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1. Wykaz stosowanych skrotowcéw

AComA ang. anterior communicating artery / tetnica tgczgca przednia
FDD ang. flow diverting device | stent kierunkujgcy przeptyw
ICA C6 ang. ophthalmic segment of internal carotid artery / tetnica szyjna

wewnetrzna, odcinek oftalmiczny

PHASES P — ang. population / populacja;
H — ang. hypertension / nadcisnienie tetnicze;
A — ang. age / wiek;
S — ang. size of aneurysm | wymiar tetniaka;
E — ang. earlier SAH from another aneurysm [ uprzedni krwotok
z innego tetniaka;

S — ang. site of aneurysm / lokalizacja tetniaka

UIA ang. unruptured intracranial aneurysm | niepekniety tetniak
wewnatrzczaszkowy
UIATS ang. unruptured intracranial aneurysm (UIA) treatment score /

wynik leczenia niepeknietych tetniakbw wewnatrzczaszkowych



2. Streszczenie w jezyku polskim

Wstep: Niepekniete tetniaki wewnatrzczaszkowe (ang. unruptured intracranial
aneurysm, UIA) wystepujg z czestoscig od 1,8 do 8,8 przypadkdéw na 100 osob,
w zaleznosci od zrodta oraz przyjetych kryteribw diagnostycznych. Wzrost
wykrywalnosci tetniakdw jest wynikiem powszechnego stosowania badan CT
i MR. Decyzja o leczeniu tetniakdw opiera sie na ocenie ryzyka krwotoku oraz
ryzyka zwigzanego z interwencjg, ktorg moze stanowi¢ mikrochirurgiczne
zaklipsowanie lub leczenie wewnagtrznaczyniowe. Zwiekszona wykrywalnosc
tetniakdbw oraz rozwdj bezpieczniejszych metod leczenia prowadzg do
kwalifikacji do leczenia coraz mniejszych tetniakow i starszych pacjentéw.
Powstaty skale do oceny ryzyka krwotoku, m.in. skala PHASES, oraz do wyboru
postepowania, skala UIATS, ale istnieje potrzeba przeprowadzania dalszych
badan nad ich uzytecznoscia.

Cele: Konieczne sg badania oceniajgce: strategie postepowania z UIA, wyniki
leczenia UIA réznymi metodami oraz uzytecznosc¢ skal oceny ryzyka krwotoku
i postepowania z UIA.

Materiat i metodyka: Przeprowadzono cykl retrospektywnych badan,
koncentrujgc sie na dwdch podgrupach tetniakéw: tetniakach kompleksu tetnicy
taczgcej przedniej (ang. anterior communicating artery, AComA) oraz tetnicy
szyjnej wewnetrznej w odcinku oftalmicznym (ang. ophthalmic segment of
internal carotid artery, ICA C6).

Wyniki: W pierwszej publikacji analizowano skutecznosc¢ i bezpieczenstwo
stosowania stentéw kierunkujgcych przeptyw (ang. flow diverting device, FDD) w
leczeniu tetniakéw ICA C6. Do badania wigczono 52 pacjentéw z 65 tetniakami.
Wyniki wskazujg, ze 98,1% pacjentéw uzyskato zadowalajgcy wynik kliniczny.
Skumulowane ryzyko krwotoku z leczonego tetniaka wyniosto 0,33% w ciggu
Sredniego okresu obserwacji trwajgcego 61 miesiecy przy rocznym ryzyku
krwotoku na poziomie 0,07%. Wsréd pacjentow bez objawdéw wzrokowych nie
odnotowano pogorszenia widzenia w wyniku leczenia, a u pacjentow z
objawowymi tetniakami wyniki byty zréznicowane. Catkowite wytgczenie tetniaka
z krgzenia nastgpito w 12,3% przypadkow bezposrednio po zabiegu, a po 6

miesigcach —w 73,4% przypadkow. W dtugoterminowej obserwacji zadowalajgcy



wynik radiologiczny uzyskano w 95,4% przypadkow. Komplikacje wystgpity u
40,4% pacjentow, najczesciej byty to powiktania proceduralne, do ktérych doszto
u 30,8% pacjentéw. Ponadto u 11,5% pacjentow wystapity powiktania odlegte.

Drugie badanie to analiza strategii postepowania ze 131 tetniakami
AComA, koncentrujgca sie na kwalifikacji do obserwaciji lub leczenia, rodzajach
leczenia oraz wynikach zastosowanego postepowania. Do obserwaciji
zakwalifikowano 60 (48,1%) tetniakdw, z ktorych 4 sie powiekszyly. Mediana
czasu obserwacji wyniosta 60,9 miesigca. W tej grupie nie odnotowano
krwotokéw podpajeczyndwkowych. Leczono 69 (53,5%) tetniakow, z czego
33,1% poddano leczeniu wewnatrznaczyniowemu. Komplikacje proceduralne
wystgpity w 17,8% przypadkow, w wiekszosci bezobjawowe; 93,2% pacjentow
zostato wypisanych w stanie jak przy przyjeciu. Smiertelno$¢ w tej grupie
wyniosta 4,5%, a ryzyko wystgpienia deficytdw neurologicznych — 2,3%.
W dtugoterminowej obserwacji (mediana 7,25 miesigca) 90% tetniakéw zostato
wytgczonych z krgzenia, w 5% przypadkow stwierdzono naptyw do szyi tetniaka,
a w kolejnych 5% — do worka tetniaka. Rekanalizacje stwierdzono w 17,4%
przypadkow. W  dlugoterminowej obserwacji wystgpit 1  krwotok
podpajeczyndéwkowy z leczonego tetniaka. Leczeniu mikrochirurgicznemu
poddano 25 tetniakdéw. 76% pacjentdw zostato wypisanych bez pogorszenia
stanu zdrowia, u prawie 1/4 doszto do pogorszenia w nastepstwie leczenia.
Smiertelno$¢ w tej grupie wyniosta 4,8%, a czesto$¢ trwatych deficytéow
neurologicznych — réwniez 4,8%. W dlugoterminowej obserwacji (mediana
63 miesigce) nie odnotowano krwotokéw. Podsumowujgc, sSmiertelnos¢ wsrod
wszystkich pacjentow wyniosta 2,4%, a czestos¢ trwatych deficytow — 1,6%.

W trzecim badaniu poréwnano rzeczywiste postepowanie ze 129 tetniakami
AComA z rekomendacjami wynikajgcymi ze skali UIATS oraz z oceng ryzyka
krwotoku wedtug skali PHASES. Sposrod 129 tetniakdéw 46,5% zakwalifikowano
do obserwaciji, a 53,5% do leczenia.

Zgodnie ze skalg PHASES wiekszos¢, 86% UIA cechowato niskie ryzyko
krwotoku, podczas gdy 14% charakteryzowato sie wysokim ryzykiem. W grupie
leczonych tetniakdbw wartosci PHASES byty wyzsze. Skala UIATS
rekomendowata leczenie dla 27% tetniakow, obserwacje dla 32%, a dla 37%

wynik byt niekonkluzywny.



W grupie obserwowanych tetniakow wartos¢ skali PHASES wynosita

od 4 do 9, przy czym nie byto tetniakdw o wysokim ryzyku krwotoku. Skala UIATS

rekomendowata leczenie w przypadku 11% UIA, obserwacje dla 51%, a wynik

byt niekonkluzywny w 38% przypadkéw. W grupie leczonych tetniakow 26%

charakteryzowato sie wysokim ryzykiem krwotoku wedtug skali PHASES. Skala

UIATS rekomendowata leczenie w przypadku 42% tetniakdw, obserwacje dla

19%, a wynik byt niekonkluzywny dla 39% tetniakow.

Podsumowanie i wnioski:

1.

Stenty kierunkujgce przeptyw mogg zapewni¢ bardzo wysoki odsetek
zadowalajgcych wynikéw radiologicznych i klinicznych. Niemniej jednak, ze
wzgledu na wysokie ryzyko roznego rodzaju powikfan, konieczna jest
krytyczna oceny wynikow.

Zréznicowane postepowanie z tetniakami AComA, obejmujgce obserwacije,
leczenie mikrochirurgiczne i wewngtrznaczyniowe, zmniejszyto ryzyko
krwotoku podpajeczynéwkowego do 0,14% w tej podgrupie tetniakow.
Nastgpito to kosztem Smiertelnosci na poziomie 2,4% oraz wystgpienia
trwatych deficytéw na poziomie 1,6% w podgrupie tetniakow leczonych.
Ryzyko trwatych deficytow neurologicznych i $miertelnosci nie moze byc¢
pomijane, ale dotyczy podgrupy tetniakdw wysokiego ryzyka krwotoku.

W przypadku ponad 2/3 ocenianych tetniakdw AComA wykazano brak
zgodnosci w uzyskanych rekomendacjach pomiedzy skalami PHASES
a UIATS. Decyzje co do postepowania nadal zalezg w gtéwnej mierze od

doswiadczenia osrodka, indywidualnej oceny tetniaka i preferencji pacjenta.



3. Streszczenie w jezyku angielskim

Introduction: The incidence of unruptured intracranial aneurysms (UIA) is 1.8 to
8.8 per 100 people. This depends on what kind of source we use and the
diagnostic criteria we adopt. The higher use of CT and MR results in more
frequent intracranial aneurysm identification. The management of aneurysms
depends on comparing the hemorrhage risk and intervention risk. The treatment
involves microsurgical or endovascular methods. The higher detectability of
aneurysms and safer treatment methods provide for the treatment of smaller
aneurysms and older patients. Many scales were created to calculate the risk of
hemorrhage such as PHASES, or to choose the management such as UIATS,
but we need studies to confirm their usefulness.
Purpose: We need studies that analyze the management of UIAs and the result
of their treatment with different methods, as well as the usefulness of scales to
assess hemorrhage risk and management.
Material and methods: We provide retrospective studies on two aneurysm
locations: anterior communicating artery (AComA) and ophthalmic aneurysms
(ICA C6).
Results: In the first study, we analyzed the effectiveness and safety of flow divert
stents in ICA C6 aneurysm treatment. We analyzed 52 patients with 65
aneurysms. The results showed that 98.1% of patients achieved good outcomes.
The overall post-treatment risk of aneurysm rupture was 0.33% during a mean
follow-up of 61 months. The annual risk of aneurysm rupture after treatment
reached 0.07%. Patients with asymptomatic UlAs had no visual complications
immediately after treatment, but with symptomatic UlAs, the results were
variable. The complete occlusion was demonstrated in 12.3% of aneurysms but
in 73.4% after 6 months. In long-term follow-up, good radiological outcomes were
achieved in 95.4 % of aneurysms. Complications occurred in 40.4 % of patients,
of which the most frequent were procedural complications, which occurred in
30.8% of patients. Late complications occurred in 11.5% of patients.

In the second study, we analyzed the results of our diverse strategy in
AComA UlAs with the additional goal of assessing the risk of treatment and the

incidence of hemorrhage. We analyzed 131 patients, of which 45.8% were



assessed for observation, 4 of presented with enlarged aneurysms during follow-
up. The median time of observation in this subgroup was 60.9 months. There
were no hemorrhages in the observation group. For the treatment, 69 aneurysms
(563.5%) were assessed, 33.1% of them were assigned to endovascular
treatment. Procedural complications occurred in 17.8% of cases, the majority of
them were asymptomatic. 93.2% of patients were discharged in the same state
as in admission. The mortality in this group was 4.5%, and the risk of neurologic
deficits was 2.3%. In long-term follow-up (median time 7.25 months), 90% of
aneurysms were occluded, and in 5 % of the near-complete occlusions (visible
neck remnant), the dome remnant rate was 5%. Recanalization of 17.4% of the
previously occluded aneurysms was demonstrated. In the long-term follow-up, 1
hemorrhage occurred. For 25 aneurysms microsurgical treatment was used. 76%
of patients were discharged without deterioration. Up to 25% deteriorated due to
treatment. Morbidity was 4.8% and permanent morbidity was 4.8%. There was
no hemorrhage in this group.

In the third study, we compare management recommendations for AComA
UlIAs, according to UIATS and PHASES, and compare them with each other and
to real-life management. Among 129 aneurysms 46.5% were assessed for
observation and 53.5% for treatment. According to PHASES, the majority of
aneurysms 86% had low risk of hemorrhage and 14 % were high-risk aneurysms.
The PHASES scores were significantly higher in the group qualified for treatment.
In accordance with UIATS, UIA repair was recommended for 27% of patients and
conservative management for 32% of patients, while the recommendation
remained not definitive for 37% of individuals. PHASES scores in the group under
observation ranged from 4 to 9, and no high-risk aneurysms (according to
PHASES interpretation) were identified. In this group, UIATS recommended UIA
repair for 11% of patients and conservative management for 51% of patients,
while 38% of patients lacked a specific recommendation. PHASES scores in the
group of patients who underwent treatment ranged from 4 to 15, with 26% of them
having high-risk aneurysms. According to UIATS, UIA repair was recommended
for 42% of patients and conservative management for 19% of patients, and

recommendations were not definitive for 39%.
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Conclusions:

1.

Flow-diverting devices may offer a very high proportion of satisfactory
radiological and clinical outcomes. However, due to the high rate of different
types of complications, critical assessment of their use is essential.

Using diversified management of AComA UlAs, which include observation,
microsurgery, and embolization, we have decreased the annual risk of SAH
to 0.14% at the expense of 2.4% mortality and 1.6% permanent minor deficit
rates in the treatment subgroup. The morbidity and mortality in AComA UIAs
are compelling, but these refer to a high-risk group with potentially devastating
consequences.

In two-thirds of cases, we showed a lack of concordance between PHASES
and UIATS. Significant discordance in therapeutic suggestions underscores

the predominant influence of center experience and individual assessments.
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4. Wstep

Niepekniete tetniaki wewnatrzczaszkowe wystepujg z czestoscig od 1,8%
do 8,8% w zaleznosci od zrodta i przyjetych kryteriéw diagnostycznych.’ Z uwagi
na powszechne uzycie badan CT i MR rosnie wykrywalnos¢ niepeknietych
tetniakow.

Podstawg wyboru optymalnego postepowania jest poréwnanie
krétkoterminowego i dtugoterminowego ryzyka wystgpienia krwotoku oraz ryzyka
zZwigzanego z interwencjg — z mikrochirurgicznym zaklipsowaniem tetniaka lub z
leczeniem wewngtrznaczyniowym.

Czestos$¢ wystgpienia krwotoku podpajeczyndwkowego z tetniaka wynosi
od 6 do 10 przypadkdéw w populacji 100 000 oséb rocznie. Krwotok z peknietego
tetniaka wigze sie z wysokg Smiertelnoscig przedszpitalng — na poziomie 26%
oraz wewnatrzszpitalng — na poziomie 13%.2 Poza krwotokiem powiekszajgce
sie tetniaki mogg powodowac objawy w wyniku ucisku na przylegajgce struktury
nerwowe.

Leczenie tetniakdw obejmuje metody mikrochirurgiczne i wewnagtrz-
naczyniowe. Pacjenci z tetniakami zakwalifikowanymi do obserwacji wymagajg
regularnych badan kontrolnych pod katem oceny powiekszania sie tetniaka.
Zwiekszona wykrywalnosc tetniakow i szybki rozwoj nowych metod ich leczenia
powodujg, ze do leczenia kwalifikowane sg coraz mniejsze tetniaki oraz coraz
starsi pacjenci.®*

Powstaty narzedzia w postaci skali do oceny ryzyka wystgpienia krwotoku
lub stuzgce do uzyskania rekomendac;ji dla postepowania.

Skala PHASES, szacujgca piecioletnie ryzyko krwotoku z tetniaka,
powstata na podstawie analizy sze$ciu badan z oceng ryzyka krwotoku.® Skala
rekomendacji UIATS jest modelem opracowanym na drodze konsensusu
delhijskiego i jako rezultat analizy wielu czynnikbw obejmuje trzy mozliwe
rekomendacje: obserwacje, leczenie lub brak zdefiniowanej rekomendacji.
Z drugiej strony w wielu pracach oceniano uzytecznos¢ tych skal we wstecznym
przewidywaniu krwotokéw w podgrupie peknietych tetniakdéw i wykazano, ze
znaczny odsetek peknietych tetniakow zostatby oszacowany w tych skalach jako

tetniaki o niskim ryzyku krwotoku.”-10
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Podsumowujgc powyzsze dane odnoszgce sie do niepeknietych tetniakéw
wewnagtrzczaszkowych: potrzebne sg badania, ktére oceniajg strategie
postepowania z tetniakami, wyniki leczenia mikrochirurgicznego i wewnatrz-
naczyniowego tetniakéw, jak rowniez badania oceniajgce uzytecznosc¢ skal, ktore
powstaty na potrzeby codziennej praktyki przy wyborze sposobu postepowania.
Z tego powodu przeprowadzono cykl badan retrospektywnych. Poniewaz
badania te nie stanowity eksperymentow medycznych, zgoda komisji bioetycznej
nie byta wymagana. Wybrano dwie lokalizacje tetniakdw wewnatrzczaszkowych:
tetniaki kompleksu tetnicy tgczgcej przedniej i tetnicy szyjnej wewnetrznej w
odcinku oftalmicznym. Tetniaki AComA wzieto pod uwage ze wzgledu na
szczegolng lokalizacje oraz sgsiadujgce perforatory, ktoére zaopatrujg
funkcjonalnie istotne struktury. Tetniaki ICA C6 uwzgledniono w celu oceny
skutecznosci i bezpieczenstwa stosowania stentow kierunkujgcych przeptyw,

ktére obecnie sg dominujgcym sposobem leczenia tetniakdw w tej lokalizacji.
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. Cele pracy

. Ocena klinicznych i radiologicznych wynikow leczenia niepeknietych

tetniakéw ICA C6 przy uzyciu FDD potgczona z analizg komplikacji leczenia.

. Ocena wynikéow zrdéznicowanego postepowania obejmujgcego obserwacie,
leczenie wewnatrznaczyniowe i mikrochirurgiczne w podgrupie tetniakow
AComA potgczona z analizg ryzyka krwotoku, wynikow klinicznych i powiktan

leczenia.

. Retrospektywne poréwnanie rekomendacji uzyskanych wedtug skal PHASES
i UIATS oraz ich zestawienie z rzeczywistym postepowaniem dla podgrupy

niepeknietych tetniakow AComA.
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6. Kopie opublikowanych prac

6.1. Praca 1

1. Kunert P, Wéjtowicz K, Zytkowski J, et al. Flow-diverting devices in the
treatment of unruptured ophthalmic segment aneurysms at a mean clinical follow-
up of 5 years. Sci Rep. 2021;11(1):9206. doi:10.1038/s41598-021-87498-z.
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W) Check for updates:

Flow-diverting devices

in the treatment of unruptured
ophthalmic segment aneurysms
at a mean clinical follow-up

of 5 years

Przemystaw Kunert!, Katarzyna Wojtowicz=, Jarostaw Zytkowski2, Maciej Jaworski2,
Daniel Rabezenko?, Jakub Wojciechowskil, Kamil Lesniewski® & Andrzej Marchel*

A shift toward the endovascular treatment of ophthalmic segment aneurysms is noticeable. However,
it is not clear if the long-term treatment results improve with the development of endavascular
methods. The aim of this study was to present the outcomes of the treatment of unruptured
ophthalmic aneurysms using flow diverting devices (FDD) with or without coiling. This retrospective
study included 52 patients with 65 UlAs treated in 2009-2016. The mean aneurysm size was 8.8 mm.
Eight aneurysms were symptomatic. Therapeutic procedures included: 5 failed attempts, 55 first
sessions with FDD deployment (bilateral procedures in 3) and 3 retreatment procedures. To cover

55 ICAs, 25 Silk, 26 Pipeline, 9 Fred and 1 Surpass FDD were used. FDD with coiling was applied in
19(29.2%), mainly for symptomatic and larger aneurysms. Mean radiological and clinical follow-up
was 12 and 61 months, respactively. Postprocedural deterioration was noted in 3(5.8%) patients, but
in long-term the modified Rankin Scale grades 0-2 were achieved in 98.1% of patients. One patient
died from the treated aneurysm rupture (annual risk—0.07%). Raymond-Roy occlusion classification
class | or Il was achieved in 98.5% in the long term, with similar results in both groups. Complications
occurred in 40.4% of patients and the most frequent were: imperfect FDD deployment (15%), failed
attempt of FDD deployment (9.6%) and late FDD stenosis (9.6%). Flow-diverting devices, with
additional coiling in selected cases, may offer a very high proportion of satisfactory outcomes.
Howaever, in our experience the high risk of complications remains.

The ophthalmic segment of Internal carotid artery (ICA-C6), starts at the distal dural ring and ends just before
the posterior communicating artery origin'. Aneurysms of ICA-C6 occur with a frequency of approximately 5%
of all intracrantal aneurysms?® Besldes the subarachnold haemorrhage, the clinical presentations include visual
deficits’. Surplcal clipping and different endovascular techniques like coil embalisation, flow diverting device
(FDD) deployment and combination of cofling with stenting are current options for the treatment of ICA-C6
aneurysms**. Permanent morbidity ranges from 0.8 to 38%%'!, and the new visual deficits occur more often
after clipping than endovascular treatment®!-%, Flow diverting stents are promising devices for a higher per-
centage of fully occluded aneurysms as compared to coll embolisation'®,

The alm of this study was to present the clinical and radiclogical outcomes of endovascular treatment of
unruptured ICA-C6 aneurysms using FDDs with or without colling. Different factors were tested as potentlal
predictors of the most favourable outcome.

1Department of Meurosurgery, Medical University of Warsaw, Banacha str. la, 02-097 Warszawa,
Paland. *Second Department of Radiology, Medical University of Warsaw, Warsaw, Poland. *Department of
Population Health Monitoring and Analysis, Mational Institute of Public Health - Natianal institute of Hygiene,
Warsaw, Poland. Bemail: kasia-wojtowicz@wp.pl

{2021) 11:9206 | https:fidoi.org/10.1038/241538-021-87498- nature portfolio
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| | , treated with FDD+ C
All aneurysms | Aneurysms treated with FDD (Mo46) | (NP19) r
Anearysm
Mean size (5D 5.8 mm (5.4) 6.8 mm (3.0) 13.5 mm (7.0)
Size range 2.2-28 mm 2.2-18 mm 3.3-28 mm B
| Ancurysm sizes7mm | 32 (49.29%) 28 (60.9%) 4(21.1%)
Aneurysm size 7-12mm | 22 (33.8%) 17 (37.0%) 5 (26.3%)
Aneurysm size 13-24 9 (13.6%) 1(2.2%) B (42.1%) S0
Aneurysm size =25 mm 2{3.1%) 0 2(10.5%)
Meck
Mean size (5D) 4.7 mm {1.9) 4.3 mm (1.6) 5.9 mm (2.0)
Size range L4-10 mm 14-8.8 mm 2.9-10 mm pond
.Done-ln—loci ratio
Mean (3D} LE (0.7 1707 2.2(07)

0008
Range 0.7-3.8 0.7-4.1 10-3.5
Symptomatic B(12.3%) 3(6.5%) 5 (26.3%) 082

(2021) 11:9206 |

Table 1. Aneurysm characteristics in whole group and subgroups, according to the treatment technique. FDD,
flow diverting device alone; FDD+C, flow diverting device with colling; SD.-standard deviation.

Material and methods

Patients. This retrospective study Included 52 patlents with 65 unruptured aneurysms (ULA) located on
ICA-C6 treated in 2009-2016. The mean patient age was 52.5 years (range: 26-76 years old). Forty-five (86.5%)
patients were female. Four (7.7%) patients had a history of subarachnold haemorrhage (SAH) from another
aneurysm. Twenty-seven (51.9%) patlents were smokers, 26 (50%) patlents had artertal hypertension and 7
(13.5%) had a positive family history of intracrantal aneurysms.

All study participants underwent regular, neurosurgical management and treatment. Afterwards, anonymized
patlent data was retrospectively analyzed by physiclans who have access to patients’ medical records. The Bloeth-
lcs Committee of the Medical University of Warsaw (local institutional review board) approved this study and
walved the need for informed consent. Moreover, the study has been performed in accordance with the ethical
standards aslald down in the 1964 Decaration of Helsinkl.

The mean radiological follow-up was 12 months (range: 1 to 24 months), and the mean clinical follow-up
was 61 months (range: 3 to 111 months). The follow-up data were avatlable for all patients.

Aneurysms. Of 65 aneurysms, 39 (60%) were ophthalmic, 24 (36.9%) superior hypophyseal artery and 2
(3.1%) were dorsal ICA (blister-like) aneurysms. Eleven (212%) patients had more than one treated ICA-C8
aneurysm: unflaterally in 8 and bilaterally in 3 cases. The measurements of dome and neck in 2 blister-like
aneurysms were feasible therefore they were analysed together with saccular aneurysms. According to the
convention’®, 26 (40%) aneurysm necks were small (<4 mm) and 39 (60%) were large (>4 mm); dome-to-neck
ratlo was< 2 In 44 (67.7%) aneurysms and > 2 in 21 (32.3%) aneurysms (Table 1).

Symptoms. Elght (12.3%) aneurysms were symptomatic, with multiple symptoms in 4. Visual field deficit
was present In & patlents, aculty decrease In 4, optic nerve atrophy in 1 and oculomotor nerve palsy in 1. The
causes of neuroimaging in the remaining patients were headache (N®11; 21.2%), dizziness (N°7; 13.5%), SAH
from another aneurysm (N°4; 7.7%) or non-specific complaints (N°22; 42.3%).

Procedures. 52 patlents underwent 63 therapeutlc procedures for 65 ULAs. Therapeutic procedures included:
5 fatled attemnpts, 55 first sesslons with FDD deployment (including 3 patients with bilateral procedures) and 3
retreatment procedures. In total, there were 182 invasive procedures, including 119 DSAs.

Twenty-five Silk, 26 Pipeline, 9 Fred and 1 Surpass FDD were used to cover 55 ICAs in 52 patlents. FDD with
additional colling (FDD + C) was performed in 19 (29.2%) cases.

Methods. Data on demographics, medical history, symptoms, aneurysms, treatment, complications and
results were recorded from patient files, The follow up data were collected based on files from control hospital
stays, ambulatory visits and telephone conversations. Indications for and its technique treatment were discussed
by the whole team including neurosurgeons and Interventional radiologlsts. All procedures were performed by
2 interventional radlologlsts (M], JZ). The clinical and radiological outcomes were assessed by neurosurgeons
(KW, PE, TW, KL, AM).

Follow-up Dyna-CT was performed 3 months after the procedure in the last 28 patients of the serles. Rou-
tinely, the patients underwent the follow-up DSA 6 and 12 months after the procedure. Further imaging was
scheduled indtvidually only for patients with incompletely occluded aneurysms. The Raymond-Roy (RROC) and
O’'Kelly-Marotta (OKM) grading scales were used for aneurysm occlusion assessment!™%, The clinical status was
established with the use of the modified Rankin Scale (mRS). Formal ophthalmologic evaluation was avaflable
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|uns |on g |u- dural day 1 |m' I |lll|:-lludn_tilh-w
Clinical outcomes according to the modified Rankin Scale (mRS)

Grade 43 (B2.7%) 41 (78.89) 42 (BOLB%W) 41 [ TB.E%)

Grade 1 B(15.5%) B{154%) B {15.4%) 2(17.3%) | Satisfactory cutcome-51 (58.1%)
Grade2 111.9%) 1(1.99%) 1(Low) 1({19%)

Grade3 o 1(1.9%) 0 (%) [

Graded o 1(1.9%) 1(Low) o . T,
Grade 5 ] 0 0 [

Grade 6 [] [ 0 1{19%)

RROC Class I | RROC Class IT RROC Class ITT

Radiclogical outcomes according to the Raymond- Roy occlusion classification

Immedite post-procedural result

FDD alone 3(6.5%) 4 (B.7%) 39 (B4.6%)

FDD+C 51(26.3%) 2(10.5%) 12 (53.2%) p=0

All aneurysms | 8(12.3%) 6(9.2%) 51 (78.5%)

Results at § manths follow-up DSA
| DD alone 35 (76.1%) 4 (B.7%) 7(15.2%)

FDD+C 12 (56.7%) 2(10.1%) 4(22.2%) pNs

All aneurysms | 47 (73.4%) 6(9.4%) 11{17.2%)

Long-term results (the last follow-up DEA)®

FDD alone 44 (95.7%) 2(4.9%) 0

FDD+C 18 (94.7%) 0 1(53m) p-NS

Allaneurysms | 62 (95.4%) 20(3.1%) 1{L5)

Table 2. Clinical and radiolo,

oitcomes. NS, not signtficant*Include also results of retreatment. *#In

(2021) 11:9206 |

patient who died, the last DSA performed after SAH revealed a critical distal end stent stenosls and aneurysm
remnant {(RROC class [II, OKM B).

for all patients with symptomatic ULAs. The clinical outcomes were calculated per patient, radiological outcomes
per aneurysm, and complication risk per patlent, per aneurysm and per procedure.

Statistical methods. Assessment of the differences between groups was done using t-test for numerical
and chi-square or Fisher exact test for categorical data. Potential determinants of the outcome were assessed
using one and multivariate loglstical regression models, using R 3.5.1 statistical software (R: A Language and
Environment for Statistical Computing, R Core Tearn, Vienna, Austria, https:/fwww.R-project.org).

Ethics approval. All study participants underwent regular, neurosurgical management and treatment.
Afterwards, anonymlzed patlent data was retrospectively analyzed by physiclans who have access to thelr
patients’ medical records. For that reason, a signed consent from each patient, or legal representative, was not
deemed necessary (Declaration of Helsinkd, 25). The Bloethics Committee of the Medical University of Warsaw
{local institutional review board) approved this study and walved the need for informed consent.

Results
Clinical outcomes. Onadmission, 8 (15.5%) patients presented with viston symptoms (mRS grade 1) and
1 (1.9%) with cognitive impairment (mRS grade 2) after SAH In the past (Table 2).

On the postprocedural day one, deterloration was noted in 3 (5.8%) patients including minor defictt in 2 and
major in 1. One patient had prol cognitive impalrment due to thromboembellc complications (mRS grade
4). At the discharge from hospltal 51 (98.1%) patlents were stable with thelr mRS scores as before the treatment.

In follow-up, 49 patients were stable and 1 patlent with postprocedural cognitive impairment significantly
improved. One patlent died from the treated aneurysm rupture. One patient deterlorated for a couple of manths
to mRS grade 3 because of thromboembolic complications at the 6-month follow-up DSA and she eventually
improved to mRS grade 1. In the most recent follow-up, 98.1% of patlents achleved satisfactory clinical outcome
(mRS grades 0-2).

‘The overall post-treatment risk of aneurysm rupture was 0.33% (1/304 aneur ysm-years) during a mean follow-
up of 61 months. The annual risk of aneurysm rupture after treatment reached 0.07%. The overall permanent
morbidity (mRS > 2) and mor tality rate was 1.9%. However, if all minor (also visual) and transient post-proceduire
deficlts were included, then the combined morbidity and mortality was 17.3% (9/52).

WVisual symptoms were stable in follow-up in 4 (50%) patients. One {12.5%) patient had transient and two
(25%) permanent deterforation after treatment. The vislon improved only in one (12.5%) patient. Patients with
asymptomatic UlAs had no visual complications immediately after treatment.
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Radiological outcomes. Immediate result of the first procedure. The complete occluston was demon-
strated in only & (12.3%) aneurysms at the end of the procedure (Table 2). However, the immediate postpro-
cedural results were significantly better when the additlonal colling was applied (RROC class I+1I; 36.8% for
FDD+Cvs. 15.2% for FDD; p=0.04).

‘The patlent, who died 3 months post-procedure due to SAH from the glant (28 mm), symptomatic aneurysm,
underwent FDD+ C (Silk and 4 cotls) procedure with immediate RROC class IT1. The last D5 A was performed
after SAH and revealed critical distal end stent stenosts and anewrysm remnant (RROC class I1T, OKM B).

Six-month follow-up DSA. The complete aneurysm occlusion was demonstrated in 73.4% (Table 2). The
results at the 6-month follow-up were similar in groups with and without colling (RROC class I4+11; 77.8% for
FDD +Cvs. 84.8% for FDD; p—not significant (NS)). At this stage 3 (5.6%) aneurysms with anglographic filling
were qualified for retreatment. One stent thrombosls with moderate hemiparests (mRS prade 3) occurred at the
time of follow-up DSA procedure.

Retreatment. Retreatment was needed for 3 (4.6%) restdual aneurysms inittally treated with FDD in 1
(2.2%), and FDD +C In 2 {10.5%, p-NS). In long-term follow-up all these aneurysms were totally occuded and
the patients maintained a good neurclogical condition (OKM D, mRS 0).

Recanalisatton of 1 (1.5%) aneurysm from OEM D to OKM B2 was demonstrated in DynaCT at the 3-month
follow-up after treatment of 8 mm aneurysm with FDD+ C (Silk and HydroSoft colls). Discontinuation of
Clopidogrel administration was recommended and the 6-month follow-up DSA revealed the total aneurysm
occlusion without additional treatment.

Long-term radiological outcome. According to the OKM Scale, Including the results of retreatment
procedures, the most recent DSA showed no aneurysm filling (OKM D) in 62 (95.4%), entry remnant with
no stasis (OKM C1) in 2 (3.1%) and subtotal filling with significant stasls (OKM B3) In 1 (1.5%) aneurysm
which ruptured Two aneurysms with entry remnant (OKM C1) were small, with a dome-to-neck ratlo <2,
located close to the origin of the ophthalmic artery and were treated with FDD alone. The RROC dass I or II
was achleved In 98.5% of aneurysms, with insignificant difference between FDD + C and FDD groups (Table 2).

In total, the new FDD thrombosis or stenosis occurred In 5 (9.1%) out of 55 tarpeted ICAs in follow-up and
was symptomatic In 3 (60%) of them. The last accessible follow-up anglograms demonstrated stent occluslon in
2 (3.8%), stenosis In 2 (3.8%) and normalisation of blood flow in 1 patient. The new fatlures occurred in 4 (16%)
of the Silk FDDs and n 1 {4.5%) of the Pipeline FD'Ds. None of Fred and Surpass FDDs occluded or narrowed.

Ophthalmic artery patency. The follow-up DSA demonstrated the ophthalmic artery occluslon In &
{10.9%) out of 55 ICAs covered with FDDs. There was no visual deterforation in these patients.

Complications. Durlng 182 Invasive procedures, Including all DSAs and treatment sesslons, 18 (34.6%)
patlents experlenced 29 adwverse events. The adverse events Included: 3 complications following DSA, 5 fatled
treatment attempts, 19 procedural complications of completed treatment sessions and 2 access site complications
(Table 3).

DSA complications. Three adverse events of diagnostic or follow-up DSA included: asymptomatic FDD
thrombosls, asymptomatic cerebral vasospasm and symptomatic ICA dissection.

Procedural complications. Nineteen procedural complications in 14 (26.9%) patlents occurred during
treatment procedures and Induded: imperfect FDD expansion (8), incorrect migration of FDD distal end (3),
FDD thrombosts (3), ICA dissection (2) and vasospasm (3). The procedural complications occurred in 18.2%
(6/33) of patients treated with FDD alone and in 42.1% (8/19) treated with FDD+C (p=0.1; the Fisher exact
test).

The imperfect FDD expansion (Silk in 7 and Pipeline in 1) was treated with balloon angtoplasty. The incorrect
FDD (Silkin 1 and Pipeline In 2) migration demanded the device replacement in 1 and implantation of additional
FDD In 1. The access slte complications occurred in 2 cases and Induded femoral artery pseudoaneurysm (1)
and thrombosis (1). Revision vascular surgery was needed tn the latter case.

Additionally, in follow-up a new FDD stenosls developed spontaneously In 4 cases (Silk in 3 and Surpass in 1),
which led to SAH In one. To sum up, the early or late complications occurred in 21 (40.4%) patients. Nevrological
sequelae of all complications were detalled in the chapter “Clinical outcomes™ and are summarised in Table 3.

Success rates. Immediate technical success was defined as an accurate deployment of FDDD, as it was planned,
during the first procedure with no procedural complications. The immediate technical success rate was 70.7%
(37/52) per patlent and 70.8% (46/65) per aneurysm. The Immedlate technical success rate was 76.1% (35/46)
in FDD group and 57.9% (11/19) in FDD +C group {p-NS, the Fisher Exact Test).

Six months technical success was defined as an aneurysm occlusion greater than 90% (RROC class I-1I)
and normal blood flow through the ICA (no stenosis/dissection/occlusion) at the 6-month follow-up DSA. The
6-month technical success rate was 63.6% (35/52) per patlent, 70.8% (46/65) per aneurysm, 71.7% (33/46) In
the FDD group and 68.4% (13/19) in the FDD +C group (p-NS for FDD vs. EDD + C; the Fisher Exact Test).

Treatment success was defined as a conjunction of the following conditions: an aneurysm occluston greater
than 90% (RROC cass [-1I), no SAH from targeted aneurysm, mRS grade: 0-2 and no visual deterioration in the
most recent follow-up. The treatment success rate was 94.2% (49/52) per patlent, 95.4% (62/65) per aneurysim,
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+ d 1] “F d

Pulled stiempts of PO degloy- | 5 7.9% (563) 7.7% (5165) 9.6% (5/52)

Procedural complications Fr 1 10.4% (18/182) 254% (16/62) 30.8% (20/65) 308% (16152)

Intraprocedural ICA disssction 3 L&w (3/182) 3.2% (/63) 4.6% (3 65) 5% (3/52)

Intraprocedural FOD thomboss | 4 2.2% (4/182) 4.8% (y63) 4.6% (4/65) 7.7% (4/52)

Imperfect FDD expansion [ 12.7% (B/63) 12.3% (8j65) 15.4% (8/52)

Incarrect FOD distal end migration | 3 4.89% (363 4.6% (3/65) 5.7% (3752)

Cerebral vasospasm 4 2.2% (4/182) 4.8% (Y63) 6.2% [4/65) 7.7% (4/52)

Anesurysms rupture o

Intracranial vessel perforation o

Intraparenchymal haemorhags o

e —— T =, = =

Late complications

Mew FOD thmbosis/stencsis | 5 - - 7% 9.6%

SAH from targeted aneurysm 1 - - 1.5% L%

Intraparenchymal haemorrhage o - - - -

Clinical sequelae (wio visual complications)

Transient neurological deficit 2 L1% 32% 3.1% 1%

Permancnt morbidity 1 05% 1.6% 15% Lo%

Mortality 1 - - 15% L¥%

Creerall morbidity and mortaliy |2 - - 3.1% 3.0%

Visual complications

Cranial nerve 111 palsy o - - - -

Permanent visual impairment 2 L1% 32% 3.1% 1%

Visual loss o - - - -
Table 3. Summary of complications. *Total number of adverse events of all DSAs and treatment procedures.
*455 ICAs were covered with FDDs, Le. bilaterally in 3 cases. ***One late FDD thrombosts, that occurred
during the follow-up DSA procedure, was also Incorporated in “procedural complications™
97.8% (45/46) in the EDD group and 89.5% (17/13) in the FDD + C group (p-NS for FDD vs. FDD +C, the
Fisher Exact Test). However, the most desirable scenario (uneventful treatment procedure, no falled attempts,
no retreatment procedures, RROC class [ at 6 months DSA, uneventful clinlcal perlprocedural and long-term
course) materlalised in 47.7% (30/65) of cases only. Potential predictors of the most favourable outcome are
presented In Table 4.
Discussion
A shift toward the endovascular treatment of ICA-C6 aneurysms is noticeable®*'!, Endovascular treatment shows
some benefits over surglcal clipping like a lower risk of visual and other neurologlc complications™ %4, How-
ever, more than one third of ICA-C6 ULAs are not completely occluded after traditional colling with or without
stenting®. That s why FDDs are now Increasingly popular, but their effectiveness has to be proven in long-term
evaluations. The risk of neurologlcal deterforation immediately after treatment, beyond the visual symptoms,
was 6% In our series. A satisfactory clinical outcome was achieved in 98.1% of patients. Permanent morbidity
and mortality rates in stmilar serles were: 0—4.5% and 0-1.4%, respecttvely’'=%*, The pood general outcomes of
our serles are notably burdened by one catastrophic SAH from a treated aneurysm. Yet, our case of SAH reflects
rather a problem of effectiveness of endovascular treatment in glant aneurysms. In this case the additional colling
was used, to promote the Intra-aneurysmal thrombosls. However, only RROC class 111 was achteved. Probably, a
denser coll packing should be attempted for such unstable aneurysms, for a more direct protection.

Visual improvernent in symptomatic ICA-C6 aneurysms 1s also a goal of treatment. Indirect decompression
with dinical improvement {5 possible after embolisation, because of a reduction in aneurysm pulsation™ !,
Optimistic iterature data indicates that even two thirds of patients may tmprove their viston after embolisation
and three quarters after surgical clipping®'. However, many reports do not Include objective ophthalmologl-
cal evaluation. On the contrary, more critical observations demonstrate that viston improvernent 1s rare and at
least one third of patlents have posttreatment visual dysfunction™®, Our experlence on 8 symptomatic ULAs
also showed a 25% risk of permanent vislon deterloration and a little chance for tmprovement. Not only our
experlence Indicates that visual symptoms may also appear in delayed pertod™. Nevertheless, the permanent
visual impatrment after treatment of asymptomatic ULA Is unlikely to occur, based on our and other serles™.
Scientific Reports|  (zoz1) 11:9206 | hittps:jidoi.orgi10.1038/541598-021-87498-2 nature portfolio
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Univariate analysis

Age*

() 523+ 117 52110 o019
Sex

P 7 (87.7%) 1 (B8.6%) 26 (86.7%)
i tuz.sm Etll.ﬂ] 4(133%)
Mumber of treated ICA-06 UlAs

Single a1 (83.1%) 21 (s0m) 20/(66.7%)
Multiple 24 (36.5%) [14 {400 10(33.3%)
Previous SAH from other aneurysm

Mot 61 (93.8%) P (57.1%6) 27 (90.0%)
Ye 4 (6.2%) |1 {2.5%) 3 (10.0%)
Side

Left [36 (55.4%) 19 (54.39) 17 (56.7%)
Right 20 (44.6%) |15 (45.796) 13 (43.3%)
Type/location

TCA-blister like 2 (3.1%) 2 (5.7%) 0 (0.0%)
TCA Ofa 139 (60%) (20 (57.196) 19 (63 3%)
'ICA Ctb 124 (36.9%) 13 (37.1%) 1 (367%)
Aneurysm size

<7 mm (32 (49.2%) 17 (4B.6%) 15 (50,0%)
»>7 mm 133 (50.8%) 18 (51.4%) 15 (50.0%)
Aneurysm size (mm) BELS4 D360 B.3td8
Neck size (mm) W7t1e 5.1£19 4318
Dome-to-neck ratio Le£07 LB£0.8 19407
Symptomatic ULA :

ot |57 (87.7%) |28 (80.006) 20 (96.7%)
Yeu B (123) 7 t20.0m) 1{3.3%)
Smaking

ot [34 (52.3%) 16 {45.7%) 18 (60.0%)
Ye |31 (47.7%) |]_'J (54.39) 12 {d0.0%)
Diabetes mellitus

ot 6o (92.3%) b1 (s8.6%) 25 (96.7%)
Yes 5 (77) lt (1L.4%) 1{3.3%)
Arterial by

ot 33 (50.8%) [16 {45.7%6) 17 (56.7%)
Yes 32 (49.2%) |12 (54.396) 13 (43.3%)
Type of FDD*

'FRED 11 {16.9%) 2 (37%) B (30.0%)
PIPELINE 127 (41.5%) 12 (34.39) 15 (50.0%)
SILK 126 (40%) l21 (60.096) 5 (16.7%)
SURPASS 101.5%) (0.0%) 1(3.3%)
Technique of treatment®

FDD and coiling 19 (29.2%) [14 {40.0%) 5 (16.7%)
DD alone 46 (70.80%) 21 (50.0%) 25(83.3%)
Mumber of FDD=

1 |5 (0.8%) 1 (88.6%) 28 (93.3%)
>1 (5.20) {11.4%) 2(6.7%)
Multivariate logistic regression (without treatment-related factors)

Age (continuous variable) 095(0.91,1) 0.4 (0.89,0.99)

Dorme-to-neck ratio (continusus variskle) | 138 (0.71,2.66) 3.39(1.239.39)
's,mptmmmmm.nml 0.14 (0.02,1.18) 001 (0,052)

Table 4. Unl- and multivarlate analysis of potential predictors of the most desirable scenarto (RROC class T at

6 months with uneventful treatment and follow-up course). *Age (continuous vartable), OR (95% CI): 0.95 (0.91,1);
p=0.038; Technique of treatment, OR (95% CI): 3.33 (1,03, 10.79), p=0.045; SILK FDD, OR (95% CI): 0.05 {0.01,
0.33), p=0.002, and p-not significant for the rest of tested factors.
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The immediate postprocedural complete obliteration rate was 4 times higher for aneurysms treated with FDD
and colling, but the mid- and long-term results were similar in the FDD and FDD +C groups. It indicates that
FDDs alone are effective for most ICA-C6 UIAs and the additional cofling may be reasonable in selected cases.

The complete obliteration in 95.4% of aneurysms was finally achleved, as compared to 74.6-89.1% In other
serles™ 51972 The yse of additional cofling tn 29% of aneurysms could be the reason for better results in our
serles. Selection of aneurysms for addItional colling depended mainly upon the size and symptoms. Symptomatic
aneurysms (5/8) and those larger than 12 mm (10/11) were qualified mainly for FDD+ C.

The retreatment rate was 4.6% In our serles and it ranges from 9 to 30% after coll embolisation and from 0.9
to 6.8% after flow-dIversion in other serles*®1*2"5 The revislon “stent-in-stent” procedures were safe and fully
effective In our patients.

MNowadays, we routinely use Dyna-CT tmaging 3 months after FDD deployment. In our experience, the worst
delayed complication Is In-stent stenosls with persistent inflow to the aneurysm and the main purpose of doing
Dyna-CT is to exclude this. The new FDD thrombosts or stenosts occurred in almost 10% of patients and all of
them were diagnosed during the first half a year after treatment. Therefore, the close survelllance In this pertod
15 needed preferably with less invastve Dyna-CT, as one of adverse events was latrogenic due to DSA procedure.

Occluston of the ophthalmic artery was demonstrated In 11%, with no clinical sequalae. In the other serles
this proportion ranged from 3.6 to 2 1L.6% with questionable clinical stgnificance®!=325-25,

About 40% of patlents experlenced complications that, not rarely, were multiple. The most frequent technical
complication was Imperfect FDD deployment (15% of patlents), followed by falled attempts of FDD deployment
and late FDD stenosls, Therefore, patients should be informed about the cumulattve risk of all invastve procedires
and the potentially delayed adverse events.

‘The procedural complications occurred in 42% of patients in the FDD + C group—mare than twice as much
as in the FDD group. Also, the immediate technical success rate was 18% lower in the FDD+ C group than in the
EDD group. Despite belng inslgnificant, the differences should be pointed out for critical assessment whether
the more complex treatment for more complex aneurysms 1s reasonable.

The treatment success was as high as 95% per aneurysm within a mean follow-up of 5 years. However, the
most desirable scenarlo succeeded in less than half of aneurysms. This Indlcates that aggressive treatment brings
very good final results but is burdened by constderable complication risks.

The multivariate analysis of demographic, cliinical and morphometric factors demonstrated that younger age,
higher dome-to-neck ratto and asymptomatic aneurysms favour the best outcomes.

Limitations of the study. Four different kinds of FDD had been used according to the needs and local avail-
abtlity. Furthermaore, the UlAs treated with FDD alone significantly differed from those treated with FDD and
colling. Therefore our retrospective analysis cannot serve as a comparlson of the different devices and tech-
niques. Whether FDD with colling 1s more effective than FDDs alone In complex aneurysms has to be proven
In prospective trials.

Conclusions

Flow-diverting devices, with the use of additlonal cofling In selected cases, may offer a very high proportion
of satisfactory radiological and clintcal outcomes. However, in our experience the high risk of complications
of different type and time Impose the need for critical assessment and for further improvernent of technical
capabilities of implanted devices.
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Abstrack Although anterior communicating artery (AComa) unruptured intracranial aneurysms
(UILAs) comprise one of the largest aneurysm subgroups, their complex adjacent neurovasculature
and increased risk of rupture impe de optimal management. In the present study, we analyzed the
restilts of our diverse strategy in AComA UlAs with the additional goal of assessing the risk of
treatment and the incidence of hemorthage. We analyzed 131 patients, of which each was asses=ed by
a multidisciplinary neurovascular team and assigned to observation (45.8%), endovascular treatment
(34.4%) or microsurgery (19.6%). Median aneurysm sizes were 3, 7.2 and 7.75 mim, respectively. In the
observation group, four (7.1%) aneurysms (initially <5 mm) grew over a median Hime of 63.5 months
and were treated endovascularly. We found that fewer patients in the observation group were
smokers (p= (L021). The anetrysm size ratio was different between the combined treatment versiis
the observation group (p < 0.0001). Motew orthily, there were no hemorrhages in the observational
group. Mortality for all patients with available follow-up was 2.4% (3/124) and permanent morbidity
was 1.6% (2/124) over a mean follow-up of 642 months. These compelling rates refer to a high-risk
group with potentially devastating consequences in which we have decreased the annual risk of
hemorrhage to (.14%.

Keywords: unruptured intracranial aneurysms; microsurgery; endovascular; observation; manage ment;
anterior communicating artery; morbidity; mortality

1. Introduction

The prevalence of unruptured intracranial aneurysms (UIAs) is estimated at 3.2% [1].
The anterior communicating artery {AComA) region stands out from other anatomical
locations due to its congestion of functionally important structures, namely, numerous
perforators, and relatively frequent prevalence of AComaA UlAs. Additionally, AComA
UlAs may exhibit twice the risk of rupture than other UlAs with an annual risk of ruptume
as high as 2.2% [2,3].

Even though AComA aneurysms comprise the biggest subgroup of all ULAs, their
optimal management remains unclear. As with any other ULA, each patient needs to be
qualified for observation or treatment. Endovascular techniques and microsurgery are
standard methods of treatment, though the choice of which of them for patients qualified
for treatment is often subjective.

To overcome this lack of unequivocal management guidelines, numerous scales and
algorithms have been designed to facilitate the decision-making process [4—6]. In the present
study, we analyze the results of our diverse management strategy in patients with AComA
UlAs. We additionally set out to assess the risk of treatment including complications, the
immediate and long-term outcomes of the endovascular treatment as well as open surgery.

J. Clin. Med. 2023, 12, 4619. https:/ / d oi.ong/ 103390/ jem12 144619
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Moreover, we endeavored to measure the incidence of aneurysmal hemorrhage in each of
three management option groups.

2. Materials and Methods

This study was designed as a retrospective, single-center, consecutive case series, un-
dertaken in an academic setting from 2011 to 2021. For each patient, the multidisciplinary
team—comprising neurological surgeons and neurcinterventional radiologists—qualified
patients for observation or reatment. Our management strategy changed over time. At the
beginning, it was based on the algorithm published by Chalouhi et al. [7]. Over time, we
gradually remodeled the assessment of the risk of hemorrhage according to the PHASES
and integrated additional tools as well as the ULATS recommendations [4,5]. When needed,
the multidisciplinary team chose the treatment modality. In general, endovascular treat-
ment was the preferred modality for patients qualified for treatment, unless the aneurysm
configuration made it particularly hazardous, in which case microsurgery was chosen.

We analyzed our long-term clinical follow-up for all groups. In the observational and
endovascular groups, we analyzed radiological outcomes, whereas in the endovascular
and microsurgical groups, we analyzed clinical outcomes immediately and at discharge.
Clinical outcomes were assessed with the modified Rankin scale (mRS). Good outcomes
were defined as an mRS score of 0 to 2, and poor outcomes were defined as an mRS score
greater than 2. Neurclogical deficits were divided into minor {mRS 1 to 2) and major (mRS
greater than 2). Deterioration was defined as an increase of atleast 1 point in the mRS score.
Follow-up information was obtained during routine clinic visits or telephone interviews.

21. Follow-Up Algorithm

Patients in the observational group were monitored as follows: outpatient clinic visits
with a computed tomography angiography (CTA) or magnetic resonance angiography
{MEA) at six months and then once a year thereafter.

In the endovascular group, we routinely perform a posttreatment digital subtraction
angiography (DSA) approximately 6 months after the endovascular procedure, and in case of a
satisfactory result, this is the last radiological study performed. Subsequent DSAs are performed
only when necessary (ie, incomplete occlusion in the first posttreatment DSA, visible remnant,
etc.). We use the Raymond-Roy (RROC) grading scale to assess aneurysm occlusion [5]. As a
rule in our institution, we waive routine postoperative vascular imaging (DSA, CTA, and MEA)
after microsurgery. From 2018, we started routinely using infraoperative indocyanine green
videoangiography to confirm the patency of the arteries and closure of the aneurysm. Prior to
that, we performed early postoperative CTA in uncertain cases.

2.2, Statistical Analyses

We performed the Shapiro-Wilk and Levene's tests to examine assumptions of data
normality and the equality of variances, respectively. We examined the associations be tween
qualitative variables with the chi-squared or Fisher's exact tests. Differences between two
groups were evaluated with the Mann—Whitney U or independent i-tests, depending on
the assumptions met. Differences between more than two groups were evaluated with
the Kruskal-Wallis H test or one-way ANOWVA, depending on the assumptions met. Post
hoc comparisons were made using the Dunn test, and values were adjusted for multiple
comparisons. All analyses were performed using R [9], and violin graphs were created
with the ggstatsplot library [10]. Effect size () and confidence interval [-95%; 95%] from
the ggstatsplot library are reported for the Kruskal-Wallis test result. All analyses were
performed with a significance level of o = 0.05.

3. Results

During the study period 131 patients were diagnosed with 131 UlAs AComA. Initially,
60 cases (45.8%) were classified to the observation group and 71 cases (54.2%) to the
treatment group, of which, 45 cases (63.4%) were qualified to endovascular and 26 cases
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{36.6%) to microsurgical treatment (Table 1 and Figure 1). After crossovers, we analyzed
64 patients in the observational group, 44 patients in the endovascular treatment group and
25 patients in the microsurgery group. These numbers exceed the total number of patients
diagnosed with UlAs AComA. The reason for that is that patients initially observed—until
diagnosed with aneurysmal grow th—were included in both the observation group (for the
whole observation period) and the endovascular group (after qualification for treatment).
The demographics and aneurysmal risk factors for each analyzed group are presented in
Table 2.

Table 1. Demographics and anetrysmal characteristics of groups of patients as initially assigned.
Abbreviations: [A—intracranial aneurysm, SAH—subarachnoid hemorrhage.

Observation Endovascular Microsurgical
Data Group Group Group r
Nao. (%) No. (%) No. (%)
Initial assighment 60 (45.8%) 45 (34.4%) 26 (19.8%)
Sex
male 23 (38.3%) 20 (44.44%) 10(38.46%:) p=0.8
female 37 (6L.7%) 25 (55.56%) 16(61.54%)
Apge, years p=01
median 65 62 57.5
patients under 40 years old 5(B.3%) 4(5.8%) 3{11.5%) p=09
Family history of SAH or [As 5(B.3%) 5(11.1%) 4(15.4%) p=08
Previous SAH from another aneurysm 5(B.3%) 1(2.2%) 1(3.8%) p=042
Hypertension 38 (63.3%) 36 (B0%) 23 (8B.5%) p =006
Smoking 17 (28.3%) 20 (44.4%) 15 (57.7%) p=002
Initial medical condition (mRS)
0 56 (93.3%) 43 (95.6%) 23 (92%)
1 2(3.3%) 1(2.2%) 1 (4%)
2 0 0 1(4%)
3 1(17%) 1(2.2%) 0
4 1(17%) 0 0
5 0 0 0
Anetirysm size, mm
median 3 7.2 7.75 p<0.001
range 14-9 27-189 3.5-25
Aneurysm size groups
<5 mm 49 (B1.7%) 6 (13.3%) 3{115%)
57 mm 8 (13.3%) 15 (33.3%) 9{34.6%)
>7-12 mm 3 (5%) 20 (44.4%) 9{34.6%)
>12-25 mm 0 4(8.9%) 3{115%)
>25 mm 0 0 2 (7.7%)
Aspect ratio > 1.6 10 (16.7%) 7 (80%) 11 (42.3%) p= 0.0001
Size ratio > 3 5(B.3%) 24(53.3%) 18 (69.2%) p< 0.0001
Multilobulated 5(B.3%) 17 (37.8%) 1(3.8%) p < 0.001
Multiple 22 (36.7%) 19 (42.2%) 10 (38.5%) p<09
2 (B%): 1 (4%)
Symptomatic anetirysms i i vistial sy mptom p <0

and 1 (4%) sefzure
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Figure 1. Management of patients with unruptured anterior communicating artery aneurysms as
they wete initially assigned and then analyzed in our study

Table 2. Demographics and aneiirysmal characeristics of analyzed groipe of patients.

Data

Analyzed assignment *
Sex
male
female

A ears
tedian
patients under 40 years old

le&hlstary of SAH or [As
Previous SAH from another aneurysm

H
Proking

Initial medical condition (mRS)

R L D e

Aneurysm size, mm
median

range
Aneurysm size groups

<5 mm

57 mm
>7-12mm
»12-25 mm

>25 mm

Aspect ratio > 1.6

ize ratio> 3

Multilobulated
Multiple aneurysms

Symptomatic aneurysms

Observation

Grou
No. (%)

64 (48.1%)

24 (37.5%
40 (62.5%

B5.5
5 (7.8%)

5 (7.8%)
0

42 (65.6%
17 (26.6%

59 (92.2%)
2(3.1%)
0

2(3.19)
1(1.6%)
0

3
149
49 (76.6%
10 (15.6%
5 (7.8%)

0

0

12 (18.75%)

8 (12.5%)
6 Eg.q%}
23 (35.9%)

il

Endovascular

Group
No. (%)
44 (33.1%)

19 (43.2%
25 (56.8%,

62
4(9%)
5 (11.4%)
1]

34 (77.3%

19 (43.2%

42 (95.5%)

2 (45%)
1}

(=R =R =]

7
27-189

6 (13.6%
16 (36.4 }

27 (61.4%)

1?3%‘?3%2}

20 {45.5%
Q

Microsurgical
Grou P
No. (%)
25 (18.8%)
10 (40% p=0.839
15 (60%
56 r= 0.072
3(12%)
4(16%) p=0.675
1 (4% p=0.606
23 (92" = 0.062
14 (56% p=0.024
23 (929%)
1 (4%
1 4%}
1]
1]
o
8 p<0.001
3.5-125
2(8%
b {3692
12 (48%)
3(12%)
2 (8%)
11 (44% p < 0.0001
19 (76% p < 0.0001
1 (4% p < 0.001
9 (36 p=0572
2(8%): 1(4%)
visual symptom p=0.034
and 1 {4%) seizure

* Sum of analyzed patients exceeds total number of patients—an explana tion is provided in the texct. A bbrev iations:

IA—intracranial aneurysm, SAH—subarachnodd hemorchage.
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3.1. Observation Group
3.1.1 Assignment

Sixty patients were initially qualified for the conservative management specified
earlier. Additionally, four patients initially assigned to the endovascular treatment group
were moved to the observational group. Three patients refused endovascular treatment. In
one case during diagnostic DSA, the risk of an endovascular treatment had been assessed
as high, and treatment was not undertaken. For that reason, the analyzed observational
group comprised 64 subjects, Significantly fewer patients in the observation group were
smokers (chi-square test, p= 0.021). The aneurysm size ratio was significantly different
between the combined treatment groups versus the observation group (Kruskal-Wallis
p < 00001, e = 0.45 [0.33; 1]). Post hoc tests showed that the size ratio was significantly
smaller in the observational group in comparison to the endovascular and microsurgery

groups (both p < 0.0001) (Figure 2A).

Pruk-aa) = 00001 Pruk-m) = 00002
| PN | PR I
PRDR-ad. < 0,000 ProR "'II-CEI noo1
.
10- E
"
X o
e B
= o
< [
e =
I
M D
L ;
B <
!
o ! ! ! B i ] i
Endovascular Microsurgical Observation Endowascular Microswngical Observation
(= 44) (= 25) =60} (n =43 in=232) in = 54)

Figure 2. Comparison of size ratio (A) and aspect ratio (B) between endovascular, microsurgical
and observation groupe. Red dots and horizontal black lines inside the box indicate median value.
Magenta dots in endovascular, green dots in microsurgical and blue in observation groups denote the
results of individual patients. The shape of the violin graph indicates the distribution of results.

In addition, the aneurysm aspect ratio was significantly different between examined
groups (Kruskak-Wallis p < 0.0001, & = 0,31 [0.19; 1]). Post hoc tests showed that the aspect
ratio was significantly higher in the endovascular and microsurgery groups than in the
observational group (p < 0.0001 and p = 0.0002, respectively) (Figure 2B).

Subsequently, during the observation period, in four cases (6.25%), we observed
aneurysmal growth, and these patients were qualified for endovascular treatment. These
aneurysms were not significantly different from the remaining aneurysms in statistical
analysis. Of note is that these aneurysms—up till their growth—were included in the
observation group analysis. In the observation group, three patients {4.67%) had poor
initial neurological condition (mRS 3 or more). These were caused by unrelated conditions
such as ischemic stroke (n = 2) and lower extremity peripheral artery disease (n=1).
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3.1.2. Radiological Outcomes

Radiologjical follow-up data werme available for 56 patients (87.5%). During the obser-
vation period, four (7.1%) aneurysms grew and were treated endovascularly. The median
time to the aneurysm growth was 63.5 months (range: 54-73 months); in each case, the
initial aneurysm size was under 5 mm. For the remaining (in other words, stable) 52 (92.9%)
aneurysms, the mean radiological follow-up was 60.7 months {range: 5-184). The median
follow-up for aneurysms under observation, including aneurysms that eventually grew,
was 60.9 (range: 5-184).

3.1.3. Clinical Outcomes

Clinical outcomes were available for 63 patients (98.4%); however, 1 patient was lost
to the long-term follow-up. Mean clinical follow-up was 71.5 months {range: 7-187). There
were no subarachnoid hemorrhages (SAH) or other symptoms of UIA during this period.
Five patients (7.9%) died because of unmelated reasons.

3.2, Endovascular Traatment
3.2.1. Assignment

The endovascular group primarily included 45 patients. Of these, one patient (2.2%)
chose treatment in another institution, and three patients (6.67%) refused endovascular
treatment. In the remaining case (2.2%), after a diagnostic DSA, due to the expected high
risk of treatment, an endovascular procedure was not initiated. Moreover, four patients
{6.7%5) from the observational group were diagnosed with aneurysmal growth and qualified
for treatment. No significant differences weme found in the size, aspect ratio and size ratio
between those four patients and the rest of the endovascular group (all p > 0.05). Finally,
after relocations, 44 patients were treated endovascularly.

The following techniques were used: coiling alone in 59.1% of cases, coiling with stent
in 20.5%, coiling with flow-diverting devices in 11.4% and flow-diverting alone in 9.1% of
cases. One case (2.3%) required two-staged treatment.

In total, 45 endovascular procedures were performed to treat 44 aneurysms. The
intraprocedural complication rate was 17.8% (eight cases), of which 75% (six cases) were
asymptomatic. Coil protrusion to the artery occurred in 8.9% of cases (n = 4), after which,
stent deployment was required. The rate of vasospasm was 2.2%. The intraprocedural
rupture rate for allendovascular procedures was 6.7% (three cases).

3.2.2. Clinical Outcomes

On the first postprocedural day, we observed deterioration in five cases (11.1%). In
three of these cases, these were minor; in the other bwo cases, there were major deficits.
Deteriorations were caused by ischemic stroke in bwo cases, which was confirmed by
diffusion-weighted imaging (DWI) magnetic resonance (MR). In two other cases, worsening
was caused by an intraprocedural hemorrhage (one was an aneurysmal intraoperative
rupture, and the second, more serious, was due to an injury of the A2 segment of anterior
cerebral artery). A patient with a major deficit due to an intraprocedural hemorrhage and
anterior cerebral artery injury died during hospitalization. There were no intraprocedural
complications or ischemia in the postoperative MR in the remaining one patient.

At their discharge from hospital, the neurclogical status of 41 patients (93.2%) was
stable, with their mRS scores as before the treatment; 2 patients (4.5%) were discharged in
a worse neurological status due to a new, minor deficit in each case. At discharge from
hospital, procedure-related permanent morbidity and mortality rates were 45% and 2.3%,
respectively. Clinical follow-up data were lost for one patient. Four patients died: one during
hospitalization, one due to hemorrhage from the treated aneurysm 57 months after treatment
and two due to unrelated reasons. There was one hemorrhage for 186.3 patient years.
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3.2.3. Radiological Outcomes

Complete obliteration at the ime of treatment was achieved for 38 (86.4%) aneurysms.
One patient died shortly after the treatment (see above) and three patients were lost
to follow-up. For the remaining 40 patients, the median radiological follow-up was
7.25 months (range: 3-14). The complete occlusion rate was 90%, and the near-complete
occlusion (visible neck remmnant) rate was 5%, while the dome remnant rate was 5%. Of
the two aneurysms with dome remnants, one required retreatment, and the other was left
untreated and remained under observation due to a high risk of retreatment. Aneurysms
with neck remnants {5%) remained under further observation.

In the statistical analysis, aneurysms with near-complete occlusion and aneury sms with
dome remnants were significantly bigger (aneurysm size, mm (median (interquartile range ):
10,9 (2.97) vs. 672 (3.09), p = 0.009; size ratio> 3:4.66 (1.72) va 2.83 (1.33), p= 0.01; no significant
differences in aspect ratio > 1.6) as compared to the completely ocduded aneurysms.

Ultimately, 23 patients (52%) patients had a repeated long-term DSA in a mean follow-
up of 37.6 months. Recanalization of four previously occluded aneurysms (17.4%) was
demonstrated. These patients exhibited more frequent hypertension (Fisher's exact test
p = 0.03) and multiple aneurysms (Fisher’s exact test p = 0.04). In long-term follow-up,
two aneurysms with neck remnants had complete occlusion without additional treatment.
Additionally, complete occlusion was achieved in the retreatment case.

3.3. Microsurgical Group
3.3.1 Assignment

Initially, 26 patients (19.5%) were qualified for elective microsurgery. Of these, 1 patient
chose a different institution for treatment, hence, in the final assignment of microsurgery,
there were 25 patients. When compared with other groups in our study, these aneurysms
caused the mass effect significantly more often (Fisher's exact test p = 0.04).

3.3.2. Postoperative Complications

On the postoperative day one, deterioration was noted in seven patients (28%). In one
case, the postoperative deficit was temporary. Deteriorations were caused by an ischemic
stroke recognizable in CT in six cases (24%). Additionally, one of these patients (4%) had a
postoperative epidural hematoma. In the remaining one case (4%), the cause of neurological
deterioration was not found. Median aneurysmal size in patients who deteriorated was
7 mm (range: 5-13 mm).

3.3.3. Clinical Outcomes
At discharge from hospital, 19 patients (76%) were stable with their mRS scores as
before the treatment. Almost a quarter of patients deteriorated, including five minor deficits
{20%) and one major deficit (4%5). The patient with a major deficit died one month after the
surgery due to medical complications that were a consequence of a neurosurgical treatment.
term clinical follow-up was available for 21 patients (84%), while 4 patients
{16%) were lost to long-term follow-up. Mean follow-up was 63 months (range 1-123). Out
of six patients (24%) with postoperative deterioration, three patients improved, one patient
died {see above), one patient was lost to the follow-up and one patient exhibited permanent
deterioration. There was no hemorrhage from the treated aneurysms. Overall mortality for
this group was 4.8%, and permanent morbidity (mRS 1} was 4.8%.

34. Overall Results

Mortality for all patients {observed, treated endovascularly and treated microsurgi-
cally) with available follow-up was 2.4% (3/124), and permanent morbidity was 1.6%
{2/124) over a mean follow-up of 64.2 months.
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4. Discussion

In this study we presented our management strategy with AComA UlAs and analyzed
their treatment results. We focused exclusively on AComA aneurysms because their
increased risk of rupture makes them distinct from other UlAs [11]. Management of
patients with AComA UlAs still poses a considerable challenge. Treatment of UlAs is
intended to prevent SAH, but it involves a substantial risk of morbidity and mortality. At
the beginning, in our decision-making process, we followed the algorithm published by
Chalouhi et al. [7]. Subsequently, we introduced additional tools: PHASES and the UIATS
system score. Applying these scales did not simplify the decision-making process; their
recommendations often differed. Additionally, in 43.5% of cases, UIATS suggestions were
not definitive. According to the most recent European recommendations, the indications
for treatment are even more limited [12]. Even though our management was tailored for
each individual case, some general trends emerged and will be discussed below.

4.1. Observational Group

Morphological features of aneurysms, such as their size, size ratio and aspect ratio,
were significantly smaller in the observational group. Conversely, patients in the treatment
group were significantly mom often smokers. As a mesult of our strategy, there were
no intracranial hemorrhages or neurclogical deteriorations caused by aneurysm in the
observational group.

4.2. Endovascular Group

In the endovascular group, procedure-related mortality (that was a consequence of
the provided treatment) and permanent morbidity were 2.3%. Morbidity in our series is
lower, while the mortality is comparable to that from the meta-analysis of the endovascular
treatment of AComA aneurysms by Fang et al. in 2014 [13]. In that study, permanent
morbidity was 8% (95% CI 3-20°%) for AComA UlAs, and the procedure-related mortality
was 2% (95% CI1-9%) for AComA UlAs. The rate of hemorrhage was 2.3% in our series
and is comparable to the meta-analysis results by Fang et al. (2%, 95% CI 0~6%;) [13]. In
that study, the retreatment rate was 3%, companed to 5% in our series.

In our study, the long-term complete and near-complete occlusion rates were 90% and
95%, respectively, which is similar to what Fang et al. found in their meta-analysis, i.e,, 90%
for both complete and near-complete occlusions.

A systematic analysis by O'Neill et al. presents data separately for coiling and stent-
assisted coiling. Good clinical outcomes were achieved in 99.2% and 92.1% for these bvo
treatment modalities, while treatment-related mortality was 0 and 1.1%, respectively [14].
There were no SAHs from the treated aneurysms in either endovascular treatment technique.
Reltreatment rates were 4.9% and 6.8%, for coiling and stent-assisted coiling, respectively.
All these results are similar to those obtained in our series.

4.3. Microsurgical Group

Morbidity and mertality in our microsurgical group were 4.7% and 4.7% respectively.
In the review of the literature by Nussbaum, 3.3% of microsurgically treated patients did
not achieve a good clinical outcome, while the mortality rate was 0.3% [15]. The mortality
rate in our study is higher {4.7%), but it refers to a single patient in a comparatively small
group (n = 25). This patient had an aneurysm that was not amenable to endovascular
techniques and had a high risk of rupture, Similarly, the majority of microsurgically treated
aneurysms had complex anatomy, and endovascular treatment of these aneurysms was
evaluated as too risky:

The higher risk of clipping may be related to a decreasing volume of patients treated
microsurgically, which imperils the opportunity to develop, improve and sustain high
operative abilities,
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4.4, Final Comments

The observation of aneurysms did not expose patients to hemorrhage and at the
same time avoided the risk of treatment, possibly reducing the mortality and morbidity
in the whole group. On the other hand, despite the risk of morbidity of endovascular
and microsurgical treatment in our material being 2.3% and 4.7%, respectively, the cumu-
lative morbidity risk for the whole shudy population was lower, at 1.6%. Ultimately, it
appears beneficial to observe AComA UlAs whenever reasonable and—when treatment is
warranted—diversify preventive aneurysm repair modalities.

In a meta-analysis of the natural history of AComA UlAs, Mira et al. estimated the
annual risk of rupture at 2.2% [2]. Yet, in our study, with 690.15 patient years of follow-up
{129 patients and 5.35 years) and one case of SAH, we managed to decrease this number to
the 0.14% annual risk of rupture.

Based on our experience, we conjecture that evaluating each AComA UIA in a multi-
disciplinary team, with a preference to observe whenever possible and reasonable, may
be of benefit. Prior to such evaluation a patient should be carefully evaluated using all
available ULA scales (FHASES, UIATS, and ISUTA).

4.5, Limitations

Our study is limited by its retrospective nature and small sample size. Additionally,
our multidisciplinary team evaluates many patients from outside hospitals. Most of these
patients, when qualified for observation, are not followed in our institution, and thus, such
patients were not included in our database. Asa result, there is aninflated portion of treated
patients, relative to the whole study group, whereas the patients in the observational group
constitute only a fraction of patients actually surveilled in our outpatient clinics.

Finally, our management strategy changed over time according to updated guidelines
and risk calculators and is not homogenous for the evaluated patients.

5. Conclusions

Using diversified management of AComA UlAs, we have decreased the annual risk
of SAH to 0.14% at the expense of 2.4% mortality and 1.6% permanent minor deficit rates.
Noteworthily, there were no hemorrhages in the observational group. The morbidity
and mortality in AComA UlAs are compelling, but these refer to a high-risk group with

potentially devastating consequences.
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Abstrack Background: Treatment decisions for unruptured intracranial aneurysms (ULAs) pose a
challenge for neurcsurgeons, prompting the development of clinical scales assessing hemorrhage risk
to provide management giidance. This study compares recommendations from the PHASES and
UlIA treatment scores (UTATS) applied to anterior communicating artery (AComA) UlAs against real-
world management. Methods: While ULATS recommends management, for PHASES, an anelirysm
with score of 10 or more was considered “high-risk”. Analysis involved assessing the concordance in
each grotip alongside comparison to real-word management. Results: Among 129 patients, 46.5%
werte observed and 53.5% were treated. PHASES scores wete significantly higher in the treatment
group (p = 0.00002), and ULATS recommendations correlated with real-world decisions (p < 0.001).
‘We observed no difference in the frequencies of ULATS re commendations between high- and low-
risk groups. When comparing the UIATS and PHASES, 33% of high-risk aneurysms received a
UIATS conservative management recommendation. In 39% of high-risk aneurysms, the ULATS
recommendation was not definitive. Conwversely, 27% of low-risk aneurysms obtained a ULATS ULA
repair recommendation. Overall, concordance between PHASES and ULATS was 32%. Conclusions:
Significant discordance in therapetitic suggestions undetscores the predominant influence of center
experience and individual assessments. Future studies should refine and validate decision-making
strategies, potentially exploring alternative applications or developing tailored scales.

Keywords: unruptured intracranial aneurysm; anterior communicating artery; UIATS; PHASES;
concordance

1. Introduction

With the heightened availability and improved precision of diagnostic imaging, in
recentyears there has been a notable surge in the detection rate of asymptomatic unruptured
intracranial aneurysms (UIAs), particularly among elderly patients [1]. This trend is
accompanied by a noteworthy inclination to qualify smaller aneurysms for treatment
in older patient cohorts. Presumably, this shift in clinical practice is influenced by the
advancing safety profile of aneurysm treatment modalities [2,3].

Nevertheless, navigating the decision of whether to treat a UIA presents a challenging
dilemma for neurosurgeons worldwide, as well as remaining an ever-present concern in
their daily practice. Consequently, several scales have been developed to assess the risk of
hemorrhage and offer treatment recommendations. A number of studies have analyzed the
use fulness of these scales in predicting the risk of hemorrhage in populations with ruptured
intracranial aneurysms, and they show that a large peroentage of ruptured aneurysms
would have been assigned as low risk aneurysms pre-rupture [4-7].

J. Clin. Med. 2024, 13, 789, https: / / doi. arg / 103300 /jem 13030789
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In this evolving landscape of UIA management, anterior communicating artery
{AComA) UlAs stand out. Their distinctive features include high prevalence, proxim-
ity to functionally vital structures, and a speculated increased risk of rupture. The aim of
this study is to compare management recommendations for AComA UlAs specifically, eval-
uate different protocols, and compare them with each other and to real-life management of
AComA UlAs in a single institution.

2. Materials and Methods

This study is a retrospective evaluation of patients with AComA UlAs who were
observed or treated. These patients, including their follow-ups and complications, have
already been extensively described in our previous study [#]. In this paper, we applied
PHASES and UIATS in comparison to real-life management at a single institution [9,10].

We analyzed the concordance of these scales in each group and compared them to our
management. We analyzed a variety of demographics and aneurysm factors to find the
differences between the subgroups of different recommendations. The recommendations
from UTATS are categorized aseither definitive ("ULA repair’, i.e., treatment or ‘conservative
management’, i.e., observation) or non-definitive ("the recommendation is not definitive’).

This paper will interchangeably refer to recommendations derived from UIA clinical
scales and realworld management. To ensure clarity throughout the text, specific terms will
be introduced and utilized consistently. We will refer to the reakworld aneurysm cohorts as
belonging to either the ‘treatment’ or ‘observation” group. Regarding UIATS recommendations,
the terms UIA repair” or “‘conservative management’ will be used, as described in the original
paper. For the PHASES scale, which assesses the 5+year hemorrhage risk, a score of 10 or
more assigned to the aneurysm was considered high-risk, as proposed by Stumpo et al. [11].
Accordingly, whenever the terms “high-risk’ or “low-risk” aneurysm are utilized in this paper,
they will correspond to the PHASES score interpretation.

Statistical Analysis

We performed the Shapiro-Wilk and Levene’s tests to examine the assumptions of
data normality and the equality of variances, respectively. We examined the associations
between qualitative variables with the Chi-squared and Fisher’s exact tests. The Chi-square
Goodness of Fit test was used to summarize the discrepancy between observed values and
expected values. Differences between the two groups were assessed using either the Mann-
Whitney U test or independent t-tests, depending on whether assumptions were met. We
reported p-values both before and after false discovery rate (FDR) correction. Differences
bebween more than two groups were evaluated with the Kruskal-Wallis H test or one-way
ANCOVA, depending on whether assumptions were met. Post-hoc comparisons were made
using the Dunn test, and p-values were adjusted for multiple comparisons. All analyses
were performed using jamovi, which is a graphical user interface for R and violin graphs,
which were created using the ggstatsplot library [12-14]. Effect size (¢) and confidence
interval [—95%; 95%)] from the ggstatsplot library are reported for Kruskal-Wallis test
results. All analyses were performed with a significance level of o = 0.05.

To mitigate potential high correlation between PHASES and age, as well as UIATS
and age, we avoided including these variables as predictors in the same model. Instead,
we independently considered age, PHASES, and UIATS in separate models, allowing a
distinct assessment of their contributions to our analyses.

3. Results

In our series of 129 patients with AComA UlAs, 46.5% (60) of patients remained under
observation and 53.5% (69) were qualified for treatment.

3.1. PHASES Scores and Real-World Management Decisions

There were 111 (86%) AComA aneurysms classified as low-risk (score < 10) and 18
{14%) classified as high-risk {score = 10}, according to the PHASES scores.
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The PHASES scores were significantly higher in the group qualified for treatment
[median + interquartile range (IQR) was 8 £ 5 in the treatment group vs. 5 £ 1 in the
observation group, p = (.00002, Table 1]. Figure 1 presents the distribution of treated and
observed AComA aneurysms according to their PHASES scores.

Table 1. PHASES scores in patients with unruptured anterior communicating artery aneurysms who
‘were under observation or were qualified for treatment.

PHASES Scores
Group " Median Range
Treatment 69 8 4-15
Observation a0 5 49

PHASES score [points]
I

<

————
I -
s

0 5 10 15 20 i
Frequency (n)
I Cbserved aneurysms [ Treated aneurysms

Figure 1. Distribution of PHASES scores across treated and ob=erved unruptured anterior communi-
cating artery aneurysms. Orange—observed aneurysms, violet—treated aneurysms.

3.2. UATS and Real-World Management Decisions

In accordance with UIATS, UIA repair was recommended for Z7% (35) of patients and
conservative management for 32% (41) of patients, while the recommendation remained
not definitive for 37% (48) of individuals. In five cases, our data was insufficient to caleu-
late UIATS. Patients under observation more frequently received an UIATS conservative

40



J. Clin. Med. 2024, 13, 799

4of12

management recommendation and, correspondingly, patients who qualified for treatment
more frequently received a UIATS UIA repair recommendation (Chi-square test, p < 0,001,
Table Z). A significant association was identified between UIATS recommendations for ULA
repair or conservative management and real-world decisions (Fisher's exact test, p < 0.001).

Table 2. UIATS recommendations for patients with unruptured anterior communicating arkery aneurysms
‘who were under observation or qualified for treatment. ULA—unruptured intracranial aneurysm.

Recommendation According to UIATS

Group Conservative ; No Data
UIA Repair M. e Mot Definitive
Observation, 1 = 60 6 (10%) 28 (479%) 21 (35%) 5 (8%)

Treatment, i = 69 29 (429%) 13 (19%) 27 (39%) 0

3.3. LIATS Recommendations against PHASES Scores

We observed no difference in the frequencies of UIATS recommendations between
high and low-risk groups, as interpreted by PHASES (Table 3, for details please refer to
Supplementary Table 51).

Table 3. A comparative analysis of aneurysm evaluations according to PHASES and UIATS recom-
mendations. Aneurysms with PHASES score of 10 and more were classified as high-risk. ULA—
unruptured intracranial aneurysm.

PHASES Recommendation According to UIATS Chi-Square
Interpretation of i Conservative X Goodness of Fit
an Aneurysm UIA Repair M ment Not Definitive p-Value
Low-risk 30 (28%) 35 (33%) 41 (39%) 0.424
High-risk 5 (28%) 6 (33%) 7 (3%95) 0.546

In the entire cohort, PHA SES scores were not significantly different in relation to any
UIATS recommendation (Chi-squared Kruskal-Wallis = 4.91, p = 0.086, Figure 2).

15
’ |

PHASES score [points]

[=1]

)

ST

- f \ o | /
not definitive conservative UlA repair
[n = 48) management (n = 35)

(=41
Recommendation according to UIATS

Figure 2. Comparison of PHASES scotes in relation to the UIATS mecommendation across the whole
cohort. A dark ted dot denotes the median value, while smaller dots indicate values of individual patients.
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In the subgroup of aneurysms with a definitive recommendation, UIATS recom-
mended conservative management for 55% (&) of high-risk and for 54% (35) of low-risk
aneurysms, according to PHASES score interpretation. Likewise, in the subgroup with a
UIATS definitive recommendation, ULA repair was recommended for 46% (30) of low-risk
and for 45% (5) of high-risk aneurysms, as per PHASES score interpretation (chi-squared
p-value 0.97).

3.4, Observation Group

PHASES scores in the group of 60 patients under observation ranged from 4 to 9, and
no high-risk aneurysms (according to PHASES interpretation) were identified. In this group,
UIATS recommended UIA repair for 11% (6) of patients and conservative management for
51% (28) of patients, while 38% (21) of patients lacked a specific recommendation (Le., the
UIATS recommendation was not definitive).

Among patients under observation, PHASES scores were significantly different be-
tween subgroups based on UIATS recommendation [Chi-squared Kruskal-Wallis = 6.35,
p=0042, &2 = 012 (0.02; 1)]. The subgroup with a UIATS conservative management
recommendation had significantly higher PHASES scores when compared against patients
with ‘not definitive’ recommendations (p = 0.035, Figure 3).

Pt e~ 01035

1
|
=z ° \
E \f
g
4
3 I
2 . | = '
o [} = Pt = B.00 |
]
2
T [T { T = 5.00
o ; ! J
4
not definitive conservative UIA repair
{n =21} management (=8}

{n = 28)
Recommendation according fo UIATS

Figure 3. Comparison of PHASES scotes in relation to UIATS recommendations in the observation group.
A dark red dot denotes the median value, while smaller dots indicate values of individual patients,

We compared patients whom we observed following UIATS recommendations for
conservative management against those whom we observed despite UIATS recommending
UIA repair. Among the patients under observation in real-life management, we identified a
subgroup with a UIATS UIA repair recommendation, displaying distinctive characteristics.
Specifically, these patients were significantly younger [median (IJR) age of 51 (48 to 57)

old vs. median (IQR) of 72 (68 to 77) years old], had more frequent previous SAH
{p=10.025), a family history of aneurysms and/ or a hemorrhage from another aneurysm in
the past {p= 0.016}, were more often active smokers {p=0.016), and had multiple aneurysms
significantly more often (p = 0.021, Table 4).

3.5. Treatment Group

PHASES scores in the group of patients who underwent treatment ranged from 4 to 15,
with 26% (18) of them having high-risk aneurysms (PHASES score of 10 or mome). According
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to ULATS, UILA repair was recommended for 42% {29) of patients and conservative manage-
ment for 19% (13) of patients, and a recommendation was not definitive for 39% (Z7). The
PHASES scores in these three subgroups of different UIATS recommendations among patients
who underwent treatment were significantly different [Chi-squared Kruskal-Wallis = 8.12,
p=0.017, e2 = 0.12 (0.04; 1); Figure 4]. Notably, within the treatment group, patients with
UIATS conservative management recommendations had significantly higher PHASES scomes
compared to other treated patients, namely those for whom UIATS recommended UIA repair
or did not provide a clear recommendation ('recommendation not definitive’).

Table 4 Demographic and aneurysmal information for ULATS recommending unruptured intracra-
nial anetiysm (ULA) repair or conservative management within a group of patients with unrup-
tured anterior commitnicating artery aneurysms tinder observation. FOR—false discovery rate,
IQR—interquartile range, NA—not applicable, SAH—subarachnoid hemorrhage, ULA—unruptured
intracranial anetrysm.

Recommendation According to UIATS

Parameter (Unit) me:::: ULA Repair p-Value p-Value FDR
n (%¥Median @QRy] [ eNMedian (IQR)]

Patients 28 ]

A ge (years) 72(68 to77) 51 (48 to 57) <0.001 0.008
Aneurysm size (mm) 3,94 (2.28 to 6.00) 2.10(L55 to 4.00) 0.094 0.12
Previous SAH for another aneurysm 1(3.6%) 3 (50°5) o2 0022
Famnilial history 0 3 (500G) 0.003 0.014
Active smoking 5 (18%) 5 (83%) 0.005 0.014
Multiple aneurysms 6 21%:) 5 (83%) 0.008 0.019
Aspectratio> 16 1.25 (0.97 to 1.75) 1.27 (0.67 to L60) 060 0.67
Size ratio > 3 1.88 (1.25 to 2.64) 0.99 (0.78 to 1L.77) 0.040 0.06
Low-risk aneurysm * 28 6

High-risk aneurysm * 0 0 Na Na

* Evaluated with PHASES interpretation, in which a score of 10 or more assigned to the aneurysm was considered
high-risk, while scores under 10 were low-risk.
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Figure 4. Comparison of PHASES scores in relation to UIATS tecommendations in patients who
iinderwent treatment. A dark red dot denotes the median valie, while small dots indicate valies of
individual patients.
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We additionally compared the aneurysms within our treatment group, distinguishing
between those for which UIATS recommended UIA repair and those for which UIATS
recommended conservative management. Patients with ULATS UIA re pair recommendation
{within the realworld treatment group) were significantly younger [median (IQR) age of
54 (48 to 58) years old vs. median (IQR) of 71 (67 to 75) years old, p < 0.001)], were active
smokers more frequently (69% vs. 0%, p < 0.001), but had lower PHASES scores [median
{IQR) of 8 (5 to 8) vs. median (IQR) of 9 (8 to 12), p = 0.007], when compared against the
patients within the treatment group who received UIATS observation recommendation
{Table 5).

Table 5. Demographic and aneirysmal information for UTATS recommending ULA repair or con-
servative management within grotups of patients with unriptiired anterior commiuinicating artery
anetirysms who underwent treatment. FOR—false discovery rate, IQJR—interquartile range, SAH—
stibarachnoid hemorthage, ULA—unrirptired intracranial anetiry sim.

Recommendation According to ULATS

Parameter (Unit) Cunsew;:\]': ULA Repair pValue p-Value FDR
[n (%VMedian (1QRy] 1" PeVMedian (IQR)]
Patients 13 29
A ge (years) 71(67 to75) 54 (48 to 58) <0.001 <0,001
Aneurysm size (mm) 8.2(7.5t0 10.2) 7.0 (5.5 to 9.0) 0.10 0.16
Previous SAH from another anetirysm 1] 2 (6.9%) >0.99 >0.99
Famnilial history 0 7 (24%) 0.079 0.16
Active smoking 0 20 (69%) <0.001 «<0,001
Multiple aneiirysms 2 (15%) 13 (45%) 0.089 0.16
Multilobulated aneurysms 4 (31%:) 9 (31%) >0.99 »0.99
Aspect ratio > 16 179 (1.39 to 2.24) 1.56 (L30 to 2.19) 0.97 >0.99
Size ratio > 3 4,32 (182 to 5.26) 3,12 (269 to 3.89) 0.059 0.16
Low-risk aneurysm * 7 23
High-risk anetuysm * 4 3 0.16 022

* Bvaluated with PHASES interpretation, in which a score of 10 or moe assigned to the aneurysm was considered
high-risk, while scores under 10 were low-risk.

3.6. Summary of the Results

As a result of our management strategy, we reserved observation only for low-risk
AComdA UlAs according to the PHASES score interpretation. Even so, concurrently, we
treated as many as 46% (51) of low-risk aneurysms. Overall, our management was in
concordance with the PHASES score interpretation in 60% of cases.

In 60% (76) of cases, UIATS recommendations were definitive, while the remaining
cases were categorized as not definitive. We treated 82% (29) of cases in which UIATS
recommended UIA repair and observed 68% (28) of cases for which UIATS recommended
conservative management. Overall, our management was in concordance with UIATS
recommendations in 46% of cases.

Surprisingly, the concordance of these bwo scales applied to AComA UlAs was as
low as 32% (40). When comparing the UIATS and PHASES evaluations, we found that
33% {6 cases) of high-risk aneurysms (as per PHASES interpretation) received a UIATS
conservative management recommendation. In as many as 39% (7) of these high-risk
aneurysms, the ULATS recommendation was not definitive. On the other hand, 27% (30) of
cases of low-risk aneurysms obtained a UIATS UIA repair recommendation.

In our analysis of AComA UlAs that underwent treatment, an intriguing pattern
emerged when evaluating the recommendations from UIATS and PHASES. Notably, a
mere 7.2% of treated AComA UlAs received a UIATS UIA repair recommendation while
simultaneously being deemed high-risk according to their PHASES interpretation. The
majority of treated aneurysms (61%) fell into either the high-risk category based on their
PHASES interpretation, or received a UIA repair recommendation from UIATS.
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4. Discussion

The AComA complex is a prevalent site for UIAs, constituting up to 33% of cases. A
number of studies underscore its elevated risk of ruphure, as indicated by a meta-analysis
reporting a 2.51 times higher risk for AComA aneurysms compared to those in other
anterior circulation sites [15,16]. Moreover, small AComA UlAs have been reported to
bear a similar risk of rupture to posterior circulation aneurysms [17]. The conjunction
and synergy of these two features established the foundation for distinguishing AComA
aneurysms from other locations within the anterior circulation in our studies.

The PHASES score emerged from a collaborative effort among researchers from diverse
instifutions, originating in a large international study that synthesized data from individual
patient records and aneurysm databases [9]. Developed by analyzing various risk factors
and their associations with aneurysm rupture, the PHASES score serves as a tool for
clinicians to estimate rupture risk in UIAs based on individual patient characteristics [18].

The UIATS recommendations, representing a consensus effort among researchers,
were developed through a comprehensive analysis of data from various sources, including
individual patient records and aneurysm databases [10]. These guidelines provide clinicians
with evidence-based insights for managing ULAs [19].

4.1, LIATS Recommendations

In our investigation, we identified instances where the recommendations provided by
UIATS were not clearly delineated. This raises concerns about the suitability of using UIATS
in isolation. Notably, patients who weme observed in meal-life settings more frequently re-
ceived a UIATS recommendation for conservative management than a recommendation
for UIA repair Nevertheless, 11% of these patients (6) were recommended to undergo
UIA repair. This subset of patients, receiving a UIATS UIA repair recommendation and
who remained under observation in real life, exhibited distinct characteristics—they were
notably younger, had a higher incidence of familial history related to aneurysms or prior
hemorrhages from another aneurysm, were more likely to smoke, and presented with
multiple aneurysms. Interestingly, the aneurysms in the observation group with a UIATS
ULA repair recommendation were very small {median size 2.1 mm}, even when compared
to those in the subgroup receiving a ULATS conservative management recommendation,
although this difference was not statistically significant. This persistent ULA repair rec-
ommendation was noteworthy, particularly in light of three points favoring conservative
management, which were justified by the aneurysm’s complexity arising from a very small
diameter (<3 mm).

It is worth noting that, within the treatment group, significantly older patients con-
sistently received UIATS conservative management recommendations. This feature of
UIATS, evident in patients who underwent treatment in our real-life scenario, harmo-
nizes with the study by Rutledge et al. [20]. The researchers reported that UIATS tends
to underestimate the risk of hemorrhage in older patients. Moreover, older patients are
more severely affected by aneurysmal hemorrhage [21,22]. This emphasizes the need for
a critical evaluation of UIATS recommendations in older populations, recognizing the
potential underestimation of hemorrhage risk and the heightened severity of aneurysmal
hemorrhage in this demographic.

4.2, PHASES Scores

Although patients who underwent preventive aneurysm repair had significantly
higher PHASES scores, we treated almost half (46%, 51) of patients with low—risk aneurysms
{according to PHASES interpretation). An additional analysis of these cases unveiled that
the vast majority (96%, 49) harbored at least one type A risk factor, and two-thirds (66.7%,
34} had two type A risk factors, according to Chalouhi et al. [23]. The remaining 4% of
patients had one type A risk factor and one type B factor, which advocates for treatment,
according to the researcher’s algorithm. In our management approach, we did not observe
any high-risk aneurysms (as per PHASES interpretation).
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4.3. UWATS and PHASES Comparison

As presented in the summary of the results, a notable discordance between PHASES
and UIATS persists in AComA UlAs: every third high-risk aneurysm, as per PHASES
interpretation, received a UIA repair recommendation according to ULATS. Overall, the
concordance of these scales was 32%. It would be reasonable to assume that using more
tools should help with daily clinical practice, but our results show that the use of these
scales did not make decision-making simpler, instead adding to the confusion on what to do.
In certain scenarios, it appears likely that ULATS recommends conservative management
for high-risk aneurysms (as per PHASES) due to the consideration of treatment-related
risks. Unfortunately, an analogous explanation for why UIATS recommends UIA repair for
low-risk aneurysms in certain cases remains elusive.

What is more, we observed two unusual findings - one within the observation group,
and another within the treatment group. Firstly, among patients under observation, the
subgroup with a UIATS conservative management recommendation had significantly
higher PHASES scores compared to patients with a “not definitive” recommendation.
The apparent contradiction in this finding may be attributed to the objective of UIATS
construction, which considers not only aneurysm characteristics but also the inherent risks
of treatment. Such a comprehensive approach may lead to a final recommendation favoring
conservative management, despite apparent higher aneurysm risks depicted by relatively
higher PHASES scores.

Secondly, within the treatment group, patients with UIATS conservative management
recommendations had significantly higher PHASES scores compared to other treated pa-
tients, specifically those for whom UIATS recommended UIA repair or did not provide a
clear recommendation. This apparent paradox may be simply explained by our manage-
ment approach, wherein patients with high-risk aneurysms (as per PHASES interpretation)
wene qualified for treatment, regardless of other associated risks indicated in the UIATS
recommendations. In essence, our decision to opt for patient treatment was influenced by
the recommendation of only one of the scales.

4.4, Limitations of Aneurysm Scale Use

Scales intended to forecast the risk of aneurysm hemorrhage or offer clinical guidance
are not commonly integrated into clinical practice [24]. Additionally, these scales suffer
from a notable deficit of prospective evaluation, a crucial element requisite for establishing
a robust scientific basis to support their widespread implementation [19]. On the contrary,
there are a number of studies that have been critical of using these scales. Ravindra et al.
concluded that UIATS recommended the overtreatment of unruptured aneurysms [19].
When analyzing ruptured aneurysms, Rutledge et al. found that applying UIATS to elderly
patients would have led to their undertreatment, a problem not observed in younger
populations [20]. Furthermore, Hernandez-Duran et al. found that the sensitivity of
UIATS in detecting high-risk aneurysms in ruptured aneurysm cases was low [25]. On
the contrary, Feghali et al. showed that UIATS demonstrated good concordance with
real-world practice [26].

A major shortcoming of UIATS was recently reported by Stumpo et al. [5]. The
researchers claimed that UIATS would have failed to recommend UIA repair in 72.6% of
patients whose aneurysms eventually ruptured. Additionally, Molenberg et al. reported
peor performance of ULATS in predicting aneurysm grow th or rupture [27].

4.5. Study Limitations

This study possesses inherent limitations attributed to its retrospective design, a relatively
modest sample size, and single-center focus. While the latter introduces a degree of subjectivity
to the patient group, management processes, and results evaluation, we contend that this
limitation offers unique strengthswithin the specific context of our investigation.

The homogeneity observed in the evaluated AComA UlAs, coupled with the consistent
approach to management decisions (albeit with some adjustments over time) resulting
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from our single-center methodology, provides a distinctive advantage. This homogeneity
facilitates direct comparisons, enabling the derivation of meaningful conclusions—a feat
that might prove challenging in a multicenter, retrospective study design with potentially
increased variability in patient populations and management practices. The inclusion
of numerous centers may introduce additional confounding factors, complicating the
interpretation of results.

Furthermore, as previously noted in our earlier publication, a subset of patients
from external medical facilities qualified for observation. However, their data are not
incorporated into our databases [8]. Consequently, the reported number of patients under
observation in this study represents only a fraction of the total AComA UlAs under
observation, excluding those managed at external hospitals and outpatient clinics. This
omission emphasizes the necessity for cautious generalization of our findings to broader
patient populations.

Finally, an important limitation of our study lies in the use of the PHASES score inter-
pretation. Following the approach outlined by Stumpo et al., we categorized aneurysms
into high- and low-risk groups, subsequently assigning them to treatment and observation,
respectively [11]. It is crucial to acknowledge this methodology when interpreting the
results of our investigation. However, the necessity for some degree of generalization,
inchuding the use of, at times, arbitrary cutoffs, is recognized to facilitate evaluation in a
broader context.

4.6, Final Remarks and Future Directions

Assessing the concordance of aneurysm management with PHASES scores proves
challenging, as PHASES scoring primarily estimates the risk of hemorrhage rather than
guiding aneurysm management. As per the European Stroke Organisation guidelines,
preventive aneurysm repair is recommended for individuals with a 5-year risk of aneurysm
rupture, as this surpasses the risks associated with preventive treatment [28]. The impact of
implementation of the PHASES score in aneury sm management was evaluated by Hollands
et al [29]. The msearchers found that out of two examined centers, one did not change its
previous practice, while the other began to qualify less aneurysms for treatment.

In our management, we disqualified high-risk aneurysms from observation, and
a substantial number of low-risk aneurysms were treated (as assessed with PHASES
interpretation). This finding aligns with the observations of Longnon et al, who reported
that PHASES did not identify the majority of patients as being at a high or intermediate
risk of rupture [6]. Hilditch et al. reported comparable results [30].

The second noteworthy finding is the divergence in suggestions between PHASES
and UIATS in numerous cases, While this initial discrepancy may complicate decision-
making, a potential strategy could involve using the PHASES scale to estimate the risk of
hemorrhage. Subsequently, if an aneurysm is identified as high risk, the UIATS scale could
serve as a more refined tool to strike a balance between the risk of rupture and the risk of
treatment. Such a scheme necessitates future prospective evaluation.

Furthermore, prospective multicenter studies, utilizing established frameworks like
UIATS and PHASES, are crucial and much needed for advancing our understanding of
AComA UlAs. A collaborative, prospective approach in properly designed multicenter
studies would enhance the generalizability of findings, capturing diverse patient demo-
graphics and management practices. These studies should focus on elucidating natural
history and risk factors of ULAs, as well asestablishing a consensus on optimal manage ment
and the usefulness of clinical scales. Momeover, crucial additional outcomes to consider
encompass the real-world morbidity associated with interventions for UIAs and their
consequential impact on patients” quality of life. The use of standardized assessment tools
ensures a consistent framework, contributing to evidence-based guidelines for improved
clinical decision-making,
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5. Conclusions

Ower two thirds of the evaluations in the AComA UIA group yielded discordant
suggestions between PHASES and UIATS assessments, This underscores that therapeutic
decisions continue to be primarily influenced by the center’s experience, individual assess-
ments, and patient preferences. Recognizing the shortcomings of currently used scales,
future prospective studies are needed to refine and validate decisiorr-making strategies for
managing UlAs. This may involve exploring alternative applications of current scales and
developing new ones tailored to specific patients and aneurysms.
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7. Podsumowanie

Praca nr 1

W podgrupie tetniakow ICA C6 dokonano analizy skutecznosci
i bezpieczenstwa stosowania stentow kierunkujgcych przeptyw. Do analizy
wigczono 52 pacjentow z 65 tetniakami. W dtugoterminowej analizie klinicznej
u 98,1% pacjentow uzyskano zadowalajgcy wyniki kliniczny. Skumulowane
ryzyko krwotoku z leczonego tetniaka wyniosto 0,33% (1/304 tetniakolat) w ciggu
Sredniego okresu obserwacji 61 miesiecy, przy rocznym ryzyku wynoszgcym
0,07%. U pacjentdw bez objawow wzrokowych nie doszto do pogorszenia
widzenia. W grupie pacjentéw z objawowymi tetniakami: u 1 doszto do poprawy
widzenia, u 1 — do trwatego pogorszenia, u 2 — do przejsciowego pogorszenia, a
u pozostatych 4 objawy pozostaty bez zmian. Catkowite wytgczenie tetniaka z
krazenia na koniec przeprowadzonej procedury nastgpito w 12,3% przypadkow.
W analizie wykazano, ze uzyskanie natychmiastowego wytgczenia tetniaka z
krazenia byto znaczgco wyzsze w podgrupie, w ktorej uzyto spiral tagcznie z FDD,
w stosunku do podgrupy, w ktorej uzyto samego stentu. Po 6 miesigcach od
leczenia wykazano catkowite wytgczenie 73,4% leczonych tetniakow. W analizie
wynikow radiologicznych po 6 miesigcach nie znaleziono istotnych roznic przy
dodatkowym zastosowaniu spiral. W odlegtej analizie wynikéw radiologicznych,
po zastosowaniu w 3 przypadkach leczenia uzupetniajgcego, 95,4% tetniakéw
zostato wytgczonych z krgzenia. W 6 (10,9%) przypadkach doszto do zamkniecia
tetnicy ocznej, ale bez powiktan wzrokowych. Komplikacje wystgpity u 40,4%
pacjentow, prowadzac w 3,8% przypadkow do wystgpienia trwatych deficytow
neurologicznych (1,9%) i do $mierci (1,9%). U 26,95% pacjentow byly to
komplikacje proceduralne obejmujgce: nieprawidtowe rozprezenie lub
przemieszczenie stentu, rozwarstwienie tetnicy szyjnej, powiktania zatorowe
i skurcz naczyniowy. U 11,5% pacjentow wystgpity komplikacje odlegte:
powiktania zatorowo-zakrzepowe, zwezenie w stencie oraz krwotok z leczonego
tetniaka. W pieciu (9,6%) przypadkach nie powiodta sie proba implantacji stentu.
U 3 (5,7%) pacjentow powiktania wystgpity w trakcie diagnostycznej lub
kontrolnej angiografii.
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Praca nr 2

W podgrupie 131 tetniakbw AComA poddano analizie strategie
postepowania w kwalifikacji do obserwacji lub leczenia, rodzaju leczenia oraz
analize wynikow zastosowanego postepowania. Do obserwacji zakwalifikowano
64 (48,1%) tetniakdéw, leczono 69, w tym 44 (33,1%) wewnatrznaczyniowo,
a 25 (18,8%) operacyjnie. Obserwacja radiologiczna byta dostepna dla 87,5%
pacjentow, a w jej trakcie 7,1% tetniakow ulegto powiekszeniu i zostaty
zakwalifikowane do leczenia. Tetniaki, ktore sie powiekszyty, nie réznity sie od
pozostatych tetniakbw w zakresie analizowanych parametrow morfologicznych
i populacyjnych. Wymiar tetniakéw, ktére ulegty powiekszeniu, wyjsciowo byt
mniejszy niz 5 mm. Mediana czasu obserwacji do powiekszenia sie tetniaka
wyniosta 63,5 miesigca (zakres 54-73 miesigce). W przypadku pozostatych
52 (92,9%) stabilnych tetniakobw mediana czasu obserwacji wyniosta
60,7 miesigca (zakres od 5 do 184). Kliniczna obserwacja byta dostepna dla
63 (98,4%) pacjentow. Mediana czasu obserwacji wyniosta 71,5 miesigca
(zakres od 7 do 187 miesiecy). W tym okresie nie stwierdzono krwotokow
z obserwowanych tetniakbw. W podgrupie 44 pacjentdéw leczonych
wewnatrznaczyniowo: 59,1% tetniakow byto leczonych przy uzyciu spiral, 20,5%
— przy uzyciu spiral i stentu podporowego, 11,4% — spiral i FDD, aw 9,1%
tetniakow uzyto FDD. Jeden tetniak wymagat dwuetapowego leczenia. W celu
leczenia 44 tetniakdw przeprowadzono 45 procedur. Komplikacje proceduralne
wystgpity w 8 (17,8%) przypadkach, w 6 byly one bezobjawowe. Przy wypisie ze
szpitala stan neurologiczny 41 (93,2%) pacjentow nie ulegt pogorszeniu w
stosunku do wyjsciowego. Jeden pacjent zmart w trakcie hospitalizacji w
nastepstwie krwotoku w trakcie leczenia, dwoch pacjentdw zostato wypisanych z
niewielkim deficytem. Podsumowujgc, ryzyko $mierci i powiktan wyniosto
odpowiednio 45% i 2,3% w podgrupie tetniakow leczonych
wewnatrznaczyniowo. Wystgpit 1 smiertelny krwotok z leczonego tetniaka, 57
miesiecy po przeprowadzonym leczeniu (1 krwotok na 186,3 ,pacjentolat”). W
obserwacji radiologicznej dla 40 pacjentow 90% tetniakow zostato wytgczonych
z krgzenia. W przypadku 5% uwidoczniono naptyw do szyi tetniaka, a w
przypadku 5% — do worka tetniaka. Mediana czasu obserwacji radiologicznej
wyniosta 7,25 miesigca (zakres od 3 do 14 miesiecy). Tetniaki, w przypadku

ktérych nie uzyskano catkowitego wytaczenia z krgzenia, byty znaczgco wieksze.

51



W odlegtej kontroli radiologicznej wykonanej u 23 (52%) pacjentéw stwierdzono
rekanalizacje 4 (17,4%) wytgczonych z krgzenia tetniakow.

W podgrupie 25 tetniakéw leczonych mikrochirurgicznie 19 (76%)
pacjentow zostato wypisanych w stanie jak przy przyjeciu. U prawie
1/4 pacjentéw doszto do pogorszenia. W 5 przypadkach wystgpit niewielki, a w 1
przypadku ciezki deficyt neurologiczny. Pacjent z ciezkim deficytem zmart w
trakcie hospitalizacji.

Dla 21 (84%) pacjentéw byta dostepna dtugoterminowa ocena kliniczna
z mediang 63 (zakres od 1 do 123) miesiecy. Nie obserwowano w tym okresie
krwotokéw z leczonych tetniakow. Podsumowujgc, $miertelnos¢ w tej grupie
wyniosta 4,8% i czestos¢ trwatych deficytow rowniez 4,8%.

Podsumowujgc wyniki w catej analizowanej grupie: smiertelno$¢ wyniosta
2,4%, czestosc trwatych deficytow neurologicznych — 1,6%, a roczne ryzyko

krwotoku podpajeczynéwkowego — 0,14%.

Praca nr 3

W trzeciej pracy dla podgrupy 129 tetniakdbw AComA poréwnano realnie
zastosowane postepowanie (obserwacje albo leczenie) z rekomendacjami
uzyskanymi na podstawie dwdch skal. Wybrano dwie skale: skale PHASES,
oceniajgcyg ryzyko krwotoku, i UIATS, ktéra podaje nastepujgce rekomendacje:
obserwacja, leczenie lub wynik niekonkluzywny. W podgrupie 129 tetniakéw
46,5% zakwalifikowano do obserwacji, a 53,5% do leczenia. Wedtug skali
PHASES znaczna czesc¢ tetniakow (86%) zostata oceniona jako tetniaki niskiego
ryzyka (wynik w skali PHASES ponizej 10), a 14% tetniakéw — jako tetniaki
wysokiego ryzyka (wynik w skali 10 i powyzej). W podgrupie tetniakow leczonych
wartosci w skali PHASES byly znaczgco wyzsze. W skali UIATS rekomendacje
leczenia uzyskano dla 27% pacjentow, a obserwaciji dla 32%. W przypadku 37%
pacjentow nie uzyskano zdefiniowanej rekomendacji. Znaleziono statystycznie
istotny zwigzek pomiedzy rekomendacjg uzyskang w klasyfikacji UIATS a
decyzjami podjetymi w rzeczywistosci. Nie stwierdzono natomiast istotnej
zaleznosci pomiedzy rekomendacjami UIATS a interpretacjami uzyskanymi w
skali PHASES. W podgrupie tetniakow obserwowanych punktacja w skali
PHASES wyniosta od 4 do 9. W tej podgrupie nie byto tetniakdw wysokiego
ryzyka wedtug tej skali. Skala UIATS w tej podgrupie obserwowanych tetniakow
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rekomendowata leczenie dla 11%, obserwacje dla 51%, a dla 38% wynik byt
niekonkluzywny. Pacjenci z rekomendacjg leczenia byli znaczgco mtodsi,
czesciej mieli w wywiadach krwotok podpajeczynowkowy i rodzinne
wystepowanie tetniakow, czesciej palili i mieli mnogie tetniaki. W podgrupie
tetniakow leczonych uzyskano wyniki w skali PHASES od 4 do 15, ale tylko 26%
tetniakdw w tej podgrupie zostato ocenionych jako tetniaki wysokiego ryzyka
wedtug PHASES (PHASES = 10). W skali UIATS w tej podgrupie dla 42%
pacjentow uzyskano rekomendacje leczenia, dla 19% — obserwacji, a dla 39%
brak bylo zdefiniowanej rekomendacji. W podgrupie leczonych tetniakow
pacjenci, ktérzy uzyskali rekomendacje obserwacji, mieli znaczaco wyzsze
punktacje w skali PHASES w poréwnaniu z tymi, ktorzy uzyskali rekomendacje
leczenia lub dla ktorych rekomendacja nie byta zdefiniowana.

Podsumowujgc, w rzeczywistosci obserwacji poddawano tylko tetniaki
interpretowane jako niskiego ryzyka wediug PHASES. Leczono za$ 46%
tetniakow niskiego ryzyka wedtug PHASES. Zgodnos$¢ naszego postepowania
ze skalg PHASES wyniosta 60%.

W 60% przypadkow rekomendacje wedtug UIATS byty zdefiniowane.
Leczono 82% przypadkow, dla ktorych uzyskano rekomendacje leczenia wedtug
UIATS, i obserwowano 68% przypadkow, dla ktérych uzyskano rekomendacje
obserwacji wedtug tej skali. Nasze postepowanie byto zgodne z rekomendacjami
UIATS w 46% przypadkow.

Zaskakujgce byto to, ze zgodnos¢ miedzy dwiema skalami byta niska
i wyniosta jedynie 32%. Poréwnujac te dwie skale: 33% tetniakow wysokiego
ryzyka wedtug PHASES uzyskato rekomendacje obserwacji. Az dla 39%
tetniakow wysokiego ryzyka nie uzyskano w UIATS zdefiniowanej rekomendacji.
Z drugiej strony 27% tetniakow niskiego ryzyka wedtug PHASES otrzymato
rekomendacje leczenia w UIATS. W naszej analizie tylko 7,2% leczonych
tetniakow uzyskato jednoczesnie rekomendacje leczenia wedtug UIATS i status
tetniaka wysokiego ryzyka wedtug PHASES. Z drugiej strony wiekszos¢
leczonych tetniakdw (61%) uzyskata rekomendacje leczenia w co najmniej jednej

skali.
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8. Whnioski

1.

Zastosowanie stentow kierunkujgcych przeptyw w leczeniu tetniakéw tetnicy
szyjnej wewnetrznej w odcinku ocznym przynosi bardzo wysoki odsetek
zadowalajgcych wynikéw radiologicznych i klinicznych. Wysokie ryzyko
réznego rodzaju powiklan wymaga krytycznej oceny wczesnych i odlegtych
nastepstw tych procedur, dalszego doskonalenia samych urzgdzen i metod
ich implantaciji.

Zréznicowane postepowanie z niepeknietymi tetniakami tetnicy tgczacej
przedniej pozwala utrzymac roczne ryzyko krwotoku podpajeczynéwkowego
na poziomie 0,14%. Brak krwotokéw w grupie obserwacyjnej podkresla
znaczenie postepowania wyczekujgcego jako optymalnej strategii dla duzej
grupy pacjentéw. Ogodlna smiertelno$¢ wynoszaca 2,4% oraz czesto$c
trwatych deficytéw na poziomie 1,6% wynikaty z powiktan leczenia. Ryzyko
deficytu neurologicznego i sSmierci w podgrupie leczonych tetniakéw tetnicy
tagczacej przedniej jest nieuniknione, ale odnosi sie ono do grupy wysokiego
ryzyka tetniakbw z potencjalnie katastrofalnymi  konsekwencjami

w nastepstwie krwotoku.

Dla ponad dwoch trzecich ocen w podgrupie tetniakow tetnicy taczacej
przedniej uzyskano niezgodne sugestie pomiedzy skalami PHASES a UIATS.
Podkresla to, ze na decyzje terapeutyczne nadal gtéwny wplyw majg
doswiadczenie osrodka, indywidualne cechy tetniaka, dane kliniczne pacjenta
oraz jego preferencje. Ze wzgledu na ograniczenia obecnie stosowanych skal
konieczne sg badania prospektywne w celu doskonalenia i walidacji strategii
podejmowania decyzji dotyczgcych niepeknietych tetniakow. Moze to
obejmowac rozwoj nowych alternatywnych skal, dopasowanych na przyktad

do specyficznej lokalizacji tetniakow.
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9. Oswiadczenia wspoétautoréw publikaciji

Warszawa, 15.11.2024

Prof. Dr hab. Preemyslaw Kunert

OSWIADCZENIE

Jako wspdlautor pracy pt. Flow-diverting devices in the treatment of unruptured
ophthalmic segment ancurysms at a mean clinical follow-up of 5 years odwiadczam, iz mdj
wlasny wklad merytoryezny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w: przyeotowaniu koncepeji i
metodyki, interpetacji wynikdw i nadzoru pracy.

Maj udziat procentowy w przygotowaniu publikacji okreslam jako 30%.

Wiilad Katarzyny Przepiorki w powstawanie publikacji okreslam jako 30%,

{imig | nazwisko kandydala do stopmia)

ohejmowal on: przygotowanie koncepeji i metodyki pracy, zbiér danych oraz interpretacje
wynikow

{mervtoryezny opis whilsdu kandydata do siopais w powstanie publikacji) *

Jednoczednie wyrazam zgodg na wykorzystanie w/w pracy jako czedé rozprawy doktorskiej

lekarza Katarzyny Przepiorki.

{podpis s'.-wiadczéj.qc a0l

*w szezegdinosci udziatn w preygotowaniv koncepeji, metodyki, wykonaniu badan, interpretacii wynikdw
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Warszawa, 15.11.2024

Dr Jarostaw Zylkowski

OSWIADCZENIE

Jako wspGlautor pracy pt. Flow-diverting devices in the treatment of unruptured
ophthalmic segment aneurysms at a mean clinical follow-up of 5 years o§wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udziat w interpretacji wynikéw.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 7,5%.

Wkiad Katarzyny Przepi6rki w powstawanie publikacji okre$lam jako 30%,

(imig i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbiér danych oraz interpretacig
wynikéw

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czgéé rozprawy doktorskiej

*w szczegbinodci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 15.11.2024

Dr Maciej Jaworski

OSWIADCZENIE

Jako wspélautor pracy pt. Flow-diverting devices in the treatment of unruptured
ophthalmic segment aneurysms at a mean clinical follow-up of 5 years o$wiadczam, iz moj
wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w interpretacji wynikow.

MGéj udziat procentowy w przygotowaniu publikacji okreslam jako 7%.

Wkiad Katarzyny Przepiorki w powstawanie publikaciji okreslam jako 30%,

(imi¢ i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje
wynikow

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesdnie wyrazam zgode na wykorzystanie w/w pracy jako czes$¢ rozprawy doktorskiej
lekarza Katarzyny Przepiérki.

(imie i nazwisko kandydata do stopnia)

(podpis oswiadczajacego)

*w szczegolnosei udziatu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 17.11.2024

Daniel Rabezenko

OSWIADCZENIE

Jako wspdlautor pracy pt. Flow-diverting devices in the treatment of unmptured
ophthalmic segment aneurysms at a mean clinical follow-up of 5 years ofwiadczam, iZ mbj
wlasny whklad merytoryceny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w interpretacji wynikdw.

Maj udzial procentowy w przygotowanin publikacji okredlam jako 7,5%.

Whlad Katarzyny Przepiorki w powstawanie publikacji okredlam jako 30%,

fimig | nareids kandydets do stopniz)

obejmowal on: przygotowanie koncepcjl i metodyki pracy, zbidr danych oraz interpretacje
wynikdw

{merytorpcny opis whiadu kindydats do stopnia w pawstisie publikacii] *

Jednoczednie wyrazam zgode na wykorzystanie w/w pracy jako czeié rozprawy doktorskiej
lekarza Katarzyny Przepiorki.

Cimeg | naewisko kandydats do sapnia)

Dohumsent pdpsany
0, pracx Dunkel Rabcroka
L etk D 241117
12ALICET

(podpis ofwiadczajacego)

i udrialy w iu koncepcii, metodyki, interpretacji wynikow
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Warszawa, 15.11.2024

Jakub Waojciechowski

OSWIADCZENIE

Jako wspdlautor pracy pt. Flow-diverting devices in the treatment of unruptured
ophthalmic segment aneurysms at a mean clinical follow-up of 5 years o$wiadczam, iz méj
wiasny wkiad merytoryezny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w interpretacji wynikow.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 6%.

Wktad Katarzyny Przepiorki w powstawanie publikacji okreslam jako 30%,

(imig i nazwisko kandydata do stopnia) .

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje

wynikow

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lekarza Katarzyny Przepiérki.

(ppdpis os'wiadczajlego)

*w szczegolnodcei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 15.11.2024

Kamil Lesniewski

OSWIADCZENIE

Jako wspétautor pracy pt. Flow-diverting devices in the treatment of unruptured
ophthalmic segment aneurysms at a mean clinical follow-up of 5 years o$wiadczam, iz méj
wiasny wkilad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w interpretacji wynikow.

Moj udziat procentowy w przygotowaniu publikacji okre$lam jako 6%.

Wktad Katarzyny Przepiérki w powstawanie publikacji okres$lam jako 30%,

(imi¢ i nazwisko kandydata do stopnia)

obejmowat on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje
wynikow

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg¢$¢ rozprawy doktorskiej

lekarza Katarzyny Przepidrki.

(imi¢ i nazwisko kandydata do stopnia)

i

(podpis o$wiadczajacego)

*w szczegdlnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 15.11.2024

Prof. Dr hab. Andrzej Marchel

OSWIADCZENIE

Jako wspélautor pracy pt. Flow-diverting devices in the treatment of unruptured
ophthalmic segment aneurysms at a mean clinical follow-up of 5 years o$wiadczam, iz moj
wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w: przygotowaniu koncepcji i
nadzoru pracy.

Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 6%.

Wkiad Katarzyny Przepiérki w powstawanie publikacji okreslam jako 30%,

(imi¢ i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbi6r danych oraz interpretacje
wynikéw

(merytoryezny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej
lekarza Katarzyny Przepiorki.

(imig i ngzwisko kandydata do stopnia)

*w szezegolnosei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 15.11.2024

Lukasz Przepiorka

OSWIADCZENIE

Jako wspodlautor pracy pt. Unruptured Anterior Communicating Artery Aneurysms:
Management Strategy and Results of a Single-Center Experience o$wiadczam, iz méj whasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badaf oraz
przedstawienie pracy w formie publikacji stanowi udzial w interpretacji wynikow.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 25%.
Wkiad Katarzyny Przepiorki w powstawanie publikacji okreslam jako 34%,

(imig i nazwisko kandydata do stopnia)
obejmowal on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje
wynikow

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej
lekarza Katarzyny Przepiérki.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnoscei udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 15.11.2024

Dr Stawomir Kujawski

OSWIADCZENIE

Jako wspdlautor pracy pt. Unruptured Anterior Communicating Artery Aneurysms:
Management Strategy and Results of a Single-Center Experience oswiadezam, iz moj whasny
wklad merytoryezny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w interpretacji wynikow.

Maj udzial procentowy w przygotowaniu publikacji okreslam jako 15%.
Wklad Katarzyny Przepiorki w powstawanie publikacji okreslam jako 34%,

(imig i nazwisko kandydata do stopnia)
obejmowal on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje

wynikow
(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lekarza Katarzyny Przepiorki.

(imig i nazwisko kandydata do stopnia)

R%MJ& ...................

(podpis o$wiadczajacego)

*w szczegolnodei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 15.11.2024

Prof. Dr hab. Andrzej Marchel

OSWIADCZENIE

Jako wspotautor pracy pt. Unruptured Anterior Communicating Artery Aneurysms:
Management Strategy and Results of a Single-Center Experience o$wiadczam, iz moj wiasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badafn oraz
przedstawienie pracy w formie publikacji stanowi udzial w: przygotowaniu koncepeji i
nadzoru pracy.

Méj udzial procentowy w przygotowaniu publikacji okreslam jako 6%.

Wkiad Katarzyny Przepiorki w powstawanie publikacji okreslam jako 34%,

(imi¢ i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbiér danych oraz interpretacje
wynikow

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednocze$nie wyrazam zgod¢ na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lekarza Katarzyny Przepiorki.

(imig i mi?risku kandydata do stopnia)
- -

A

(podpis o$wiadgzajacego)

*w szezegolnodei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 15.11.2024

Prof. Dr hab. Przemystaw Kunert

OSWIADCZENIE

Jako wspétautor pracy pt. Unruptured Anterior Communicating Artery Aneurysms:
Management Strategy and Results of a Single-Center Experience o$wiadczam, iz moj whasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi udzial w: przygotowaniu koncepcii i
metodyki. interpetacji wynikow i nadzoru pracy.

Mdj udziat procentowy w przygotowaniu publikacji okreslam jako 20%.

Wkiad Katarzyny Przepiorki w powstawanie publikacii okreslam jako 34%,

(imig i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbiér danych oraz interpretacje
wynikoéw

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacii) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lekarza Katarzyny Przepi6rki.
(imi¢ i nazwigke kandy,
Oddziatu K\i(‘\('?

PR Ur b v et Przem g Xiriert

(podpis oswiadezajacego)

*w szezegdlnosei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 15.11.2024

Lukasz Przepidrka

OSWIADCZENIE

Jako wspoétautor pracy pt. Retrospective Application of Risk Scores to Unruptured
Anterior Communicating Artery Aneurysms o$wiadczam, iz méj wlasny wktad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badar oraz przedstawienie pracy w formie
publikacji stanowi udzial w interpretacji wynikéw.

MGoj udzial procentowy w przygotowaniu publikacji okreslam jako 20%.

Wktad Katarzyny Przepiérki w powstawanie publikacji okreslam jako 30%,

(imig i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje
wynikow

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacii) *

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej
lekarza Katarzyny Przepiorki.

('jmit; i nazwisko kandy stopnia)

(podpis o§wiadczajacego)

*w szezegdlnoscl udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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Warszawa, 15.11.2024

Dr Stawomir Kujawski

OSWIADCZENIE

Jako wspolautor pracy pt. Retrospective Application of Risk Scores to Unruptured
Anterior Communicating Artery Aneurysms o$wiadczam, iz méj whasny wklad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi udzial w interpretacji wynikow.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 15%.

Wkiad Katarzyny Przepiorki w powstawanie publikacji okre$lam jako 30%,

(imi¢ 1 nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbiér danych oraz interpretacje
wynikow

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej
lekarza Katarzyny Przepiorki.

(imig i nazwisko kandydata do stopnia)

a5 A
(podpg o$wiadczajacego)

#y czezendinoéei ndzialu w przveotowaniu koncepeii, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 15.11.2024

Dr hab. Edyta Maj

OSWIADCZENIE

Jako wspolautor pracy pt. Retrospective Application of Risk Scores to Unruptured
Anterior Communicating Artery Aneurysms o$wiadczam, iz moj wlasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi udzial w interpretacji wynikow.

Méj udzial procentowy w przygotowaniu publikacji okreslam jako 8%.
Wklad Katarzyny Przepiorki w powstawanie publikacji okreslam jako 30%,
(imig i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje
wynikow
(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czeé¢ rozprawy doktorskiej

*w szczegOlnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow

68



Warszawa, 15.11.2024

Prof. Dr hab. Andrzej Marchel

OSWIADCZENIE

Jako wspélautor pracy pt. Retrospective Application of Risk Scores to Unruptured
Anterior Communicating Artery Aneurysms o$wiadezam, iz méj wiasny wklad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy W formie
publikacji stanowi udzial w: przygotowaniu koncepcji i nadzoru pracy.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 7%.

Wkiad Katarzyny Przepiorki w powstawanie publikacji okreslam jako 30%,

(imig | nazwisko kandydata do stopnia)

obejmowat on: przygotowanie koncepcji i metodyki pracy, zbiér danych oraz interpretacje
wynikéw

{merytoryczny opis wkfadu kandydata do stopnia w powstanie publikacji) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej
lekarza Katarzyny Przepiorki.
™~

(imig i nazwigko kandydata do#fopnia)
= e sty ; >
A 71 i

.
(ptipis oswiadczaj

*w szezegdlnodel udziahu w przygotowaniu koncepeji, metodyki, wykonaniu badaf, interpretacii wynikow
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Warszawa, 15.11.2024

Prof. Dr hab. Przemystaw Kunert

OSWIADCZENIE

Jako wsp6lautor pracy pt. Retrospective Application of Risk Scores to Unruptured
Anterior Communicating Artery Aneurysms o$wiadczam, iz méj wiasny wiiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi udzial w: przygotowaniu koncepcji i metodyki, interpetacii wynikéw i
nadzoru pracy.

Maj udzial procentowy w przygotowaniu publikacji okreslam jako 20%.

Wkiad Katarzyny Przepidrki w powstawanie publikacji okreslam jako 30%,

(imig  nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji i metodyki pracy, zbior danych oraz interpretacje
wynikdw

{merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacii) *

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej

lekarza Katarzyn&?xzeplérkl
(mm;,i nazwxs]m i e ® ) ‘w . a}
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*w szczegdlnodei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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