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Dr. Türkan Kudsioğlu
Siyami Ersek GKDC Merkezi, EAH, İstanbul

Kalp Yetmezliği 

Kalbin, doğuştan veya sonradan yapı ve/veya fonksiyon
bozukluğuna bağlı dokuların metabolik gereksinimlerini
karşılamaya yetecek kanı pompalamada yetersiz kalması sendromu

Miyokard fonksiyonlarında bozulma, uç 
organ perfüzyon yetersizliği

• Tedavi edilen KY; kardiyojenik şok, MI

• Perioperatif kardiyojenik şok;

Sol ventrikül disfonk., düşük EF

Revaskülarizasyon yetersizliği

Vazoaktif ilaçlara yanıtsızlık

KPB’dan ayrılamama

• Köprü yada son tedavi

• Günümüzde ‘mekanik destek cihazı veya 
kalp nakli tedavisi hangi ileri evre KY 
hastasına gereklidir ?’ sorusuna en uygun 
yanıtı veren sınıflama
INTERMACS 
(The Interagency Registry for Mechanically
Assisted Circulatory Support ) 
Mekanik Dolaşım Destek Cihazları              
Kurumlararası Kayıt sistemi (7 Evre)

İleri dönem kalp yetmezliğinde
mekanik dolaşım destek sistemleri (MDDS) 

INTERMACS 1 – Kardiyojenik şok: en kritik hasta grubu, KPR

INTERMACS 2 – Giderek kötüleşme: Geçici dolaşım destek cihazı gerekebilir

INTERMACS 3 – Stabil ama inotrop bağımlı

INTERMACS 4 – Dinlenmede yakınmalar: (ortopne, asit, ödem vb.)

INTERMACS 5 – Egzersiz intoleransı

INTERMACS 6 – Egzersiz kısıtlaması

INTERMACS 7 – İleri evre KY
INTERMACS + 2009 yılında üç klinik durum; geçici dolaşım desteği,  aritmi ve sık hastaneye başvuru
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AMAÇ

• Temel sorun sol ventrikül yetmezliği

• Sol ventrikülü boşaltacak onun görevini bir süreliğine üstlenecek,

• Sol ventrikülün toparlanmasını sağlayacak

Kısa yada Uzun Dönem MDDS 

• Geçici (Kısa dönem)-iyileşme

• LVAD (Sol Ventrikül Destek Cihazı)- Kalp Trans. köprü

• Son seçenek-Kalıcı (Destinasyon tedavisi ) 65 yaş üstü

Kısa dönem 
• Perkütan geçici  LVAD (PLVAD)

Impella

TandemHeart

ECMO

• Cerrahi geçici VAD (LVAD, RVAD, BiVAD)

Thoratec ParacorporealVentricular Assist Device (VAD) 

*Thoratec CentriMag (Levitronix CentriMag)

ECMO

Son dönem kalp yetmezliği; 
dilate kardiyomiyopati, acil, kardiyojenik şok, 
postkardiyotomi

Cerrahi kısa dönem--VAD (LVAD, RVAD, BiVAD)

Thoratec CentriMag (Levitronix CentriMag)

Giriş kanülü Çıkış Kanülü
Sol atrium Aort

Sol ventrikül apeks

Sağ atrium Pulmoner arter

• Sol ventrikül destek cihazı     
(LVAD)

• Sağ ventrikül destek cihazı 
(RVAD)

• Biventriculer
(BiVAD)

Uzun dönem CF-VAD

CF-LVAD
• HeartMate II ve III (HM-II) (Thoratec Corporation, Pleasanton, CA)
• HVAD-Ventricular Assist System (HeartWare International, Inc.,Framingham, MA)
• Heart assist 5 
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LVAD (HM-III ve HVAD)

1.Giriş kanülü -Sol ventrikül apeks
2.Mekanik çark-aksamı
(Sentrifugal sürekli akım, 3. jenerasyon)
3.Çıkış greft -Asendan aorta
4. Enerji kablosu
5.Pil ve kontrol paneli

EKO
Giriş-çıkış kanüllerinin konum ve akımının 
değerlendirilmesi
Cihazın konumlandırması
LVAD fonksiyonu ve Hemodinami ile ilgili 
parametreler

• Dünyada son 30 yılda 30 binden fazla hastaya kalıcı LVAD

Son kılavuzlar---LVAD EKO önemli !! (TTE  / TÖE)
• Preoperatif hastaların değerlendirilmesi (endikasyon, tedavi, zamanlama)
• Perioperatif görüntüleme (yönetim)
• Postoperatif LVAD fonk. optimizasyonu, sorun giderme
• Doğal miyokardiyal iyileşmenin değerlendirilmesi

• Sol ventrikül ve İnterventriküler
septum
Sol vent. boyut (Küçük, Trabekül ?)

Sol atrium boyutu
Trombüs,  Apikal Anevrizma
VSD
• Sağ ventrikül

Sağ ventrikül dilatasyon
Sağ ventrikül sistolik fonksiyonu TY ?
• İnteratrial septum ve inferiyor vena 

kava
Sol atrial appendikste trombüs, PFO

• Kapaklar
Yapay kapak ? (Aort- Mitral)

Hafif AY / AS

MY / Orta MS

Hafif Orta TY veya hafif  TS

• Diğer yapılar

Konjenital KH

Aort (anevrizma, aterom hareketli kitle)

Şant: PDA, İntrapulmoner

PER İOPERATİOPERAT İ F TÖE

• LVAD adayları-Dilate kardiyomiyopati

• Sistolik disfonksiyon

• EF < % 25 LVAD implantasyonu koşulu

3D Sol vent.hacimlerini ve EF / 2D  modifiye Simpson kuralı

• Sol vent. boyutları (LVIDd) kritik bir ölçüm

Preop.- postop. karşılaştırılması

Sol vent. boşalma derecesinde kritik ölçüm

• LVIDd < 63 mm 

LVAD sonra 30 günlük morbidite ve mortalite artırmakta / Sağ vent. etki

• Kontrendike değil ancak önemli

Sol ventrikül ve İnterventriküler septum
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• Sol vent. trombüs kontrendike değil
Kanülasyonda inme riski !

Boyut ve yeri önemli 

Sol atrial appendiks trombüs ? 

2D  modifiye Simpson kuralı EF

Kalitatif; 
Boyut- dilatasyon ?
Trombüs- kateter /lead
Orta / ciddi TY 

Kantitatif:
Sistolik fonksiyon ? 3D EF 
Sağ atriıum basıncı
(VCI boyutu ve kollapsibilitesi)
Fraksiyonel alan değişimi (FAC)
TAPSE
Serbest duvar hareketleri 
Peak longitudinal strain <% 9.6 
RV/ LV diyastol sonu çap > 0.75 
+klinik bulgu
İzole değil !
Ciddi RV disfonk. BiVAD !

Sağ ventrikül

measurement due to the presence of epicardial fat
deposition as well as coarse trabeculations within
the right ventricle.

Qualitative assessment of RV size is easily
accomplished from the apical four-chamber view
(Fig. 11). In this view, RV area or mid cavity diam-
eter should be smaller than that of the left ventri-
cle. In cases of moderate enlargement, the RV
cavity area is similar to that of the LV and it may
share the apex of the heart. As RV dilation prog-
resses, the cavity area will exceed that of the LV
and the RV will be ‘‘apex forming’’. Quantitative
assessment of RV size is also best performed in
the apical four-chamber view. Care must be taken
to obtain a true non-foreshortened apical four-
chamber view, oriented to obtain the maximum
RV dimension, prior to making these measure-
ments. Measurement of the mid-cavity and basal
RV diameter in the apical four-chamber view at
end-diastole is a simple method to quantify RV
size (Fig. 11). In addition, RV longitudinal diameter

can be measured from this view. Table 7 provides
normal RV dimensions from the apical four-cham-
ber view.76,80,83

Right ventricular size may be assessed may be
assessed with TEE in the mid-esophageal four-
chamber view (Fig. 12). The mid-esophageal
four- chamber view, which generally parallels
what is obtainable from the apical four-chamber
view, should originate at the mid-left atrial level
and pass through the LV apex with the multiplane
angle adjusted to maximize the tricuspid annulus
diameter, usually between 10 and 20 degrees.

Right ventricular systolic function is generally
estimated qualitatively in clinical practice. When
the evaluation is based on a qualitative assess-
ment, the displacement of the tricuspid annulus
should be observed. In systole, the tricuspid
annulus will normally descend toward the apex
1.5e2.0 cm. Tricuspid annular excursion of less
than 1.5 cm has been associated with poor progno-
sis in a variety of cardiovascular diseases.84 Al-
though a number of techniques exist for accurate
quantitation, direct calculation of RV volumes
and ejection fraction remains problematic given
the complex geometry of the right ventricle and
the lack of standard methods for assessing RV
volumes. Nevertheless, a number of echocardio-
graphic techniques may be used to assess RV func-
tion. Right ventricular fractional area change (FAC)
measured in the apical four-chamber view is a sim-
ple method for assessment of RV function that has
correlated with RV ejection fractions measured by
MRI (r ¼ 0.88) and has been related to outcome in
a number of disease states.81,85 Normal RV areas
and fractional area changes are shown in Table 8.
Additional assessment of the RV systolic function
includes tissue imaging of tricuspid annular

Figure 10 Methods of measuring right ventricular wall
thickness (arrows) from an M-mode echo (left) and a
subcostal transthoracic echo (right).

Figure 11 Mid right-ventricular diameter measured in the apical four-chamber view at level of left ventricular
papillary muscles.

Recommendations for chamber quantification 95
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(a)

(b)

Figure 1: Methods for measuring LV function. (a) Atrioventricular plane displacement (septal wall) using M-mode, showing abnormal
(decreased) displacement. (b) Systolic tissue Doppler measurement at the septal and lateral walls using tissue velocity imaging with pulsed
wave Doppler, showing normal velocities.

Figure 2: Tricuspid annular plane systolic excursion (TAPSE) for
evaluating right ventricular contractility.

from the parasternal and subcostal views. Estimation of pul-
monary arterial systolic pressure using this method assumes
the absence of significant pulmonary stenosis, and may
be inaccurate in patients with decreased right ventricular
contractility.

Figure 3: Estimation of the pulmonary arterial systolic pressure
(PASP) from the tricuspid regurgitant jet (VTR). The latter is
measured using continuous wave Doppler. PASP is calculated from
simplified Bernoulli equation, PASP = 4×VTR

2.

5.3. Fluid Status. Estimation of preload by assessment of
ventricular volumes is one of the most challenging areas in
critical care echocardiography. Firstly, altering compliance
complicates the pressure-volume relationship [26]. Added
to this are the varying effects of mechanical ventilation on
the heart. Generally preload assessment may be made by
examination of the left ventricle, the right heart, and the
inferior vena cava. The critical care physician may generally
assess preload by measuring left ventricular volumes. The left

Echocardiographic assessment of the right ventricle
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the upper normal limits of indexed RV volumes as follows: RV 
end-diastolic volume of 87 mL/m2 in men and 74 mL/m2 in 
women, and RV end-systolic volume of 44 mL/m2 in men and 
36 mL/m2 in women.9

Right ventricular systolic function. The structural organi-
zation of the myocardial fibers has a characteristic complex 
three-dimensional arrangement: the midwall circumferen-
tial layer is poorly developed, and most of the myocardial 
fibers are oriented longitudinally. This ultrastructure explains 
why RV contraction is mainly determined by longitudinal 
shortening.12,15 Accurate evaluation of the systolic function of 
the RV is better achieved by measuring one or many echocar-
diographic indices, and an integrative approach using a combi-
nation of parameters is preferred. These parameters comprise 
the tricuspid annular plane systolic excursion (TAPSE), DTI-
derived tricuspid lateral annular systolic velocity wave (S’), 
fractional length shortening, fractional area change (FAC), 
RV index of myocardial performance (RIMP), RV dp/dt and 
right isovolumic myocardial acceleration (IVA).1,4

Tricuspid annular plane systolic excursion. TAPSE is 
defined as the total excursion of the tricuspid annulus from 
tele-diastole to end-systole, and it is measured typically at the 
lateral annulus using M-mode (Fig. 6). TAPSE is a reliable, 
sensitive, and reproducible index for the initial diagnosis and 
for the follow-up of RV function. Moreover, it presents an 
excellent correlation with the RV ejection fraction (RVEF) as 
calculated with radionuclide ventriculography or magnetic res-
onance.16 The normal value of TAPSE is 16 mm.4,17 Of note, 
TAPSE is relatively load- and angle-dependent, and is subject 
to cardiac translation; however, it is the least user-dependent 
parameter for assessment of RV function.17,18 Guazzi et al 
reported that the ratio TAPSE/systolic pulmonary artery 
pressure (SPAP) improves the prognostic risk stratification in 
heart failure patients when compared to TAPSE alone and 
a ratio 0.36 mm/mmHg predicts higher mortality in such 
patients.17

Myocardial systolic excursion velocity (S’). DTI is useful for 
the assessment of both systolic and diastolic RV function. S’ is 
obtained using the A4C view, and measurement is typically 
performed at the lateral tricuspid annulus or at the basal seg-
mental level of the RVFW, using either pulsed or color DTI. 
Pulsed DTI is more robust than color DTI and it has a higher 
temporal resolution in this respect.19 S’ is one of the most reli-
able and reproducible methods to assess RV systolic function, 
and it correlates positively with RVEF as calculated by cardiac 
magnetic resonance.20 The lower reference limit with pulsed 
DTI is set at 9.5 cm/s.4 Of note, S’ is load-dependent and 
requires correction when heart rate is 70 bpm or 100 bpm; 
correction is achieved by multiplying S' by 75 and dividing it 
by the heart rate (Fig. 7).10

Fractional linear shortening and area change. Fractional 
linear shortening is obtained by measuring the RVOT dia-
meter at end-diastole and end-systole using the PSAX view. 
Reference limits are not set in the latest guidelines; however, 
“normal” values are reported with a wide range of standard 
variation (43%  18%).4,21 The main limitation in obtaining 
fractional linear shortening is the poor definition of the RV 
anterior wall. Also, there are no established landmarks for 
orienting the image axis at the level of the RVOT. FAC, cal-
culated with the A4C view, is a more reliable parameter; it 
is defined as the difference between end-diastolic and end-
systolic area divided by the end-diastolic area and multiplied 
by 100 (Fig. 8). Of note, FAC has been shown to correlate 
with RVEF as measured by magnetic resonance imaging, and 
the lower reference value is 35%.4,22

Right ventricular dp/dt. RV dp/dt represents the rate of 
pressure rise in the RV and may be used to estimate RV systolic 

Figure 6. Tricuspid annular plane systolic excursion (TAPSE) measured 
at the lateral tricuspid annulus in M-Mode.
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Figure 7. Myocardial systolic excursion velocity (S’) displayed with DTI 
using the A4C view at the lateral tricuspid annulus. E’, early diastolic 
filling; A’, late diastolic filling. The first systolic wave represents the 

myocardial isovolumic contraction (arrow).

TAPSE > 16 mm normal

• Sağ ventrkül FAC: EDA-ESA/EDA
• % 35-60
• Sağ vent. EF ile iyi korele

Diyastolik fonk. PWD: 
TDI: LatTV
Erken dolum sırasında E’
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2D, renkli  Doppler, IV salin kontrast; PFO/ASD ?

• Hipoksi, paradoksal emboli

• ASD ve PFO IV ajite serum, Valsalva manevrası
ile  geçiş ??? 
Sistemik venler: SVC, IVC / Pulmoner venler

Kossaify
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however, Kannan et al reported that a GLS 25% allows the 
prediction of RVEF 50% with a sensitivity of 81%.35

STE is particularly useful for the diagnosis and manage-
ment of various right heart diseases, such as right heart failure, 
pulmonary artery hypertension, arrhythmogenic right ventric-
ular dysplasia, and congenital heart disease.35 Guendouz et al 
reported that an absolute GLS value below 21% in patients 
with congestive heart failure identifies patients with high risk 
of adverse cardiac events.36 Similarly, in patients with pul-
monary arterial hypertension (PAH), a GLS 19.4% allows 
identification of patients at high risk of adverse cardiovascular 
events.37,38 Moreover, myocardial deformation imaging using 
3D STE is useful to determine timing of peak systolic strain 
in different ventricular segments, therefore allowing a more 
accurate analysis of myocardial dyssynchrony (Fig. 11).39,40

Other Parameters Relevant to Right Ventricular 
Assessment
For a comprehensive assessment of the RV by echocardiogra-
phy, an evaluation of RA size and pressure, tricuspid flow, and 
pulmonary artery pressure is crucial given the interactive role 
of these parameters with the RVD and RVF.6

Right atrial dimensions and pressure. Quantification of 
RA size is usually performed using the A4C view. The minor 
diameter extends from the lateral border of the RA to the 
interatrial septum and the major diameter extends from the 
bottom of the RA to the tricuspid annulus. Upper reference 
limits are 4.4 and 5.3 cm, respectively (Fig. 12). The upper 
reference limit for RA area is 18 cm2 measured by 2DE at 
the end-systolic frame,4 and the reference values of indexed 
RA volume are 25  7 mL/m2 in men and 21  6 mL/m2 in 
women.9 Of note, RA size is correlated with clinical outcomes 
in PAH.41 RA pressure is estimated by measurement of the 
diameter of the inferior vena cava in the subcostal view, and 
normal diameter as measured at end expiration is between 
1.5 and 2.1 cm.4 A diameter 2.1 cm that collapses more 
than 50% with a sniff suggests a normal RA pressure (range, 
0–5 mmHg), a diameter 2.1 cm that collapses less than 50% 
with a sniff suggests high RA pressure ( 15 mmHg), and in 
indeterminate cases where the diameter and collapsibility do 
not fit such patterns, an intermediate value of 8 mmHg is 
adopted.4,42

Tricuspid regurgitation. Tricuspid regurgitation is con-
sidered physiological when it is minimal, and this is present in 
almost all subjects. However, when it is moderate or severe, 
it becomes pathological and is commonly correlated with 
RA/RV structural or functional abnormalities.43 Regurgitant 
jet area correlates roughly with tricuspid regurgitation severity: 
a jet area of 5 cm2 reflects mild regurgitation, between 6 and 
10 cm2 reflects moderate regurgitation, and 10 cm2 reflects 
severe regurgitation. Also, a vena contracta width 6.5 mm is 
typically associated with severe regurgitation.43 Grading the 
severity of tricuspid regurgitation and identification of its type 
(functional vs organic) are crucial for monitoring and manag-
ing right heart diseases. Tricuspid regurgitation flow is most 
commonly used to evaluate SPAP when no intrinsic organic 
valve disease is present. Difficulties in assessment of tricuspid 
regurgitation are commonly related to poor sonographic sig-
nal, and in such cases a search for indirect signs of increased 
SPAP may be performed10; these indirect signs are outlined in 
the next section.

Pulmonary artery pressure. Pulmonary artery hyper-
tension is defined as a mean pulmonary artery pressure 

25 mmHg.44 Of note, SPAP as measured using the tricus-
pid regurgitation peak velocity is only an estimate and cannot 
be considered an accurate measurement of SPAP.45 In view of 
this, it is important to consider other surrogates to estimate 
SPAP when judged necessary. The use of pulmonary flow 
acceleration time should be considered when the tricuspid flow 
is not reliable or cannot be measured, and a value 105 ms is 
suggestive of PAH. Other echocardiographic parameters or 
surrogates may suggest PAH, and they are better used in the 
context of an integrated approach to estimate SPAP. These 
parameters include indexed RA volume 34 mL/m2 in men 

d1

d2

Figure 12. Right atrial linear dimensions. 
Abbreviations: d1, transverse diameter; d2, longitudinal diameter.

Figure 11. Speckle tracking imaging showing deformation imaging 
curves of the RV divided into six segments.

SağAtrium çap: d1: 4.4 cm, d2: 5.3 cm

İnteratrial septum

Mitral Kapak

MY; LVAD  kabul edilebilir

MY LVAD sonrası düzelir

Sol vent. boyutu azalır, dolum basıncı 
düşer

MS; SV azalır, kapak gradiyenti, kapak 
alanı ?

Orta / ileri MS;  Yeterli SV sağlanamaz

LVAD sırasında düzletilmeli !

Kapaklar

Aort kapak;
• Orta / ciddi AY !!

**KY KB düşük+ sol vent.     
diyastolik basınç yüksek
hafif AY !!

• LVOT SV ve regurgitant fraksiyon 
hesaplanmalı

• Aort kök genişliği
• Romatizmal / kalsifik ? / yapay 

kapak ?
• AY biyoprotez yada onarım

Triküspit Kapak

• Orta / ileri TY / sağ vent. boyutu

• Ciddi TY-kapak onarımı

Pulmoner Kapak

• Orta / ciddi PY RVAD öncesi onarım

Yapay Kapak 

• Sistemik antikoagülasyon alımı ? 

• PT INR normal olmalı

• AK Biyoprotez yada kapak kapatılır

• MVR-- stenoz ? Biyoprotez
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LVAD YERLEŞ İLVAD YERLEŞ İ M İ  SONRASI PERİPER İ OPERAT İ F
TÖE

• İntrakardiak hava (Kalp boşlukları, RCA ostiumu, ve aort kökü )

• Şant /  PFO 

• Giriş ve çıkış kanül poziyonları (Akımları) 

• AK açılması / SVR

• Sağ ventrikül yetm. TY ? 
• İnterventriküler septum

Sol vent. küçük (over-pumping / RV yetm.), sağ-sola deviasyon

Sol vent. büyük (obstrüksiyon veya yetersiz pompa akımı )

• Hemodinami; OAB 85 mmHg
OAB <60 mmHg-(adrenalin), PAB ? Sağ yetm. (Milrinon, NO)

• Cihaz (Pompa Hızı)

Çıkış greft -Asendan aorta

Giriş kanülü-sol vent. apeks

Merkezimizde

• 97 LVAD

• 1 RVAD

• 1 BiVAD

• LVAD % 84 sağ kalım

• 32 Levitroniks % 37 sağ kalım

TEŞEKKÜRLER


