
 10
 2

(Cardiovascular system II)

 10.1  (  de Ondarza, 2013)

 (the electrocardiogram)
 (electrocardiogram, EKG or ECG) 

 2 
 (voltage record) 

 (electrical dipole) 
 (conductive medium) 

 ( ) 
 2  (

)  ( ) 
 2 

 (  10.2 
)    ( :  Cunningham  Klein. 2012)

 (dipole) 

 (voltmeter)  10.
2  (A)  (B) 
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 (positive voltage)  (V)
 (VA-B)

 (VC-D)  0
 10.3 

 (strip)

 (
)  5 

-  1 (condition 1)

 (electrically
interconnection)  (gap
junctions) 

 (perimeter)  -      10.3 
 2    ( :  Cunningham  Klein, 2012)

 (
)  (  0 )
-  2 (condition 2)  (depolarize)

 0  2 
 0

-  3 (condition 3)

-
 0 

-  4 (condition 4)
(repolarizing) 

 ( )  0
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-  5 (condition 5)  1
 0 

 2 
 ( ) 

 4 

 10.1  ( )

(depolarization) (repolarization)
+ -
- +

:  Cunningham  Klein. 2012)

 10.4 
 1 

 ( ) 

  

 10.1  10.4 

 (  10.4  1
)  ( :  Cunningham  Klein.  2012)

) 
 ( ) 
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 (
 0

 (deflection) 
 (P wave)  (

)  0 

 10.5 
:  Cunningham  Klein. 2012)

 (interventricular septum)  10.5 

(Q wave) 

 (R wave) 
10.5 
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(ventricular apex)  2 
 2

 (
) 

 2  (caudad)
 2 

 2  1)  (cardiac axis)  (
)  2) 

 2 
 2 

 (magnitude) 

 2 
 0 

 2-3  (  10.5 )  (S wave) 

 0  2 
 2

 (QRS wave  QRS complex) 

 10.5 

 10.5 
 2 

 10.5 
2 
(craniad)  10.5 

 (T wave) 

 ( ) 
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 10.6  (ECG Leads)  Buchanan, 2015)

 10.7  1  ( :  Buchanan, 2015)

 (atrial depolarization) 
 (ventricular depolarization) 

 (ventricular repolarization) 

 (atrial repolarization) 
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 10.8 :  ECGwaves, n.d.)

 10.8 
 (interval)  (segment) 

 -  (PR interval) 
 0.1 

 - 
 - 

 0.1 
 - (QT interval) 

 0.2 
 -  (PP interval) 

 ( ) 
 1 

 -  (RR interval) 
 ( ) 

 (ventricular rate) 
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 10.9  (A)  (B)  (C) 

 (Willem Einthoven) 
 1 (lead I)

 10.9 , 6  6 
 2  1, 2, 

, 
 3  1, 2,  3 ( :  Cunningham  Klein. 2012)

 3 
 (Einthoven’s triangle)  1 
 (+ )  (- ) 

 2 (lead II)  3 (lead III) 
 + 

– 
 +  – 

 10.9  ( ) 
 1, 2  3 

 3  (augmented unipolar limb leads)
 (aVR)  (aVL)  (aVF) 

 2 
 2 
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 1, 2  3  (aVR, aVL 
aVF) 

 (precordial (chest) leads) 

 10.10  3  ( :  Wayne, 2010)

 (vertical calibration)  2  1 
 25 ./  5 

(horizontal/ time axis)  1  50 ./  10  1
 (50 ./ ) 

 10.11  25 ./  (1 . = 1 )
)  50 ./  (1 . = 1 ) )

:  Buchanan, 2015)
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 (abnormal voltages) 
 10.12 

 (right
ventricular hypertrophy) 

 ( ) 

100 

 1 

 1 

 2 

 2  3 

 2  3  10.12 

  (  Cunningham  Klein. 2012)

 (pulmonic stenosis) 
 (patent ductus arteriosus)  (ventricular septal

defect)
 10.12  50 ./

 10  (major grid divisions)  1  1
 0.6 

 100  1) 
 2  2)  (large amplitude) 

 2  2  3

 (cardiac
tamponade) 
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 (ST segment) 

 (
) 

 ( )  10.13 

(inferior/caudal part)  2 
 (  (TP segment)) 

 ( )  (
) 

 ( )  (ST segment elevation) 
 (TP segment depression) 

 (anterior  cranial) 
 (ST segment depression) 

 10.13  ( )
 2 

 ( ) 
 ( ) ( :  Cunningham  Klein. 2012)



404

 10.14  (premature ventricular
contractions)  1  5  (

 0.5  (  120
)  5  (large-voltage

complex) 
(premature ventricular depolarization)  (

) 
 1 

 (premature depolarization) 

 ( ) 
 (premature action potential) 

 10.14  2  5 
 6 

 (compensatory
pause)  (

 50 ./  (10 / 1 )) (  Cunningham  Klein. 2012)

 (premature depolarization) 

 (ventricular repolarization) 
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 10.15 
 10.15 A 

 235 

 ( ) 
 ( )  10.15

B  55
 (

)

 10.15  ( )  ( ) 
 2 :  Cunningham  Klein. 2012)

 (AV node block)  10.16 A 

 1  10.16 B 
 123  4 

 7 

 2 

 10.16 C  3 ( ) 
 2  2.9 
 21 

 142 

 (auxiliary pacemaker) 
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 10.16  1 ( )  2 ( ) 
 3 ( ) :  Cunningham  Klein. 2012)

 10.17 A 
 (ventricular tachycardia)  5 

 (ventricular complexes)  (ectopic
ventricular pacemaker) 

 (P-QRS-T sequence)  3 

 10.17 B 
 (ventricular fibrillation) 

 (discernible pattern) 

 (atrial fibrillation) 

 10.17 B 
 (background) 

 (low-amplitude voltage fluctuation) 

(fibrillating atria)  (
) 
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 10.17  (A)  (B)
:  Cunningham  Klein. 2012)

 2  (2 )  (ventricular pump)
 (cycle) 

 (cardiac cycle  heartbeat) 

 (aorta) 

 10.18 :  Ferrell, n.d.)
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 10.19 
 1 

 (ventricular
systole) 

 (ventricular diastole)  10.19 
 ( :  Cunningham  Klein. 2012)

 10.20

 60 . 
 (end-

diastolic volume, EDV) 
 30 . 

 30 . 

 (end-systolic volume, ESV) 
 1 

 (stroke volume, SV) 

 ( ejection
fraction, EF) 

EF = SV / EDV

 10.20  50%
 50-65%  10.20 

  ( Cunningham  Klein. 2012)
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 (atrioventricular valve, A-V
valve)  (mitral valve) 

 (aortic
valve)  (ventricular pressure) 

 (aortic pressure) 
 (isovolumetric contraction)

 (systolic values)  (

) 

 (isovolumetric relaxation) 

 (rapid ventricular filling) 
(reduced ventricular filling; diastasis) 

 (atrial systole)
 10.20 

 (end-diastolic level) 
80-90% 

 (cardiac output) 
 ( ) 

 (exercise intolerance) 
 (mitral stenosis)

 (ventricular diastole) 
 (aortic valve)  (diastolic diastole) 
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 (pulmonary artery) 
 (pulmonic valve)  (tricuspid valve)  (

 10.18 ) 
 2 

 20 
 120 

 10.20 

 2  (heart sound)  10.20 
 1 (first heart sound, S1)  (AV valves) 

 2 

 2 (second heart sound) 
 2  (briefer)  (sharper) 

 (pitch)  1  2 

 2  2 
2  2  (split second heart sound)

 1  2

 (stroke volume, SV) 
 1  (heart rate, HR) 

 (cardiac output, CO)  X 

 2 

 3

1.  (end-diastolic ventricular volume, EDV)

Stroke volume   =   End-diastolic volume  –  End-systolic volume
(SV  =  EDV -  ESV)
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 ( ) 
 (

)  2 

 10.21 
:  Cunningham  Klein. 2012)

 10.23 

 (ventricular
function curve) 
(ventricular EDV) 

 10.22 
:  Newton, Finkelmeyer, Petrides, Maclachlan, MacGowan  Blamire, 2015)
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 10.23 
:  Cunningham  Klein. 2012)

2. 
 (ventricular preload) 

 (diastolic filling) 

 (end-diastolic ventricular pressure)  3 
 5 

 (pulmonary venous pressure)
 (left arterial pressure)  (left

ventricular end-diastolic pressure)  (left
ventricular preload)  (right ventricular end-diastolic
pressure)  (right atrial pressure)  (vena caval
pressure)  (right ventricular preload) 

 (central
venous catheter)  (peripheral vein)  (jugular vein) 

 (cranial vena cava or precava) 
 (central venous pressure) 

 10.23 

30 .  (  0 ) 
 5 

 60 . 
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 90 . 

 (  10.23 ) 
 (  10.23 ) 

 (  10.23 ) 

 (elastic limit) 

 10.23 

 (Ernest Henry
Starling) 

(Starling’s law of the heart)  (Starling mechanism) 

 (pulmonary blood flow)  (pulmonary
venous pressure) 

 (Starling mechanism) 
 (

) 

 (heterometric autoregulation) 
(self-control)  (hetero)  (metric) 

 (ventricular compliance) 

 10.23 B 
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 10 
 (stiffer) 

 90 .
 (myocardial

ischemia) 

 10.24 

 (atrial)
 (venous pressure)  10.24 

 (edema) 
      ( :  Cunningham  Klein. 2012)

(pulmonary edema) 
(systemic vein)  (systemic edema)

3  (ventricular filling time)

 (diastolic filling time) 

 (diastolic duration) 
 160 

 10.22 

 (contractility) 

 (  10.22 ) 
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 10.25 

 10.25 
:  Cunningham  Klein. 2012)

 ( ) 
(cardiac glycosides) 

 10.25 

 (calcium-channel blocking drugs) 

 (heart failure)  (myocardial failure) 

 2 
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 (cardiac afterload) 
 (afterload) 

 2 
 10.26 

 10.26 )  160 

 (artificial cardiac pacemaker) 

 (paroxysmal atrial tachycardia) 
 (ectopic atrial pacemaker) 

 (bursts)  (paroxysms) 

 10.26 
:  Cunningham  Klein. 2012)

 (cardiac pacing) 

 10.26 
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 ( ) 

 10.27 
 60  1 

 1  (systole) 1  (diastole) 1 
 1/3  2/3 

 120  1/2
 1/3 

 1/6 

 10.27 
:  Cunningham  Klein. 2012)

 ( ) 
 10.2

 (EDV) 
 (ESV) 
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 10.2 

 ( .) 60 55
 ( .) 30 15

 ( .) 30 40
 (%) 50 73

 ( ) 80 240
 ( ) 2.4 9.6

:  Cunningham  Klein. 2012)

 (murmur)

 1  2  (additional or extra
heart sounds) 

 (laminar or smooth flow) 
 (turbulent flow) 

 (restrict)  (drop steeply) 
 (cataract) 

 2  1) 
 2) 

 1  2 
 1  2 

 1  2

 3  4 
 1  2 

 10.3 

 (incompetence) 
 (insufficiency)

 (stenosis)

:  Cunningham  Klein. 2012)

 10.3 

 (systolic murmurs) 
 (diastolic murmurs) 
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 (continuous murmurs) 
 2  1)  2)

 10.28 

 (insufficient)  (incompetent) 
 (regurgitation) 

(mitral regurgitation)  5  8%
 (ventricular septal defect, VSD) 

 (interventricular septum) 

 10.28  ( .
) 

:  Cunningham  Klein. 2012)

 (systolic turbulence) 

 (stenotic)  (aortic stenosis) 
 (pulmonic stenosis) 
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 (patent ductus arteriosus, PDA) 

 (machinery murmur PDA) 
   (auscultated) 

 (thoracic vibration/thrill)

(arteriovenous fistulae) 

 10.29 

:  Cunningham  Klein. 2012)

 10.29 

 (friction) 
 (mitral stenosis) 

 (calcification) 
(rheumatic heart disease)

 (regurgitates) 
 (aortic regurgitation 
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 (aortic incompetence) 
 (aortic insufficiency) 

(pulmonic regurgitation) 
(tricuspid stenosis) 

 (cardiac murmurs) 

 1) 
 2)  3) 

 (cardiac hypertrophy)

 -  (ventricular septal defect; VSD) 

 (pulmonary circulation)
 -  (systolic
pressure) 
 -  ( ) 

 1  2 

 1  2 

 ( ) 

 (physical conditioning) :
 (external work) 

 1 

Work  =  Force x distance
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 10.30  (  Muscle & Strength)

 (useful mechanical work  external work) 

 1 
 1 

 ( ) 
 (mean aortic pressure) 

Minute work of left ventricle = Mean aortic pressure x Stroke volume x Heart rate

 1 

Stroke volume of left ventricle = Mean aorta pressure x Stroke volume

(mean pulmonary artery pressure)



423

 50% 
 50%  50%  50%

 50% 

 (internal work/ wasted work) 
 (total work) 

 (external work plus internal work) 

 85% 
 15% 

 (thermodynamics)  15% 

 5
 (  5 ) 

 5

 5 

 10.31  ( )  ( ) (  Lind, 2006)
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 20% 

 3  1) 

 (aortic and pulmonic stenosis) 
 2) 

 (atherosclerosis) 
 (cardiac ischemia) 

 (myocardial infarction)  (ventricular arrhythmias) 

 3) 
 (growth factor) 

 (apoptosis)

 1.  (mitral regurgitation)
  

 (regurgitant valve) 

 (pulmonary edema)  20 

(respiratory distress)

 (regurgitation) 
 (

) 
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 10.32 :  Cunningham  Klein, 2012)

 2.  (aortic stenosis)
  

 (aortic outflow pathway) 

 (muscle bound) 

 (exercise intolerance)
 3.  (patent ductus arteriosus, PDA)

 2 
 1 

 2-3  1 
 1 

 (systolic pressure) 
 (pressure work) 
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 4 

 4.  (ventricular septal defect)

 5.  (mitral stenosis)
 (diastolic

murmur) 

 (pressure work)

 6.  (aortic regurgitation)

 2 

 ( )

 2
 1)  2) 
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(The systemic and pulmonary circulations)

 (blood pressure)

 (inlet point) 
 (outlet point) 

 (
) 

 (central circulation) 

 10.33 
 (systemic circulation) 

 10.33 
 (     ( :  Cunningham  Klein, 2012)

 98 ) 
 (  3 )  (

)  98-3 
 (perfusion pressure) 

 (systemic circuit) 

 (resistance) 

 ( ) 
 (  98  95 )  (

)  (arterioles) 

(capillaries)  (venules)  (
) 
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 7  (static circulation) 
 (mean circulatory filling pressure)  0 

 7 
 7 

 7 

 (vena caval pressure)  7 
 (aortic pressure)  7 .

 4  (  7  3 ) 
 91  (  7  98 ) 

 (compliant)  (distensible)

 (compliance) 
 2 

(compliance) 
 (distending/ transmural pressure) 

Compliance =          Volume
              Transmural pressure

 10.34  ( :  CV Physiology, n.d.)

 20  10.35 
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 ( )  ( ) 
 (blood volume reservoirs)

 10.35 
:  Cunningham  Klein, 2012)

 (pressure reservoirs) 

 (vascular resistance)  (perfusion pressure)

 (driving force) 
 (perfusion pressure difference)

 ( ) 

Resistance =    Pressure
  Flow

 ( Pressure) 
 (perfusion pressure difference)
 (perfusion pressure) 

        10.36 
 10.36  (

      Cunningham  Klein,2012)
 60  1,600 . 

 37.5 
 (60 )  100 
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 600 
 16 

. 1800s .  (J.L.M. Poiseuille) 
:

Resistance of a tube =   8 l

r4

 l 
       r 

 22/7 
 (Poiseuille’s law) 

 16  (24)  (l) 

( ) 

 10.37 

 10.37 

 ( :  Cunningham  Klein, 2012)

 (adjustable resistance) 

 (arteriolar resistance) 

 (
) 
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 (vasoconstriction) 

 (vasodilation) 
 10.38 

 93 
 3 

 90  90 
 1000 

 19% (  1.00  1.19) 
 1.194  2.00  19%

 (  500 
)  2  (  180 )

 10.38 
 ( :  Cunningham  Klein, 2012)

 (The net resistance of the systemic circulation)
 (total peripheral resistance)

 (total peripheral resistance,
TPR)  (perfusion pressure) 

TPR  = (Mean aortic pressure-Vena caval pressure)
Cardiac output

 (mean aortic pressure)  98 .
 (mean vena caval pressure)  3 
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 2.5  1 
 1  38 

 (aortic blood pressure: Pa) 
 (CO) 

Pa  =  CO x TPR

 1 
 2 

 2 

 3 

 1.  (essential hypertension) 

 (
) 

 2. 

 3.  3 

 1  4 
 4 

 10.39
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:

Flow  =  Pressure
             Resistance

 10.39 
:  Cunningham  Klein, 2012)

 (  – 
) 
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 10.39  (
) 

 ( ) 
 2 

 16  16  (  0.5 
7.8 ) 

 20% (  0.5  0.4 
)

:

 Pulmonary vascular resistance
  = (Pulmonary artery pressure –Pulmonary venous pressure)

   Cardiac output

 13 
 5  2.5 

 3.2  1/12 

 4 
 4 

 ( ) 
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 10.40

 (dependent region) 
   10.40
          ( :  Cunningham  Klein, 2012)

 ( ) 
 (ventilation-perfusion mismatch) 

(hypoxic vasoconstriction)

 (ventilation-perfusion mismatches)
 (gravitational effects) 

 ( , Po2) 
 (hypoxia) 

 (
) 

 (allergic constriction of the airway)  (asthma) 
 (chronic obstructive pulmonary diseases) 

 (pulmonary hypertension) 
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 (pulsatile) 
 10.41 

 (systolic pressures)
 (

   10.41 
          ( :  Cunningham  Klein, 2012)

 (diastolic pressure)
 (amplitude) :

Aortic pulse pressure  =  (Aortic systolic pressure – Aortic diastolic pressure)

Pulmonary artery pulse pressure  =
 Pulmonary artery systolic pressure –  Pulmonary artery diastolic pressure

 (pulse pressure)  10.41 

 “ ”
(low-pressure circulation)  “ ” (high
pressure circulation)

 3 

 (maximal) 
 (minimal) 
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 1/3 
:

Mean arterial pressure  =  Diastolic pressure + 1/3 Pulse pressure

 10.41 
 (femoral) 

 ( ) 
 1-3 .

:

Resistance  =  Perfusion pressure
          Blood flow

:

 Total peripheral resistance  =
 (Mean aortic pressure – Mean vena caval vein pressure)

Cardiac output

:

 Pulmonary vascular resistance  =
 (Mean pulmonary arterial pressure – Mean pulmonary vein pressure)

   Cardiac output

(Stephen Hales)  1730 
 8  8 

 180 
2 

 (  (cardiac catherization) ) 
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 (blood pressure cuff) 

 (thread  weak pulse) 
(bounding  strong pulse)

 (aortic compliance) 

 1  (stroke volume) 

 10.42

 2 

 (  10.42 ) 
 ( )

 10.42 

 2 
 (aerobic

conditioning) 

 ( )  3 
 (  10.42 ) 

 2 
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 10.42  ( :  Cunningham  Klein, 2012)

 (arteriolar vasoconstriction)  4 
 (  10.42 ) 
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 (elastic limit)  (  10.43) 

 ( ) 
 (primary hypertension)  (essential hypertension) 

 2  (  10.42
)  110  (200 mm

Hg systolic – 90 mm Hg diastolic) 

 10.43 - 
 ( ) 

 ( ) 
(volume-pressure curve) :  Cunningham  Klein, 2012)

 (aortic systolic pressure) 
 (aortic diastolic pressure) 

 2 

 (  10.42 )  2 
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 2 

 2 
 2 

 2 

 1-3  1 
1       2

 3       4

 5       6
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1. 
  .  2    .  3    .  4    .  5
2. 
  .  3    .  4    .  5    .  6
3. 
  .  4     .  5    .  6    .  2
4. 
  . 
  . 
  . 
  .  (+  -) 
5. 

.      .      .     .

6. 
  . 
  . 
   . 
  . 
7. 
  . 12 
  .  1, 2  3 
  .  (precordial (chest) leads) 
  .  (aVR, aVL  aVF) 
8. 
  .  1
  . 
  . 
  . 
9. 

. 

. 

. 
. 

10. 
. 
. 
. 
. 
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