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Introduction 
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•Generally, laboratory tests should be ordered only if the results of the test 
will guide decisions about the care of the patient.  
•Serum, urine, and other bodily fluids can be analyzed routinely; however, the 
economic cost and impact on the quality of life related to obtaining these data 
must always be balanced by benefit to patient-specific outcomes. 
•What pharmacist should know? 

•Medication management 
•Monitoring (Efficacy, safety) 
•Contraindications 



Normal range? 

Normal values may vary from laboratory to laboratory, depending on techniques 
and reagents used. 
Normal values may also vary depending on the patient’s age, gender, weight, 
height, and other factors. 
Reference range 
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Remember:  
Always treat the patient, 

not the laboratory 
values!  
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• Sex, Age, Pregnancy 
• Incorrect test ordered (Albumin) 
• Sample incorrectly labeled 
• Improper preparation for test (fasting) 
• Medication 
• Improper timing of test(Vancomycin) 
• Collection incomplete or improper(24-hour urine)  
• Improper handling or storage (Hyperkalemia) 
• Poor accuracy or precision 
• Exercise  

Error! 
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• Precision: repeatability of a 
laboratory test 

• Accuracy : result that is reflective 
of the "true" value 

• Sensitivity: correctly identify the 
disease or condition.  

• Specificity: rule out individuals 
who do not have the disease or 
condition. 



o Nature of effect 

o Route of administration 

o Direction and strength of effect 

o Level of documentation 

o Sex of patient  

o Age of patient 

o    Onset of effect after starting the medication  

o     Duration of effect after stopping the medication 

o     Clinical significance of effect 

Drug-Lab interactions 
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Fluids and electrolytes 
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BMP 
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Sodium 
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 Reference Range: 135-145 mEq/L or mmol/L 

 predominant cation of extracellular fluid 

 Sodium is important in establishing serum osmolarity and osmotic 
pressure relationships between ICF and ECF 

Hypernatremia 
Relative water deficiency 

Hyponatremia 
 Dilutional hyponatremia 
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Drug induced hypernatremia 
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Potassium 

 Reference Range: 3.5-5.0 mEq/L or mmol/L 

 major intracellular cation in the body 

 filtered freely at the glomerulus of the kidney, reabsorbed in the proximal tubule, and 
secreted into the distal segments of the nephron. 

Hyperkalemia 
AKI/CKD 
Hemolysis, burn 
Acidosis 

Hypokalemia 
 Severe diarrhea 
 Hypomagnesemia 
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Calcium 

 Reference Range: 8.5-10.5 mg/ dL or 2.1-2.6 mmol/L 

 The total calcium content resides primarily in the bone, with only about 1% freely exchangeable 
with that in the ECF 

 About 40% of the calcium in the ECF is bound to plasma proteins (especially albumin), 5% to 
15% is complexed with phosphate and citrate, and about 45% to 55% is in the unbound, ionized 
form 

Hypercalcemia 
 Malignancy 
 Hyperparathyroidism 
 Vit D toxicity 

Hypocalcemia 
 Deficiency in production or the 
 response to PTH or vitamin D 
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• Inhibitors of bone resorption (Bisphosphonates, calcitonin), especially in vitamin 

D deficiency 

• Cinacalcet 

• Calcium chelators (EDTA, citrate, phosphate) 

• Foscarnet (complexing with calcium) 

• Phenytoin (Conversion of vitamin D to inactive form) 

• Fluoride poisoning 

• Chemotherapy (cisplatin) 

Drug induced hypocalcemia 
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 Because calcium in the serum is partially bound to plasma 
proteins (mostly albumin), the serum calcium concentration is 
affected by the concentration of these plasma proteins. 

 The total serum calcium will decrease by 0.8 mg/dL for each 
decrease of 1.0 g/dL in serum albumin concentration. 

 (4 – albumin patient) x 0.8 + calcium = corrected calcium. 

Correction 



Magnesium 

 Reference Range: 1.5-2.4 mEq/L or 0.75-1.2 mmol/L 

 An intracellular electrolyte 

 An important metabolic role in the phosphorylation of adenosine 
triphosphate 

 Hypomagnesemia 

 Malnourishment  

 Hypermagnesemia  

 Excessive ingestion of magnesium-containing antacids 

 Patients with reduced renal function 

 Can slow conduction in the heart, prolong PT intervals, and widen the QRS complex 
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Phosphate 

 Reference Range: 2.5-4.5 mg/ dL or 0.80-1.45 mmol/L 

 

 The extracellular concentration of phosphate as inorganic phosphorus is the 
prime determinant of the intracellular concentration 

 The source of phosphate for ATP and phospholipid synthesis 

 Is influenced by parathyroid hormone, intestinal phosphate absorption, renal 
function, bone metabolism, and nutrition 
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Hypophosphatemia 

 Malnourished patients 

 Antacids 

 Chronic alcoholics, and septic patients 

 involve nervous system dysfunction, muscle weakness, 
rhabdomyolysis, cardiac irregularities, and dysfunction of 
leukocytes and erythrocytes. 
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 Renal insufficiency 

 Increased vitamin D 

 Hypo-parathyroidism 

 Advanced malignancies 

 Several drugs, such as penicillin, corticosteroids, some diuretics, 
furosemide, and thiazides, can induce hyperphosphatemia as an 
adverse reaction. 

Hyperphosphatemia 
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• Hypokalemia 
• Hypomagnesemia 
• Hypocalcemia 



Blood Urea Nitrogen 

 Reference Range: 8-20 mgldL or 2.8-7.1 mmol/L 

 Urea nitrogen is an end product of protein metabolism 

 Produced solely by the liver, transported in the blood, and excreted by 
the kidneys 

 Acute or chronic renal failure is the most common cause of an elevated 
BUN 

 High protein intake and conditions that increase protein catabolism (or 
upper GI bleeding) can increase the BUN concentration. 

 A water deficit tends to concentrate the urea  nitrogen, and a water 
excess dilutes the urea nitrogen 
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Ratio of BUN to SCr 
 A normal ratio is roughly 15:1 

 Greater than 20:1 :decreased blood flow to the kidney 

 Prerenal disease   

 Dehydration  

 Conditions involving reduced cardiac output 

 Increased protein in the blood 

 Dietary intake  

 An upper CI bleed 

Less than 15:1 

 Renal failure  

 significant malnourishment (decreased intake of protein) 

 Severe liver disease in which the liver is no longer able to form urea. 
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Dose adjustment 



Creatinine 

 Reference Range: 0.6-1.2 mg/dL or 53-106 µmol/L 

 Is derived from creatine and phosphocreatine, major constituents of 
muscle 

 Is remarkably constant and is determined primarily by an 
individual's muscle mass or lean body weight 

 Excreted renally almost exclusively by glomerular filtration 

 A decrease in the GFR results in an increase in the SCr 
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An 85 years old female (weight: 40 kg) with dementia need to be treated 
for a symptomatic UTI with ciprofloxacin, as her urine culture E.coli was 
resistant to all other safer! Classes.Can you calculate the appropriate 
dose for her? 
Her serum creatinine is 0.8 mg/dL  
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140 − 85 × 40

1 ∗ 72
× 0.85 = 26 𝑚𝐿/𝑚𝑖𝑛 



LIVER FUNCTION TESTS 
36 
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Aspartate Aminotransferase 

 Reference Range: 0-35 units/L or 0-0.58 µkat/L 

 AST is abundant in heart and liver tissue and moderately present 
in skeletal muscle, the kidney, and the pancreas. 

 

 AST determinations have been used to evaluate myocardial 
injury and to diagnose and assess the prognosis of liver disease 
resulting from hepatocellular injury. 
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Alanine Aminotransferase 

 Reference Range: 0-35 units/L or0-O.58 µkat/L 

 elevations in serum ALT are more specific for liver-related 
injuries or diseases. 

 

 Although ALT is relatively more abundant in hepatic tissue 
versus cardiac tissue than AST, the liver still contains 3.5 times 
more AST than ALT. 

38 



Alkaline Phosphatase 

 Reference Range: 30-120 units/L or 0.5-2.0 µkat/L 

 A large group of isoenzymes that play important roles in the transport of 
sugar and phosphate. 

 ALP is derived primarily from liver and bone 

 This enzyme is secreted into the bile, and substantially elevated ALP serum 
concentrations can be seen with mild intrahepatic or extrahepatic biliary 
obstruction 

 Drug-induced cholestatic jaundice (e.g., chlorpromazine or sulfonamides) 
can increase serum ALP concentrations 
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𝑅 =  
𝐴𝐿𝑇

𝑈𝐿𝑁 

𝐴𝐿𝑃
𝑈𝐿𝑁 
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Bilirubin 

 Total Bilirubin-Reference Range: 0.1-1.0 mg/dL or 1.7-17.1 µmol/L 

 Direct (Conjugated) Bilirubin-Reference Range: 0-0.2 mg/dL or 0-3.4/-
µmoI/L 
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Assess severity of  liver disease (Child-Pugh score) 

1 point 2 points 3 points 

Bilirubin (Total) <2 mg/dL 2-3 mg/dL >3 mg/dL 

Albumin >3.5 g/dL 2.8-3.5 g/dL <2.8 g/dL  

INR <1.7 1.7-2.2 >2.2 

Ascites Absent Mild to 
Moderate 

Severe 

Encephalopathy No Grade 1-2 Grade 3-4 

Total score 

A (5–6 points) 

B (7–9 points) 

C (10–15points) 
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Dabigatran Apixaban  Edoxaban  Rivaroxaban Warfarin 

A (5–6 points) No dose reduction INR (2-3) 

B (7–9 points) Use with caution Use with caution Use with caution Do not use INR (2-3) 

C (10–15points) Do not use Do not use Do not use Do not use INR (2-3) 

Assess severity of  liver disease (Child-pugh score) 

1 point 2 points 3 points 

Bilirubin (Total) <2 mg/dL 2-3 mg/dL >3 mg/dL 

Albumin >3.5 g/dL 2.8-3.5 g/dL <2.8 g/dL  

INR <1.7 1.7-2.2 >2.2 

Ascites Absent Mild to 
Moderate 

Severe 

Encephalopathy No Grade 1-2 Grade 3-4 
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Monitoring of pharmacotherapy 
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Monitoring of efficacy examples 

Test Drug Test Drug Test Drug 

Level Vancomycin, AG Glycemic profile Anti-DM PTT Heparin 

Level Anti-epileptics Lipid profile Statins INR Warfarin 

Level Digoxin Uric acid Anti-gout Anti-Xa Enoxaparin 

Level CNI TFT Levothyroxin ? DOAC 

Level Lithium CRP. PCT, 
cultures 

Antibiotics Retic, Hgb, iron 
profile 

Iron, B12, 
folic acid 
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Diabetes 
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Pre-diabetes 
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Glycemic goals 

Pregnancy Patients with DM Normal Time 

<99 80-130 70-99 Fasting 

<120 <180 <140 1-2 hours after meal 

6.5% 7% 5.7 % Hb1AC 
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Uric Acid 

 Reference Range: <7.0 mg/ dL or 0.42 mmol/L 

 End product of purine metabolism 

 No biological function 

 Gout 

 Increased serum uric acid concentrations 
 Renal dysfunction 

 increased purine metabolism resulting from cytotoxic therapy 
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HEMATOLOGY 
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Complete blood count/ hemopgram 

•The CBC is an extremely common laboratory test  
•Hemoglobin (Hgb) 
•Hematocrit (Hct) 
•White blood cells (WBCs) 
•Red blood cells (RBCs) 
•Mean corpuscular volume (MCV) 
•Mean corpuscular hemoglobin (MCH) 
•Mean corpuscular hemoglobin Mconcentration 
(MCHC) 

•Platelet count and WBC differential.  
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Hemoglobin 
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Reference Range 
Male: 14-18 g/dL  

Female: 12-16 g/dL  

Increased Hemoglobin 
Polycythemia vera 
COPD 
Chronic smokers 
Regular vigorous exercise 
Live at high altitude 

Decreased Hemoglobin 
Anemia of all types (IDA) 
Blood loss 
Hemolysis 
Pregnancy, 
Fluid replacement 



Hematocrit  
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Reference Range 
Male: 39-50 % 

Female: 33-45 %  

Increased 
Polycythemia vera 
COPD 
Chronic smokers 
Regular vigorous exercise 
Live at high altitude 
Dehydration and shock 
 

Decreased 
Anemia of all types (IDA) 
Blood loss 
Hemolysis 
Pregnancy 
Cirrhosis 
Hyperthyroidism 
Leukemia 
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Red blood cell count 
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Reference Range 
Male: 4.2-5.9 × 106  

Female: 3.5-5.5 × 106  

Increased 
• Polycythemia vera 
• High altitudes 
• Strenuous exercise 

Decreased 
• Anemia  
• Lymphomas 

Leukemia 
• Drug induced 

hemolytic anemia 



MCV (Mean Corpuscular Volume ) 
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Reference Range 
76-100 μm3/cell  

Increased 

Folate deficiency 
Vitamin B12 deficiency 
Alcoholism 
Chronic liver disease 
Hypothyroidism 
Anorexia 

Decreased 
Iron deficiency anemia 
Hemolytic anemia, 
Lead poisoning 
Thalassemia 

Medications 
Valproic acid 
Zidovudine, stavudine, 
Antimetabolites 



Mean cell hemoglobin 

 MCHC measures the concentration of Hgb 

 MCH measures the weight of Hgb in the average RBC 

 Changes in the Hgb content of RBCs alter the color of these cells. 

 Normochromic anemias 

 Changes in the size of RBCs (MCV) are associated with 
corresponding changes in the weight of Hgb (MCH), but the 
concentration of Hgb (MCHC) remains normal. 

 Hypochromic  

 A decrease in RBC Hgb, reflected by reduced MCHC, and may 
indicate iron-deficiency anemia. 
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White Blood Cells 

 Reference Range: 4-11 x 103 /µL 

 

 WBCs comprise five different types of cells. 

 All WBCs contribute to host defense mechanisms. 

 Neutrophils are the most abundant followed in order of 
frequency by lymphocytes, monocytes, eosinophils, and 
basophils. 
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Increased during: 
Metabolic toxic states (e.g., diabetic ketoacidosis, uremia, eclampsia)  
Physiological response to stress (e.g., physical exercise, childbirth)  
Drugs (e.g., epinephrine, corticosteroids) 

demargination from blood vessel walls 

Reference Range: 40%-70% of WBC 

 
The number of neutrophils is commonly increased during bacterial or fungal 
infections 
Production of new leukocytes, an increase in the number of circulating 
immature neutrophils (e.g., bands), this phenomenon is commonly referred to 
as a "left shift," which suggests bacterial infection. 

Neutrophils 



Agranulocytosis and absolute neutrophil count 

 Neutropenia, is defined as a neutrophil count of less than 2,000 cells/ µL 

 Mild neutropenia (1000 ≤ ANC < 1500)  

 Moderate neutropenia (500 ≤ ANC < 1000)  

 Severe neutropenia (ANC < 500)  

 Profound neutropenia (ANC < 100)  

 Agranulocytosis refers to severe neutropenia 

 

 The risk of infection increases significantly when the ANC is less than 500/µL 

 The most common causes of neutropenia are metastatic carcinoma, lymphoma, and 
chemotherapeutic agents 

 

64 



Lymophocytes 

 Reference Range: 20%-40% of WBC 

 The second most common WBC in circulating blood. 

 Respond to foreign antigens by initiating the immune defense system. 

 T lymphocytes (thymic dependent) participate in cell-mediated immune 
responses, and B lymphocytes (bone marrow derived) are responsible 
for humoral antibody responses. 

 Immune deficiency disorders 

 Lymphoma and viral infections such as infectious mononucleosis, 
mumps, and rubella. 
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Thrombocytes 

 Reference Range: 150- 450 x 103/µl 

 

 Decreased platelet counts or thrombocytopenia may lead to petechiae, 
ecchymosis, and spontaneous hemorrhage. 

 

 Causes include decreased platelet production, accelerated destruction, 
loss from excessive bleeding or trauma, dilution of blood samples 
secondary to blood transfusion, sequestration secondary to 
hypersplenism, disseminated intravascular coagulation, infection, or 
systemic lupus erythematosus 
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 Causes of elevated platelet counts or thrombocytosis 
 Malignancy 

 Rheumatoid arthritis 

 Iron-deficiency anemia 

 Polycythemia vera 

 Postsplenectomy syndromes 
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