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IntracranIal vertebral artery dissection (iVAD) is an 
essential etiology of subarachnoid hemorrhage (SAH) 
and brainstem infarction in young to middle-aged pa-

tients.1 Rare iVAD manifestations include isolated head-
aches or brainstem compression symptoms.2 However, 
the detection of patients with isolated headache iVAD has 
increased with greater iVAD familiarity and imaging ad-
vances.3,4

Clinical research on iVAD to date has focused primar-
ily on patients with SAH, and the clinical course and treat-
ment strategy are generally well established.5–12 Ischemic 
iVADs have also been widely studied, with a focus on 
determining the impact of antithrombotic medications on 
prognosis and establishing treatment strategies accord-
ingly.1,2,13 However, management strategies and the prog-
nosis of headache-onset iVAD still need to be established. 
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OBJECTIVE The prognosis of isolated headache intracranial vertebral artery dissection (iVAD) without subarachnoid 
hemorrhage (SAH) or stroke is unknown. The authors of this study aimed to evaluate isolated headache iVAD prognosis.
METHODS This is a single-center retrospective study of consecutive patients who presented with headache as their 
main complaint and underwent MRI between November 2016 and August 2022; those with acute isolated headache 
iVAD who were followed up for vascular morphological stability were eligible for study inclusion. The patients were 
divided into three groups based on the vascular morphology at initial diagnosis: aneurysm dilatation without stenosis 
(group 1), aneurysm dilatation with stenosis (group 2), and no aneurysm dilatation (group 3). Prognosis, time to radiologi-
cal stability, and final vascular morphology were compared among the groups. 
RESULTS One hundred five patients with isolated headache iVAD were included in the study. During a median follow-
up of 478 (IQR 143–1094) days, none of the patients developed SAH or stroke, but 3/41 (7%) patients in group 1 un-
derwent endovascular intervention for aneurysm enlargement. Patients in group 1 required significantly more long-term 
follow-up for morphological stability (p = 0.013), primarily due to aneurysm enlargement (p < 0.001), and were more likely 
to require surgical intervention (p = 0.043) than those in the other two groups. Residual aneurysm risk was significantly 
associated with initial vascular morphology in group 1 (OR 7.28, 95% CI 2.30–23.1, p < 0.001).
CONCLUSIONS Most patients with isolated headache iVAD had a favorable prognosis. However, patients with aneu-
rysm dilatation without stenosis required the most careful follow-up, as this group had the highest aneurysm enlargement 
risk from early disease onset through the chronic phase. In such cases, patients may require surgical intervention to 
prevent critical conditions.
https://thejns.org/doi/abs/10.3171/2024.7.JNS24575
KEYWORDS intracranial vertebral artery dissection; headache; primary care; aneurysm; prognosis; vascular disorders

J Neurosurg November 22, 2024 1©AANS 2024, except where prohibited by US copyright law

Brought to you by YOKOHAMA SHIRITSU DAIGAKU | Unauthenticated | Downloaded 11/22/24 11:27 AM UTC



Oshima et al.

J Neurosurg November 22, 20242

Isolated headache iVAD has been reported to have a gen-
erally good prognosis in small case series.14,15 However, 
some patients develop cerebral infarction or SAH during 
the disease.15 Therefore, the iVAD radiological course and 
prognosis urgently need to be clarified.

This study aimed to evaluate isolated headache iVAD 
prognosis and identify the risk factors for patients requir-
ing aggressive treatment before SAH or stroke. A total of 
105 consecutive isolated headache iVAD cases followed 
up using MRI were retrospectively analyzed for clinical 
prognosis and vascular morphological changes.

Methods
Standard Protocol Approvals, Enrollment, and Patient 
Consent

The institutional review board of our hospital approved 
this retrospective study, and eligible patients were allowed 
to opt out.

Patients
In total, 11,650 patients had presented with headache 

as their main complaint and underwent MRI at a single 
neurosurgical clinic between November 2016 and August 
2022. From among this group, we sought those patients 
who had been diagnosed with cerebrovascular artery dis-
section using MRI. Isolated headache iVAD cases that 
met all selection criteria and none of the exclusion criteria 
were included in the analysis.

The inclusion criteria were an identifiable onset date 
for headache due to iVAD, based on the clinical course 
(the day of headache onset was counted as day 1); a diag-
nosis of acute iVAD using 1.5-T MRI; and an ability to be 
followed up until the morphological changes in the lesion 
vessel appeared stabilized on MRI.

Cerebral artery dissection diagnosis using MRI was 
conducted according to the Spontaneous Cervicocephalic 
Arterial Dissections Study Japan (SCADS-Japan) imag-
ing criteria,16 which were used in a nationwide survey in 
Japan and are defined as follows: diagnosis by time-of-
flight MRA or fat-suppressed T2-weighted imaging with 
a double lumen or intimal flap; MRA with the pearl-and-
string sign or fusiform aneurysm; and MRA showing only 
a string sign or tapered occlusion. In this latter case, basi-
parallel anatomical scanning (BPAS) and fat-suppressed 
T2-weighted imaging were performed to differentiate 
such findings from hypoplasia. Acute onset was defined 
as hyperintense intramural hematoma with high signal in-
tensity on fat-suppressed T1-weighted imaging with black 
blood, morphological changes of the lesion vessel over 
time, and progressive development of lesion-related SAH 
symptoms or stroke. A double lumen, an intimal flap, and 
dynamic changes in vessel morphology over time were 
key criteria for differentiating iVAD from nonpathologi-
cal fusiform dilatation, which is characterized by a uni-
form enlargement of the artery without these dissection-
specific features.

Patients whose disease had been possibly caused by 
trauma, those whose clinical course and imaging findings 
did not exclude old lesions, and those with a diagnosis of 
SAH or cerebral infarction associated with vertebral ar-

tery dissection (VAD) at the initial examination were ex-
cluded from the study.

Clinical and Radiological Evaluation
The following information was collected from the med-

ical records: age, sex, medical history (hypertension, dia-
betes, and current smoking), and time from disease onset 
to the first visit. Next, two board-certified neurosurgeons 
(A.O. and M.H.) evaluated the radiological findings, and 
disagreements were resolved by consensus. These findings 
included the initial and final morphology, double lumen, 
intramural hematoma, and relationship with the posterior 
inferior cerebellar artery (PICA). The anterior inferior 
cerebellar artery (AICA)–PICA, contralateral PICA, and 
extracranial PICA were categorized and referred to as 
“non-PICA.” The initial vascular morphology was classi-
fied into three groups based on aneurysm dilatation and 
stenosis: aneurysm dilatation without stenosis (group 1), 
aneurysm dilatation with stenosis (group 2), and no aneu-
rysm dilatation (group 3). Group 1 consisted primarily of 
fusiform aneurysms, whereas group 2 included pearl-and-
string changes. Group 3 included steno-occlusive lesions 
only. Stenotic lesion length, the borderline between groups 
1 and 2, was defined as stenosis > 50% in the long-axis 
direction of the affected area (Fig. 1). The size of the aneu-
rysm was measured as the maximum transverse diameter 
of the vessel at the bulging site. Angiographic assessment 
was performed for all treated patients to evaluate the vas-
cular morphology and treatment outcomes; this included 
DSA to ensure accurate visualization of the lesion and to 
guide the intervention strategy. Furthermore, posttreat-
ment angiographic follow-up was conducted to monitor 
any recurrence or complications.

Treatment Strategy and Clinical Follow-Up
All patients were instructed to lower their blood pres-

sure, stop smoking, and limit their neck rotation. Antiplate-
let agents were generally not used but were considered if 
the patient was at high risk for cerebral infarction, a rap-
idly progressive narrowing, or artery occlusion. The basic 
iVAD follow-up policy is MRI at approximately 2 weeks, 2 
months, and 6 months after the initial imaging. Follow-up 
was terminated when no imaging changes had been ob-
served on two consecutive occasions, indicating imaging 
stability. Aneurysms ≤ 5 mm with no enlargement tenden-
cy were not subject to regular imaging follow-up but were 
followed up on a case-by-case basis if there were findings 
requiring follow-up other than per the patient’s request. 
Aneurysms > 5 mm were followed up every 6–12 months, 
depending on the degree of aneurysm involvement. Patients 
were referred to a general hospital for further evaluation 
and surgical decision if they experienced a stroke or SAH, 
if their aneurysm enlarged to approximately 10 mm in size, 
or if they had an aneurysm with a bleb. Regarding final 
vascular morphology, patients were categorized into one 
of the following imaging categories based on the following 
definitions: 1) aneurysm, recognizable residual aneurysm 
formation on MRA, fat-suppressed T2-weighted imaging, 
or BPAS; 2) occlusion, occlusion or near occlusion of the 
affected vessel with no further changes observed; 3) im-
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proved, absence of aneurysm formation or vessel occlusion 
or when a false lumen had disappeared, and the vessel wall 
became smooth and was considered stable.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 

Statistics (version 28.0, IBM Corp.). Clinical and radio-
logical characteristics and outcomes were analyzed using 
Pearson’s chi-square test for categorical variables and the 
Kruskal-Wallis test for continuous variables. The periods 
until the image morphology stabilized, the aneurysm re-
mained, and surgical treatment had been performed were 
analyzed using the log-rank method for cumulative haz-
ards. Associations between remaining aneurysms, clinical 
and radiological presentation at diagnosis, and other pos-
sible confounders (age, sex, hypertension, smoking status, 
PICA involvement, double lumen, intramural hematoma, 
and initial vascular morphology) were evaluated using 
the logistic regression model. Statistical significance was 
determined as two-sided p values < 0.05 for a 95% confi-
dence interval.

Results
Figure 2 is a flowchart showing the patient selection 

process. In total, 159 patients were diagnosed with head-
ache-onset cerebrovascular artery dissection. Of these, 27 
cases (unspecified onset or suspected old lesion: 23 cases, 
extracranial VA dissection: 2 cases, and ischemic onset: 
2 cases) were excluded. In addition, 27 patients could not 
be followed up until their imaging was confirmed to be 
stable, but 20 of them provided information about their 
health status through in-person or telephone interviews. 
All 20 of these patients were alive as of this study’s last 
survey, had not suffered from SAH or ischemic stroke, and 
had not received any VAD-related surgical treatment. The 
remaining 7 patients could not be contacted. The other 
patients were successfully monitored until their imaging 
became stable. The medical records of these 105 patients 
were examined to obtain imaging course and final vascu-
lar morphology information.

Clinical and Radiological Manifestations
The clinical and radiological characteristics and out-

comes of the 105 patients with isolated headache iVAD are 
summarized in Table 1. The patients included 52 men and 
53 women, with a mean age of 50.4 ± 8.1 years. The medi-
an interval from headache onset to the first visit was 6 (IQR 
4–10) days. Overall, 72 patients (69%) had a history of hy-
pertension. All lesions were confined to the intracranial 

FIG. 1. The representative cases for initial and stabilized vascular morphology classification. Group 1: aneurysm dilatation without 
stenosis; group 2: aneurysm dilatation with stenosis; group 3: no aneurysm dilatation. In group 2, the solid line (a) represents the 
lesion length, and the dashed lines (s1, s2) represent the stenotic section length. Arrows indicate lesions. As defined in the text, an 
aneurysm with stenotic lesions is identified when the condition (s1 + s2)/a > 0.5 is met.
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FIG. 2. Flowchart of the patient selection process.

TABLE 1. Clinical and radiological characteristics stratified by initial vascular morphology

Variable Group 1 Group 2 Group 3 All Patients p Value

No. of patients 41 45 19 105
Age in yrs (range) 51.4 ± 7.3 (37–67) 49.8 ± 8.9 (26–83) 49.1 ± 8.0 (28–59) 50.4 ± 8.1 (26–83) 0.88
Male sex 23 (56) 19 (42) 10 (53) 52 (50) 0.42
Past medical history
 Hypertension
 Diabetes
 Current smoking

27 (66)
0 (0)

11 (27)

34 (76)
0 (0)

12 (27)

11 (58)
0 (0)
5 (26)

72 (69)
0 (0)

28 (27)

0.34
—

0.99
Onset to 1st visit in days 6 (3–12) 7 (2–10) 4.5 (2–10) 6 (4–10) 0.37
Rt laterality of lesion 26 (63) 29 (64) 7 (37) 62 (59) 0.093
Relationship w/ PICA
 PICA-distal
 PICA involved
 PICA-proximal
 Non-PICA

11 (27)
8 (20)
8 (20)

14 (34)

13 (29)
16 (36)
2 (4)

14 (31)

4 (21)
5 (26)
3 (16)
7 (37)

28 (27)
29 (28)
13 (12)
35 (33)

0.37

Diagnostic findings (multiple find-
ings possible)
 Double lumen
 Intramural hematoma

34 (83)
20 (49)

33 (73)
29 (64)

13 (68)
13 (68)

80 (76)
62 (59)

0.39
0.22

Total FU period in days 475 (138–1457) 385 (135–1017) 652 (142–793) 478 (143–1094) 0.71
Any stroke-related VAD 0 (0) 0 (0) 0 (0) 0 (0) —
Antiplatelet use 0 (0) 3 (7) 0 (0) 3 (3) 0.067
Surgical intervention 3 (7) 0 (0) 0 (0) 3 (3) 0.067
Final MRI presentation
 Aneurysm
 Occlusion
 Improved

17 (41)
0 (0)

24 (59)

6 (13)
13 (29)
26 (58)

0 (0)
7 (37)

12 (63)

23 (22)
20 (19)
62 (59)

<0.001

FU = follow-up.
Values are expressed as mean ± SD, number (%), or median (IQR), unless indicated otherwise. Boldface type indicates statistical significance.
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vertebral artery, and none involved the basilar artery. The 
morphological classification at presentation was as follows: 
group 1, 41 cases (39%); group 2, 45 cases (43%); and group 
3, 19 cases (18%). No cases of occlusion were observed at 
the initial diagnosis. In addition, VAD diagnostic findings 
included a double lumen/intimal flap in 80 patients (76%) 
and intramural hematoma in 62 patients (59%). Patient 
backgrounds did not differ significantly among groups. 
Representative cases illustrating the initial and final vascu-
lar morphology classifications are shown in Fig. 1.

Results of Imaging Trends and Treatment
Patients were followed up for a median of 478 (IQR 

143–1094) days, with a median time from disease onset 
to morphological stability of 75 (IQR 48–140) days. None 
of the patients developed SAH or stroke during follow-
up. In total, 3 patients in group 2 had progressive stenosis 
with PICA involvement and were treated with antiplatelet 
agents, but none of them had cerebral infarction. In addi-
tion, 3 patients (3%) in group 1 required surgery (endovas-
cular embolization or flow alteration), and treatment deci-
sions were made at 21, 729, and 1152 days from disease 
onset, respectively (Table 2, Fig. 3, Supplementary Fig. 1). 

Regarding the final vascular morphology, approximate-
ly 60% of all patients showed improvement. However, 
there were significant differences in aneurysms and occlu-
sions among groups 1–3, with group 1 the most likely to 

TABLE 2. Summary of 3 surgical cases

Case 
No.

Age 
(yrs)/
Sex

Morphology 
Classification 

Group Bleb

Onset to 
1st Visit 
(days)

Initial 
Max Size 

(mm)

Time From Disease 
Onset to Intervention 

Decision (days) 
Max Size at 

Intervention (mm)
Summary of  

Clinical Course

1 54/F 1 No 13 6.5 1152 8.6 Slowly increasing aneurysm for about 4 yrs; 
flow alteration w/ flow diverter performed

2 50/M 1 No 3 6.3 729 12.2 MRI showed continuous hyperintense 
intramural hematoma of false lumen & 
slow aneurysm enlargement; treated w/ 
stent-assisted coil embolization

3 47/M 1 No 2 12.3 21 12.9 Initial presentation of large, long fusiform an-
eurysm, which enlarged on day 21; treated 
w/ stent-assisted coil embolization

FIG. 3. Case 2. The radiological transition with a continuously enlarged aneurysm from the early onset of isolated headache iVAD 
to the chronic phase of the disease. Note that fat-suppressed T1-weighted imaging (fs T1WI) showed a hyperintense intramural 
hematoma continuously spreading to the periphery of the arterial wall. Arrowheads in the postoperative images indicate the ends 
of the stent. m = months; post = postoperatively; pre = preoperatively.
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have a residual aneurysm (p < 0.001). The log-rank analy-
sis revealed that group 1 patients had significantly longer 
times to image stabilization (p = 0.013) and a greater risk 
of aneurysm formation (p = 0.009) and were more likely 
to require surgical intervention than the other groups (p 
= 0.043; Fig. 4). Possible parameters were analyzed using 
binary logistic analysis to identify factors influencing the 

residual aneurysm (Table 3), and the residual aneurysm 
risk was significantly associated with the initial vascular 
morphology in group 1 (OR 7.28, 95% CI 2.30–23.1, p < 
0.001). Figure 3 and Supplementary Fig. 1 provide detailed 
imaging follow-up for all 3 patients who underwent sur-
gical intervention (cases 1–3) and illustrate their clinical 
courses and treatment outcomes, highlighting the impor-
tance of angiographic assessment in guiding intervention 
and posttreatment monitoring.

Illustrative Case 2
MRA showed a fusiform aneurysm without stenosis 

in the right vertebral artery with a maximum diameter 
of 6.3 mm, leading to the diagnosis of group 1 isolated 
headache iVAD in a 50-year-old man with no history of 
hypertension or smoking (Table 2, Fig. 3), who presented 
to our hospital on the 3rd day after the sudden onset of 
right occipital-nuchal pain. During the follow-up period, 
the distal end of the arterial dilatation enlarged gradually, 
and a hyperintense intramural hematoma that spread to 
the arterial wall periphery was continuously observed. On 
day 729, the maximum diameter increased to 12.2 mm, 
and the patient was referred to another hospital for surgery. 

FIG. 4. A: Outcome on the final images in the 3 groups. B: Time until image morphology stabilized in the 3 groups. C: Cumulative 
hazard of a residual aneurysm in the 3 groups. D: Cumulative hazard of requiring surgical intervention in group 1 (G1) versus non-
G1 (G2/3). Figure is available in color online only.

TABLE 3. Multivariate binary logistic regression model to 
identify factors associated with a residual aneurysm

Variable OR 95% CI p Value

Age >50 yrs 1.22 0.42–3.57 0.72
Male sex 3.08 0.90–10.57 0.07
Hypertension 2.82 0.74–10.8 0.13
Current smoking 0.41 0.15–2.13 0.57
PICA involved 0.90 0.24–3.55 0.92
Double lumen/intimal flap 0.60 0.19–2.62 0.70
Intramural hematoma 0.32 0.20–1.71 0.58
Initial vascular morphology: group 1 7.28 2.30–23.1 <0.001
Boldface type indicates statistical significance.

Brought to you by YOKOHAMA SHIRITSU DAIGAKU | Unauthenticated | Downloaded 11/22/24 11:27 AM UTC

https://thejns.org/doi/suppl/10.3171/2024.7.JNS24575


J Neurosurg November 22, 2024 7

Oshima et al.

Stent-assisted coil embolization was performed on day 
822. Notably, 7 months after the procedure, angiography 
confirmed aneurysm shrinkage.

Discussion
Clinical Outcomes and Predictors of Residual Aneurysms

In this study, all 105 patients with isolated headache 
iVAD had favorable prognoses, and none developed SAH 
or stroke. Patients in group 1 often had residual aneurysm 
changes and required more extended follow-up periods, 
with 3 cases requiring prophylactic surgical intervention 
because of enlarged aneurysms. Residual aneurysms were 
a critical factor in patient follow-up. Multivariate analysis 
identified group 1 initial vascular morphology as a sig-
nificant independent factor for residual aneurysm develop-
ment. These findings are consistent with previous reports 
that stenotic lesions (string sign or pearl-and-string sign) 
heal quickly,17 whereas aneurysmal lesions have long-last-
ing morphological changes.18 In addition, the VAD aneu-
rysm enlargement risk depends on the maximum diameter 
or an aneurysm size > 10 mm at initial diagnosis.18 Fur-
thermore, in a study of the natural history of 98 unruptured 
VAD aneurysms, 5 cases with aneurysm dilatation without 
stenosis on initial examination developed SAH because of 
aneurysm dilatation or rupture.7 These results are similar 
to those of the present study; however, the previous study 
did not examine the relationship between initial vascular 
morphology and prognosis.

Importance of Early Imaging
Appropriate follow-up and treatment are essential, as 

SAH and cerebral infarction significantly reduce the pos-
sibility of a favorable outcome.19 In this study, the days 
from disease onset to intervention were highly variable 
(21, 729, and 1152 days), with case 3 requiring endovas-
cular treatment due to aneurysm enlargement, which was 
spotted at the second imaging follow-up (day 21) after 
the initial visit on the 2nd day of headache onset. Given 
that there are cases of malignant morphological changes 
early in the course of disease onset, performing imaging 
follow-up once in the early stages of iVAD onset is es-
sential. Previous reports have shown that ruptures and ce-
rebral infarctions are highly common in the first 3 days 
after headache onset;7,20 thus, careful management can be 
required for cases presenting within 3 days of headache 
onset.

Long-Term Monitoring and Morphological Stability
The post-VAD dynamic morphological change duration 

remains unclear. In early small case series, it was thought 
that in VAD, morphological changes were complete within 
2–3 months.21,22 However, the required follow-up period 
increased up to 6 months or even 1 year as the number of 
cases increased.17,23 Some studies have suggested little need 
for diagnostic imaging after 2 years because no change 
has been seen after that period.13 In the present study, 91 
(87%) of the 105 cases were morphologically stable by day 
180. However, longer-term follow-up revealed that 6 cases 
(5.7%) had not reached imaging stability at 1 year, all of 
which were in group 1.

Pathological Insights and Aneurysm Formation
According to pathological examination, the acute 

VAD mechanism involves blood invading the internal 
elastic lamina, leading to widespread disruption.5,24 The 
clinical type and shape of arterial dissections are de-
termined by the extent of this disruption,6 with the dis-
section plane (pseudolumen) differing from site to site 
within the artery.4,5,25 Aneurysms can develop if the dis-
section goes deep into the vessel wall or if the vessel is 
pushed into the true lumen, causing narrowing or occlu-
sion.7 Ruptured iVADs are typically entry-only or entry-
exit types, with the latter being more clinically stable due 
to constant blood flow in the pseudolumen.5 On the basis 
of these findings, we speculated the pathological features 
of groups 1–3 as follows: most of group 1 likely belongs 
to the entry-only type, which is prone to remain as an 
aneurysm due to constant hemodynamic stress. In con-
trast, most of groups 2 and 3 likely belong to the entry-
exit type. Group 2 may have a pseudolumen in the deep 
media, which causes true lumen narrowing and aneurysm 
changes in areas with high hemodynamic stress on the 
adventitia but may heal or occlude if blood flow in the 
pseudolumen stagnates and thrombosis occurs. In group 
3, the pseudolumen may be in a shallower media layer, 
leading to less severe hemodynamic stress and a greater 
likelihood of healing without aneurysm formation. On the 
basis of imaging findings, several reports have suggested 
that intramural hematoma contributes to dissecting an-
eurysm enlargement.26,27 No comprehensive examination 
of morphological changes during the chronic phase has 
been conducted; however, a study has reported that ves-
sel recanalization within the thickened intima was ob-
served more than 30 days after the initial event, resulting 
in chronic fusiform aneurysm formation.9 This pathology 
may explain the continued observation of hyperintense 
intramural hematoma and aneurysm enlargement in case 
2 of this study.

Predictors of Ischemic Complications
Although no ischemic events were observed in our co-

hort, it remains important to consider potential predictors 
of ischemic complications based on initial presentation, 
as reported in other studies.2,28 In our study, 102 of 105 
patients did not use antithrombotic agents, but none had 
an ischemic stroke. This suggests that the need for anti-
thrombotic agents may be low to prevent ischemic stroke 
in patients with VAD presenting only with headache. Ad-
ditionally, a large review on VAD in 2015 concluded that 
no specific pattern could be identified for predicting ische-
mic stroke.2 Conversely, a retrospective study of 191 cases 
of unruptured VAD classified into ischemic and nonis-
chemic types at onset revealed that the ischemic type was 
significantly associated with steno-occlusive angiographic 
shapes and basilar artery involvement at initial presenta-
tion.28 No significant differences were found in terms of 
age, sex, medical history, or PICA involvement.

During the management of iVAD, the lesion’s location 
within the V4 segment relative to the PICA should be con-
sidered. Our analysis showed no significant differences in 
aneurysm persistence or the need for surgical intervention 
based on PICA-related categorizations. Although no ische-
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mic events were observed, lesions near the lateral spinal 
artery, especially with AICA-PICA variation, could theo-
retically increase the risk of lateral medullary syndrome. 
In our cohort, 25 (24%) of 105 cases had the AICA-PICA 
variation. Despite this, no ischemic events occurred, sug-
gesting that other protective factors may be at play.

Follow-Up Imaging Protocol and Management 
Recommendations

Taken together, our proposed follow-up imaging pro-
tocol includes the use of MRI and MRA at specific inter-
vals: at approximately 2 weeks, 2 months, and 6 months 
after the initial diagnosis. However, for patients present-
ing within 3 days of symptom onset, the initial follow-up 
should be more frequent and meticulous. Aneurysms 5 mm 
or smaller without an enlargement tendency do not require 
regular imaging follow-up but should be monitored on a 
case-by-case basis. Aneurysms larger than 5 mm should 
be followed up every 6–12 months, depending on the de-
gree of aneurysm involvement. Our study identified dilata-
tion without stenosis at initial presentation as a significant 
risk factor for residual aneurysms and the need for surgi-
cal intervention. Therefore, patients with this morphology 
should be monitored closely. Clinical follow-up should 
involve regular monitoring of blood pressure, smoking 
cessation, and limited neck movement. Antithrombotic 
medications are generally unnecessary. While upfront 
treatment is not recommended for all patients, those with 
high-risk features such as rapid aneurysm enlargement or 
aneurysms > 10 mm should be closely monitored and con-
sidered for early intervention. Treatment modalities may 
include endovascular procedures such as stent-assisted 
coiling or flow diversion, tailored to individual patient risk 
factors and symptomatology. Patients should be consid-
ered for DSA if they experience a stroke or SAH, if their 
aneurysm enlarges to approximately 10 mm in size, or if 
they have an aneurysm with a bleb.

Study Limitations
The limitations of our study include its retrospective de-

sign, which may have introduced selection bias, potentially 
limiting the ability to establish causality between observed 
factors and outcomes. Additionally, our research was con-
ducted at a single center, potentially limiting the general-
izability of the findings to other populations and settings, 
necessitating multicenter studies to validate our results. 
While adequate for preliminary analysis, the sample size 
of 105 patients remains relatively small, particularly when 
considering subgroups based on initial vascular morphol-
ogy and lesion location. Moreover, the follow-up duration 
varied among patients, with the median follow-up of 478 
days being potentially insufficient to fully understand the 
long-term prognosis and potential late complications of 
iVAD. Future studies should incorporate extended follow-
up periods to gain a deeper understanding of the long-
term outcomes and the stability of morphological changes, 
particularly in patients who undergo surgery and exhibit 
aneurysm changes. Although MRI and MRA were used 
consistently, the timing and frequency of imaging follow-
ups were not uniform across all patients, potentially af-
fecting the assessment of vascular changes and outcomes. 

Additionally, the loss of 27 patients to follow-up may have 
introduced bias. Efforts were made to confirm the status 
of these patients, and 20 were confirmed to have not had 
VAD-related events; however, the status of the remaining 
7 patients remains unknown. Lastly, because no ischemic 
events were observed in our cohort, our ability to identify 
predictors of ischemic complications is limited.

Conclusions
Isolated headache iVAD prognosis in patients present-

ing with a headache was generally favorable, but those 
with aneurysm dilatation without stenosis at initial pre-
sentation should be followed closely, as this group has the 
highest risk of aneurysm enlargement from early disease 
onset through the chronic phase. In such cases, patients 
may require surgical intervention to prevent critical condi-
tions.
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