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Wykaz stosowanych skrotéw

BPA (balloon pulmonary angioplasty) - angioplastyka balonowa tetnic ptucnych

CTEPH (chronic thromboembolic pulmonary hypertension) - przewlekte zakrzepowo —
zatorowe nadcisnienie ptucne

ECMO (extracorporeal membarne oxygenation) — pozaustrojowe utlenowanie krwi

ESC (European Society of Cardiology) - Europejskie Towarzystwo Kardiologiczne

IF (impact factor) - wskaznik oddziatywania

IVUS (intravascular ultrasonography) - ultrasonografia wewnatrznaczyniowa

mPAP (mean pulmonary artery pressure) - Srednie ci§nienie w tetnicy plucnej

NT — proBNP (N — terminal natriuretic propeptide) - N — koncowy propeptyd natriuretyczny
OCT (optical coherent tomography) - optyczna tomografia koherentna

PAG (pulmonary angiography) - angiografia plucna

PAWP (pulmonary artery wedge pressure) — ci$nienie zaklinowania w tgtnicy ptucnej

PEA (pulmonary endarterectomy) - endarterektomia t¢tnic ptucnych

PE (pulmonary embolism) - zatorowos¢ plucna

PH (pulmonary hypertension) - nadci$nienie ptucne

PVR (pulmonary vascular resistance) - op6or plucny naczyniowy

RHC (right heart catetherization) - cewnikowanie prawych jam serca

RPE (reperfusion pulmonary oedema) - obrzgk poreperfuzyjny

WHO (World Health Organization) - Swiatowa Organizacja Zdrowia

6MWT (6 minute walk test) - test 6 minutowego marszu



1. Streszczenie w jezyku polskim.
Wstep.

Przewlekte zakrzepowo-zatorowe nadci$nienie ptucne (CTEPH) charakteryzuje si¢
przewlektymi zmianami zakrzepowo-zatorowymi, ktére w roznym stopniu zajmujg tetnicze
tozysko plucne, prowadzac do pogorszenia funkcji prawej komory oraz przedwczesnego zgonu.

Angioplastyka balonowa tetnic ptucnych (BPA) jest preznie rozwijajaca si¢ forma
terapii w grupie pacjentow z CTEPH, nie zakwalifikowanych do endarterektomii tetnic
ptucnych (PEA). Po pierwszych doniesieniach i poczatkowych niesatysfakcjonujacych
wynikach, w ostatnich dekadach metoda zostata udoskonalona i ugruntowata swoja pozycje w
leczeniu pacjentéw z CTEPH.

Cele.

Prezentowana rozprawa doktorska miata na celu:

1. ocene dlugofalowej skutecznos$ci klinicznej angioplastyki balonowej tetnic ptucnych,
wykonywanej w o$rodku referencyjnym,

2. ocen¢ profilu bezpieczenstwa angioplastyki balonowej tetnic plucnych,
wykonywane] z zastosowaniem obrazowania wewngtrznaczyniowego 1 cewnika
ci$nieniowego,

3. wykazanie przydatnosci 1 skutecznosci angioplastyki balonowej tetnic plucnych,
wzbogaconej o dodatkowe techniki oceny wewnatrznaczyniowej, w terapii przypadkow
trudnych i ztozonych.

Metody i wyniki.

Pierwsze dwa cele osiagnigto poddajac ocenie 55 pacjentow, wlaczonych do programu
BPA w o$rodku referencyjnym. Przeanalizowano 588 angioplastyk tetnic phucnych,
wykonanych w ramach 226 sesji, z bardzo wysokim odsetkiem zastosowania ultrasonografii
wewnatrznaczyniowej (IVUS) (94%, n = 213), optycznej tomografii koherentnej (OCT) (8%,
n = 19) oraz cewnika ci$nieniowego (69%, n = 158). W badanej grupie Srednie ci$nienie w
tetnicy plucnej (mPAP) zmniejszyto si¢ istotnie z 42 (22-66) do 26,5 mmHg (11-54) (p < 0,05),
op6r naczyniowy ptuc (PVR) i stgzenie peptydu natriuretycznego (NT - proBNP) zmniejszyty
si¢ odpowiednio z 6,67 (1,66-14) do 3,295 jednostek Wooda (1,09-11,11) i z 1934 (60-16963)
do 296 (21-9901) pg/ml (p < 0,05). Wykazano takze poprawe wydolnosci fizycznej w klasie
czynno$ciowej Swiatowej Organizacji Zdrowia (WHO) z 2,85 + 0,61 do 2,15 + 0,62 oraz
wzrost dystansu 6-minutowego marszu (6MWT) z 300 = 131 do 367 = 154 m (p < 0,05). Nie

stwierdzono zgondw wewnatrzszpitalnych, ani zgonéw w ciagu 30 dni od zabiegu.
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Uszkodzenie tetnicy ptucnej wystapito podczas dziewigciu sesji (n = 9/226, 4%), podczas gdy
jedynie 2 sesje (n = 2/226, 0,9%) byly powiklane ostra niewydolnoscig prawej komory,
wymagajacg zastosowania pozaustrojowego utlenowania krwi (ECMO) Ilub terapii
nerkozastepczej. W prawie 90% sesji nie stwierdzono znamiennego, poreperfuzjnego obrzeku

ptuc (RPE 0). RPE stopnia 1 do 3 wystapit w 10,2% sesji.

Dwie kolejne prace to opisy przypadkow, skomplikowanych klinicznie 1 trudnych

technicznie zabiegow BPA u pacjentow z CTEPH.

W pierwszym z tych opisow wykazano skuteczno$¢ kliniczng i hemodynamiczna
wzbogaconego BPA u pacjentki z mnogimi, ztozonymi zmianami zakrzepowo — zatorowymi,
obarczonej wysokim ryzykiem powiktan okoto proceduralnych. Wykonujac BPA zgodnie z
opracowanym w os$rodku protokotem, uzyskano redukcje mPAP z 44 mmHg do 18 mmHg, z
obnizeniem PVR z 9,3 do 2 j. Wooda. Po 15 miesigcach od ostatniej sesji BPA, pacjentka
pozostawata w klasie czynnosciowej I wg WHO, bez objawdw niewydolnosci prawej komory,
NT - proBNP obnizylo si¢ z 1383 do 144 pg/ml, a odlegto$¢ (dystans) w 6MWT wzrosta do

550 metrow.

W ostatniej pracy, analizujacej pacjenta z nadci$nieniem plucnym 1 wspotistniejaca
sarkoidoza, dzigki multimodalnemu podejsciu potwierdzono komponente zakrzepowo —
zatorowa nadcisnienia ptucnego 1 wykonano skuteczne dwie sesje BPA. Na przestrzeni 12
miesiecy stwierdzono redukcje mPAP z 54 do 27 mmHg oraz poprawe wydolnosci fizycznej w

klasie czynnosciowej WHO z IV do II.

Whioski.

Prezentowane prace, skladajace si¢ na niniejsza rozprawe doktorska wykazuja, 1z
program angioplastyki balonowej tetnic ptucnych prowadzony w referencyjnym osrodku jest
bezpieczng i1 skuteczng opcja leczenia pacjentow z przewlektym zakrzepowo — zatorowym
nadci$nieniem plucnym, nieoperacyjnych lub obcigzonych wysokim ryzykiem powiktan
zwigzanym z operacj3. Multimodalne podej$cie do procedur, zastosowanie dodatkowych metod
obrazowania i cewnika ci$nieniowego nie tylko podnosi poziom bezpieczenstwa, ale takze
umozliwia skuteczng terapi¢ w przypadkach ztozonych i przy chorobach wspétistniejacych.

Whnioski powstate w wyniki opublikowanych prac :

1. Angioplastyka balonowa tetnic plucnych jest skuteczng metoda leczenia pacjentéw
z przewlektym zakrzepowo — zatorowym nadci$nieniem plucnym. Istotna redukcja

sredniego cisnienia w pniu plucnym przektada si¢ na redukcje klasy czynnosciowej
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objawdw niewydolnosci serca i poprawia komfort zycia pacjentéw z przewlektym
zakrzepowo — zatorowym nadci$nieniem plucnym. Mato inwazyjny charakter
procedury pozwala na jej wykorzystanie nie tylko u nieoperacyjnych pacjentow, ale
takze u pacjentow po endarterektomii tetnic ptucnych, z suboptymalnym efektem
hemodynamicznym. Stworzenie 1 przestrzeganie protokotu procedury w osrodku
referencyjnym znaczaco podnosi jej bezpieczenstwo.

. W przypadkach skomplikowanych i zlozonych, o niejasnej etiologii nadcisnienia
phucnego dodatkowe obrazowanie wewnatrznaczyniowe umozliwia potwierdzenie
przewleklego zakrzepowo — zatorowego nadci$nienia plucnego i kwalifikacje do
leczenia zabiegowego angioplastyka balonowg tetnic ptucnych.

. Zabiegi angioplastyk balonowych tetnic plucnych z zastosowaniem ultrasonografii
wewnatrznaczyniowej, optycznej tomografii koherentnej i cewnika ci§nieniowego
nie tylko pozwalaja na poglebienie wiedz¢ na temat przewleklego zakrzepowo —
zatorowego nadcis$nienia ptucnego, ale takze poszerzaja mozliwos$ci i sg punktem
wyjscia do dalszego rozwoju kardiologii interwencyjnej. Wykorzystanie danych
uzyskanych z  dodatkowych technik zabiegowych, znanych z interwencji w
tetnicach wiencowych, pozwala na doktadne planowanie kazdej sesji angioplastyki
balonowej tetnic phlucnych, poprawia komfort operatora i przede wszystkim

bezpieczenstwo pacjenta.



2. Streszczenie w jezyku angielskim.
Baseline.

Chronic pulmonary thromboembolic hypertension (CTEPH) is characterized by chronic
thromboembolic changes that affect the pulmonary arterial bed to varying degrees, leading to
deterioration of right ventricular function and premature death. Balloon pulmonary artery
angioplasty (BPA) in patients with CTEPH is a rapidly developing form of therapy when they
are not qualified for pulmonary endarterectomy (PEA). After initial reports and initial
unsatisfactory results, the method has been refined in recent decades and has established itself
in the treatment of patients with CTEPH.

Objectives.

The objectives of the presented doctoral dissertation included:

1. assessment of the long-term clinical efficacy of balloon pulmonary angioplasty,

performed in a reference center,

2. assessment of the safety profile of balloon pulmonary angioplasty, performed with

the use of endovascular imaging and a pressure catheter,

3. demonstration of the usefulness and effectiveness of balloon pulmonary angioplasty

enriched with additional techniques of endovascular assessment, in the treatment of

difficult and complex cases.
Methods and results.

The first two objectives were achieved by evaluating 55 patients enrolled in the BPA
program at the reference center. A total of 588 angioplasties were analyzed, performed in 226
sessions, with a very high percentage of intravascular ultrasound (IVUS) (94%, n =213), optical
coherence tomography (OCT) (8%, n = 19) and pressure catheter (69%, n = 158). In the study
group, mean pulmonary pressure (mPAP) decreased significantly from 42 (22-66) to 26.5
mmHg (11-54) (p < 0.05), pulmonary vascular resistance (PVR) and natriuretic peptide
concentration (NT - proBNP) decreased from 6.67 (1.66-14) to 3.295 Wood units (1.09-11.11)
and from 1934 (60-16963) to 296 (21-9901) pg/ml (p < 0.05), respectively. An improvement
was also shown in the World Health Organization's functional class from 2.85 + 0.61 to 2.15 +
0.62 and an increase in the distance of a 6-minute walk (6MWT) from 300 + 131 to 367 + 154
m (p < 0.05). There were no in-hospital deaths or deaths within 30 days of the procedure.
Arterial injury occurred during nine sessions (n = 9/226, 4%), while only 0.9% (n = 2/226) was
complicated by acute right ventricular failure, requiring extracorporeal membrane oxygenation
or renal replacement therapy. In almost 90% of the sessions, no significant post-reperfusion

pulmonary edema (RPE 0) was found. Grade 1 to 3 RPE occurred at 10.2%.
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The third objective of the dissertation was demonstrated in two subsequent papers,
which are case reports of complicated patients with CTEPH subjected to BPA.

The first of these descriptions demonstrated the clinical and hemodynamic efficacy of
BPA-enriched in a patient with multiple, complicated (high-risk complications)
thromboembolic lesions. Performing BPA in accordance with the protocol developed at the
center, a reduction in mPAP was achieved from 44 mmHg to 18 mmHg, with a reduction in
PVR from 9.3 to 2 Wood units. After 15 months from the last BPA session, the patient remained
in WHO functional class I, without symptoms of right ventricle dysfunction, NT pro BNP
decreased from 1383 to 144 pg/ml, and the distance in 6MWT increased to 550 meters.

In last case report analyzing a patient with pulmonary hypertension and concomitant
sarcoidosis, the thromboembolic component of pulmonary hypertension was confirmed using
a multimodal approach and two effective BPA sessions were performed. Over a period of 12
months, mPAP was reduced from 54 to 27 mmHg and the WHO functional class improved from
IVtoIL
Conclusions.

The presented papers, which make up this doctoral dissertation, demonstrate that the
balloon pulmonary angioplasty program conducted at the reference center is a safe and effective
option for the treatment of patients with chronic thromboembolic pulmonary hypertension,
inoperable or at high risk of complications related to surgery. The multimodal approach to
procedures, the use of additional imaging methods and a pressure catheter not only increases
the level of safety, but also enables effective therapy in complex cases and with comorbidities.
Conclusions resulting from the published works:

1. Balloon angioplasty of the pulmonary arteries is an effective method of treating
patients with chronic thromboembolic pulmonary hypertension. A significant
reduction in the mean pressure in the pulmonary trunk translates into a reduction in
the functional class of heart failure symptoms and improves the quality of life of
patients with chronic thromboembolic pulmonary hypertension. The minimally
invasive nature of the procedure allows it to be used not only in inoperable patients,
but also in patients after pulmonary endarterectomy, with a suboptimal
hemodynamic effect. Creating and following the protocol of the procedure in the
reference center significantly increases its safety.

2. Incomplicated and complex cases with unclear etiology of pulmonary hypertension,

additional endovascular imaging allows confirmation of chronic thromboembolic
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pulmonary hypertension and qualification for surgical treatment with balloon
angioplasty of the pulmonary arteries.

. Balloon pulmonary artery angioplasty procedures with the use of endovascular
ultrasonography, optical coherence tomography and a pressure catheter not only
allow to deepen the knowledge of chronic thromboembolic pulmonary hypertension,
but also expand the possibilities and are the starting point for further development
of interventional cardiology. The use of data obtained from additional surgical
techniques, known from interventions in coronary arteries, allows for accurate
planning of each session of balloon angioplasty of the pulmonary arteries, improves

the comfort of the operator and, above all, patient safety.
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3. Wstep.

Przewlekte nadci$nienie ptucne o etiologii zakrzepowo — zatorowej (CTEPH) jest
rzadko wystepujaca chorobg 1 najczgsciej rozwija si¢ na podtozu zwltokniatych pozostatosci
skrzeplin w tetnicach plucnych, ktére nie ulegly pelnej rekanalizacji po przebytym epizodzie
zatorowosci ptucnej (PE) [1,2,5]. Zmiany te, pod postacia wewnatrznaczyniowych sieci,
okreznych przewezen, a nawet catkowitych niedroznos$ci §wiatla tetnicy powodujg postepujacy
wzrost oporu naczyniowego, przecigzenie prawej komory serca 1 w konsekwencji
doprowadzaja do zgonu. Szacuje si¢, ze CTEPH rozwija si¢ u 0,1 - 9,1% pacjentow po
epizodzie ostrej PE. U czgéci pacjentow dochodzi do rozwoju choroby mimo braku
ewidentnego wywiadu w kierunku ostrego epizodu PE. Dane te oraz postgpujacy charakter
CTEPH znaczaco utrudniajg prowadzenie systemowych badan przesiewowych i oddalaja czas
od pierwszych objawow do diagnozy nawet o kilkanascie miesi¢cy. Pierwszym badaniem, na
podstawie ktérego mozna oszacowaé prawdopodobienstwo obecnosci nadci$nienia plucnego
(PH) jest badanie echokardiograficzne. Zmierzona predkos¢ trojdzielnej fali zwrotnej oraz inne
parametry echokardiograficzne (stosunek wymiarow jam obu komor, skurczowe wychylenie
pierscienia trdjdzielnego) okreslaja prawdopodobienstwo PH na niskie, posrednie lub wysokie.
Kolejnym krokiem, bedacym standardem diagnostycznym jest wykonanie scyntygrafii
wentylacyjno — perfuzyjnej. Ujawnienie klinowatych ubytkow perfuzji ptuc przy zachowanej
wentylacji jest charakterystyczne dla CTEPH i wyklucza inne przyczyny PH. Stwierdzenie
sredniego ci$nienia w tetnicy plucnej (mPAP) powyzej 20 mmHg ostatecznie potwierdza
rozpoznanie, a badania obrazowe, takie jak tomografia komputerowa czy selektywna

angiografia tetnic plucnych (PAG) stanowig podstawe¢ kwalifikacji do dalszego leczenia.

Wedlug zalecen migdzynarodowych towarzystw kardiologicznych ztotym standardem
w leczeniu pacjentow z CTEPH pozostaje chirurgiczna endarterektomia tetnic ptucnych (PEA)
[3,5]. Mimo ciaglych postepdéw technologicznych w medycynie, wykonanie tego trudnego 1
wymagajacego zabiegu, znanego kardiochirurgom od potowy ubieglego stulecia jest
niemozliwe u okoto 30% pacjentéw z CTEPH [6-8]. Spowodowane jest to gldwnie dystalng
lokalizacjg zmian w tetnicach ptucnych, wiekiem pacjentéw i chorobami towarzyszacymi. Ta
grupa pacjentOw pozostawata praktycznie bez opcji terapeutycznych do lat 80 XX wieku.
Pierwsze doniesienie o skutecznej, przezskornej angioplastyce balonowej tetnic ptucnych
(BPA) zapoczatkowato kolejng er¢ w leczeniu pacjentow z CTEPH [9-12]. BPA polega na
przezskébrnym wprowadzeniu cewnika balonowego do tetnicy plucnej i1 poszerzeniu

zwlokniatych pozostatosci skrzeplin. Mimo niepowodzen, wyrazonych wysokim odsetkiem
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powiktan, z poreperfuzyjnym obrzekiem ptuc (RPE) prowadzacym do ostrej niewydolnosci
oddechowej, po $miertelno$¢ okolo zabiegowa przekraczajaca 5%, od 2004 roku, dzigki
ogromnej i drobiazgowej pracy lekarzy japonskich metoda zostata udoskonalana i wykazano

jej dlugoterminowg skutecznos¢ [13-26].

Modyfikacja techniki obejmowata zmniejszenie S$rednicy cewnika balonowego
adekwatne do $rednicy zmienionego odcinka tetnicy ptucnej, odpowiedni wybdr kolejnosci
poszerzania zmian (w pierwszych sesjach zmiany nieskomplikowane, jak przepony czy
pierscienie) oraz dobdr Srednicy cewnikow na podstawie oceny obrazowej 1 czynnosciowe].
Prace japonskie mialy ogromny wplyw na popularyzacje tej metody leczenia pacjentow z
CTEPH w krajach europejskich i Stanach Zjednoczonych Ameryki Po6tnocnej, co spowodowato
przyznanie tej metodzie przez Europejskie Towarzystwo Kardiologiczne (ESC) najwyzszej,
pierwszej klasy, w zaleceniach dotyczacych terapii nieoperacyjnych pacjentow. Przyczynila si¢
do tego faktu wypracowana poprawa bezpieczenstwa procedur. Zdobyte doswiadczenia
pozwolity na klasyfikacje mozliwych powiktan (uszkodzenia naczyniowe, uszkodzenia
migzszu phuc), okreslenie orientacyjnego czasu ich wystepowania oraz metod prewencji i

sposobow leczenia tychze [27-28].

Publikacje wchodzace w skitad tej rozprawy doktorskiej pochodza z osrodka
referencyjnego zajmujacego si¢ leczeniem pacjentdw z zylna choroba zakrzepowo — zatorowa
1 CTEPH. Analogicznie do prac japonskich, europejskich 1 amerykanskich wykazano w nich
skuteczno$¢ 1 bezpieczenstwo BPA u nieoperacyjnych pacjentow z CTEPH. Dzigki
nieustannemu wpltywowi najbardziej doswiadczonych osrodkow japonskich, wdrazajac
program leczenia za pomocga BPA, do oceny czynno$ciowej wykorzystano znane w kardiologii
interwencyjnej metody  obrazowania  wewnatrznaczyniowego —  ultrasonografi¢
wewnatrznaczyniowg (IVUS), optyczng tomografie¢ koherentng (OCT) oraz cewniki
cisnieniowe [29-30]. Uporzadkowane, systemowe podejscie do diagnostyki, kwalifikacji i
terapii BPA pozwolito na podsumowanie dekady funkcjonowania programu BPA w o$rodku 1
wykazanie bardzo matego odsetka powiktan, z zerowa $miertelnoscia okoto proceduralng.
Zastosowanie dodatkowych metod obrazowania wewnatrznaczyniowego 1 oceny
czynnosciowej pozwolito na skuteczne wykonanie BPA u pacjentow z ztozonymi zmianami
zakrzepowo — zatorowymi oraz w przypadku naktadania si¢ r6znych przyczyn nadci$nienia
phucnego. Przez analogi¢ do interwencji w tetnicach wiencowych, wykorzystanie tych technik
utatwito nawigacje w ztozonej 1 skomplikowanej anatomii tetnic ptucnych oraz miato znaczacy,

pozytywny wplyw na bezpieczenstwo 1 efektywnos¢ BPA.
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4. Zalozenia i cel rozprawy doktorskiej.

Za gtéwne cele niniejszej rozprawy obrano:

ocen¢ diugofalowych efektoéw angioplastyki balonowej tetnic ptucnych w
leczeniu pacjentow z przewleklym zakrzepowo — zatorowym nadci$nieniem
plucnym,

ocen¢ bezpieczenstwa programu angioplastyki balonowej tetnic ptucnych w
osrodku referencyjnym,

wykazanie skutecznosci 1 bezpieczenstwa udoskonalonej angioplastyki
balonowej tetnic ptucnych u pacjentow z chorobami wspétistniejacymi oraz z

licznymi przewlektymi niedroznos$ciami tetnic plucnych.

14



5. Kopie opublikowanych prac.

Refined balloon pulmonary angioplasty in chronic thromboembolic pulmonary

hypertension — reference center experience.
Omowienie i streszczenie pracy w jezyku polskim.

W pierwszej, wchodzacej w sktad cyklu publikacji pracy przeanalizowano kliniczng
skutecznos$¢ 1 dlugoterminowe bezpieczenstwo systemowego programu BPA, wzbogaconego o
okoto proceduralne =zastosowanie obrazowania wewnatrznaczyniowego 1 cewnika
cisnieniowego, w os$rodku referencyjnym. Wykazano w niej skuteczno$¢ kliniczng 1
hemodynamiczng BPA w leczeniu nieoperacyjnych pacjentow z CTEPH, przy bardzo niskim

odsetku powiktan.

Wstep.

Przewlekle zakrzepowo-zatorowe nadcisnienie ptucne (CTEPH), charakteryzujace si¢
zmianami zakrzepowo-zatorowymi obecnymi w tetniczym tozysku plucnym, prowadzi do
pogorszenia funkcji prawej komory serca i przedwczesnej Smierci. Wprowadzenie balonowej
angioplastyki ptuc (BPA) znacznie poprawito rokowanie pacjentow z CTEPH.

Metody.

Sposrod 111 pacjentow z CTEPH do analizy wigczono 55, leczonych BPA. Lacznie wykonano
226 sesji, ze znacznym odsetkiem obrazowania wewngtrznaczyniowego 1 stosowania cewnika
ci$nieniowego.

Wyniki.

W badanej grupie $rednie cisnienie w tetnicy ptucnej zmniejszyto si¢ istotnie z 42 (22-66) do
26,5 mmHg (11-54) (p < 0,05). Podobnie, opor naczyniowy ptuc 1 stezenie peptydu
natriuretycznego zmniejszyly si¢ odpowiednio z 6,67 (1,66-14) do 3,295 jednostek Wooda
(1,09-11,11)1z 1934 (60-16963) do 296 (21-9901) pg/ml (p < 0,05). Nastapita rOwniez poprawa
wydolnosci fizycznej w klasie czynno$ciowej Swiatowej Organizacji Zdrowia z 2,85 + 0,61 do
2,15 + 0,62 oraz wzrost dystansu 6-minutowego marszu z 300 = 131 do 367 + 154 m (p < 0,05).
Nie stwierdzono zgondéw wewnatrzszpitalnych ani zgonéw w ciggu 30 dni od zabiegu.
Uszkodzenie tetnicy wystapito podczas dziewieciu sesji (n = 9/226, 4%), podczas gdy 0,9% (n
= 2/226) bylo powiklanych ostra niewydolnoscia prawej komory, wymagajaca
pozaustrojowego utlenowania btony lub terapii nerkozastepczej. W prawie 90% sesji nie
stwierdzono poreperfuzjnego obrzeku ptuc (RPE 0). RPE stopnia 1 do 3 wystapit w 10,2%.
Whioski.

15



Programy BPA prowadzone w doswiadczonych osrodkach sg bezpieczng i1 skuteczng opcja
leczenia pacjentoéw z CTEPH, ktérzy sa nieoperacyjni lub sg narazeni na wysokie ryzyko

powiktan zwigzanych z operacja.
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Abstract

Introduction: Chronic thromboembolic pulmonary hypertension (CTEPH), characterized by thromboembolic changes affecting
the pulmonary bed, leads to ventricular function deterioration and premature death. The introduction of balloon pulmenary angio-
plasty (BPA) has significantly improved the prognosis of CTEPH patients.

Aim: The authors of this article decided to summarize the experience of the BPA program, conducted between 2014 and 2022,
at the reference center.

Material and methods: Among 111 CTEPH patients, 55 were included in the analysis. A total of 226 sessions were performed,
with a significant percentage of intravascular imaging and pressure catheter use.

Results: Mean pulmonary pressure decreased significantly from 42 (22-66) to 26.5 mm Hg (11-54) (p < 0.05). Pulmonary vascu-
lar resistance and natriuretic peptide concentration decreased from 6.67 (1.66-14) to 3.295 Wood units (1.09-11.11), respectively,
and from 1934 (60-16963) to 296 (21-9901) ng/ml (p < 0.05). There was also an improvement in the functional class (WHO) from
2.85 +0.61 to 2.15 £0.62 and an increase in the 6-minute walking distance from 300 £131 to 367 £154 m (p < 0.05). There were no
in-hospital deaths or within 30 days of the procedure. Arterial damage occurred during nine sessions (n = 9/226, 4%), while 0.9%
(n = 2/226) were complicated by acute right ventricular failure. Post-reperfusion pulmonary edema (RPE O — none) was observed in
almost 90% of the sessions, grade 1 to 3 RPE occurred in 10.2%, and grade 4 RPE was not noted.

Conclusions: BPA programs conducted in experienced centers are a safe and effective treatment option for inoperable CTEPH
patients.

Key words: percutaneous, chronic thromboembolic pulmonary hypertension, balloon pulmonary angioplasty.

Summary

The introduction of balloon pulmanary angioplasty (BPA) has significantly improved the prognosis of inoperable chronic
thromboembolic pulmonary hypertension (CTEPH) patients. 55 CTEPH patients were included in BPA program in or center.
Mean pulmonary pressure reduced significantly from 42 (22-66) to 26.5 mm Hg (11-54) (p < 0.05). Similarly, pulmonary
vascular resistance and natriuretic peptide concentration decreased from 6.67 (1.66—14) to 3.295 Wood units (1.09-11.11),
respectively, and from 1934 (60-16963) to 296 (21-9901) ng/ml (p < 0.05). There was also an improvement in the World
Health Organization functional class from 2.85 +0.61 to 2.15 +0.62 and an increase in the 6-minute walking distance from
300 £131 to 367 +154 m (p < 0.05). There were no in-hospital deaths or deaths within 30 days of the procedure and very
small rate of periprocedural complications. BPA programs conducted in experienced centers are a safe and effective treat-
ment option for CTEPH patients who are inoperable or at high risk of surgery-related complications.
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Introduction

Chronic thromboembolic pulmonary hypertension
(CTEPH) is characterized by chronic thromboembolic
changes that involve the pulmonary arterial bed to vary-
ing degrees, leading to deterioration of proper ventric-
ular function and premature death. Balloon pulmonary
angioplasty (BPA) in patients with CTEPH is a dynamically
developing form of therapy in the absence of indications
for pulmonary endarterectomy (PEA). The essence of
this procedure is the percutaneous insertion of a balloon
catheter into the pulmonary artery and inflation of the
fibrotic remnant of the thrombus, which improves per-
fusion, reduces vascular resistance and pressure in the
vessel, and improves the prognosis. After the first reports
from 1988 and initial unsatisfactory results, the method
has been improved in recent decades and has consolidat-
ed its position in treating CTEPH patients [1-11].

Aim
The authors of this article decided to summarize their

experience from the BPA program conducted since 2014
at a reference center.

Material and methods

Among 111 consecutive patients diagnosed with
CTEPH under the care of our center, those who quali-
fied for the BPA program from 2014 to 2022 were an-
alyzed. The diagnosis of CTEPH was made according to
the recommendations of the European Society of Cardi-
ology (ESC) [9]. Based on clinical assessment, medical
interviews, and imaging tests (computed tomography
pulmonary angiography and ventilation-perfusion scin-
tigraphy of the lungs), patients were referred for right
heart catheterization (RHC) with simultaneous angiog-
raphy of the pulmonary arteries. After confirming pul-
monary hypertension and the presence of thromboem-
bolic changes in the pulmonary arterial bed, patients
were evaluated at an experienced cardiac surgery cen-
ter. If they were not found eligible for PEA, they were
included in the BPA program [7-9]. The treatments were
performed using the protocol developed at the center.
Our algorithm incorporated anatomical (angiography
and intravascular ultrasound) and functional assess-
ment of targeted lesions. This evaluation and baseline
mean pulmonary arterial pressure (mPAP) allowed care-
ful balloon catheter selection, with adequate reduction
of the balloon diameter [7].

The safety and effectiveness of the treatments were
substantially assessed, with the presence of comorbidi-
ties, World Health Organization functional class (WHO-
FC), distance covered in the 6-minute walk test (6MWT),
hemodynamic parameters, and natriuretic peptide con-
centration analyzed. The number of BPA sessions per-
formed, the use of additional imaging methods and
pressure catheters, the volume of contrast medium,
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and the dose of ionizing radiation were considered. The
assessment of complications included periprocedural
deaths, in-hospital deaths, and complications related
to the BPA procedure itself. According to the ESC clinical
consensus, procedural complications were divided into
BPA-related (such as vascular injury or/and lung injury)
and non-BPA-specific complications [8].

The goal of the therapy was to reduce the mPAP to
normal values or below 30 mm Hg in cases with anatom-
ically challenging lesions and clinical pictures. December
31, 2022, was assumed as the final reference point for
the analyzed group. The local bioethics committee ap-
proved the implementation of the BPA program in the
center (KB 163/2014), and all patients were informed
about the risks and benefits of BPA and signed informed
consent forms. Some patients were also treated with
dedicated (targeted) pulmonary hypertension pharma-
cotherapy, according to the inclusion and reimbursement
criteria of the National Health Fund.

Statistical analysis

Categorical variables are described as median with
minimal and maximal value. For comparisons, variables
with a normal distribution are given as means with stan-
dard deviation and analyzed using Student’s t-test. The
Mann-Whitney U test analyzed qualitative or non-nor-
mally distributed variables. Statistical analysis employed
the Statistica program (TIBCO Software Inc,, CA, USA),
with statistical significance defined as p < 0.05.

Results

The BPA program included 55 patients, with the clin-
ical characteristics of the study group shown in Table I.
A total of 588 angioplasties were performed over 226
sessions, with a significant percentage using intravascu-
lar ultrasound (IVUS) (94%, n = 213), optical coherence

Table I. Clinical characteristics of analyzed group

Parameter n (%) or mean + SD

Number of patients 55 (100)
Age [years] 67.5+13.2
Female 27 (49)

Post APE 50 (90.9)
DVT 26 (47.3)
CAD 13 (23.6)
HT 40(72.7)
CKD 19 (34.5)
DM 17 (30.9)
Thrombophilia 5(9.09)

Post PEA 6(10.9)

Riociguat 24 (43.6)

APE - acufe pulmonary embolism, DVT — deep vein thrombosis, CAD — coronary
artery disease, HT— hypertension, CKD — chronic kidney disease, DM — diabetes
mellitus, PEA — pulmonary endarterectomy.
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Table II. Procedural summary

Table Ill. Complications

Variable N (%), median (range) Variable N (%)

Sessions/dilated segmental arteries 226/588 Periprocedural/in-hospital death 0

Sessions per patient 3(1-12) Death in 30 days 0

Dilated segmental arteries per session 25 (1-7) BPA-related complications:

Contrast volume per session [ml] 230 (100-500) Vascular injury 9 (4)

Balloan size during procedure [mm)] 2-8 BPA non-specific complications:

Kerma [mGy] 542.5 (63-3483) ECMO/acute right ventricle failure 1/1 (0.9)
Access site jugular/femaoral 181 (80.1)/45 (19.9) Hemodialysis 2(09)

IVUS/OCT during session 213 (94)/19 (8) RPE:

Pressure catheter/pulmonary pressure 158 (69) Grade 0 — none 203 (89.8)

ratio assessment during session Grade 1 present 7(7.5)
VUS — intravascular ulfrasound, OCT — optical coherence tomography, Kerma — Grade 2 NIV/NHFC 4(18)
kinetic energy per unit mass, mGy —milligray. n —

Grade 3 ventilation/ECMO 2(09)

tomography (OCT) (8%, n = 19), and a pressure catheter SEbeed g
(69%, n = 158). The predominant vascular accesswas via ~ Frolonged hemoptysis 6(265)

the right internal jugular vein (Table II).

There were no periprocedural deaths, in-hospital
deaths, or deaths within 30 days of the procedure. Vas-
cular injury (V1) occurred in nine (4%) sessions during
the procedure. The percentage of sessions complicated
by acute right ventricular failure requiring extracorporeal
membrane oxygenation (ECMO) or the need for renal re-
placement therapy was < 1%. In just over 10% of the ses-
sions, significant pulmonary complications (pulmonary
injury [PI]) in the form of post-reperfusion pulmonary
edema (RPE) were recorded. Pl manifesting as significant
hemoptysis, not requiring invasive ventilation, occurred
in 2.65% of the sessions (Table lI).

During the analyzed period (2014-2022), 32 patients
from the program remained alive with completed treat-
ment, and 19 patients died. Only 5 patients died due to
right ventricle failure (Table IV). Data regarding median
follow-up time and BPA procedures per year are pre-
sented in Table V. Compared to the initial assessment,
the WHO-FC improved, and the distance covered in the
6MWT increased. A reduction in mPAP and pulmonary
vascular resistance (PVR) was noted among the hemody-
namic parameters, with an increase in the cardiac index

BPA — balloon pulmonary angioplasty, ECMO — extracorporeal membrane oxy-
genator, RPE — reperfusion pulmonary edema, NIV — noninvasive ventilation,
NHFC — nasal high-flow canntla.

(Cl). Moreover, a decrease in pro-B-type natriuretic pep-
tide (pro-BNP) concentration was found (Table VI).

Discussion

The experiences and data presented are consistent
with previously published reports [7, 11-17]. In our opin-
ion, the lack of periprocedural and 30-day deaths is re-
lated to the systemic approach and implementation of
the BPA program protocol adopted in a given center. The
jugular vein access site provides instant mobility after
the procedure and allows more effective handling of ac-
cess site complications. Low complication rates may also
be due to the widespread use of IVUS and the pressure
catheter. IVUS allows careful selection and appropriate
balloon size reduction, especially in patients with high
mPAP values. Additional pressure gradient assessment

Table V. Additional data regarding follow-up, pro-
cedures per year

Parameter N or median (range)

Table IV. Balloon pulmonary angioplasty program Follow-up [months] 65 (8-126)
status: long-term follow-up period (2014-2022) Patients in BPA program with n
mPAP £ 20 mm Hg after treatment

Parameter N (%) Patients in BPA program with 26

Alive 36 (65.5) mPAP €30 mm Hg after treatment

Death in follow-up period 19(34) BPA procedures per year:

Causes of death: 2014 6
COVID-19 5 2015 32
Influenza 1 2016 39
Stroke 1 2017 59
Right ventricle failure 5 2018 36
Cancer/leukemia 3 2019 16
Accident/trauma 2 2020-2021 (COVID-19) 8(5+3)
Sepsis/shock/multi-organ failure 2 2022 30
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Table VI. Hemodynamic and clinical efficacy

Andrzej tabyk et al. Balloon angioplasty for CTEPH

Selected hemodynamic and Baseline BPA (at end of analyzed period) P-value
clinical parameters

mPAP [mm Hg] 42 (22-66) 265 (11-54) <0.05
Pro-BNP [ng/ml] 1934 (60-16963) 296 (21-9901) <0.05
PVR [Wood units] 6.67 (1.66-14) 3.295 (109-11.11) <0.05
EMWT [m] 300 131 367 154 < 0.05
CI [I/min/m?] 259 +05 29106 < 0.05
WHO-FC (mean) 2.85 +0.61 2.15 +0.62 ¢ 0.05

MPAP — mean pulmonary artery pressure, Pro-BNP — pro-B-type natriuretic peptide, PVR — pulmonary vascular resistance, 6MWT — 6-minute walk test, Cl— cardiac

index, WHO-FC — World Health Organization functional dass.

decreases aggressive (angiography based) dilatations
and eventually results in no RPE or low rates. The poten-
tial cost of using additional tools seems to be lower than
the costs of treating complications. These methods pro-
vide excellent support to BPA operators, with comparable
X-ray exposure and contrast agent consumption to those
reported in other BPA registries [7, 11-17].

The optimal goal of therapy should be the normaliza-
tion of mPAR preferably confirmed by normal perfusion in
lung scintigraphy. Considering comorbidities and techni-
cal and anatomical possibilities, the clinical picture mod-
ifies this goal. According to published data, the European
population of CTEPH patients is older than the Japanese
registries [16, 17]. Thus, in many cases, the effectiveness
of BPA is defined by clinical improvement (WHO-FC and
6MWT). According to the authors, the satisfactory reduc-
tion of mPAP demonstrated in the study group is also due
to the routine use of IVUS and a pressure catheter, which
allow for more precise selection and adequate escalation
of the size of balloon catheters during each BPA session.

The number of periprocedural complications in the
study group does not differ from those found in Euro-
pean and American reports [10, 13, 14, 18-22], with the
procedure methodology and many years of experience
documented in Japanese publications significantly con-
tributing to reducing the number of deaths [5, 16, 17, 23].
The available publications present various approaches to
using additional endovascular techniques for BPA, but
in the studied single-center group, this translated into
treatment effectiveness and safety [11-17].

The main study limitation was its single-center nature
and the small group of patients. Additionally, chest CT
was not routinely performed after each BPA session and
only in reported cases of significant, prolonged hemopty-
sis and/or decreased percutaneous oxygen saturation. In
the light of published randomized studies comparing BPA
to riociguat therapy that show the advantage of BPA in
improving hemodynamic parameters in experienced cen-
ters, and due to the size of the group, the riociguat-treat-
ed subgroup was not analyzed in detail [24, 25]. The
riociguat drug program has been available in our center
since 2016, which resulted in a correspondingly smaller
number of patients (n = 24). In our group the median

Advances in Interventional Cardiology 2024; 20, 1 (75)

mPAP in patients without riociguat was lower (21 mm Hg;
11-47) than on the medication (32 mm Hg; 17-54). De-
spite this statistically significant difference, riociguat is
a useful option in patients with anatomical and technical
challenges during BPA.

Conclusions

The BPA program conducted in experienced referral
centers is a safe and effective therapeutic option for in-
operable CTEPH patients. Using intravascular imaging
methods and a pressure catheter during BPA procedures
is a precious support for operators. The study group
achieved statistically significant clinical and hemody-
namic improvement, with a favorable periprocedural risk
profile.
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Refined balloon pulmonary angioplasty as first line therapy in complex thromboembolic

lesions in patients withs chronic thromboembolic hypertension
Omowienie i streszczenie pracy w jezyku polskim.

W kolejnej pracy wykazano bezpieczenstwo i1 skuteczno$¢ kompleksowego podejscia
do leczenia pacjentow z trudnym anatomicznie CTEPH. Prezentowany opis przypadku
pacjentki z licznymi, przewlekltymi niedroznosciami tetnic plucnych jest takze przyktadem
skutecznej 1 bezpiecznej terapii BPA, bez zastosowania wsparcia farmakoterapii nacelowanej

na tetniczki ptucne.

Wstep.

Przewlekle zakrzepowo-zatorowe nadcisnienie ptucne (CTEPH) jest rzadka chorobg
wynikajaca z ograniczajacych przeplyw, zorganizowanych pozostalosci skrzeplin w
proksymalnych 1 dystalnych tetnicach plucnych oraz wtornej przebudowy lozyska
mikronaczyniowego pluc. Endarterektomia ptucna (PEA) jest metoda z wyboru w leczeniu
CTEPH z doskonalymi wynikami w obserwacji dtugoterminowej, ale w duzych rejestrach
polowa pacjentow z CTEPH jest dyskwalifikowana z operacji. Aktualne wytyczne ESC
zalecaja u pacjentdéw nieoperacyjnych z powodow technicznych wykonanie balonowej
angioplastyki tetnic plucnych (BPA), albo celowang terapi¢ medyczna, albo potaczenie obu
strategii. Prezentujemy pacjentke z CTEPH z bardzo zlozonymi, obarczonymi wysokim
ryzykiem powiklan, zmianami zakrzepowo-zatorowymi stwierdzonymi w angiografii ptuc
(PAG), u ktorej zastosowano BPA jako terapi¢ pierwszego wyboru, bez wlaczenia
farmakoterapii ukierunkowanej na t¢tniczki ptucne.

Opis przypadku.

Do naszego oddziatu skierowano 66-letnig kobiete z rozpoznanym ci¢zkim, mieszanym typem
CTEPH (zmiany w segmentach proksymalnych oraz dystalnych), stosujaca dlugotrwale
doustne leki przeciwzakrzepowe, po epizodzie PE posredniego - wysokiego ryzyka, z
niewydolnoscig serca w klasie IIl wg WHO 1 z dominujgcymi objawami niewydolno$ci prawe;j
komory. W wywiadach (choroby wspdtistniejgce): nadci$nienie tetnicze, hiperlipidemia,
cukrzyca i1 niedoczynno$¢ tarczycy. Cewnikowanie prawego serca (RHC) potwierdzito cigzkie
nadci$nienie plucne (mPAP 44 mmHg, PAWP 10 mmHg, PVR 9,3 WU). PAG ujawnita zmiany
zakrzepowo - zatorowe wysokiego ryzyka: gtownie okluzje, calkowite lub subtotalne. Ze
wzgledu na wiek, choroby wspétistniejace, lokalizacje zmian chorobowych pacjentka zostata
zdyskwalifikowana z leczenia operacyjnego przez doswiadczonego kardiochirurga. Pacjentka
zostata poddana skutecznym - sesjom BPA (n =8), wykonanym zgodnie z przyjetym w osrodku
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protokotem. Lacznie, bez wickszych powiktan udrozniono 27 segmentowych i
subsegmentowych tetnic plucnych, z przywroceniem przeptywu plucnego (tylko podczas
jednej sesji wystgpito umiarkowane krwioplucie). Badanie RHC wykonane 15 miesiecy po
ostatniej sesji BPA wykazato normalizacje¢ §redniego ci$nienia plucnego (mPAP 18 mmHg) ze
spadkiem PVR do 2 WU. Pacjentka prezentuje objawy niewydolnosci serca w I klasie
czynnos$ciowej wedtlug WHO, bez znamiennych objawoéw niewydolnosci prawej komory, NT -
proBNP obnizyto si¢ z 1383 do 144 pg/ml, a odlegtos¢ w 6MWT wzrosta do 550 metrow.
Whnioski.

Istnieje coraz wiecej dowodow na to, ze BPA moze powodowaé normalizacje
hemodynamiki niezaleznie od stosowania dedykowanej farmakoterapii. Nasz raport pokazuje
nowe podejscie do pacjentow ze zlozonym (typ proksymalno - dystalny) CTEPH, w
dos$wiadczonym osrodku BPA. Dzigki rosngcemu do$wiadczeniu, ciaglemu doskonaleniu
techniki oraz urzadzen, BPA moze by¢ bezpiecznie wykonywane, nawet bez farmakoterapii
celowanej na tetniczki plucne, ze znaczng poprawa hemodynamiki oraz poprawg

czynnos$ciowa, utrzymujaca si¢ w dlugoterminowej obserwacji.
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Chronic thromboembolic pulmonary hyperten-
sion (CTEPH) is a rare disease resulting from un-
resolved, flow-limiting organized thrombi within
proximal and distal pulmonary arteries and sec-
ondary remodeling of the pulmonary microvas-
cular bed. Pulmonary endarterectomy (PEA) is
the method of choice for curative treatment of
CTEPH with excellent long-term results. Yet, in
large registries, half of patients with CTEPH are
not considered suitable for PEA, due to either
technical or medical reasons. The current guide-
lines of the European Society of Cardiology rec-
ommend in this population either balloon pulmo-
nary angioplasty (BPA), targeted medical therapy,
or combination of both strategies.' Yet, the first-
-line therapy in patients with CTEPH, offering op-
timal safety and efficacy, is to be determined.’?
Herewith, we describe a patient with CTEPH and
very complex, high-risk thromboembolic lesions
on pulmonary angiography, with curative BPA as
the first-choice therapy, without pulmonary hy-
pertension (PH)-targeted medical therapy.

A 66-year-old woman diagnosed with severe
segmental and subsegmental type CTEPH, on
long-term oral anticoagulation due to recurrent
intermediate-high-risk PE, in World Health Or-
ganization (WHO) functional class III and ev-
ident signs of right heart failure, was referred
to our department. She had coexisting chron-
ic conditions, including hypertension, hyper-
lipidemia, diabetes mellitus, and hypothyroid-
ism. Right heart catheterization confirmed se-
vere pulmonary hypertension (mean pulmonary
artery pressure, 44 mm Hg; pulmonary artery
wedge pressure, 10 mm Hg, pulmonary vascu-
lar resistance, 9.3 Wood units, cardiac index,

2.3 /min/m?). Pulmonary angiography revealed
high-risk thromboembolic lesions, mainly total
or subtotal segmental and subsegmental occlu-
sions (FIGURE 14 and 18). Based on age, comorbid-
ities, and the distribution of lesions, the patient
was deemed inoperable by a PEA-experienced car-
diac surgeon. The patient underwent 8 successful
BPA sessions, performed according to the previ-
ously described protocol.** In total, 27 segmen-
tal and subsegmental pulmonary arteries were
opened with restoration of pulmonary flow and
without major complications (during one ses-
sion, only moderate hemoptysis occurred).® Right
heart catheterization performed 15 months af-
ter the last BPA session showed normal hemo-
dynamics with mean pulmonary artery pressure
of 18 mm Hg, pulmonary vascular resistance of
2 Wood units, cardiac index of 2,7 l/min/m?, and
excellent angiographic outcome (FiGURE 1¢ and 10).
The patient is in the WHO functional class [ with-
out signs of right ventricular failure, N-termi-
nal pro-B type natriuretic peptide plasma lev-
el dropped from 1383 pg/ml to 144 pg/ml and
the 6-minute walk distance test increased from
240 to 550 meters.

Whilst PEA is the treatment of choice in
CTEPH, there is a growing body of evidence that
BPA can result in normalization of hemodynam-
ics, either with or without combination with PH-
-targeted drugs.” In the reported patient, despite
high burden of lesions, refined BPA led to normal-
ization of hemodynamics, with significant func-
tional improvement and without any major ad-
verse events in almost 2 years of follow-up. Our
report demonstrates a new approach to complex
patients with CTEPH in our high-volume BPA

CLINICAL IMAGE Refined balloon pulmonary angioplasty for complex lesions in CTEPH 805
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FIGURE 1  Angiographic
images before (A and B)
and after (C and D)
balloon pulmonary
angioplasty in a patient
with chronic
thromboembolic
pulmonary hypertension:
A, B —angiographic view
of the left and right
pulmonary artery before
balloon pulmonary
angioplasty {subtotal and
total occlusions — arrows);
C, D — angiographic view
of the left and right
pulmonary artery after
successful balloon
pulmonary angioplasty

806

center. With emerging international experience
and ongoing technical refinements, BPA can be
safely performed, with significant improvement
in hemodynamics and functional capacity, even
without PH-targeted drugs, with excellent long-
-term outcomes. Nevertheless, this strategy needs
further assessment in a large, prospective study,
with a head-to-head comparison of refined BPA
and PH-targeted medical therapy.
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Balloon pulmonary angioplasty — efficient therapy of chronic thromboembolic pulmonary

hypertension in the patient with advanced sarcoidosis — a case report.
Omowienie i streszczenie pracy w jezyku polskim.

W ostatniej pracy wykazano, iz zastosowanie dodatkowych metod obrazowania (takich
jak TVUS 1 OCT) oraz cewnika ci$nieniowego u pacjentow z nadci$nieniem ptucnym o
niejasnej, ztozonej etiologii, nie tylko pozwala na potwierdzenie wspoétistnienie CTEPH w
obrazie klinicznym, ale takze umozliwia skuteczne zastosowanie BPA w ich leczeniu,

pozwalajac na osiggnigcie dobrego i trwatego efektu klinicznego i hemodynamicznego.

Wstep

U okolo jednej czwartej pacjentéw z zaawansowang sarkoidoza rozwija si¢ nadcisnienie ptucne
(PH), ktore niekorzystnie wplywa na rokowanie. Przedstawiamy nietypowy przypadek
pacjenta z potwierdzonym przewleklym zakrzepowo-zatorowym nadci$nieniem plucnym
(CTEPH) i sarkoidoza w stadium IV, skutecznie leczonego balonowa angioplastyka phuc
(BPA).

Prezentacja przypadku.

Do naszego o$rodka zostal skierowany 65 letni me¢zczyzna z powodu silnej duszno$ci. W
wywiadzie rozpoznano dziesig¢ lat wczes$niej wrzodziejace zapalenie jelita grubego i
sarkoidoze ptucng. Pacjent byl w trakcie dtugotrwatej, doustnej sterydoterpii oraz przewlekle
stosowat leczenie antykoagulacyjne po przebytej zakrzepicy zyt giebokich 1 ostrej zatorowosci
ptucnej. Przy przyjeciu do szpitala prezentowal objawy niewydolnosci serca w IV klasie
czynno$ciowej wg WHO, $rednie ci$nienie w tetnicy plucnej (mPAP) w cewnikowaniu
prawego serca (RHC) byto podwyzszone do 54 mmHg. Rozpoznanie CTEPH zostato
definitywnie potwierdzone typowym obrazem scyntygrafii wentylacyjno - perfuzyjnej oraz
selektywng  angiografia  tetnic  ptlucnych  (PAG), wuzupelniong  obrazowaniem
wewnatrznaczyniowym (IVUS oraz OCT). Pacjent zostat zdyskwalifikowany z operacji przez
zespot CTEPH (kardiochirurg, kardiolog, radiolog), a dwie sesje BPA z podejsciem
multimodalnym spowodowaly istotng poprawe wydolnosci fizycznej i hemodynamiczng, do
klasy I wg WHO oraz spadek mPAP do 27 mmHg.

Whioski.

Balonowa angioplastyka pluc, szybko rozwijajaca si¢ metoda leczenia nieoperacyjnych
pacjentow z CTEPH, jest rowniez niezwykle przydatnym narzedziem terapeutycznym u

pacjentow ze zlozong etiologig PH.
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 Abstract

Background: Approximately a quarter of patients with advanced sarcoidosis develop pulmaonary bypertension (PH),
which afiects their prognosis. We report unusual case of confirmed chronic thromboernbalic pulmonary hypertengon
(CTEPH) in a patient with stage W sarcoidosis successfully treated with balloon pulmanany angioplasty (BPA)

Case presentation: A 65 vears old male with a history of wiitis uoerosa, and pul monary sarcoidesis diagnosed in 10
years before, on long term oral steroids, with a history of deep wein thrombosis and acute pulmonary embolism
chronically anticoagulated was refered to our center due 1o severe dyspnea On admisson he presented WHO
functional dass W, mean pulmonary arerny prasune (mPAP) in right heart catheterization RHC) was elevated to

54 mimHg Diagneds of CTEPH was definitely confirmed with typical VAQ scan, and with selective pulmonany
angiography (PAG) completes by intravascular imagining (ntravasoular ultrasound, optical cohenent tomagraphy. The
patient was deermed inoperable by CTEPH tearm and two sessions of BPA with multimodal appreach resulted in
significant clinical and haemadynarmical improvernent to WHO class Il and mPAP decnaase 1o 27 mimHg.

Conclusions: Balloon pulmonary angiopasty, rapidly developing methoed of treatment of inoperable CTEPH patients, is
also extremely useful therapeutic tool in complex PH patients.

Keywords: Saraidosis, Chronic thromboembelic pulmanary hypertension, Balloon pumonary angioplasty

Background

Approximately 26% of patients with advanced pulmon-
ary sarcoidosis may develop pulmonary hypertension
[PH), which i related with poor prognosis [1, 2]. Ac
cording to current guidelines, patients with suspected
FH should undergo detailed diagnostic workup and dif-
ferential diagnosis among others should include chronic
lung diseases leading to hypoxia and chronic thrombo-
embolic pulmonary hypertension (CTEPH) [3]. We
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report an unusual challenging mse of CTEPH in a pa-
tient with stage I'V sarcoidosis.

Case presentation

A 65 years old male with history of colitis ulcerosa, and
advanced sarcoidosis diagnosed 10 years before, on oral
steroids was admitted to our department due to exer-
tiomal dyspnea and right ventricular (V) heart failure
progressing since last 12 months to functional dass Iv.
Two years earlier, he experienced the first severe decom-
pensation of right heart function At that time PH was
diagnosed on echomrdiography. BV to left ventricle (LV)
ratio exceeded one (RVILV - 39/32 mm}; peak systolic
tricuspid regurgitation gradient (TEPG) was 75 mmHg,
and demeased tricuspid anmlar plane systolic excursion
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(TAPSE) 15 mm indicated significant pressure overload
and RV systolic dysfunction. Chest computed tomog-
raphy (CT') revealed sarcoidasis progression, however no
pulmonary thromboembali were detected. After typical
heart failure treatment with diuretics, ACE inhibitors,
and steroid dose increase the patient improved and he
was discharged home in a good clinical condition in
WHO functional class II, with the diagnosis of PH due
to sarcoidosis stage IV. One year later, due to acute dys-
pnea, worsening of RV function and unilateral leg swell-
ing he underwent another chest CT, which this time
showed fresh thrombi in the left segmental upper lobe
pulmonary artery. Moreover, acute deep vein thrombosis
was detected with lower limb compression ultrasound.
Long term oral anticoagulation with rivaroxaban was
started Two years later the patient was referred to our
center due to progressive functional deterioration. On
admission he was in WHO functional class IV, satur-
ation on room air was 85%, blood pressure 120/
80 mmHg, heart rate 90 beats per minute. Mild periph-
eral edema was present. Distance covered in 6 min walk
test (6MWT) was 100 m with desaturation to 77%.
Plasma natriuretic peptide (NT-pro-BNP) concentration
was elevated to 6239 pg/ml (normal range < 125 pg/ml).
Echocardiography showed severe RV pressure overload
with TRPG 95 mmHg, dilatation of both right atrium
and ventricle. Preserved morphology and function of LV

Page2do 5

was observed. Chest CT scan showed signs of advanced
interstitial lung fibrosis (Fig. 1a) and calcified medias-
tinal lymph nodes (Fig. 1b). However, organized thrombi
in both pulmonary were also detected (Fig. Ic and d). At
that ime multifactorial etiology of PH was considered:
sarcoidosis with secondary PH and local in situ throm-
bosis, or CTEPH in a patient with stage IV sarcoidaosis,
and with deep vein thrombosis in the past Lung perfu-
sion saan with SPECT/CT showed bilateral perfusion de-
fects which strongly suggested thromboembolic
component of PH. Right heart catheterization (RHC)
followed by selective pulmonary angiography (PAG)
showed mean pulmonary artery pressure (mPAP) of
54 mmHg. Pulmonary artery wedge pressure (PAWP)
was 6 mmHg and pulmonary vascular resistance (PVR)
was 13,5 Wood Units. Selective PAG confirmed chronic
thromboembolic lesions suggestive of CTEPH - left
upper lobe artery occlusion, intravascular webs in right
pulmonary artery (Fig. 2a). After experienced cardiac
surgeon consultation, the patient was deemed inoperable
due to advanced, sarcoidosis - related lung changes and
propable complications regarding the use of extracorpar-
eal circulation. He was finaly qualified for balloon pul-
monary angioplasty (BPA).

BPA procedures were performed according the previ-
ously published protocol [4). Importantly, in order to
confirm intraluminal localization of thromboembolic

i hengh nodes ¢, d
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lesions intravascular imaging with optical coherence tom-
ography (OCT) and intravascular ultrasound (IVUS) were
performed. It allowed to definitely confirm organized
thrombi (Fig. 2a — white arrow, 2C, 2D). With the use of
pressure catheter we assessed hemodynamic significance
of intrapulmonary lesions (Fig. 2b). Pulmonary pressure
ratio (PPR, the ratio of the pressure distal to the lesion
(Pd) divided by the pressure proximal to the lesion (Pp))
was assessed to optimize the BPA pmocedure and to
minimize potential complications such as reperfusion pul-
monary injury (RPI). PPR in arteries A9 and A10 was 0.19
and 0.22 — which suggested functional ocdusion of both
arteries. After simultaneous inflation of balloon catheters
- “kissing balloon” technique (4.0x20mm and 4.0x27mm
respectively), followed by proximal optimization with
70x30mm balloon catheter resulted in PPR 063 in A9
and 0.65 in A0 (Fig. 3, part A and D — green curve mark-
ing distal pressure). There were no peripmcedural compli-
cations. Mean PAP after the first BPA procedure
decreased from 52 mmHG to 40 mmHg. The second BPA
session was performed 3 weeks later (left pulmonary ar-
tery), also without complications. Both procedures (3 seg-
mental lesions in total) resulted in further hemodynamic
and functional improvement, with mPAP dwp to
27 mmHg at 12 months follow — up. Patient was still in

functional dass I WHO, echocardiography and 6MWT
showed further improvement in clinical condition and RV
function (Table 1).

Discussion and conclusions

Sarcoidosis related PH as is predominantly caused severe
lung fibrosis or by compression of pulmonary arteries by
mediastinal fibrosis and lymphadenopathy [1, 2, 5]. Pul-
monary artery stenting was reported to be efficient in
the treatment of pulmonary arteries compression in ad-
vanced sarcoidosis [5], while pharmacology with sildena-
fil or other PH specific dugs are of very limited short
term efficacy [6, 7).

Presented case is probably one of the first awailable re-
ports with initially suspected sarcoidosis related PH,
which eventually was verified by pulmonary angiography
and multimodal intravascular assessment as CTEPH.
There are no data on optimal treatment in such challen-
ging patients. After being deemed inoperable due to ad-
vanced sarcoidosis resulting in severe lung alterations,
the patient was qualified to BPA procedure. Percutan-
eous catheter based method, is a rapidly developing
therapeutic method for CTEPH patients. There & a
growing evidence that in expert centers it is safe and ef-
fective, allowing normalization or near normalization of
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mPAP in majority of treated cases [4, 8-13]. In our insti-
tution we have started BPA program in inoperable
CTEPH in 2014. BPA procedures are performed accord-
ing to the previously described protocol [4] with the use
of pressure catheter, and in selected cases with OCT/
IVUS intravascular imaging. Our data indicate that this

Table 1 Clinical and hemodynamical assessment befor and
after 2 BPA sessions

Befom tegmant A1 12 monts folow-up
WHD functional class v [ |

NT-pec-BNP beved (pg/mi) 6239 231
GMIWT distance §m) 100 05
TRPG {menHg) 95 31
AVSP iy 102 53
TAPSE (ren) 14 2
ACT () 63 100
mPAP (mariig) 54 2
Q (imiey/n) 208 334
PAP (mmiHg) 1471009 3N
systoic/destoic/mean

PVR (Wood Uniss) 135 i7
NI po 8NP paptde \ GMWT 6 min walk w5, TRPG

vicauspid egurgtxion pak gradiant, AV tght ventide sysolic presoure,
TAPSE wicuspid annedar plane excumion, AcT xcelenton tme mPAP mean
pdmonary anary pressue, O cardac indax, RAP right astal pressue, PVR
pumonary vasculy resstance, 8°A baloon pumonry angioplasty

technique is safe and effective also in CTEPH high risk
patients with severe comorbidities [14]. We are con-
vinced that multimodal approach not only allowed to
confirm CTEPH definitely in the patient with advanced
sarcoidosis, but it ako allowed to treat him and success-
fully and safely. We performed angioplasties of selected
thromboembolic lesions, which were proved to be
hemodynamically significant in multimodal assessment.
Such fast improvement was ako observed in other
CTEPH patients treated with BPA. Based on our experi-
ence, it is related with initial treatment of the lesions in
segmental artreries of lower lobes. In presented case,
spedfic drug therapy (riociguat) was not avaliable at that
time. Patient was on sildenafi (25 mg tid) and initial
mPAP decreased only by 2 mmHg (54 mmHg in initial
RHC versus 52 mmHg before first BPA session). Thus,
only two BPA sessions resulted in mPAP reduction and
significant clinical improvement. We think that BPA be-
came a real therapeutic option in CTEPH patients, who
are not candidates for surgery.

Abbm viations

GMAT 6 min wak tesg AT Acdlenton trme; BPA Biloon pumorary
angaphsty Ct Candac index; (0 Computed nmogranfy, OBt Chonc
fiomboembaic pumonay hyperenmon; NUS Imavecdar utmsound
LV: Left vertnde; mP A2 Mean pumonay anesy pressure; NToro-

BNP. Narumtc pegptde concentatory OCT: Optcal cohenertt tormagrgty,
PAG Pumorary angograptty, PAVWE. Pumonay arery wedge poesmre;

Pt Pdmonary hpentersion; PR Pumornary peessre rao; AR Pudmonary
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wamcula resstance; RAR: Right atmal pressure; BHC Right heast cathetesmton;
BA: Bepesfumion pulmanary inpury; BVE Right wentncles BVER: Bight weniicle
Fystaic pressue; SPECT: Snglephoion emisson compuied tomogmory;
TAPEE: Thouspd annular plane exoymon; TRRG: Tnowsgpd regurgiation peak
gradent
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6. Podsumowanie i wnioski

Prezentowane prace, skladajace si¢ na niniejszg rozprawe doktorska wykazuja, iz

program angioplastyki balonowej tetnic ptucnych prowadzony w referencyjnym osrodku jest

bezpieczng 1 skuteczng opcja leczenia pacjentéw z przewlektym zakrzepowo — zatorowym

nadci$nieniem plucnym, nieoperacyjnych lub obcigzonych wysokim ryzykiem powiktan

zwigzanym z operacj3. Multimodalne podejscie do procedur, zastosowanie dodatkowych metod

obrazowania i cewnika ci$nieniowego nie tylko podnosi poziom bezpieczenstwa, ale takze

umozliwia skuteczng terapi¢ w przypadkach ztozonych i1 przy chorobach wspdtistniejacych.

Whioski powstate w wyniki opublikowanych prac :

1.

Angioplastyka balonowa tetnic ptucnych jest skuteczng metoda leczenia pacjentow
z przewlektym zakrzepowo — zatorowym nadci$nieniem plucnym. Istotna redukcja
sredniego cisnienia w pniu ptucnym przektada si¢ na redukcje klasy czynnosciowej
objawow niewydolnosci serca i poprawia komfort zycia pacjentow z przewlektym
zakrzepowo — zatorowym nadci$nieniem plucnym. Malo inwazyjny charakter
procedury pozwala na jej wykorzystanie nie tylko u nieoperacyjnych pacjentoéw, ale
takze u pacjentéw po endarterektomii tetnic plucnych, z suboptymalnym efektem
hemodynamicznym. Stworzenie 1 przestrzeganie protokotu procedury w osrodku

referencyjnym znaczaco podnosi jej bezpieczenstwo.

. W przypadkach skomplikowanych i1 ztozonych, o niejasnej etiologii nadci$nienia

plucnego dodatkowe obrazowanie wewnatrznaczyniowe umozliwia potwierdzenie
przewlektego zakrzepowo — zatorowego nadci$nienia ptucnego i1 kwalifikacje do

leczenia zabiegowego angioplastyka balonowa t¢tnic plucnych.

. Zabiegi angioplastyk balonowych tetnic ptucnych z zastosowaniem ultrasonografii

wewnatrznaczyniowej, optycznej tomografii koherentnej 1 cewnika ci$nieniowego
nie tylko pozwalaja na poglebienie wiedz¢ na temat przewlektego zakrzepowo —
zatorowego nadcis$nienia plucnego, ale takze poszerzaja mozliwosci 1 sag punktem
wyijscia do dalszego rozwoju kardiologii interwencyjnej. Wykorzystanie danych
uzyskanych z  dodatkowych technik zabiegowych, znanych z interwencji w
tetnicach wiencowych, pozwala na doktadne planowanie kazdej sesji angioplastyki
balonowej tetnic ptlucnych, poprawia komfort operatora i przede wszystkim

bezpieczenstwo pacjenta.
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8. Oswiadczenia wspolautorow opublikowanych prac
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