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KLINICKA KLASIFIKACE PLICNI HYPERTENZE (2022)

GROUP 1 Pulmonary arterial hypertension (PAH) - GROUP 3 PH associated with lung diseases and/or hypoxia -

1.1 Idiopathic 3.1 Obstructive lung disease or emphysema
1.1.1 Non-responders at vasoreactivity testing 3.2 Restrictive lung disease
1.1.2 Acute responders at vasoreactivity testing 3.3 Lung disease with mixed restrictive/obstructive pattern
1.2 Heritable® 3.4 Hypoventilation syndromes
1.3 Associated with drugs and toxins® 3.5 Hypoxia without lung disease (e.g. high altitude)
1.4 Associated with: 3.6 Developmental lung disorders
1.4.1 Connective tissue disease GROUP 4 PH associated with pulmonary artery obstructions
1.4.2 HIV infection 4.1 Chronic thrombo-embolic PH -
1.4.3 Portal hypertension 4.2 Other pulmonary artery obstructions*
1.4.4 Congenital heart disease GROUP 5 PH with unclear and/or multifactorial mechanisms
1.4.5 Schistosomiasis 5.1 Haematological disorders? -
1.5 PAH with features of venous/capillary (PVOD/PCH) involvement 5.2 Systemic disorders®
1.6 Persistent PH of the newborn 5.3 Metabolic disorders’
GROUP 2 PH associated with left heart disease - 5.4 Chronic renal failure with or without haemodialysis
2.1 Heart failure: 5.5 Pulmonary tumour thrombotic microangiopathy
2.1.1 with preserved ejection fraction 5.6 Fibrosing mediastinitis

2.1.2 with reduced or mildly reduced ejection fraction®

2.2 Valvular heart disease

Humbert M et al. 2022 ESC/ERS Guidelines for the diagnosis
_ and treatment of pulmonary hypertension
post-capillary PH EHJ 2022, ERJ 2022

2.3 Congenital/acquired cardiovascular conditions leading to



Definition Characteristics®

PH PAPm =25 mmHg

20 15 Pre-capillary PH PAPm 225 mmHg
PAWP <15 mmHg

Post-capillary PH PAPm =25 mmHg
PAWP >15 mmHg
Isolated post-capillary PH DPG <7 mmHg and/or
(Ipc-PH) PVR <3 WUFs

Combined post-capillary and pre-capillary PH DPG =7 mmHg and/or
(Cpc-PH) | PVR >3 WUs

Definition Hae modynamic characteristics

2022 IPH mPAP >20 mmHg 1

mPAP >20 mmHg
Pre-capillary PH PAWP <15 mmHg
[ PVR >2 WU ]
mPAP >20 mmHg
Isclated post-capillary PH PAWP >15 mmHg
PVR <2 WU
mPAP >20 mmHg

PAWP >15 mmHg

Combined post- and pre-
capillary PH

PVR >2 WL
|Exercise PH mPAP/CO slope between rest and exercise >3 mmHg/L/min_| Cor et Vasa 58 (2016)

EHJ 2022, ERJ 2022



Percentage survival rate

Prognostic value of pulmonary artery pressure
in chronic obstructive pulmonary disease

E WEITZENBLUM, C HIRTH, A DUCOLONE, R MIRHOM,
J RASAHOLINJANAHARY, M EHRHART
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Suspekce Plicni hypertenze podle ECHO moznd nebo pravdépodobna

/\

Bez postizeni myokardu nebo chlopni
levého srdce

Postizeni myokardu nebo chlopni
levého srdce

|
Detekce
AR N

Spirometry measures how -
fast and how much
air you breathe out
.

Plicni funkce

R T T RAAR2P

Vyrazna redukce Normalni

l nebo nevyznamna redukce V/Q plicni scintigrafie
Nesegmentarni defekty Segmentarni defekty
¥ ¥
hemodynamika CT angiografie, angiografie, hemodynamika
A v

Konfirmace R T Skupina D




Suspekce Plicni hypertenze podle ECHO moznd nebo pravdépodobna
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levého srdce
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Vyrazna redukce Normalni
l nebo nevyznamna redukce V/Q plicni scintigrafie

Nesegmentarni defekty Segmentarni defekty

\ 4 \ \

hemodynamika CT angiografie, angiografie, hemodynamika
. PH centrum \7
Konfirmace (tézka PH) \l/
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PLICNI HYPERTENZE ASOCIOVANA S ONEMOCNENIM LEVEHO SRDCE

Variable degree of pulmonary congestion, vasoconstriction, vascular remodelling

LA pressure 1 Congestion Remodelling Right heart strain
LA pressure (mmHg) i
Srdeéni selhani se zachovalou EF
5 \Srd b\ | (36-83 % pacientl)
20 40 60 80 100 120 S"‘
LA volume (ml)
LA dysfunction Vasoconstriction Venous Arteriolar RV dysfunction Srdeéni selhani s redukovanou EF

(40-72 % pacientu)

PVR > 2 WU
(20-30 % pacientu)

Tézka
prekapilarni komponenta

PVR > 5 WU

= Stfedné tézka az tézka PH
= Dilatace a/nebo dysfunkce PK

No PH IpcPH

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



HEMODYNAMICKA DEFINICE PH 2022 o

Definition Haemodynamic characteristics

PH mMPAP >20 mmHg
mMPAP >20 mmHg Latentni postkapilarni komponenta:

Pre-capillary PH PAWP <15 mmHg -
PVR >2 WU PAWP > 18 mmHg po volumoveé vyzvé
mMPAP >20 mmHg

Isolated post-capillary PH PAVWP >15 mmHg
PVR <2 WU

_ MPAP >20 mmHg

Combined post-and pre- PAWP >15 mmHg

capillary PH
PVR >2 WU

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

BESC/ERS

X2 ESE MR S Gaik] elines Far the diagnas & and reatment of pulmanany hypertersian

www.escardio.org/guidelines European Heart foumal; 2022 —dai 10,1093 feustheanif ehac 237 and Ewropean fes piratory Jburaal; 2022 - dai 10,118 3135 53003 00879- 2012




PLICNI HYPERTENZE ASOCIOVANA S PLICNIMI ONEMOCNENIMI

Prevalence

Emphysema

Fibrosis
AN R (P

Vascular pruning

P vt A

Remodelling of pulmonary vessels

Severe PH
No PH Non-severe PH (PVR >5 WU)
~70% ~20% ~5-10% Tezka PH
PVR > 5 WU
Mostly ventilatory Mostly circulatory
exercise limitation exercise limitation = Bez vztahu k plicnim objemdm
»  Hypoxémie
Hypoxaemia at rest and/or during exercise " Nizka DLco

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



PATOFYZIOLOLGIE PH U PLICNICH ONEMOCNENI

Salt water retention
Hypercapnic Increased cardiac
Acidosis output/demand
; Alveolar hypoxia
V/Q mismatch
[ _4
Chronic Obstructive ﬁl)‘,’;g)l(?; — Vasoconstriction
Pulmonary Disease > 1 PVR
Endothelial
Emphysema —» Reduction in l dysfunction
vascularbed N\
f PAP
Vascular
Remodeling
Compression of /' ET-11 ETA receptor
S alveolar vessels Pulmonary
Hypertension
IP receptor
PGIZ | P c&MP )
= Vasoconstriction
= Proliferation
A|V90|?r = N4 6 cGMP Vascular remodelling
Hypoxia \ > \ Fibrogenesis
\ Py PDE-5
Vasoconstriction 1 N
= Oxidative stress 3
/ Interstitial lung EMP Pulmonary
Endothelial disease hypertension
Dysfunction
— {PVR
l .Inﬂamrnatl'cun and IL-6 pathway
immune pathways
Oxidative +4+—» Vascular N 1 PAP
Stress Remodeling l
Pulmonary cenetic BMPR2 TGF pathway
. Hypertension predisposition
Inflammation -

Gonzales J et al. Pharmaceuticals 2023, 16, 418, Dhont S et al. ERJ Open Res 2022; 8: 00272-2022

PVR<5WU PVR>5WU



The Challenge to Decide between Pulmonary Hypertension Due
to Chronic Lung Disease and PAH with Chronic Lung Disease

Group 1 PHwith lung disease

Mild

Lung function
abnormalities

FEV1 =260% or VC =2 70%

Mild

Parenchymal
abnormalities

Pulmonary

Group 3 PH due to lung disease

Moderate-severe

FEV1 < 60% or VC < 70%

Moderate-severe

Moderate-severe [+ . Severe Mild-moderate
hypertension
PVR >5 WU
PAH treatment Individualized care® Mo PAH therapy

Olschewski H. Diagnostics 2021, 11, 311



DIAGNOSTICKY ALGORITMUS CTEPH (2022)

CTEPH diagnostic algorithm for symptomatic patients

Suspekce . CTEPH suspected from history
P PH work-up of PE" or risk factors for CTEPH

1 ]

v
L

Perfusion imaging
(V/Q scan or new modality®)
Any mismatched
perfusion defacts

AND

Echocardiography Abnormal exercise tests
Intermediate or \E * (CPET*, stress echocardiography)
high probability of PH suggestive for CTEPD

Detekce

Y
I

Refer to CTEPH/PH centre
Comprehensive work-up? 4
(Table 14,ReCo Table 2)

CTPA + DSA
when CTPA is inconclusive AND

Konfirmace ]
Patients with confirmed CTEPH

l

Treatment assessment by MDT at CTEPH centre
(Class )

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




Ventilation—Perfusion Scintigraphy Is More
Sensitive than Multidetector CTPA in Detecting
Chronic Thromboembolic Pulmonary Disease as a
Treatable Cause of Pulmonary Hypertension

Nina Tunariu', Simon J.R. Gibbs??, Zarni Win*, Wendy Gin-Sing2, Alison Graham!, Philip Gishen!, and
Adil AL -Nahhas34

227 patients referred to the PH service between 2000 and 2005. Group A - CTEPH, Group B - non CTEPH

TABLE 1
Summary of V/Q Scans and CTPA Results
Vv/iQ CTPA

Low Intermediate High
Group prebability probability probability Negative Positive

Aln =78 2 1 75 38 40
Bl =149 134 7 8 148 1
VQ scintigraphy: sensitivity 96-97%, specificity 90-95%
CT angiography: sensitivity 51%, specificity 99%

J Nucl Med 2007; 48:680-684



PLICNI EMBOLIE
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ERS Statement on Chronic Thromboembolic Pulmonary Hypertension

@ EUROPEAN RESPIRATORY journal

FLAGSHIP SCIENTIFIC JOURNAL OF ERS

DETEKCE A DIAGNOSTIKA CTEPH

V/Q planarni scinti je nadale klicovou detekéni zobrazovaci metodou, V/Q SPECT je superiorni, plan.simulace
DECT a MR perfuze — nenahrazuje scintigrafii (limitovana dostupnost, zkusenost, validace)

CTA muze nahradit DSA u proximalnich nalezl, pro zobrazeni periferie neni dostate¢na

Planarni Q scintigrafie

POSTERIOR
iy ECHOCARDIOGRAPHY
PH possible
‘ . Normal perfusion
~ | SPECT PREFERABLE TO PLANAR | vIQ SCINTIGRAPHY GROUP 4 DISEASES
EXCLUDED
Abnormal perfusion
CTPA
Q SPECT
CORONAL AXIAL SAGITTAL
“ HiGH QUALITY [SuBOPTIMAL QuALITY |
' Positive Negative
-
PROXIMAL CTEPH CONFIRMED || CTEPH NOT EXCLUDED
Q SPECT — planami simulace PULMONARY ANGIOGRAPHY PULMONARY ANGIOGRAPHY
NEEDED FOR DIAGNOSIS NEEDED FOR DIAGNOSIS
BN TE-MAA Lung Pechusion
’ . MRPA MAY BE USED FOR DIAGNOSIS IN
CENTRES WITH SPECIALIST EXPERIENCE
DECT
Antenior Pert Postenior Part RPO Pert LPO Pert Eur Resplr J 2021 Jun 17;57(6):2002828




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 [§] 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 .8
Doumes [17] 2014 R 67+ 13 35%  PH of any type 40 14 0.6
Masy [18] 2018 R 59+16  25%  PHofany type 80 36 0.4
Wang [11] 2020 P 4215 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 Accuracy

W Pulmonary artery  ® Perfusion

Lambert L et al. Eur Radiol 2022, Apr 28. doi: 10.1007/s00330-022-08804-5



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’

51 patients with CTEPH, 49 patients without CTEPH
Three 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%CI (%) 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 9399
PPV 100 - 96 87-99 96 8799 97 9499
NPV 100 - 100 - 100 - 100 -
Accuracy 100 97-100 98 93-100 98 93-100 99 97-100

Eur Radiol 2023, Aug 22. doi: 10.1007/s00330-023-10098-0



PLICNi HYPERTENZE V CR

o:-.?:?‘\ European 1 expertni centrum pro CTEPH § 3 expertni centra pro PAH
'."- '3 Reference (PEA/BPA, CTEPH MDT team) = VFN Praha
059! Network VFN Praha = |IKEM Praha
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for rare or low prevalence
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2022 ESC/ERS Guidelines for the diagnhosis and
treatment of pulmonary hypertension

Peak tricuspid regurgitation velocity (m/s)

1
{ v
<28 29-34 >34
[

Presence of other echo PH signs ® (see Table 10)

L@ S Yes/No
® | ® | 7

PH PROBABILITY PH PROBABILITY PH PROBABILITY
LOW INTERMEDIATE HIGH
Risk factors or associated conditions for PAH or CTEPH
P Y } Y Yes/No
7 | @ =

i ¥ =%
Alternative diagnosis Echo follow-up | Ft;\rlt-lh(e:r(:?::mrtt::?)‘/

(Class lla) (Class lla) ‘ (Class I)

Measured variables

Mormal value

Right atrial pressure, mean (RAF) 26 mmHg
Pulmonary artery pressure, systolic (sPAR) 15-30 mmHg
Pulmonary artery pressure, diastolic (dPAF) 4-12 mmHg
Pulmonary artery pressure, mean (mPAF) 8-20 mmHg
Pulmonary arterial wedge pressure, mean (PAVWF) =15 mmHg
Cardiac output (CO) 4-B Limin
Mixed venous cxygen saturation (SvO,)? 65-80%
Arterial oxygen saturation (Sa0) 95-100%
Systemic blood pressure 120/80 mmHg
Calculated parameters
Pulmonary vascular resistance (PVR)” 03-20wWU
Pulmonary vascular resistance index (PVRI) 3-35 WU'm?
Total pulmonary resistance (TPR)* <3IwWu
Cardiac index (Cl) 2 5-4.0 Uminm?
Stroke volume (SV) 60-100 mL
Stroke volume index (SVI) 3347 mU/m’
Pulmonary arterial compliance (PAC)® =23 mL/mmHg

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




HEMODYNAMIC INDICES

SMESSIES
RA, RV, PA and PCWP

Cardiac output

Thermodilution
Fick
Saturations
MvO,,Sa0,, (IVC, SVC, RA, RV)

Vasodilatation testing
Fluid challenge
Hepatic vein catheterization




ABOUT ZERO REFERENCE LEVEL

Anterior thorax surface

5 cm below skin
we 1/3 thoracic diameter

= 1/2 thoracic diameter
10 cm above skin

posterior wall of RA

® ant Thorax

® antRA
mid RA

© postRA

Distance from table level [cm]

mid-thoracic line

Kovacs G et al., Am J Respir Crit Care Med 2014; 190: 252—-257.




RAP (12 mmHg), mid-thoracicline (RS
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ABOUT PCWP
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PCWP-digital PCWP-end Exp

General University Hospital in Prague, Ryan JJ. Et al, AHJ 2012



PCWP (digital mean 14 mmHg) PCWP (end-exp mean 16 mmHg)
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PCWP (14 mmHg), mid-thoracic line el s namanana
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FLUID CHALLENGE

RAP before (11 mmHg)...after (15 mmHg) PCWP before (14 mmHg)...after (19 mmHg)
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SHRNUTI

= Nova hemodynamicka definice PH (PAMP>20 mmHg, PVR > 2 WU)
= Pecliva diferencialni diagnostika PH je zasadni pro adekvatni

(specifickou)
= U skupiny P

écbu
2 a 3 nutno odlisit pacienty s tézkou PH (PVR > 5 WU)

= UCTEPHVO

etekci V/Q scinti (SPECT), pri hodnoceni CT nutna

zkusenost radiologa

= PSK je zlatym standardem v definitivni diagnostice PH

(jednoducha,

spolehliva a bezpecCna )

= Pecliva kalibrace, peclivé hodnoceni PCW, objemova vyzva
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KURZY PLICNI

HYPERTENZE

> REGISTRACE
* AKREDITACE
> PROGRAM 2022

- PORADATEL KURZU

Centrum pro plicni hypertenzi
VFN Praha

> ORGANIZACNI ZANSTENI

V pripadé zajmu o tento odborny kurz
nas nevahejte kontaktovat prostrednictvim e-mailu v.strukova@gsymposion.cz,
budeme Vas informovovat o nejblizSim mozném terminu.

6.-7. ¢éervna 2025

www.pah-cz.cz



