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Agv £XW OUYKPOUON CUPPEPOVTWYV



Iotop1Ko

= AcOevnc nAikiog 28 eTwv pe Lotoptkd XNA Adyw
QLLOAUTIKOU-0UPALULKOU GUVOPOUOU UTIO
alpokaBapon amo setiog (dnuioupyia AVF mipo
3etioc) e€etaletal ota MAQLOLA
TIPOUETAOOYEVTIKOU EAEYXOU GTNV KALVLKN HOG

* O aoBevrig avadepel OUOTIVOLA OTT MLKPN
KOTIWOT) KOl O TEAEUTALOG KAPOLOAOYLKOG
eANeyYOG elye TpaypatoTonOei po 2 eTwv
XYwpLg va avadepovtal TaBoAoyLlkd evprpata.

* O MPOoPATOG EPYOTNPLAKOG TOU EAEYYOG OEV
£YE QVOOELEEL LOLALTEPO EVPTIHATOL.
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Table 8A Echocardiographic probability of
pulmonary hypertension in symptomatic patients with

a suspicion of pulmonary hypertension

<2.8 or not
measurable




Table 9 Diagnostic management suggested according to echocardiographic probability of pulmonary hypertension in

patients with symptoms compatible with pulmonary hypertension, with or without risk factors for pulmonary arterial
hypertension or chronic thromboembolic pulmonary hypertension

Alternative diagnosis should be Echo follow-up should be

considered la considered l
Alternative diagnosis, echo follow-up, lla
: should be considered Further assessment of PH including ,
Intermediate o lla - 45 46
Further investigation of PH may be m RHC should be considered
considered®

Further investigation of PH I Further investigation of PH* I
(including RHC®) is recommended including RHC is recommended )




EPOTH2H 1: Molo €ival to &mopevo
d1ayvwoTikd ocac Brua;

1. CTPA

2. 2mvOnpoypadpnua aEPLOPOV-ALUATWONG
TIVEULOVWV

3. Aelog kKaBetnploouog

4. MoyvnTikn topoypadio Kapolag

5. AlolcodayeLo vmepnyoypadnua




Ag€10Cc kKaBetnpilaopoc 1

= RA: 8mmHg
= RV:75/7mmHg

" PA:73/45/54mmHg
= PCWP: 24mmHg

= CO: 4,45 lt/min

= Cl: 2,5lt/min/m?2
= SvO?2 65%
= PVR:9,97WU




Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 8)

High or intermediate Low

v

Consider left heart disease and lung diseases Consider other causes
by symptoms, signs, risk factors, ECG, and/or follow-up (Table 9)
PFT+DLCO, chest radiograph and HRCT,

arterial blood gases (Table 9)

wiagnosis of left heart diseases or Yes
lung diseases confirmed?

Mo signs of severe

Signs of severe PH/RY
dysfunction

YiQ scan® Refer to PH
Mismatched perfusion defects? expert centre

Yes Refer to PH No
expert centre

CTEPH possible:

RHC (Table 10)
mPAP 225 mmHg, PAWP
<15 mmHg, PYR >3 Wood units

PAH likely Consider other
Specific diagnostic tests causes

m
b _ rto-
B - pulmonary

Schistosomiasis

CT pulmonary angiography,
RHC +/- Pulmonary Angiography

A
]

v v

Idiopathic Ildiopathic Heritable
PVOD/PCH PVOD/PCH PAH PAH

CHD = congenital heart diseases; CT = computed tomography; CTD = connective tissue disease; CTEPH = chronic thromboembaolic pulmonary hypertension;

DLCO = carbon monoxide diffusing capacity; ECG = electrocardiogram; HIV = Human immunodeficiency virus; HR-CT = high reselution CT; mPAP = mean pulmonary arterial
pressure; PA = pulmonary angiography; PAH = pulmonary arterial hypertension; PAVYP = pulmonary artery wedge pressure; PFT = pulmonary function tests;

PH = pulmenary hypertension; PVOD/PCH = pulmonary veno-occlusive disease or pulmonary capillary hemangiomathesis; PVR = pulmeonary vascular resistance;

RHC = right heart catheterisation; RV = right ventricular; V/Q = vendlaton/perfusion.

*CT pulmonary angiography alone may miss diagnosis of chronic thromboembolic pulmonary hypertension.




Table 4 Comprehensive clinical classification of
Ppulmonary hypertension (updated from Simonneau et a[.s)-

NT&

=
. |

8]

rugs
ssociaved wwith:
Connective tissue disease
Human immunodeficiency wvirus (HIW) infection
Porrtal hypertension

al heart d se (Table &)

m—mmmmh W=
ol

hhhhhd
Wawp=-

1".2.1 EIFZAK4 mutation
1".2.2 Ocher muta NS
1".3 Drugs, toxins and radiation induced

.1 Connective tissue disease
1".4.2 HIV infection

1
2

.3 Valvular dises:
-

Congenital / acquired left heart inflow/outflow tract
cbstructicon and congenital cardiomyoparthies
.5 Congenital facquired pulmonary veins stenosis

tructive pulmonary disease

itial lung disease
Other pulmonary diseases with mixed restrictive and
obstructive pattern
Sleep-d dered breaching
Alveolar hypoventilation disorders
Chronic exposure to high altitude
Developmental lung diseases (WWeb Table 1)

Nobhs W=

Chronic thromboembolic pulmonary hypertens
Other pulmonary artery obstructions
1 Angiosarcoma
.2 Ocher intravascular cumors
-3 Arteritis
ST pulmonary arteries stenoses

bbb AN=

[VESESESEY]

Haematological di rder ronic haemolytic anaemia.,
myeloproliferacive disorder plenectonmy
Systemic disorder: nary histiocyrtosi
hrmphang i
.3 Mertabolic disorders: glycogen storage dis
disease, thyroid disorders
5.4 Oth




5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy
5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis,

lymphangioleiomyomatosis, neurofibromatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: pulmonary tumoral thrombothic microangiopathy,

fibrosing mediastinitisc€hronic renal failure>(with/without

dialysis), segmental pulmonary hypertension




Table I3 Risk assessment in pulmonary arterial hypertension

Determinants of prognosis*
(estimated |-year mortality)

Clinical signs of right heart failure

Intermediate risk 5-10%

High risk >10%

Absent Present

Progression of symptoms No

Slow

Rapid

Syncope No

Occasional syncope”® Repeated syncope’

WHO functional class LIl

Il v

6MWD >40m

165440 m <l65m

Peak VO, >15 mimin/kg
(>65% pred.)
VENCO; slope <36

Cardiopulmonary exercise testing

|1-15 miiminfkg (35-65% pred)

Peak VO, Peak VO, <I | ml/min/kg
(<35% pred))

BNP <50 ngl
NT-proBNP <300 ng/l

NT-proBNP plasma levels

RA area <I8 cm?

Imaging (echocardiography, CMR imaging) No pericardial efusion

VENCO; slope 36-44.9 VEVCO; slope 245
BNP 50-300 ng/ BNP >300 ng/l
NT-proBNP 3001400 ng/l NT-proBNP >1400 ng/
i el - '.:mj . RA area >26 cm’

No or minimal, pericardial

Pericardial effusion

effusion

RAP <8 mmHg
CI 225 Umin/m’
Sv0, >65%

Haemodynamics

RAP 8-14 mmHg
Cl 2.0-24 lfmin/m’
Sv0, 60-65%

RAP >14 mmHg
Cl <2.0 lmin/m’
SvO, <60%




EPOTH2H 2: MNoilo e€lval to emouevo
Oepameut1kd ocac Brua;

1. 2UYKAelon AVF kat evapén TTEPLTOVALKNG
kaBapong

2. Evopén aywyng pe PDE-g

3. Evapén aywyng e avtaywvioteg ET

4. 'Evapén ouvovaopou pe PDE-g/ET
5. Metauooyeuon veppou




Iotoplko 2

» O aoBevng TibeTaw o€ aywyn pe tadalafil 20mg
od kol ToapakoAoUBEITAL EKTOTE TAKTIKA Qv
TPLUNVO OTO LOATPELO TIVEUUOVIKTIG UTIEPTOONG
NG KALVIKIIG MOG ME KALVIKO, EPYOCTNPLOKO,
QTIELKOVIOTLIKO KO AELTOUPYLKO EAEYYO ( BAETITN
dokluooia Baodiong) mapouctalovtag
UTIOKELUEVIKT] KOl AVTLKELUEVIKN BEATIWON.
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[IOPEIA NO2OY

* ‘Eva TEPITIOU YpOVO HETA TNV APYLKT] OLAYVWOT)
TIPOCEPYETAL EKTAKTWG ALTLWLEVOG OUCTIVOLAG
OTNV EAGYLOTN KOTIWON.

= ATIO TO BLOYNLKO EAEYYO OLATILOTWVOVTAL TIOAU
VPNAEG TineEG NTpBNP

» H 6Aemttn doklpaoio fadiong emPePatwvel tnv
ETILOELVWOT) TOU AELTOUPYLKOU OTAOLOU (400m)
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Ag€10C kKaBetnpilaocpoc 2

= RA: gmmHg

= RV:100/8mmHg

= PA:100/45/65mmHg
= PCWP: 24mmHg

= CO:3,91 lt/min

= Cl: 2,2lt/min/m?
= PVR:11,46WU
= SvOZ 62,7%




Table I3 Risk assessment in pulmonary arterial hypertension

Determinants of prognosis* Intermediate risk 5-10% High risk >10%

(estimated |-year mortality)

Clinical signs of right heart failure Absent Present

Progression of symptoms No Slow Rapid
Syncope No Occasional syncope”® Repeated syncope’
WHO functional class LIl \
6MWD >4 m <[65m

Peak VO, >15 miminlkg PeakVO, Peak VO, <1 | miminlkg
Cardiopulmonary exercise testing (>65% pred) [1-15 ml/min/kg (35-65% pred.) (<35% pred))

VENCO; slope <36 VENCO; slope 36-44.9 VEVCO; slope 245

BNP <50 ngl BNP 50-300 ngl BNP >300 ngll
NT-proBNP <300 ngll NT:proBNP 300-1400 g/ NT-proBNP >1400 ngl

RA area 18-26 cm’
No or minimal, pericardial
effusion

NT-proBNP plasma levels

RA area <18 em’
No pericardial effusion

RA area >26 cm’

Imaging (echocardiography, CMR imaging) Pericardial effusion

RAP <8 mmHg RAP 8-14 mmHg RAP >14 mmHg
Haemodynamics C1 225 Umin/m? Cl 2.0-24 limin/m’ Cl <2.0 Umin/m?
Sv0, >65% Sv0, 60-65% SvO, <60%




EPOTH2H 3: MNoilo elval to emouevo
Oepameut1kd ocac Brua;

1.

2UYKAelon AVF kal evapén TEPLTOVAILKNG
kaBapong

[Mpoobnkn avtaywviot ET otnv aywyn
[1pooONKkN TPOOTAVOELOOUG OTNV aywyT)

Evapén tpimAng aywyng e PDE-

5/ET/mpootavoeldovg
MeTtapooyeuon vedpou



[IOPEIA NO2OY

= 2TNV aywyr mpooTiBeTal avTaywvioTng
uttoooxewv ET kaBwg kat furosemide 250mg

" 2TNV TEAEUTAIO ETTAVEEETOOT) TOU TIPO 3
unvwy Tepimovu o acBevnc eivar Eava oe FC I,
oTnV 6AETTN doKlpacia Badlong onvuoe
54om, Ta eTtinteda tou NTpBNP utoywpnoav
o010 6192
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STATE OF THE ART REVIEWS

Pulmonary Hypertension in Dialysis Patients

(eorge Kosmadakis, Didier Aguileraz, Odette Carceles”, Enrique Da Costa Correia” and
[oannis Boletis’

'Nephrology Unit, Latko General Hospital, Athens, Greece; *Renal Unit, CH Vichy, Vichy, France



[INEYMONIKH YMNEPTA2XH KAI XNA

= HIY adopd o€ HEYAAO TTOGOOTO
alpokaBalpopevwy aoBevwv Kol oTTOTEAEL
aVEEAPTNTO OUCHEVT] TIPOYVWOTIKO TIAPAYOVTIQ
emBiwong.

= O emumoAaouoG TTOIKIAAEL avdAoya e TN péEBodo
EKTLUNONG KOl KUPOVETOL OTLG OLAPOPEG
UTIEPTXOYPOAPLKEG HEAETEG ATIO 12-49% UE TILO
QUENLEVEG TLLEG OTLG OPAOEG aloBevwv TTou
atpokoBaipovtal peow AVF o€ cuykpLlon PE TNV
TEPLTOVALKT) KABapon




[INEYMONIKH YMNEPTA2XH KAI XNA

* H mieomn oTnVv MVEVHOVIKN apTnpia auéAVeL HETA
NV evapén alpokaBapone Kol UELLVETOL UETA
TN METOPOOYEVON VEPPOU

* [IVEUMOVLIKT] UTIEPTAON TIPLV TN HETAUOTYEVOT)
vEDPOU OWG oUC)ETICETAL UE AUENUEVT
mBavotnTa amdppLPng TOU LOOYEVMOATOG KAl
HELWMEVN eTiBiwon.




Arteriovenous fistula formation

Y

Increased cardiac output

Y

Derangement in
vasoconstrictive/vasodilatory
mediators

Uremic conditions

Vascular calcifications

Vasoconstriction, thrombosis, and
pulmonary vascular remodeling

Local and systemic chronic
inflammation

Shower of microbubles originating
from the tubing or the dialyzer

J

Plexogenic arteriopathy

Y

Pulmonary hypertension

Figure 1. Potential pathophysiologic mechanisms for the development of PH in dialysis patients.




| Pulmonary Hypertension in Patients with Chronic Kidney

Disease on Dialysis and without Dialysis: Results of the
PEPPER-Study

Stefan Pabst'®, Christoph Hammerstingl'®, Felix Hundt*®, Thomas Gerhardt®, Christian Grohé?,
Georg Nickenig', Rainer Woitas?, Dirk Skowasch™

1 The Department of Intemal Medicine Il - Cardiclogy/Pneumalogy, University of Bonn, Bonn, Germany, 2 The Department of Intemal Medidne | - Nephrology, University
of Bonn, Bonn, Germany, 3 Praxis fiir Nieren- und Hochdrudkkrankheiten Bonn, Bonn, Germany, 4 The Lungenklinik Berdin-Buch, Berlin, Germany

Abstract

Pulmonary hypertension (PH) is common in patients with dialysis-dependent chronic kidney disease and is an independent
predictor of mortality. However, specific hemodynamics of the pulmonary circulation, changes induced by hemodialysis and
characterization into pre- or postcapillary PH have not been evaluated in patients with chronic kidney disease. We assessed
consecutive patients with end-stage chronic kidney disease in WHO FC=Il with dyspnea unexplained by other causes on
hemodialysis (group 1, n=31) or without dialysis (group 2, n=31) using right heart catheterization (RHC). In group 1, RHC
was performed before and after dialysis. In end-stage chronic kidney disease, prevalence of precapillary PH was 13% (4/31),
and postcapillary PH was discovered in 65% (20/31). All four cases of precapillary PH were unmasked after dialysis. In group
2, two cases of precapillary PH were detected (6%), and postcapillary PH was diagnosed in 22 cases (719%). This is the first
study examining a large cohort of patients with chronic kidney disease invasively by RHC for the prevalence of PH. The
<grevalence of precapillary PH was 13% in patients with end-stage kidney disease—Fhat suggests careful screening for

precapillary PH In This selected patient poputation. RAC should be performed after hemodialysis.




Clin Exp Nephrol (2017) 21:1088-10% ® CrossMark
DOI 10.1007/s10157-016-1344-y

ORIGINAL ARTICLE

Idiopathic pre-capillary pulmonary hypertension in patients
with end-stage kidney disease: effect of endothelin receptor
antagonists

Masato Nishimura' « Toshiko Tokoro® + Satoru Yamazaki’ + Tetsuya Hashimoto” +
Hiroyuki Kobayashi' + Toshihiko Ono’



Clin Exp Nephrol (2017) 21:1088-1096

Endothelin receptor antagonists (+), n= 11

Endothelin receptor antagonists (-), n =4

Log rank, P = 0.0001
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Fig. 3 Heart failure death-free survival rates in patients with or
without endothelin receptor antagonists. Mean survival time in
patients without endothelin receptor antagonists was
7.5 = 2.1 months. Heart failure death-free survival rates at 1 and

3 yvears were 100 and 71 % in patients with endothelin receptor
antagonists, whereas they were 25 and 0 % in patients without




[TPOBAHMATI2MOI-EPQTH2EIX

* O apBpog Twv aoBevwy e XNA utto/ywpels
alpokaBapon auvéaveTtal cuveEXWC.

» O grunoAacpuog g MY og autoug toug acBeveig
elval uPNAOGG, elval KUPLWG LETATPLYOELOLIKT] KOl
ATtooOETAL OE QVENEVT] KOPOLOKT) TIOLPOXT),
oupaluia, 6LoTOALKT) SUCAELTOLPYIQ,

BaABLoomabeleg.

» ExeL avayvwpLloTel TEAEUTALO OPWG KOl UYNAO
0000 TO acBevwy pe potpLyoeldikn Y.




[TPOBAHMATI2MOI-EPQTH2EIX

* [Tola elvat N ouPBoAT TNG atpokdBapong Kal
TwV popPwv NG (AVF, pooyeupa, tepLtovalikn),
otnv avarmtuén IY;

* [Tola elvat n B€on TG €10IKNG PAPUAKEUTIKNG
aywyng Y;

= Elvaln petapooyguon vedpou n pLikn
Oepameia otoug acbeveic autoug aveéaptnTa

QATIO TOV QUENEVO XELPOUPYLIKO KAPOLAYYELAKO
Kivouvo;
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