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Theme24. RHEUMATIC FEVER. DIAGNOSTICS OF 

ACQUIRED MITRAL VALVE DISEASES: MITRAL STENOSIS 

AND MITRAL INCOMPETENCE. DIAGNOSTIC SIGNIFICANCE 

OF ECO, PHONOCG 

 

Goal: to get a notion about the main cardiovascular diseases, their 

symptoms and signs, diagnostic meanings of additional diagnostic 

methods data; instrumental diagnostics of cardiovascular diseases; to 

master skills. 

 

Knowledge objectives: 

- to know symptoms and signs of main cardiovascular diseases, 

appropriate changes of physical examination data, diagnostic meaning of 

additional diagnostic methods and their findings in these diseases. 

 

Skill objectives: 

- to collect interviewing data, to perform physical examination of 

patients with cardiovascular diseases (inspection, palpation, percussion 

and auscultation), to interpret data of additional diagnostic methods, to 

establish diagnosis of main cardiovascular diseases. 

 

Subject-matter: 

1. complaints of patients with cardiovascular diseases 

2. basic signs of rheumatic fever 

3. diagnostic criteria of rheumatic fever 

4. hemodynamics changes in mitral valve disease 

5. physical examination data in patients with mitral stenosis 

6. physical examination data in patients with mitral 

incompetence  

7. laboratory diagnostics of rheumatic fever activity 

8. instrumental diagnostics of mitral stenosis 

9. instrumental diagnostics of mitral incompetence  

 

Equipment required: stethoscope. 
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Noninvasive Diagnostic Cardiovascular Procedures 

ECHOCARDIOGRAPHY  

Echocardiography (ECO) is an ultrasound technique for diagnosing 

cardiovascular disorders (see Table 1). It is subdivided into M-mode, 

two-dimensional (2-D), spectral Doppler, color Doppler, contrast, and 

stress echocardiography. 

 

Table 1. Clinical uses of ECO 
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Echocardiography is usually performed by placing a transducer over 

the thorax, along the left or right sternal border, at the cardiac apex, at 

the suprasternal notch, or over the subcostal region. In transesophageal 

echocardiography, however, the transducer is placed at the tip of an 

endoscope, and the heart is visualized via the esophagus. Even smaller 

transducers can be placed on intravascular catheters, permitting 

intravascular recordings of vessel anatomy and blood flow. 

M-mode echocardiography is performed by directing a stationary 

pulsed ultrasound beam at some portion of the heart. Fig. 1 shows an M-

mode echocardiogram as the ultrasound beam is gradually moved from 

the cardiac apex (position 1) toward the base of the heart (position 4). As 

the beam passes through the heart, structures that border the right and left 

ventricles, the mitral and aortic valves, and the aorta and left atrium can 

be seen. Changing the direction of the ultrasound beam allows echoes 

from the tricuspid and pulmonic valves to be recorded. 
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Fig. 1. Diagram of M-mode echocardiography of the heart from the apex (1) to 

the base (4) of the heart. ARV = anterior right ventricular wall; RV = right ventricular 

cavity; RS = right side of the interventricular septum; LS = left side of the 

interventricular septum; LV = left ventricular cavity; PPM = posterior papillary muscle; 

PLV = posterior left ventricular wall; EN = posterior left ventricular endocardium; EP = 

posterior left ventricular epicardium; PER = pericardium; AMV = anterior mitral valve 

leaflet; PMV = posterior mitral valve leaflet; PLA = posterior left atrial wall; AV = 

aortic valve; AO = aorta; LA = cavity of the left atrium. (From Feigenbaum H: 

"Clinical applications of echocardiography." Progress in Cardiovascular Diseases 

14:531-558, 1972; used by permission of WB Saunders Company.)  

 

2-D (or cross-sectional) echocardiography has become the 

dominant echocardiographic technique. It uses pulsed, reflected 

ultrasound to provide spatially correct real time images of the heart, 

which are recorded on videotape and resemble cineangiograms. Four 

commonly used 2-D echocardiographic views are shown in Fig. 2. 

2-D echocardiography can provide multiple tomographic views of 

the heart and great vessels. 
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Fig. 2. Four commonly used views for two-dimensional echocardiography. LX = 

long axis; SX = short axis; 4C = four chamber; 2C = two chamber; LV = left ventricle; 

AO = aorta; LA = left atrium; RV = right ventricle; RA = right atrium. (From 

Feigenbaum H: Echocardiography, ed. 5, Lea & Febiger, Malvern, PA, 1994; used with 

permission.)  

 

Spectral Doppler echocardiography uses ultrasound to record the 

velocity, direction, and type of blood flow in the cardiovascular system. 

The spectral Doppler signal is displayed on a strip chart recorder or 

videotape. Fig. 3 demonstrates spectral Doppler echocardiography and 2-

D echocardiography recording of flow through the mitral valve. 
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Fig. 3. Spectral Doppler echocardiographic examination of blood flowing through 

the mitral orifice. RV = right ventricle; RA = right atrium; LV = left ventricle; LA = 

left atrium; E = early diastolic flow; A = diastolic flow secondary to atrial contraction. 

(From Feigenbaum H: Echocardiography, ed. 5, Lea & Febiger, Malvern, PA, 1994; 

used with permission.)  

 

Color Doppler echocardiography is essentially 2-D Doppler 

echocardiography with flow encoded in color to show its direction (red is 

toward and blue is away from the transducer). 

Contrast echocardiography is an M-mode or 2-D 

echocardiographic examination during which contrast medium is injected 

into the cardiovascular circulation. Almost any liquid contrast medium 

that is rapidly injected into the cardiovascular space acquires 

microbubbles in suspension, which produce a cloud of echoes within the 

cardiac chambers. These microbubbles usually do not traverse the 

capillary bed; however, an agent that does it now commercially available 

(Albunex), and more are being developed. 
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Stress echocardiography is performed during or after physical or 

pharmacologic stress 

 

PHONOCARDIOGRAPHY 

 

Phonocardiography (PhonoCG) is a method of graphic registering of 

heart sounds and murmurs, and registered curve is called 

phonocardiogramm. 

Its preferences as additional method of examination are beyond 

controversy: PhonoCG gives objective heart sounds and murmurs data, 

permits to count timing and some indices, gives an opportunity to 

observe the dynamics of heart sounds changes due to pathologic 

processes course, their treatment and heart surgery. 

Technique of PhonoCG recording. PhonoCG is recorded in 

special room situated far from strange noise and devices having 

electromagnetic and sound effects (engines, physiotherapy and roentgen 

devices etc.). A microphone should set up on the chest hermetically. 

Commonly sounds registration is performed in 5 classic heart 

auscultation points (Fig.4). 

 

 
 

Fig.4. Standard points of PhonoCG recording: 1 — apex,- 2—aorta; 3—

pulmonary artery; 4—tricuspid valve; 5  — Botkin-Erb's point. 

 

Sounds are recorded frequently selective due to their frequency 

characteristic. The heart sounds acoustical spectrum is within diapason 

from 10 to 1000 Hz (1 Hz = 1 oscillation per second). 
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The human ear can perceive oscillations from 20 to 20000 Hz, but 

the sounds within 20 to50 Hz are hardly perceived. Phonocardiograph 

has few sound recording channels permitting with using electric filters to 

select only sounds of necessary frequency. Usually phonocardiograph 

has 5 sound channels: 

1
st
 — auscultatory (А), permissive to record the heart sounds close 

like they are perceived by human ear; 

2
nd

 — low-frequency (Н), pervious sounds with frequency about 35 

Hz ; 

3
d
 — the first middle-frequency (С1) — within 35 - 70 Hz ;  

4
th

 —the second middle-frequency (С2) — within 70 - 140 Hz ; 

5
th

 — high-frequency, mainly recording sounds with frequency 

above 140 Hz (maximum about 250 Hz ). 

Some general rules of phonocardiogram analysis Conditionally 

PhonoCG is registered simultaneously with ECG for better orientation. 

PhonoCG analysis is performed in following sequence: 

1) recorded heart sounds are characterized, their amplitude (by 

maximal oscillations in mm) and duration (in hundredths of second) is 

measured, notion about their frequency is made; 

2) available on PhonoCG murmurs are analyzed in the same order, 

also their shape and attitude to the heart cycle phases are defined; 

3) several intervals are measured: duration of auscultatory systole, 

diastole etc. 

Normal PhonoCG  (Fig.5) consists of 2 registering without fail S1 

and S2, which are heard on auscultation, and casual registering S3 and S4. 

 
 

Fig.5. Normal PhonoCG (sketch) 
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S1 is situated in the systole beginning. It is easily found on 

PhonoCG using 2 main reference points: firstly, it is registered after long 

pause and secondly, it begins a little bit later R-wave on ECG 

(approximately on the level of S-wave). The first heart sound is formed 

due to fusion of 3 sound phenomena. Its beginning, recording as few 

low-amplitude waves, is caused by ventricular walls vibrations as a 

result of myocardium switch to the strained condition – the muscular 

component of S1. The second component of S1 (central part) in general is 

caused by vibrations of mitral and tricuspid valves in the moment of their 

shutting – valvular component of S1. However, the muscular component 

is lasting in the same time, merging with the valvular one. The end of S1, 

presented with few low-amplitude waves is the vascular component of 

the first heart sound, caused by aorta and pulmonary artery walls 

vibrations during the blood ejection period. Because S1 is basically 

linked with mitral valve and myocardium of left ventricle (owing to its 

high power capacity), it is better recorded at the apex. Its normal 

amplitude varies within 10 - 25 mm and duration – 0,10-0,15". 

More important meaning has nor the absolute value of S1 but its 

ratio to S2 amplitude: normally at the apex S1 should be one and half or 

twice as much intensive as S2. After S1 the rest part of systole, 

accompanying by blood ejection into aorta and pulmonary artery, is 

silently performed, and phonocardiograph registers zero line (isoline). 

S2 is recorded in the beginning of diastole and normally corresponds 

to the end of T-wave. It is generally connected with aortic and 

pulmonary valves vibrations, appeared on their shutting. As aortic valve 

in physiologic conditions is shut up 0,04—0,06‖ earlier than pulmonary, 

so normal S2 is somewhat splitted. Physiologic splitting of the second 

heart sound is more often met on pulmonary artery on the height of 

inspiration, as right ventricle blood inflow and systole duration are 

increased on inspiration. S2 duration fluctuates in wide range within 0,04 

- 0,11‖and its amplitude is 6—15 mm on aorta and pulmonary artery. S2 

intensity normally exceeds approximately twice as much S1 in these 

points.  

S3 is recorded at the beginning of diastole and is away 0,12—0,19‖ 

from S2.  This heart sound is unsteady and is generally met in child's and 

junior age. On PhonoCG it looks as few low-frequency oscillations, 

revealed on low-frequency channel. Its origin is connected with  
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ventricular walls vibrations on their rapid filling at the beginning of 

diastole. Its frequent detection in young people is apparently connected 

with greater elasticity and oscillating ability of myocardium. In some 

cases the third heart sound is heard on auscultation, when it acquires 

more high frequency, and heart rhythm becomes trinomial. This 

phenomenon is called ―innocent gallop‖ as long as it is listened in 

healthy people. 

S3 appearance in adults, particularly in old people with heart disease 

is considered as pathology and is called protodiastolic gallop. Its origin is 

connected with worsening of left ventricle relaxation what leads to 

increase of ventricle rigidity. In this connection blood blow in that 

ventricle wall on early diastole causes vibrations more clear than 

normally, which are considered as gallop sound. 

S4, registered in healthy people very rare, is situated before S1 at the 

end of P-wave ECG. It is recorded only on low-frequency channel as few 

small oscillations. Its origin is connected with atrial contraction and 

myocardium vibrations due to blood inflow. In some pathologic 

conditions, such as atrial hypertrophy, delay of atrio-ventricular 

conduction this sound acquires greater intensity and frequency, becomes 

high-pitched and may be listened even on auscultation. In these cases 

heart rhythm becomes trinomial – presystolic gallop. Its origin may be 

connected with the same diastole fault (insufficient ventricular 

relaxation), which was described on protodiastolic gallop 

explanation.Gallop rhythms are more frequently listened in tachycardia. 

At systole on aorta or pulmonary artery auscultation analogous 

auscultatory phenomenon may be detected, causing by blood blow in the 

wall of consolidated and extended pulmonary artery or aorta in 

pulmonary hypertension and aortic valve disease, severe arterial 

hypertension. It is usually registered 0,04—0,08‖ after S1 and is called 

systolic ejection sound (EjS). 

The main PhonoCG intervals. 

1. Auscultatory ventricles systole phase is measured between the 

beginning of S1 to the beginning of S2. After S1 on the ejection period the 

heart contracts silently. 

2. Auscultatory diastole phase is measured between the beginning 

of S2 to the beginning of following heart cycle S1. This phase is divided  
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on 3 periods: protodiastole – from S2 to S3, mesodiastole – fromS3 to S4, 

presystole – from S4 to S1. 

3. “Q – S1” interval (transformation period) — time from the 

beginning of electrical ventricles excitation to atrio-ventricular valves 

closure — is measured from the beginning of Q-wave to the beginning of 

S1 (the beginning of S1 main oscillations). This period depends on the 

rate of myocardium passage to the strain condition and atrio-ventricular 

valves shutting, i.e. transformation of electrical events in mechanical. 

Normally it lasts 0,04—0,06‖ (Fig.6). 

 

 
 

Fig.6. Normal phonocardiogram from the apex. 

 

RHEUMATIC FEVER 

 

Rheumatic fever is an acute inflammatory disease of connective 

tissue that is a sequel to infection with Group A streptococci may involve 

the heart, skin, CNS and joints. It is now a rare disease in the developed 

world but is still endemic elsewhere; even in the West there is still a 

large residue of patients with rheumatic valve disease that has resulted 

from childhood infection.  
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Etiology. Group A streptococci did not recover from tissue lesions. 

• Does not occur in the absence of a streptococcal antibody 

response. 

• Immunologic cross-reactivity between certain streptococcal 

antigens and human tissue antigens, suggests an autoimmune etiology. 

• Both initial attacks and recurrences can be completely prevented 

by prompt treatment of streptococcal pharyngitis with penicillin.  

The cardinal skin signs are erythema marginatum (Fig.7) and 

subcutaneous nodules, which are firm, painless and discrete, about 

0.5—1 cm in diameter, and are found mainly over bony prominences and 

tendons. They resolve after a few weeks. 

 

 
 

Fig.7. Erythema marginatum is a characteristic skin rash which may follow any 

streptococcal infection, especially tonsillitis, It is one of the common signs of acute 

rheumatic fever, and its presence should raise the possibility of cardiacinvolvement. 

 

The arthritis varies from arthralgia to a flitting polyarthritis, mainly 

affecting the larger joints such as the knees, ankles, wrists and elbows. 

These joints may become acutely swollen, hot and tender, and the 

synovial fluid is full of polymorphs. 
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Carditis is the most important aspect of this disease as it has major 

long-term implications. Endocarditis, myocarditis and pericarditis are all 

often present. The diagnosis of carditis requires the finding of 

• new cardiac murmurs 

• cardiomegaly 

• pericarditis 

• congestive cardiac failure. 

The murmurs may include an apical systolic murmur (caused by 

mitral regurgitation), a transient apical mid-diastolic (Carey—Coombs)  

murmur (caused by turbulent flow across the inflamed mitral valve), and 

a basal diastolic murmur (caused by aortic regurgitation). Other cardiac 

signs may include tachycardia, pericardial friction rub, muffled heart 

sounds resulting from pericardial effusion and evidence of heart failure. 

Neurological involvement (Sydenham’s chorea) is uncommon and 

develops after a latent period of several weeks. The patient develops 

rapid purposeless involuntary movements mostly in the limbs and face. 

Investigations should include throat-swab culture and the 

measurement of antibody response to Streptococcus (anti-streptolysin ‗0‘ 

titer). There is usually a leucocytosis and elevation of the ESR and C-

reactive protein levels. X-ray of the chest may show a pericardial 

effusion and rarely pneumonia or lobar collapse. ECG often shows first 

degree heart block (Fig.8 & 9). 

 

  
 
Fig.8 & 9. First degree atrioventricular block. The PR interval exceeds 0.22 

seconds, so there is a delay in atrioventricular conduction, but all impulses pass on and 

result in a QRS complex and ventricular contraction. In Fig.8 the PR interval is easily 

measured, but in Fig.9 the P wave is hidden in the T wave of the preceding beat and 

could easily be missed. 

 

A range of diagnostic criteria (the Jones criteria) may be used 

(Fig.10) as the aid to the clinical diagnosis and more accurate 

classification of rheumatic fever. 
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Fig.10. Criteria for the diagnosis of rheumatic fever (Jones criteria). The 

definitive diagnosis requires two major findings or one major and two minor findings 

plus evidence of recent infection. 

 

Application. ―Jones Criteria (revised) for Guidance in the Diagnosis 

of Rheumatic Fever‖ published by the American Heart Association: 

1. Two major criteria 

2. One major and two minor criteria if supported by evidence of an 

antecedent group A streptococcal infection 

a. Increased titer of antistreptococcal antibodies such as ASO 

b. Positive throat culture 

c. Recent scarlet fever 

• Minor criteria 

1. Previous rheumatic fever or rheumatic heart disease 

2. Fever 

3. Arthralgia 

4. Increased acute-phase reactants 

a. ESR 

b. C-reactive protein 

c. Leukocytosis  

5. Prolonged P-R interval 

Treatment should be directed towards the elimination of any 

residual streptococcal infection with penicillin. Aspirin is an effective 

anti-inflammatory and antipyretic agent for the other features. Prevention 

of recurrence may be necessary with long- term oral penicillin. 
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The long-term damage resulting from rheumatic fever may require 

further lifelong treatment. 

 

ACQUIRED VALVE DISEASES 

The most common forms of heart valve disease affect the mitral and 

aortic valves, causing left heart failure and pulmonary congestion. The 

valves may fail to open fully (stenosis) or to close (regurgitation or 

incompetence). Both stenosis and regurgitation can coexist. The effects 

of both types of lesion are haemodynamic with major implications for 

cardiac function. 

The presence of heart valve disease is suspected from a heart 

murmur. An ECO and chest X-ray may provide additional clues, but 

echocardiography is the main diagnostic technique for valve disease. 

Doppler echocardiography is particularly useful in establishing the 

severity of valvular stenosis or regurgitation. The diagnosis in adults is 

usually confirmed by cardiac catheterization and angiography, which 

also permits evaluation of the coronary arteries.  

 

MITRAL STENOSIS 

Stenosis ostii venosi sinistri 

The most common cause of mitral stenosis is rheumatic fever, and 

mitral stenosis occurs in about one-half of all patients with chronic 

rheumatic heart disease. The mitral valve usually narrows slowly and the 

pulmonary vasculature adapts to the rising pressure of blood within the 

pulmonary capillaries, pulmonary veins and the left atrium. 

Hemodynamics abnormalities 

In compensation stage of disease: the area of mitral ostium is 

significantly less than normal (4-6 cm
2
), that leads to left atrium 

repletion with blood. This blood had not time to move to the left 

ventricle, and there is also blood, arrived from pulmonary veins. It 

results in left atrium hypertrophy. 

In decompensation stage of disease: left atrium contractility is 

decreased, pressure within it increases, that leads to the pressure rise 

within the pulmonary veins and pulmonary capillaries. The latter leads to 

switching on Kitaev's reflex – the pressure rise within the pulmonary 

veins ostii causes the narrowing of the pulmonary arterioles- and when 

pressure rising within the pulmonary artery and further overload and  
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hypertrophy of the right ventricle. The left ventricle diminishes at the 

rate because it performs the less work (Fig.11).  

 

 
- 

Fig.11. Changes of intracardiac hemodynamics in mitral stenosis. Wavy arrow 

indicates the difficulty of blood flow from the left atrium to the left ventricle. 

 

Clinical manifestations. The walls of the pulmonary vessels 

thicken, reducing blood flow and cardiac output but protecting the 

patient from pulmonary edema.  

Characteristic complaints in mitral stenosis appear on development 

of congestive changes in pulmonary circulation. Patients notice only a 

gradual deadline in exercise tolerance and dyspnea, although they may 

be aware of a brisk deterioration if their heart rhythm changes from sinus 

rhythm to atrial fibrillation (in this case they feel palpitation). 

Sometimes chest pain in precordium, cough and hemoptysis (as the 

pulmonary blood pressure rises) appear. 

Episodes of acute pulmonary edema occur as the cross-sectional 

area of the valve diminishing and the patient may have episodes of acute 

dyspnea and orthopnea and paroxysmal nocturnal dyspnea. Systemic 

embolism is common from thrombi in the large left atrium, especially in 

the presence of atrial fibrillation. The common sites for embolism are 

cerebral, mesenteric, renal and limb arteries. 

Two-thirds of the patients are female. They may have a malar flush 

(―facies mitrale‖) and acrocyanosis; there may be signs of weight loss or 

peripheral edema. If disease develops in childhood, physical  
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developmental lag, infantility (―mitral nanism‖) are not rarely observed. 

Jugular venous pulsation becomes obvious only when right heart failure 

appears.  

On precordium inspection the cardiac impulse is frequently apparent 

due to right ventricle hypertrophy and dilatation (right ventricular 

heave). Apical impulse is not strengthened, diastolic (presystolic) thrill 

(so-called ―cat's purr‖) on apical area palpation is revealed, i.e. low-

frequency diastolic murmur is detected. 

On percussion the relative cardiac dullness enlargement to the right 

and upwards owing to left atrium and right ventricle hypertrophy is 

found. The heart acquires mitral configuration (with absence of cardiac 

waist). In this valve disease the left borders of relative and superficial 

dullness may merge. 

There may be presystolic accentuation and the murmur may be 

preceded by an opening snap. Exercise and positioning the patient in the 

left lateral position will accentuate the murmur. Bilateral basal 

pulmonary crepitations may herald the onset of left heart failure. 

The key cardiac findings for mitral stenosis are detected on the heart 

auscultation. Since a little amount of blood gets into left ventricle and it 

contracts fast, so S1 at the apex becomes loud, flapping. Here after S2 the 

additional heart sound – mitral opening snap – is listened. Flapping S1, 

S2 and opening snap (OS) create the typical of mitral stenosis melody 

called ―quail rhythm‖. As pulmonary hypertension develops, the 

pulmonary second sound becomes accentuated. 

A rumbling diastolic murmur at the apex is typical of mitral 

stenosis, because there is narrowing down blood flow from the left 

atrium to the left ventricle on diastole. This murmur may occur in the 

very beginning of diastole, i.e. to be protodiastolic, because due to 

pressure gradient in atrium and ventricle the blood flow velocity will be 

higher at the diastole beginning. However, murmur appears only at the 

end of diastole before the very systole – presystolic murmur, which 

appears in blood flow acceleration at the end of diastole due to atrial 

contraction. There may be presystolic accentuation and the murmur may 

be preceded by an opening snap. Exercise and positioning the patient in 

the left lateral position will accentuate the murmur. 
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There may be unequal pulse on both arms in mitral stenosis. In 

significant left atrium hypertrophy the left clavicular artery is 

compressed and pulse filling on the left arm is decreased – pulsus 

differens appears. In decreased filling of left ventricle and diminished 

cardiac stroke volume the pulse becomes small – pulsus parvus. Mitral 

stenosis is frequently complicated by atrial fibrillation – in these cases 

pulse becomes irregular.  

Blood pressure is usually normal, sometimes the systolic pressure is 

slightly decreased and diastolic – increased. 

Radiography of the chest shows a generally small heart with an 

accentuation of its upper border from the enlarged left atrium in 

compensation stage of disease. It leads to disappearing of cardiac waist 

and mitral configuration appearance (Fig.12). 

 

  
 

Fig.12. Radiography of the chest in mitral stenosis shows typical mitral 

configuration of the heart. 
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In the I oblique view the enlargement of the left atrium may be 

disclosed by shifting the esophagus, that may be obvious in barium meal 

intake (Fig.13). 

 

.  

 
Fig.13. Radiography of the chest in mitral stenosis shows the shift of contrasted 

esophagus along the arch of the small radius in the right anterior oblique view. 

 

In pressure rise within pulmonary circulation the bulging of 

pulmonary artery arch and right ventricle hypertrophy and dilatation are 

detected. Sometimes the mitral valve calcification may be noticed on X-

ray. 

ECG changes connected with mitral stenosis are caused by left 

atrium and right ventricle hypertrophy: 

- the amplitude and duration of P-wave is increased, particularly in I 

and II standard leads. It becomes bifid, and bifasic P-wave in V1 with 

predominant negative part is observed – ―P-mitrale‖ develops (Fig.14); 
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Fig.14. P-mitrale. The P wave is bifid and has a duration of 0.12 seconds or more. 

The appearance results from delayed activation of the enlarged left atrium; the first 

peak represents right atrial, and the second left atrial activation. 

 

- right axis deviation, high R-wave in the right chest leads and deep 

S-wave in the lefts are recorded - features of right ventricular 

hypertrophy (Fig.15). 

 

 
 

Fig.15. ECG in mitral stenosis. 

 

In mitral stenosis atrial fibrillation may also be registered on ECG. 
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PhonoCG registered at the apex shows high amplitude S1, opening 

snap 0,03—0,12‖after S2 and diastolic murmur at the same point; S2 at 

the pulmonary artery is accentuated as compared with aorta (Fig.16), it is 

usually splitted. Splitting or doubling of S2 is explained by delay of 

contraction of overfilled right ventricle, and pulmonic valve shuts later. 

 

 

 
 

 
Fig.16. PhonoCG in mitral stenosis: in the first and the second cardiac cycles 

increasing presystolic murmur, high amplitude S1, S2, opening snap (OS), interval S2 – 

OS = 0,1‖ are recorded; in the last cycle – presystolic murmur is diamond-shaped in PQ 

interval prolongation. 

 

Opening snap is not detected normally on auscultatory and high-

frequency channels, because the opening of atrioventricular valves 

performs silently. This phenomenon appearance in mitral stenosis is 

caused by fact that owing to adhesions mitral valve transforms into 

vibrating membrane, producing sounds not only in shutting, but in 

opening too. Q – S1 interval, normally equal 0,04—0,06‖, is prolonged. 

One explains this not only by transformation period changes but pressure 

rising in the left atrium, which create difficulty to mitral valve closure. 

In synchronous ECG and PhonoCG recording one pays attention to 

the intervals Q – S1 and S2 – OS duration: the grater is the first and the 

less is the second, the stenosis is more pronounced. 

The diagnosis should be confirmed by echocardiography, which 

will show the immobility of the mitral valve cusps (Fig.17 & 18), 
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Fig.17. Echocardiogram (short-axis view) showing tight mitral stenosis. The tight 

orifice of the mitral valve is arrowed. 

 

 
 

Fig.18. M-mode echocardiogram in mitral stenosis. 

Ultrasound waves are transmitted into the body in a one-dimensional (‗ice-pick‘) 

form. They are reflected back each time they reach an interface between tissues of 

different acoustic impedance. This allows an assessment of the relative movement of 

different parts of the heart. This tracing shows impaired movement of the mitral valve 

leaflets, which is revealed as flattening of the normal mitral valve trace (arrow). The 

orientation of the view across the mitral valve is shown in the small two-dimensional 

view above, and the structures are labelled in the M-mode view (RV = right ventricle; 

VS = ventricular septum; LV = left ventricle; MV = mitral valve; PW = posterior wall 

of left ventricle). 

 

and may show atrial thrombus (Fig..19). 
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Fig.19  Echocardiogram (parasternal short-axis view) in a patient with rheumatic 

mitral stenosis, showing a very large thrombus attached to the walls of the left atrium 

(arrow). The patient presented with a stroke and was found to have atrial fibrillation 

and a diastolic murmur. Anticoagulation is required to prevent further emboli. 

 

Doppler echocardiography allows to estimate the left 

atrioventricular ostium area (Fig.20). 

 

 
 

Fig.20. Doppler flow study in mitral stenosis. In Doppler studies, ultrasound is 

reflected back from the red cells in the blood. This allows further assessment of 

hemodynamics. In this patient (the same patient as in Fig.17) the flow through the 

mitral valve is diminished, and — when analysed against the cardiac cycle — the 

velocity of flow during early diastole relates to the degree of stenosis. In this patient the 

velocity (A) has been used to calculate the valve area, which is 0.75 cm
2
, compared 

with a possible normal value of 3.5 cm
2
. 
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Cardiac catheterization is usual if surgery is contemplated. 

Mitral stenosis early leads to the heart failure and venous congestion 

in pulmonary circulation, which demands overwork of right ventricle. 

So, decrease of right ventricle contractile capacity and venous congestion 

in the systemic circulation are more frequent and more early developed 

in mitral stenosis than in mitral incompetence. Right ventricle 

myocardium weakening and its dilatation are sometimes accompanied by 

appearance of relative tricuspid valve incompetence. 

Furthermore, prolonged venous congestion in the pulmonary 

circulation in mitral stenosis leads in time to vessel sclerosis and 

connective tissue excrescence in pulmonary parenchyma. These create 

the second – pulmonary – barrier for blood flow within the pulmonary 

vessels and still more embarrass the right ventricle performance. 

Treatment includes diuretics for heart failure and digoxin for atrial 

fibrillation. Warfarin reduces the chances of thrombosis in the left atrium 

and of embolism. In severe cases, the fused cusps may be separated 

surgically (valvotomy) or the valve can be replaced. 

 

MITRAL INCOMPETENCE 

(REGURGITATION) 

There are many causes of mitral regurgitation: 
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Mitral valve incompetence (insufficientia valvulae mitralis) 

appears in that cases when mitral valve on left ventricle systole 

incompletely closes left atrioventricular ostium and blood regurgitates 

from the ventricle to the atrium. Mitral incompetence may be organic 

and functional. 

Organic mitral incompetence more frequently appears as a result of 

rheumatic endocarditis due to which connective tissue develops in valve 

leaflets and later on it is wrinkled and causes shortening of leaflets and 

attached chordae tendinae. As a result of these changes valve edges 

during systole closes incompletely, forming a chink through which in 

ventricle contraction the part of blood regurgitates into the left atrium. 

Rarely wrinkling of valve leaflets and shortening of chordae tendinae 

develops as a result of atherosclerosis. 

In functional or relative mitral incompetence mitral valve is not 

changed but its ostium is enlarged and valve leaflets close it 

incompletely. Relative incompetence may develop owing to left ventricle 

dilatation in myocarditis, myocardidystrophy, myocardiosclerosis, when 

circular muscle fibers, forming muscle ring around the atrioventricular 

ostium weaken, and also in papillary muscles damage. 

Hemodynamics abnormalities 

Hemodynamics in mitral incompetence is characterized by partial 

blood regurgitation into the left atrium in incomplete closure of mitral 

valve leaflets. The atrium filling increases since the regurgitated part of 

blood adds to usual blood volume, arrived from pulmonary veins. 

Pressure in the left atrium increases, it dilates and hypertrophies. 

During diastole greater than normal blood volume flows from 

overfilled left atrium into the left ventricle, that leads to left ventricle 

overfilling and dilatation. Left ventricle should work with overload, due 

to which its hypertrophy develops. Overwork of hypertrophied left 

atrium and left ventricle protractedly compensates possessed mitral 

incompetence (Fig.21). 

In decrease of hypertrophied left atrium contractile capacity 

congestive phenomena in lesser circulation circle appear and pressure 

rises, that demands overwork of right ventricle. 

So in time in mitral incompetence the right ventricle hypertrophy 

may develop. 
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Fig.21. Changes of intracardiac hemodynamics in mitral incompetence: 1 — 

normal heart; 2 — the heart changes in mitral incompetence (hypertrophied chambers 

are shaded, direct arrows — normal blood flow, waved — reverse). 

 

Clinical manifestations. The most of patients with minor or 

moderate incompetence protractedly have no symptoms and signs and 

may look healthy. Such symptoms as dyspnea, palpitation and cyanosis 

etc. appear only in congestion phenomena in pulmonary circulation 

development. 

On precordium palpation apical impulse displacement to the left and 

sometimes downward is disclosed; apical impulse becomes diffuse, 

enhanced, resistive (left ventricle heave), that indicates left ventricle 

hypertrophy. 

On the heart percussion its dullness enlargement to the left and 

upwards due to left atrium and left ventricle dilatation is revealed. The 

heart acquires mitral configuration with smoothed cardiac waist. On right 

ventricle hypertrophy cardiac dullness also shifts to the right. 

On the heart auscultation at the apex diminished S1 is listened, 

because there is no the period of closed valves in mitral incompetence. 

On pressure rising in pulmonary circulation S2 accent at the pulmonary 

artery appears. Systolic murmur at the apex is the key feature of mitral 

incompetence: a high-pitched pansystolic murmur at the apex is 

transmitted to the left axilla. 
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Auscultation data are confirmed and précised by phonocardiography 

(Fig.22). 

 

 
 

Fig. 22. PhonoCG in mitral incompetence. On phonocardiogram registered at the 

apex decrease of S1 amplitude and systolic murmur during all systole are marked. The 

latter appears on blood flow through the narrow chink during systole from left ventricle 

into the left atrium. Systolic murmur merges with the first heart sound. 

 

Pulse and blood pressure in compensated mitral incompetence don't 

change. 

Chest X-ray shows enlargement of left ventricle and atrium, 

detected by the heart shadow enlargement to the left, upwards and 

backwards; on pressure rising in the pulmonary circle enlargement of the 

pulmonary arch and sometimes calcification of the mitral valve are 

detected (Fig.23). 

ECG shows left ventricular and left atrium hypertrophy (Fig.24), 

and often atrial fibrillation. (Fig.25 & 26). 

PhonoCG. Mitral incompetence is characterized by diminished S1, 

systolic murmur appearance and S2 accent at the pulmonary artery 

(Fig.22). On PhonoCG decrease of S1 amplitude is marked in significant 

mitral incompetence due to falling out of S1 valvular component and 

overfilling of left ventricle. Minor degree of mitral incompetence isn't 

accompanied by S1 diminishing.  
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Fig.23. Chest x-ray in mitral incompetence shows enlargement of left atrium and 

both ventricles. 

 
 

Fig.24 Left ventricular hypertrophy. This ECG shows severe hypertrophy. Left 

ventricular hypertrophy (LVH) is present when the R wave in V5 or V6 or the S wave in 

V1 or V2 exceeds 25 mm in an adult of normal build. This ECG also shows T-wave 

inversion over the left ventricle (V5—6) and, as the heart is relatively horizontally 

placed, in I and aVL. 
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Fig 25 & 26. Atrial fibrillation. There is chaotic atrial activity at a frequency of 

400—600 bpm. There is little or no mechanical activity of the atria and few of the beats 

are conducted by the atrioventricular node, so the ventricular response is totally 

irregular and may be slow (Fig. 25) or as rapid as 150 bpm (Fig.26). The pulse is 

‗irregularly irregular‘ on palpation and the ECG has absent P-waves, which are 

replaced by rapid irregular waves (f-waves). Note the irregularity of the QRS response. 

This is one of the most common arrhythmias and is found in rheumatic heart disease 

(especially mitral valve disease), ischaemia, hypertension, cardiomyopathy (especially 

alcoholic) and thyrotoxicosis. It is also found in about 15% of elderly people who are 

otherwise symptom-free. Because of the high incidence of cerebral embolism, a 

decision must be taken about long-term anticoagulation with warfarin. 

 

The most important in mitral incompetence diagnostics is a presence 

of systolic murmur with maximal intensity at the apex. In severe valve 

disease murmur of considerable intensity is registered at the left axilla. 

Systolic murmur is directly connected with defect, formed between valve 

leaflets and reverse blood flow (regurgitation) through this chink. 

Murmur in mitral incompetence begins directly after S1 and has 

decrescent character. It may occupy all systole (pansystolic) or part of 

systole according to the degree of mitral incompetence. Murmur 

amplitude is more when the defect is pronounced. At the pulmonary 

artery increase of S2 pulmonary component (P2) is noticed, S2 is 

frequently splitted.  

Echocardiography shows the position of the valve leaflets at 

closure (Fig.27), and colour-flow Doppler shows the regurgitant jet 

(Fig.28). 

Cardiac catheterization can define the pressure differences between 

chambers, and ventriculography will confirm the presence of 

regurgitation. 
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Fig.27. Mitral regurgitation associated with mitral valve prolapse, seen on two-

dimensional echocardiography (parasternal long-axis view) in systole. Note the open 

cusps of the aortic valve. The posterior leaflet of the mitral valve is prolapsing 

backwards into the left atrium in systole (MVP). This abnormality is fairly common in 

young women for no obvious cause. (LA = left atrium; LV = left ventricle; Ao = aorta; 

RV = right ventricle). 

 

 
 

Fig. 28. Colour-flow mapping results from the parallel processing of both two-

dimensional and Doppler flow data, which are combined in real time to provide a 

dynamic image of anatomical, functional and haemodynamic status. This systolic apical 

four-chamber view shows both mitral and tricuspid regurgitation. The left ventricle is 

the blue area at the top of the image, and the regurgitant flow through the mitral valve is 

seen on the right. Tricuspid regurgitation is seen as a narrower band of flow on the left. 
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Mitral incompetence may stay in compensated stage for a long time. 

However, on a long existing of severe mitral incompetence and decrease 

of left atrium and left ventricle contractile capacity the venous 

congestion in pulmonary circulation circle is developed. On later course 

of disease a decrease of right ventricle contractile capacity with venous 

congestion in systemic circulation circle may add. 

Medical treatment includes prevention of endocarditis, control of 

heart failure, and anticoagulation to prevent thromboembolism. 

A severely damaged valve will need surgical replacement with a 

mechanical valve or bioprosthesis. Rarely, the existing valve can be 

repaired. 

CONTROL QUESTIONS 

 

1. Changes of intracardiac hemodynamics in mitral stenosis. 

Mechanisms of valve disease compensation. 

2. Symptoms and patient' appearance in mitral stenosis. 

3. Findings of precordial inspection and palpation, percussion data in 

patients with mitral stenosis. 

4. Auscultatory signs of mitral stenosis. 

5. Pulse and blood pressure in mitral stenosis. 

6. ECG changes in mitral stenosis. 

7. PhonoCG data in mitral stenosis. 

8. ECO data in mitral stenosis. 

9. X-ray examination findings in mitral stenosis. 

10. Changes of intracardiac hemodynamics in mitral incompetence. 

Mechanisms of valve disease compensation. 

11.  Symptoms and patient' appearance in mitral incompetence. 

12. Findings of precordial inspection and palpation, percussion data in 

patients with mitral incompetence. 

13. Auscultatory signs of mitral incompetence. 

14. Pulse and blood pressure in mitral incompetence 

15. ECG changes in mitral incompetence. 

16. PhonoCG data in mitral incompetence. 

17. ECO data in mitral incompetence. 

18. X-ray examination findings in mitral incompetence 
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Theme 25. RHEUMATIC FEVER. DIAGNOSTICS OF 

ACQUIRED AORTIC VALVE DISEASES: AORTIC STENOSIS AND 

AORTIC INCOMPETENCE. DIAGNOSTIC SIGNIFICANCE OF 

ECO, PHONOCG 

 

Goal: to get a notion about the main cardiovascular diseases, their 

symptoms and signs, diagnostic meanings of additional diagnostic 

methods data; instrumental diagnostics of cardiovascular diseases; to 

master skills. 

 

Knowledge objectives: 

- to know symptoms and signs of main cardiovascular diseases, 

appropriate changes of physical examination data, diagnostic meaning of 

additional diagnostic methods and their findings in these diseases. 

 

Skill objectives: 

- to collect interviewing data, to perform physical examination of 

patients with cardiovascular diseases (inspection, palpation, percussion 

and auscultation), to interpret data of additional diagnostic methods, to 

establish diagnosis of main cardiovascular diseases. 

 

Subject-matter: 

1. complaints of patients with aortic valve disease 

2. hemodynamics changes in aortic valve disease 

3. physical examination data in patients with aortic stenosis 

4. physical examination data in patients with aortic 

incompetence  

5. instrumental diagnostics of aortic stenosis 

6. instrumental diagnostics of aortic incompetence  

 

Equipment required: stethoscope. 
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EDUCATIONAL MATERIAL 

 

AORTIC STENOSIS 

Stenosis of aortic ostium (aortic stenosis, stenosis ostii aortae) 

creates difficulty for blood ejection into aorta on the left ventricle 

contraction. Acquired aortic valve stenosis often results from progressive 

degeneration and calcification of a congenitally bicuspid valve. 

Rheumatic fever, bacterial endocarditis  and arteriosclerotic degeneration 

are rarer causes. 

This valve disease appears owing to adhesion of valve cusps or 

fibrous narrowing of aortic orifice. 

Hemodynamics abnormalities 
A little narrowing of aortic orifice doesn't cause significant 

circulation alteration. If the degree of stenosis is high, during systole the 

left ventricle empties incompletely, as all blood volume has no time to 

pass across narrow orifice into aorta. On diastole normal blood volume 

from the left atrium adds to this residual blood portion, that leads to left 

ventricle overfilling and pressure rising within it. This abnormality of 

intracardiac hemodynamics is compensated by left ventricle overwork, 

and causes its hypertrophy (Fig.29). 

 

 

 
 

 
Fig.29. Intracardiac hemodynamics abnormalities in aortic stenosis (sketch). 
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Clinical manifestations. Aortic stenosis for a long time may be in 

compensated stage of disease and doesn't cause some unpleasant 

subjective sensations, even in high physical exertion. In significant 

narrowing of aortic orifice insufficient blood ejection into arterial system 

leads to blood supply disturbance of hypertrophied myocardium, in 

connection with which chest pains at the precordium similar angina 

appear. In case of cerebral blood supply disturbance dizziness, headache, 

inclination to syncope occur. These phenomena are frequently occurred 

on physic and emotional exertion. 

So, aortic stenosis leads to left ventricular hypertrophy and relative 

left ventricular ischemia, so patients may have the signs of angina, 

infarction, left ventricular failure or arrhythmias. Ventricular fibrillation 

is a common cause of sudden death. Calcification around the valve may 

extend into the conducting tissue, causing heart block and syncope. 

On patient inspection skin paleness, caused by small blood filling of 

arterial system, is marked. Apical impulse is shifted to the left, rarely – 

downward; it is high, diffuse, resistive (left ventricular heave). On 

palpation of precordium systolic thrill (―cat's purr‖) at the right 2
nd

 

intercostals space close to the sternum is disclosed. 

On percussion the displacement of relative dullness borders to the 

left and aortic heart configuration (with accentuated cardiac waist), 

caused by left ventricular hypertrophy are detected. 

On the heart auscultation at the apex diminished S1, connected with 

left ventricle overfilling and lengthening of its systole, is listened. At the 

aorta S2 is diminished, in case of adhered valve cusps immobility it may 

not be heard. Rough systolic murmur, connected with blood flow across 

the narrow orifice, at the aorta is characteristic. It radiates along blood 

flow direction to the carotids, and sometimes it may be heard at the 

interscapular area. 

Since in the presence of obstacle blood passes into aorta slowly and 

in less volume, pulse becomes small, slow and rare (pulsus parvus, 

tardus et rarus). Systolic pressure usually decreases, diastolic stays 

normal or increases, so pulse pressure becomes decreased. 

Chest x-ray shows left ventricular hypertrophy and aortic heart 

configuration, aortic dilatation in ascending part (poststenotic dilatation); 

aortic valve cusps calcification is frequently detected (Fig.30). 
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Fig. 30. Chest x-ray shows left ventricle enlargement and aortic heart 

configuration in aortic stenosis. 

 

On ECG there are features of left ventricular hypertrophy (Fig.24) 

and not rarely – signs of coronary insufficiency. 

PhonoCG reflects typical for this disease changes of the heart 

sounds: a decrease of S1 amplitude, registered at the apex, and a decrease 

of S2 amplitude, registered at aorta. Recording of very intensive systolic 

murmur with the maximum at aorta is the basic auscultative phenomenon 

in aortic stenosis (Fig.31). This murmur is connected with blood pass 

from left ventricle into aorta across narrow aortic ring. As classical 

ejection murmur it has typical diamond-shape on PhonoCG and is 

registered on all channels. Murmur intensity to a great extent correlates 

with stenosis degree. 

On carotid sphygmogram slowly rising, low-amplitude, late- 

peaking arterial pulse wave with characteristic crenation of the peak 

(sphygmogram in the ― ‖ form, reflecting vibrations, connected with  
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murmur transmission on neck arteries) is marked due to severe aortic 

outflow tract obstruction. 

 
Fig.31. Phonocardiogramm in aortic stenosis. 

 

Echocardiography confirms the diagnosis by showing thickened 

and calcified valve cusps (Fig.32). 

 

 
 

Fig.32. Aortic stenosis with calcification. This M-mode parasternal long-axis 

view shows the characteristic box shape of valve opening during systole (1). 

Calcification of the valve and annulus is suggested by the density of whiteness of the 

tracing (2). 
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Doppler echocardiography (Fig.33) or cardiac catheterization 

(Fig.34), or both, establish the severity of the stenosis, and Doppler 

echocardiography is extremely valuable in following the course of the 

disease in individual patients. Ultrasound has removed the need for 

repeated cardiac catheterization. The peak aortic pressure gradient can be 

calculated, and it correlates well with the degree of severity of stenosis. 

Other formulae may be used to measure the aortic valve orifice area. 

 
Fig.33. Doppler flow study of the aortic valve in aortic stenosis. There is a mosaic 

pattern at the aortic valve suggesting the valve is narrowed. The velocity of blood flow 

across the valve is 5 m/s which gives an estimated valve gradient of 100 mmHg by the 

Bernouilli equation, confirming aortic stenosis. 

 
 

Fig.34. Pressure gradient across the aortic valve in aortic stenosis, as measured at 

cardiac catheterization. Note the low aortic (Ao) pressure compared with the left 

ventricular pressure (LV) and the delayed peak in aortic pressure — both characteristic 

of severe aortic stenosis. Such pressure studies are less commonly performed than in 

the past, because echocardiography and Doppler flow studies can provide much of the 

relevant information noninvasively. 
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Aortic stenosis is in compensated stage of disease for a long time. 

Heart failure develops in decrease of left ventricular contractile capacity 

and manifests as in aortic incompetence. 

The valve is usually replaced with a prosthetic valve. Alternatively, 

the narrowed valve may be stretched by balloon valvuloplasty, although 

the long-term benefits of this procedure are unclear. 

 

AORTIC INCOMPETENCE 

 

Aortic incompetence (insufficientia valvulae aortae) is valve 

disease in which the semilunar cusps close incompletely the aortic orifice 

and during diastole blood regurgitates from aorta into left ventricle. 

Aortic regurgitation occurs if the aortic valve ring dilates, as a result of 

dissecting aneurysm, ankylosing spondylitis or syphilis for example, or if 

the valve cusps degenerate, such as after rheumatic fever, atherosclerotic 

lesion or endocarditis. 

Anatomical changes depend on etiology of aortic lesion. After 

rheumatic fever inflammatory-sclerotic process at the base of valvular 

cusps leads to their wrinkling and shortening. In syphilis and 

atherosclerosis pathologic process may affect only aorta itself, causing 

its dilatation and taking-up of valvular cusps without their affecting, or 

connective tissue expands on valvular cusps and deforms them. In sepsis 

ulcerous endocarditis leads to destruction of valve parts, defects forming 

in the cusps and their subsequent scarring and shortening. 

Hemodynamics abnormalities 
In aortic incompetence during diastole blood comes in the left 

ventricle not only from left atrium but regurgitates from aorta too. It 

causes left ventricle overfilling and stretching on diastole. During systole 

left ventricle contracts with grater force to eject into aorta increased 

stroke volume. Left ventricle overwork leads to its hypertrophy, and 

increase of systolic blood volume in aorta causes its dilatation (Fig.35). 

Sharp fluctuation of blood pressure within aorta during systole and 

diastole is characteristic for aortic incompetence. Increased as compared 

with normal blood volume within aorta during systole causes increase of 

systolic blood pressure, and as a part of blood volume regurgitates into 

ventricle during diastole, diastolic pressure rapidly decline. 
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Fig.35. Intracardiac hemodynamics changes in aortic incompetence (sketch). 

Hypertrophied chambers are shaded. 

 

Clinical manifestations. Clinical symptoms often occur later, 

because this valve disease is compensated by overwork of powerful left 

ventricle. In time symptoms of heart failure: dyspnea, palpitation, 

weakness etc. gradually appear. Angina-like pains in the precordium are 

typical. They are caused by coronary insufficiency due to severe 

myocardial hypertrophy and worsening of coronary arteries blood supply 

upon low diastolic pressure within aorta. Dizziness is observed owing to 

worsened cerebral blood supply, also connected with low diastolic 

pressure. 

On general examination skin pallor, caused by small blood filling of 

arterial system during diastole, is marked. The peripheral arteries 

pulsation: carotids (―carotid's dance‖), clavicular, brachial, temporal 

arteries, caused by sharp pressure fluctuation in arterial system, draws 

attention. Such signs as head bobbing (Musset's sign) – rhythmical, 

synchronous with pulse head jiggles, rhythmical changes of nail bed 

colouring in light press at the nail edge, so-called capillary pulsation 

(Quinckes' sign), rhythmical increase and decrease of hyperemia zone 

(got after rubbing) etc. 

On precordium inspection increased and displaced downward and to 

the left apical impulse is almost always obvious. Sometimes along with 

high apical beat a light retraction in the area of adjacent intercostal 

spaces is noted. 
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On palpation apical impulse is detected in the VI, and sometimes in 

the VII intercostals space, laterally from the left midclavicular line: it is 

diffuse, lifted, increased, dome-like, which witness a big enlargement of 

left ventricle (left ventricular heave). 

On percussion the displacement to the left of cardiac dullness is 

detected; the heart acquires aortic configuration (with accentuated 

cardiac waist). 

On auscultation diminished S1 at the apex is revealed, because 

during systole there is no period of closed valves. S2 at the aorta is also 

diminished, and in significant cusps destruction it may not to be heard. In 

syphilitic and atherosclerotic lesion of aorta S2 may be clear enough. 

The typical auscultative sign of aortic incompetence is diastolic 

murmur, listened at the aorta and at the Botkin-Erb's point, which is best 

heard by sitting the patient upright, leaning forward in full expiration. It 

usually is soft, blowing protodiastolic murmur, weakening to the end of 

diastole as blood pressure decreasing in aorta and blood flow slowing. In 

aortic incompetence at the apex murmurs of functional origin may be 

also heard. So, in large left ventricular dilatation relative mitral 

incompetence occurs and systolic murmur at the apex appears. Rarely 

diastolic (presystolic) murmur - Flint's murmur appears due to mitral 

valve cusps raising by a strong stream of blood regurgitating during 

diastole from aorta to left ventricle. It results in difficult blood flow from 

LA to LV during active atrium systole. Sometimes in this valve disease 

two sounds (Traube's doubling sound) and the Vinogradov-Duroziez‘s 

doubling murmur heard over the femoral artery are revealed. They are 

explained by vibration of arterial wall on systole and diastole during 

pulse wave passing. 

In aortic incompetence pulse becomes fast, high, big (pulsus celer, 

altus, magnus) as big pulse pressure, peculiar to this valve disease, and 

increased stroke volume, input into aorta during systole, influence on its 

character. 

Blood pressure is always changed: systolic pressure is increased, 

diastolic – decreased, and so pulse pressure is high. 

Chest X-ray (Fig.36) shows left ventricular enlargement with 

accentuated cardiac waist, aorta dilatation and its increased pulsation. 
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ECG also shows signs of left ventricular hypertrophy (Fig.37), axial 

left shift, deep S-waves in the right chest leads and high-amplitude R-

waves in the left chest leads, not rarely combined with left ventricular 

overstrain and relative coronary insufficiency signs (ST interval 

depression and T-wave inversion). 

 
Fig.36. Chest x-ray in aortic incompetence. Aortic heart configuration. Left 

ventricular hypertrophy and ascending aorta dilatation are noted. 

 
Fig.37. ECG in aortic incompetence. 
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On PhonoCG (Fig.38) diastolic murmur is registered on high-

frequency and auscultatory channels. It appears just after S2 i.e. in early 

protodiastole, and has decrescent character. Amplitude of its oscillations 

is small, so it is better heard than registered. Its intensity is a reflection of 

the size of the leak. 

 
Fig.38. PhonoCG in aortic incompetence, registered at the aorta: decrease of the 

sounds amplitude and decrescent diastolic murmur. 

 

Echocardiogram show left ventricular enlargement. Aortography 

(Fig.40) or colour—flow Doppler (Fig.39) shows the regurgitant jet. 

 

 
Fig.39. Colour-flow Doppler mapping in a patient with mild aortic regurgitation 

(parasternal long-axis view). The aortic regurgitant jet (in blue) is directed posteriorly 

at an acute angle from the aortic valve (to the right in the picture), back into the left 

ventricle (to the left in the picture), impinging directly on the anterior mitral valve 

leaflet (in the centre of the picture) immediately below the blue jet. 
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Fig.40. Aortogram in severe aortic regurgitation. Contrast medium has only been 

injected into the aorta, but even in this systolic view it is clear that it has regurgitated 

into the left ventricle. The aortic valve is arrowed. The ‗ring‘ over the aortic root is due 

to an ECG skin electrode. 

 

Aortic regurgitation leads to hypertrophy of the left ventricle and 

ultimately left ventricular failure. Clinical symptoms often occur later 

and the patient may show significant heart failure or angina. There may 

have been a preceding history of palpitations, syncope or headaches 

because of the high systolic blood pressure, especially during exercise. 

In left ventricular contractile capacity weakening congestion in 

pulmonary circulation circle develops. Sometimes acute left ventricular 

weakness may appear that clinically represented as cardiac asthma 

attack. 

In left ventricular contractile capacity weakening and its dilatation 

relative mitral incompetence may occur, which increases pulmonary 

congestion and creates additional load to the right ventricle. This is so-

called mitralisation of aortic incompetence, it may be the cause of 

venous congestion in systemic circulation. 

Medical treatment is directed at managing the angina, correcting the 

failure and preventing endocarditis. Definitive treatment consists of 

replacing the valve with a prosthetic one. 

 

CONTROL QUESTIONS 

 

1. Changes of intracardiac hemodynamics in aortic stenosis. 

Mechanisms of valve disease compensation. 
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2. Symptoms and patient' appearance in aortic stenosis. 

3. Findings of precordial inspection and palpation, percussion data in 

patients with aortic stenosis. 

4. Auscultatory signs of aortic stenosis. 

5. Pulse and blood pressure in aortic stenosis 

6. ECG changes in aortic stenosis. 

7. PhonoCG data in aortic stenosis. 

8. ECO data in aortic stenosis. 

9. X-ray examination findings in aortic stenosis. 

10. Changes of intracardiac hemodynamics in aortic incompetence. 

Mechanisms of valve disease compensation. 

11.  Symptoms and patient' appearance in aortic incompetence. 

12. The peripheral signs of aortic incompetence 

13. Findings of precordial inspection and palpation, percussion data in 

patients with aortic incompetence. 

14. Auscultatory signs of aortic incompetence. 

15. Pulse and blood pressure in aortic incompetence 

16. ECG changes in aortic incompetence. 

17. PhonoCG data in aortic incompetence. 

18. ECO data in aortic incompetence. 

19. X-ray examination findings in aortic incompetence 

 

 

 

 

 

 

Theme 26. DIAGNOSTICS OF TRICUSPID INCOMPETENCE 

(ORGANIC AND FUNCTIONAL). HEART FAILURE (ACUTE AND 

CHRONIC). EMERGENCY IN ACUTE LEFT-SIDED HEART 

FAILURE 

 

Goal: to get a notion about the main cardiovascular diseases, their 

symptoms and signs, diagnostic meanings of additional diagnostic 

methods data; instrumental diagnostics of cardiovascular diseases; to 

master skills. 
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Knowledge objectives: 

- to know symptoms and signs of main cardiovascular diseases, 

appropriate changes of physical examination data, diagnostic meaning of 

additional diagnostic methods and their findings in these diseases. 

 

Skill objectives: 

- to collect interviewing data, to perform physical examination of 

patients with cardiovascular diseases (inspection, palpation, percussion 

and auscultation), to interpret data of additional diagnostic methods, to 

establish diagnosis of main cardiovascular diseases. 

 

Subject-matter: 

1. complaints of patients with tricuspid valve disease 

2. hemodynamics changes in tricuspid incompetence 

3. physical examination data in patients with tricuspid 

incompetence  

4. instrumental diagnostics of tricuspid incompetence  

5. notion of circulatory failure, heart failure and vascular 

failure 

6. etiology and pathophisiology of heart failure 

7. classification of heart failure 

8. сlassification of chronic heart failure 

9. symptoms of heart failure 

10. physical examination data in patients with heart failure 

11. instrumental diagnostics of heart failure 

 

Equipment required: stethoscope. 

 

TRICUSPID VALVE INCOMPETENCE 

 

Tricuspid valve incompetence (insufficientia valvulae tricuspidalis) 

as mitral incompetence may be organic and relative. Organic 

incompetence is rarely met. It develops due to endocarditis, frequently 

rheumatic, rarely infective, or appears owing to trauma with papillary 

muscles of tricuspid valve rupture. As separate valve disease tricuspid 

incompetence is met extremely rare and usually coincides with other 

heart valve affecting. 

49 

 

Relative tricuspid incompetence is more frequently met. It appears 

in right ventricular dilatation and right atrioventricular orifice distension.  

The most frequently it is observed in mitral valve disease, when due 

to high pressure in pulmonary circulation the right ventricle will 

overwork, that leads to it overstrain and dilatation. 

Hemodynamics abnormalities 
Hemodynamics in tricuspid incompetence is stipulated that during 

right ventricular systole because of incomplete closure of valve leaflets 

part of blood regurgitates back to the right atrium, in which usual volume 

of blood from venas cava simultaneously passes. Atrium extends and 

hypertrophies. Increased blood volume passes during diastole into right 

ventricle from right atrium also, because the regurgitant volume is added 

to usual blood volume. This causes right ventricular dilatation and 

hypertrophy (Fig.41). 

 
 

Fig.41. Intracardiac hemodynamics changes in tricuspid incompetence. 

 

So, in this valve disease the compensation is maintained by right 

atrium and right ventricle overwork, their compensatory abilities are 

small, so venous congestion in the systemic circulation quite rapidly 

develops. 

Clinical manifestations. Significant venous congestion in systemic 

circulation in tricuspid incompetence results in edema, ascites 

appearance, heaviness sensation and pains in the right hypochondrium, 

connected with liver enlargement. Skin acquires cyanotic colouring,  
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sometimes with icteric tint. Neck veins swelling and pulsation, so-

called positive vein pulse, and liver pulsation attract attention (Fig. 42). 

These pulsations are caused by reverse blood flow from ventricle into 

atrium across uncovered atrioventricular orifice, because of this pressure 

within atrium rises and emptying of neck and hepatic veins is laboured. 

If you put one hand on the liver area and other – on the right ventricle 

area it is possible to feel characteristic wobbling movements of both 

hands. The apical impulse, as a rule, is not expressed, since left ventricle 

is shifted backwards by hypertrophied right ventricle. 

 

 
 

Fig. 42. Elevated external jugular venous pressure (JVP). The pressure in the 

internal and external jugular veins is elevated in right heart failure. Abnormalities in 

waveform may provide evidence of tricuspid valve disease or cardiac arrhythmia, 

although these abnormalities are more reliably noted in the internal than the external 

jugular vein, which may be affected by position. 

 

On percussion significant displacement of cardiac dullness borders 

to the right owing to right atrium and right ventricular hypertrophy is 

detected. 

On auscultation at the xyphoid process base diminished S1 is found; 

in the same point and also in the 3
d
 and 4

th
 right intercostals spaces close 

to the sternum systolic murmur is listened. Its intensity increases in 

breath-hold on the height of inhalation (Riverro-Corvallo sign). S2 at the 

pulmonary artery is diminished, because pressure within pulmonary 

circulation circle decreases in tricuspid incompetence. 

Pulse does not significantly changes or becomes small and frequent, 

because in this valve disease there not rarely exists severe heart failure.  
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Blood pressure is often decreased. Venous pressure grossly elevates: 

its level may reach 200—300 mm of water column. 

X-ray shows signs of the heart right chambers hypertrophy (Fig.43) 

ECG shows signs of right atrium hypertrophy (―P-pulmonale‖) 

(Fig.44) and right ventricular hypertrophy (Fig.15 & 45). 

PhonoCG registers decrescent character systolic murmur at the base 

of xyphoid process and at the 3
d
 and 4

th
 right intercostals spaces close to 

the sternum (Fig.46); during PhonoCG registering in breath-hold on the 

height of inhalation the amplitude of oscillations corresponding to the 

murmur increases. 

 

 
 

Fig.43. Chest X-ray in a patient with tricuspid regurgitation. The enlargement of 

the right heart shadow is caused by a grossly enlarged right atrium. Note also the 

calcified aortic arch (and the incidental bilateral hilar calcification, resulting from old 

tuberculosis). This woman‘s tricuspid regurgitation resulted from ischemic heart 

disease. 
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Fig.44. Right atrium hypertrophy: PII,III,aVF is tall, pointed. 
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Fig.45.Right ventricular hypertrophy (R-type): QRS complex in V1is qR-type, tall 

RIII, aVF; deep S1,aVL,V5-6; prominent RaVR; α=+1ОО°. 

 

 
 

Fig.46.Tricuspid incompetence: PhonoCG shows systolic murmur and diminished 

S1, registered at the base of xyphoid process. Phlebogramm is typical for positive vein 

pulse. 

 

Phlebogramm, registered at the jugular vein shows high positive a-

wave, corresponding to hypertrophied right atrium overwork or acquires 

appearance, typical for positive vein pulse (Fig.46). 

Echocardiography is the most effective method of diagnosing 

tricuspid valve disease (Fig.28). 

Tricuspid incompetence, as a rule, is accompanied by severe 

circulatory insufficiency. Long-term venous congestion in systemic 

circulation leads to functional abnormalities of many organs: liver, 

kidneys, gastrointestinal tract. Liver particularly suffers: long-term 

venous congestion in it is accompanied by connective tissue 

development and results in so-called cardiac cirrhosis. This in its turn 

even greater embarrasses functions of organs and causes severe 

metabolic disturbance. 
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CIRCULATORY FAILURE 

 

Circulatory failure is an extremely common problem with an 

incidence of 2% at age 50 years, rising to 10% at age 80 years. There is 

still a high mortality: 10—30% per year. 

Circulatory failure occurs when an adequate blood flow to the 

tissues cannot be maintained. This maybe caused by inadequate cardiac 

output (heart failure) or by a markedly reduced intravascular volume, for 

example after major haemorrhage, acute dehydration or in septicaemic 

shock (vascular failure). 

Heart failure (congestive heart failure): Symptomatic myocardial 

dysfunction resulting in a characteristic pattern of hemodynamic, renal, 

and neurohormonal responses. 

No definition of heart failure (HF) is entirely satisfactory. 

Congestive heart failure (CHF) develops when plasma volume increases 

and fluid accumulates in the lungs, abdominal organs (especially the 

liver), and peripheral tissues. 

Physiology At rest and during exercise, cardiac output (CO), venous 

return, and distribution of blood flow with O2 delivery to the tissues are 

balanced by neurohumoral and intrinsic cardiac factors. Preload, the 

contractile state, afterload, the rate of contraction, substrate availability, 

and the extent of myocardial damage determine left ventricular (LV) 

performance and myocardial O2 requirements. The Frank-Starling 

principle, cardiac reserve, and the oxyhemoglobin dissociation curve 

play a role. 

Preload (the degree of end-diastolic fiber stretch) reflects the end-

diastolic volume, which is influenced by diastolic pressure and the 

composition of the myocardial wall. For clinical purposes, the end-

diastolic pressure, especially if above normal, is a reasonable measure of 

preload in many conditions. LV dilatation, hypertrophy, and changes in 

myocardial distensibility or compliance modify preload. 

The contractile state in isolated cardiac muscle is characterized by 

the force and velocity of contraction, which are difficult to measure in 

the intact heart. Clinically, the contractile state is often expressed as the 

ejection fraction (LV stroke volume/end-diastolic volume). 
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Afterload (the force resisting myocardial fiber shortening after 

stimulation from the relaxed state) is determined by the chamber 

pressure, volume, and wall thickness at the time of aortic valve opening. 

Clinically, afterload approximates systemic BP at or shortly after aortic 

valve opening and represents peak systolic wall stress. The heart rate and 

rhythm also influence cardiac performance. 

Reduced substrate availability (eg, of fatty acid or glucose), 

particularly if O2 availability is reduced, can impair the vigour of cardiac 

contraction and myocardial performance. 

Tissue damage (acute with myocardial infarction or chronic with 

fibrosis due to various diseases) impairs local myocardial performance 

and imposes an additional load on viable myocardium. 

The Frank-Starling principle states that the degree of end-diastolic 

fiber stretch (preload) within a physiologic range is proportional to the 

systolic performance of the subsequent ventricular contraction (Fig. 47).  

 

 
 

Fig.47. Frank-Starling relationship. The ordinate (systolic pressure, stroke 

volume, cardiac output, stroke work, cardiac work) represents the ability of the 

ventricle to function as a pump. The abscissa (diastolic muscle length, end-diastolic 

pressure, end-diastolic volume) depicts the direct or indirect measurements of length or 

stretch of myocardial fiber. Dotted lines depict resting normal values; the normal curve 

includes point of intersection. Under normal conditions, left ventricular systolic  
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pressure, stroke volume, and work increase rapidly as the myocardial fiber is 

lengthened at end-diastole. There is a family of ventricular function curves depicting 

cardiac performance under normal and abnormal conditions. During heart failure (HF) 

consequent to reduced contractility, ventricular performance falls sharply (point A). 

Reduced stroke volume causes increased end-diastolic volume with consequent 
stretching of diastolic muscle length. Ventricular function moves to the right on a 

relatively flat ventricular function curve to achieve relatively normal resting cardiac 

performance (point B). Thus, adequate resting cardiac performance results from 

increased ventricular diastolic volume and pressure. Treatment of the failing ventricle 

with an inotropic drug improves the ventricular function curve (point C), which, 

however, remains abnormal. Afterload reduction may have similar effects. This 

diagram assumes a direct relationship between diastolic muscle length, end-diastolic 

pressure, and end-diastolic volume, a relationship that is generally true when 

ventricular contractility is reduced. This relationship does not apply to HF due to 

increased myocardial diastolic stiffness; cardiac output is usually normal, end-diastolic 

pressure is high, yet diastolic muscle length may be normal. The problem in disease 

causing increased diastolic stiffness is a markedly reduced myocardial compliance, 

hence abnormally high ventricular filling pressure and congestion with adequate 

ventricular emptying. 

 

This mechanism operates in HF, but, because ventricular function is 

abnormal, the response is inadequate. If the Frank-Starling curve is 

depressed, fluid retention, vasoconstriction, and a cascade of 

neurohumoral responses lead to the syndrome of CHF. Over time, LV 

remodeling (change from the normal ovoid shape) with dilatation and 

hypertrophy further compromises cardiac performance, especially during 

physical stress. Dilatation and hypertrophy may be accompanied by 

increased diastolic stiffness. 

Cardiac reserve (unused ability of the resting heart to deliver O2 to 

the tissues) is an important component of cardiac function during 

emotional or physical stress. Its mechanisms include increases in heart 

rate, systolic and diastolic volume, stroke volume, and tissue extraction 

of O2. For example, in well-trained young adults during maximal 

exercise, heart rate may increase from 55 to 70 at rest to 180 beats/min; 

cardiac output - CO (stroke volume × heart rate) may increase from its 

normal resting value of 6 to >= 25 L/min; and O2 consumption can 

increase from 250 to >= 1500 mL/min. In the normal young adult at rest, 

arterial blood contains about 18 mL O2/dL of blood, and mixed venous 

or pulmonary artery blood contains about 14 mL/dL. The arteriovenous 

O2 difference (A-VO2) is thus about 4.0 ± 0.4 mL/dL. Even maximal CO  
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during exercise is insufficient to meet tissue metabolic needs; hence, the 

tissues extract more O2, and mixed venous blood O2 content falls 

considerably. A-VO2 may increase to about 12 to 14 mL/dL. Increased 

A-VO2 due to lower venous O2 content is a common adaptive 

mechanism in HF. 

 

The oxyhemoglobin dissociation curve (see Fig. 48) influences O2 

availability to the tissues and can provide another reserve mechanism in 

HF. 

 
 
Fig. 48. Oxyhemoglobin dissociation curve. Arterial oxyhemoglobin saturation 

(ordinate) is related to partial pressure of O2 (abscissa). P50 (PO2 at 50% saturation) is 

normally 27 mm Hg. The dissociation curve is shifted to the right by increased 

hydrogen ion (H+) concentration and increased RBC diphosphoglycerate (DPG). The 

curve is shifted to the left by decreased H+ and lower RBC diphosphoglycerate. Hb 

characterized by rightward shifting of the curve has a decreased affinity for O2; Hb 

characterized by a leftward shifting of the curve has an increased affinity for O2. 

 

The position of this curve is frequently expressed as P50 (the partial 

pressure of O2 in blood at 50% oxyhemoglobin saturation). An increase 

in the normal P50 (27 ± 2 mm Hg) indicates a rightward shift of the 

oxyhemoglobin dissociation curve (decreased affinity of Hb for O2). For 

a given PO2, less O2 is combined with Hb, and the saturation is lower;  
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thus, at the capillary level, more O2 is released and available to the 

tissues. Increased hydrogen ion concentration (reduced pH) shifts the 

curve to the right (Bohr effect), as does increased concentration of 2,3-

diphosphoglycerate in RBCs, which alters the spatial relationships within 

the Hb molecule. 

Classification and Etiology  

In many forms of heart disease, the clinical manifestations of HF 

may reflect impairment of the left or right ventricle. 

Left ventricular (LV) failure characteristically develops in coronary 

artery disease, hypertension, and most forms of cardiomyopathy and 

with congenital defects (eg, ventricular septal defect, patent ductus 

arteriosus with large shunts). 

Right ventricular (RV) failure is most commonly caused by prior 

LV failure (which increases pulmonary venous pressure and leads to 

pulmonary arterial hypertension) and tricuspid regurgitation. Causes are 

also mitral stenosis, primary pulmonary hypertension, multiple 

pulmonary emboli, pulmonary artery or valve stenosis, and RV 

infarction  

One distinguishes chrionic and acute heart failure. In Russian 

Federation clinicians use classification of chronic heart failure, stipulated 

by National Scientific Society of Cardiologists in 2002. It joins two 

classifications: one – after N.D. Strazhesko and V.H.Vasilenko (1935) 

and New York Heart Association functional classification (NYHA) 

(1964).  

According to this classification stages and functional classes of 

chronic heart failure are distinguished (Table 2 &3). 

Table 2 

 

STAGES OF CHRONIC HEART FAILURE (MAY WORSEN 

DESPITE ON TREATMENT) 

I stage Initial stage of heart disease (damage). Hemodynamics isn't 

altered. Latent heart failure. Asymtomatic left ventricular 

dysfunction. 

IIA stage Clinically pronounced stage of heart disease (damage). 

Hemodynamics is altered in one of circulation circles, 

moderately pronounced. Adaptive remodeling of the heart 

and vessels. 
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IIB stage Grave stage of heart disease (damage). Pronounced 

hemodynamics alterations in both circulation circle. 

Disadaptive remodeling of the heart and vessels. 

III stage Terminal stage of the heart damage. Pronounced 

hemodynamics alterations and severe (irreversible) 

structural changes of target organs (heart, lungs, vessels, 

brain, kidneys). Final stage of organs remodeling. 

 

Table 3 

NEW YORK HEART ASSOCIATION FUNCTIONAL 

CLASSIFICATION 

Class I No limitation Ordinary physical 

activity does not 

cause symptoms 

Class II Slight limitation Comfortable at rest 

Ordinary physical 

activity causes 

symptoms 

Class III Marked limitation Comfortable at rest 

Less than ordinary 

activity causes 

symptoms 

Class IV Inability to carry 

on any physical 

activity 

Symptoms present at 

rest 

 

HF is manifested by systolic or diastolic dysfunction or both. 

Combined systolic and diastolic abnormalities are common. 

In systolic dysfunction (primarily a problem of ventricular 

contractile dysfunction), the heart fails to provide tissues with adequate 

circulatory output. A wide variety of defects in energy utilization, energy 

supply, electrophysiologic functions, and contractile element interaction 

occur, which appear to reflect abnormalities in intracellular Ca++ 

modulation and cyclic adenosine monophosphate (cAMP) production.  
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Systolic dysfunction has numerous causes; the most common are 

coronary artery disease, hypertension, and dilated congestive 

cardiomyopathy. There are many known and probably many unidentified 

causes for dilated myocardiopathy. More than 20 viruses have been 

identified as causal. Toxic substances damaging the heart include 

alcohol, a variety of organic solvents, certain chemotherapeutic drugs 

(eg, doxorubicin), β-blockers, Ca blockers, and antiarrhythmic drugs. 

Diastolic dysfunction (resistance to ventricular filling not readily 

measurable at the bedside) accounts for 20 to 40% of cases of HF. It is 

generally associated with prolonged ventricular relaxation time, as 

measured during isovolumic relaxation (the time between aortic valve 

closure and mitral valve opening when ventricular pressure falls rapidly). 

Resistance to filling (ventricular stiffness) directly relates to ventricular 

diastolic pressure; this resistance increases with age, probably reflecting 

myocyte loss and increased interstitial collagen deposition. Diastolic 

dysfunction is presumed to be dominant in hypertrophic 

cardiomyopathy, circumstances with marked ventricular hypertrophy 

(eg, hypertension, advanced aortic stenosis), and amyloid infiltration of 

the myocardium. 

Pathophysiology  

In LV failure, CO declines and pulmonary venous pressure 

increases. Elevated pulmonary capillary pressure to the levels that 

exceed the oncotic pressure of the plasma proteins (about 24 mm Hg) 

leads to increased lung water, reduced pulmonary compliance, and a rise 

in the O2 cost of the work of breathing. Pulmonary venous hypertension 

and edema resulting from LV failure significantly alter pulmonary 

mechanics and, thereby, ventilation/perfusion relationships. Dyspnea 

correlates with elevated pulmonary venous pressure and the resultant 

increased work of breathing, although the precise cause is debatable. 

When pulmonary venous hydrostatic pressure exceeds plasma protein 

oncotic pressure, fluid extravasates into the capillaries, the interstitial 

space, and the alveoli. Pleural effusions characteristically accumulate in 

the right hemithorax and later bilaterally. Lymphatic drainage is greatly 

enhanced but cannot overcome the increase in lung water. Unoxygenated 

pulmonary arterial blood is shunted past nonaerated alveoli, decreasing 

mixed pulmonary capillary PO2. A combination of alveolar 

hyperventilation due to increased lung stiffness and reduced PAO2 is  
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characteristic of LV failure. Thus, arterial blood gas analysis reveals an 

increased pH and a reduced PaO2 (respiratory alkalosis) with decreased 

saturation reflecting increased intrapulmonary shunting. Typically, 

PaCO2 is reduced too. A PaCO2 above normal signifies alveolar 

hypoventilation possibly due to respiratory muscle failure and requires 

urgent ventilatory support. 

In RV failure, systemic venous congestive symptoms develop. 

Moderate hepatic dysfunction commonly occurs in CHF secondary to 

RV failure, with usually moderate increases in conjugated and 

unconjugated bilirubin, prothrombin time, and hepatic enzymes (eg, 

alkaline phosphatase, AST, ALT). However, in severely compromised 

circulatory states with markedly reduced splanchnic blood flow and 

hypotension, increases due to central necrosis around the hepatic veins 

may be severe enough to suggest hepatitis with acute liver failure. 

Reduced aldosterone breakdown by the impaired liver further contributes 

to fluid retention. 

In systolic dysfunction, inadequate ventricular emptying leads to 

increased preload, diastolic volume, and pressure. Sudden (as in MI) and 

progressive (as in dilated cardiomyopathy) myocyte loss induces 

ventricular remodeling, resulting in increased wall stress accompanied by 

apoptosis (accelerated myocardial cell death) and inappropriate 

ventricular hypertrophy. Later, the ejection fraction falls, resulting in 

progressive pump failure. Systolic HF may primarily affect the LV or the 

RV (see above), although failure of one ventricle tends to lead to failure 

of the other. 

In diastolic dysfunction, increased resistance to LV filling as a 

consequence of reduced ventricular compliance (increased stiffness) 

results in prolonged ventricular relaxation (an active state following 

contraction) and alters the pattern of ventricular filling. Ejection fraction 

may be normal or increased. Normally, about 80% of the stroke volume 

enters the ventricle passively in early diastole, reflected in a large e wave 

and smaller a wave on pulsed-wave Doppler echocardiography. 

Generally, in diastolic LV dysfunction the pattern is reversed, 

accompanied by increased ventricular filling pressure and a-wave 

amplitude. 
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Whether the failure is primarily systolic or diastolic and regardless 

of which ventricle is affected, various hemodynamic, renal, and 

neurohumoral responses may occur. 

Hemodynamic responses: With reduced CO, tissue O2 delivery is 

maintained by increasing A-VO2. Measurement of A-VO2 with systemic 

arterial and pulmonary artery blood samples is a sensitive index of 

cardiac performance and reflects, via the Fick equation (VO2 = CO × A-

VO2), CO (inversely related) and the body's O2 consumption (VO2--

directly related). 

Increased heart rate and myocardial contractility, arteriolar 

constriction in selected vascular beds, venoconstriction, and Na and 

water retention compensate in the early stages for reduced ventricular 

performance. Adverse effects of these compensatory efforts include 

increased cardiac work, reduced coronary perfusion, increased cardiac 

preload and afterload, fluid retention resulting in congestion, myocyte 

loss, increased K excretion, and cardiac arrhythmia. 

Renal responses: The mechanism by which an asymptomatic 

patient with cardiac dysfunction develops overt CHF is unknown, but it 

begins with renal retention of Na and water, secondary to decreased renal 

perfusion. Thus, as cardiac function deteriorates, renal blood flow 

decreases in proportion to the reduced CO, the GFR falls, and blood flow 

within the kidney is redistributed. The filtration fraction and filtered Na 

decrease, but tubular resorption increases. 

Neurohumoral responses: Increased activity of the renin-

angiotensin-aldosterone system influences renal and peripheral vascular 

response in HF. The intense sympathetic activation accompanying HF 

stimulates the release of renin from the juxtaglomerular apparatus near 

the descending loop of Henle in the kidney. Probably, decreased arterial 

systolic stretch secondary to declining ventricular function also 

stimulates renin secretion. Reflex and adrenergic stimulation of the 

renin-angiotensin-aldosterone system produces a cascade of potentially 

deleterious effects: Increased aldosterone levels enhance Na reabsorption 

in the distal nephron, contributing to fluid retention. Renin produced by 

the kidney interacts with angiotensinogen, producing angiotensin I from 

which is cleaved the octapeptide angiotensin II by ACE. Angiotensin II 

has various effects believed to enhance the syndrome of CHF, including 

stimulation of the release of arginine vasopressin (AVP), which is  
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antidiuretic hormone (ADH); vasoconstriction; enhanced aldosterone 

output; efferent renal vasoconstriction; renal Na retention; and increased 

norepinephrine release. Angiotensin II is also believed to be involved in 

vascular and myocardial hypertrophy, thus contributing to the 

remodeling of the heart and peripheral vasculature, which contributes to 

HF in various myocardial and other heart diseases. 

Plasma norepinephrine levels are markedly increased, largely 

reflecting intense sympathetic nerve stimulation, because plasma 

epinephrine levels are not increased. High plasma norepinephrine levels 

in patients with CHF are associated with a poor prognosis. 

The heart contains many neurohormonal receptors (α1, β1, β2, β3, 

adrenergic, muscarinic, endothelin, serotonin, adenosine, angiotensin II). 

In patients with HF, β1 receptors (which constitute 70% of cardiac β 

receptors), but not the other adrenergic receptors, are down-regulated, 

potentially adversely affecting myocardial function. This down-

regulation, which is probably a response to intense sympathetic 

overdrive, has been detected even in asymptomatic patients with the 

early stages of HF. Altered myocardial stimulator or receptor functions 

for various other neurohormonal factors may adversely influence 

myocyte performance in HF. 

Serum levels of atrial natriuretic peptide (released in response to 

increased atrial volume and pressure load) and brain natriuretic peptide 

(released from the ventricle in response to ventricular stretch) are 

markedly increased in patients with CHF. These peptides enhance renal 

excretion of Na, but, in patients with CHF, the effect is blunted by 

decreased renal perfusion pressure, receptor down-regulation, and 

perhaps enhanced enzymatic degradation. Serum, brain (B-type) 

natriuretic peptide appears to be important for diagnosis in CHF and 

correlates well with functional impairment. 

AVP is released in response to a fall in BP or ECF volume and by 

the effects of various neurohormonal stimuli. An increase in plasma 

AVP diminishes excretion of free water by the kidney and may 

contribute to the hyponatremia of HF. AVP levels in CHF vary, but 

experimental AVP blockers have increased water excretion and serum 

Na levels. 

Other consequences: Protein-losing enteropathy characterized by 

marked hypoalbuminemia, ischemic bowel infarction, acute and chronic  
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GI hemorrhage, and malabsorption may result from severe chronic 

venous hypertension. Peripheral gangrene in the absence of large vessel 

occlusion or chronic irritability and decreased mental performance may 

result from chronic markedly reduced PO2, reflecting severely reduced 

cerebral blood flow and hypoxemia. 

Cardiac cachexia (loss of lean tissue >= 10%) may accompany 

severely symptomatic HF. The failing heart produces tumor necrosis 

factor-, which is a key cytokine in the development of catabolism and 

possibly of cardiac cachexia. Marked anorexia is characteristic of this 

syndrome. Restoring cardiac function to normal can reverse cardiac 

cachexia. 

Symptoms and Signs  

HF may be predominantly right-sided or left-sided and may develop 

gradually or suddenly (as with acute pulmonary edema). 

Cyanosis may occur with any form of HF. The cause may be central 

and may reflect hypoxemia. A peripheral component due to capillary 

stasis with increased A-VO2 and resultant marked venous 

oxyhemoglobin unsaturation may also be present. Improved color of the 

nail bed with vigorous massage suggests peripheral cyanosis. Central 

cyanosis cannot be altered by increasing local blood flow. 

LV failure: Pulmonary venous hypertension may become apparent 

with tachycardia, fatigue on exertion, dyspnea on mild exercise, and 

intolerance to cold. Paroxysmal nocturnal dyspnea and nocturnal cough 

reflect the redistribution of excess fluid into the lung with the recumbent 

position. Occasionally, pulmonary venous hypertension and increased 

pulmonary fluid manifest as bronchospasm and wheezing. Cough may be 

prominent, and pink-tinged or brownish sputum due to blood and the 

presence of HF cells is common. Frank hemoptysis due to ruptured 

pulmonary varices with massive blood loss is uncommon but may occur. 

Signs of chronic LV failure include diffuse and laterally displaced apical 

impulse, palpable and audible ventricular (S3) and atrial gallops (S4), 

accentuated pulmonic second sound, and inspiratory basilar rales 

(crepitation). Right-sided pleural effusion is common. 

Acute pulmonary edema is a life-threatening manifestation of acute 

LV failure secondary to sudden onset of pulmonary venous hypertension. 

A sudden rise in LV filling pressure results in rapid movement of plasma 

fluid through pulmonary capillaries into the interstitial spaces and  
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alveoli. The patient presents with extreme dyspnea, deep cyanosis, 

tachypnea, hyperpnea, restlessness, and anxiety with a sense of 

suffocation. Pallor and diaphoresis are common. The pulse may be 

thready (pulsus filiformis), and BP may be difficult to obtain. 

Respirations are labored, and moist bubbling rales are widely dispersed 

over both lung fields anteriorly and posteriorly. Some patients manifest 

marked bronchospasm or wheezing (cardiac asthma). Noisy respiratory 

efforts often render cardiac auscultation difficult, but a summation 

gallop, merger of S3 and S4, may be heard. Hypoxemia is severe. CO2 

retention is a late, ominous manifestation of secondary hypoventilation 

and requires immediate attention. 

RV failure: The principal symptoms include fatigue; awareness of 

fullness in the neck; fullness in the abdomen, with occasional tenderness 

in the right upper quadrant (over the liver); ankle swelling; and, in 

advanced stages, abdominal swelling due to ascites. Edema over the 

sacrum is likely in supine patients. Signs include evidence of systemic 

venous hypertension, abnormally large a or v waves in the external 

jugular pulse, an enlarged and tender liver, a murmur of tricuspid 

regurgitation along the left sternal border, RV S3 and S4, and pitting 

edema of the lowest parts of the body (Fig.49) 

 

  
Fig.49. Pitting edema in a patient with cardiac failure. A depression (‗pit‘) 

remains in the edema for some minutes after firm fingertip pressure is applied. 
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Diagnosis  

Although symptoms and signs (eg, exertional dyspnea, orthopnea, 

edema, tachycardia, pulmonary rales, a third heart sound, jugular venous 

distention) have a diagnostic specificity of 70 to 90%, the sensitivity and 

predictive accuracy are low. 

Elevated levels of B-type natriuretic peptide are diagnostic. 

Adjunctive tests include CBC, blood creatinine, BUN, electrolytes (eg, 

Mg, Ca), glucose, albumin, and liver function tests. Thyroid function test 

results should be assessed in patients with atrial fibrillation and in 

selected, especially older, persons. In patients with suspected coronary 

artery disease, stress testing with radionuclide or ultrasound imaging or 

coronary angiography may be indicated. Endocardial biopsy is of limited 

usefulness. 

ECG should be performed in all patients with HF, although findings 

are not specific; ambulatory ECG is not generally useful. Various 

abnormalities (eg, of ventricular hypertrophy, MI, or bundle branch 

block) may provide etiologic clues. Recent onset of rapid atrial 

fibrillation may precipitate acute LV or RV failure. Frequent premature 

ventricular contractions may be secondary and may subside when the HF 

is treated. 

Chest x-ray should be performed in all patients (Fig.50 &51). 

Pulmonary venous congestion and interstitial or alveolar edema are 

characteristics of pulmonary edema. Kerley B lines reflect chronic 

elevation of left atrial pressure and chronic thickening of the intralobular 

septa from edema. 
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Fig.50. Heart failure in a patient with mitral stenosis. The left atrial appendage is 

enlarged (arrowed), the upper zone blood vessels are distended and there are linear 

densities in the periphery of the lower zones (interstitial or Kerley‘s B lines). The lung-

field changes are typical of moderate pulmonary edema. 

 

 
 

Fig.51 Heart failure following myocardial infarction. The changes are more 

severe than in 50: there is distension of the upper zone vessels, interstitial (Kerley B) 

lines are present at both bases; and there are some areas of apparent consolidation, 

indicating alveolar pulmonary edema. 
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Microvascular volume increases, most strikingly in dependent areas, 

ie, the bases in upright posture. Careful examination of the cardiac 

silhouette, evaluation of chamber enlargement, and a search for cardiac 

calcifications may reveal important etiologic clues. 

Echocardiography can help evaluate chamber dimensions, valve 

function, ejection fraction, wall motion abnormalities, and LV 

hypertrophy. Doppler or color Doppler echocardiography accurately 

detects pericardial effusion, intracardiac thrombi, and tumors and 

recognizes calcifications within the cardiac valves, mitral annulus, and 

the wall of the aorta. Underlying coronary artery disease is strongly 

suggested by localized or segmental wall motion abnormalities. Doppler 

studies of mitral and pulmonary venous inflow are often useful in 

identifying and quantitating LV diastolic dysfunction. 

Other important investigations include a full blood count to in order 

to exclude anaemia, urea and electrolytes, thyroid function tests, liver 

function tests and cardiac enzymes if recent infarction is suspected. 

In Russian Federation the Scale of Clinical State Estimation 

(modified by V.U.Mareev, 2000) is used for patient functional state 

establishing. 

 

1. dyspnea: О — none, 1 — in exercise, 2 — in rest. 

2. weight change in last week: О — none, 1 — increased 

3.  complaints on heart beats missing: 0— none, 1 — yes 

4. position kept in bed: О — supine, 1 — with elevated head edge (+2 

pillows), 2 — 1+nocturnal dyspnea, З — sitting position 

5. swelling neck veins: 0— none, 1 — in recumbency, 2 — in standing 

6. pulmonary rales: 0— none, 1 — in lower parts (till 1/3), 2— till 

scapulae (till 2/3), 3 — above all pulmonary surface 

7. gallop rhythm presence: 0— none, 1 — yes 

8. liver: 0— is not enlarged, 1 — + 5 cm below costal arch, 2 — more 

than 5 сm 

9. edema: О — none, 1 — puffyness, 2 — edema, З — anasarca 

10. systolic blood pressure: О — >120, 1 — (100—120), 2 — <100 mm 

Hg. 

 

According to this scale I functional class of heart failure 

corresponds to 3,5 points, II – 3,5-5,5; III – 5,5-8,5; IV – more than 8,5. 
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MANAGEMENT OF HEART FAILURE 

The drug treatment of heart failure is largely concerned with 

improving or abolishing the unwanted effects of pulmonary congestion 

and fluid retention. In heart failure, an attempt is also made to increase 

cardiac output. 

The ideal treatment of congestive heart failure is to remove or 

correct the underlying cause, such as replacing a stenotic aortic valve. 

Next, any factors exacerbating chronic compensated heart failure, such 

as anemia, should be corrected or eliminated. Finally, medical therapy 

should be aimed at treating the congestive heart failure itself to improve 

the pumping function of the heart, reduce its workload, and decrease 

excessive salt and water retention (Table 4). 

     TABLE 4. MANAGEMENT OF CONGESTIVE HEART FAILURE 

 

OBJECTIVE THERAPY 

Reduce cardiac workload Physical and psychological rest 

Remove exacerbating factors (e.g., 

infection, anemia, heat, humidity, 

obesity) 

Vasodilators 

Intra-aortic balloon pump 

Improve cardiac performance Digitalis 

Other positive inotropic agents 

Correct any rhythm abnormality 

Correct underlying defect if 

possible (e.g., valve malfunction) 

Control excess salt and water Dietary sodium restriction 

Diuretics 

Mechanical fluid removal (e.g., 

phlebotomy, dialysis) 

 

Activity and Diet. An acute exacerbation of congestive heart failure 

should be treated with bed rest and adequate oxygenation. Control of 

excessive salt and water retention can be obtained by salt restriction. 

Digitalis. Digitalis augments cardiac output in patients with 

myocardial failure by increasing the inotropic state of the heart, possibly 

by inhibiting the activity of sodium-potassium ATPase. Subsequent  
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accumulation of intracellular sodium enhances sodium-calcium ion 

exchange, and the resultant increase in intracellular calcium is presumed 

to be responsible for increased contractile force. In addition to its 

inotropic effects, digitalis has significant electrophysiologic effects, the 

most prominent of which at therapeutic doses is an increase in 

atrioventricular (AV) nodal conduction time and refractoriness. Sinus 

rate may slow owing to sympathetic withdrawal as heart failure 

improves. 

Diuretics. Diuretics are drugs that promote the excretion of sodium 

and water from the kidney and thus affect predominantly preload. They 

play a very important role in the treatment of heart failure. 

Vasodliators. Vasodilator therapy was introduced initially to treat 

refractory, severe heart failure, but it is now often used earlier in the 

treatment of congestive heart failure (Table 5). Vasodilating agents can 

be divided into two broad categories: venodilators (nitroglycerin) 

decrease preload by increasing venous capacitance, and arterial dilators 

(hydralazine) reduce systemic arteriolar resistance and decrease 

afterload. Many vasodilators dilate both venous and arterial beds 

[nitroprusside, angiotensin-converting enzyme (ACE) inhibitors 

(captopril, enalapril, and lisinopril)]. The angiotensin-converting enzyme 

(ACE) inhibitors (captopril, enalapril, and lisinopril) have been reported 

to be the oral vasodilators to which tolerance is least likely to develop. 

ACE inhibitors are the only agents that appear to prolong survival in 

these patients.  

TABLE 5. INDICATIONS FOR VASODILATOR THERAPY OF 

HEART FAILURE 

PREDOMINANT 

HEART FAILURE 

SYMPTOM 

CAUSE VASODILATOR 

OF CHOICE 

Dyspnea LV filling pressure Preload reduction 

(e.g., nitrates) 

Fatigue Cardiac output Afterload reduction 

(e.g., hydralazine) 

Dyspnea and fatigue LV filling pressure 

and cardiac output 

Balanced vasodilation 

(e.g., hydralazine plus 

nitrates; captopril) 
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Sympathomimetic Amines. Potent parenteral inotropic agents other 

than digitalis are sometimes required in severe heart failure, the two most 

common being dopamine and dobutamine. These are sympathomimetic 

agents producing less tachycardia and fewer peripheral vascular effects 

than the older drugs norepinephrine, epinephrine, and isoproterenol. 

Dopamine stimulates the myocardium directly by activating beta1-

adrenergic receptors and indirectly by releasing norepinephrine from 

sympathetic nerve terminals. Dopamine at low doses (2 4μg/kg/min) 

activates dopaminergic receptors in the renal, mesenteric, coronary, and 

cerebrovascular beds and causes vasodilation. This is partially 

responsible for dopamine-induced diuresis in patients with severe 

congestive heart failure (renal vasodilator plus inotropic effects). With 

larger doses of dopamine 

Nonpharmacologic Management of Heart Failure. Mechanical 

support of the failing heart by intraaortic balloon counterpulsation is 

sometimes useful. The balloon is inserted either surgically or 

percutaneously into a femoral artery and advanced to the descending 

aorta. Timed from the ECG, the balloon is deflated immediately before 

ventricular ejection to decrease aortic pressure (afterload) during 

ventricular systole and inflated in early diastole to increase aortic 

pressure and to maintain coronary perfusion. Thus, the hemodynamic 

benefits of balloon counterpulsation are greater than those of 

vasodilatory drugs alone. 

The role of surgery in patients with congestive heart failure depends 

on the etiology; surgically correctable lesions should be identified and 

corrected if possible. In patients with end-stage myocardial dysfunction, 

the results with cardiac transplantation have recently improved with the 

introduction of cyclosporine and other improved immunologic support. 

In addition, the development of mechanical cardiopulmonary apparatus 

is promising. 

Implantable ‗artificial hearts‘ or left ventricular assist devices have a 

developing role (Fig.52 & 53). 
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Fig.52 & 53. A left ventricular assist device implanted in a patient with previously 

intractable heart failure. The pneumatically driven pump is implanted in the abdomen. 

Blood flows from the apex of the left ventricle, through a porcine valve into the pump, 

and from there through an outlet porcine valve to a Dacron conduit attached to the 

ascending aorta. Electrically driven pumps are also available. 

 

MANAGEMENT OF ACUTE PULMONARY EDEMA. 

 

INTERVENTION PURPOSE COMMENT 
Sitting position Decreases venous return 

and work of breathing; 

increases lung volumes 

 

Oxygen Increases arterial P02 

pulmonary vasodilation 

Humidify oxygen to 

prevent drying of 

secretions; mask may 

make patient feel as 

though he or she is 

suffocating 

Furosemide, 10—20 mg; 

if no response within 30 

mm, administer 

progressively larger 

doses; usual maximum 

dose 200 mg, but 

occasional patient 

requires more 

 

Decreases pulmonary 

congestion 

Rapid pulmonary 

vasodilatory effect; 

diuretic effect onset in 

5—10 mm, peaks in 30 

mm 
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Morphine sulfate, 1—4 

mg q5—lOmin as 

needed 

Decreases venous return 

(venodilator); decreases 

anxiety 

Respiratory depression 

can be reversed with 

naloxone 

Vasodilators, e.g., 

sublingual or 

nitroglycerin 

Decreases venous 

return; relieves ischemia 

 

Aminophylline Dilates bronchioles Relieves ―cardiac 

asthma‖; can exacerbate 

arrhythmias 

Phlebotomy Decreases intravascular 

volume 

Used only if the above 

fail 

Rotating tourniquets 

applied to three of the 

four extremities at a 

time and inflated above 

venous but below 

arterial pressure 

Reduces venous return 

from the extremities 

Used only if the above 

fail 

Dialysis Decreases intravascular 

volume 

Useful in renal patients 

in whom diuretics have 

been ineffective 

 

Vascular failure. 

Circulatory failure of vascular origin occurs in disorder of normal 

ratio between vascular bed capacity and circulating blood volume. It 

develops in blood volume decrease (blood loss, dehydration), or in 

vascular tonus drop. The latter frequently depends on: 

1) reflex disturbance of vascular vasomotor innervation in traumas, 

serous tunic irritation, myocardial infarction, pulmonary artery embolism 

etc; 

2) vascular vasomotor innervation disturbance of cerebral origin (in 

hypercapnia, acute hypoxia of oliencephalon, psychogenic reactions); 

З) vascular paresis of toxic origin, which is observed in plural 

infections and intoxications. 

Vascular tonus drop leads to disorder of body blood distribution: 

deposited blood volume increases, particularly in vessels of abdominal 

viscera, and circulating blood volume decreases. Circulating blood 

volume decrease involves decrease of the heart venous return, decrease 

of stroke volume, decrease of arterial and venous pressures. Vascular  
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circulatory failure may be acute and in this case is called collapse. 

Circulating blood volume decrease and arterial pressure fall leads to 

cerebral ischemia, hence such symptoms as dizziness (vertigo), blackout, 

ringing in patient‘s ears are characteristic for acute vascular failure; loss 

of consciousness is frequently observed. On physical examination pallor, 

diaphoresis, extremity coldness, quick hypopnoe, weak, sometimes 

thready pulse, blood pressure fall are noticed. 

Syncope refers to acute vascular failure manifestations, it is 

transitory loss of consciousness due to insufficient cerebral blood supply. 

Syncope may appear in over fatigue, frightened condition, stuffy rooms. 

It is caused by central nervous regulation disorder of vascular tonus, 

leading to blood accumulation in abdominal vessels. In syncope pallor, 

diaphoresis, extremity coldness, weak or thready pulse are noticed. 

In some people inclination to syncope is observed in change of 

supine position to vertical, especially in young asthenics, more 

frequently in women. Over fatigue, anemia, carried-out infectious 

disease are predisposing factors. Such syncope is called orthostatic 

collapse. It is explained by insufficiently fast reaction of vasomotor 

apparatus, owing to that in patient‘s position change the blood rushes 

from upper body half into lower extremities and abdominal cavity 

vessels. 

 

 

CONTROL QUESTIONS 

1. Changes of intracardiac hemodynamics in tricuspid incompetence. 

Mechanisms of valve disease compensation. 

2.  Symptoms and patient' appearance in tricuspid incompetence. 

3. The peripheral signs of tricuspid 

4. Findings of precordial inspection and palpation, percussion data in 

patients with tricuspid incompetence. 

5. Auscultatory signs of tricuspid incompetence. 

6. Pulse and blood pressure in tricuspid incompetence 

7. ECG changes in tricuspid incompetence. 

8. PhonoCG data in tricuspid incompetence. 

9. ECO data in tricuspid incompetence. 

10. X-ray examination findings in tricuspid incompetence 

11. Etiology and pathophisiology of heart failure. 
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12. Classification of chronic heart failure. 

13. Symptoms and signs of left ventricular heart failure. 

14. Symptoms and signs of right ventricular heart failure. 

15. Instrumental diagnostics of heart failure. 

16. Symptoms and signs of vascular failure. 
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