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2019 ESC Guidelines for the diagnosis and

management of acute pulmonary embolism
developed in collaboration with the European

Respiratory Society (ERS)
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CHRONICKE KOMPLIKACE PO AKUTNI PLICNIi EMBOLII

Hereditarni trombofilie

vSichni pacienti po PE Ziskana rizika
l Rekurentni tromboembolické pfihody

¥

vSichni pacienti po PE

symptomaticti Akutni PE CTEPH

s perzistujicimi tromby Kompletni 96%-98%

pex . reperfuze
| zatézova kapacita

CTEPH

NE BB OCQ

CTEPD s plicni hypertenzi (=CTEPH)

Definice: prekapilarni plicni hypertenze+symptomy

postembolicky syndrom

p Pricina: tromboticka okluze + remodelace

Konsekvence: pravostranné srdec¢ni selhani a smrt

CTEPD bez plicni hypertenze

Trombot. okluze+remodelace+symptomy (bez PH)

Klok FA et al. Blood Rev 2014 Nov;28(6):221-6, Delcroix M et al. Eur Respir J 2021 Jun 17;57(6):2002828



KLINICKA KLASIFIKACE PLICNIi 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'
GROWUP 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



Suspekce Plicni hypertenze podle ECHO mozna nebo pravdépodobna

/\

Postizeni myokardu nebo chlopni Bez postizeni myokardu nebo chlopni
levého srdce leveho srdce

V
Detekce
AABN

Spirometry measures how Y
fast and how much
air you breathe out
»

- Plicni funkce

R T T~ RAAR2E

Vyrazna redukce Normalni

l nebo nevyznamna redukce > V/Q plicni scintigrafie
Nesegmentarni defekty Segmentarni defekty
\ v
hemodynamika CT angiografie, angio%rafie, hemodynamika
v
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DIAGNOSTICKY ALGORITMUS CTEPH (2022)

CTEPH diagnostic algorithm for symptomatic patients

CTEPH suspected from history
Suspekce i of PE* or risk factors for CTEPH
L J
¥

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

AND

Echocardiography Abnormal exercise tests
Intermediate or . \ﬂ‘/ » (CPET*, stress echocardiography)
high probability of PH suggestive for CTEPD

Detekce

1
Y

B

Refer to CTEPH/PH centre ;
Comprehensive work-up® ...
(Table 14,ReCo Table 2)

CTPA + DSA
when CTPA is inconclusive ~ AND

l

Patients with confirmed CTEPH

I

Treatment assessment by MDT at CTEPH centre
(Class 1)

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

iDose (3)
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2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension
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Doporucené postupy Evropské kardiologické spole¢nosti
(ESC)/Evropské respiracni spolecnosti (ERS) pro diagnostiku
a lécbu plicni hypertenze, verze 2022.

Tabulka 24 doporuceni - Doporuceni pro chronickou tromboembolickou plicni hypertenzi a chronické tromboembolické plicni onemocnéni

bez plicni hypertenze

Doporuéeni Trida® Uroveni®
CTEPH

U viech pacient( s CTEPH je doporuceno dozivotni podavani terapeutickych davek antikoagulacni [écby.
U viech pacient( s CTEPH je doporuceno testovani antifosfolipidového syndromu.
U pacient( s CTEPH a antifosfolipidovym syndromem je doporucena antikoagulace pomoci VKA.

Je doporuceno, aby vsichni pacienti s CTEPH byli vy3etieni tymem pro CTEPH za tcelem posouzeni multimodalni lécby.

PEA je doporucena jako lé¢ba volby u pacientt s CTEPH a fibrézni obstrukci v plicnich tepnach pristupnych
chirurgickému zakroku.

BPA je doporucena u pacientd, ktefi jsou technicky inoperabilni nebo maji rezidudlni PH po PEA a distalni
obstrukce vhodné pro BPA.

Riociguat je doporucen u symptomatickych pacientt s inoperabilni CTEPH nebo pretrvavajici/recidivujici PH.
Dlouhodobé sledovéni je doporuc¢eno po PEA a BPA, stejné jako u pacientd s CTEPH na medikamentézni |é¢bé.

Humbert M et al. Eur Heart J 2022 Oct 11;43(38):3618-3731, Jansa P et al. Cor Vasa 2023;65:236—-286



CTEPH — PROGNOZA NELECENEHO ONEMOCNENI

Longterm Follow-up of Patients with
Pulmonary Thromboembolism®

Late Prognosis and Evolution of Hemodynamic and  5leté preziti: PAMP > 50 mmHg 10%
Respiratory Data

N=76, M/F = 50/26, vék 48.2 roku cumulative survival p” (No.)
hemodynamické vysSetfeni 1964-1979 1.0

S, <20 mmig (64)

Group: Acute PE Subacute PE Recurrent PE Occult PE “-

21-30mmHg (19)

Death from
pulm. hypertension: | O n ﬂ |
7 1) 0.6 “eemme===  Total(147)
Pea > 30 mmHg | 0 o a 1 4 o 1203
31- 40 mmHg (10)

Ppa 21-30mmHg | 2 4 9 3 3 4 0 o 0.4
PPA < 20 mmHg 12 8 13 18 16 14 11 o 2_1 \ 4]_50 m"' (‘9)
\ AN AN
Death from
2 1 1
other cause: ° > 50 mmllg (35)
Examination: 1st  2nd 1st 2nd 1st 2nd 1st 2nd 2 a4 6 8 10 years

Riedel M, Stanek V, Widimsky J, Prerovsky |, Chest 1982, 81: 151-8



PATOFYZIOLOGIE CTEPH

OBSTRUCTED Low flow | PRy N |
Low pressure L 1) ' |

Thromboembolic
obstructions

High flow /
NON-OBSTRUCTED High pressure r

Smooth muscle cell proliferation and
endothelial dysfunction + proliferation

Lang et al. Ann Am Thorac Soc 2016 Vol 13, Supplement 3, pp S215-S221
VSeobecna fakultni nemocnice v Praze



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

m A

J Proximal PA fibrotic

+
(—— —
| = |
v

. > - D

H s ol LB - »

' - A - : - -~
' : y > ol
' ' \ ¥\
. ' & ) A B
. ! \ A 2 X
H N \ . P
' | -
e m o

0 (2 L3 i

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




PLICNi ENDARTEREKTOMIE (PEA)

07/03/2005 13:10:31

Zdroj: VSeobecna fakultni nemocnice v Praze



INTERNATIONAL CTEPH REGISTRY

N=679 (nove diagnostikovani 2007-2009, Evropa+Kanada) | 1e0 -
NYHA FC llI+IV 81.4 %, vék 63 let (51; 72) sl
Operovano 56.8 % 100
PAMP 47 (38; 55) mmHg, Cl 2.2 (1.8; 2.7) L.min-1.m2 80 T f
60 1 i [
PVR 709 (480; 988) dyn.s.cm™ 0 WL W
B S M i na e -
FRICSINL GB DE IT PL AU BE DK ES SK CA IE CH RO SE TR
p<9.0001 (I?g—rank test) _ I—
ve aemm me me w w wmw 228 235
Honths from Biagrosis preop. (n=252) postop. (n=252) 1 year (n=70)

Pepke Zaba J et al. Circulation 2011 Nov 1;124(18):1973-81; Delcroix M et al. J Thorac Cardiovasc Surg 2011;141:702-1



EFEKT CHIRURGICKE LECBY CTEPH NA PREZITI

N=623 (noveé diagnostikovani 2003-2019)
N=456 (nové diagnostikovani 2003-2016), NYHA llI+IV 91.8 %, vék 63.2 (49; 77), operovano 52.1 %
PAMP 50.0 (34; 81) mmHg, Cl 2.1 (1; 4) L.min"".m2, PVR 682.4 (244; 2197) dyn.s.cm-°

Do roku 2003 2004-2016
Sleté preziti: PAMP > 50 mmHg 10% Sleté preziti: PEA 95 % vs ostatni 55-65 %

-—
cumulative survival s0- 1.0 + Censored
pp‘ (No') 0.9 M
1.0 N o <t
- <20 mmHg (64) Z o7 :
S 304 6._ % 0.6
0.8 21-30mmHg (19) B g os
3 &0 § 0.4
o % ] e o +—
0.6- ——— = 42 S o3
X T Tolﬂ(]‘]) ® ol 2 02
§| 0.1
oal 31- 40 mmHg (10) g . 0o
* ® All patients | 453 406 385 335 300 265 227 197 157 132 96 60
Q20 Operated | 236 215 209 197 175 160 137 123 98 84 65 45 31
8 1 NoResidual PH | 130 129 120 123 115 107 93 8 69 63 49 33 22
=~ Residual PH 106 86 80 74 60 53 44 37 29 21 16 12
0.2 4"50""“"’ (19) 10 Not Operated | 217 191 176 138 125 105 90 74 59 48 31
1 6 Technically Inoperable | 129 119 111 9 84 69 58 49 39 32 19
Medically Inoperable 88 72 65 48 41 36 32 25 20 16 12
’so mn“’ (35) 0 g . . & 3 & 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
LB S— T T T T T 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2016 2018 2017 2018 2019
2 4 6 8 10 years Years

Riedel M, Stanek V, Widimsky J, Prerovsky |, Chest 1982, 81: 151-8
Jansa P et al. Epidemiology of chronic thromboembolic pulmonary hypertension (CTEPH) in the Czech Republic. Pulmonary Circulation 2022;12:e12038




PATOFYZIOLOGIE CTEPH

OBSTRUCTED Low flow | PRy N |
Low pressure L 1) ' |

Thromboembolic
obstructions

High flow /
NON-OBSTRUCTED High pressure r

Smooth muscle cell proliferation and
endothelial dysfunction + proliferation

Lang et al. Ann Am Thorac Soc 2016 Vol 13, Supplement 3, pp S215-S221
VSeobecna fakultni nemocnice v Praze



REGISTROVANA FARMAKOTERAPIE CTEPH

Placebo (n = 88)
= Riociguat (n = 173)

metes)

Treatment effect*: + 46 m

p <0.001
Wilcoxon test
(95% CI: 25, 67)

Mean change from baseline
in 6MWD (m)

min walk distance change fram baseline (

6

Time (week)
(n=189) (n=172) 500
Inoperable CTEPH Persistent/recurrent CTEPH after PEA g
+54m +26m =
&
(95% CI 29, 78) (95% Cl -16, 68) =
s T 0—-- ——— e
Placebo (n = 20) £Z
E Placebo (n = 68) e m Riociguat (n = 52) Z é
° _ = Riociguat (n = 121) H =
sE SE Z 2 _soo-|
EQ o 3
s £
S = =
=2 2= 2
Se S =
B
g 2 -1000 .
(8] High-dose subcutaneous Low -dose subcutaneous
treprostinil treprostinil

Studie CHEST (riociguat), n=261 Studie CTREPH (treprostinil), n=105
Inoperabilni, perzistentni CTEPH, vék 59, 16 tydnu Inoperabilni, perzistentni CTEPH, vék 64, 24 tydnu

Ghofrani HA et al. NEJM 2013, 369: 319-329
Sadushi-Kolici R et al. Lancet Respir Med 2019, 7 (3): 239-248



BALONKOVA PLICNi ANGIOPLASTIKA V LECBE CTEPH
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Mahmud et al. JACC 2018 Vol 71, 2468-8; Maren Hotten Master Thesis in Scientific Design, 2016; VFN



BALONKOVA PLICNi ANGIOPLASTIKA V LECBE CTEPH

Novel Angiographic Classification of Each Vascular Lesion
in Chronic Thromboembolic Pulmonary Hypertension
Based on Selective Angiogram and Results of Balloon

Pulmonary Angioplasty

Takashi Kawakami, MD, PhD; Aiko Ogawa, MD, PhD; Katsumasa Miyaji, MD, PhD;
Hiroki Mizoguchi, MD, PhD; Hiroto Shimokawahara, MD, PhD; Takanori Naito, MD;
Takashi Oka, MD; Kei Yunoki, MD, PhD; Mitsuru Munemasa, MD, PhD;
Hiromi Matsubara, MD, PhD

A Ring-like, B Web, C Subtotal lesion, D Total occlusion, E Tortuous lesion

\ J \ J
| |
Segmentarni a subsegmentarni vétve Subsegmentarni a distalni vétve
| J
! Circ Cardiovasc Interv. 2016;9:e003318
1 Uspésnost, | komplikace Okayama Medical Centre

VFN



Balloon Pulmonary Angioplasty for Chronic
Thromboembolic Pulmonary Hypertension
Results of a Multicenter Registry

N=308, M/F 62/246, vék 62 , 7 instituci, 1408 vykonu, inoperabilni 76 %, rezidualni 4.5 %, operabilni 19.5 %
Farmakoterapie pred BPA: 72 %

PAMP 43.2+11.0 — 24.3+6.4 mm Hg, komplikace: 36.3%, Casna mortalita — 8 pacientu

A P<0.001 B P<0.001
' p<0.001 _ P<0.001 ' ' P<0.001 _ P=0002 A B
] ] - | ] -0.
{ 1 ]
100 4. 100 — - -
-
2 " E a0 4 90
2 \ 3
< 30/ — —
" % = =
0 " g % 2 &
c c
0l . . . S =
Before After Follow Before After Follow wv vy
70 70
P=0.002 P<0.001
= " p<0.001  P=0.002 ! o [ p<0.001  P<0.001
40 \ | 1500 [ | | e Ee
250! 04 0 , : :
u’TE‘ 0 1 2 3 0 1 2 3
_ 5 ool , ) (years) _ . (years)
Eao| g Patientsat risk Y Patients at risk
= o 70 | 308 194 98 a7 249 95 33 9
=N 5
(v} = 500 |
>
a.
250 1|
154 v . = 0+ = = =
Before After Follow Before After Follow

Ogawa A et al. Circ Cardiovasc Qual Outcomes. 2017;10:e004029







Balloon Pulmonary Angioplasty in Patients with
Chronic Thromboembolic Pulmonary Hypertension:
Impact on Clinical and Hemodynamic Parameters,
Quality of Life and Risk Profile

N=64, 47 inoperable (distal disease), 4 operable - refused surgery, 13 residual PH after PEA
160 BPAs, 749 lesions (9.9 % CTOs)

Improvement:
PAMP (-18%, p < 0.001), PVR (-32%, p < 0.001), SV (+17%, p = 0.011), QoL (+37% overall health status, p < 0.001)

100% ] p— L ]
- - m‘
80% 80% 08
(=]
£
=N
£ 60% o 60% £06
= c w
2 3 5
g 91.7 g é
G “§ S04
X 20% = 40% l':\.(2
02
20% 20%
0.0
0 6 12 18 24 30 36
0% 0% Months from first BPA
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PLICNI HYPERTENZE V CR
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Number of patient

CTEPH IN THE CZECH REPUBLIC (2003-2023)

Newly diagnosed patients (n=892)
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~MULTIMODALNI“ LECBA CTEPH

Pravdépodobnost preziti (%)
bez Iécby CTEPH

Pravdépodobnost preziti (%)
2004-2016 (PEA)

Pravdépodobnost preziti (%)
2016-2019 (BPA+farmakoterapie)

cumulative survival D” ( No.)

1.0
<20 mmHg (64)

21-30mmHg (19)
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~—en ———

SSeeeeme==  Total(147)
31- 40 mmHg (10)
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> 50 mmHg (35)
246810 years

1.0
0.9
0.8
07
0.6
0.5
0.4
0.3
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0.1
0.0
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Epidemiology of chronic thromboembolic pulmonary
hypertension (CTEPH) in the Czech Republic

N=456 (newly diagnosed 2003-2016), NYHA IlI+IV 91.8 %, age 63.2 (49; 77), operated 52.1 %
PAMP 50.0 (34; 81) mmHg, Cl 2.1 (1;4) L.min"".m2, PVR 682.4 (244; 2197) dyn.s.cm™

Not-operated
Overall not- Technically Medically
Parameter All, N=453 Operated, N = 236 operated, N =217 inoperable, N =129 inoperable, N = 88
Age, years, median (range) 65.2 (19; 85) 62.2 (21; 81) 69.9 (19; 85) 70.6 (19; 83) 67.9 (26; 85)
Sex, n (%), female 206 (45.5) 89 (37.7) 117 (53.9) 71 (55.0) 46 (52.3)
DVT history, n (%) 186 (41.9) 99 (42.5) 87 (41.2) 45 (35.4) 42 (50.0)
PE history, n (%) 354 (78.1) 190 (80.5) 164 (75.6) 94 (72.9) 70 (79.5)
Time from first PE to diagnosis, 2.2 (0; 43) 2.4 (0; 43) 2.0 (0; 42) 2.1 (0; 31) 1.9 (0; 42)
years, median (range)
NYHA FC, n 437 234 203 115 88
FC I/11, n (%) 36 (8.3) 22 (9.4) 14 (6.9) 4 (3.5) 10 (11.3)
FC III/1V, n (%) 401 (91.8) 212 (90.6) 189 (93.1) 111 (96.5) 78 (88.6)

Median (range) 6MWD, m [n]
RHC, median (range)

mPAP, mmHg [n]

PVR, dyn x s/cm’ [n]

CI, L/min/m?, [n]
Median (range) BNP, pg/ml [n]
Anticoagulation, n

NOAC, n (%)

Other anticoagulants, n (%)

335.5 (40; 645) [372]

48.0 (11; 91) [439)
684.0 (83; 2197) [436]
2.2 (1; 5) [429]

204.0 (10; 4828) [196]
446

13 (2.9)

433 (97.1)

344.0 (106; 645) [206]

51.0 (11; 87) [228]
756.8 (83; 2197) [228]
2.1 (1; 4) [223]

254.5 (14; 4828) [94]
233

4 (1.7)

229 (98.3)

321.0 (40; 627) [166]

43.0 (17; 91) [211]
594.0 (112; 1723) [208]
2.3 (1; 5) [206]

159.0 (10; 1531) [102]
213

9 (4.2)

204 (95.8)

322.5 (40; 627) [94]

44,0 (21; 91) [123]
607.2 (112; 1723) [121]
22 (1; 5) [120]

197.0 (10; 1531) [55]
127

5.9

122 (96.1)

319.5 (50; 605) [72]

43.0 (17; 73) [88]
584.8 (133; 1525) [87]
2.3 (1; 4) [86]

151.0 (11; 1526) [47]
86

4(4.7)

82 (95.3)

Jansa P et al. Pulmonary Circulation 2022;12:¢12038




CASNA DIAGNOZA CTEPH

DIAGNOSIS OF ACUTE PE

Anticoagulate

!

FOLLOW-UP AT 3-6 MONTHS*

Yes Dyspnoea and/or functional limitationb? }—l No

z| present

TTE: may consider TTE ASSESS:
Determine probability of PHe |~ T Risk factors for CTEPH¢
]
v v .
Low Intermediate High
None CONSIDER: | None

present present

1) Elevated NT-proBNP
2) Risk factors for CTEPHd 3
3) Abnormal CPET results®

present

4 A\ Y

Seek alternative ; No
-«
aum;ﬂ%:pnoea Mismatched perfusion defects?

common causes of PH
l Yes

. Focus on anticoagulation
VIQ SCAN: and secondary prophylaxis;
advise to return if

symptoms appear

Refer to PH/CTEPH expert

centre for further diagnostic
work-up

DQESC 019

AKUTNI PE

v ™\

min. 3 mésice antikoagulace
Rizika

Perzistence Ve vztahu k epizodé PE

(anamnéza TEN, rozsahlé
emboly, znamky PH a

o
symptomu
chronickychzmén na CTA)
Konkomitujici
(onkol.onemocnéni,
antifosfolipid. syndrom,
nespecifické stfevni zanéty,
splenektomie, tromboézy
elektrod a cévnich vstupt)

 Z
ECHO, V/Q scinti plic

v

Specializované centrum

Konstantinides SV et al. Eur Heart J 2020 Jan 21;41(4):543-603



SHRNUTI

= Vyskyt CTEPH po PE: 2-4 %, aZz 30 % pacientu nema anamnézu TEN
= CTEPD bez PH: symptomy + prukaz postembolickych rezidui

= CTEPH (CTEPD s PH) : symptomy + prukaz postembolickych rezidui +
plicni hypertenze

= V/Q SPECT nahrazuje V/Q planarni scintigrafii

= Role CTA v detekci a diagnostice

= Casna detekce v prvnich 3-6 mésicich po akutni PE
= Priléecbé NOAC vyloucit APS (10 % u CTEPH)

= Multimodalni leCba CTEPH umoznuje kompletni vylécCeni
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