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Short-term

quality-of-life outcomes in highly comorbid patients

following prophylactic treatment of unruptured intracranial small
aneurysms: an early single-centre experience

Krotkoterminowe wyniki jakosci zycia u pacjentow z wysokg chorobowoscia

po profilaktycznym leczeniu niepeknietych matych tetniakow wewnatrzczaszkowych —
wstepne doswiadczenia jedneqo osrodka
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Abstract

Introduction and objective: Unruptured intracranial small aneurysms (uSIA) are increasingly detected, yet data on early
quality of life (QoL) outcomes after prophylactic treatment remain limited. This single-centre pilot study aimed to characterise
a highly comorbid cohort undergoing treatment for uSIA and to assess short-term QoL changes. Materials and methods:
Thirty-two adults with uSIA (saccular aneurysms <7 mm) scheduled for elective neurosurgical or endovascular treatment
in 2024-2025 were prospectively enrolled. Demographic data, vascular risk factors, comorbidities, aneurysm characteristics,
treatment modality, and peri-procedural events were collected. QoL was assessed with the EuroQoL EQ-5D-3L questionnaire,
including EQ VAS, at admission and one month after intervention. Results: The mean age was 57.97 years and 65.6% were
women. Comorbidities were frequent, including hypertension (65.6%), hypercholesterolaemia (43.8%), and diabetes mellitus
(28.1%); 62.5% had a history of smoking. Microsurgical clipping was performed in 12 and endovascular treatment in
19 patients; stents were used in 16 procedures. Overall, 31 patients had at least one uSIA treated (mean 1.22 aneurysms per
patient). The mean EQ VAS score increased from 70.47 at baseline to 76.13 at one month, a mean change of +5.32 points
(8D 10.95; p = 0.016). The proportion reporting any anxiety/depression decreased from 46.9% to 34.4%. Conclusions:
In this highly comorbid cohort, prophylactic treatment of uSIA was associated with no short-term deterioration and a modest
overall improvement in QoL, alongside reduced self-reported anxiety. These preliminary findings are pilot in nature and
warrant confirmation in larger multicentre studies with longer follow-up.
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Streszczenie

Maciej Jakub Fraczek, Roger Marek Krzyzewski, Kornelia Maria Kli¢, Anna Starowicz-Filip,
Tadeusz J. Popiela, Borys M. Kwinta, Krzysztof Stachura

Wprowadzenie i cel: Niepekniete mate tetniaki wewnatrzczaszkowe (unruptured intracranial small aneurysms, uSIA) sg coraz
cze$ciej wykrywane, jednak dane dotyczace krotkoterminowych wynikéw jakosci zycia po ich profilaktycznym leczeniu sg
ograniczone. Celem pracy byta charakterystyka obcigzonej chorobowo kohorty chorych poddawanych leczeniu uSIA oraz
ocena wczesnych zmian jakosci zycia. Material i metody: Do prospektywnej, jednoosrodkowej grupy wtaczono 32 dorostych
pacjentéw z uSIA (tetniaki workowate <7 mm) zakwalifikowanych do planowego leczenia neurochirurgicznego lub
endowaskularnego w latach 2024-2025. Zbierano dane dotyczace demografii, chordb wspélistniejacych, charakterystyki
tetniakéw, rodzaju leczenia i powiklan okotooperacyjnych. Jako$¢ zycia oceniano przy przyjeciu i po miesigcu od zabiegu za
pomoca kwestionariusza EuroQol EQ-5D-3L, w tym skali wizualno-analogowej EQ VAS. Wyniki: Sredni wiek wynosit
57,97 roku, a 65,6% pacjentéw stanowily kobiety. Wsréd populacji czeste byly nadci$nienie tetnicze (65,6%),
hipercholesterolemia (43,8%), cukrzyca (28,1%) oraz wywiad palenia tytoniu (62,5%). Leczenie endowaskularne zastosowano
u 19, a klipsowanie u 12 chorych; stenty uzyto w 16 procedurach. U 31 pacjentéw leczono co najmniej jeden uSIA ($rednio
1,22 tetniaka na pacjenta). Sredni wynik EQ VAS wzrdst z 70,47 do 76,13 punktu ($rednia zmiana +5,32; SD 10,95; p = 0,016).
Odsetek chorych zglaszajacych jakikolwiek lek/depresje zmniejszyl sie z 46,9% do 34,4%. Wnioski: Profilaktyczne leczenie
uSIA w obcigzonej populacji bylo zwigzane z brakiem krétkoterminowego pogorszenia oraz umiarkowang poprawg jakosci
zycia, przy spadku nasilenia zglaszanego leku. Wyniki maja charakter pilotazowy i wymagaja potwierdzenia w wigkszych
badaniach wieloosrodkowych z dtuzsza obserwacja.

Stowa kluczowe: jako$¢ zycia, leczenie wewnatrznaczyniowe, tetniak wewnatrzczaszkowy, klipsowanie tetniaka

INTRODUCTION

ntracranial aneurysms (IAs) are common vascular find-

ings but present distinct management challenges due to

uncertainties in rupture risk assessment and treatment
strategies. Unruptured small intracranial aneurysms (uSIA)
are commonly defined as lesions with a maximum dome di-
ameter in the very small (<5 mm) or small (5-7 mm) range,
although there is no consensus on a uniform size cutoff in
the literature (Merritt et al., 2021). These lesions represent
a growing clinical challenge, as advances in imaging have in-
creased the detection of small aneurysms whose natural his-
tory and rupture risk remain uncertain. Although the annu-
al rupture risk is relatively low (0.8-1.1%), it is not negligible
over a lifetime, particularly in patients with multiple risk fac-
tors. In this context, treatment decisions must balance the
relatively low absolute risk of haemorrhage against the im-
mediate risks of microvascular or endovascular interven-
tion in often comorbid patients (Alshekhlee et al., 2010;
Gliresir et al., 2013; Thn et al.,, 2018). The choice of treat-
ment modality is determined by a multidisciplinary neu-
rovascular team (MDT), taking into account aneurysm lo-
cation, morphology, patient age, comorbidities, and patient
preference.
Traditional outcome measures after aneurysm treatment
have focused on angiographic occlusion and major clinical
events such as stroke, rebleeding, or death. However, these
endpoints may not fully capture patient-perceived bene-
fit or harm in low-morbidity elective procedures. Quality
of life (QoL) assessments using validated instruments such
as EuroQoL (EQ-5D-3L) enable quantification of sub-
tle changes in health status and functional well-being that
are particularly relevant for patients treated prophylacti-
cally. Since uSIA are typically asymptomatic, the prima-
ry goal of treatment shifts from immediate symptom re-
lief to the prevention of future rupture. At the same time,
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the psychological burden of a ‘ticking time bomb’ diagno-
sis often leads to significant anxiety. Therefore, health-relat-
ed QoL represents a crucial endpoint, capturing the balance
between procedural risks and the potential psychological
benefit of definitive treatment.

Although QoL data after IA treatment exist, evidence spe-
cific to uSIA is limited (Abi-Aad et al., 2021; Pala et al.,
2019). This pilot study aimed to provide an in-depth de-
scription of the patient profile, therapeutic approaches, and
early QoL changes in a series of patients with uSIA treated
at the Department of Neurosurgery.

MATERIALS AND METHODS

This was a prospective, observational, single-centre pilot
study designed as an in-depth analysis of local practice in
the management of uSIA, focusing on both clinical and pa-
tient-reported outcomes. uSIA was defined as a saccular ce-
rebral aneurysm with a maximum dome diameter <7 mm,
with dissecting and fusiform aneurysms excluded from
analysis. The study included 32 adult patients admitted to
the Department of Neurosurgery, Jagiellonian University
Medical College, Krakéw, Poland, in 2024-2025, with a di-
agnosis of uSIA scheduled for elective treatment. Patients
included in the study were considered suitable for elective
treatment by the MDT. The choice of treatment modality
(microsurgical clipping vs. endovascular embolisation) was
determined by the MDT based on aneurysm morphology,
location, patient age, and personal preference.

Clinical data collection encompassed demographics, vascu-
lar risk factors, comorbidities, past medical history, chron-
ic medications, home blood pressure monitoring (HBPM),
aneurysm characteristics (number and location), type
of intervention (microsurgical clipping vs. endovascular
procedures), use of stents or flow-diverters, peri-procedur-
al complications, need for dual antiplatelet therapy (DAPT),
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and length of hospital stay. Aneurysm localisation and ra-
diologic descriptions were established using preoperative
angio-computed tomography for clipping cases and digi-
tal subtraction angiography (DSA) for endovascular cases.
QoL and health-related data were obtained using a struc-
tured survey, which included the EuroQoL (EQ-5D-3L)
questionnaire. Survey interviews were conducted at admis-
sion and one month after intervention (online or in person).
The EQ-5D-3L assesses five dimensions of health (mobili-
ty, self-care, usual activities, pain/discomfort, and anxiety/
depression) and has three levels (no problems, some prob-
lems, extreme problems). It includes an EuroQol Visual
Analogue Scale (EQ VAS) for self-rated health.
Continuous variables are reported as mean + standard
deviation (SD) or median (interquartile range, IQR),
as appropriate. Categorical variables are presented as
frequencies (percentages). Pre-post QoL changes were an-
alysed using the Wilcoxon signed-rank test for paired data.
Between-group comparisons (clipping vs. endovascular)
were performed using the Mann-Whitney U test. Changes
in reported anxiety/depression were assessed using McNe-
mar’s test. Statistical significance was set at p < 0.05. Analy-
ses were conducted using SPSS 31.0.1.0 for MacOS.

RESULTS

The mean age of the cohort was 57.97 years (median 60.5,
SD 10.98), and 65.6% of patients were female. The mean
body mass index (BMI) was 29.29, indicating a predomi-
nantly overweight population. Hypertension was present in
65.6%, hypercholesterolaemia in 43.8%, diabetes in 28.1%,
and obesity in 9.4% of patients, while 62.5% reported a his-
tory of smoking and 34.4% had a positive family history
of aneurysm, subarachnoid haemorrhage (SAH), or isch-
aemic stroke. Comorbidities were also documented, along
with chronic medications (Tab. 1).

At baseline (pre-treatment), the mean global QoL score was
70.47 (median 70, SD 14.39). One month after treatment,
mean QoL increased to 76.13 (median 80), corresponding
to a mean change of +5.32 points (SD 10.95; p = 0.016), in-
dicating overall improvement with considerable inter-pa-
tient heterogeneity (Fig. 1).

Analysis of EQ-5D domains revealed a reduction in report-
ed anxiety of any degree from 46.9% to 34.4% (p = 0.388).
There was no significant difference in QoL improvement
between microsurgical clipping and endovascular treatment
(+4.58 + 8.65 vs. +5.79 + 12.39; p = 0.826) or between sexes
(female vs. male: +4.05 + 9.83 vs. +8.00 £ 13.17; p = 0.388).
QoL scores are shown in Tabs. 1 and 2.

Microsurgical clipping was performed in 12 patients, while
19 underwent endovascular treatment. One patient had only
DSA without treatment. In total, 31 of 32 patients received
treatment for uSIA. Across all procedures, 25 involved treat-
ment of a single aneurysm, four involved two aneurysms,
and two involved three aneurysms, yielding a mean of 1.22
treated aneurysms per patient. Overall, 39 aneurysms were
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treated in the analysed group. The most common location
was the internal carotid artery (ICA), with 20 identified cas-
es. The mean dome size of treated uSIA was 4.28 + 1.28 mm,
with a median of 4.5 mm. Of all treated uSIAs, 30 (76.9%)
measured <5 mm and nine (23.1%) were >5-7 mm. Five
uSIAs identified during evaluation were not treated (Tab. 3).
Aneurysm locations are shown in Tab. 4.

Among endovascular procedures, stents were used in 16
cases, indicating substantial reliance on stent-assisted and
flow-diverter techniques in this population. The mean
length of hospital stay was 4.19 days (median 4, SD 1.60).
After treatment, 50% of patients remained on antiplatelet
therapy, including 43.8% on DAPT.

Three patients (9.4%) experienced periprocedural throm-
boembolic complications: two after stentassisted coiling
and one after coiling alone. In one case, neurological def-
icits were transient, with full recovery documented at the
twomonth followup visit [modified Rankin Scale (mRS) 1].
In the remaining two patients, partial recovery was
achieved during rehabilitation, resulting in mRS 2-3 [first
case: weakness of the left hand (4.5/5 on the Lovett scale)
and leftsided visual perception disturbance; second case:
right upper limb weakness (3.5/5 on the Lovett scale)].
No procedurerelated intracranial haemorrhage or inhospi-
tal death occurred.

DISCUSSION

uSIA represent an increasingly recognised clinical entity as
advanced neuroimaging becomes more prevalent in rou-
tine clinical practice. The natural history of very small an-
eurysms (<5 mm) appears relatively benign, with recent
metaanalytic evidence demonstrating rupture rates be-
low 1% over a mean followup of 38 months (Davies et al.,
2025). However, decisions regarding prophylactic treatment
remain complex and require individualised assessment of
patient-specific and aneurysmal characteristics, alongside
consideration of modifiable risk factors and patient prefer-
ences (Thompson et al., 2015).

A pragmatic threshold of <7 mm was adopted to reflect
contemporary decisionmaking in clinical practice, although
there is still no consensus in the literature regarding size
cutoffs (Merritt et al., 2021).

The analysed cohort demonstrated a high burden of vas-
cular risk factors and comorbidities. The prevalence of
hypertension (65.6%), smoking history (62.5%), and hy-
percholesterolaemia (43.8%) substantially exceeded popula-
tion-based estimates and aligned with the MARVIN model
(Metabolic and Adverse Risk Factors and Vices Influencing
Intracranial Aneurysms), which characterises multifactorial
risk aggregation as relevant to aneurysm progression (Swi-
atek et al., 2024). Smoking emerged as a particularly impor-
tant modifiable risk factor, consistent with established dose-
dependent relationships between cigarette consumption
and rupture risk (Feng et al., 2018). The female predomi-
nance (65.6%) aligned with epidemiological observations
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Characteristic | Mean | Median | 5D % (n)
Basic demographics

Female sex - - - 65.6 (21)
Age [years] 57.97 60.5 10.98 -
BMI [kg/m?] 29.29 28.32 6.93 -
Systolic BP [mm Hg] 128.75 125.00 13.62 -
Diastolic BP [mm Hg] 79.16 80.00 8.53 -
Smoking history (ever) - - - 62.5 (20 ever); 34.4 (11 current)
Pack-years of smokers 13.63 7.5 16.08 -
Family history of vascular incident (aneurysm, stroke) - - - 344(11)
Symptoms on admission

Neurological symptoms (e.g. dizziness) - - - 43.8(14)
Headache - - - 37.5(12)
Auditory symptoms (tinnitus) - - - 15.6 (5)
Comorbidities

Endocrine disorders - - - 31.3(10)
Arterial hypertension - - - 65.6(21)
Diabetes mellitus - - - 28.1(9)
Obesity - - - 9.4(3)
Hypercholesterolaemia - - - 43.8(14)
Rheumatologic diseases - - - 219(7)
Neurological diseases - - - 219(7)
Vascular diseases - - - 21.9(7)
Neoplasm - - - 6.3(2)
Cardiac diseases - - - 15.6 (5)
Medications taken

Statins - - - 46.9(15)
Antihypertensive drugs - - - 68.8(22)
Beta-blocker - - - 37.5(12)
ACE-inhibitor - - - 31.3(10)
Levothyroxine - - - 15.6 (5)
Calcium channel blocker - - - 25.0(8)
Thiazide diuretic - - - 21.9(7)
Sartan - - - 25.0(8)
Antiplatelet drugs (baseline) - - - 21.9(7)
Metformin - - - 18.8 (6)
Anticoagulants - - - 9.4(3)
Peri-treatment data

In-hospital complications - - - 9.4(3)
Dual antiplatelet therapy after treatment - - - 43.8(14)
Any antiplatelet therapy after treatment - - - 50.0 (16)
Multiple aneurysms - - - 25.0(8)
Length of hospital stay [days] 419 4.0 1.60 -
Treated aneurysms per patient 1.22 1.0 0.61 -
Self-rated quality of life assessment (EQ VAS)

QoL before intervention 70.47 70.00 14.39 -
QoL one month after intervention 76.13 80.00 13.55 -
QoL difference (post- vs. pre-treatment)* 532 0.00 10.95 -

* p-value = 0.016.

BP — blood pressure; EQ VAS — EuroQol Visual Analogue Scale; QoL — quality of life.

Tab. 1. Baseline demographic characteristics, comorbidities, and clinical data of the study cohort (n = 32). Data are presented as mean

+ standard deviation (SD) or number (percentage), unless otherwise indicated
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Fig. 1. Comparison of health-related quality of life (QoL) scores
before and one month after prophylactic treatment of un-
ruptured small intracranial aneurysms. The box-and-whis-
ker plot illustrates the distribution of EQ-5D-3L Visual
Analogue Scale (VAS) scores at baseline and at the one-
month follow-up. A statistically significant improvement
in perceived health status was observed following the in-
tervention (mean change: +5.32; p = 0.016)

indicating higher aneurysmal rupture risk among women
at equivalent aneurysm sizes (Malhotra et al., 2017).
Contemporary natural history data demonstrate that un-
treated small unruptured aneurysms carry an annual rup-
ture incidence of approximately 0.8-1.1% (Davies et al.,
2025; Juvela et al., 2013). The PHASES score is increasingly
used to quantify 5-year rupture probability and guide treat-
ment decisions (Backes et al., 2015). However, emerging
real-world evidence suggests limitations in discriminatory
performance (Krystkiewicz et al., 2025).

The predominance of endovascular treatment (59.4%) in
the present cohort reflects current trends favouring mini-
mally invasive approaches in carefully selected uSIA cases.
Flow-diverter and stent-assisted techniques were frequent-
ly employed (84.2% of endovascular procedures). Recent
comparative studies indicate that newer-generation flow di-
verters demonstrate superior angiographic occlusion rates
while maintaining favourable safety profiles (Makhambe-
tov et al., 2025). However, flow-diverter deployment neces-
sitates careful consideration of antiplatelet therapy compli-
cations, with ongoing debate regarding single versus dual
antiplatelet regimens (Senol et al., 2026). In the present se-
ries, 50% of treated patients (including clipping cases) re-
mained on antiplatelet therapy at discharge, with 43.8% on
dual therapy.

In this study, health-related quality of life was assessed
using the EuroQoL EQ-5D-3L instrument, a dimen-
sion notably underexplored in uSIA literature, particular-
ly among highly comorbid patients (Kissling et al., 2024).
The observed improvement in global QoL scores from base-
line (mean 70.47, SD 14.39) to one-month follow-up (mean
76.13) — a change of +5.32 points — demonstrates subjec-
tive improvement in patient-perceived overall health. While
the mean QoL improved significantly, the median change of
0 indicates that, for a substantial portion of patients, pro-
phylactic treatment was associated with stable shortterm
quality of life rather than marked improvement.

An important aspect of the observed QoL improvement was
the reduction in anxiety/depression symptoms, reported by
46.9% of patients at baseline and 34.4% at the one-month
follow-up. These findings suggest that for patients with
uSIA, psychological distress associated with the diagno-
sis is a significant component of their overall health status.
Although prophylactic treatment of small lesions carries
relatively low procedural risk, its primary short-term ben-
efit may appear to be improved mental well-being through
alleviating the fear of potential rupture. This form of ‘psy-
chological relief” may serve as a relevant factor in favour of
intervention when the diagnosis significantly impairs sub-
jective quality of life. However, given the small sample size
and lack of a conservatively managed control group, this
interpretation should be regarded as hypothesisgenerating
rather than definitive.

Prior literature examining QoL following treatment of un-
ruptured aneurysm has yielded variable conclusions. Early
studies demonstrated that microsurgical clipping precipitat-
ed short-term functional decline with incomplete recovery
at one year, whereas endovascular coiling spared such per-
turbation (Brilstra et al., 2004). More recent analyses found
comparable outcomes between conservatively observed and
operatively treated populations, with postoperative QoL re-
duction followed by gradual recovery exceeding preoper-
ative baselines within 1-3 years (Dammann et al., 2019).
The psychological burden of aneurysm diagnosis itself war-
rants emphasis, as evidence demonstrates elevated preva-
lence of anxiety and depression in patients with unrup-
tured aneurysm prior to treatment (Beallo et al., 2025; King
etal., 2005). These observations underscore the importance
of integrated neuropsychological care alongside neurovas-
cular decision-making. No permanent neurological mor-
bidity or in-hospital mortality occurred in the analysed
cohort, with the mean hospitalisation of 4.19 days reflect-
ing efficient recovery. These findings align with emerging
consensus that prophylactic treatment of carefully selected

Time point Mobility Self care Usual activities Pain/discomfort Anxiety/depression
Before intervention 40.6 3.1 9.4 46.9 46.9
After treatment 37.5 3.1 15.6 37.5 34.4

Tab. 2. Changes in EQ 5D-3L health dimensions reported by patients before and one month after the procedure. Values represent the percentage

of patients reporting any problems (some or extreme) in each domain
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Variable Value
Clipping 12 patients
Endovascular embolisation 19 patients
Procedures with 1 treated aneurysm 25
Procedures with 2 treated aneurysms 4
Procedures with 3 treated aneurysms 2
Procedures with stent 16

DERIVO (including DERIVO 2heal) 4

FRED 6

LVIS EVO 1

Neuroform Atlas 4

Silk Vista 1

Tab. 3. Overview of treatment modalities, procedural details,
and endovascular devices used

Location Count
Anterior communicating artery (ACoA) 9
Basilar artery (BA) 1
Internal carotid artery (ICA) 20
Middle cerebral artery (MCA) 8
Pericallosal artery (PerA) 1

Tab. 4. Anatomical distribution of treated unruptured small
intracranial aneurysms (n = 39)

uSIA can be accomplished with acceptable safety, even in
patients with a high vascular risk burden (Thompson et
al.). This pilot experience should catalyse larger, prospec-
tive, multicentre investigations incorporating standardised
outcome measures and longer-term follow-up.

LIMITATIONS

Several methodological limitations warrant acknowledg-
ment. First, the single-centre, prospective observational
design introduces potential selection bias, as patient pref-
erence and anatomical factors influenced treatment selec-
tion. Second, the small sample size (n = 32) limits statisti-
cal power. Third, the one-month assessment captures only
early post-operative recovery and does not characterise
longer-term trajectories. Fourth, the absence of a conser-
vatively observed cohort precludes determination of wheth-
er observed improvements reflect treatment effects or psy-
chological adaptation to diagnosis. Furthermore, the study
lacks an assessment of the patients’ mental health status pri-
or to aneurysm diagnosis. Consequently, it cannot be deter-
mined whether baseline anxiety was a pre-existing trait or
a direct result of the diagnosis itself.

CONCLUSIONS

This pilot, single-centre cohort investigation provides pre-
liminary evidence that prophylactic treatment of uSIA in
patients with a high burden of risk factors can be accom-
plished with low complication rates and without short-
term deterioration in patientreported quality of life, with
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a modest average improvement and reduced anxiety at one
month in this highly comorbid cohort. The observed ag-
gregate improvement in EuroQoL scores, though hetero-
geneous at the individual level, suggests that both proce-
dural safety and patient-reported benefit can be achieved
through modern endovascular and microsurgical tech-
niques. However, the modest sample size, single-centre de-
sign, and short-term follow-up period preclude definitive
conclusions regarding optimal patient selection and the sus-
tainability of improvements.
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