
PHY 3171 Short Answer and 
Essay Exam Plans  

Heart failure results when the heart is unable to 
pump sufficient blood for the metabolic 
requirements of the body. (i) Describe the 
compensatory mechanisms that assist the failing 
heart to maintain circulatory function but which 
subsequently lead to a decline in cardiac 
performance.  

(i)  

  ●  Compensatory mechanisms are initiated in the first 
phase of heart failure in order for the ���heart to maintain 
CO at rest, but this is not sufficient to allow normal 
increases in CO ���during exercise ��� 

  ●  However, this eventually leads heart function to 
decline and thus heart failure becomes ���and severe 
leading to death ��� 

  ●  The first compensatory mechanism involved is the 
Frank-Starling mechanism  

  ○  Frank-Starling curve is shifted to the right where 
the end diastolic pressure (stretch) is increased ��� 

  ○  Leads to the increase in EDV to maintain SV and 
in doing so maintain CO ��� 

  ○  As a consequence though atrial pressure 
increases, pulmonary congestion, ���dyspnoea and 
pulmonary oedema ��� 

  ○  This leads to the right ventricle pressure to 
overload and eventually right ventricle ���failure ��� 

  ○  Therefore the right end diastolic pressure 
increases to again increase SV and ���thus CO 



through the Frank-Starling mechanism ��� 

  ○  This leads to the central venous pressure to 
increase resulting in peripheral ���oedema and ascites 
which also feedback to increase the right end 
diastolic ���pressure ��� 

  ●  All mechanisms lead to the increase in atrial pressure 
and pulmonary congestion ��� 

(ii) Describe the physiological basis of pharmacologic 
treatments in heart failure. 

 

  ●  One of the ways to treat and manage heart failure is 
through pharmacological ���interventions ��� 

  ●  These aim to reduce and relieve symptoms, prolong 
survival by slowing down the ���progression of heart failure 
and improving quality of life in terms of physical, social, 
emotional and economical limitations ��� 

○ ACE inhibitors: Captopril or enalapril + Spironolactone  

▪ Inhibit ACE enzyme from converting Angiotensin I to 
Angiotensin II,   

▪ prevents increase in BP   

▪ decreases mortality in HF patients   

▪ Blocks RAS activation   

▪ causes vasodilation   

▪ decreases afterload   

▪ ACE inhibitor + Spironolactone is given: a diuretic, to help 
block RAS   

○ β-adrenoceptor antagonist (Beta Blockers)  

▪ They inhibit sympathetic activation   



▪ Metoprolol are β1 selective   

▪ Carvedilol are non-selective   

▪ Studies have shown that they reduce mortality   

▪ This is the case as they reduce HR thus increasing 
myocardial perfusion   

▪ Also inhibition of chronic sympathetic activation prevents 
effects of  noradrenaline on myocardial structure 
(remodelling)   

▪ Reduces cardiac arrhythmias   

▪ However the negative inotropic effect is hazardous to 
patients with  severely compromised contractile action ○ 
Diuretics   

■ Reduce fluid accumulation of by increasing renal Na+ (and 
water) excretion and thus reducing preload, pulmonary 
congestion and oedema  

○ Digoxin  

▪ Increases contractility (positive inotropy)   

▪ This is done by increasing the cytosolic availability of 
calcium during  systole   

▪ It also increase vagal tone and thus slows the sino-atrial 
node and  atrioventricular node   

▪ It can be toxic at high doses where large influx of calcium 
causes delayed  after depolarizations   

Coronary artery disease secondary to atherosclerosis 
is the leading cause of myocardial infarction. (i) 
Describe how the development of atherosclerotic 
lesions leads to coronary artery disease 

(i)   



  ●  Atherosclerosis is the build up of unhealthy of fatty 
deposits in the arteries usually ���referred to as plaques ��� 

  ●  It leads to a decrease in blood flow ��� 

  ●  It is a chronic inflammatory condition that involves 
lipids, thrombosis, elements of the ���vascular wall and 
immune cells ��� 

  ●  This process can proceed over decades ��� 

  ●  Atherosclerosis is composed of six stages ���1. Initiation  

  ○  Endothelium injury causes increased expression 
of adhesion molecules ���on endothelial cells ��� 

  ○  Leads to adhesion of macromolecules, platelets 
and monocytes to the ���endothelium where 
circulating monocytes and lipids accumulate at the 
site of injury ��� 

1. Initiation 

• Monocytes cross the endothelium and into the intima 
(single layer of endothelial cells that acts as a metabolic 
barrier between circulating blood and vessel wall) to 
become macrophages Macrophages ingest and oxidise 
the lipoproteins thus macrophages have a foam-like 
appearance  

 

2. Fatty Streak 

• These macrophages then aggregate on the blood vessel 
thus forming a visible fatty streak 

• Earliest visible lesions of atherosclerosis 
• Do not have a significant impact on lumen size or 

impede blood flow thus do not cause symptoms  

3. Extracellular Fatty Streak 

• Macrophage foam cells and T cells interact causing a 
chronic  inflammatory response 



• Smooth muscle cells then migrate from the medial layer 
(thickest layer of  the normal artery where smooth muscle 
cells and extracellular matrix are  present) to the intimal or 
subendothelial space 

• These smooth muscles will then proliferate and take up 
modified  lipoproteins to contribute to the foam cell 
formation, and synthesise  extracellular matrix proteins   

4. Lipid core 

• Fatty streaks grow in size over time and coalesce thus 
forming a lipid core   

5. Atherosclerotic plaque  

  ○  Extracellular matrix proteins form the fibrous cap 
over the lipid core   

  ○  This takes many years to form fibrous cap   

  ○  The next deposition and distribution of the 
fibrous cap is an important  determinant of the 
overall plaque integrity where there are two types   

  ○  Stable: Lesions with thick fibrous caps and small 
lipid cores which cause  pronounced narrowing, but 
are less likely to rupture   

  ○  Vulnerable: Thinner caps and rich lipid cores 
with extensive macrophage  infiltrate where they 
tend to be more fragile thus more likely to rupture 
and  cause thrombosis   

6. Complicated plaque/ thrombosis  

• Plaque can bulge into the lumen of the artery thus 
greatly reducing blood flow or completely occluding the 
vessel   

• Calcification-Excessive amounts of connective tissue 
leads to the vessel walls to stiffen thus prone to rupture   

• Rupturing exposes procoagulants within the plaque to 



circulating blood thus thrombus forms at the site which 
occludes the vessel resulting in infarction of the 
downstream organ or adding to the bulk to plaque   

• Hemorrhage due to the rupture of the fibrous cap or 
microvessels from within the plaque resulting in a 
hematoma which narrows the vessel   

  ○  Embolisation where fragments of disrupted atheroma 
to distal vascular sites ��� 

  ○  Vessels weaken where the elasticity is lost with 
subsequent dilation of the artery forming an aneurysm ��� 

  ○  The plaque may lead to other clinical consequences 
depending on its complication:  

  ●  Coronary plaque: lesions which gradually 
expand and have a thick fibrous cap and occlude 
vessel=results in angina pectoris, chest pains ��� 

  ●  Plaques that don’t occlude but have chances of 
doing so can rupture, and lead to thrombosis and 
even myocardial infarction 

(ii) Explain the strategies that might be used to treat 
a patient who has coronary artery disease. 
In your answer explain the basis for these 
treatments 

 ���(ii)There are a few strategies that are used to help patients 
suffering atherosclerosis ��� 

  ●  There are 2 main ways to treat patients: ��� 

  ●  1) Cholesterol lowering drugs: statins  

  ○  LDLs are important cholesterol carrying 
molecules which have a high density of fat ��� 

  ○  High levels of LDL, known as bad cholesterol is 
associated with increased CVD risk ��� 

  ○  LDL bind to LDL receptors which cause uptake 



of the cholesterol ��� 

  ○  Statins play an important role in limiting/inhibiting 
the rate limiting step for ���cholesterol biosynthesis ��� 

  ○  Statins have shown to decrease CVD mortality in 
hypercholesterolemic patients ��� 

  ○  However statins on their own are not enough to 
prevent future progression of ���atherosclerosis ��� 

  ●  2) Surgical intervention/devices: There are 3 possible 
surgical interventions for people ���with coronary artery 
disease  

  ○  a) Stenting: a stent it added into the patient to 
widen the narrowed artery  

• a stent is inserted in a balloon catheter via the femoral 
artery all the way up into the heart and aorta and into the 
blocked arteries   

• the balloon is inflated and causes stent to expand and 
the fat on the arteries to be pushed against the walls of 
artery and widens the vessel to the shape needed   

• the balloon is deflated and the stent remains in place 
and holds the vessels wide open for blood flow   

  ○  b) Angioplasty:  

• a balloon catheter is inserted via the femoral artery 
through a guiding  catheter into the heart and then to 
the blocked arteries using a guide wire  which goes 
past the narrow point   

• the angioplasty catheter is moved over guide wire at 
blocked part   

• balloon is inflated and compresses fat onto the wall of 
the artery   

• once the plaque has been compressed onto the walls 
and vessels wide  enough, balloon catheter is deflated 
and removed   

○ c) bypass surgery: a new vessel is stitched to provide 



normal blood supply to regions past blockage  

• healthy vessel is removed from arm, chest or legs 
(NOTE: is a vein is used, the direction of blood flow 
and valves must be known to prevent complications 
and lack of blood supply)   

• the bypass graft allows tissue to have blood supply 
past blocked point   

• the new graft is attached just before the block and is 
connected  downstream from the block to return 
normal blood supply   

• normal blood flow reduces angina and risk of heart 
attack  

	  


