmhealth.org/health-library/stb117016#stb117016-sec
https://www.uofmhealth.org/health-library/stb117016#stb117016-sec
https://www.uofmhealth.org/health-library/stu3098#stu3098-sec


 

 

Collection 

• Stool samples can be collected at home, in your doctor's office, at a medical clinic, or at 

the hospital.  

• If you collect the samples at home, you will be given stool collection kits to use each day. 

Each kit contains applicator sticks and two sterile containers. 

• You may need to collect more than one sample over 1 to 3 days. Follow the same 

procedure for each day. 

Collect the samples as follows: 

• Urinate before collecting the stool so that you do not get any urine in the stool sample. 

• Put on gloves before handling your stool. Stool can contain germs that spread 

infection. Wash your hands after you remove your gloves. 

• Pass stool (but no urine) into a dry container. You may be given a plastic basin that can be 

placed under the toilet seat to catch the stool. 

✓ Either solid or liquid stool can be collected. 

✓ If you have diarrhea, a large plastic bag taped to the toilet seat may make the 

collection process easier; the bag is then placed in a plastic container. 

✓ If you are constipated, you may be given a small enema. 

✓ Do not collect the sample from the toilet bowl. 

✓ Do not mix toilet paper, water, or soap with the sample. 

• Place the lid on the container and label it with your name, your doctor's name, and the date 

the stool was collected. Use one container for each day's collection, and collect a sample 

only once a day unless your doctor gives you other directions. 

• Take the sealed container to your doctor's office or the laboratory as soon as possible. You 

may need to deliver your sample to the lab within a certain time. Tell your doctor if you 

think you may have trouble getting the sample to the lab on time. 

• If the stool is collected in your doctor's office or the hospital, you will pass the stool in a 

plastic container that is inserted under the toilet seat or in a bedpan. A health professional 

will package the sample for laboratory analysis. 

https://www.uofmhealth.org/health-library/tv7076spec#tp21202


 

 

• You will need to collect stool for 3 days in a row if the sample is being tested for 

quantitative fats. You will begin collecting stool on the morning of the first day. The 

samples are placed in a large container and then refrigerated. 

• You may need to collect several stool samples over 7 to 10 days if you have digestive 

symptoms after traveling outside the country. 

• Samples from babies and young children may be collected from diapers (if the stool is not 

contaminated with urine) or from a small-diameter glass tube inserted into the baby's rectum 

while the baby is held on an adult's lap. 

• Sometimes a stool sample is collected using a rectal swab that contains a preservative. The 

swab is inserted into the rectum, rotated gently, and then withdrawn. It is placed in a clean, 

dry container and sent to the lab right away. 

Risks 

➢ Any stool sample may contain germs that can spread disease.  

➢ It is important to carefully wash your hands and use careful handling techniques to avoid 

spreading infection. 

Results 

• A stool analysis is a series of tests done on a stool (feces) sample to help diagnose certain 

conditions affecting the digestive tract. 

• The normal values listed here—called a reference range—are just a guide. These ranges 

vary from lab to lab, and your lab may have a different range for what's normal. Your lab 

report should contain the range your lab uses. Also, your doctor will evaluate your results 

based on your health and other factors. This means that a value that falls outside the 

normal values listed here may still be normal for you or your lab. 

• Stool analysis test results usually take at least 1 to 3 days. 

 

https://www.uofmhealth.org/health-library/hw371116#hw371116-sec


 

 

 

Normal: The stool appears brown, soft, and well-formed in consistency. 

The stool does not contain blood, mucus, pus, undigested meat fibers, 

harmful bacteria, viruses, fungi, or parasites. 

The stool is shaped like a tube. 

The pH of the stool is 7.0–7.5.footnote1 

The stool contains less than 0.25 grams per deciliter (g/dL)[less than 

13.9 millimoles per liter (mmol/L)] of sugars called reducing 

factors.footnote1 

The stool contains 2–7 grams of fat per 24 hours (g/24h).footnote1 

Abnormal: The stool is black, red, white, yellow, or green. 

The stool is liquid or very hard. 

There is too much stool. 

The stool contains blood, mucus, pus, undigested meat fibers, 

harmful bacteria, viruses, fungi, or parasites. 

The stool contains low levels of enzymes, such as trypsin or elastase. 

The pH of the stool is less than 7.0 or greater than 7.5. 

The stool contains 0.25 g/dL (13.9 mmol/L) or more of sugars called 

reducing factors. 

The stool contains more than 7 g/24h of fat (if your fat intake is about 

100 g a day). 

 

Many conditions can change the results of a stool analysis. Your doctor will talk with you about 

any abnormal results that may be related to your symptoms and past health. 

Abnormal values 

• High levels of fat in the stool may be caused by diseases such as pancreatitis, sprue 

(celiac disease), cystic fibrosis, or other disorders that affect the absorption of fats. 

https://www.uofmhealth.org/health-library/stb117002#stb117002-sec
https://www.uofmhealth.org/health-library/stv15687#stv15687-sec
https://www.uofmhealth.org/health-library/stf124090#stf124090-sec
https://www.uofmhealth.org/health-library/stp1244#stp1244-sec
https://www.uofmhealth.org/health-library/stp1367#stp1367-sec
https://www.uofmhealth.org/health-library/aa80714#aa80714-Bib
https://www.uofmhealth.org/health-library/aa73747#aa73747-sec
https://www.uofmhealth.org/health-library/stm159571#stm159571-sec
https://www.uofmhealth.org/health-library/aa80714#aa80714-Bib
https://www.uofmhealth.org/health-library/aa73732#aa73732-sec
https://www.uofmhealth.org/health-library/aa80714#aa80714-Bib
https://www.uofmhealth.org/health-library/ste122090#ste122090-sec
https://www.uofmhealth.org/health-library/stp1287#stp1287-sec
https://www.uofmhealth.org/health-library/sts15458#sts15458-sec
https://www.uofmhealth.org/health-library/sts15458#sts15458-sec
https://www.uofmhealth.org/health-library/stc123784#stc123784-sec


 

 

• The presence of undigested meat fibers in the stool may be caused by pancreatitis. 

• A low pH may be caused by poor absorption of carbohydrate or fat. Stool with a high pH 

may mean inflammation in the intestine (colitis), cancer, or antibiotic use. 

• Blood in the stool may be caused by bleeding in the digestive tract. 

• White blood cells in the stool may be caused by inflammation of the intestines, such 

as ulcerative colitis, or a bacterial infection. 

• Rotaviruses are a common cause of diarrhea in young children. If diarrhea is present, 

testing may be done to look for rotaviruses in the stool. 

• High levels of reducing factors in the stool may mean a problem digesting some sugars. 

• Low levels of reducing factors may be caused by sprue (celiac disease), cystic fibrosis, or 

malnutrition. Medicine such as colchicine (for gout) or birth control pills may also cause 

low levels. 

ANTICOAGULANTS AND PRESERVATIVES FOR BLOOD  

 

CHEMICAL AGENTS THAT PREVENT COAGULATION ARE ROUTINELY USED WHEN 

WHOLE BLOOD OR PLASMA IS REQUIRED. SOME OF THE COMMONLY USED 

ANTICOAGULANTS ARE: 

(1) HEPARIN          

(2) SALTS OF ETHYLENE DIAMINE TETRA ACETIC ACID (EDTA) 

(3) OXALATES         

(4) SODIUM FLUORIDE 

https://www.uofmhealth.org/health-library/stc15525#stc15525-sec
https://www.uofmhealth.org/health-library/tp10281#tp10281-sec
https://www.uofmhealth.org/health-library/stu3183#stu3183-sec
https://www.uofmhealth.org/health-library/str2491#str2491-sec
https://www.uofmhealth.org/health-library/stg124256#stg124256-sec
http://2.bp.blogspot.com/-V3lRSsKHpj8/VnduhPjnmsI/AAAAAAAABdA/tmOze4d4ChM/s1600/anticoagulants.jpg


 

 

HEPARIN 

• It is the most widely used anticoagulant and causes least interference with tests. It is 

available as sodium, potassium, lithium and ammonium salts. 

•  This anticoagulant accelerates the action antithrombin III which neutralizes thrombin 

and prevents conversion of fibrin form fibrinogen.  

• It is used in 0.2mg/ml blood. Its disadvantage is high cost and short action, and produces 

blue background in blood smears. 

•  It is believed to inhibit the activity of acid phosphatase and affect binding of T3 and T4 

to carrier proteins producing high free concentrations of these hormones. 

EDTA 

• It is a chelating agent useful in hematology as it preserves the cellular component of 

blood. 

•  It is used as disodium, dipotassium or tripotassium salt.  

• It is used as 1-2mg/ml blood. 

•  EDTA prevents coagulation by chelating calcium.  

• Dry EDTA vials are used.  

• It by chelating metallic cofactors inhibits alkaline phosphatase, creatine kinase and other 

enzymes.  

• It is not suitable to use in specimen for calcium and iron analysis. 

SODIUM FLUORIDE 

• It is used when blood is collected for glucose estimations.  

• It is a weak anticoagulant but is often added as preservative for blood glucose together 

with potassium oxalate as anticoagulant.  

• It is effective at a concentration of 2mg/ml blood.  

• It inhibits the enzyme enolase (sodium fluoride) thus inhibiting glycolysis.  

• Na fluoride/K oxalates are mixed in the ratio 1:3. 

CITRATE 

          Sodium citrate solution at concentration 3.8g/dl in ratio or 1 part to 9 part of blood is 

widely used for coagulation studies because its effect is reversible by addition of calcium. 



 

 

OXALATES 

• Sodium, potassium, ammonium, and lithium oxalates inhibit blood coagulation by 

forming insoluble complex with calcium.  

• Potassium oxalate at concentration of 1-2 mg/ml of blood is widely used. Combined 

ammonium and/or potassium oxalate does not cause shrinkage of erythrocytes.  

• It consists of three parts by weight of ammonium oxalate, which causes swelling of the 

erythrocytes, balanced by two parts of potassium oxalate which causes shrinkage. NH4+ 

& K+ oxalate mixture in the ratio of 3:2, and 2 mg / ml of blood is the required amount. 

• The disadvantage of the use of oxalate is the alteration of concentrations of plasma 

components.   

• Shrinkage of erythrocytes results from a water shift from the erythrocytes to plasma.  

• This shift increases with increasing anticoagulant concentration, and if used in the same 

concentration on a weight basis, all anticoagulants will have this effect inversely 

proportional to their molecular weight.   

• Aside from the water shift there may be alteration of erythrocyte permeability, which 

may explain the varied and inconsistent effects of oxalates and other salt anticoagulants 

on certain plasma constituents.   

• Because of the difficulty, at times, in obtaining satisfactory preparation of heparin 

commercially, Heller and Paul introduced in 1934, a balanced oxalate mixture for use in 

hematocrit and sedimentation rate determinations. 

• It consists of three parts by weight of ammonium oxalate, which causes swelling of the 

erythrocytes, balanced by two parts of potassium oxalate which causes shrinkage. 

IODOACETATE 

• Sodium iodoacetate at concentration of 2mg/ml is an effective antiglycolytic agent and a 

substitute for sodium fluoride.   

• It is a potent (suicide) inhibitor of G3P dehydrogenase,Formalin, toluene, 6N HCl, Boric 

acid, thymol, chloroform are used as urine preservatives for 24 hour urine.  

 

 



 

 

PRESERVATIVES USED FOR URINE COLLECTION 

• The stability of some of the components excreted in the urine is affected by the change in 

pH that occurs in the collected sample.  

• Urine pH often becomes more alkaline upon collection due to the presence and ongoing 

metabolism of bacteria and viable cells that are excreted.  

• Certain analytes are better suited for a pH that is closer to what is found within the 

urinary system, while others require a more acidic pH to minimize the deterioration of the 

desired measurands.  

• The importance of such preservatives is stressed when collecting a 24-hour urine sample 

to minimize the degradation associated with variable handling and storage conditions. 

• The commonly used urine preservatives include boric acid, hydrochloric acid, acetic acid, 

and oxalic acid.  

• Certain buffers and bicarbonate salts may also be used for specific measurands. 

Laboratories need to evaluate the effectiveness and potential interference of 

preservatives.  

• Coordinators of urine sample collection need to educate patients as to the safe and 

effective handling of the preservatives when providing urine collection instructions. 

BLOOD TEST ABBRAVIATIONS 

• ALT - Alanine Transaminase (enzyme found in the liver and kidneys; part of a liver 

function test) 

• ANA - Antinuclear Antibody (test to confirm or rule out suspected autoimmune 

disorders) 

• AST - Alanine Aminotransferase (enzyme; use to screen and monitor liver disorders) 

• BAC - Blood Alcohol Concentration/Content (percentage of alcohol in blood; tests for 

intoxication level) 

• BMP - Basic Metabolic Panel (measures balance of fluids and sugars along with kidney 

function ) 

• BNP - Beta Natriuretic Peptide (testing for congestive heart failure) 

 

 

 



 

 

• BUN - Blood Urea Nitrogen (tests function of liver and kidneys) 

• CA - Calcium (measures blood calcium levels) 

• CBC - Complete Blood Count (test red and white blood cells for overall health and to 

detect abnormalities) 

• CK - Creatine Phosphokinase (test for muscle damage) 

• CR - Creatinine (part of kidney function test; measures waste in blood) 

• ESR - Erythrocyte Sedimentation Rate (tests for inflammation) 

• Hct - Hematocrit (part of the standard CBC test; abnormals measurements can indicate 

disease) 

• Hgb - Hemoglobin (measures your hemoglobin levels, used for anemia diagnosis) 

• HDL/LDL - High Density Lipoproteins/High Density Lipoproteins (testing for "good" 

and "bad" cholesterol) 

• INR - International Normalized Ratio (measures rate of blood clotting; tests for blood 

disorders or to adjust blood thinning medications) 

• K - Potassium (a test for potassium levels; high or low levels can lead to serious 

problems) 

• Mg - Magnesium (testing for magnesium levels; certain levels needed body to function 

properly) 

• Na - Sodium (testing for sodium levels in the blood; necessary for proper nerve and body 

functions) 

• PSA - Prostate Specific Antigen (prostate cancer test) 

• PT - Prothrombin Time (test blood clotting along with INR or international normalized 

ratio; to access bleeding problems) 

• RBC - Red Blood Cell Count (part of the CBC test) 

• TPO - Thyroid Peroxidase Antibodies (test for antibodies to thyroid, which suggests 

thyroid disease) 

• Trig - Triglycerides (a part of cholesterol test) 

• TSH - Thyroid Stimulating Hormone (measures the amount of thyroid stimulating 

hormone in blood) 

• WBC - White Blood Cell Count (part of the CBC test) 

 

 



 

 

 

Abbreviation Stands for More information 

ABG Arterial blood gases You may have an ABG test to detect lung 

diseases. 

ACE Angiotensin converting enzyme Drugs called ACE inhibitors are used to treat 

high blood pressure, heart failure, diabetes and 

kidney diseases. 

ACL Anterior cruciate ligament Commonly injured part of the knee 

ADHD Attention deficit hyperactivity 

disorder 

A behavior disorder 

AFIB Atrial fibrillation A disturbance of the rhythm of the heart 

AIDS Acquired immunodeficiency 

syndrome 

Infection caused by human immunodeficiency 

virus 

ALP Alkaline phosphatase You may have a blood test for ALP to detect 

liver or bone disease. 

ALS Amyotrophic lateral sclerosis. Also known as Lou Gehrig's Disease 

ALT Alanine aminotransferase You may have a blood test for ALP to detect 

liver disease. 

AMD Age-related macular 

degeneration 

An eye problem 

AMI Acute myocardial infarction Heart attack 

AODM Adult onset diabetes mellitus Type 2 diabetes 

AST Aspartate aminotransferase You may have a blood test for ALP to detect 

liver disease. 

AVM Arteriovenous malformation A defect in the circulatory system. 

BID Twice a day Your doctor may write this on your prescription. 

BMI Body mass index A measure of how much you should weigh based 

on your height 

BP Blood pressure The force of your blood pushing against the 

walls of your arteries 

BPH Benign prostatic hypertrophy Enlargement of the prostate gland 



 

 

BRCA Breast Cancer Gene People with the gene may be at increased risk for 

breast or ovarian cancer. 

BUN Blood urea nitrogen You may have a blood test for BUN to detect 

kidney disease problems. 

CA Cancer OR Calcium   

CA-125 Cancer antigen 125 You may have a blood test for CA-125 A to 

measure cancer activity. 

CABG Coronary artery bypass graft A type of heart surgery 

CAD Coronary artery disease A common type of heart disease 

CAT Computerized axial tomography A type of x-ray 

CBC Complete blood count A blood test that measures many properties of 

the cells in your blood 

CHD Congenital heart disease Heart disease you were born with 

CHF Congestive heart failure Also called heart failure. A condition in which 

the heart can’t pump enough blood throughout 

the body. 

CMV Cytomegalovirus A common virus 

CNS Central nervous system The brain and spinal cord 

COPD Chronic obstructive pulmonary 

disease 

A lung disease that makes it hard to breathe 

CPK Creatine phosphokinase You may have a blood test for CPK to see if 

you’ve had a heart attack. 

CPR Cardiopulmonary resuscitation An emergency procedure whose heart has 

stopper or is no longer breathing 

CRF Chronic renal failure Failure of the kidneys 

CRP C-reactive protein You may have a blood test for CRP to see if you 

have   inflammation or heart problems. 

CSF Cerebrospinal fluid A fluid that surrounds the brain and spinal cord 

CVA Cerebrovascular accident A stroke or "brain attack" 

CXR Chest x-ray A diagnostic test that uses radiation to make 

images of your lungs 



 

 

D&C Dilatation and curettage A surgical procedure on the uterus (womb) 

DJD Degenerative joint disease Another name for arthritis 

DM Diabetes mellitus   

DTP Diphtheria, tetanus, pertussis A vaccine for three diseases 

DVT Deep-vein thrombosis A blood clot 

DX Diagnosis   

ECG, EKG Electrocardiogram A test that measures electrical impulses of the 

heart 

ECHO Echocardiogram A test that uses sound waves to look at the heart 

EEG Electroencephalogram A test that measures electrical impulses of the 

brain 

EMG Electromyography A test that measures electrical impulses of 

muscles 

ENT Ear, nose and throat   

ERCP Endoscopic retrograde 

cholangiopancreatography 

A way to diagnose problems in the liver, 

gallbladder, bile ducts and pancreas 

ESR Erythrocyte sedimentation rate A blood test for inflammation 

ESRD End-stage renal (kidney) disease   

FSH Follicle stimulating hormone If you are a woman, you may have a blood test 

for FSH to evaluate fertility. 

GERD Gastroesophageal reflux disease A problem that happens when stomach contents 

leak back into your gullet 

GI Gastrointestinal Another term for your digestive system 

GFR Glomerular filtration rate A test of kidney damage 

GU Genitourinary The urinary and sex organs 

HAV Hepatitis A virus A virus that causes one type of liver disease 

HBV Hepatitis B virus A virus that causes one type of liver disease 

HCT Hematocrit A blood test measurement 

HCV Hepatitis C virus A virus that causes one type of liver disease 

HDL High density lipoprotein A type of cholesterol, also known as "good" 

cholesterol 



 

 

HGB Hemoglobin A blood test measurement 

HIV Human immunodeficiency virus The virus that causes AIDS 

HPV Human papilloma virus A virus that causes cervical cancer 

HRT Hormone replacement therapy Hormones supplements that women may take 

HTN Hypertension High blood pressure 

IBD Inflammatory bowel disease A name for two digestive disorders-- ulcerative 

colitis and Crohn's disease 

IBS Irritable bowel syndrome A problem with the large intestine 

ICD Implantable cardioverter 

defibrillator 

A device that monitors heart rhythm problems 

ICU Intensive care unit Special hospital unit 

IDDM Insulin-dependent diabetes 

mellitus 

Type 1 diabetes 

IM Intramuscular A type of injection 

IUD Intrauterine device A type of birth control for women 

IV Intravenous A type of injection 

IVP Intravenous pyelogram An x-ray test of the  urinary system 

LDL Low density lipoprotein A type of cholesterol, also known as "bad" 

cholesterol 

LFT Liver function tests   

MI Myocardial infarction Heart attack 

MMR Measles, mumps, and rubella A vaccine for three diseases 

MRI Magnetic resonance imaging A  type of imaging test 

MRSA Methicillin-resistant 

Staphylococcus aureus 

A type of infection 

MS Multiple sclerosis A disease of the nervous system 

NG Nasogastric You may need an NG tube to empty the contents 

of your stomach. 

NIDDM Non-insulin dependent diabetes 

mellitus 

Type 2 diabetes 

NKDA No known drug allergies   



 

 

NSAID Non-steroidal anti-inflammatory 

drug 

Drugs like ibuprofen 

OCD Obsessive-compulsive disorder A type of anxiety disorder 

PAD Peripheral arterial disease Diseases of the arteries outside the heart 

PAP Papanicolau You may need a PAP test to detect cervical 

cancer. 

PAT Paroxysmal atrial tachycardia A disturbance of the rhythm of the heart 

PET Positron emission tomography A type of x-ray test 

PFT Pulmonary function test You may need PFTs to find out how your lungs 

are working. 

PID Pelvic inflammatory disease Infection and inflammation of the female 

reproductive organs 

PMS Premenstrual syndrome A group of symptoms that may happen before a 

woman’s period 

PPD Purified protein derivative You may have a PPD skin test for tuberculosis. 

PRN As needed Your doctor may write this on your prescription. 

PSA Prostate specific antigen You may have a blood test for PSA to detect 

prostate disease. 

PT Prothrombin time A measure of blood clotting 

PTH Parathyroid hormone You may have a blood test for PTH to detect 

   parathyroid disease. 

PTSD Post-traumatic stress syndrome An illness caused by traumatic events 

PTT Partial thromboplastin time A measure of blood clotting 

PUD Peptic ulcer disease A disease of the stomach 

PVC Premature ventricular 

contraction 

A disturbance of the rhythm of the heart 

QID Four times a day Your doctor may write this on your prescription. 

RA Rheumatoid arthritis A type of joint disease 

RBC Red blood cell A type of blood cell 

RSV Respiratory syncytial virus A virus that causes infections in children 

Rx Prescription   



 

 

SAD Seasonal affective disorder Depression during seasons with little light 

SIDS Sudden infant death syndrome   

SLE Systemic lupus erythematosus Lupus for short 

SOB Shortness of Breath   

STD Sexually transmitted disease   

T3 Triiodothyronine You may have a blood test for T3 to detect 

thyroid disease. 

T4 Thyroxine You may have a blood test for T4 to detect 

thyroid disease. 

TB Tuberculosis An infection of the lungs 

TAH Total abdominal hysterectomy Surgery to remove a woman's uterus (womb) 

TIA Transient ischemic attack A  small stroke 

TIBC Total iron binding capacity A test that measures the amount of iron in your 

blood 

TID Three times a day Your doctor may write this on your prescription. 

TMJ Temporomandibular joint The joint that connects your jaw to the side of 

your head 

TORCH Stands for a group of infections 

that may cause birth defects 

 A newborn will have this test to check for 

infections. Sometimes the mother also needs the 

test. 

TSH Thyroid stimulating hormone You may have a blood test for TSH to detect 

thyroid disease. 

TURP Transurethral resection of 

prostate gland 

An operation to remove parts of the prostate 

gland 

URI Upper respiratory infection Another name for the common cold 

UTI Urinary tract infection Infection of the bladder and kidneys 

XRT Radiotherapy Therapy that uses radiation, usually for cancer 

WBC White blood cell A type of blood cell 

 

 



 

 

BLOOD TEST MEASUREMENT ABBRAVIATIONS 

✓ CMM - Cells Per Cubic Millimeter 

✓ Da – Dalton 

✓ dL – Deciliter 

✓ fL - Femtoliter (Fraction of One-Millionth of a Liter) 

✓ g/dL - Grams Per Deciliter 

✓ IU/L - International Units Per Liter 

✓ kPa – kilopascal 

✓ mEq/L - Milliequivalent Per Liter 

✓ mg/dL - Milligrams Per Deciliter 

✓ mL – Milliliter 

✓ mmol/L - Millimoles Per Liter 

✓ ng/mL - Nanograms Per Milliliter 

✓ PG - Picograms (one trillionth of a gram) 

LABORATORY REFERENCE RANGES  

Electrolytes 

• Ammonia: 15-50 µmol/L 

• Ceruloplasmin: 15-60 mg/dL 

• Chloride: 95-105 mmol/L 

• Copper: 70-150 µg/dL 

• Creatinine: 0.8-1.3 mg/dL 

• Blood urea nitrogen: 8-21 mg/dL 

• Ferritin: 12-300 ng/mL (men), 12-150 ng/mL (women) 

• Glucose: 65-110 mg/dL 

• Inorganic phosphorous: 1-1.5 mmol/L 

• Ionized calcium: 1.03-1.23 mmol/L 

• Magnesium: 1.5-2 mEq/L 

• Phosphate: 0.8-1.5 mmol/L 

• Potassium: 3.5-5 mmol/L 

• Pyruvate: 300-900 µg/dL 



 

 

• Sodium: 135-145 mmol/L 

• Total calcium: 2-2.6 mmol/L (8.5-10.2 mg/dL) 

• Total iron-binding capacity: 45-85 µmol/L 

• Total serum iron: 65-180 µg/dL (men), 30-170 µg/dL (women) 

• Transferrin: 200-350 mg/dL 

• Urea: 1.2-3 mmol/L 

• Uric acid: 0.18-0.48 mmol/L 

• Zinc: 70-100 µmol/L 

Hematology 

• Hemoglobin: 13-17 g/dL (men), 12-15 g/dL (women) 

• Hematocrit 40%-52% (men), 36%-47% 

• Glycosylated hemoglobin 4%-6% 

• Mean corpuscular volume (MCV): 80-100 fL 

• Red blood cell distribution width (RDW): 11.5%-14.5% 

• Mean corpuscular hemoglobin (MCH): 0.4-0.5 fmol/cell 

• Mean corpuscular hemoglobin concentration (MCHC): 30-35 g/dL 

• Reticulocytes 0.5%-1.5% 

• White blood cells (WBC) 4-10 x 10^9/L 

• Neutrophils: 2-8 x 10^9/L 

• Bands: < 1 x 10^9/L 

• Lymphocytes: 1-4 x 10^9/L 

• Monocytes: 0.2-0.8 x 10^9/L 

• Eosinophils: < 0.5 x 10^9/L 

• Platelets: 150-400 x 10^9/L 

• Prothrombin time: 11-14 sec 

• International normalized ratio (INR): 0.9-1.2 

• Activated partial thromboplastin time (aPTT): 20-40 sec 

• Fibrinogen: 1.8-4 g/L 

• Bleeding time: 2-9 min 

 



 

 

Lipids 

• Triglycerides: 50-150 mg/dL 

• Total cholesterol: 3-5.5 mmol/L 

• High-density lipoprotein (HDL): 40-80 mg/dL 

• Low-density lipoprotein (LDL): 85-125 mg/dL 

Acid base 

• pH: 7.35-7.45 

• Base excess: (-3)-(+3) 

• H+: 36-44 nmol/L 

• Partial pressure of oxygen (pO2): 75-100 mm Hg 

• Oxygen saturation: 96%-100% 

• Partial pressure of carbon dioxide (pCO2): 35-45 mm Hg 

• Bicarbonate (HCO3): 18-22 mmol/L 

Gastrointestinal function 

• Albumin: 35-50 g/L 

• Alkaline phosphatase: 50-100 U/L 

• Alanine aminotransferase (ALT): 5-30 U/L 

• Amylase: 30-125 U/L 

• Aspartate aminotransferase (AST): 5-30 U/L 

• Direct bilirubin: 0-6 µmol/L 

• Gamma glutamyl transferase: 6-50 U/L 

• Lipase: 10-150 U/L 

• Total bilirubin: 2-20 µmol/L 

• Total protein: 60-80 g/L 

Cardiac enzymes 

• Creatine kinase: 25-200 U/L 

• Creatine kinase MB (CKMB): 0-4 ng/mL 

• Troponin: 0-0.4 ng/mL 



 

 

Hormones 

• 17 hydroxyprogesterone (female, follicular): 0.2-1 mg/L 

• Adrenocorticotropic hormone (ACTH): 4.5-20 pmol/L 

• Estradiol: 1.5-5 ng/dL (male), 2-14 ng/dL (female, follicular), 2-16 ng/dL (female, 

luteal), < 3.5 ng/dL (postmenopausal) 

• Free T3: 0.2-0.5 ng/dL 

• Free T4: 10-20 pmol/L 

• Follicle-stimulating hormone (FSH): 1-10 IU/L (male), 1-10 IU/L (female, 

follicular/luteal), 5-25 IU/L (female, ovulation), 30-110 IU/L (postmenopause) 

• Growth hormone (fasting) : 0-5 ng/mL 

• Progesterone: 70-280 (ovulation), ng/dL 

• Prolactin: < 14 ng/mL 

• Testosterone (male): 10-25 nmol/L 

• Thyroxine-binding globulin: 12-30 mg/L 

• Thyroid-stimulating hormone (TSH): 0.5-5 mIU/L 

• Total T4, adult: 4.9-11.7 mg/dL 

• Total T3: 0.7-1.5 ng/dL 

• Free T3: 1.7-3.7 pg/mL 

Vitamins 

• Folate (serum) : 7-36 nmol/L 

• Vitamin A: 30-65 µg/dL 

• Vitamin B12: 130-700 ng/L 

• Vitamin C: 0.4-1.5 mg/dL 

• Vitamin D: 5-75 ng/mL 

Tumor markers 

• Alpha fetoprotein: 0-44 ng/mL 

• Beta human chorionic gonadotropin (HCG): < 5 IU/I 

• CA19.9: < 40 U/mL 

• Carcinoembryonic antigen (CEA): < 4 ug/L 



 

 

• Prostatic acid phosphatase (PAP): 0-3 U/dL 

• Prostate-specific antigen (PSA): < 4 ug/L 

Miscellaneous 

• Alpha 1-antitrypsin: 20-50 µmol/L 

• Angiotensin-converting enzyme: 23-57 U/L 

• C-reactive protein: < 5 mg/L 

• D-dimer: < 500 ng/mL 

• Erythrocyte sedimentation rate (ESR): Less than age/2 mm/hour 

• Lactate dehydrogenase (LDH): 50-150 U/L 

• Lead: < 40 µg/dL 

• Rheumatoid factor: < 25 IU/ml 

ELECTROLYTE AND ACID/BASE BALANCE 

➢ Cells maintain a balance, or homeostasis, by transference of fluid and electrolytes in and 

out of the cell. This fluid constantly bathes the cell. Although fluid and electrolyte 

balance and acid/base balance are separate entities, they directly relate to one another. 

➢ For example, dehydration results in a decrease in the pH or metabolic acidosis, whereas 

overhydration results in an increase in the pH or metabolic alkalosis. To understand how 

this happens, let’s review the basics of fluid movement across the cell membrane. 

➢ Water and small particles constantly move in and out of the semipermeable membrane in 

the cell through active transport and osmosis. This process transports nutrients, 

hormones, proteins, and other molecules into the cell. It also aids in the movement of 

waste products out of the cell for excretion from the body. 

➢ Along with other functions, fluid also assists with body temperature regulation. When the 

client has an infection resulting in an elevated temperature, he tends to perspire. This loss 

of body fluid can lead to dehydration. Dehydration occurs when there is more fluid 

output than fluid intake. 

➢ Other body fluids exist in the form of pericardial fluid, pleural fluid, and spinal fluid. 

These fluids are compartmentalized into two types: 



 

 

• Intracellular fluid (fluid that is within the cell): Two-thirds of the body’s fluid is 

intracellular. 

• Extracellular fluid (fluid that is outside the cell): One-third of the body’s fluid is 

extracellular. These fluids are divided between the intravascular and interstitial 

spaces. 

ACID-BASE BALANCE 

• Blood needs the right balance of acidic and basic (alkaline) compounds to function 

properly. This is called the acid-base balance. 

• Kidneys and lungs work to maintain the acid-base balance. Even slight variations from 

the normal range can have significant effects on your vital organs. 

• Acid and alkaline levels are measured on a pH scale. An increase in acidity causes pH 

levels to fall. An increase in alkaline cause’s pH levels to rise. 

• When the levels of acid in blood are too high, it’s called acidosis. When blood is too 

alkaline, it is called alkalosis. 

• Respiratory acidosis and alkalosis are due to a problem with the lungs. Metabolic acidosis 

and alkalosis are due to a problem with the kidneys. 

• Each of these conditions is caused by an underlying disease or disorder. Treatment 

depends on the cause. 

KIDNEYS AND ACID–BASE BALANCE 

The kidneys have two very important roles in maintaining the acid–base balance: 

1. They reabsorb bicarbonate from urine. 

2. They excrete hydrogen ions into urine. 

• The kidneys are slower to compensate than the lungs, but renal physiology has several 

powerful mechanisms to control pH by the excretion of excess acid or base. The major, 

homeostatic control point for maintaining a stable pH balance is renal excretion. 

• Bicarbonate (HCO3−) does not have a transporter, so its reabsorption involves a series of 

reactions in the tubule lumen and tubular epithelium. In response to acidosis, the tubular 



 

 

cells reabsorb more bicarbonate from the tubular fluid, and the collecting duct cells 

secrete more hydrogen and generate more bicarbonate, and ammoniagenesis leads to an 

increase in the formation of the NH3 buffer. 

• In response to alkalosis, the kidneys may excrete more bicarbonate by decreasing 

hydrogen ion secretion from the tubular epithelial cells, and lowering the rates of 

glutamine metabolism and ammonium excretion. 

Renal Regulation of Acid-Base Balance: 

• There are three systems that regulate H+ concentration in the body fluids to prevent 

acidosis or alkalosis. 

✓ The chemical Acid-base buffer systems which combine with acid or base to prevent 

excessive changes in H+ concentration. 

✓ The respiratory centers which regulates the removal of CO2 from ECF. 

✓ The kidneys regulate blood pH by three mechanisms. 

1. The chemical Acid-base buffer systems which combine with acid or base to prevent 

excessive changes in H+ concentration. 

2. The respiratory centers which regulates the removal of CO2 from ECF. 

3. CO2 + H2O ↔ H2CO3 

 

 

 

I. Excretion of acid in the form of titrable acid and ammonium ions 

II. Reabsorption of the filtered HCO3 

III. Generation of new NaHCO3 

LUNGS AND ACID–BASE BALANCE 

• A constant amount of CO2 in blood, essential for normal acid-base balance, reflects a 

balance between that produced as a result of tissue cell metabolism and that excreted by 

the lungs in expired air. 

• By varying the rate at which carbon dioxide is excreted, the lungs regulate the carbon 

dioxide content of blood.  



 

 

• The sequence of events from carbon dioxide production in the tissues to elimination in 

expired air is described in Fig. 1.  

• Carbon dioxide diffuses out of tissue cells to surrounding capillary blood (Fig. 1a). A 

small proportion dissolves in blood plasma and is transported to the lungs unchanged. 

• But most diffuses into red cells where it combines with water to form carbonic acid. The 

acid dissociates with production of hydrogen ions and bicarbonate.  

• Hydrogen ions combine with deoxygenated hemoglobin (hemoglobin is acting as a buffer 

here), preventing a dangerous fall in cellular pH, and bicarbonate diffuses along a 

concentration gradient from red cell to plasma. 

• Thus most of the carbon dioxide produced in the tissues is transported to the lungs as 

bicarbonate in blood plasma.  

 

Fig. 1a. CO2 produced in tissues converted to bicarbonate for transport to lungs. 

 

Fig. 1b. At the lungs bicarbonate converted back to CO2 and eliminated by the lungs. 

• At the alveoli in the lungs the process is reversed (Fig. 1b).  

• Hydrogen ions are displaced from hemoglobin as it takes up oxygen from inspired air.  

• The hydrogen ions are now buffered by bicarbonate which diffuses from plasma back 

into red cell, and carbonic acid is formed.  

• As the concentration of this rises, it is converted to water and carbon dioxide. 



 

 

• Finally, carbon dioxide diffuses down a concentration gradient from red cell to alveoli for 

excretion in expired air. 

• Respiratory chemoreceptors in the brain stem respond to changes in the concentration of 

carbon dioxide in blood, causing increased ventilation (breathing) if carbon dioxide 

concentration rises and decreased ventilation if carbon dioxide falls. 

ACIDOSIS AND ALKALOSIS 

▪ Blood is made up of acids and bases.  

▪ The amount of acids and bases in your blood can be measured on a pH scale.  

▪ It’s important to maintain the correct balance between acids and bases.  

▪ Even a slight change can cause health problems.  

▪ Normally, your blood should have a slightly higher amount of bases than acids. 

▪ Alkalosis occurs when your body has too many bases.  

▪ It can occur due to decreased blood levels of carbon dioxide, which is an acid. 

▪ It can also occur due to increased blood levels of bicarbonate, which is a base. 

▪ This condition may also be related to other underlying health issues such as low 

potassium, or hypokalemia.  

▪ The earlier it’s detected and treated, the better the outcome is. 

ACIDOSIS 

When breathe, lungs remove excess carbon dioxide from our body. When they cannot do so, 

blood and other fluids become too acidic. 

Symptoms of respiratory acidosis 

Symptoms may include fatigue, shortness of breath, and confusion. 

Causes of respiratory acidosis 

There are several different causes of respiratory acidosis including: 

• chest deformities or injuries 

• chronic lung and airway diseases 

• overuse of sedatives 

• obesity 

 

 



 

 

Types of respiratory acidosis 

• There are no noticeable symptoms of chronic respiratory acidosis. This is due to the fact 

that our blood slowly becomes acidic and our kidneys adjust to compensate, returning 

your blood to a normal pH balance. 

• Acute respiratory acidosis comes on suddenly, leaving the kidneys no time to adjust. 

Those with chronic respiratory acidosis may experience acute respiratory acidosis due to 

another illness that causes the condition to worsen. 

Diagnosis of respiratory acidosis 

A complete physical examination is necessary. Diagnostic testing may include: 

• arterial blood gas test 

• metabolic panel 

• pulmonary function test 

• chest X-ray 

Treatment of respiratory acidosis 

• A doctor should be seen immediately to treat acute respiratory acidosis, as this can be a 

life threatening condition.  

• Treatment is targeted to the cause. 

• Bronchodilator medications may be given to correct some forms of airway obstruction. If 

our blood oxygen level is too low, may require oxygen.  

• Noninvasive positive pressure ventilation or a breathing machine may be necessary. 

• To treat chronic respiratory acidosis, the underlying cause needs to be determined in 

order for proper treatment to take place.  

• The cause could be from an organ deformity, an infection, or some type of inflammation. 

•  Each cause may require a different treatment ranging from antibiotics to a breathing 

machine. 

Complications of respiratory acidosis 

• Respiratory acidosis is serious and requires immediate medical attention.  

• Potential complications of untreated respiratory acidosis include respiratory failure, organ 

failure, and shock. 

 

 



 

 

Preventing respiratory acidosis 

• Take steps to help prevent some of the conditions that lead to respiratory acidosis.  

• Maintain a healthy weight.  

• Take sedatives only under strict doctor supervision and never combine them with alcohol.  

• Do not smoke. 

ALKALOSIS 

The four types of alkalosis 

There are four main types of alkalosis. 

Respiratory alkalosis 

Respiratory alkalosis occurs when there isn’t enough carbon dioxide in your bloodstream. It’s 

often caused by: 

• hyperventilation, which commonly occurs with anxiety 

• high fever 

• lack of oxygen 

• salicylate poisoning 

• being in high altitudes 

• liver disease 

• lung disease 

Metabolic alkalosis 

• Metabolic alkalosis develops when your body loses too much acid or gains too much 

base. This can be attributed to: 

• excess vomiting, which causes electrolyte loss 

• overuse of diuretics 

• adrenal disease 

• a large loss of potassium or sodium in a short amount of time 

• antacids 

• accidental ingestion of bicarbonate, which can be found in baking soda 

• laxatives 

• alcohol abuse 

 

 



 

 

Hypochloremic alkalosis 

• Hypochloremic alkalosis occurs when there’s a significant decline of chloride in your 

body.  

• This can be due to prolonged vomiting or sweating.  

• Chloride is an important chemical needed to maintain balance in bodily fluids, and it’s an 

essential part of your body’s digestive fluids. 

Hypokalemic alkalosis 

• Hypokalemic alkalosis occurs when your body lacks the normal amount of the mineral 

potassium.  

• Normally get potassium from your food, but not eating enough of it is rarely the cause of 

a potassium deficiency.  

• Kidney disease, excessive sweating, and diarrhea are just a few ways you can lose too 

much potassium.  

• Potassium is essential to the proper functioning of the: 

✓ heart 

✓ kidneys 

✓ muscles 

✓ nervous system 

✓ digestive system 

Symptoms of alkalosis 

Early symptoms 

Symptoms of alkalosis can vary. In the early stages of the condition, you may have: 

✓ nausea 

✓ numbness 

✓ prolonged muscle spasms 

✓ muscle twitching 

✓ hand tremors 

Serious symptoms 

• If alkalosis isn’t treated right away, severe symptoms can develop.  

• These symptoms could lead to shock or coma.  

• Go to the nearest emergency room if you experience any of these symptoms: 



 

 

✓ dizziness 

✓ difficulty breathing 

✓ confusion 

✓ stupor 

✓ coma 

Diagnosing alkalosis 

• The symptoms of alkalosis mimic symptoms of other conditions. It’s very important that 

don’t attempt to diagnose ourself.  

• Make an appointment with our doctor to get evaluated. 

• Our doctor will ask about our medical history and the symptoms we’ve been 

experiencing.  

• They will likely order tests that will rule out other conditions. Common tests include: 

✓ Urinalysis 

✓ urine pH level test 

✓ basic metabolic panel 

✓ arterial blood gas analysis 

• According to the American Association for Clinical Chemistry, normal blood pH levels 

are between 7.35 and 7.45.  

• A blood pH above 7.45 may indicate alkalosis. 

• Our doctor may also want to measure the carbon dioxide and oxygen levels in your blood 

to rule out respiratory issues. 

Receiving treatment 

• Treatment plan will depend on the cause of our alkalosis. 

• Carbon dioxide level needs to return to normal if you have respiratory alkalosis. 

• If we have rapid breathing caused by anxiety, taking slow, deep breaths can often 

improve symptoms and regulate our oxygen level. 

•  If tests reveal that we have a low oxygen level, we’ll need to receive oxygen through a 

mask. 

• If rapid breathing is caused by pain, then treating the pain will help bring our respiratory 

rate back to normal and improve our symptoms. 

https://www.healthline.com/health/urine-ph
http://fitsweb.uchc.edu/student/selectives/TimurGraham/compensatory_responses_respiratory_alkalosis.html


 

 

• If alkalosis is caused by a loss of chemicals such as chloride or potassium, We’ll be 

prescribed medications or supplements to replace these chemicals. 

• Some cases of alkalosis result from an electrolyte imbalance, which may be corrected by 

drinking plenty of fluids or drinks that contain electrolytes.  

• If you have an advanced case of electrolyte imbalance, it will need to be treated in the 

hospital. 

• Most people recover from alkalosis once they receive treatment. 

Prevention of alkalosis 

• Reduce our risk for developing alkalosis by maintaining good health, eating a healthy 

diet, and staying hydrated.  

• Choosing foods high in nutrients and potassium can help combat electrolyte deficiencies.  
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