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e Kardiyovaskiler sistemin major fonksiyonlarinin cogu mekanik olaylardan

olusur
e Kalp, her seyin 6tesinde basit bir pompadir

e Kalp bosluklari kasilir ve gevser, kapaklar acilir ve kapanir, kan, basit hidrolik

prensiplere uygun hareket eder

e Kardiyak fizyolojiye ait mekanik sireclerin cogunu kan basincini ve kan

akimini dlcerek anlayabiliriz;

 Hemodinami, bu disiplinin ismidir



Tarihle ilgili birkag¢ not

* Canli hayvanda ilk kardiyak kateterizasyon ve basin¢ 6lcim ingiliz

fizyolojist Stephan Hales tarafindan 1700lerin baslarinda gerceklestirilmis
e 1844 senesinde Fransiz bilim adami Claude Bernard metabolik aktivitenin
kaynagini 6grenmek icin hayvanlar lzerinde bir cok kalp kateterizasyonu
yapmis
e 1870’te alman matematikgi ve fizyoloji bilim adami Adolph Fick kalp debisi

icin meshur formulinu yayinladi

e Insanda ilk kalp kateterizasyonunu Werner Forssmann 1929 yilinda kendi

Uzerinde yaparak tarihe gecti
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FLOW-DIRECTED BALLOON-TIPPED CATHETER — SWAN ET AL,

CATHETERIZATION OF THE HEART IN MAN WITH USE OF A FLOW-DIRECTED
BALLOON-TIPPED CATHETER*

H. J. C. Swan, M.B., Pu.D., F.R.C.P., WiLLiam Ganz, M.D., C.Sc., James FORRESTER, M.D.,
HarorLp Marcus, M.D., GEORGE DiamoND, M.D., AND Davip CHONETTE

Abstract Pressures in the right side of the heart
and pulmonary capillary wedge can be obtained by
cardiac catheterization without the aid of fluorosco-
py. A No. 5 Fr double-lumen catheter with a bal-
loon just proximal to the tip is inserted into the
right atrium under pressure monitoring. The bal-
loon is then inflated with 0.8 ml of air. The balloon
is carried by blood flow through the right side of

the heart into the smaller radicles of the pul-
monary artery. In this position when the balloon is
inflated wedge pressure is obtained. The average
time for passage of the catheter from the right atrium
to the pulmonary artery was 35 seconds in the
first 100 passages. The frequency of premature
beats was minimal, and no other arrhythmias
occurred.

Figure 1. Construction of the Catheter.

n (a) the catheter is attached to a strain-gauge manome-
er (top right corner). The balloon is inflated. Markers are
placed at 10-cm distances along the shaft of the catheter.
nflation of the balloon is accomplished by way of the
small side catheter connected to a 1-ml syringe. The cath-
pter in section (b) shows the inflation lumen (minor).
Blood sampling or pressure recording is obtained via the

ajor lumen. The connector to the 1-ml syringe (¢) is
dentified by a different color. A one-way stopcock is pro-
ided as an integral part of the catheter. Inflation would
only be attempted after the integrity of the balloon has
been ascertained. The balloon in the deflated node is
shown in (d). In (e) the catheter tip is shown with the bal-
oon inflated (note that the catheter tip does not protrude

past the inflated balloon surface).




Hemodinami

O Kalp Yetersizliginin Patofizyolojisinde

O Tanida

O Degerlendirmede ve Prognozda




Patofizyoloji
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Kardiyovaskuler sistemin butunlagu icin ventrikil ve
arteriyel sistem es gudimli calisiyor

e Arteriyel sistem surekli bir akimdan ziyade pulsatil bir sistemdir

e Sistemik kan basinci ve sistemik vaskuler diren¢ (SVR) pulsatil

sistemde art ylki dogru temsil etmez

e Pulsatil sistemde art ylkin 2 komponenti var:

e Rezistif =2 SVR = ([MAP-CVP]/CO)
e Pulsatil =» Total sistemik arteriyal kompliyans (C,) = (SVi/Aortic PP)




Ventrikuller ve arteriyel sistem arasindaki hemodinamik iliski en
\vi Basing Hacim Dongdsdiile ifade edilir

e Vaskiler art yuk arteriyel sertlik veya elastansla

karakterizedir (E,)

* Yukten bagimsiz kontraktilite sistol sonu basing-hacim iliskisi

egrisiyle veya sistol sonu elastansla karakterizedir (E)

e Optimal E,/E,,=0.6-1.2
* Sol ventrikul sistolik disfonksiyonu =» E_

* Noérohormonal aktivasyon =» E,

e E,/E..>2.34 =» tim nedenli mortalite, kap nakli, VAD

implantasyonu

LV PRESSURE

Ees :i
(ESV-V))

LV VOLUME









Vazodilator ajana iki farkh yanit: HFpEF vs. HFrEF

END-SYSTOLIC ARTERIAL PRESSURE
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Schwartzenberg S, Redfield MM, From AM, et al. Effects of vasodilation in heart failure with preserved or reduced ejection fraction implications of distinct
pathophysiologies on response to therapy. J Am Coll Cardiol 2012;59:442—-451




Sag kalp yetersizligi
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LV transmural FP =

— R AP
=— PCWP

= RAP 30 mm Hg
= PCWP 32 mm Hg

RV

PCWP - RAP =2 mm Hg

PRESSURE (mm Hg)
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304

201

104
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PERICARDIAL PRESSURE (mm Hg)

= RAP 18 mm Hg

= PCWP 27 mm Hg

LV transmural FP =
PCWP — RAP = 9 mm Hg

Borlaug BA, Kass DA. Ventricular-vascular interaction in heart failure. Cardiology Clin. 2011;29:447-459



Tanida hemodinamik
degerlendirmenin onemi
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e Gunluk pratikte basing hacim dongustunu 6lgcmek pratik olmadigi icin

basincin hacme gore degisikligini degil zaman gore degisikligini 6lcmek ve

degerlendirmek daha kolaydir.

* Her boslugun kendine 6zgl basing trasesi var ve bunlar kalbin dolusunu ve

ventrikller ejeksiyonu yansitiyor.

e Bu traseleri birlikte degerlendirmek tek bir 6lcim sonucundan daha fazla

bilgi veriyor.



Hemodinamik dalga formlari

e Sag atriyal basin¢ ve dalga formu genel hemodinamik durumla ilgili

basit fakat 6nemli bilgi saglar

 Normal solunum sirasinda sag atriyum basinci inspirasyonla birlikte

intraplevral basin¢ kadar diser (genelde < 5 mmHg)

* Bu, perikardiyal restriksiyon olmadiginda intraperikardiyal basinci

yansitir



Anormal dalgalara érnekler

e inspirasyonla basing azalmamasinin A 17/14 (12)
olmayisi hatta basing artisi (6rn, Kussmaul
bulgusu) sag ventrikul yetersizligi ve

siklikla volim yliklenmesini yansitir

e Diky inisi = hizli, erken diyastolik dolus e ‘_
(sag vent DD, RV infakti, ileri DEF-KY, S e B e B WG e R
restriktif KMP, KP) v v v 1 R 1 R R X

e Belirgin v dalgasi =» ciddi triklspit

yetersizligi
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Pulmoner arter kama basinci

e Sag kalp kateterizasyonunda dogru dlcimu en zor olan basinctir

* Floroskopi ve dalga formundaki degisiklige gore kateterin dogru pozisyonu

anlasilabilir

e Pulmoner arter traslerinin kaybi ve dalga sekillerinin ylzeysellesmesi

pulmoner arter kama basincini goésterir
e Belirgin v dalgalari sistolik pulmoner arter basinci ile karistirilabilir

e Sistolik pulmoner arter dalgasi EKG’deki T dalgasindan once veya eszamanli

olurken, PAKB ile iliskili belirgin v dalgasi T dalgasindan sonra gelir



ACC_2022 KY kilavuzu: Invazif degerlendirme icin 6neriler

COR LOE RECOMMENDATIONS

1. In patients with HF, endomyocardial biopsy may be useful when a specific diagnosis is suspected that
2a B-NR would influence therapy (1,2).

. In selected patients with HF with persistent or worsening symptomes, signs, diagnostic parameters, and in
whom hemodynamics are uncertain, invasive hemodynamic monitoring can be useful to guide
management.

. In patients with HF, routine use of invasive hemodynamic monitoring is not recommended (3,4).

4. For patients undergoing routine evaluation of HF, endomyocardial biopsy should not be performed

C-LD because of the risk of complications (5,6).

J Am Coll Cardiol. 2022 May, 79 (17) e263—e421



ESC 2021 KY kilavuzu 6nerileri

Recommendations Class Level

Right heart catheterization is recommended in patients with severe HF being evaluated for
heart transplantation or MCS. ¢

Right heart catheterization should be considered in patients where HF is thought to be due to
constrictive pericarditis, restrictive cardiomyopathy, congenital heart disease, and high output lla C
states.

Right heart catheterization should be considered in patients with probable pulmonary
hypertension, assessed by echo in order to confirm the diagnosis and assess its reversibility lla C
before the correction of valve/structural heart disease.

Right heart catheterization may be considered in selected patients with HFpEF to confirm the

diagnosis. lib ¢

European Heart Journal, Volume 42, Issue 36, 21 September 2021, Pages 3599-3726



Degerlendirme ve Prognoz
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Hemodinamik verilerin prognoza etkisi

* Hemodinami kilavuzlugunda klinik degerlendirmenin prognoza etkisi var

e Kotlulesen hemodinamik bulgular artan 1 yillik mortalite veya acil kalp

transplantasyonu ile iliskilidir
e Hasta basli klinik degerlendirme invazif 6lcimlerle parallelik gésterir
 Yiiksek santral ven6z basinci (SVB) kardiyorenal sendromla iliskilidir

e Yiiksek SVB/PAKB orani daha kot RV disfonksiyonu ve kotl prognozla
iliskilidir



Klinik bulgulara gére hemodinamik profil

KONJESYON BULGULARI

Ortopne,

Yiksek juguller ven basinci
S3, sert P2

Pretibiyal 6dem, asit

Ral, Hepatojuguler refli
Valsalvada karekok dalgasi

DUSUK PERFUZYON
BULGULARI

Dar nabiz basinci

Pulsus alternans

Soguk ekstremiteler

Biling bulanikhgi
Hiponatremi

Kotllesen renal fonksiyonlar

SVR (N), PCWP (N), CVP (N)

Sicak ve kuru (A)

SVR(N), PCWP (1), CVP (1)

Sicak ve i1slak (B)

SVR (1), PCWP ({,N), CVP
(N)

Soguk ve kuru (L)

SVR (N, 1), PCWP (1), CVP
(T)

Soguk ve islak (C)

JAMA. 2002;287(5):628-640. d0i:10.1001/jama.287.5.628
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Sag Kalbin hemodinamik bulgularinin klinik olaylarla iliskisi

Hemodynamic Parameters Associated With RV Function

Thresholds Associated With
Clinical Events in Specific

Variable Calculation Populations
RAP RAP (or CVP) >15 mmHg (RHF after LVAD)&-201
Right-to-left RAP:PCWP >0.63 (RHF after LVAD)’®

discordance of
filling pressures

>0.86 (RHF in acute MI)%%?

PA pulsatility
index

(PASP—PADP)/RAP

<1.0 (RHF in acute MI)?%3
<1.85 (RHF after LVAD)?%4

RV stroke work
index

(MPAP-CVP)xSVI

<0.25-0.30 mmHg-/m? (RHF
after LVAD)?205206

PVR (MPAP-PCWP)/CO >3.6 WU (RHF after LVAD)?"

PA compliance SV/(PASP-PADP) <2.5 mL/mmHg (RHF in chronic

HF, RV-PA coupling in PAH)?11>

Konstam, Marvin A., et al. "Evaluation and management of right-sided heart failure: a scientific statement from the American Heart Association." Circulation 137.20 (2018): e578-e622.



Kalp debisine gére 3 ve 12 aylik kumulyatif mortalite
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Tedaviye Kilavuzluk
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Efficacy of Pulmonary Artery Pressure Monitoring in Patients with Chr

1845

Heart Failure: A Meta-Analysis of Three Randomized Controlled Trials

3 RKC, toplamda 1898 NYHA sinif lI-IV ayaktan
hasta, ya son bir yilda KY nedeniyle hospitalize
edilmis, yada NT-proBNP degerleri yliksek

Ort takip 14.7 ay

%67.8 erkek

%65.8 hastada EF <40%

Total KY hospitalizasyonu HR=0.70 (0.58-0.86)
(p=0.0005).

Total KY hospitalizasyonu, acil vizit ve tim
nedenli mortaliteden olusan kompozit
sonlanimlar HR = 0.75 (0.61-0.91; p=0.0037)
Tdim nedenli mortalite HR=0.92 (0.73-1.16).

onic

1,898 patients in a pooled analysis of PA guided therapy from CHAMPION, GUIDE-HF and MONITOR-HF trials

Characteristics

- 66%EF <40%
- 68%men

- 48%ischaemic etiology | %

Mean follow-up periods: t:;\
- CHAMPION: 17.6M

GUIDE-HF: 10.8 M
-  MONITOR-HF: 21.4M

Vi

<]

PA Sensor and Delivery System

o

e 3

120em

Patient Electronics System

=

Clinical endpoints ‘

HF hospitalisations —
HFH, urgent visits ——
HFH, deaths ——s

HFH, urgent visits, death ——e——

All-cause mortality

HR 0.70 (0.58 — 0.86)

HR 0.71 (0.57 — 0.88)

HR 0.74 (0.62 — 0.89)

HR 0.75 (0.61 — 0.91)

HR 0.92 (0.73 — 1.16)

PA pressure database

Physician access via secure website

Key inclusion criteria:

CHAMPION:

GUIDE-HF:

- chronic HF

- independent of EF

- NYHA-class IlI

- previous HFH (12M)
- chronic HF

- independent of EF

- NYHA class 11-IV

- previous HFH and/ot

elevated NT-proBNP

MONITOR-HF: - chronic HF

- independent of EF
- NYHA class Il
- previous HFH (12M)

Total HFH, urgent visits and death

All patients ——
- EF >40% — e
- EF <40% —

HR 0.75 (0.61-0.91)

HR 0.69 (0.47-0.996)

HR 0.76 (0.63-0.91)

P R D Clephas and others, Efficacy of Pulmonary Artery Pressure Monitoring in Patients with Chronic Heart Failure: A Meta-Analysis of Three Randomized Controlled Trials, European Heart Journal, 2023;, ehad346




Efficacy of implantable haemodynamic monitoring in heart failure across ranges of

ejection fraction: a systematic review and meta-analysis

First author and Numbers
Trial year Design, country Primary efficacy endpoint enrolled EF NYHA class Previous HF event Follow-up
COMPASS-HF  Bourge et al,'® Single-blind, * HF hospitalisation and ED and 274 No EF inclusion  [lI-IV <6 months (or ED visitf 6 months
2008 multicentre RCT; USA  urgent clinic visit for intravenous criterion
therapy (included hypovolaemic
events)
CHAMPION Abraham et a!,'g Single-blind, * HF hospitalisation 550 No EF inclusion I <12 months 6 months
2011 multicentre RCT; USA criterion
REDUCE-HF Adamson et al,' Single-blind,* HF hospitalisation and ED and 400 No EF inclusion  1I-IlI <12 months 12 months
2011 multicentre RCT; USA  urgent clinic visit for intravenous criterion
therapy
LAPTOP-HF Abraham et al,””  Multicentre RCT (no  HF hospitalisation and 486 No EF inclusion Il <12 months (or BNP 12 months
2016 blinding); complications from HF therapy criterion >400 pg/mL or
USA and New NT-proBNP =1500 pg/mL)
Zealand
GUIDE-HF Lindenfeld etal,>  Single-blind,* All-cause mortality and HF 1000 No EF inclusion 111V <12 months (or 12 months
2021 multicentre RCT; USA  hospitalisation and ED and urgent criterion BNP =250 pg/mL or
and Canada clinic visit for intravenous therapy NT-proBNP =1000 pg/mL)

Curtain JP, Lee MMY, McMurray JJ, et alEfficacy of implantable haemodynamic monitoring in heart failure across ranges of ejection fraction: a systematic review and meta-analysis Heart
2023;109:823-831.



Kotiilesen KY Olaylar (KY Nedenli Hosp Veya Acile Vizit gereksinimi) Gzerine etkisi

Ejeksiyon Fraksiyonundan Bagimsiz Olarak Tum Hastalarda Olusan Total (ilk Ve Tekrarlayan)

IHM Guided Standard %
Care Total Care Total Weight p
Trial Events/Patients Events/Patients HR (95% Cl) (I-V) Value
COMPASS-HF - All EF% 84/134 113/140 —IE.—— 0.79 (0.49,1.26) 6.27 0.330
CHAMPION - All EF% 182/270 279/280 -—0-;' 0.67 (0.55,0.80) 39.82 <0.001
REDUCE-HF - All EF% 91/202 90/198 —I;—t— 0.99(0.61,1.61) 594 0.978
LAPTOP-HF - All EF% 80/211 155/244 (—0—?— 0.57 (0.40,0.83) 10.49 0.003
GUIDE-HF - All EF% 213/497 252/503 -E-.- 0.85(0.70,1.03) 37.48 0.096
I-V Overall (I-squared = 38.2%, p = 0.167) O 0.74 (0.66, 0.84)  100.00
D+L Overall <> 0.75 (0.63, 0.88)
T : T
5 1 15

Curtain JP, Lee MMY, McMurray JJ, et alEfficacy of implantable haemodynamic monitoring in heart failure across ranges of ejection fraction: a systematic review and meta-analysis Heart
2023;109:823-831.



Ejeksiyon Fraksiyondan Bagimsiz Olarak Tium Nedenli Mortaliteye Etkisi

IHM %

Guided Care Standard Care Weight p
Trial Events/Patients Events/Patients HR (95% CI) (I-v) Value
COMPASS-HF - All EF% 13/134 11/140 }: + 1.18 (0.49,2.91) 8.7 0.839
CHAMPION - All EF% 50/270 64/280 —-0-"-- 0.80 (0.55,1.15) 50.79 0.230
REDUCE-HF - All EF% 7/202 9/198 { + 0.76 (0.24,2.30) 5.41 0.773

GUIDE-HF - All EF% 40/497 37/503 — 1.09 (0.70,1.70)  35.10 0.710

I-V Overall (I-squared = 0.0%, p = 0.677)

D+L Overall C} 0.92 (0.71, 1.20)
1

0.92 (0.71,1.20) 100.00

1.5

Curtain JP, Lee MMY, McMurray JJ, et al Efficacy of implantable haemodynamic monitoring in heart failure across ranges of ejection fraction: a systematic review and meta-analysis Heart
2023;109:823-831.
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European Heart Journal, Volume 42, Issue 36, 21 September 2021, Pages 3599-3726

ACC-KY-2022

J Am Coll Cardiol. 2022 May, 79 (17) e263—e421

\*

Hemodinamik monitorizasyonun kilavuzlardaki yeri

Recommendations for telemonitoring

Recommendations Class®

Non-invasive HTM may be considered for

patients with HF in order to reduce the risk of

recurrent CV and HF hospitalizations and CV =
death.’”*

Monitoring of pulmonary artery pressure using a

wireless haemodynamic nffnitoring system may b

be considered in sympt c patients with HF

, . . 372
in order to improve clinical outcomes.

Level®

CV = cardiovascular; HF = heart failure; HTM = home telemonitoring; LVEF = left

ventricular ejection fraction.
Class of recommendation.
b g

Level of evidence.

©ESC 2021

COR LOE RECOMMENDATION
1. In selected adult patients with NYHA class Ill HF and history of a HF hospitalization in the past year or
2 B-R elevated natriuretic pepfAide levels, on maximally tolerated stable doses of GDMT with optimal device
therapy, the usefuln ireless monitoring of PA pressure by an implanted hemodynamic monitor to
reduce the risk of sub nt HF hospitalizations is uncertain (1-4).
Value Statement: Uncertain Value 2. In patients with NYHA class |ll HF with a HF hospitalization within the previous year, wireless monitoring
- of the PA pressure by an implanted hemodynamic monitor provides uncertain value (4-7).




Sonuc olarak

Kronik kalp yetersizliginde hemodinamik veriler:

0 Kardiyovaskiler siirecin iyi anlasilmasina;

O Zor vakalarda ayrici tani ve kesin taniyi koymaya;

O Secilmis hastalarda bireysel tedavinin diizenlenmesine;
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