
Cardiovascular Physiology Objectives


Anatomy of the circulatory system 

Trace the path of blood flow through the heart, the pulmonary and systemic circulatory systems. Name and explain the function of each structure along the path.

Describe the basic functional anatomy of the atrioventricular valves and the semilunar valves and explain how they operate.

Fluid flow dynamics

Calculate relationships between pressure, resistance, radius, length, and viscosity.  

Differentiate between flow and velocity in units and concept.

Cardiac Muscle Contraction 


State the steps in excitation-contraction coupling in myocardium, including special roles of Ca2+.

Compare and contrast the action potential in cardiac muscle, skeletal muscle and nerves.

Draw the action potential in a contractile myocardial cell and in an autorhythmic myocardial cell, labeling both the voltage and time axes correctly.  

Explain the mechanism by which autorhythmic cells are autorhythmic.

Sketch the temporal relationship between the action potential and the resulting contraction (twitch) of a myocardial cell and explain why cardiac muscle cannot remain in a state of sustained contraction (tetanus). 

Explain changes caused by autonomic nervous system neurotransmitters.


Electrical and mechanical activity in the heart
Beginning in the SA node, describe the normal sequence of cardiac electrical activation and the role played by specialized cells and gap junctions.

Predict the consequence of failure to conduct an electrical impulse through any major conducting area of the heart. An example would be the loss of initiation of ventricular contraction with a block in conduction through the Bundle of His.

Name the parts of a typical Lead II ECG tracing and explain the relationship between each wave and the electrical state of the heart. 

Beginning in the atria, describe the normal sequence of cardiac mechanical activation and the role played by pressure in determining valve state. 

Draw a ventricular pressure-volume loop and label the phases and events of the cardiac cycle.

Draw and explain the components of a Wigger's diagram. 

Cardiac function measurements
Identify intervals of isovolumic contraction, ejection, isovolumic relaxation, ventricle filling and atrial and ventricular systole and diastole.

Calculate cardiac output. Define and explain factors affecting cardiac output and their mechanism of action including Starling's Law, venous return, autonomic nervous input, hemorrhage (blood loss).

Contrast the sympathetic and parasympathetic nervous system influence on cardiac output. Identify which is dominant at rest (para) and during exercise (symp).  Discuss their mechanisms of action at the organ level and intracellular level.

Draw changes in a ventricular pressure-volume loop and a Wigger's diagram given changes in cardiac function.

Blood Flow in the heart and CV system
Describe the relationship between pressure, flow and resistance in the vasculature and be able to calculate for one variable if the other two are known.  Work with these concepts also as cardiac output, blood pressures and vascular resistances. 

Explain how blood flow to any organ is altered by changes in resistance to that organ.

Explain how the physical properties of the vasculature (vessel size, wall thickness, wall composition, compliance, elastic recoil, and blood viscosity) affect movement of blood and delivery of nutrients.  (Think: Poiseuille's law)

Given systolic and diastolic blood pressures, state the 'blood pressure (S/D) and calculate pulse pressure and mean arterial pressure. Describe the measurement of arterial blood pressure.

Contrast pressures and oxygen saturations in the arteries, arterioles, capillaries, venules and veins of both the systemic and pulmonary circulations. Repeat that process for velocity of blood flow, cross-sectional area, and volume.

Cardiovascular regulation

Identify the myogenic, neural, endocrine and paracrine factors mediating vascular smooth muscle contraction, (norepinephrine, angiotensin II, vasopressin) and  relaxation ((O2, (CO2, epinephrine, nitric oxide, ANP, histamine,(H, (K+).

Explain the reason, the mechanism and the steps in active and reactive hyperemia.

Describe the role of angiogenesis in providing a long-term match of tissue blood flow and metabolic need (such as for new tissue… like added fat).

List the anatomical components of the baroreceptor reflex. (Think: stimulus, receptor, afferent, integrating center, efferent, and response.) Describe the sequence of events in the baroreflex that occur after an acute increase or decrease in arterial blood pressure. 

Respiratory Physiology Objectives


Anatomy of the respiratory system 

Trace the path of oxygen and carbon dioxide flow through the pulmonary and cardiovascular systems for external respiration. 

Distinguish external from cellular respiration (see definitions p. 498).

State the bones, muscles and pleura important for respiration and their roles.  

Alveolar Ventilation

State the laws of gases (Table 17-1) and relate each to respiratory function.

Calculate the partial pressure of any gas given total atmospheric pressure and the percent contributed by that gas.   P gas = P atm  x  % of gas 

State the approx. percentages of N2, O2, CO2, and water in atmospheric air (Table 17-2). 

List the normal alveolar, arterial, and mixed venous blood gas values for PO2, PCO2, SaO2, and pH and describe the mechanisms accounting for these values.  

Draw a normal spirogram labeling the four lung volumes and four capacities.  List the volumes that comprise each of the four capacities.  Identify which volume and capacities cannot be measured by spirometry. Use all values in calculations.

Define and calculate pulmonary and alveolar ventilation rates, anatomic dead space.

Define: hypoventilation, hyperventilation, hypercapnea, hypoxia, eupnea, and hyperpnea.

Draw a normal pulmonary pressure volume curve (starting from residual volume to total lung capacity and back to residual  volume), labeling the inflation and deflation limbs. 

Define  the causes and characteristics of restrictive vs. obstructive lung diseases.

Define surface tension as it applies to the lungs, including the effects of alveolar size and the role of surfactants.

Identify the forces that generate the negative intra-pleural pressure, and predict the direction that the air will move if the volume or pressure in the thoracic cavity changes. (Boyle's law)

On one page, diagram the lung volume, alveolar pressure and pleural pressure during a normal quiet breathing cycle.  Identify on the figure the onset of inspiration, cessation of inspiration, and cessation of expiration.   Relate the pleural and airway pressure values to the movement of air.

Describe the effect of airway diameter on airway resistance and air flow.

Pulmonary Circulation

Contrast the systemic and pulmonary circulations with regards to pressures, resistance to blood flow, and response to hypoxia.

Contrast the airway and vascular control mechanisms that help maintain a normal ventilation/perfusion ratio.

Predict how abnormal ventilation/perfusion ratios will affect local alveolar oxygen and carbon dioxide pressures and exchange.

Oxygen and Carbon Dioxide Transport

Define percent hemoglobin saturation and oxygen content as they pertain to blood.

Draw and label an oxyhemoglobin dissociation curve showing the relationship between oxygen partial pressure and hemoglobin saturation. Relate this to blood oxygen content.

Show how the oxyhemoglobin dissociation curve is affected by changes in blood temperature, pH, PCO2, and 2,3 DPG.

Describe how the shape of the oxyhemoglobin dissociation curve influences the uptake and delivery of oxygen.

Describe how anemia and carbon monoxide poisoning affect the shape of the oxyhemoglobin dissociation curve, PaO2, PCO2, and SaO2.

Name the factors that affect diffusive transfer of gas. (Fick's law of diffusion, p.122)

List the forms in which carbon dioxide is carried in the blood.  Identify the percentage of total CO2 transported as each form.  Describe the importance of the chloride shift in the transport of CO2 by the blood.

Explain how the enzyme, carbonic anhydrase, is essential to normal carbon dioxide transport by the blood and where it is located.

 Respiratory Regulation

List the anatomical locations of chemoreceptors sensitive to changes in arterial PO2, PCO2, and pH that participate in the control of ventilation.  Identify which chemoreceptor population is most important in sensing short term (acute) and long-term (chronic) alterations in blood gases.

Describe the respiratory drive in a COPD patient, and predict the change in respiratory drive when oxygen is given to a COPD patient.
Renal Physiology Objectives 

Renal and Urinary System Anatomy

Identify the general structure and role of the renal cortex, renal medulla, renal pelvic space, ureter, bladder, urethra, podocytes, and the juxtaglomerular apparatus including the specialized juxtaglomerular arteriole cells and the distal tubule macula densa.

Describe in sequence the tubular segments through which ultrafiltrate flows after it is formed at Bowman’s capsule to when it enters the renal pelvis. 

Describe in sequence the blood vessels through which blood flows when passing from the renal artery to the renal vein, including the glomerular capillaries, peritubular capillaries, the vasa recta and the afferent and efferent arterioles.

Renal Function, blood flow/GFR regulation                   
State normal body osmolarity values.

Calculate, graph and describe the processes of filtration, reabsorption, secretion and excretion. Predict how changes in filtration, reabsorption or secretion will affect renal excretion of any solute.

Define clearance.  Calculate clearance for any solute given urine flow rate and urine concentration (excretion rate) and plasma concentration. Calculate and explain why the clearance rate for inulin or creatinine is equal to the glomerular filtration rate.

Calculate and demonstrate graphically the renal threshold (RT) and transport maximum (T max) for any solute given the GFR and information about renal handling. 

Diagram and describe the cellular mechanisms for the transport of glucose, amino acids, water, urea, Na+, K+, Cl-, H+, HCO3-, CO2, O2, and NH4+ across tubular epithelia, including transport mechanisms (protein type and energy source), chemical reactions involved, specifics as to what part of the nephron is involved, and any specializations in regulation (such as hormonal regulation of transporter availability).

List typical values for cardiovascular blood flow, renal blood flow and glomerular filtration rate. Describe the relative resistances of the afferent and efferent arterioles and the effects on renal blood flow and GFR of selective changes in each.

Predict the change in renal blood flow and GFR caused by increased ANG II, ANP, NE or NO.

Describe the myogenic and tubuloglomerular feedback mechanisms that mediate the autoregulation of renal plasma flow and glomerular filtration rate.  Identify the range for autoregulatory control.

Urine Concentration and Dilution

Describe and diagram the mechanism of the loop of Henle countercurrent multiplier in producing a high renal interstitial fluid osmolarity. Include specific cellular transport mechanisms.

Identify intake and loss routes for body water and predict the changes in body fluid volume and osmolarity caused by a net water loss or gain.   Predict how each of these disturbances would alter the rate of urine production and the osmotic composition of the urine.

Identify the stimuli that cause ADH release and describe the control mechanisms for each.

Identify the tubular section and cellular mechanism by which ADH increases permeability to water.  Describe the role of ADH, along with renal interstitial osmolarity, in production of a dilute or concentrated urine.

Ion Balance and Regulation of Extracellular Fluid Volume 

Identify the normal range for ICF and ECF Na+.  (text Table 5-10.)  Describe and diagram the tubular sites and cellular mechanisms of Na+ reabsorption.

Describe the receptors involved in the monitoring of ECF volume (e.g., high pressure baroreceptors and low pressure cardiopulmonary stretch receptors), and diagram the neural reflex regulation of renal Na+ and water reabsorption and excretion.

Diagram the formation and generation of angiotensin II, beginning with renin.  Identify factors that can promote renin release.  Describe the role of the renin-angiotensin-aldosterone system in the regulation of systemic arterial blood pressure.

Describe the regulation of Na+ reabsorption along the nephron, including the effects of sympathetic nerves, angiotensin II, aldosterone, and atrial natriuretic peptide.

Identify the normal range for ICF and ECF K+.  Define the role of extracellular K+ in maintaining normal nerve and muscle function. (see text p.234) 

Diagram the tubular sites and cellular mechanisms of K+ reabsorption and secretion. Describe the factors that regulate K+ secretion and their mechanisms of action. 

Map completely the physiological responses to any combination of osmolarity and blood volume levels (listed in Fig 19-16and described pp. 586-590. See Fig. 19-17 as an example.) 


- Cardiovascular response to blood pressure changes


- Response to osmolarity changes (ADH and thirst)


- Response to blood volume changes

· Na+ regulation and aldosterone mechanism

· Renin-Angiotensin-Aldosterone pathway

· Actions of Ang II

Acid-Base Balance

Identify the normal range of pH values, and the upper and lower limits compatible with life. 

Identify and describe the cellular mechanisms the major sites of reabsorption (and secretion) of HCO3- along the nephron. Describe the adjustments in filtered load and HCO3- reabsorption (H+ secretion) by alterations in systemic acid-base balance. 

Describe net acid excretion by the kidneys the importance of urinary buffers, and the production and excretion of ammonium. 

Given a sudden increase or decrease in pH, identify the magnitude and the time course of the compensations that act to minimize change in pH of the body fluids, including buffers, respiratory adjustments and renal adjustments. Modify the equation for CO2+H2O( … for each situation.

From blood values (for CO2, pH, etc.), identify metabolic and respiratory acid-base disturbances.  Describe the processes that lead to acid-base disturbances and list common causes.

Digestive Physiology Objectives


Basic digestive system anatomy and physiology

· List structures and the functions they serve

· Describe  the processes of  motility, absorption, secretion, and excretion
· Compare and contrast with renal functions
Digestion and absorption of carbohydrates, proteins, lipids
- State the enzymes involved in digestion of each

- State the hormones involved, their stimulus and function

- State the final digestion products of each
- Diagram how each digestion product is absorbed across the digestive tract epithelium apical and basolateral sides. 
- Trace a protein, a lipid, and a carbohydrate entirely through the digestive tract, describing processes involved in digestion and absorption of each.
- Predict the effect of pathology in a digestive system function 

Reproductive Physiology Objectives
Ch. 24 - 731-753, sex determination, male and female reproduction.  (Exclude procreation, pregnancy and growth.)
Sex determination and differentiation

- Distinguish chromosomal (genetic) gender from gonadal gender from phenotypic gender from gender identity

- State the critical factors for gender determination at these steps and predict the result of developmental errors.

Male reproductive anatomy and physiology

- List the structuresof  and their role in the male reproductive system. 

- Describe the development of sperm including the important support structures and hormones and correctly identifying the name of sperm at different stages (Ex/ spermatocyte vs spermatid)

- State the structures in order that sperm pass through from where they develop to where they exit the body during an ejaculation.

Female reproductive anatomy and physiology

- List the structuresof  and their role in the female reproductive system. 

- Describe the development of ova including the important support structures and hormones.

- State the structures in order that ova pass through from where they develop to where they exit the body as a shed unfertilizaed ova.

- Describe the menstrual cycle, including levels and roles of each hormone and structure involved.

