Case Study A
During a health check-up camp organized at a school, a doctor uses an instrument called a sphygmomanometer to measure the blood pressure of teachers and students. The doctor explains to the volunteering students that blood is pumped by the heart into different types of blood vessels—arteries, capillaries, and veins—which form a closed network.
​The doctor notes that the pressure exerted by the blood against the walls of these vessels is not uniform throughout the system. It is highest when the heart’s ventricles contract during systole and drops to its lowest when the ventricles relax during diastole. The students observe that arteries have thick, elastic walls to withstand this high pressure, whereas veins have much thinner walls and possess internal valves. Capillaries, being only one-cell thick, allow for the actual exchange of materials between the blood and surrounding tissues.
1. ​A student’s blood pressure reading is recorded as 120/80 mm Hg. What do the numbers 120 and 80 represent respectively?
A) ​Diastolic pressure and Systolic pressure
B) ​Systolic pressure and Diastolic pressure
C) ​Atrial pressure and Ventricular pressure
D) ​Capillary pressure and Venous pressure
2. ​Why do arteries require thicker, more elastic muscular walls compared to veins?
A) ​To store large reservoirs of deoxygenated blood.
B) ​To allow the rapid diffusion of metabolic wastes into tissues.
C) ​To withstand and accommodate the high-pressure surges of blood leaving the heart.
D) ​To prevent blood from flowing backward toward the lungs.
3. ​What is the primary functional reason for the presence of valves inside veins but not in arteries?
A) ​To increase the speed of blood flow as it approaches organs.
B) ​To prevent the backflow of blood because venous blood flows under very low pressure.
C) ​To filter out cellular waste and toxins before the blood reaches the heart.
D) ​To assist the thin walls of veins in absorbing oxygen from tissues.
4. ​Which structural feature of capillaries directly enables the efficient exchange of gases, nutrients, and waste products with body cells?
A) ​The presence of micro-valves that open only during systole.
B) ​Their thick, elastic walls that push nutrients into cells.
C) ​Their extremely narrow diameter and walls that are only one-cell thick.
D) ​Their ability to actively pump blood back to the right atrium.
5. ​If a person suffers from chronic high blood pressure (hypertension), which of the following is a likely long-term health risk according to the circulatory mechanics?
A) ​Sudden drop in the rate of cellular respiration.
B) ​Complete conversion of arteries into thin-walled veins.
C) ​Increased strain on the heart and potential rupture of delicate blood vessels.
D) ​Rapid multiplication of red blood cells to reduce blood density.

Case Study B
Anish’s grandfather has been suffering from chronic kidney disease due to long-standing diabetes. Recently, his doctor informed the family that his kidneys have reached a stage of permanent failure, leading to a dangerous buildup of nitrogenous waste products in his blood. To manage this condition, he was advised to undergo hemodialysis three times a week.
​During a visit to the dialysis center, Anish observes the procedure. The technician explains that hemodialysis uses a machine that acts as an artificial kidney. Blood from an artery in the patient’s arm is pumped into the dialyzer. Inside the dialyzer, the blood flows through a network of tubes made of a semi-permeable membrane. These tubes are submerged in a tank filled with a special fluid called dialyzing fluid. The technician points out that the dialyzing fluid has the exact same osmotic pressure and solute concentration as normal blood plasma, except that it is entirely free of nitrogenous wastes like urea.
1. ​What is the primary driving force that causes urea and other metabolic wastes to move from the patient’s blood into the dialyzing fluid during hemodialysis?
A) ​Active transport requiring ATP energy from the machine.
B) ​Simple diffusion across a concentration gradient.
C) ​High air pressure applied by the machine’s mechanical pump.
D) ​Osmotic pull created by a high concentration of proteins in the fluid.
2. ​Why is it crucial that the dialyzing fluid contains the same concentration of glucose and essential salts as normal healthy blood plasma?
A) ​To prevent these essential nutrients from diffusing out of the patient’s blood into the fluid.
B) ​To force the glucose to actively enter the blood and give the patient instant energy.
C) ​To make the fluid thick enough to slow down the blood flow through the machine.
D) ​To chemically neutralize the toxic effects of urea within the tubes.
3. ​Which of the following normal kidney functions is completely absent during the process of hemodialysis?
A) ​Filtration of small solute molecules.
B) ​Separation of blood cells from liquid waste.
C) ​Selective reabsorption of water and nutrients by renal tubules.
D) ​Removal of excess toxic nitrogenous compounds.
4. ​Based on the mechanics of the circulatory and excretory systems described, what is typically done to the blood before it enters the dialyzer and before it is returned to the patient’s body?
A) ​It is heated to 45^\circ\text{C} before entry and frozen before return.
B) ​It is mixed with an anti-coagulant (like heparin) before entry and an anti-heparin agent before return.
C) ​It is oxygenated using an external lung machine before entering the dialyzer.
D) ​It is mixed with distilled water to dilute the urea before entering the machine.
5. ​What would happen if a patient with total kidney failure misses their scheduled hemodialysis sessions for several weeks?
A) ​The liver will automatically modify its structure to take over the filtration of blood.
B) ​Accumulation of toxic urea and fluid retention will lead to uremia, tissue swelling, and fatal organ failure.
C) ​The body will permanently adapt by stopping the breakdown of proteins entirely.
D) ​Excess water will begin to escape exclusively through the skin as heavy sweat, balancing the system.

