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Yil Yazar Katki

1951 | Mantz First case report of POPH; embolic thrombi suspected from portal system

1960 [ Naeye Series of six POPH cases, some without embolic thrombi; other pathology suggested
1983 | McDonnell US autopsy series; 1.5% incidence rate of POPH in cirrhosis

1990 | Groves NIH registry of PH; 9% had cirrhosis of the liver

1993 | Yoshida First report that LT alone could not reverse severe POPH

1996 | Castro Mayo series showing LT could be safely done when mPAP < 35 mm Hg

1999 | Krowka Mayo series showing IV prostacyclin improved PVR, mPAP, and cardiac output up to 30 months in POPH
2000 | Krowka POPH literature review: pre-LT mPAP > 35 mm Hg a risk factor for post-LT death

2006 | Krowka MELD exception policy initiated; mPAP must be less than 35 mmHg with POPH treatment
2009 | Simonneau | POPH recognized and classified in the WHO Group | of PH

2011 | Cartin-Ceba | Small series first report ERA-ambrisentan for POPH; normalization of PVR occurred

2017 | DeMartino LT safely done if mPAP > 35 mm Hg when PVR/echo of right ventricle normal

2017 | DuBrock UNOS POPH MELD exception study: pre-LT PVR and MELD wait-list death correlates

2019 | Nikolic Bone morphogenetic protein deficiency in POPH/first animal model/biomarker described
2019 | Krowka PORTICO; first randomized, placebo-controlled trial in POPH using ERA-macitentan
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Tani kriterleri

e Portal hipertansiyon: e Pulmoner arter
¢ Splenomegali hipertansiyonu
¢ Trombositopeni ¢ mPAP =25 mmHg
¢ Portosistemik santlar ¢ Pulmoner vaskuler diren¢ =
¢ Ozofagus varisleri 240 dyn-s/cm™ (3 Wood units)
¢ Portal vende genisleme ¢ Pulmonary capillary wedge

pressure <15 mmHg (sirozda
o Hemodinamik &lciimler artmis CO’dan dolayi bazen bu

m Hepatik vendz basing farki>5 mm art saglanamazsa...) ,
Hg ¢ Transpulmonary gradient=

mPAP-PCWP >12 mmHg



Epidemiyoloji

e Siroz hastalarinin %2-5’inde (transplant adaylari icinde %16)
17901 hastalik otopsi serisinde %0,7 (>5xNormal)
e PoPH hastalarinin %10-15’i siroz degil
e PAH hastalarinin ~ %10’u (%5-16) PoPH (REVEALda 9%5.1)
e PoPH prevalansi
¢ Almanya’da 1.2 /milyon
¢ Ingiltere’de 0.85 /milyon

e Kadinlarda (OR: 4) ve otoimmun hepatit sirozlarinda (OR: 9.8) daha sik (?7?).
Hepatit C'de digstk (OR: 0.2)

e Portal HT siddetiyle korele degil, ama dekompanse siroz ve terminal dénem
hastalarda daha sik.



Siddeti

e PoPH, derecelendirmesi

e hafif (MPAP >25 to <35 mmHg)
e orta (MPAP =35 to <45 mmHg),
® agir (MPAP=45 mmHg)

e Sirozdaki hiperdinamik sirktlasyon, trikispit kapakta artmis
regurgitasyon akimina neden olur. Bundan dolayi POPH’In
oldugundan daha yuksek &6n tani alabilecegi unutulmamalidir.



Akcigerde ne oluyor?



Nicin oluyor?

e Portosistemik santlar nedeniyle dolasimda bazi maddelerin artisi

¢ \Vazoaktif maddeler: Splanknik alanda olusan serotonin, IL-1, IL-6, endotelin-1, anjiotensin,
tromboksan gibi vasoaktif maddelerin vazokonstriksiyon ve mitogeneze neden olmasi

Ostrojen sinyalinde genetik degisiklik ve dstrojen diizeyinde artma
Macrophage migration inhibitory factor (MIF) artisi — K&t prognoz
Endotelin-1 dizeyinde artis

* & o o

Bone morphogenetic protein 9 (BMP9) dizeyinde azalma
o Sirozelait yaksele €O -pulrroner vasidH ek yatalda artm-kayna-gerd mest yarat: —
Vazokonstriksityor-hipertrofi; puimoner-arteryet endotetde-protliferasyon-



Klinigi

e Cok buyuk kismi asemptomatik (~%60)

¢ Bu nedenle karaciger nakli yapilacak hastalarda yapilan taramalarda
ortaya konur

e Olasi semptomlar

¢ Dispne (istirahat veya egzersizde)
m Siroz hastalarinin halsizlik nedeniyle ¢cok hareket etmemeleri ve ge¢ dikkati cekmesi
m Sirozda gergin assit, hepatik hidrotoraks nedeniyle de dispne gelisebilmesi
m Halsizlik, yorgunluk, kas atrofisi nedeniyle dispne ile karisan immobilite
m Hepatopulmoner sendrom ile de karistirilabilir veya siklikla bir arada bulunur
 Platipne
* Ortodeoksi (yatar pozisyondan dik pozisyona gecince PaO, =%?5 fazla diigme



PoPH ayirici tanisi

e HPS

e Kalp yetmezligi

e Assite bagh diyafram yukselmesi
e Hepatik hidrotraks

e Genel duskunluk hali
e Diger dispne sebepleri (astma, KOAH, DIF)



HPS ve PoPH

Hepatopulmoner sendrom Portopulmoner Hipertansiyon

Normal pulmonary artery

Note the thin media and the monolayer of endothelial cells
laying down on wavy internal elastica

Adventitia = Collagen fibers and fibroblasts

Hepatopulmonary syndrome

Media = Smooth muscle cells

v

Intima = Endothelial cells ’
Internal elastica

Rdvd
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External elastica
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Mixed venous L 3
‘ " Uniform
" ventilation

I Pulmonary arterial changes in PAH

Tertiary lymphoid
A follicle C D Fibrous
Neointima material
Vasconstriction Arterial remodeling and inflammation Plexiform lesion Thrombotic lesion
Note morphological signs of Note adventitial and medial Note the glomeruloid lesion due to aberrant Note the recanalized
vasoconstriction, including thickening and neointima angiogenesis arising within a branch of small thrombus in the lumen

narrowed lumen and tightly formation, due to smooth muscle cell supernumerary pulmonary artery

folded internal elastica with and fibroblast proliferation/migration,
endothelial cells pinched and pulmonary lymphoid neogenesis
between their folds




HPS ve PoPH farklari

Ozellik
Klinik ozellik

Tani kriterleri
Karaciger hastalig
Siddeti

Sikligi

Tibbi tedavi

5 yillik yasam

Kc transplantasyonu

Tedavi akibeti

HPS

intrapulmoner vaskiiler dilatasyonlardan
dolayi arteryel hipoksemi

PaO, <80 mmHg

Siroz

Karaciger hastaligi ile zayif korelasyon
%5-32

Supplemental oksijen

%23 (tedavisiz)

Endike

Kc nakli ile tam diizelme

PoPH

Pulmoner arter hipertansiyonu

mPAP >25 mmHg; PVR >3 wood U
Portal hipertansiyon

Karaciger hastaligi ile zayif korelasyon
%5-10

Pulmoner vasodilatator tedavi

%4-14 (tedavisiz)

mPAP >45 mmHg ise kontrendike

Onceden kestirilemez, %50 dizelme



Tanisi

e Transtorasik ekokardiyografi ile tarama

e Sag ventrikul sistolik basinci yuksek olanlarda sag kalp
kateterizasyonu



Transtorasik ekokardiyografi kime yapilmali?

e Siroz veya PH olan ve semptomatik olan herkes
e Transplant adayi olan herkes

e Hipoksi olan butun transplant adaylarina kontrast
ekokardiyografi yapilmahdir. HPS ve PoPH ayirtetmek icin.



Kime sag kalp kateterizasyonu yapilmali?

e Orta ila yuksek olasilikli pulmoner hipertansiyonu olanlara
(yani, trikuspit regirgitasyon hizi [TRH] >2.8 metre/saniye veya
tepe TRH'si <2.8 metre/saniye ve diger pulmoner hipertansiyon
belirtileri olanlar) SKK yapilmalidir.

e Aslinda, ¢cogunlukla semptomlar ve ekokardiyografik gérintime
dayanarak karaciger nakli olacaklarda biraz daha cémertce SKK
yapilir. Nakil olmayacaklarda SKK esigi daha yuksek tutulabilir.



Tedavi — Temel prensipler

e Tedavi, kalp, akciger ve karaciger uzmanlarinin isbirligi ile
yurGtulmelidir.

e Pulmoner hipertansiyona ydnelik tedaviler, bazi ktguk farkliliklar
disinda diger PAH’lardan farksizdir.

e Portal hipertansiyon icin yapilacak tedavilerde bazi farkliliklar
olmakla beraber temel prensip diger portal hipertansiyonlara benzer.
e Nakil endikasyonu varsa POPH g&z 6ninde bulundurularak karar
verilmelidir.
¢ mPAP 35-50 + PVR >250 dyn-s/cm™ — %50 mortalite

¢ mPAP >50 — %100 mortalite*
¢ mPAP <35 saglanirsa mortalite duger

*: Krowka, Liver Transpl 2000;6:443-450



Liver Transplantation, Vol 10, No 2 (February), 2004: pp 174-182

Hepatopulmona Table 7. PortoPH: Outcome and Pulmonary
Hypertens io Hemodynamic Subgroups (Untreated)
Live

S Michael J. [(rf;z;k? Denied Following OLT:
rig;j; Mgﬁg § ggj;jfz OLT Died Survived
(N=300 (N=130 (N=23)

MPAP < 35 0 1 5

PVR = 250 0 0 5

PVR > 250 0 1 0

PVR NR 0 0 0

35 =MPAP =50 15 8 12

PVR = 250 1 3 3

PVR > 250 12 5 9

PVR NR 2 0 0

50 < MPAP 15 4 6

PVR = 250 1 1 0

PVR > 250 13 2 4

PVR NR 1 1 7




PoPH tedavisindeki farkliliklar

e Kalsiyum kanal blokerlerinin
yeri yoktur.

e PAH tedavisinde yeri olan
antikoagulanlardan kaginilir.

e Portal hipertansiyon
yOnetiminde édnemli yeri olan
non-selektif B-blokerler
kullanilmaz.

Liver

Functional component

vascular contractility 1

Structural component
Fibrosis and regeneration

nodules

Portal pressure 1

Systemic circulation

Vasodilation

SVR| MAP| HRt CO*t

+ Portal-systemic collaterals

Splanchnic circulation

vasodilation

Inadequate chinical FESpONSE
(Table 15)

Consider listing for lung transplantation®
(Table 22)

vascular remodeling

neovascularization




Deleterious Effects of 3-Blockers on Exercise Capacity and Ten consecutive patients with moderate to
Hemodynamics in Patients With Portopulmonary Hypertension . qre portopulmonary hypertension (mean

GASTROENTEROLOGY 2006;130:120-126 pulmonary artery pressure of 52 [10] mm
STEEVE PROVENCHER,* PHILIPPE HERVE," XAVIER JAIS,* DIDIER LEBREC,® MARC HUMBERT,* Hg) underwent a 6-minute walk test and a

* * N . . .
CERALDY SIVONNERU,™ ancl OLIMIER SlTHY right heart catheterization at baseline and 2

*Centre des Maladies Vasculaires Pulmonaires (UPRES EA 2705), Service de Pneumologie, Hopital Antoine Béclére, Clamart; TCentre

Chirurgical Marie-Lannelongue, Le Plessis-Robinson; and SLaboratoire d’Hemodynamique Splanchnique et de Biologie Vasculaire, INSERM (1) months after beta_blocker Wlthd rawal.
Unité 481, Hopital Beaujon, Clichy, France

Table 3. Resting Hemodynamics of Patients on B-Blockers and 2 = 1 Months After Cessation of 3-Blocker Therapy

Main pulmonary Calculated pulmonary

arterial pressure Stroke volume Heart rate (beats/ vascular resistance
(mm Hg) Cardiac output (L - min~1) (mL) min) (dyn -s-cm2)

Patient no. B-b F-up B-b F-up B-b F-up B-b F-up B-b F-up
1 62 64 3.94 4.18 58 56 68 74 1076 1091
2 60 68 3.19 3.91 50 48 64 81 1204 1146
3 42 43 5.21 6.50 77 98 68 66 614 455
4 51 59 3.36 4.97 57 60 59 83 1024 789
5 54 47 4.08 6.65 56 75 73 89 941 493
6 53 62 5.17 6.89 85 77 61 89 665 627
7 67 60 4.66 6.06 73 67 64 81 996 673
8 53 66 4.58 6.60 66 66 69 100 838 691
9 40 28 5.63 6.25 88 88 64 71 483 371
10 37 40 5.24 5.89 87 77 60 77 473 407

Mean (SD) 52 (10) 54 (12) |4.51(0.84) 5.797(1.07)| 70(14) 71(15) 65(4) 817(10) | 832(258) 6687 (278)
6 dk ylirtime testi: 338+-79’dan 417+-54’e ¢ikmis




PoPH tedavisindeki farkliliklar

e Kalsiyum kanal blokerlerinin
yeri yoktur.

e PAH tedavisinde yeri olan
antikoagulanlardan kaginilir.

e Portal hipertansiyon

yOnetiminde énemli yeri olan A

non-selektif B-blokerler
kullanilmaz.

e TIPS’ten kacinmak gerekir

Decreased
circulation

Cirrhosis

<<<<<<<<

| hypertension

Portal

Stent
placement

Inferior

Portal

| decompression
\
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Kc nakli adayi veya klinik siphe
(dispne, goéguste rahatsizlik, P2 siddetlenmesi)

<30 | >30 — <50

» POPH yok ¢ TTE de Sag Ventrikul Sistolik Basinci > Kisisel bazda karar
<25 (20) "
mPAP (SKK) 6-12 ay icinde TTE
>25
— PVR <240 PVR >240 PVR >240 _
mPCWP <15 mPCWP >15 ' TPGl<12
PoPH [« TPG >12 PoPH degil—Kalp hastaligi
| : ;
mPAP (25-35) mPAP (=35-<50) mPAP (=50)
| | l ,, .
Gerekiyorsa nakil |+ PVR<250 PVR>250 Yiksek mortalite
7'} ¢ TX YOK
PAH spesifik

Var < .
tedavisine cevap

— Yok




PoPH olan hastalarin nakil sonrasi prognozu
daha kotuduar

Huang et al. BMC Gastroenterology (2018) 18:79
https://doi.org/10.1186/512876-018-0797-8 BMC Gastroentero|ogy

RESEARCH ARTICLE Open Access

The early outcomes of candidates with ® e
portopulmonary hypertension after liver
transplantation

Bingsong Huang'", Yi Shi'", Jun Liu*, Paul M. Schroder®, Suxiong Deng', Maogen Chen', Jun Li', Yi Ma"
and Ronghai Deng'”



PoPH olan hastalarin nakil sonrasi prognozu
daha kotudar

e 11 retrospektif calisma, 1 prospektif RCT
e 37686 karaciger nakli, 453 PoPH

-
PPH non-PPH Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1996 Taura 1 8 1 15 0.6% 2.00[0.11, 36.95]
1997 Ramsay 37 103 308 1103 33.2% 1.45[0.95, 2.21] ™
2002 Starkel 10 38 24 107 91% 1.24 [0.53, 2.90] =
2010 Pietri 3 24 4 24 3.4% 0.71 [0.14, 3.60]
2012 Yassen 1 9 0 10 04% 3.71[0.13,103.11) >
2013 Mangus 32 102 208 1161 22.8% 2.08[1.34, 3.29) -
2014 Salgia 12 78 4109 34240 156% 1.33[0.72, 2.47) B
2015 Bozhas 17 47 39 156 11.4% 1.70[0.85, 3.41) T
2016 Rajaram 4 13 0 20 0.3% 19.42([0.95, 398.49] »
2017 DeMartino 1 1 16 269  3.2% 0.53[0.07,4.12]
Total (95% Cl) 453 37105 100.0% 1.59 [1.26, 2.01] L
Total events 118 4710
Heterogeneity: Chi*= 7.25, df= 9 (P = 0.61); F= 0% b ' ' =

0.01 0.1 1 10 100

Test for overall effect: Z= 3.87 (P = 0.0001) Favours PPH  Favours non-PPH

Fig. 2 Patient mortality at 1 year

\.




Nicin POPH prognozu kotulestirir?

e Hastalarin yarisinda PoPH belirtileri hi¢ kaybolmaz ve PAH
tedavisine devam gerekir.

e Nakilden sonra en az 6 ay PoPH belirtileri devam eder.

e Nakilden sonra POPH daha belirginlesebilir. Hatta bazi vakalarda
nakilden sonra geligir.

e Hangi hastanin nasil seyredecegi 6nceden kestirilemez.



PAH tedavisinde dikkat edilecekler

e WHO functional Class | vakalarda gbézlem (diger PAH’lar gibi)

e WHO FC lI-IV farmakoterapi yapuilir.

¢ ET reseptdr agonistleri: Bosentan hepatotoksik olabilir.
Ambrisentan ve macitentan daha emniyetli.




PVR Week 12:baseline

Macitentan for the treatment of portopulmonary hypertension: results from
the multicentre, randomised, double-blind, placebo-controlled PORTICO
study. Sitbol O, et al. The Lancet. Respiratory Medicine 2019;7(7):594-604

10 mg Macitentan gunde tek doz / Plasebo RCT
PoPH (Child C veya MELD >19 alinmamis)

18 -
16 -
1-4 -
12 - .
T S (e
0-8 -
0-6 4
0-4 -

02 4

0-0

Macitentan (N=43) Placebo (N=42)

—a— Macitentan

-—-—+-- Placebo
RV A,
50
40
2 30+
% 20 4
O 10_
o —104
g 204
s
0 _30-
—40 -
_50_

Macitentan in OL treatment period

SAE: %20.9 vs 14.3
llag kesme: %9.3 vs O
Odem: %?25.6 vs 11.9

6 dakika yuriime mesafesi

OL start

Number of patients

Macitentan
Placebo/macitentan

1 1 1 1 1 1
Baseline Week Week Week Week Week

Week
4/DB 8/DB 12/DB 16/0L 20/0L 24/0L
Visit
43 41 39 38 37 36 32
42 41 40 40 37 37 34



PAH tedavisinde dikkat edilecekler

e WHO functional Class | vakalarda gbézlem (diger PAH’lar gibi)

e WHO FC lI-IV farmakoterapi yapuilir.

¢ ET reseptdr agonistleri: Bosentan hepatotoksik olabilir.
Ambrisentan ve macitentan daha emniyetli.

¢ Phosphodiesterase-5 inhibitor’leri: Metabolizmalari karaciger
bozuklugundan etkilenmez. Emniyetlidirler. Splanknik
vazodilatasyon?

¢ Prostasiklin agonistleri bakimindan diger PAH’lardan fark yok.




Research Article n JOURNAL
Liver Transplantation Csaies OF HEPATOLOGY

Journal of Hepatology 2020 vol. 73 1 130-139

Portopulmonary hypertension in the current era of pulmonary
hypertension management

Laurent Savale"*”*, Manuel Guimas™”, Nathan Ebstein"**, Marie Fertin’, Mitja Jevnikar"*~,

Incident patients with portal hypertension included
in the French PH Registry from 2007 to 2017
N =742

Excluded: n=105
* Incomplete RHC data n=11
* PVR <3 WU and/or PAWP >15 mmHg n =94

Study cohort of PoPH patients

N =637
I
Y ' 1 y
No PAH therapy Initial monotherapy Initial double combination therapy Initial triple combination therapy
n=63(9.9%) n =474 (74.4%) n =95 (14.9%) n=5(0.8%)

PDE-5i, n = 336 (52.7%) ERA + PDE-5i, n = 89 (14%)
ERA, n =128 (20.1%) ERA+ IV PCA, n=1(0.2%)
IV PCA, n =10 (1.6%) PDE-5i + IV PCA, n = 5 (0.8%)




e PAH tedavisi baslanan 574 hastanin 504’0 takip edilebilmis.

e 453’Une tekrar RHC yapilmis (median 4.5 ay sonra)

e 264/504 (%52) hastada en az 1 fonksiyonel sinif dizelme saglanmig
e 6 DYT nde median 40 m dizelme gorilmus.

t Tt t
D TO n.s. I 1 T 1 I
O 1 80 - I 1 12 - n.s. 1t n.s. 1t 600 - n.s. t
n.s. T E I 1T 1 T 1T 1 I " 1
r 10 1 '€ 104 *xkx 154 500 el Jedede ke dok ke
— - ok Kk
3;:» 60+ l**** —'|'_**** L*** = 8 . ok l l 5“ ’é“ 400 ll ll l
e 8_ ; 10 dede koK ke g
< 40- £ 6- = 2 300+
(a Ie) ﬂ>f Jedk gk g
©
Sﬁ 2 l‘ 100 4
0 0 0 | , 0
ERA PDE-5i ERA+ ERA PDE-5i ERA+ ERA PDE-51 ERA+ ERA PDE-5i ERA+
PDE-5i PDE-5i PDE-5i PDE-5i
Median change -TmmHg -7 mmHg -15mmHg +1.2 L/min  +1.2 L/min +2.8 L/min -26 WU -22WU -5.8 WU +31m +47 m +93m

(IQR) (-2,-11)  (-1,-12) (-6, -23)"# (+0.4, +1.8) (+0.3,+2.2) (+1.6, +3.9):H+ (-1.2,-3.9) (-1.1,-3.9) (-3.6, -8.3)H# (-7.5, +100) (-7, +110)(+26, +181)



Yagam suresini
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Months since PoPH diagnosis
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Cirrhosis
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Survival (%)

Patients at risk (n)
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belirleyen en énemli faktor zemindeki karaciger bozuklugudur
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e Transplantasyon yapilanlarin yasam suresi transplantasyon
endikasyonu olmayanlardan bile daha iyidir

1% -'—LH_'_‘-\—\_‘_\_‘
804 .. I
= 60 - "
©
=
S 40 4
= 1 Yeeaaa
n
20 N
p <0.0001
0 1 | 1 1 1
0 12 24 36 48 60
Months since PoPH diagnosis
Patients at risk (n)
—— Transplanted patients 63 58 45 36 31 24
No indication for LT 520 412 332 259 201 144
Indication for LT but not 54 31 19 14 8 6

- transplanted



OZET

e Sirozlarin <9%5’inde, Tx adaylarinin %20’ye yakininda PoPH

e Sirozlarin prognozunu ¢ok kétulestirir.

¢ Karaciger nakli yapilmayan ve PAH tedavisi verilmeyen hastalarin 5
yillik yasam orani %14 ’tir.

¢ Tedavi hemodinamik parametreleri ve fonksiyonel kapasiteyi iyilestirir.
Ama gene de esas prognozu belirleyen sirozun kendisidir.

e Tx hastalarinda, POPH olmayanlara gére olanlarin yasam suresi
daha kisadir. mPAP arttik¢a bu stire ¢ok kisalir.

e PAH tedavisi ve gereken hastalarda karaciger nakli yapilmasi
prognozu c¢ok iyilestirir.

e Nakilden sonra hastalarin en az yarisinda PAH ila¢ tedavisine >6
ay devam edilir.
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Ama gene de esas prognozu belirleyen sirozun kendisidir.

e Tx hastalarinda, POPH olmayanlara gére olanlarin yasam suresi
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