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Adult Lung Transplants

Diagnosis Distribution by Location
(Transplants: January 2005 — June 2018)
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Adult Lung Transplants

Kaplan-Meier Survival by Major Diagnosis
(Transplants: January 1992 — June 2017)

100 —A1ATD (N=3,257) —CF (N=9,428) —COPD (N=19,159)
—IIP (N=15,574) ILD-not IIP (N=3,336)  —IPAH (N=1,944)
75 +—= Median survival (years):

A1ATD: 7.1; CF: 9.9; COPD: 6.0;
lIP: 5.2; ILD-not IIP: 6.7; IPAH: 7.0

Survival (%)
3

25 —
All pairwise comparisons were significant at
p < 0.05 except AMATD vs. ILD-non
lIP, A1ATD vs. IPAH, COPD vs. ILD-non —
IIP, and ILD-non IIP vs. IPAH.
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TRANSPLANTACE U PLICNI HYPERTENZE (2022)

ommendations

recommended that potentially eligible
idates are referred for LTx evaluation when
have an inadequate response to oral

bination therapy, indicated by an intermediate—
or high risk or by a REVEAL risk score >7

recommended to list patients for LTx who
ent with a high risk of death or with a REVEAL
score >10 despite receiving optimized

ical therapy including s.c. or i.v. prostacyclin

ogues

Class?

Level®

Referral
Potentially eligible patients for whom LTx might be an option in

treatment failure

ESC/ERS intermediate—high or high risk or REVEAL risk score >
appropriate PAH medication

Progressive disease or recent hospitalization for worsening PAF
Need for i.v. or s.c. prostacyclin therapy

Known or suspected high-risk variants, such as PVYOD or PCH, s
sclerosis, or large and progressive pulmonary artery aneurysms
Signs of secondary liver or kidney dysfunction due to PAH or o
potentially life-threatening complications, such as recurrent haen
Listing

Patient has been fully evaluated and prepared for transplantatio
ESC/ERS high risk or REVEAL risk score >10 on appropriate P.

medication, usually including i.v. or s.c. prostacyclin analogues
Progressive hypoxaemia, especially in patients with PVYOD or Pt
Progressive, but not end-stage liver of kidney dysfunction dueto |

life-threatening haemoptysis

Humbert M et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, EHJ 2022, ER.



Transplantation, bridging, and support technologies
in pulmonary hypertension

Laurent Savale ®*%3, Alberto Benazzo ©*%, Paul Corris®, Shaf Keshavjee ©° Deborah Jo Levine’,
olaf Mercier”*2, R. Duane Davis’ and John T. Granton'°

cations to list for transplantation

igh-risk category despite optimal medical therapy

ersistent intermediate—high risk despite optimal medical therapy with significant RV dysfunction
ecurrent hospitalisation for RV failure despite optimal medical therapy

fe-threatening haemoptysis

ver or kidney dysfunction”

| some instances, persistent severe impairment in quality of life can be considered as an indication for

transplantation
iagnosis of PVOD or PCH that has failed a trial of conventional PAH therapy
iagnosis of underlying ILD, COPD or combined pulmonary fibrosis/emphysema combined with severe RV
dysfunction despite optimal management
nticipated programme waitlist times

Eur Respir J 2024; in press: 2401



Transplantation, bridging, and support technologies
in pulmonary hypertension

Laurent Savale ®*%3, Alberto Benazzo ©*%, Paul Corris®, Shaf Keshavjee ©° Deborah Jo Levine’,
olaf Mercier”*2, R. Duane Davis’ and John T. Granton'°

Rizika hemodynamické nestability a primarni dysfunkce Stépu

Recipient risk factors Complication
RV function RV dysfunction and haemodynamic instability (paradoxically, better RV
function has been associated with a higher risk of primary graft

dysfunction)

Listing mPAP, RAP, PVR Primary graft dysfunction

Scleroderma Haemodynamic instability

Heart failure with preserved Haemodynamic instability, primary graft dysfunction?, worse long-term

ejection fraction survival

RV hypertrophy RV outflow tract obstruction

BMI Primary graft dysfunction

Creatinine Primary graft dysfunction

Cardiopulmonary bypass Primary graft dysfunction

Transfusion during surgery Primary graft dysfunction

Smoking history Primary graft dysfunction

Eur Respir J 2024; in press: 240°



2 ESC/ERS Guidelines for the diagnosis and

atment of pulmonary hypertension

Treatment of patients with I/H/D-PAH or PAH-CTD

!

Diagnosis confirmed at PH centre, vasoreactivity testing negative

‘ : the coufse of the disease

(ReCo Table 5)
(Class 1) )
1
v ¥
Patient without Patient with
cardiopulmonary comorbidities® cardiopulmonary comorbidities®
l All risk categories
\_ (Table'le)
w or intermediate High
T v
Initial ERA Initial ERA + PDES5i Initial oral monotherapy
+ PDESi therapy and i.v./s.c. PCA® with PDESi or ERA
(Class ) (Class lla) (Class Ila)
t J l
¥
Regular follow-up assessment Regular follow-up assessment
(Table 17) and individualized therapy
Risk (4 strata)
{ \_ (Table 18)
1 : o
X ntermediate-hig
Low Intermediate-low
or high
! v
L Switch from Add i.v.or s.c. PCA and/or
Contmu(c::ll:;tslall)therapy Agd P:A OR PDESi to sGCs evaluate for |lung transplantation
Plaltal) (Class lib) (Class Ila)

Treatment algorithm for pulmonary arterial hyperten

Initial risk assessmentb
|

Not high risk¢

Combination ERA + PDE-5i Combination i.v./s.c. PPA, ERA, PDE

| |
v

First follow-up risk reassessment at 3-4 months
And repeated frequentlyb
|

v v v

Intermediate-high riskf

Addiv./s.c.|
(1st choice if n
or activin-sign:
inhibitor

Continue initial | | Add activin-signalling Add i.v./s.c. PPAor
therapy inhibitor, oral or activin-signalling
inhaled PPA inhibitor

Can consider switch

PDE-5i to sGCS

Persistent intermediate-high or hig

Maximal Rx: 4-drug i.v./s.c. PPA, ERA, PC
or sGCS, activin-signalling inhibitor
Lung transplant evaluation

Eur Respir J 2024; in press: 2401325
Eur RespirJ 2022; DOI: 10.1183/13993003.0



Transplantation, bridging, and support technologies
in pulmonary hypertension

Laurent Savale
Olaf Mercier':>®

1,23 Alberto Benazzo
, R. Duane Davis® and John T. Granton®®

%, Paul Corris®, Shaf Keshavjee

®, Deborah Jo Levine’,

h 4

Acute decompensated PH with
fluid overload

.

A 4

Preserved systemic blood pressure
No hypoperfusion

Preserved systemic blood pressure
Hypoperfusion

Low systemic blood pressure
Hypoperfusion

v

Loop diuretics

A ¢
Loop diuretics
and consider inotropes

Persistent congestion

I

Increase diuretic doses
and/or combine diuretics +——

RRT?

Low systemic blood pressure
Persistent congestion

v

Loop diuretics

and consider vasopressors * inotropes

Persistent hypoperfusion
Organ damage

ECLS - urgent transplantation
OR palliative care

Afterload optimisation
Optimisation of PH
management
concurrently with
haemodynamic
stabilisation

Eur Respir J 2024; in press: 240°




Predictors of survival in patients with pulmonary hypertension
and acute right heart failure

Ambroz D', Jansa P!, Kuchar J°, Belohlavek J!, Aschermann M!, Dytrych V!, Lindner J3,
Simkova I*, Linhart A'

ospective analysis of RHF 2004-2013 (PAH, CTEPH, 70 patients, 117 hospitalizations, mean age 53.1 yec
gering factors: infection (17.9%), SVT (8.5%), anemia (5.9%), other (1.8%), unknown (66%)

7 Total 018 i
J wat
o N of cases 117 21 96
i Hyponatremia (N of cases) 63 15 48
| 28 Creatinine (mean=SD) 133£53 15474 128«
| Systolic blood pressure (mean+SD) 108+17  102+16 109+
| Anemma <Hb 100 g/l (N of cases) 7 3 4
Haemoglobin (g/L: mean+SD) 133+24 127428 134+
| Ascites (N of cases) 41 7 34
i ) 12 - 15 Paracentesis (N of cases) 27 6 21
] T ] l SBP (N of cases) 11 4 7
IPAH HPAH CTDPAH CHDPAH CTEPH SBP — spontaneous bacterial peritonitis
Etiology of PH Baseline characteristics

Bratisl Med J 2020; 121 (3)23!



Predictors of survival in patients with pulmonary hypertension
and acute right heart failure

Ambroz D', Jansa P!, Kuchar J°, Belohlavek J!, Aschermann M!, Dytrych V!, Lindner J3,

Simkova I*, Linhart A'

ospective analysis of RHF 2004-2013 (PAH, CTEPH, 70 patients, 117 hospitalizations, mean age 53.1 yec
gering factors: infection (17.9%), SVT (8.5%), anemia (5.9%), other (1.8%), unknown (66%)

Hospitalizations
All Cardiology ward ICU
(n=117) (n=96) (n=21)
ity (n) 15 (13%) 4 (4%) 11 (52%)
liuretics 45 (38%) 43 (45%) 2 (10%)
10us diuretics 72 (62%) 53 (55%) 19 (91%)
mine 37 (32%) 19 (20%) 17 (81%)
nephrine 6 (5%) - 6 (29%)
nendan 5 (4%) - 5 (24%)
[ 5 (4%) - 5 (24%)
10 (9%) - 10 (48%)
1 (1%) - 1 (5%)
) 2 (2%) : 2 (10%)

— Continuous veno-venous hemofiltration, NIV — non- invasive ventilation.
invasive mechanic ventilation, ECMO — Exftracorporeal Membrane Oxy-

Tapy

All Survivors Non-survr

(n=21) (n=10) (n=11)

dobutamine 18 7 (39 %) 11 (61 %
norepinephrine 6 0 (0 %) 6 (100 °
levosimendan 5 2 (40 %) 3 (60 %
NIV 10 4 (40%) 6 (60 %
IMV 1 0 (0 %) 1 (100¢
CVVH 5 2 (40 %) 3 (60 %
ECMO 2 1 (50 %) 1 (50 %

CVVH — Continuous veno-venous hemofiltration. NIV — non-invasive venti.
IMV — invasive mechanic ventilation. ECMO — Extracorporeal Membrane

genotherapy

Therapy

Therapy - ICU

Bratisl Med J 2020; 121 (3)23!



Predictors of survival in patients with pulmonary hypertension
and acute right heart failure

Ambroz D', Jansa P!, Kuchar J°, Belohlavek J!, Aschermann M!, Dytrych V!, Lindner J3,

Simkova I*, Linhart A'

ospective analysis of RHF 2004-2013 (PAH, CTEPH, 70 patients, 117 hospitalizations, mean age 53.1 yec
gering factors: infection (17.9%), SVT (8.5%), anemia (5.9%), other (1.8%), unknown (66%)

Survival after the first admission
for RHF

1.0

0.8

0.6 -

0.4 -

Survival probability

0.2 -

0.0 1 1 1 1
0 1 2 3 4 5
Time (years)

Patients
at risk 65 42 21 12 7 4

Bratisl Med J 2020; 121 (3)23(



CHRONICKA TROMBOEMBOLICKA PLICNI NEMOC



Definition, classification and diagnosis of pulmonary

hypertension

Dinesh Khanna®, David Badesch’ and David Montani

1 Haemodynamic criteria of pulmonary hypertension (PH)

Haemodynamic characteristics

pillary PH

»d post-capillary PH (ipcPH)

ined post- and pre-capillary PH (cpcPH)

se PH

mPAP >20 mmHg
mPAP >20 mmHg
PAWP <15 mmHg
PVR >2 WU
mPAP >20 mmHg
PAWP >15 mmHg
PVR €2 WU
mPAP >20 mmHg
PAWP >15 mmHg
PVR =2 WU

mPAP/CO slope >3 mmHg/L/min
between rest and exercise

mean pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure; PVR: pulmonary vascular
nce; WU: Wood Units; CO: cardiac output.

Gabor Kovacs™?, Sonja Bartolome?, Christopher P. Denton
J

9,10,11

4. Michael A. Gatzoulis>®, Sue Gu’,

Step 1:
Medical history (risk conditions), symptoms (WHO-FC), signs of PH

Step 2:
Simple noninvasive tools (chest radiography, ECG, basic

A

Diagnosis and
treatment of
alternative
condition (mostly
heart or lung
disease)

Referral of
patients with
suspected PH-ILD
or severe PH
associated with
other chronic
lung diseases or
severe cpcPH to
PH centre

laboratory testing including BNP/NT-proBNP, oxygen saturation)

Step 3:
Echocardiography
(TRV, 2D and Doppler indices of PH*, left heart assessment)
+
Airway and lung assessment
(ABG, PFT, D, ¢, imaging (preferably chest CT), PG/ONO)

Step 4:

V'/Q' scan
+
Detailed laboratory testing
+
Additional testing
(6MWT, + CPET, + cardiac MRI)

PH centre
Step 5:
RHC
with vasoreactivity testing/

v

A 4

Fast-t!
referrz
patient:
high prol
of PAH/(
or high u

exercise testing/fluid loading
(as needed)
and
comprehensive PH workup

Eur Respir J 2024; in press



Chronic thromboembolic pulmonary disease

Test Pros Cons Examples
V/Q scan « Screening test of choice « Perception of being an outdated test
« Specific to pulmonary arterial blood flow or phasing out
« Normal or abnormal = Ventilation may not be available (e.g.
accessibility, pandemic effect)
SPECT scan « More sensitive than planar radionucleotide « Not additive if planar scan
perfusion scan already available
« May become more readily available than V//Q
CT pulmonary « Most widely available » False negative results (e.g. chronic
angiogram « Detailed information about pulmonary circulation segmental/subsegmental disease)
(with or without but also lung parenchyma and mediastinum » Requires radiologist with CTEPD
dual energy) « Dual energy capable of perfusion map awareness and experience
« Contrast necessary
Pulmonary « Direct injection into pulmonary arteries can offer « Requires right heart catheterisation with
angiogram details of the lumen including sequential views as devices allowing for rapid injection
contrast passes without catheter migration
« Helpful for surgical or BPA planning « Limited access to expertise
» Can underestimate disease
MRI « No radiation « Requires radiologist with CTEPD

« Can offer views of pulmonary circulation, perfusion
map and surrounding soft tissues

«Valuable for pulmonary arterial tumour evaluation

« Additional cardiac morphology and functional
assessment

awareness and experience
« Limited access to expertise

Kim NH et al. Eur Respir J 2024; in press



The diagnostic performance of CT pulmonary angiography
in the detection of chronic thromboembolic pulmonary
hypertension—systematic review and meta-analysis

10 studii, 734 pacientU
CTA ma vysokou senzitivitu a vysokou specificitu, pokud je provadéna expertnim radiologem

Author Year Design Age (years) Male Inclusion criteria Sample Patients with
published + SD (range) gender size CTEPH
Tunariu [§8] 2007 R 42 (18-81) 37%  PH of any type 227 78 Pooled estimates
Bartalena [13] 2008 R 55(22-87) 36%  PH of any type 107 37
Reichelt [14] 2009 R 59 (18-76) 48%  Suspected CTEPH 27 24 1.0
Nakazawa [15] 2011 P 58(29-80) 67%  Suspected or known CTEPH 51 51
He [16] 2012 P 43+ 15 43%  Suspected CTEPH 114 51 e
Doumes [17] 2014 R 67 +13 35%  PH of any type 40 14 0.6
Masy [18] 2018 R 5916 25%  PH of any type 80 36 sk
Wang [11] 2020 P 42 +15 34%  Suspected CTEPH 150 5l 0.2
Fathala[19] 2021 R 41+ 10 37%  CTEPH (scintigraphy, PEA) 54 54 0.0
Schiissler [20] 2021 P 63+ 15 31%  Suspected CTEPH 71 13 Sensitivity ~ Specificity PPV Accuracy

M Pulmonary artery M Perfusion

Lambert L et al. Eur Radiol 2022, Apr 28. doi: 10.1007/s00330-022-(



Even non-expert radiologists report chronic thromboembolic
pulmonary hypertension (CTEPH) on CT pulmonary angiography
with high sensitivity and almost perfect agreement

Jan Hrdlicka' - Martin Jurka' - Bianka Bircakova' - David Ambroz® - Pavel Jansa® - Andrea Burgetova' -
Lukas Lambert’

patients with CTEPH, 49 patients without CTEPH
ee radiologists with different levels of experience in CT imaging (R1:15 years, R2:6 years, and R3:3 years

/

R1 R2 R3 Overall

(%) 95%CI (%) 95%CI1 (%) 95%CI (%) 95%CI
Sensitivity 100 93-100 100 93-100 100 93—100 100 98-100
Specificity 100 93-100 96 86—100 96 86—-100 97 93-99
PPV 100 = 06 87-99 96 8799 97 94-99
NPV 100 - 100 - 100 . 100 -
Accuracy 100 97-100 08 93—-100 98 93—-100 99 97-100

Eur Radiol 2023, Aug 22. doi: 10.1007/s00330-023-



22 ESC/ERS Guidelines for the diagnhosis and
atment of pulmonary hypertension

Chronic thromboembolic pulmonary dise

& i

CTEPH diagnosis

Maintain lifelong full anticoagulation

Treatment assessment by a
CTEPH MDT#
Yes No
Operable? !
A 4 .
BPA candidate?
1 : Pulmonary Yes No
! l ! endarterectomy* h 4
5 &
. LT

3-6 months evaluation for symptomatic persistent PHf

Humbert M et al. Eur Respir J 2022; DOI: 10.1183/139930C
Kim NH et al. Eur Respir J 2024; in press: 2401294



2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension

Multidiscipinarni CTEPH tym

= Chirurg se zkusenosti s PEA

= [ntervencni kardiolog se zkusenosti s BPA

= Specialista na plicni hypertenzi

= Radiolog se zkusenosti z vysokoobjemového CTEPH centra

Optimalni pocéty vykonu

= PEA > 50 vykonu/rok
= BPA > 100 vykonu/rok nebo > 30 pacientu se zahajenou léCbou

Humbert M et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. EHJ 2022, E



Chronic thromboembolic pulmonary disease

ABLE 3 Chronic thromboembolic pulmonary hypertension (CTEPH) multidisciplinary team (MDT) and centre

Xpertise

Requirements

ADT PEA surgeon + BPA specialist + PH expert + pulmonary vascular radiologist
EA centre >20 surgeries per year with post-operative mortality rate <5%, ECMO support
xpert PEA centre 50 surgeries per year with mortality <3%, capable of treating segmental/
. subsegmental disease, ECMO support
PA centre >50 procedures per year with procedure related mortality <3%
xpert BPA centre >100 procedures per year with mortality <1%, ECMO support
omprehensive CTEPH _ combined PEA + BPA + PH + ECMO expertise available with treatments based o

centre centre MDT

EA: pulmonary endartectomy; BPA: balloon pulmonary angioplasty; PH: pulmonary hypertension; ECM
xtracorporeal membrane oxygenation.

Kim NH et al. Eur Respir J 2024; in press



CTEPH V CESKE REPUBLICE (2003-2023)

Nové diagnostikovani pacienti (n=892)
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Jansa P et al. Epidemiology of chronic thromboembolic pulmonary hypertension (CTEPH) in the Czech Republic. Pulmonary Circulation 2022;12
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H. James Ford
Adam Torbicki

®7 and J. Simon R. Gibbs

', Colleen Brunetti’, Pisana Ferrari®, Gergely Meszaros®, Victor M. Moles

Exploring the patient perspective in pulmonary hypertension

>, Hall Skaara®,

Value of PROMs in

O..
o®

pulmonary hypertension#

Improve patient management and @

satisfaction with care and carer

Assist disease self-management g

PROMs in
routine
clinical care

Contribute to the patient feeling cared for 0

Identify problems that the patient might 0
overlook if they are unaware of their relevance

Measure the impact of treatment and side-effects 0 e Estimate prognosis

o Include PROMs in clinical trials

e Choice of PROMs led by patients

PROMs in
interventional
clinical trials

Communicate PROM perspectives
to patients after trial completion

Provide PROM perspectives at
regulatory hearings

e Use of PROMs after clinical adoption of the
intervention

o Improve healthcare provider's communication with patient
0 Facilitate shared decision-making about patient's
needs, priorities and treatment goals

e Tailor individualised PH treatment,
and holistic supportive and rehabilitative care

o Provide standardised serial monitoring of health status

v
o Quality indicators linked to guidelines

Registry to record quality indicator
@ Comparison of outcomes between

PH centres

e Improve outcomes relevant to patients

Eur Respir J 2024; in press: 240112



Exploring the patient perspective in pulmonary hypertension

H. James Ford

! Colleen Brunetti?, Pisana Ferrari’, Gergely Meszaros®, Victor M. Moles

>, Hall Skaara®,

- - 7 - - 8
Adam Torbicki and J. Simon R. Gibbs
PROM Diseases Domains Correlates Scale/ Questions Approximate Time period Languages App or MCID References
assessed assessed with scoring n completion assessed available onlinetool  (points)
time (min)
CAMPHOR PAH Symptoms 6MWD, FC, Borg Yes/no and 65 10 Same day 23 No HRQoL 3 [60-64]
CTEPH Activity dyspnoea score, 3-point Likert Symptoms 4
HRQoL clinical worsening Activities 3-4
EmPHasis-10 PAH HRQoL 6MWD, FC, BNP, 6-point 10 2-3 At time of 25 Yes 6-8 [60, 65-67]
CTEPH PVR, REVEAL risk semantic assessment
score, survival differential
Living with PH PAH Physical 6MWD, FC 6-point Likert 21 5-10 1 week English only No Overall 7 (68]
Emotional Subsections 3
PAH-SYMPACT PAH Cardiopulmonary 6MWD, FC, 5-point Likert 23 5-7 24 hfor symptoms 22 for paper Yes Not available [69-72]
CTEPH symptoms REVEAL 2.0 risk score, 7 days forimpacts version, (research
Cardiovascular D o, Survival 33forelectronic  only)
symptoms version
Physical impacts
Cognitive/
emotional impacts
PAHSIS PAH Symptoms SF-36 scores 11-point Likert 17 <5 1 month English only No Not available [73]
EQ-5D Generic Mobility Not available Visual analogue 5 2-5 Same day 208 Yes Not available [74-75]
Self-care for PAH
Pain
Anxiety/depression
Activity
SF-36 Generic Physical functioning ~ 6MWD, FC, survival Variable 36 8-10 4 weeks 193 Yes Not available [76-78]
Physical limitations
Pain
General health
Energy/vitality
Social functioning
Emotional limitations
Mental health

Eur Respir J 2024; in press: 240112



SHRNUTI

LA 4

_UTXx - detailngjsi indikace, stratifikace rizika transplantace

CTEPH - proti ESC/ERS Guidelines 2022 bez zasadni zmeny
- definice typu center
(centrum, expertni centrum, komplexni centrum)

Pacienti - zasadni vyznam pacientskych organizaci
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