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Risk factors for the persistence of
unruptured intracranial vertebral
artery dissecting aneurysms
treated with flow diverters

Jiangli Han?, Xiaobo Li%, Hao Niu?, Long Lin, Aihua Liu%3* & Ying Xia'**

Flow diverters (FDs) have been employed in the treatment of unruptured intracranial vertebral artery
dissecting aneurysms (IVADAs), yielding seemingly favorable outcomes. Despite FD treatment,
aneurysm persistence (incomplete occlusion post-initial treatment) can occur in some patients,
potentially leading to recurrent symptoms or complications. This study aims to explore the risk factors
associated with the persistence of unruptured IVADAs that have undergone treatment with FDs. The
study encompassed 77 unruptured IVADAs from 75 consecutive patients who received treatment
with FDs. At a median follow-up of 13 months, 31.2% (24/77) of IVADAs exhibited persistence. Upon
multivariate logistic regression analysis, significant pre-procedural stenosis adjacent to aneurysmal
dilatation (odds ratio [OR] 17.02, 95% confidence interval [CI] 2.01-144.24, p=0.009) and posterior
inferior cerebellar artery involvement (OR 7.06, 95% Cl 1.40-35.50, p=0.018) were independently
associated with aneurysm persistence; while follow-up duration (OR 0.91, 95% Cl 0.84-0.97, p=0.005)
was adversely associated with aneurysm persistence. Significant pre-procedural stenosis adjacent to
aneurysmal dilatation and posterior inferior cerebellar artery involvement could serve as independent
risk factors contributing to the persistence of unruptured IVADAs after FD treatment.
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Intracranial vertebral artery dissecting aneurysms (IVADAs) are an important cause of subarachnoid hemorrhage
(SAH) and posterior circulation ischemia in young and middle-aged people!. Endovascular treatment has been
accepted as the mainstream approach for preventing SAH and ischemic stroke in patients with IVADAs?.
In recent years, the practice of flow diverters (FDs) has been extended to unruptured IVADAs with favorable
outcomes™*10-14, However, IVADAs may persist after flow diversion, potentially leading to delayed rupture or
an increased mass effect!”.

Understanding the risk factors contributing to this phenomenon is crucial for optimizing patient selection
and treatment strategies. This study aims to identify the risk factors associated with the persistence of unruptured
IVADAs treated with FDs. By examining clinical, morphological, and procedural variables, we seek to elucidate
the underlying mechanisms that may influence treatment efficacy.

Methods

This study received approval from the Institutional Review Board of Beijing Tiantan Hospital (KY 2021-038-02),
which waived the requirement for informed consent from patients due to the retrospective nature of the study
design. All procedures were carried out in accordance with the relevant guidelines and regulations.

Patients

This study received approval from the Institutional Review Board. It retrospectively analyzed a consecutive
series of patients with unruptured IVADAs who underwent treatment with first-ever FDs at Beijing Tiantan
Hospital (Beijing, China) from January 2016 to February 2021. The diagnosis of IVADAs was based on clinical
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manifestations and radiological findings obtained either from three-dimensional digital subtraction angiography
(3D-DSA) alone or 3D-DSA combined with CT angiography, MR angiography, and/or high- resolution MRI.
Inclusion criteria were: (1) unruptured IVADAs with or without clinical manifestations, including posterior
circulation ischemia and mass effect; (2) dissecting aneurysms involving but not limited to the V4 segment of
the vertebral artery (VA); and (3) first-ever treated with FDs. The exclusion criteria were: (1) VA dilatation and/
or stenosis without the signs of dissection, including a double lumen, intimal flap, or intramural hematoma; (2)
previous history of surgical or endovascular treatment; (3) ruptured IVADAs; (4) history of using medications
known to significantly affect platelet function; and (5) lack of follow-up data. Clinical data included age, sex,
current smoking (within the past 6 months), hypertension, hyperlipidemia, diabetes mellitus (Type II), coronary
artery disease, and pre-procedural modified Rankin Scale (mRS) scores > 2.

Morphological characteristics

All the morphological characteristics were well evaluated by using 3D-DSA images from a Siemens Artis Zee
System (Siemens Healthcare, Erlangen, Germany), which included dominant VA, significant stenosis, the
entirely involved circumference, posterior inferior cerebellar artery (PICA) involvement, basilar artery (BA)
involvement, and maximum diameter. Two experienced researchers blinded to the patient’s clinical information
independently interpreted the images and made consensus decisions. These morphological characteristics were
defined as documented in previous studies'®'’. Significant stenosis was defined as 50-99% stenosis of the parent
artery adjacent to the aneurysmal dilatation.

Treatment protocol

FDs used in this study were the Pipeline Embolization Device (PED; Medtronic, Irvine, CA, USA) and the
Tubridge flow diverter (TFD; MicroPort, Shanghai, China). Before endovascular treatment, the neurointervention
team discussed each case.

Before the procedure, patients diagnosed with unruptured IVADAs were administered dual antiplatelet
therapy, which included 100 mg of aspirin and 75 mg of clopidogrel daily for a period of 5 days. After the
procedure, this regimen was maintained for an additional 6 months. The patients’ responses to aspirin and
clopidogrel were evaluated. In instances where hyporesponsiveness to clopidogrel was identified, ticagrelor was
introduced as an alternative. Upon completion of the dual antiplatelet therapy, a maintenance regimen of 100 mg
of aspirin daily was advised for a further 6 to 9 months.

Endovascular treatment was performed transfemorally when patients were under general anesthesia. Heparin
was administered when the FDs were ready for deployment. The entire dissecting segment of the parent artery,
including stenosis, was reconstructed. We tried reconstructing the involved segment of the parent artery with
a single FD. Multiple FDs were considered when the involved segment was too long to be reconstructed by a
single one. Coiling in conjunction with FD placement was selected for some giant IVADAs or complex IVADAs
with both fusiform and saccular components. Balloon dilation was chosen for significant stenosis within the
dissecting segment of the parent artery to ensure that the degree of stenosis after FD deployment was less than
50%.

Immediate occlusion status

We classified immediate occlusion status into complete and incomplete occlusion. Two experienced researchers
blinded to clinical information independently interpreted the immediate occlusion status and achieved a
consensus.

Radiological and clinical follow-up
The follow-up angiography included 3D-DSA, CT angiography, and MR angiography, preferably 3D-DSA.
The first follow-up angiography was often scheduled between 3 and 6 months after endovascular treatment.
Subsequent follow-up was conducted every 6 to 12 months. Follow-up occlusion status was classified into
complete or incomplete occlusion. Aneurysm persistence was defined as incomplete occlusion ever since FD
treatment.

Two experienced researchers, blinded to clinical information, independently assessed the occlusion status
and subsequently reached a final consensus. The final clinical outcome was assessed using an mRS. The favorable
clinical outcome was defined as mRS 0-2.

Statistical analysis

Continuous variables are reported as median values along with the interquartile range (IQR), while categorical
variables are expressed as frequency and percentage. The normality of the distribution for continuous variables
was assessed using the Shapiro-Wilk test. To compare continuous variables, the Mann-Whitney U test was
utilized. For categorical variables, either Pearson’s Chi-squared test or Fisher’s exact test was conducted. Inter-
observer agreement regarding the interpretation of IVADA morphological characteristics and immediate
or follow-up occlusion status was evaluated. Cohen’s k coefficient was employed to assess inter-observer
agreement in interpreting qualitative characteristics, whereas the intraclass correlation coefficient was utilized
for quantitative characteristics. An agreement represented by Cohen’s x coefficient or intraclass correlation
coeflicient greater than 0.75 was deemed excellent. Univariate and multivariate logistic regression models were
employed to explore the variables associated with aneurysm persistence. Significant variables (p <0.10) identified
in univariate analyses were included in the multivariate logistic regression model. Results are presented as odds
ratios (OR) with corresponding 95% confidence intervals (CI). All statistical analyses were conducted using IBM
SPSS Statistics for Windows, version 26.0 (IBM Corporation, Armonk, NY, USA), with two-tailed p-values of
less than 0.05 considered statistically significant.
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Characteristic Overall (n=77) | Complete occlusion group (n=53) | Persistence group (n=24) | P-value
Age, median (IQR), year 53 (47-58) 53 (47-58) 53 (47-58) 0.978
Sex, male, n (%) 61(79.2) 41(77.4) 20 (83.3) 0.549
Smoking, n (%) 26 (33.8) 17 (32.1) 9(37.5) 0.641
Hypertension, n (%) 42 (54.5) 33 (62.3) 9(37.5) 0.043
Hyperlipidemia, n (%) 21(27.3) 16 (30.2) 5(20.8) 0.393
Diabetes mellitus, n (%) 10 (13.0) 6(11.3) 4(16.7) 0.493
Coronary artery disease, n (%) 3(3.9) 3(5.7) 0(0.0) 0.548
Pre-procedural mRS >2, n (%) 3(3.9) 3(5.7) 0(0.0) 0.548
Dominant VA, n (%)* 54 (70.1) 37 (69.8) 17 (70.8) 0.877
Significant stenosis, n (%) 9 (13.0) 3(7.5) 6 (25.0) 0.023
BA involvement, n (%) 3(3.9) 1(1.9) 2(8.3) 0.228
Entirely involved circumference, n (%) 40 (51.9) 25 (47.2) 15 (62.5) 0.212
PICA involvement, n (%) 18 (23.4) 9(17.0) 9 (37.5) 0.049
Maximum diameter, median (IQR), mm | 10.8 (9.0-14.6) | 11.1 (9.0-14.6) 9.9 (8.9-14.7) 0.708

Table 1. Baseline characteristics of patients. *There are 2 missing data points. BA basilar artery, IQR
interquartile range, mRS modified Rankin Scale, PICA posterior inferior cerebellar artery, SAH subarachnoid
hemorrhage, VA vertebral artery.

Variable Overall (n=77) | Complete occlusion group (n=53) | Persistence group (n=24) | P-value
Multiple FDs, n (%) 7(9.1) 4(7.5) 3(12.5) 0.671
Conjunction with coils, n (%) 10 (13.0) 8(15.1) 2(8.3) 0.716
Immediate complete occlusion, n (%) 4(5.2) 4(7.5) 0(0.0) 0.304
Follow-up duration, median (IQR), months | 13 (7-32) 19 (10-34) 7 (5-12) <0.001
Follow-up mRS 0-2, n (%) 76 (98.7) 52(98.1) 24 (100.0) >0.999

Table 2. Treatment selection and results of 77 patients. FDs flow diverters, IQR interquartile range, mRS
modified Rankin Scale.

Results

Clinical and morphological characteristics

A total of 77 unruptured IVADAs treated with FDs for 75 patients were included in this study. There were
61 (79.2%) men and 16 (20.8%) women, with a median age of 53 years (age range interval 10-70 years). The
median maximum diameter of IVADAs was 10.8 mm. The baseline characteristics of all the patients are shown
in Table 1. Interobserver agreement of the measurements of all the morphological parameters was considered
excellent. Cohen x coeflicients for dominant VA, significant stenosis, BA involvement, entirely involved
circumference, and PICA involvement were 0.842, 0.885, 1.000, 0.870, and 0.964, respectively. The intraclass
correlation coefficient for maximum diameter was 0.970. Hypertension was less prevalent in the persistence
group than in the complete occlusion group (37.5% vs. 62.3%, p=0.043). Pre-procedural significant stenosis
was more prevalent in the persistence group than in the complete occlusion group (25.0% vs. 5.7%, p=0.023).
While PICA involvement was more prevalent in the persistence group than in the complete occlusion group
(37.5% vs. 17.0%, p=0.049). There was no significant difference between the two groups with respect to age, sex,
smoking, hyperlipidemia, diabetes mellitus, coronary artery disease, pre-procedural mRS>2, dominant VA, BA
involvement, entirely involved circumference, or maximum diameter.

Treatment selection and results

All 77 procedures were successfully performed. Multiple FDs and conjunction with coils were used in 9.1%
(7/77) and 13.0% (10/77) of the IVADAs, respectively. Immediate complete occlusion was achieved in 5.2%
(4/77) of the IVADAs. The overall median follow-up duration of patients was 13 months. By the final follow-
up, 31.2% (24/77) of the IVADAs showed persistent filling, which included one case of recanalization that had
initially presented as incomplete occlusion. Cohen « coeflicient for complete occlusion was 0.941. The rate of
mRS 0-2 was 98.7% (76/77).

A comparison of treatment selection and results are shown in Table 2. The median follow-up duration was
significantly longer in the complete occlusion group than in the persistence group (19 vs. 7 months, p <0.001).
There were no significant between-group differences with respect to multiple FDs, conjunction with coils,
immediate complete occlusion, or mRS 0-2.

Variables associated with aneurysm persistence
The results of univariate and multivariate logistic regression analyses for aneurysm persistence are shown in
Table 3. In univariate analyses, hypertension, significant stenosis, PICA involvement, and follow-up duration

Scientific Reports |

(2025) 15:13677 | https://doi.org/10.1038/s41598-025-98737-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Univariate Multivariate
Variable OR (95% CI) P-value | OR (95% CI) P-value
Hypertension 0.36 (0.13-0.98) | 0.046 0.27 (0.06-1.19) 0.085

Significant stenosis | 5.56 (1.26-24.58) | 0.024 17.02 (2.01-144.24) | 0.009
PICA involvement | 2.93(0.98-8.76) | 0.054 7.06 (1.40-35.50) 0.018
Follow-up duration | 0.92 (0.87-0.97) 0.003 0.91 (0.84-0.97) 0.005

Table 3. Univariate and multivariate logistic regression analyses for the persistence of IVADASs treated with
flow diverters. CI confidence interval, IVADAs intracranial vertebral artery dissecting aneurysms, OR odds
ratio, PICA posterior inferior cerebellar artery.

were significant variables (p<0.10). Upon multivariate regression analysis, significant stenosis adjacent to
aneurysmal dilatation (OR 17.02, 95% CI 2.01-144.24, p=0.009) and PICA involvement (OR 7.06, 95% CI
1.40-35.50, p=0.018) were independently associated with aneurysm persistence; while follow-up duration (OR
0.91, 95% CI 0.84-0.97, p=0.005) was adversely associated with aneurysm persistence.

Discussion

In this study, we investigated the risk factors for the persistence of unruptured IVADAs following FD treatment.
Our findings indicated that significant stenosis adjacent to aneurysmal dilatation and PICA involvement are
independent risk factors for aneurysm persistence. Conversely, a longer duration of follow-up serves as an
independent protective factor against aneurysm persistence.

A stenosis adjacent to aneurysmal dilatation is common in IVADAs'8. A previous study reported that parent
artery stenosis could cause inadequate opening and poor apposition of FDs in the stenosis regions when treating
anterior circulation non-dissecting aneurysms!®. Another study indicated that stenosis>50% of the parent
artery next to the aneurysm restricted the opening of FDs and caused malapposition; at the median follow-up
of 5.5 months, pre-procedural stenosis tended to be associated with incomplete aneurysmal occlusion’. We
hypothesize that this mechanism may also account for persistent filling of IVADAs after flow diversion. We
suggest that significant stenosis adjacent to the aneurysmal dilation is likely to result in inadequate apposition
of FDs. Furthermore, smaller FDs may be preferentially chosen for IVADAs with significant stenosis to enhance
deployment maneuverability and minimize the risk of arterial injury associated with balloon dilation. As
traditional stents that are smaller than the vessel diameter can cause malapposition®!. the use of smaller FDs
may similarly contribute to malapposition.

After flow diversion, the endothelialization of FDs begins at the interface with the arterial wall. This initial
process establishes a cellular substrate that promotes the subsequent endothelialization of areas of the FDs not
directly in contact with the artery wall?2. Consequently, malapposition of FDs can hinder endothelialization by
decreasing the contact interface with the arterial wall, potentially leading to the persistence of aneurysms!'*?3-%°,

The PICA is a crucial branch of the VA, and preserving its patency is essential during the endovascular
treatment of IVADAs. Occlusion of the PICA can result in significant neurological deficits due to impaired
blood flow to the cerebellum and brainstem. FDs facilitate the maintenance of the patency of covered
branch arteries. However, when a branch artery is incorporated into the target aneurysm, its blood flow may
continue to contribute to the aneurysm’s persistent filling, which can lead to incomplete occlusion despite the
implementation of flow diversion techniques'®. Previous studies have extensively documented the presence of
aneurysms with incorporated branches, suggesting that these features may be the most significant contributor
to persistent aneurysm filling after flow diversion?®. However, the association between PICA involvement
and persistent filling of IVADAs following flow diversion has not been well explored. Our findings indicate
that PICA involvement is an independent risk factor for the persistent filling of IVADASs after flow diversion.
This phenomenon underscores the importance of careful preoperative imaging and planning to assess the
involvement of PICA in the IVADAs.

A prior study investigating flow diversion for the treatment of posterior circulation cerebral aneurysms
reported a complete occlusion rate of 68% at six months, which increased to 78% at twelve months?’. Additionally,
a systematic review on predictors of aneurysm occlusion following FD treatment found that longer follow-up
durations were associated with complete occlusion®®. In our study, the duration of follow-up also demonstrated
a predictive effect on the occlusion of IVADASs, aligning with findings from prior research?”-?8, We propose that
two mechanisms may elucidate this phenomenon: (1) following flow diversion treatment, the endothelialization
of areas of the FDs not directly in contact with the arterial wall improves over the follow-up period*’ and (2)
once complete occlusion of the aneurysm is achieved after flow diversion treatment, the likelihood of recurrence
is minimal®-*.

Several limitations of our study should be acknowledged. First, the retrospective single-center design may
have introduced potential bias. Second, we did not assess the association between malapposition and the
persistence of IVADAs. Third, the tortuosity or curvature of the parent artery was not analyzed, which could
represent a confounding factor. Fourth, information regarding complications and procedure time was not stated
and analyzed. Additionally, the relatively small number of cases exhibiting immediate complete occlusion and
those involving the use of additional coils may have limited our ability to detect significant correlations with
aneurysm occlusion outcomes during the follow-up period. This limitation indicates that a larger dataset is
necessary to draw more definitive conclusions.
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We identified significant pre-procedural stenosis adjacent to aneurysmal dilatation and PICA involvement as
potential independent risk factors for the persistence of unruptured IVADAs treated with FDs. These findings
may facilitate the prediction of radiological outcomes for unruptured IVADAs following flow diversion and
inform the development of strategies aimed at promoting aneurysm occlusion.
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