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A szivelégtelenség kezelése

Gyogyszeres kezelés
inotropok, digitalis, diureticum, beta-blocker...

Koszoruérbetegség, billentyiibetegség kezelése

CRT (cardiac resynchromization therapy)

Acut mechanikus keringéstamogatas
Szivatiiltetés

Gépi keringéstamogatas: ,,bridge to transplant”, ,,bridge
to recovery”, ,,bridge to bridge”, ,,destination therapy”




Mechanikus keringéstamogatas

Indikacio: sulyos reverzibilis vagy irreverzibilis
szivelégtelenség, mely mas kezelésre nem reagal
Célok:
Reverzibilis: 1. megfelel6 szoveti perfiizio biztositasa
2. a sziv tehetmentesitése felépiilésig
Irreverzibilis: megfelelo szoveti perfuzio biztositasa
transzplantacioig

Extracorporalis q—» Intracorporalis

TAH VAD (LVAD, RVAD, BiVAD)

(TAH - total artificial heart, VAD - ventricular assist device)

Akut mechanikus keringéstamogatas

Intraaorticus ballonpumpa
(IABP)

* inotrop szer hatastalan
« fenyegetd! cardiogen shock

» coronaria perfuzi6 javitasa
» (afterload csokkentése)

g = Corgnarig-flow
1= alkalmazisa me
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Akut mechanikus keringéstamogatas

Hemopump

Archimedes' et
P
L

I Az aorta ascendensen at a
bal kamraba vezetett
Hemopump ¢s a
hordozhat6 vezérld konzol.

DREXEL

A 24 Fr valtozat a teljes perctérfogatot
képes tovabbitani, tehat gyogyszeresen
szinte megallithat6 a sziv kardiopulmo-
nalis bypass alkalmazasa nélkiil.

Akut mechanikus keringéstamogatas

Abiomed BVS 5000

Univentricularis vagy biventricularis asszisztalas.

ABIOMED BVS 5000 BLOOD PUMP

PUMP “DIASTOLE
BLOOD INFLOW
FROM PATIENT

INFLOW BLADDER INFLOW BLADDER
EMPTIES D FILLS ¢
VENT

INFLOW VALVE INFLOW VALVE L/
OPENS CLOSED L8
QUTFLOW OUTFLOW

BLADDER BLADDER
FILLS

o
OUTFLOW VALVE AR
CLOSED EXHAUSTS

ARTERIAL BLOOD OUTFLOW
PRESSURE TO PATIENT




Mechanikus keringéstamogatas

Pulzatilis, paracorporalis,

N
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RVAD LVAD
BiVAD B3

ECMO - extracorporal membrane oxygenator

Légzeési-, 1egzési-keringési elégtelenségben

L\/kh
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A szivatiiltetés fejlodése

1905. Carrel, Guthrie
érvarrat, szervatiiltetés

g2 1960. Lower, Shumway
' jelen technika, hiités

1964. Hardy és mtsai
csimpanz sziv emberbe

1967. Barnard
emberbol emberbe

1980-as évek
cyclosporin

A transzplantacios programba vétel
Indikaciok:

* maximalis iv. inotrop mellett is NYHA IV.

* Max. VO2 < 10ml/kg/min (<14, relativ indik.)

* refrakter visszatéro syncope, kamrai ectopia

* rossz életminoség, mindennapi aktivitas limitalt

* cardialis halalozas magas rizikdja egy éven beliil

Kontraindikaciok:
*>65 év
« aktiv fertozés, aktiv fekélybetegség, IDDM,

sulyos periférias érbetegség, tildobetegség, daganat
« Tpulmonalis vascularis resistentia (> 5 Wood, >3.5 rel.)
* pszichés instabilitas, alkohol vagy drog abuzus
* compliance hianya, kovetés lehetetlensége
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A donorkivalasztas szempontjai

 agyhalal

» ABO vércsoport egyezés a recipienssel

* 40-45 évnél fiatalabb kor

* hasonlo testsuly (méret) a recipienséhez

* cardiovascularis betegség hianya

» pulmonalis betegség hianya

* daganatmentesség (kivétel agydaganat)

« fertozo betegség (HIV, CMYV, Hepatitis) nincs
* nem all fenn sepsis

* varhato ischaemias ido < 4-6 ora

Immunsuppressio szivatiiltetés utan

* MMF (mycophenolate mofetil, Cellcept)
« tacrolimus (calcineurine inhibitor)

« corticosteroid (prednisolone)

* /cyclosporine (korabban)/

Rejectio:

* corticosteroid

* ATG (anti-thymocyte-globulin)

* ALG (anti-lymphocyte-globulin)
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A szivatiiltetés specialis szovodményei

* fertozésatvitel (HIV, CMYV), fogékonysag
* rejekcio

« graft coronariasclerosis

* malignus daganat (lymphomak)

* nefrotoxicitas (cyclosporin)

e exitus

A szivatiiltetés problematikaja

* szovodmények — 0j immunszupresszivumok
* kevés donor — haldézatok, alternativ megoldasok
« etikai gondok (egyre kevésbé)
* jogi problémak
(agyhalal fogalma, hozzajarulas sziikségessége)
* koltségek

90 %-0s 1 éves és 50 % koriili 10 éves tulélés,
évente vilagszerte 3500 szivatiiltetés,
holott tobb tizezerre lenne sziikség




A szivatiiltetés és gyogyszeres terapia
osszehasonlitasa a talélés tiikkrében

Effect of Cardiac Transplantation
on Survival in CHF

%Surviving

18 24 30 36
Months

UNOS Tx

Results
V-HeFT Hydralazme Nitrates
(1980-86) (AIl Ci

V-HeFT Placebo
(1980-85) (All CHF)

Framingham
(1949-71) (All CHF)

96%0 Clinic
-78) (All CHF)

CONSENSUS Enalapril
(1985-86) (Severe CHF)

U. Minnesota
(1979-84) (Severe CHF)

CONSENSUS Placebo
1985-86) (Severe Cl

ElsOk a gépi keringéstamogatasban...

1966. M. DeBakey.
Texas

Baylor College of
Medicine

Elsé VAD/10n to recovery

1969. DA. Cooley. Texas
Elsé misziv /4 nap ->HTX
D. Liotta fejlesztette
(Liotta)

1982. W. DeVries. Univ. of
Utah

Els6 definitiv misziv /112 nap
R. Jarvik fejlesztette (Jarvik-7)
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Berlin Heart - Incor (LVAD)

* Intracorporalis, folyamatos aramlasu, tartés
* INR: 2,8-3,2
« APTI: 70-90 s

» Hatékony anti-TCT kezelés

outflow cannula””

inflow cannula

| ‘ & ) —
pump cable .._)\._f/ A \
[ i y %axial pump

i batery || TTN

L control unit

backup battery

Gépi keringéstamogatas -
univentricularis asszisztalas

Intracorporalis, pulzatilis, tartos
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Mesterséges sziv - Abiocor
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Mesterséges sziv, xenotranszplantacio

Miisziv: emberben is alkalmazott kisérleti jelleggel

1959. S. H. Norton, T. Akutsu, W. Kolff

1969. D. A. Cooley (Liotta pneumatikus sziv)
(bridge to transplantation)

1982. DeVries (Jarvik-7) végleges megoldasként

Jelenleg: Texas (Abiocor), Cleveland, Pittsburg

Problémak: thromboembolia, energiaellatas,

lizembiztossag, fert6zés, haemolysis, adaptacio

Xenotranszplantacio: allatkisérletek (sertés)
rejekcio megelézése genetikai manipulacioval

Szenzacio: xenotranszplantacio

On January 7, 2022, David Bennett
became the first person to live with a pig's
heart beating inside his chest. (JACC)

- too ill to undergo human-donor HTX
- arrhythmias — poor candidate for VAD
- a history of disregarding medical advice P
e S "
S o
b 4 '»4 }\ ‘
p
;‘J\ ( S‘\ e
Pig heart recipient David Bennett Sr. with

his transplant doctor, Bartley Griffith, MD
of the University of Maryland.

11



C. Barnard 1967. els6 human-human HTX

1967. Dec 3. Mr. Louis Washansky, died after only 18 days, Barnard soon
carried out a second transplant, and this patient led an active life for almost
19 months.

Human donor << végstadiumu szivelégtelen

o
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
DOActive waiting list| 499 | 552 | 672 | 723 | 700 | 744 | 744 | 721 | 609 | 489 | 424 | 423 | 568 | 728 | 882 | 920 | 959 1007|1152 /1193|1251 1262 1268|1152 1157
@Hean transplants | 806 | 753 | 773 | 696 | 732 | 759 | 782 | 759 | 708 | 623 | 596 | 580 | 570 | 553 | 542 | 555 | 577 | 567 | 561 | 615 | 577 | 588 575 | 626 | 600

eurotransplant.org
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A xenotranszplantacio keésik

* Human donor: jogi-etikai problémak, kérdéses tulélés az 1960-as 70-es
években

* Idealis faj: f6éemlbs vs. sertés (immunoldgiai kilonbség, fertézések, méret,
koltség)

+ Sertés idealis — moralisan elfogadott, 6 hénap alatt felnd, de virusok!
kilok6dés!

* 80-as évektdl ciklosporin, jogi hattér (agyhalal definialasa), human HTX jé
eredm.

* egyéb alternativak: gépi keringéstamogatas, dinamikus fejlédés

* Abiocor by AbioMed: els6 TET-rendszer(i TAH, 2001. juli 2., 15 beteg, 151 —
512nap

A XTR problematikaja

CENTRAL ILLUSTRATION The Barriers to Xenotransplantation Translation
Into the Clinical Realm

Immunological and Infectious
Technical Barriers Barriers

*Hyperacute rejection \F’ Viral transmission risk
+Acute vascular xenograft rejection ¥ _,( {:} Q
+Acute cellular rejection .ﬁ}

«lmmunosuppressive medication

+Complement-mediated toxicity and " +Porcine endogenous retrovirus
coagulation dysregulation : *=  +Suid beta herpes virus 2

+Perioperative xenograft dysfunction and.- = +Lymphotropic herpes virus
ischemia-reperfusion injury ¢ +Hepatitis E virus

Physiological Social and Ethical Healthcare Resource-Based
Barriers Barriers Barriers

ity y acceptance -Xenotransplam -associated costs
overgrow!h eg in private
+Porcine hemodynamic and +Allocation system versus public healthcare

physiologic differences +Animal rights A [ systems
with humans «Distributive justice == || ©—
*Well-informed consent ‘

Boulet J, et al. J Am Coll Cardiol Basic Trans Science. 2022;7(7):716-729.
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Genetikailag médositott sertések

The 10-Gene Edited Pigs

DAV IWDAPV

6 Human Genes Knocked-In ] [ 4 Pig Genes Knocked-Out

Complement regulation
-CD55S
Inflammation regulation - BetadGalNT2

Coagulation regulation - GH receptor
- hEPCR

-CD46 Anti<immunogenic
- Alpha-Gal

- CD47 - CMAH

-hHO1 Anti-g

-hTM

CRISPR/Cas9: bakterialis ,,immunrendszer”

(e

Double stranded viral DNA

C

iy

< i

CAS crRNA
complex

Cell membrane W 3 . ‘
1 @
| /h & ¥

// 2020 kémiai Nobel-dij:
B Creation of a novel spacer
R Inactivation of viral DNA J Doudna, E Chal’pentler

CRISPR Array
DD P =000I0I000EOEOROIE—

Transcription

RS, oo ol Re§tr|k0|os endonukleaz
& A Palindroma:

— »a kirako karika”

\/ P ,a sah kerek hasa”
&

CRISPR = clustered regularly interspaced short palindromic repeats (bact DNA)

2025. 04. 07.
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»Meet the pigs that could solve the
human organ transplant crisis”

= * ,csaszarmetszés”

:k‘l”;i « Steril tartas

7 « Személyzeti zsilip (minden ruha,
ora, ékszer hatramarad), tusolas
hajmosassal, zsilipruha, sapka
» Besugarazott vegan taplalék
* A sertés patogénekt6l mentes
» HEPA filteres szell6z6rendszer

2018. Munchen: pavianba sertés sziv (>180-195 nap)
(,overgrowth” like in a 250kg pig)

SUNY, UAB: agyhalottakba Ultettek génmddositott
sertés szivet 2021-ben

Kina: Langerhans-sziget

Korea: cornea

Massachusetts: bér

Virusok fajok kozotti terjedése (jump)

Gazdaszervezet és virus filogenetikai fai:

Co-divergence of Hosts and Viruses
When parts of a host population splinter off to become a new species, viruses

can go with them If this were the only way that viruses evolved, then family

trees for the evolving hosts and viruses would perfactly match

*‘ Virus and host family

—
7 w;“ frees match perfectly
q

[
Cross-species Transmission
If viroSos= r 1 species unrelated to their old

ones, then the evolutionary relationships among hosts and among viruses wil

be mismatched. Research finds that this pattern is most common

ﬂ' Virus and host family

‘;ﬁ trees do not match.

PLOSPathogens|DOI:10.1371/journal.ppat.1006215 February 8, 2017

2025. 04.

07.
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Els6 human xenotranszplantacio

+ A sertés CMV nem fert6zheti meg a human sejteket”
« Sertés szerveket pavianba lltetve PCMV csokkentette a
tulélést: nagyszamu virus a myocardiumban
(immunszupresszid, sertés immunrendszere nincs ott)
* még érzékenyebb tesztelés sziikséges !
« ,Benett mar nagyon nagyon gyenge volt”
» sertés DNS, baktériumok és virusok szazait monitoroztak
* 40. napon laz, citokin vihar, szeptikus tliinetek

‘j&‘ dad » Sertés virussal fertéz6tt ember kezelése: cidofovir, IVIG

D. Benett Sr. 40. napon
rosszabbodott allapota, 2
hoénapot élt a sertés szivvel.
A halalaban kozrejatszott az
atvitt sertés CMV fert6zés.

A jovo lehetoségei

Molecularis cardiomyoplastica: Az infarctus heg
fibroblastjait MyoD-gennel ,,fert6zik”, mely izom-

differenciaciot indit el.

Cellularis cardiomyoplastica: A heget vazizom
szatellita-sejtekkel (myoblast) vagy éssejttel, préobaljak

izomszovetté alakitani

A cardiomyopathia okaként szereplo gént gén-
technologiai modszerrel korrigaljak

Angioneogenesis indukcioja novekedési faktorokkal

2025. 04. 07.
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Osszefoglalas

* Szivatiiltetés — gold standard

» Elérhet6 hatékony keringéstamogatas

* A keringéstamogatas idébeli kezdése !

» Megfelel6 eszkoz Kivalasztasa (elérhetoség)

* Bridge to transplant csokkenti a transzplantacio
komplikacioit és kezelési koltségeket

» Koltséges e —

Az aorta betegségei

* Atherosclerosis
* Aneurysma (saccularis, fusiformis, >150% normal diam.)
* Dissectio: intima szakadas, flap, helicalis allumen
( , Subacut, chronicus>6 hét)
» Transsectio (traumas, deceleratio, prox. DA, dist. AA)
* Ruptura: vérzés mediastinumba, bronchusba, pleura-
urbe, pericardiumba (tamponade!)
 Aortitis (S. aureus, Salmonella, syphilis, Takayashu, Giant cell)
* Penetrating atherosclerotic ulcer (PAU)
* Intramural haematoma (IMH, forras: vasa vasorum)
* Acute aortic syndrome (acute dissection, PAU, IMH)
* Aorta insuff. (annularis tagulat, ruptura, dissectio)

2025. 04. 07.
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Acut Aorta Szindroma

Acut aorta dissectio

o 2-3,5 eset/100 000/év

» Tunetek: mellkasi fajdalom, rekedtség, focalis ischaemia, vérzés,
hypovolaemia, shock, tamponade, Al—pulm. oedema, embol.

« Diagnosis: Echo, CT, MRI, TEE, D-dimer (?!)

* Spontan mortalitas:
asc. érintett: 35% 1 nap, 50% 2 nap, 70% 1 hét
desc.: 90% egy honapos tulélés
» Kezelés:
kezdeti gyogyszeres: (dP/dtd, SBP<100-120mmHg, pulsus:60-80/min)
[-blocker, nitrat, opiat
acut ascendens — siirgds miitét
desc — gyogyszeres kezelés, ha nincs ischaemias tiinet/vérzés

2025. 04. 07.
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Aorta dissectio

DeBakey L DeBakey 11 DeBakey 111

Elephant trunk
(Borst)

Stent graft

19



Recommendations for Asymptomatic
Patients With Ascending Aortic Aneurysm

1. Asymptomatic patients with degenerative thoracic
aneurysm, chronic aortic dissection, intramural hematoma,
penetrating atherosclerotic ulcer, mycotic aneurysm, or
pseudoaneurysm, who are otherwise suitable candidates and
for whom the ascending aorta or aortic sinus diameter is 5.5
cm or greater should be evaluated for surgical

2. Patients with Marfan syndrome or other genetically
mediated disorders (vascular Ehlers-Danlos syndrome,
Turner syndrome, bicuspid aortic valve, or familial thoracic
aortic aneurysm and dissection) should undergo elective
operation at smaller diameters (4.0 to 5.0 cm depending on
the condition; see Section 5) to avoid acute dissection or
rupture.

3. Patients with a growth rate of more than 0.5 cm/y in an
aorta that is less than 5.5 cm in diameter should be
considered for operation.

4. Patients undergoing aortic valve repair or replacement
and who have an ascending aorta or aortic root of greater
than 4.5 cm should be considered for concomitant repair of
the aortic root or replacement of the ascending aorta.

Recommendations for Aortic
Arch Aneurysms

1. For thoracic aortic aneurysms also involving the
proximal aortic arch, partial arch replacement together
with ascending aorta repair using right subclavian/
axillary artery inflow and hypothermic circulatory arrest
is reasonable.

2. Replacement of the entire aortic arch is reasonable for
acute dissection when the arch is aneurysmal or there is
extensive aortic arch destruction and leakage.

3. Replacement of the entire aortic arch is reasonable for
aneurysms of the entire arch, for chronic dissection
when the arch is enlarged, and for distal arch aneurysms
that also involve the proximal descending thoracic aorta,
usually with the elephant trunk procedure.

4. For patients with low operative risk in whom an
isolated degenerative or atherosclerotic aneurysm of the
aortic arch is present, operative treatment is reasonable
for asymptomatic patients when the diameter of the arch
exceeds 5.5 cm.

Recommendation for Symptomatic
Patients With Thoracic Aortic Aneurysm

1. Patients with symptoms suggestive of
expansion of a thoracic aneurysm should be
evaluated for prompt surgical intervention
unless life expectancy from comorbid
conditions is limited or quality of life is
substantially impaired

* TEE (semiinvasive)
* CT (ECG-gated)
* MRI (ECG gated)

5. For patients with isolated aortic arch
aneurysms less than 4.0 cm in diameter, it is
reasonable to reimage using computed
tomographic imaging or magnetic resonance
imaging, at 12-month intervals, to detect
enlargement of the aneurysm.

6. For patients with isolated aortic arch
aneurysms 4.0 cm or greater in diameter, it
is reasonable to reimage using computed
tomographic imaging or magnetic resonance
imaging, at 6-month intervals, to detect
enlargement of the aneurysm.

2025. 04. 07.
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Recommendations for Descending Thoracic Aorta and
Thoracoabdominal Aortic Aneurysms

1. For patients with chronic dissection, particularly if associated with
a connective tissue disorder, but without significant comorbid
disease, and a descending thoracic aortic diameter exceeding 5.5 cm,
open repair is recommended.

2. For patients with degenerative or traumatic aneurysms of the
descending thoracic aorta exceeding 5.5 cm, saccular aneurysms, or
postoperative pseudoaneurysms, endovascular stent grafting should
be strongly considered when feasible.

3. For patients with thoracoabdominal aneurysms, in whom
endovascular stent graft options are limited and surgical morbidity is
elevated, elective surgery is recommended if the aortic diameter
exceeds 6.0 cm, or less if a connective tissue disorder such as Marfan
or Loeys- Dietz syndrome is present.

4. For patients with thoracoabdominal aneurysms and with end-organ
ischemia or significant stenosis from atherosclerotic visceral artery
disease, an additional revascularization procedure is recommended.

Tagult aorta ascendens mubillentytuvel

Aortogram

2025. 04. 07.
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Chronicus ascendens dissectio

Chronicus ascendens dissectio

2025. 04. 07.
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Hypothermia, agy preszervacio

* Extracorporalis keringés (heparinizécio)

* Metabolikus rata csokkentése hiitéssel

(profound<14°C, deep<20°C, moderate
<28°C, mild <34°C hypothermia)

 Keringésleallas, arrest (20°C: 30-40 min)
» Szelektiv agyi perfuzio (antero, retro)
* Szelektiv zsigeri perfizid (thoracoabd.)
* Jégkasa a fej kortil

* M¢ély anesztézia, barbiturat

» Miité homérséklet 20°C

Kaniilalas

« Aorta ascendens « Jobb pitvar

« Arteria anonyma _kétszintii
* Proximalis iv kettds

» Arteria axillaris
* Arteria femoralis
* A. iliaca

* A. carotis comm.
* Miiér

* Lig. arteriosum

* Egy¢b...

e Femoralis vena

2025. 04. 07.
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Izolalt ascendens, billentyi megtartas

. 2 '

Interpositum

Bentall-miitét (billentyti+graft)

Valvularis conduit
in situ

2025. 04. 07.
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Miuerek — aorta iv mutéthez

Total arch sy

Y

= 5
e
e

_—
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Stentgrafting (endovascular repair)

» Ascendens: coronariak, billentyli, mozgas, aorta
occlusio, agykarosodas (embolizatio, ischemia)
« [v — crossover bypass (subclavia-carotis)

Bal arteria femoralis feltarasa

26



Femoralis venas kaniil

Chronicus ascendens dissectio

2025. 04. 07.
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Ascendens conduit in situ

Residualis iv és descendens dissectio Bentall utan

Dr. Szukits Sandor

2025. 04. 07.
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Koszonom a figyelmet !

~/"12
I “Hybrid OR” = OR + Cath Lab .
| AR - -
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o HEART LUNG MACHN
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