The Heart

I.
Cardiac anatomy and physiology

A. Circulation through the heart.  Memorize this!

1. Right (venous) side of heart

Inferior and superior vena cava → right atrium → tricuspid valve → right ventricle → pulmonic valve → pulmonary artery → smaller arteries of lungs → capillaries (red cells go through single file) → becomes oxygenated → pulmonary veins (four) →

2. Left (arterial) side of heart

Left atrium → mitral valve → left ventricle → aortic valve → aorta → peripheral circulation

B. Physiology

1. Closure of mitral and tricuspid valves (A-V valves) produces S1 (first heart sound produced – note: “S” stands for “sound”).  Also known as “lubb”

· Closure of aortic and pulmonic valves (semi-lunar valves) produces S2 (second heart sound).  Also known as “dupp”

II.
Examination

A. Counting ribs

· identify the clavicle

· note that the little space under the clavicle does not count as an interspace

· identify the first rib

· cartilage under the first rib is the first interspace and so on

· identify the ridge between the manubrium and the sternum – this is the sternal angle or the Angle of Louis

· the interspace off to either side immediately below the sternal angle is the second interspace

	Location
	Use for

	Aortic area: 2nd interspace to right of sternum (called the right sternal border)
	· aortic valve activity best assessed here (S2)

	Pulmonic area: 2nd interspace at left sternal border
	· pulmonic valve activity best

           assessed in this area

· will hear split S2 in this area

	Right ventricular area: Fourth interspace at the left sternal border
	· tricuspid valve activity best assessed here (S1)

	Apical or left ventricular area: Fifth interspace medial to the midclavicular line
	· mitral valve activity best assessed here (S1)

· area used for “apical heart rate” assessment

· PMI palpated here

· Pulsation may be visible here – especially with left ventricular enlargement


B. Inspection: Note each of the above areas for pulsations

1. Observe right internal jugular vein

· The right internal jugular has most direct channel to right atrium and usually reflects pressure changes better than other veins

· Oscillations (waves) reflect changing pressures within right atrium

2.
Observe for distention in neck veins suggesting distended right 

ventricle

· place patient with head of bed at a 45 degree angle

· using a centimeter ruler, measure the vertical distance between the angle of Louis (manubrialsternal joint) and the highest level of jugular vein pulsation on both sides

· 2 cm or less is considered appropriate

· Note that neck veins are normally distended in an individual who is in the flat supine position

3.
Inspect the precordium – the chest wall that is situated over the heart.  Pulsation at PMI may be visible especially with left ventricular enlargement

C.
Palpation:  Using ball of hand, palpate each of the geographic areas for pulsations and thrills (a buzzing sensation often associated with a murmur)

· Normal PMI is the size of a quarter or about 2 cms in diameter 

· may be enlarged or displaced to the left in left ventricular hypertrophy or pregnancy

D.
Percussion:  Not useful

E.
Auscultation
1. Start at base of heart at aortic area (second intercostals space to right of sternum).  Listen to S1 and S2 and listen for loudness associated with closure of each valve.

2. Move over to pulmonic area.  Listen for splitting of S2.  This is a normal finding.  During inspiration, pressure within the lungs causes blood to back up slightly on the right side of the heart.  This delays closure of the pulmonic valve resulting in splitting of S2.

3. Move to Erb’s point (third or fourth intercostals space medial to mid-clavicular line).

4. Move down to the right ventricular area (fourth to fifth intercostals space right next to the left side of the sternum).  Sometimes you can hear a splitting of S1 here.

5. Move to apical area (fifth intercostals space left medial to mid-clavicular line).  Listen to S1 and S2 and listen to loudness associated with closure of each valve.  This is where you will hear S3 and S4.

6. Follow the above sequence (A-P-E-T-M) “All Physicians Enjoy Taking Money”.

a. S3
· This sound is caused by rapid ventricular filling meaning that the ventricles have not emptied well from previous contraction.

· Typically, this is seen in pump failure (CHF).

· This pumping of blood into an already partially filled ventricle sets up vibrations heard as an S3.

· The S3 sounds occurs immediately after the S2. 

· It may sound like a split S2.

· The difference is location (split S2 is heard in the pulmonic area and S3 is heard at the apex).

· Also called a “ventricular gallop”.

· Use bell to assess for S3
· May be heard best with patient in left side-lying position.

b. S4
· This sound is caused most often by a stiff ventricle such as in a hypertensive patient or after and MI.

· In order for it to be present, there must be atrial contraction (so, it cannot be there when there is atrial fibrillation).

· It may be defined as “an atrial kick” or contraction against a non-compliant ventricle.

· It is also heard at the apex

· It precedes the S1 and may sound like a split S1.

· Also called a “atrial gallop”

· Use bell to assess for S4.

· May be heard best with patient in left side-lying position.

7.
Murmurs:

a. General Causes

· “functional” or “innocent” or “physiologic”

· regurgitation – blood flowing backwards into chamber it just came from during contraction

· rheumatic heart disease or rheumatic fever – post infection with beta hemolytic streptococci
· calcification – narrowing of valve is called stenosis

· congenital heart defect

b. Etiology

· blood regurgitating back into chamber it just came from

· high volume of blood flowing through valve – such as in pregnancy, anemia, hyperthyroidism

· blood flowing through narrowed or stenotic valve

· blood flowing through holes that shouldn’t be there – congenital defects

c.
 Significance

· some murmurs signify a defect that needs prophylaxis against subacute bacterial endocarditis

· SBE is caused by bacteria lodging on defective valves and colonizing there.  This develops into “vegetations” that grow on valves.  These can break off and become emboli that lodge elsewhere.  The bacteria then reproduce in that location

· SBE prophylaxis is needed before dental work (even cleaning), and any invasive or surgical procedure

· many murmurs suggest an “innocent problem and no SBE prophylaxis is needed

· this can only be determined with certainty after an echocardiogram – however, it is usually diastolic murmurs that are likely to suggest need for SBE prophylaxis.  Diastolic murmurs occur between S2 and the following S1
· if you are caring for a patient with a murmur who is going for any invasive procedure, state to the physician, “This patient has a cardiac murmur.  Does his problem signify the type of disorder that warrants SBE prophylaxis before this procedure?”

d.
Intensity

1. Grade I: very faint; must “tune in”; may not be heard in all positions – “heard only by cardiologists”

2. Grade II: quiet but heard immediately with placing stethoscope on chest

3. Grade III: moderately loud

4. Grade IV: loud – may or may not be associated with a thrill

5. Grade V: very loud; may be heard with stethoscope partly off chest; associated with a thrill

6. Grade VI: may be heard with stethoscope entirely off chest; thrill

e.
Quality: classified as blowing, rasping, harsh, coarse, grating, whistling or musical

f. Location: where sound is loudest

g. Radiation: direction of radiating sound may lead to clue to cause of murmur

8.
Types of systolic murmurs

a. Mitral regurgitation, insufficiency or incompetence 

· location: mitral (apical) area

b.
Tricuspid regurgitation 

· location: lower left sternal border

c.
Ventricular septal defect

· location: left sternal border

d.
Aortic stenosis

· location: aortic area

e.
Pulmonic stenosis

· location: pulmonic area

f.
Other causes of aortic systolic murmurs

· structural abnormality

· flow into dilated aorta

· functional murmurs increased flow across aortic valve such as may be seen in anemia, hyperthyroidism, pregnancy

· increased blood flow across pulmonic valve

· innocent (not associated with structural or functional problem)

9.
Types of diastolic murmurs

a. Mitral stenosis

· location: apex

b.
Aortic regurgitation

· location: aortic area

10.
Other heart sounds

a.
Pericardial friction rub (pericarditis): caused by inflamed visceral and parietal pericardial linings rubbing together

· location: over any area of heart

· quality: like sand paper rubbed together

· three scharping sounds: “cha-cha-cha”

III.
Common cardiac abnormalities


A.  Left-sided congestive heart failure (pump failure)

· in left sided failure, the left ventricle/pump cannot adequately empty

· causes blood to back up in the pulmonary blood vessels

· capillary pressure increases within the lungs to the point that it pushes fluid into the interstitial area between the alveoli and the capillaries

· from there, fluid moves into the alveoli, then to the bronchioles and then into the bronchi

· causes crackles – first in the bases, and then moving on up

· also causes wheezes

· in severe cases, frothy, blood-tinged sputum

· S3 often accompanies CHF

B.  Right-sided failure

· often accompanies left-sided failure – i.e. right-sided failure often follows left-sided failure

· causes pressure to back up in the systemic circulation

· when systemic capillary pressure increases, peripheral edema occurs

· results in liver congestion – ascites, peripheral edema – sacral edema, swollen ankles etc.

· results in jugular venous distention

· right-sided failure may be causes by lung destruction (disease such as COPD) to the point that blood can’t be pumped through them easily

· this is known as cor pulmonale

C.  Cardiac tamponade – blood between the pericardial membranes

· can occur post injury

· a related problem, although not usually an emergency, is pericardial effusion – serous fluid collection in the pericardial sac

· may be accompanied by a pericardial friction rub

D.
Myocardial infarction

· Take a careful history to assess nature of the pain

· Onset – when?

· Location – substernal, arm, shoulder, jaw, back?

· may radiate OR BE FELT ONLY IN left or right arm, shoulder, or jaw

· may have numbness or tingling in arm(s)

· Duration – how long has it lasted, intermittent

· Character – squeezing, pressure, “like an elephant standing on my chest”

· Associated manifestations

· diaphoresis

· hyper- or hypotension

· pallor or cyanosis

· anxiety

· shortness of breath or difficulty breathing (dyspnea)

· Relieving/aggravating factors – usually not relieved by rest

· Treatment

· does nitroglycerine (dilates coronary and other arteries) help?

· if NTG helps, it may be angina as opposed to an MI

· does antacid help?

