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ABSTRACT

BACKGROUND AND PURPOSE: Aneurysmal-type subarachnoid hemorrhage is a serious disease with high morbidity and mortality. When
no aneurysm is found, the patient remains at risk for rebleeding. Negative findings for SAH on angiography range from 2% to 24%. Most
previous studies were based on conventional 2D imaging. 3D rotational angiography depicts more aneurysms than 2D angiography. The
purpose of this study was to evaluate the yield of repeat 3D rotational angiography in patients with aneurysmal-type SAH with negative
initial 3D rotational angiography findings and to classify the initial occult aneurysms.

MATERIALS AND METHODS: Between March 2013 and January 2016, 292 patients with SAH and an aneurysmal bleeding pattern were
admitted. Of these 292 patients, 30 (10.3%; 95% CI, 7.3%–14.3%) had initial negative 3D rotational angiography findings within 24 hours. These
patients underwent a second 3D rotational angiography after 7–10 days.

RESULTS: In 8 of 30 patients (26.7%; 95% CI, 14.0%– 44.7%) with initial negative 3D rotational angiography findings, a ruptured aneurysm was
found on repeat 3D rotational angiography. Three of 8 initial occult aneurysms were very small (1–2 mm), 2 were supraclinoid carotid artery
dissecting aneurysms (2 and 8 mm), 2 were small (1 and 3 mm) basilar perforator aneurysms, and 1 was a 3-mm vertebral artery dissecting
aneurysm.

CONCLUSIONS: In 10% of patients with aneurysmal-type SAH, initial 3D rotational angiography findings were negative, and in 1 in 4, repeat
3D rotational angiography demonstrated a ruptured aneurysm. Initial occult aneurysms were dissecting aneurysms of perforators or main
arteries or were very small (1–2 mm) or both. Our results indicate that repeat 3D rotational angiography is mandatory in patients with initial
3D rotational angiography findings negative for aneurysmal-type SAH.

ABBREVIATIONS: aSAH � aneurysmal-type SAH; 3DRA � 3D rotational angiography

Subarachnoid hemorrhage with an aneurysmal bleeding pat-

tern (aSAH) is a serious disease with high morbidity and mor-

tality. In 80%–90% of patients with aSAH, an aneurysm can be

found as the cause of hemorrhage,1 and early repair is advocated

to prevent recurrent hemorrhage.

The incidence of angiograms negative for aSAH has been re-

ported to range from 2% to 24% in various studies.2,3 In some of

these patients, the source of the hemorrhage is an occult aneu-

rysm, but intracranial artery dissections, dural arteriovenous mal-

formations, micro-AVMs, trauma, bleeding disorders, substance

abuse, or other causes should also be considered. Even though no

aneurysm is found, these patients are at risk for early rebleed with

an inherent risk of morbidity and death.4 An aneurysm is not

depicted on first angiography for several reasons: very small an-

eurysms, small aneurysms with an intraluminal thrombus, aneu-

rysms on arterial dissections, suboptimal image quality due to

technical reasons or in uncooperative patients, and a missed di-

agnosis of an aneurysm.

Repeat angiography is advocated to avoid missing a treatable

cause of aSAH. Previous studies have demonstrated that repeat

angiography after 7–10 days can depict an aneurysm in up to

one-third of patients with initial negative angiography find-

ings.5-8 3D rotational angiography (3DRA) has been proved to

depict more aneurysms than 2D DSA.9,10 In our institution, diag-

nostic work-up of patients with aSAH now consists of 3DRA of all

vessels within 24 hours. With negative findings, 3DRA is repeated.

In this study, we evaluated the yield of repeat 3DRA in patients

with aSAH with negative initial 3DRA findings. In addition, we

classified the initial occult aneurysms.
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MATERIALS AND METHODS
Patients
This observational study with prospec-

tively collected data was compliant with

the institutional privacy policy. The in-

stitutional review board gave exempt

status for approval and informed con-

sent. Between March 2013 and January

2016, 292 patients with aSAH were ad-

mitted. The diagnosis of aSAH was es-

tablished with CT. All 292 patients had

3DRA of all vessels within 24 hours.

When the first 3DRA had negative find-

ings, patients underwent a repeat 3DRA

after 7–10 days.

Analysis of 3D Rotational
Angiography
The protocol for 3D angiography has

been described previously.11 3D angiog-

raphy examinations were reviewed by an

experienced interventional neuroradi-

ologist (W.J.v.R., with 27 years of expe-

rience) to determine the presence of a

causative vascular abnormality. After re-

view of the catheter angiograms, the

presence of a causative vascular abnor-

mality for the SAH was established by

consensus of a panel comprising experi-

enced interventional neuroradiologists

and vascular neurosurgeons. Treatment

decisions were also reached by consen-

sus of this panel.

Statistical Analysis
Descriptive statistics were used for the

presence, size, and locations of aneu-

rysms. Quantitative variables were ex-

pressed with descriptive statistics, and

categoric variables were expressed as fre-

quencies or percentages with 95% CIs.

Statistical analysis was performed with

MedCalc statistical software, Version

14.12.0 for Windows (MedCalc Soft-

ware, Mariakerke, Belgium).

RESULTS
Of 292 patients admitted with aSAH on

a native CT scan, in 30 patients (10.3%,

95% CI, 7.3%–14.3%), no aneurysm

was detected on 3DRA within 24 hours.

In 8 of these 30 patients (27%), an aneu-

rysm was found on repeat 3DRA after 10

days. Qualification of these aneurysms is

shown in the Table. Three of 8 initial oc-

cult aneurysms were very small (1–2

mm), 2 were supraclinoid carotid artery

dissecting aneurysms (2 and 8 mm)

FIG 1. A 65-year-old man with initial negative findings on 3DRA. A, 3DRA within 24 hours after SAH
shows no aneurysm. B, Repeat 3DRA after 10 days shows a very small (2 mm) A1 aneurysm. C and
D, Magnification images of the A1 segment and an A1 aneurysm.

FIG 2. A 62-year-old woman with initial negative findings on 3DRA. A, 3DRA within 24 hours after
SAH shows no aneurysm. B, Repeat 3DRA after 10 days shows an 8-mm supraclinoid internal artery
dissecting aneurysm.

Types of aneurysms found on repeat 3DRA in patients with aSAH
Age (yr)/Sex Aneurysm Location Size

1 61, M Dissecting aneurysm of perforator of the basilar tip 3 mm
2 60, M Superior cerebellar artery 1 mm
3 65, M Dissecting aneurysm of the supraclinoidal internal carotid artery 2 mm
4 62, F Dissecting aneurysm of the supraclinoidal internal carotid artery 8 mm
5 46, F Dissecting aneurysm of the V4 segment 3 mm
6 62, F A1–A2 junction 1 mm
7 70, M A1 1 mm
8 65, M Dissecting aneurysm of perforator of the basilar tip 1 mm
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(Figs 1 and 2), 2 were small (1 and 3 mm) basilar perforator

aneurysms (Figs 3 and 4), and 1 was a 3-mm vertebral artery

dissecting aneurysm (Fig 5). In retrospect, only one 1-mm A1

aneurysm was missed on initial 3DRA; the other aneurysms were

not present at the time of first 3DRA.

DISCUSSION
The main cause of aSAH with an aneurysmal bleeding pattern

is aneurysmal rupture, and angiography with false-negative

findings to detect an aneurysm may re-

sult in poor patient outcome. Repeat

imaging for the initial angiogram

negative for aSAH is controversial be-

cause of the various diagnostic modal-

ities and lack of a clear consensus on

yield.

In a previous study, we demon-

strated that selective 3DRA in addition

to standard multiprojection 2D an-

giography yielded an aneurysm in al-

most 80% of patients (18 of 23) with

2D angiography negative for aSAH.

The advantage of 3DRA over DSA is

obvious: free rotation of high-resolu-

tion images in any projection without

overprojecting bony structures. With

2D imaging, a small aneurysm may be

obscured by overprojecting adjacent

vessels in the limited number of avail-

able projections.10 Therefore, previ-

ous data of the yield of repeat 2D DSA

cannot be compared with results of the

yield of repeat 3DRA. To our knowl-

edge, this is the first study using

3DRA for both initial and repeat

angiography.

In the present study, we used 3DRA

of all cerebral vessels as a standard di-

agnostic work-up. Despite this opti-

mal vascular imaging, in 10% of pa-

tients (30 of 292) with aSAH, this was

negative for aneurysms; and in 8 of

these 30 patients (27%), an aneurysm

was found on repeat 3DRA. Not surprising, most initial occult

aneurysms were very small, and most of them were, in retro-

spect, not visible on the initial 3DRA. Dissecting aneurysms of

either a parent vessel or a perforator branch of the basilar

artery composed the other types of aneurysms, which were

probably not present on the initial 3DRA. Perforator artery

aneurysms of the basilar trunk are rarely described in the lit-

erature. A recent literature review found 12 patients with basi-

FIG 3. A 61-year-old man with initial negative findings on 3DRA. A, 3DRA (head-tail projection) within 24 hours after SAH shows no aneurysm.
B, Repeat 3DRA (head-tail projection) after 10 days shows a very small basilar tip perforator dissecting aneurysm.

FIG 4. A 65-year-old man with initial negative findings on 3DRA. A, 3DRA within 24 hours after
SAH shows no aneurysm. B, Repeat 3DRA after 10 days shows a very small basilar tip perforator
dissecting aneurysm. C, Magnification image of a basilar tip perforator dissecting aneurysm (head-
tail projection). D, Magnification image of basilar tip perforator dissecting aneurysm (lateral
projection).
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lar perforator artery aneurysms. All aneurysms arose from the

middle or rostral basilar perforator arteries.12 The incidence of

ruptured basilar perforator artery aneurysms in our study pop-

ulation was 2 of 270 ruptured aneurysms (0.7%). Because

many physicians are unfamiliar with these types of aneurysms,

treatment poses a technical challenge.

A number of possible factors leading to no visualization of

a structural lesion, when it is actually present, have been men-

tioned in the literature. These include thrombus inside the

aneurysmal sac; compression by surrounding hematoma;

focal arterial spasm, which may lead to a temporary oblitera-

tion of the aneurysm neck; and technical and interpretation

factors.3,13,14

The timing of repeat angiography remains controversial.

Randomized controlled trails do not exist to support any

imaging protocol in the initial angiography negative for sub-

arachnoid hemorrhage. However, data from large retrospec-

tive series provide useful information from the experience of a

high-volume neurovascular center.15 In our hospital, repeat

angiography is performed 7–10 days after the initial ictus,

when the patient is still in the hospital. A study by Fontanella

et al2 reported that the incidence of rebleed was 5% and all the

episodes occurred within 17 days after the initial ictus. Some

authors advocate that repeat angiography be delayed 4 – 6

weeks after the initial ictus.15,16 The arguments in favor of

delayed repeat angiography are that by this time, radiologic

vasospasm has recovered and hematoma around the vessel and

any thrombus inside the proximal vessel or aneurysm sac have

also resolved, thus making visualization of the aneurysm eas-

ier. There are also authors who advocate even a third angiog-

raphy; a large retrospective study reported a yield of 8% from a

third angiography.15 In these previous studies, not all patients

had a 3D reconstruction of the cerebral vessels. A large pro-

spective study assessed the yield of repeat conventional angiog-

raphy in patients with SAH and initial catheter angiograms

with negative findings. The results of this study showed an

overall yield of 4.2% for conventional angiography performed

7 days after presentation and 0% for conventional angiography

performed 3 months after presentation.17 In our hospital, we

decided not to do a third 3DRA.

CONCLUSIONS
Angiograms negative for aSAH are a

very important clinical entity; the pri-

mary aim in management of these

patients is to ensure that there is no

structural lesion underlying the bleed,

primarily aneurysms. The optimal im-

aging technique for depicting intracra-

nial aneurysms is 3DRA. With this im-

aging quality, 10% of patients had an

initial 3DRA with negative findings, and

repeat 3DRA after 10 days revealed an

aneurysm in 1 of 4. These aneurysms

were either very small or were dissecting

aneurysms of either a large vessel or a

perforator branch. Our results indicate

that repeat 3DRA is mandatory in patients with initial negative

findings.
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