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Hemodinamikler	
  

O Dolaşım sisteminde rol alan güçler ve 
mekanizmalar 

O Kardiyak hemodinamikler 
O Hemodinamik veriler kardiyovasküler 

değerlendirmenin önemli bir 
parçasıdır 

O Verilerin eldesi için yöntemler; 
O Noninvazif 
O İnvazif  



Kalp	
  Kateterizasyonu	
  

O Sineanjiyogram vasıtasıyla anatomik bilgi 
sağlarken, basınçlar, kardiyak output ve kan 
oksijenizasyonun ölçümüni içeren 
hemodinamik verilerle önemli fizyolojik bilgi 
verir. 

O Sağ kalp kateterizasyonu 
O Sol kalp kateterizasyonu 
O Koroner anjiyografi 
O Elektrofizyolojik çalışmalar 



Vasküler	
  Giriş	
  

O Kateterlerin rutin giirişi 
için çoğunlukla femoral 
ven veya arter kullanılır 

O Özellikle koroner 
anjiyografi için radyal 
arter popülerdir 

O Özel giriş teknikleri; 
O Transseptal 
O Apeksten direkt LV 

puncture 
O Perikardiyal aralık 



Rutin	
  Hemodinamik	
  Ölçümler	
  



Sağ	
  Kalp	
  Kateterizasyonu	
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atrium until a slight forward and medial motion is observed. The 
catheter then prolapses into the left atrium with gentle pressure against 
the interatrial septum in patients with a probe-patent foramen ovale. 
Left atrial position can be verified by the pressure waveform, by blood 
samples demonstrating arterial saturation, or by hand injection of 
contrast medium. If left atrial access is necessary and cannot be 
obtained with this technique, a transseptal catheterization should be 
undertaken (see Transseptal Catheterization).

Left-Heart Catheterization and Coronary 
Arteriography

THE JUDKINS TECHNIQUE. Because of its relative ease, speed, 
reliability, and low complication rate,1,10 the Judkins technique has 
become the most widely used method of left-heart catheterization and 
coronary arteriography. After local anesthesia with 1% lidocaine 
(Xylocaine), percutaneous entry of the femoral artery is achieved by 
puncturing the vessel 1 to 3 cm (or one to two fingerbreadths) below 
the inguinal ligament (Fig. 20-4). The ligament can be palpated as it 
courses from the anterior superior iliac spine to the superior pubic 
ramus. This ligament, not the inguinal crease, should be used as the 
landmark. The inguinal crease can be misleading, particularly in the 
obese patient. A hemostatic clamp can be used under fluoroscopy to 
verify that the nick is made over the inferior edge of the femoral head. 
A transverse skin incision is made over the femoral artery with a 
scalpel. With a modified Seldinger technique (Fig. 20-5), an 18-gauge 
thin-walled needle (Fig. 20-6) is inserted at a 30- to 45-degree angle 
into the femoral artery, and a 0.035- or 0.038-inch J-tip polytetrafluoro-
ethylene (Teflon)–coated guidewire is advanced through the needle 
into the artery. The wire should pass freely up the aorta without tactile 
resistance and feel like a hot knife passing through butter.

After arterial access is obtained, a sheath at least equal in size to 
the coronary catheter is usually inserted into the femoral artery. The 
routine use of heparin for diagnostic cardiac catheterization has not 
been established. However, in prolonged procedures, such as in 
patients with bypass grafts or stenotic valve disease, it may be admin-
istered at 2000 to 3000 units by intravenous push. The routine admin-
istration of protamine after the procedure to reverse heparin is not 
recommended. Although rare, hypotensive reactions to protamine 
can be severe and are more common in patients with diabetes. In 
patients receiving heparin before arrival in the laboratory, an acti-
vated clotting time should be obtained after access. Sheath removal 
is usually not recommended until the activated clotting time is less 
than 170 seconds unless a vascular closure device is being used.

LV systolic and end-diastolic pressures can be obtained by advanc-
ing a pigtail catheter into the left ventricle (Fig. 20-7). In assessing 
valvular aortic stenosis, LV and aortic or femoral artery pressures 
should be recorded simultaneously with two transducers. The aortic 
catheter should be placed at least into the abdominal aorta rather 
than into the femoral artery. The attenuation of pressure can be severe 
in older adults with peripheral arterial disease, and the estimation of 
aortic pressure from the femoral artery pressure will be inaccurate for 
determination of valvular severity. Alternatively, pigtail catheters with 
both a distal and a proximal lumen can be used. These specially 
designed catheters measure supravalvular aortic and LV pressure 
simultaneously when two transducers are used. In suspected mitral 
stenosis, LV and wedge or left atrial pressures should be obtained 
simultaneously with two transducers.

Left ventriculography is performed in the 30-degree right anterior 
oblique and 45- to 50-degree left anterior oblique views. A pigtail 
catheter is most commonly used for this purpose. Power injection of 
30 to 40 mL of contrast medium into the ventricle at 12 to 15 mL/sec 
is used to assess LV function and the severity of mitral regurgitation. 
After ventriculography, LV systolic and end-diastolic pressure mea-
surements may be repeated and the systolic pressure recorded as the 
catheter is withdrawn from the left ventricle into the aorta. If an aortic 
transvalvular gradient is present, obtaining both of these pressures can 
detect it. For measurement of suspected intraventricular gradients, a 

NONFLOTATION CATHETERS. When an end-hole catheter (e.g., 
Cournand or multipurpose) that does not have a balloon tip is used, 
the technique for cannulation of the pulmonary artery is markedly 
different. Manipulation and torquing of the nonflotation catheter are 
necessary to advance it into the pulmonary artery. The catheter should 
be directed inferiorly across the tricuspid valve and then superiorly 
into the RV outflow tract. It is generally recommended that one 
attempt be made to form a loop in the right atrium before advance-
ment into the right ventricle to lessen the risk of perforation.

PATENT FORAMEN OVALE CANNULATION. A probe-patent 
foramen ovale that allows access to the left atrium is present in 20% 
to 30% of adult patients. It can be entered by use of a multipurpose 
catheter with the tip directed medially and slightly posterior. This 
technique can be used in patients undergoing patent foramen ovale 
closures. The catheter is withdrawn slowly from the SVC or high right 

FIGURE 20-3 Right-heart catheterization from the femoral vein, shown in 
cartoon form. Top row, The right-heart catheter is initially placed in the right 
atrium (RA) aimed at the lateral atrial wall. Counterclockwise rotation aims the 
catheter posteriorly and allows advancement into the superior vena cava (SVC). 
Although it is not evident in the figure, clockwise catheter rotation into an 
anterior orientation would lead to advancement into the right atrial appendage 
(RAA), precluding SVC catheterization. Center row, The catheter is then with-
drawn back into the right atrium and aimed laterally. Clockwise rotation causes 
the catheter tip to sweep anteromedially and to cross the tricuspid valve. With 
the catheter tip in a horizontal orientation just beyond the spine, it is positioned 
below the right ventricular outflow (RVO) tract. Additional clockwise rotation 
causes the catheter to point straight up, allowing advancement into the main 
pulmonary artery and from there into the right pulmonary artery (RPA). Bottom 
row, Two maneuvers useful in catheterization of a dilated right heart. A larger 
loop with a downward-directed tip may be required to reach the tricuspid valve 
and can be formed by catching the catheter tip in the hepatic vein (HV) and 
advancing the catheter quickly into the right atrium. The reverse loop technique 
(bottom right) gives the catheter tip an upward direction, aimed toward the 
outflow tract. IVC = inferior vena cava; PA = pulmonary artery; RV = right ven-
tricle. (From Baim DS, Grossman W: Percutaneous approach, including transseptal 
and apical puncture. In Baim DS, Grossman W [eds]: Cardiac Catheterization, Angi-
ography, and Intervention. 7th ed. Philadelphia, Lea & Febiger, 2006, p 86.)
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Normal	
  Dalga	
  Formları	
  

O Farklı kardiyak yapılardan elde edilen 
dalga formlarının analizi normal 
hemodinamiklerin anlaşılması ve 
valvüler, miyokardiyal ve perikardiyal 
anormalliklerin tespiti ve 
derecelendirmesinde temel rol oynar. 



Sağ	
  Atriyum	
  

O 2 major pozitif defleksiyon 
O  “a” dalgası 
O  “v” dalgası 

O “a” dalgası sağ atirum kontraksiyonu ile 
oluşur ve yüzey EKG’deki P dalgasını takiben 
görülür 

O “a” dalgasını takiben, basınç azalır à ”x” 
inişi. “c” dalgası olarak adlandırılan küçük 
bir pozitif defleksiyon (notch) triküspit 
kapakların kapanmasını yansıtır. 



Sağ	
  Atriyum	
  

O Atriyumun relaksasyonu tamamlandıktan 
sonra periferden gelen doluş nedeniyle RA 
basıncı artar. Sağ ventrikülün sistolüyle RV 
içi basınç artarak triküspit kapak kapanır ve 
RV sistolü sırasında RA basıncı artar à “v” 
dalgası 

O RV diastolünin başlangıcında triküspit kapak 
açılınca RA basıncı aniden düşer à “y” inişi 

O Normal ortalama RA basıncı 1-8 mmHg 



RA	
  Dalga	
  Formları	
  



Sağ	
  Ventrikül	
  
O RV dalga formları sistol ve diastolden ibarettir 
O RV sistolü sırasında basınçlar aniden yükselir, 

bu esnada basınç RA basıncından daha fazla 
olduğunda triküspit kapak kapanır. 

O Basınç pulmoner arter (PA) basıncını aştığında 
pulmoner kapak (PV) açılır. 

O Sistolik dalga formu keskin ve upstroke tarzda 
hızlıdır. 

O QRS kompleksinden hemen sonra yada eş 
zamanlı olarak dalga oluşur. 



Sağ	
  Ventrikül	
  

O Sistol tamamlandıktan sonra RV 
relaksasyonu ile birlikte basınçta hızlı bir 
düşme olur à RV diastolünün başlangıcı 

O RV basıncı PA basıncından daha az 
olunca PV kapak kapanır, RA 
basıncından da az olunca da TV açılır 
diastolik doluş başlar. 



Sağ	
  Ventrikül	
  
O Diastol üç fazdan ibarettir; 

O İlk fazda erken hızlı doluş oluşur (Doluşun % 60’ı 
görülür) 

O Yavaş doluş (Doluşun % 15’i)% 
O RA sistolü (Doluşun % 25’i, trasedeki “a” dalgası 

O “a” dalgasının sonundaki basınç à RVEDP (sağ 
ventrikül diastol sonu basıncı) 

O Basınç değerleri dışında RV basınç trasesi sol 
ventriküle (LV) benzer 

O Sağ ventrikülün normal diastolik basıncı 1-8 mmHg, 
peak sistolik basıncı 15-30 mmHg.  



RV	
  Dalga	
  Formu	
  



Pulmoner	
  Arter	
  
O PA dalga formu RV sistolü sırasında RV’den 

pulmoner artere hızlı kan akışından kaynaklanan 
sistolik basıncı yansıtır. 

O RV ejeksiyonunun bitimiyle, PA’deki basınçta 
RV’deki benzer şekilde hızlı düşme olur. Bununla 
birlikte, RV basıncı PA’den daha az olduğunda 
pulmner kapak kapandığındığı için basınç 
trasesinde aşağı eğilimli (downslope) dikrotik bir 
çentiğe neden olur.  

O PA içindeki basınç düşmeye devam ederek 
pulmoner arter diastol sonunda basınca ulaşır. 



PA	
  Dalga	
  Formu	
  



Pulmoner	
  Arter	
  

O Pulmoner arter dalga formu aortada 
görülen dalga formuna benzer ancak 
basınç değerleri düşüktür. 

O Normal PA sistolik basıncı 15-30 mmHG, 
diastolik basıncı ise 4-12 mmHg’dir. 



Pulmoner	
  Kapiller	
  Wedge	
  
Basıncı	
  (PCWP)	
  

O PCWP dalga formu ve amplitüdü sol 
atriyum (LA) basınç dalgalarına benzer. 

O Kapiller damarlar boyunca geçiş 
nedeniyle düşük ve gecikmiştir. 

O Normal "wedge" ve LA dalga formlarının 
morfolojisi RA dalgalarına benzer ancak 
basınç değerleri daha fazladır. 



PCWP	
  and	
  LA	
  Pressure	
  



PCWP	
  ve	
  LA	
  Dalga	
  Formları	
  



PCWP	
  

O Normal dalga formları; 
O "a" dalgası atriyal kontraksiyonunu yansıtır. 
O "v" dalgası LV kontraksiyonu sırasındaki LA 

basıncını yansıtır. 
O "c" dalgası mitral kapağın kapanmasıyla 

oluşur. 
O "x" ve "y" inişi sırasıyla LA relaksasyonu ve LV 

diastolü sırasında olur. 



PCWP	
  



Normal	
  Sağ	
  ve	
  Sol	
  Kalp	
  	
  
Dalga	
  Formları	
  



Sol	
  Ventrikül	
  

O LV dalga formları RV dalga formlarına 
benzer ancak basınç değerleri daha 
fazladır. 

O LV sistolü LV basıncında hızlı yükselmeye 
sebep olur, LA basıncını geçtiğinde mitral 
kapak kapanır. 

O Basınç yükselmeye deva edip aortun 
basıncını geçtiğinde aort kapak açılır. 



Sol	
  Ventrikül	
  

O Sistolik basıncın peak yapması ve sistolün 
bitimiyle relaksasyon ve de LV diastolü başlar, 
LV basıncında hızlı bir düşme olur. 

O LV basıncı aorttaki basıncı altında düştüğünde 
aort kapak kapanır. 

O LV basıncı düşmeye devam ederek sol atriyum 
basıncının da altına düştüğünde mitral kapak 
açılır, LA içindeki kanın LV içine geçişi ve 
ventriküler diastol gerçekleşir.  



LV	
  Dalga	
  Formları	
  



Sol	
  Ventrikül	
  



Sol	
  Ventrikül	
  

O  LV diastolü üç fazdan ibarettir:  
O  Hızlı doluş 
O  Yavaş doluş 
O  Atriyal kontraksiyon 

O  LA kontraksiyonu ile basınçta oluşan "a" 
dalgası sol ventrikül diastol sonu basıncını 
(LVEDP) yansıtır.  

O  Normal LVEDP 4 - 12 mmHg arasındadır. 



Sol	
  Ventrikül	
  Diastol	
  Sonu	
  
Basıncı	
  (LVEDP)	
  

O LVEDP, sol ventrikül performansının 
göstergesi olarak sıklıkla kullanılan 
hemodinamik bir göstergedir.  

O LVEDP’yi sol ventrikülün izometrik 
kontraksiyonu takip eder. 



Aorta	
  
O Aortaya ait dalga formu PA dalga formuna benzer 

ancak hem sstolik hem de diastolik basınç 
değerleri daha yüksektir. 

O Aort kapakta herhangi bir sorun olmadığı ve açık 
olduğu durumda aorttaki sistolik basınç dalga 
formu ile LV sistolik basınç dalga formu benzerdir. 

O LV içindeki basınç aortadaki basınçtan daha az 
olduğu durumda aort kapak kapanır, bu esnada 
aortik basınç trasesinde dikrotik çentik (notch) 
oluşur. 



Aorta	
  



Normal	
  Sol	
  Kalp	
  
Dalga	
  Formları	
  

is noted and a recording sweep speed is
determined. Establishing standard pro-
tocols is helpful to ensure that all ne-
cessary information is collected in a
systematic format (see Chapter 1). Care-
ful scrutiny of the waveform ensures a
high-fidelity recording without over- or

under-damping. Each pressure event
should be timed with the electrocardio-
gram (ECG). Finally, the operator should
review the tracings for the presence of
common artifacts that might lead to
misinterpretation.
Note the importance of multiple

events and their interrelationship to
properly interpret pressure waveforms,
particularly in disease states. Figure 2-3
demonstrates the three basic waveforms
(atrial, ventricular, and arterial) and
their relationships to key electrical and
physiologic events during the normal
cardiac cycle. Each waveform will be
described in detail in the following
sections.

TABLE 2-1. A Systematic Approach to
Hemodynamic Interpretation

1. Establish the zero level and balance transducer.
2. Confirm the scale of the recording.
3. Collect hemodynamics in a systematic method

using established protocols.
4. Critically assess the pressure waveforms for

proper fidelity.
5. Carefully time pressure events with the ECG.
6. Review the tracings for common artifacts.

Dicrotic
notch

Phase

Aortic

Left
ventricular

Left
atrial

A C
V

1 2 3 4 5 6 7

FIGURE 2-3. Timing of the major electrical and mechanical events during the cardiac cycle. Phase 1 ¼ atrial contraction;
Phase 2 ¼ isovolumic contraction; Phase 3 ¼ rapid ejection; Phase 4 ¼ reduced ejection; Phase 5 ¼ isovolumic relaxation;
Phase 6 ¼ rapid ventricular filling; and Phase 7 ¼ reduced ventricular filling.

Chapter 2—Normal Waveforms, Artifacts, and Pitfalls 19
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x and y descents are visible, but c waves may not be seen. In the 
normal state, the pulmonary artery diastolic pressure is similar to the 
mean pulmonary capillary wedge pressure because the pulmonary 
circulation has low resistance. In certain disease states that are associ-
ated with elevated pulmonary vascular resistance (hypoxemia, pul-
monary embolism, and chronic pulmonary hypertension) and 
occasionally after mitral valve surgery, the pulmonary capillary wedge 
pressure may overestimate true left atrial pressure. In this circum-
stance, accurate measurement of the mitral valve gradient may require 
the direct left atrial pressure to be obtained.36

Ventricular Pressure
RV and LV waveforms are similar in morphology. They differ mainly 
with respect to their magnitudes. The durations of systole and isovolu-
mic contraction and relaxation are longer and the ejection period is 
shorter in the left than in the right ventricle. There may be a small 
(5 mm Hg) systolic gradient between the right ventricle and the pul-
monary artery. Ventricular diastolic pressure is characterized by an 
early rapid filling wave, during which most of the ventricle fills; a slow 
filling phase; and the a wave, denoting atrial systolic activity. End-
diastolic pressure is generally measured at the C point, which is the 
rise in ventricular pressure at the onset of isovolumic contraction. 
When the C point is not well seen, a line is drawn from the R wave on 
the simultaneous ECG to the ventricular pressure waveform, and this 
is used as the end-diastolic pressure.

Great Vessel Pressures
The contour of the central aortic pressure and the pulmonary artery 
pressure tracing consists of a systolic wave, the incisura (indicating 
closure of the semilunar valves), and a gradual decline in pressure 
until the following systole. The pulse pressure reflects the stroke 
volume and compliance of the arterial system. The mean aortic pres-
sure more accurately reflects peripheral resistance. As the systemic 
pressure wave is transmitted through the length of the aorta, the sys-
tolic wave increases in amplitude and becomes more triangular, and 
the diastolic wave decreases until it reaches the midthoracic aorta and 
then increases. The mean aortic pressures, however, are usually 
similar; the mean peripheral arterial pressure is typically ≤5 mm Hg 
lower than the mean central aortic pressure.

The difference in systolic pressures between the central aorta and 
the periphery (femoral, brachial, or radial arteries) is greatest in 
younger patients because of their increased vascular compliance. 
These potential differences between proximal aorta and peripheral 
artery must be considered to measure and to interpret the peak sys-
tolic pressure gradient between the left ventricle and the systemic 
arterial system in patients with suspected aortic stenosis. When a 
transvalvular gradient is present, the most accurate measure of the 
aortic pressure is obtained at the level of the coronary arteries. This 
measurement avoids the effect of pressure recovery, which is defined 

FIGURE 20-10 Normal right- and left-heart pressures recorded from fluid-filled catheter systems in a human. (From Pepine C, Hill JA, Lambert CR [eds]: Diagnostic 
and Therapeutic Cardiac Catheterization. 3rd ed. Baltimore, Williams & Wilkins, 1998.)
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TABLE 20-3 Normal Pressures and Vascular Resistances
PRESSURES AVERAGE (mm Hg) RANGE (mm Hg)

Right atrium
 a wave 6 2-7
 v wave 5 2-7
 Mean 3 1-5

Right ventricle
 Peak systolic 25 15-30
 End-diastolic 4 1-7

Pulmonary artery
 Peak systolic 25 15-30
 End-diastolic 9 4-12
 Mean 15 9-19

Pulmonary capillary wedge
 Mean 9 4-12

Left atrium
 a wave 10 4-16
 v wave 12 6-21
 Mean 8 2-12

Left ventricle
 Peak systolic 130 90-140
 End-diastolic 8 5-12

Central aorta
 Peak systolic 130 90-140
 End-diastolic 70 60-90
 Mean 85 70-105

VASCULAR RESISTANCES
MEAN (DYNE-

SEC • CM−5)
RANGE (DYNE-

SEC • CM−5)

Systemic vascular resistance 1100 700-1600

Total pulmonary resistance 200 100-300

Pulmonary vascular resistance 70 20-130

The left atrial pressure waveform is similar to that of the right atrium, 
although normal left atrial pressure is higher, reflecting the high-pres-
sure system of the left side of the heart. In the left atrium, as opposed 
to the right atrium, the v wave is generally higher than the a wave. 
This difference occurs because the left atrium is constrained posteri-
orly by the pulmonary veins, whereas the right atrium can easily 
decompress throughout the IVC and SVC. The height of the left atrial 
v wave most accurately reflects left atrial compliance.

Pulmonary Capillary Wedge Pressure
The pulmonary capillary wedge pressure waveform is similar to the 
left atrial pressure waveform but is slightly damped and delayed as a 
result of transmission through the lungs. The a and v waves with both 


