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Abstract
Background and Objectives
In counseling patients with an unruptured intracranial aneurysm (UIA), quality of life (QoL)
outcomes are important for informed decisionmaking.We evaluatedQoL outcomes in patients
with and without preventive aneurysm occlusion at multiple time points during the first year
after UIA diagnosis and studied predictors of QoL outcomes.

Methods
We performed a prospective cohort study in patients aged ≥18 years with a newly diagnosed UIA
in 2 tertiary referral centers in the Netherlands between 2017 and 2019. Patients were sent QoL
questionnaires at 7 (aneurysm occlusion) or 5 (no occlusion) moments during the first year after
diagnosis.We collected baseline data on patient and aneurysm characteristics, passive coping style
(Utrecht Coping List), occlusion modality, and neurologic complications. We assessed health-
relatedQoL (HRQoL)with the EuroQol 5 dimensions (EQ-5D), emotional functioning with the
Hospital Anxiety and Depression Scale (HADS), and restrictions in daily activities with the
Utrecht Scale for Evaluation of Rehabilitation–Participation (USER-P). We used a linear mixed-
effects model to assess the course of QoL over time and to explore predictors of QoL outcomes.

Results
Of 153 eligible patients, 99 (65%) participated, of whom 30/99 (30%) underwent preventive
occlusion. Patients undergoing occlusion reported higher baseline levels of passive coping, anxiety
and depression, and restrictions than patients without occlusion. During recovery after occlusion,
patients reported more restrictions compared with baseline (adjusted USER-P decrease 1 month
post occlusion: −12.8 [95% CI −23.8 to −1.9]). HRQoL and emotional functioning gradually
improved after occlusion (EQ-5D increase at 1 year: 8.6 [95% CI 0.1–17.0] and HADS decrease
at 1 year: −5.4 [95% CI −9.4 to −1.5]). In patients without occlusion, the largest HRQoL
improvement occurred directly after visiting the outpatient aneurysm clinic (EQ-5D increase: 9.2
[95% CI 5.5–12.8]). At 1 year, QoL outcomes were comparable in patients with and without
occlusion. Factors associated with worseQoL outcomes were a passive coping style in all patients,
complications in patients with occlusion, and higher rupture risks in patients without occlusion.

Discussion
After UIA diagnosis, QoL improves gradually after preventive occlusion and directly after
counseling at the outpatient clinic in patients without occlusion, resulting in comparable 1-year
QoL outcomes. A passive coping style is an important predictor of poor QoL outcomes in all
patients with UIA.
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In management decisions on saccular unruptured intracranial
aneurysms (UIAs), important factors that must be carefully
balanced are risk of aneurysm rupture, risk of treatment com-
plications, individual quality of life (QoL) aspects, and life
expectancy.1-4 In patients with an UIA, preventive aneurysm
occlusion decreases the risk of aneurysmal subarachnoid hem-
orrhage (SAH), thereby reducing the number of life years with
high QoL lost from SAH.1,3,4 However, preventive aneurysm
repair carries a risk of serious complications and patients who
undergo preventive occlusion have to invest a certain amount of
time in their recovery period during which they may have a
reduced QoL and restrictions in their family, social, and work-
life.5,6 On the other hand, in patients without preventive occlu-
sion, fear of aneurysm rupture can have a huge effect on QoL.7,8

To enable patients to make informed choices about the risks and
benefits of preventive occlusion, it is crucial to integrate QoL
outcomes during counseling.2,7 Previous studies have shown that
a history of psychiatric disease and a passive coping style can
negatively influence QoL in patients diagnosed with intracranial
disease.8-11 Most studies on QoL outcomes in patients with UIA
so far have focused on QoL in patients who did not undergo
aneurysm occlusion or only report on QoL changes after oc-
clusion, with little data available on QoL preocclusion, QoL
changes over time, or on predictors of QoL in these patients.12,13

Therefore, we aimed to describe QoL outcomes in patients with
UIA with and without preventive aneurysm occlusion at several
time points during the first year after aneurysm diagnosis and to
study which factors influence QoL outcomes.

Methods
Study Population
The study was conducted between January 2017 and October
2019 in 2 tertiary referral centers for aneurysm care in the
Netherlands (University Medical Center Utrecht [UMCU] and
Leiden University Medical Center [LUMC]). In both centers,
standard clinical practice is to discuss UIA management options
in a multidisciplinary team meeting directly after receiving the
referral letter and imaging. Thereafter, the patient is invited to
the outpatient aneurysm clinic for counseling with a physician
experienced in aneurysm care. All adult patients aged ≥18 years
with a newly detected UIA were eligible for our study. We
excluded patients with a medical history of SAH or previously
diagnosed UIA, patients with nonsaccular (fusiform or dissect-
ing), mycotic, or flow-related aneurysms, and patients who were
unable to complete questionnaires due to preexisting cogni-
tive deficits, short life expectancy, or language barriers. Eligible

patients were sent a letter about the purpose of the study and
were contacted by phone before or directly after their initial visit
to the outpatient clinic. Informed consent was obtained from all
participants. Questionnaires were sent by email. If participants
did not have an email address, questionnaires were sent by post.
The study was approved by the Institutional Research Ethics
Boards of the UMCU and the LUMC.

Data Collection

Patient and Aneurysm Characteristics
We recorded the following patient and aneurysm characteris-
tics: age at aneurysm diagnosis, sex, medical and psychiatric
history, reason of aneurysm detection, aneurysm multiplicity,
size and location of the aneurysm, and rupture risk according to
the PHASES score.14 PHASES predicts the absolute 5-year risk
of aneurysm rupture based on 6 patient and aneurysm char-
acteristics: Population, Hypertension, Age, Size of aneurysm,
Earlier SAH from another aneurysm, and Site of aneurysm.
Scores range from 0 to 22 points, with associated risks ranging
from 0.4% to 17.8%.14 In case of preventive occlusion, we also
collected data on occlusion modality, in-hospital neurologic
complications, length of hospital stay, and discharge location.
Patients were classified as having a psychiatric history if they
were under psychological or psychiatric treatment or if the
medical record reported the use of medication for depression,
an anxiety disorder, or other psychiatric disorders. We assessed
coping style at baseline with a subscale of the Utrecht Coping
List (UCL-P).15 The UCL-P consists of 7 items which can be
scored on a 4-point scale ranging from 1 (seldom) to 4 (very
often), resulting in a sum score between 7 (low) and 28 (high
level of passive coping). High levels are considered unfavorable.
We classified reason of aneurysm detection as incidental,
symptomatic (symptoms of mass effect such as cranial nerve
palsies, seizures, or ischemic event likely to be related to the
aneurysm), or screening (familial or polycystic kidney disease).
Occlusion modality was categorized into endovascular treat-
ment (EVT, including coiling, balloon-assisted coiling, stent-
assisted coiling, use of Woven-EndoBridge device, or use of
flow-diverting stent) or neurosurgical treatment (NST; clip-
ping only). We recorded all in-hospital neurologic complica-
tions resulting in clinical deterioration or death. Complications
were scored as transient if clinical symptoms resolved within 30
days and were otherwise classified as persisting.

QoL Outcomes
Questionnaires were sent out at referral, after counseling
at the outpatient clinic, and at 3 and 6 months and 1-year

Glossary
EQ-5D = EuroQol 5 dimensions; EQ-VAS = EuroQol visual analog scale; EVT = endovascular treatment; HADS = Hospital
Anxiety and Depression Scale; HRQoL = health-related QoL; IQR = interquartile range; LUMC = Leiden University Medical
Center; NST = neurosurgical treatment; QoL = quality of life; SAH = subarachnoid hemorrhage; UCL-P = Utrecht Coping
List; UIA = unruptured intracranial aneurysm; UMCU = University Medical Center Utrecht; USER-P = Utrecht Scale for
Evaluation of Rehabilitation–Participation.
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follow-up (eFigure 1, links.lww.com/WNL/C163). Patients
who underwent preventive occlusion received additional
questionnaires 2 and 4 weeks after treatment. We assessed
QoL with 3 measures: health-related QoL (HRQoL),
emotional functioning (levels of anxiety and depression),
and restrictions in daily activities. HRQoL was measured
with the EuroQol 5 dimensions (EQ-5D) questionnaire,
emotional functioning with the Hospital Anxiety and De-
pression Scale (HADS), and restrictions in daily activities
with the Utrecht Scale for Evaluation of Rehabilitation–
Participation (USER-P).16-18 The EQ-5D evaluates whether
mild, moderate, or severe problems exist in one of the fol-
lowing domains: mobility, usual activities, pain or discom-
fort, self-care, and anxiety or depression. Taken together,
the scores from all domains provide a descriptive EQ-5D
health state that can be converted into a single overall
HRQoL score ranging from 0 (worst) to 100 (best health).
In addition, patients are asked to value their ownHRQoL on
a visual analog scale (EQ-VAS), also ranging from 0 (worst)
to 100 (best imaginable health).16 The HADS is a 14-item
questionnaire, with scores ranging between 0 (low levels)
and 42 (high levels of anxiety and depression).17 The
USER-P assesses participation in 11 activities, including
vocational activities (work, study, and housekeeping),
transport, leisure, and social activities. All items are scored
between 0 (not possible at all) and 3 (no difficulty at all) or
as not applicable. Sum scores can be converted to one
overall score ranging from 0 (unfavorable) to 100 (favorable
participation).18

Statistical Analysis
At baseline, we calculated median PHASES scores with
interquartile ranges (IQRs) and mean UCL passive reaction

patterns with SDs for patients with and without aneurysm
occlusion. The cohorts were compared using the χ2 or Stu-
dent t test as appropriate. For patients with aneurysm occlu-
sion, we also reported the rate of in-hospital neurologic
complications. Based on the distribution of data, we calculated
mean EQ-5D sum scores, EQ-VAS scores, HADS sum scores,
and USER-P sum scores at baseline and during follow-up. We
also calculated the proportion of patients with restrictions
(scores ≤1) per individual USER-P activity at baseline and
1-year follow-up. We used a linear mixed-effects model with
random intercept, random slope, and fixed time effects to
assess the course of the EQ-5D, HADS, and USER-P sum
scores over time in the cohorts with and without aneurysm
occlusion and to explore predictors of QoL outcomes. We
reported changes as mean differences with corresponding
95% CIs.

Results
Participants
In total, 153 patients who were referred with a newly di-
agnosed UIA met the inclusion criteria, of whom 99 (65%)
participated (Figure 1). The most common reasons to decline
participation were no interest (11 patients; 26%) and fear of
aneurysm rupture (8 patients; 19%). Forty-two of the par-
ticipants (42%) were included before their initial visit to the
outpatient clinic and 57 participants (58%) directly after their
initial clinic visit. During the study, 364/555 (66%) ques-
tionnaires were returned, of which 341 (94%) were complete.
Three-quarters of the patients (70/99; 71%) returned at least
3 questionnaires. Return rates were comparable among pa-
tients with and without preventive aneurysm occlusion

Figure 1 Flowchart of Eligible Patients and Number of Questionnaires Sent Out and Returned
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(Figure 1), but slightly lower among patients with treatment
complications (4/7; 57%).

Patient and Aneurysm Characteristics
at Baseline
Table 1 shows the baseline characteristics of the participating
patients. Of the 99 participants, 30 underwent preventive
aneurysm occlusion (11 [38%] underwent NST, and 18
[62%] EVT).

Patients with and without aneurysm occlusion did not differ in
terms of sex or medical history, but patients with occlusion
were younger than patients without occlusion (mean: 57 [SD
11] vs 63 years [SD 9]; p < 0.01) and had higher mean sum
scores for passive coping style (occluded: median: 5/28
points [IQR 3–8] vs nonoccluded: 3/28 [IQR 1–5]; p =
0.03). In addition, compared with patients without occlusion,
the aneurysms of patients with occlusion were more often
symptomatic (5/30 [17%] vs 1/69 [1%]; p < 0.01), larger
(9 mm [IQR 6–12] vs 5 mm [IQR 4–7]; p < 0.01), located in
the posterior circulation (9/30 [30%] vs 9/69 [10%]; p <
0.01), and they had a higher 5-year rupture risk (median
PHASES score: 8 points [IQR 6–9] vs 4 [IQR 3–5]; p < 0.01;
Table 1). One patient was scheduled for EVT but did not
undergo aneurysm occlusion because of difficulties with the
intubation procedure. This patient only returned the ques-
tionnaires before treatment. Therefore, we left this patient in
the preventive occlusion group for analyses of this time point.
There were no crossovers in the nonocclusion group. Of the

Table 1 Baseline Characteristics for Included Patients

Aneurysm
occlusion

No aneurysm
occlusion

p
Value

Patient characteristics n = 30 n = 69

Women, n (%) 19 (63) 49 (71) 0.45

Mean age at diagnosis (SD) 57 (11) 63 (9) 0.01

Medical history, n (%)

No comorbidity 3 (10) 5 (7) 0.64

TIA or stroke 6 (20) 16 (23) 0.73

Malignancy 1 (3) 7 (10) 0.25

Psychiatric history 4 (13) 5 (7) 0.33

Passive coping style

Median UCL-P score (IQR) 5 (3–8) 3 (1–5) 0.03

Aneurysm characteristics n = 30a n = 89

Aneurysm presentation,
n (%)

Incidental 24 (80) 63 (91) 0.05

Symptomatic 5 (17) 1 (1) <0.01

Familial screening 1 (3) 5 (7) 0.92

Patients with ≥2
aneurysms, n (%)

3 (10)b 13 (19) 0.27

Median size of aneurysms
in mm (IQR)

9 (6–12) 5 (4–7) <0.01

Aneurysm location, n (%)

Anterior cerebral
arteries

9 (30) 17 (19) 0.61

Internal carotid artery 6 (20) 28 (31) 0.23

Posterior
communicating
artery

2 (7) 6 (7) 0.73

Other internal carotid
artery

4 (13) 22 (25) 0.26

Middle cerebral artery 6 (20) 35 (39) 0.08

Posterior circulation 9 (30) 9 (10) <0.01

Median PHASES score (IQR) 8 (6–9) 4 (3–5) <0.01

Treatment characteristics n = 29a —

Aneurysm occlusion
modality, n (%)

— —

NST 11 (38)

EVT (any) 18 (62)

Standard coil 6 (21)

Advanced EVT 12 (41)

In-hospital neurologic
complication, n (%)

7 (24) — —

Transient complication 4 (14)

Table 1 Baseline Characteristics for Included Patients
(continued)

Aneurysm
occlusion

No aneurysm
occlusion

p
Value

Persisting complication 3 (10)

Aneurysms occluded, n (%) 28 (97) — —

Days of hospitalization
(range)

2 (2–10) — —

Transfer location, n (%) — —

Home 26 (90)

Rehabilitation 3 (10)

Abbreviations: EVT = endovascular treatment; IQR = interquartile range; NST
= neurosurgical treatment; UCL-P = Utrecht Coping List–Passive.
a One patient was scheduled for EVT but did not undergo occlusion because
of difficulties with the intubation procedure.
b Three patients in the aneurysm occlusion cohort had an additional aneu-
rysm that was followed up.
Patients were classified as having a psychiatric history if they were under
psychological or psychiatric treatment or if the medical record reported the
use of medication for depression, an anxiety disorder, or other psychiatric
disorders. Passive coping style was assessed at baseline with a subscale of
the UCL-P. Sum scores range from 7 (low) to 28 points (high level of passive
coping). The PHASES risk score assesses the absolute 5-year rupture rate.14

Advanced EVT includes balloon-assisted coiling, stent-assisted coiling, the
use of Woven-EndoBridge (WEB) devices, or the use of flow-diverting stents.
Complications were scored as transient if clinical symptoms resolved within
30 days, and otherwise were considered persisting conservatively.
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patients who underwent preventive occlusion, 4 patients
(14%) had a transient neurologic complication and 3 patients
(10%) a persisting neurologic complication. None of the
patients with UIA had a SAH during follow-up.

QoL Outcomes at Baseline
At baseline, HRQoL values were comparable for patients with
(mean EQ-5D: 73.3; SD: 16.8) and without (77.4; SD: 17.7)
preventive occlusion, as were EQ-VAS scores for both cohorts

(Figure 2 and eTable 1, links.lww.com/WNL/C163) and
HRQoL values according to treatment modality (eFigure 2
and eTable 2, links.lww.com/WNL/C163). In patients with
aneurysm occlusion, baseline HADS sum scores were higher
(mean: 15.7; SD: 7) than in patients without occlusion (9.4;
SD: 6.8; Figure 3 and eTable 1, links.lww.com/WNL/C163).
This was most pronounced among patients undergoing EVT
(mean HADS: 19.4; SD: 9; eFigure 3 and eTable 2, links.lww.
com/WNL/C163). USER-P sum scores were comparable for
the cohort with aneurysm occlusion (mean USER-P sum
score 78.4; SD: 15.6) and that without (86.5; SD: 15.5)
(Figure 4 and eTable 1, links.lww.com/WNL/C163). Pa-
tients with aneurysm occlusion reported more restrictions at
baseline than those with no aneurysm occlusion in the sub-
domains working life (9/12 [75%] vs 4/13 [31%]; risk dif-
ference: 44%; 95%CI 5%–69%), going out (9/14 [64%] vs 7/
23 [30%]; risk difference: 34%; 95% CI 12%–58%), and ac-
tivities outside home (11/14 [79%] vs 10/24 [42%]; risk
difference: 37%; 95% CI 4%–59%; Figure 5 and eTable 3,
links.lww.com/WNL/C163).

QoL Course Over Time
Unadjusted mean EQ-5D, HADS, and USER-P sum scores
over time are given in eTable 1, links.lww.com/WNL/C163.
The adjusted results from the mixed models on QoL changes
over time are given in Table 2, Figures 2–4 (occlusion vs no
occlusion) and eFigures 2–4, links.lww.com/WNL/C163
(according to aneurysm occlusion modality). In patients
with preventive aneurysm occlusion, there was no HRQoL
change after the initial visit to the outpatient clinic or during
the recovery phase, but 1 year after UIA diagnosis, there
was an improvement (mean adjusted EQ-5D sum score

Figure 2 HRQoL of Patients With UIA With and Without
Preventive Aneurysm Occlusion Over Time

The graph illustrates the mean EQ-5D sum scores over time. The gray areas
around the lines represent 95% CIs. HRQoL = health-related quality of life.

Figure 3 Levels of Anxiety and Depression of Patients With
UIA With and Without Preventive Aneurysm Oc-
clusion Over Time

The graph illustrates the mean HADS sum scores over time. The gray areas
around the lines represent 95% CIs. HADS = Hospital Anxiety and De-
pression Scale.

Figure 4 Levels of Restrictions in Participation of Patients
With UIA With and Without Preventive Aneurysm
Occlusion Over Time

The graph illustrates themeanUSER-P sum scores over time. The gray areas
around the lines represent 95% CIs. USER-P = Utrecht Scale for Evaluation of
Rehabilitation–Participation.
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improvement at 1 year: 8.6; 95% CI 0.1–17.0; Figure 2 and
Table 2), which was comparable for NST and EVT (eFig-
ure 2, links.lww.com/WNL/C163). Compared with baseline,
an improvement in HADS sum scores was seen at 1 month, 3
months, 6 months, and 1 year after occlusion (Figure 3,
Table 2, and eFigure 3, links.lww.com/WNL/C163). During
the recovery phase after aneurysm occlusion, more restric-
tions in daily activities were reported compared with baseline
(mean USER-P sum score change at 1 month: −12.8; 95% CI
−23.8 to −1.9; Figure 4 and Table 2), which was most pro-
nounced among patients undergoing NST (eFigure 4, links.
lww.com/WNL/C163). In patients without preventive an-
eurysm occlusion, the largest HRQoL improvement occurred
directly after their initial visit to the outpatient clinic (EQ-5D
sum score improvement: 9.2; 95% CI 5.5–12.8), with no
changes in HADS or USER-P sum scores over time (Figures
2–4 and Table 2). For both cohorts, results for the separate
EQ-5D subdomains mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression are given in eFigure 5,
links.lww.com/WNL/C163. Results from the separate do-
mains were comparable to the EQ-5D sum score patterns.

QoL Outcomes at 1-Year Follow-up
At 1-year follow-up, HRQoL did not differ between patients
with (mean EQ-5D: 86.9; SD: 13.0 and EQ-VAS: 76.5; SD:

17.4) and without aneurysm occlusion (EQ-5D: 87.1; SD:
87.1 and EQ-VAS: 81.5; SD: 13.9; Figure 2 and eTable 1,
links.lww.com/WNL/C163). Also, emotional functioning did
no longer differ between the cohorts at 1 year (occluded:
mean HADS: 8.9; SD: 5.9 vs nonoccluded: 7.0; SD: 6.6;
Figure 3). Both patients with and without preventive aneu-
rysm repair reported some restrictions in daily activities at 1
year, but no overall differences between the cohorts were seen
(occluded: mean USER-P: 88.7; SD: 14.0 vs nonoccluded:
91.7; SD: 11.6; Figure 4). The baseline differences between
patients with and without aneurysm occlusion in restrictions
in working life, going out, and activities outside home were no
longer seen (eTable 3, links.lww.com/WNL/C163), but pa-
tients with preventive occlusion did report more restrictions
in contact with other people compared with patients without
occlusion (2/41 [36%] vs 5/14 [5%]; risk difference: 31%;
95% CI 8%–57%; Figure 5 and eTable 3, links.lww.com/
WNL/C163). We found no differences in HRQoL, emotional
functioning, and restrictions in daily activities between pa-
tients with NST and EVT at 1 year (eFigures 2–4 and eTa-
ble 2, links.lww.com/WNL/C163).

Predictors of QoL Outcomes
After adjusting for covariates, higher levels of passive coping
(specified per additional point on the UCL-P) negatively

Figure 5 Proportion of Patients With Restrictions for the Separate Daily Activities of the USER-P at Baseline (A) and 1-Year
Follow-up (B)

USER-P = Utrecht Scale for Evaluation of Rehabilitation–Participation.
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Table 2 Results FromMixed-Model Analysis Assessing the Changes in QoL Outcomes of Patients With UIAWith andWithout Preventive AneurysmOcclusion Over Time (Part
A) and According to Predictors (Part B)

Variables

HRQoL (EQ-5D) coefficient (95% CI)
Emotional functioning
(HADS) coefficient (95% CI)

Restrictions in daily activities
(USER-P) coefficient (95% CI)

Aneurysm occlusion No aneurysm occlusion Aneurysm occlusion No aneurysm occlusion Aneurysm occlusion No aneurysm occlusion

Changes over time

Time point

Before outpatient clinic visit Ref. Ref. Ref. Ref. Ref. Ref.

After outpatient clinic visit −0.8 (−7.4 to 5.8) 9.2 (5.5 to 12.8) −1.1 (−4.3 to 2.0) −0.6 (−2.7 to 1.4) −1.7 (−11.8 to 8.4) 0.3 (−4.4 to 5.1)

2 wks after occlusion 1.8 (−5.2 to 8.8) — −3.2 (−6.6 to 0.2) — −12.3 (−23.2 to −1.4) —

4 wks after occlusion 0.7 (−6.6 to 8.1) — −4.9 (−8.4 to −1.5) — −12.8 (−23.8 to −1.9) —

3 mo 7.3 (−0.1 to 14.7) 7.4 (3.1 to 11.6) −6.2 (−9.5 to −2.9) −1.2 (−3.4 to 0.9) 0.9 (−9.8 to 11.6) −1.3 (−6.2 to 3.6)

6 mo 3.7 (−4.0 to 11.3) 6.9 (2.2 to 11.5) −4.8 (−8.3 to −1.3) 0.7 (−1.6 to 3.0) 4.6 (−6.6 to 15.9) −3.7 (−9.0 to 1.7)

1 y 8.6 (0.1 to 17.0) 6.9 (1.9 to 11.9) −5.4 (−9.4 to −1.5) −0.7 (−2.9 to 1.5) 7.4 (−5.4 to 20.2) 1.2 (−3.8 to 6.3)

Predictorsb

Female sex 2.1 (−6.5 to 10.7) 0.7 (−6.0 to 7.3) 1.2 (−3.2 to 5.6) 0.9 (−3.6 to 5.4) 0.3 (−19.0 to 19.5) −6.8 (−16.7 to 3.1)

Age (continuous) −0.2 (−0.6 to 0.2) −0.1 (−0.4 to 0.3) −0.1 (−0.3 to 0.1) −0.1 (−0.3 to 0.1) −0.00 (−0.9 to 0.9) 0.01 (−0.4 to 0.4)

Psychiatric history 15.7 (1.6 to 30.0) 3.0 (−7.8 to 13.8) a 5.4 (−1.8 to 12.6) a −12.3 (−28.2 to 3.5)

Passive coping (per point increase in UCL-P) −2.9 (−4.2 to −1.6) −2.2 (−3.0 to −1.3) 1.4 (0.6 to 2.2) 1.5 (0.9 to 2.0) −1.0 (−4.4 to 2.3) −2.9 (−4.1 to −1.8)

Aneurysm size (continuous) −0.4 (−1.7 to 0.9) 0.6 (−0.5 to 1.7) −0.3 (−0.9 to 0.3) −0.2 (−1.3 to 0.9) −2.8 (−5.5 to −0.04) −0.1 (−2.4 to 2.3)

Aneurysm rupture risk (per point increase in PHASES) 1.6 (−0.8 to 4.1) −1.5 (−3.0 to 0.0) 0.3 (−1.1 to 1.7) 1.2 (0.1 to 2.3) 5.6 (−0.8 to 12.1) −2.6 (−5.1 to −0.2)

Aneurysm occlusion modality

NST Ref. — Ref. — Ref. —

EVT 1.2 (−6.9 to 9.4) — 1.7 (−2.1 to 5.4) — −0.3 (−16.7 to 16.1) —

In-hospital neurologic complication −11.5 (−22.8 to −0.1) — 4.6 (−1.6 to 10.7) — −17.9 (−45.2 to 9.3) —

Abbreviations: UCL-P = Utrecht Coping List–Passive. PHASES = risk score assessing the absolute 5-year rupture rate; NST = neurosurgical treatment; EVT = endovascular treatment; EQ-5D = EuroQoL 5 dimensions; HRQoL =
health-related quality of life; HADS = Hospital Anxiety and Depression Scale; USER-P=Utrecht Scale for Evaluation of Rehabilitation–Participation; Ref. = Reference.
a No patients with sum scores available.
b To estimate, for example, the HRQoL outcome for female sex at 1 year follow-up, you first add 8.6 to the reference value (the change in HRQoL over time) and subsequently add 2.1 (the influence of female sex).
Patients were classified as having a psychiatric history if they were under psychological or psychiatric treatment or if themedical record reported the use of medication for depression, an anxiety disorder, or other psychiatric
disorders. Passive coping style was accessed at baseline with a subscale of the UCL-P. Sum scores range from 7 (low) to 28 points (high level of passive coping). Complications were scored as transient if clinical symptoms
resolved within 30 days, and otherwise were considered persisting.
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influenced all QoL outcomes (HRQoL, emotional function-
ing, and participation in daily activities) in patients with and
without aneurysm occlusion (Table 2).

A history of psychiatric disease was associated with a better
HRQoL outcome in patients with preventive occlusion, but
not in patients without aneurysm occlusion. Patients with in-
hospital neurologic complications had a worse HRQoL out-
come than patients without complications.

We found no differences according to aneurysm occlusion mo-
dality (Table 2 and eTable 2, links.lww.com/WNL/C163). In
patients without preventive aneurysm occlusion, a higher abso-
lute aneurysm rupture risk (specified per additional point on the
PHASES score) was associated with worse outcomes in emo-
tional functioning and more restrictions in daily activities.

Discussion
In this prospective cohort study, we found several differences
between patients with and without preventive aneurysm oc-
clusion at baseline and in their QoL trajectories over time but
showed that QoL outcomes were comparable 1 year after UIA
diagnosis. Initially, patients with aneurysm occlusion reported
more restrictions during their recovery phase, but their HRQoL
and emotional functioning gradually improved over time. In
patients without aneurysm occlusion, the largest improvement
in HRQoL occurred directly after the initial visit to the out-
patient aneurysm clinic. Factors associated with worse QoL
outcomes were a passive coping style in all patients, in-hospital
complications in patients with preventive occlusion, and higher
rupture risks in patients without occlusion.

Several previous studies reported on QoL aspects in patients
with UIA, but most had a cross-sectional design and did not
assess QoL outcomes at multiple standardized time points
during follow-up.12,13 We found 3 studies comparing patients
with UIA with and without preventive aneurysm occlusion.19-
21 One study assessed QoL 6 months after preventive oc-
clusion or study enrollment and reported a decrease in QoL in
patients without preventive occlusion compared with patients
with occlusion.19 Two cross-sectional studies reported no
differences in QoL outcomes between patients with and
without preventive occlusion but found that overall QoL
outcomes in patients with UIA were reduced compared with
reference populations. In contrast, the QoL outcomes in pa-
tients with and without preventive aneurysm occlusion of our
study are comparable to EQ-5D measurements and HADS
values from general populations in the literature 1 year after
UIA diagnosis.22,23 The longer time between diagnosis and
QoL assessment may have resulted in fewer fully recovered
patients participating in previous studies.20,21

The baseline differences in emotional functioning and re-
strictions we found between patients with and without oc-
clusion could, at least partly, be explained by confounding by
indication. Larger aneurysms with a higher risk of rupture are

more likely to be occluded preventively, which may introduce
more fear of rupture and restrictions in daily activities in
patients with preventive occlusion than in patients without.
These differences in QoL measures may even be present
before the formal treatment decision has been made,
depending on what the referring physician has already dis-
cussed with the patient at the time of UIA diagnosis. Some
physicians may have hinted toward the need for preventive
occlusion. Alternatively, the higher levels of passive coping
and reduced emotional functioning at baseline in patients
with preventive aneurysm occlusion may also reflect differ-
ences in individual coping style and other psychological
characteristics or personality traits. These factors can in-
fluence the process and outcome of decision making in that
sense that patients with more fear of rupture and more per-
ceived restriction in daily life activities may be more inclined
to opt for preventive occlusion. These baseline differences in
individual coping style and other psychological characteristics
or personality traits may then introduce QoL differences at
baseline and over time.8,9,24

Four previous studies assessed QoL outcomes in patients with
UIA with preventive aneurysm occlusion with measurements
before occlusion and at 3 months and 1 year after occlusion.25-
28 The results from these studies are in line with our finding
that QoL improved between 3 months and 1 year post-
occlusion, with an initial decrease in QoL in the short term.
However, in contrast with our study, QoL outcomes in pre-
vious studies did not fully return to preocclusion levels at
1-year follow-up, and in 1 study, it took up to 3 years for QoL
outcomes to normalize postclipping.27 One explanation for
this discrepancy may be that preventive aneurysm care, in-
cluding options for aneurysm occlusion and treatment risks,
has changed substantially since the previous studies were
performed.5

We found that a substantial proportion of patients with pre-
ventive occlusion reported restrictions in daily activities, in-
cluding working life, prior to occlusion. One previous study
compared employment status preocclusion and postocclusion
and found that a considerable proportion of patients with UIA
had a suboptimal employment status before occlusion.28 This
could indicate that a reduced working capability following
aneurysm repair is not solely attributable to the aneurysm
occlusion itself, but may also be influenced by baseline patient
and aneurysm characteristics and what a physician discusses
with the patient.12,21 Some physicians may advise patients
with UIA to take it easy during the recovery phase after
occlusion.

None of the previous studies in patients with UIA compared
QoL outcomes before and after the initial visit to an out-
patient aneurysm clinic. One previous study in patients with
abdominal aortic aneurysms described that patients experi-
ence the conservative nature of surveillance as reassuring.29 A
similar mechanismmay apply for intracranial aneurysms. Both
relief that no invasive treatment is needed and reassurance
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that the aneurysm has a low rupture risk are likely to play a
role in a positive counseling effect.

Our study has some limitations. First, our study population is
relatively small and may represent a selected group, as not all
eligible patients with UIA participated in our study. Some
patients declined the invitation to participate because of fear
for aneurysm rupture or a reduced QoL. This may have biased
QoL measurements at baseline and over time and could, at
least partly, explain why we found no differences in QoL
outcomes between patients with UIA and the general Dutch
population at 1-year follow-up.19,20 Second, not all respon-
dents returned all scheduled questionnaires, resulting in var-
iation in group size and distribution during follow-up.
However, because we sent out questionnaires at many time
points, we had detailed and prospective tracking data for most
patients and could account for missing data by using robust
linear mixed-effects models.

The main strength of our study is that it was a prospective
cohort study that assessedHRQoL, emotional functioning, and
restrictions in daily activities simultaneously at several stan-
dardized moments during follow-up in both patients with UIA
with and without preventive aneurysm occlusion. In addition,
we report QoL outcomes before and after the initial visit to an
outpatient aneurysm clinic. This enabled us not only to relate
the QoL outcomes over time to differences that exist between
patients with UIA with and without preventive occlusion but
also to systematically compare QoL outcomes at several time
points and to identify factors that influence QoL outcomes.

After UIA diagnosis, QoL improves gradually after preventive
occlusion and directly after counseling at an outpatient aneu-
rysm clinic in case of no occlusion. QoL outcomes were
eventually comparable in patients with and without preventive
aneurysm occlusion at 1-year follow-up. Factors associatedwith
worse QoL outcomes were a passive coping style in all patients,
complications in patients with preventive occlusion, and higher
rupture risks in patients without occlusion. The differences we
found in the trajectories ofQoL recovery between patients with
and without preventive aneurysm occlusion, and the associated
amount of time spent with a reduced QoL, should be part of
shared decision making in UIA management. This can be re-
alized by adding QoL data to patient information cards or
videos or by using tools that assess the needs and preferences of
patients during counseling, such as the time trade-off method
to assess how many QALYs a patient is willing to invest in
different treatment options.7,30 During counseling, patients can
be informed that although QoL trajectories differ in the first
year between patients undergoing preventive occlusion and
patients without preventive aneurysm occlusion, at the end of
this year, QoL is on group level similar for these 2 groups. In
addition, it is important to identify patients with an unfavorable
coping style early following aneurysmdiagnosis. By introducing
a short intake questionnaire at the outpatient aneurysm clinic,
the process of shared decision making, patient guidance, and
education following diagnosis may be further improved.30,31

Future studies should assess, ideally in a randomized setting,
whether such new counseling approaches can improve QoL
outcomes.32
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