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Spontaneous subarachnoid hemorrhage and negative initial
vascular imaging—should further investigation depend
upon the pattern of hemorrhage on the presenting CT?
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Abstract
Background Multiple investigations are usually performed in
patients with spontaneous SAH who have negative initial an-
giography. This study aimed to evaluate the most appropriate
use of additional imaging studies and how this may be influ-
enced by the findings of the initial CT.
Methods A retrospective analysis was performed on a pro-
spectively collected cohort of patients referred with spontane-
ous SAH and negative initial angiography. The patients were
divided into four categories based upon the distribution of
blood on the initial CT: perimesencephalic (pSAH), diffuse
(dSAH), sulcal (sSAH) and CT negative (CSF positive for
xanthochromia) (nCT-pLP). The number and nature of the
subsequent imaging investigations were reviewed, and the
results were correlated with the findings of the presenting CT.
Results One hundred fourteen patients were included in the
study. Repeat imaging found five relevant abnormalities.
Three cases of vasculitis were diagnosed on the first DSA
following a negative CTA. A case of dissecting aneurysm
was revealed on the third neurovascular study. A hemorrhagic
spinal tumor presented with xanthochromia. No subsequent
abnormality was found on the third DSA or MRI head. No

case of pSAH had a subsequent positive finding if the initial
CTAwas negative.
Conclusions Certain patterns of SAH are associated with a
low yield of abnormalities on repeat imaging if the initial
angiography is normal. The authors believe that the pattern
of hemorrhage on the presenting CT should be used to guide
the most appropriate use of further imaging modalities and
present a diagnostic algorithm for this purpose.
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Introduction

While the source of hemorrhage is not found in 15–20 % of
patients with spontaneous SAH [9, 27], previous studies have
documented a small number of missed vascular abnormalities
on initial neurovascular imaging [1, 11, 34]. Multiple repeat
investigations are usually performed in this group of patients
who have negative initial angiography in order to improve the
detection of potentially treatable pathologies. There is howev-
er little consensus on the best use of additional imaging studies
and the necessity for multiple imaging modalities in determin-
ing the cause of spontaneous SAH. This study aimed to eval-
uate the most appropriate use of additional imaging studies
and how this may be influenced by the findings of the initial
diagnostic CT.

Materials and methods

A retrospective analysis was performed on a prospectively
collected cohort of patients who presented to our neuroscience
center over a 6-year period, with spontaneous SAH
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(confirmed by either CTor CSF xanthochromia) and the initial
angiography (CTA or DSA) failed to reveal the source of
hemorrhage. Patients with a history of trauma and those with
equivocal lumbar punctures were excluded. The number and
nature of the repeat imaging investigations were reviewed,
and the results were correlated with the findings of the pre-
senting CT.

The patients were divided into four categories based on the
initial CT finding: perimesencephalic SAH (pSAH), diffuse
SAH (dSAH), sulcal SAH (sSAH) or CT negative but CSF
positive for xanthochromia (nCT-pLP). A patient was consid-
ered to have experienced perimesencephalic SAH if blood
was confined to the cisterns around the midbrain, possibly
with some extension to the suprasellar cistern but not to the
anterior interhemispheric fissure, lateral Sylvian fissure or ce-
rebral ventricles [31]. Sulcal SAHwas defined as the presence
of blood exclusively within the peripheral cerebral sulci. Any
other distribution of blood visible on the presenting CT was
considered to constitute a diffuse SAH.

Results

Between January 2007 and April 2013, a total of 114 patients
presented to our center with definite CT or LP-positive spon-
taneous SAH, and the initial neurovascular studies were neg-
ative. This included 41 cases of pSAH, 6 cases of sSAH, 50
cases of dSAH and 17 cases with nCTpLP.

Imaging modalities (see Table 1)

Among those with pSAH, 39 underwent CTA, of which 35
proceeded to DSA. Two patients had DSA as the initial vas-
cular imaging; three patients with pSAHhad repeat DSA. Two
of the 17 patients with nCTpLP underwent DSA directly, and
2 had further repeat DSA. Five patients in the sulcal group had
CTA followed by DSA; none had a repeat DSA. Among the
50 patients with diffuse SAH, 46 had CTA, of which 39
proceeded to DSA. Four patients with dSAH had DSAwith-
out prior CTA and a total of 17 had repeat DSA; 3 patients had
a third DSA. Many patients also had MRI head and some had
spinal MRI, either cervical or complete.

Additional imaging findings

Relevant additional abnormalities were found in five cases.
This included three cases of vasculitis, one case of ICA dis-
section and one spinal tumor. The three cases of vasculitis
were diagnosed on the first DSA following a negative CTA
and had presented with either sulcal SAH or a normal CT. The
dissecting ICA aneurysm presented with diffuse SAH and was
only revealed on the third neurovascular study (after normal

CTA and DSA). There was also a case of hemorrhagic spinal
ependymoma that presented with xanthochromia. No subse-
quent abnormality was found on a third DSA or MRI head.
None of the patients presenting with perimesencephalic SAH
had a positive finding if the initial CTAwas negative.

Case illustrations

Case 1: A 54-year-old female presented with WFNS grade 1
spontaneous SAH. The initial CT demonstrated blood con-
fined to the sulci of the right cerebral convexity. CTA per-
formed within 24 h was normal. DSA on day 3 demonstrated
several abnormalities of peripheral vessel caliber, most
marked along the right and left inferior temporal branches of
the middle cerebral arteries. MRA at day 10 showed further
segmental irregularities. The radiological differential diagno-
sis included cerebral vasoconstriction syndrome, but a diag-
nosis of intracranial vasculitis was made on clinical grounds
(Fig. 1).

Case 2: A 33-year-old female presented initially with a 10-
day history of headache, neck stiffness and vomiting. The
initial CT head was normal but CSF was positive for
xanthochromia. CTA performed on the same day and subse-
quent catheter angiography were normal. A MRI head per-
formed around 5 months was also normal. The patient repre-
sented 12 months later with a 5-day history of headache. The
presenting CT head was normal but CSF was positive for
xanthochromia. CTA within 48 h of ictus showed no source
of hemorrhage. DSAwas not performed on this occasion but
she underwent whole-spine MRI, which showed a filum
terminale ependymoma that was subsequently resected
(Fig. 2).

Case 3: A 40-year-old female presented with sudden onset
of headache, neck stiffness and right eye pain. The initial CT
head demonstrated a diffuse pattern of subarachnoid hemor-
rhage. CTA performed on the same day was reported as nor-
mal; DSA performed the next day was also reported as nega-
tive. Repeat CT head on day 8 showed evidence of rebleeding
and further DSA performed on day 10 revealed a bilobed
broad-necked aneurysm arising from the superior surface of
the right supraclinoid ICA. Three-dimensional angiography
revealed narrowing of the parent vessel immediately proximal
to this rapidly evolving abnormality, which was felt to repre-
sent a dissecting intradural aneurysm. In hindsight there was
subtle irregularity of the dorsal wall of the ICA on the initial
DSA (Fig. 3).

Discussion

Our findings are similar to a recently published retrospective
study of 55 patients that subtyped patients into three catego-
ries based on the presenting CT (pSAH, dSAH and sSAH)
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[11]. As observed in our cohort, the majority of patients pre-
sented with diffuse SAH (60 %). The authors found five vas-
cular abnormalities on DSA following an initial negative
CTA, and four of these had diffuse SAH, but no subsequent
abnormality was found in patients with perimesencephalic
SAH. A second DSA examination was required to demon-
strate an anterior communicating artery aneurysm in one pa-
tient with diffuse SAH. No causative vascular lesion was
found in patients with perimesencephalic or peripheral sulcal
SAH on repeat DSA examination. A third DSA examination
was performed in five patients (9 %); none was positive
(Table 2).

In 2010, Agid described 193 patients subtyped into four
groups (pSAH, dSAH, sSAH and nCTpLP) [1]. The majority
presented with a perimensencephalic pattern of hemorrhage,
all of whom had negative findings on DSA following normal
initial CTA. DSAwas felt to confirm a diagnosis of vasculitis
in 1 patient with no blood on the presenting CT, and 6 out of

the 18 patients with peripheral sulcal hemorrhage had vascu-
litis on the first DSA. A diagnosis of vasculitis was suspected
on the basis of CTA for some of these cases, but DSA was
performed for confirmation. This is somewhat different from
our methodology in that only patients with a negative first
investigation (almost invariably CTA) were included, and
we therefore excluded patients suspected of either vasculitis
or cerebral vasoconstriction on the basis of the initial CTA.
Repeat delayed DSA in 28 patients found small aneurysms in
4 patients (Table 2).

Perimesencephalic SAH

On the basis of the findings from this study and other reported
series [8, 9, 21, 34, 35], we conclude that a perimesencephalic
pattern of SAH is associated with a low yield of abnormalities
on subsequent imaging if the initial vascular study is normal.
It is now our practice not to perform repeat neurovascular

Table 1 Pattern of SAH on initial CT, diagnostic pathway and subsequent imaging findings in patients with negative initial angiography (CTA or
DSA)

Total cases for each subtype pSAH sSAH dSAH nCT-pLP
41 6 50 17

CTA (1st vascular-imaging) Cases 39 5 46 15

DSA (1st vascular imaging) Cases 2 1 4 2

DSA (following negative CTA) Cases 35 5 39 12

Findings 0 2 Vasculitis 0 1 Vasculitis

2nd DSA Cases 3 0 17 2

Findings 0 0 1 ICA dissection 0

3rd DSA Cases 0 0 3 0

Findings 0 0 0 0

MRI head Cases 24 5 27 7

Findings 0 0 0 0

MRI spine Cases 6 1 14 5

Findings 0 0 0 1 Spinal tumor

SAH subarachnoid hemorrhage; pSAH perimesencephalic subarachnoid hemorrhage; dSAH diffuse subarachnoid hemorrhage; sSAH sulcal subarachnoid
hemorrhage; nCT-pLP CT negative (CSF positive for xanthochromia); ICA internal carotid artery; DSA digital subtraction angiography; CTA computed
tomography angiography

Fig. 1 Case 1: A 54-year-old female with WFNS grade 1 SAH. a
Unenhanced CT head at presentation shows a sulcal pattern of
hemorrhage. b CTA reported as normal, but DSA on day 3 shows

multifocal changes in vessel caliber. c MRA at day 10 shows more
extensive caliber changes involving a greater number of vessels
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imaging in patients presenting with a perimesencephalic pat-
tern of SAH if the clinical presentation is consistent with this
diagnosis and the blood distribution falls within Van Gijn’s
definition [31] of pSAH on a scan performed within 48 h of
the ictus. We require the CTA technique and bolus dynamics
to be fully optimized and reported by at least two experienced
neuroradiologists. DSA is performed if there is any clinical or
radiological uncertainty of the diagnosis.

Multislice CTA has a high accuracy for diagnosis of
vertebrobasilar aneurysms and of intracranial aneurysms in
general [10, 23, 30, 32–34]. With the development of the
matched mask bone elimination/bone subtraction technique
[29] and more recently the dual-source CT scanner, improved
visualization of the infraclinoid segments of ICA can also be
achieved [36]. The preliminary data obtained from a study that
compared dual-energy CTA with 3D rotational DSA have
shown that contrast-enhanced dual-energy CTA had diagnos-
tic image quality at a lower radiation dose than digital subtrac-
tion CTA and high diagnostic accuracy compared with 3D
rotational angiography in the detection of intracranial aneu-
rysm, even aneurysms smaller than 3 mm [36].

Diffuse SAH

There is a general consensus that other patterns of SAH war-
rant continued investigation, sometimes with multiple repeat

tests and different imaging modalities. This is because patients
presenting with dSAH, sSAH or LP proven SAH are far more
likely to harbour a structural abnormality that is likely to re-
quire intervention than patients presenting with pSAH [4, 9,
21, 34, 35, 37]. Certain lesions, such as blisters, dissecting or
Bmicro^ aneurysms, must be identified because of their high
risk of early rebleeding [6, 12, 15, 18], and despite the ad-
vances in the CTA technique it is still common for those le-
sions to be missed or absent on initial noninvasive
neurovascular imaging. Furthermore, shunting vascular ab-
normalities, such as dural fistulas and small arteriovenous
malformations, are usually easier to diagnose with DSA be-
cause of the combination of excellent spatial and temporal
resolution. It is therefore our policy to perform at least two
DSAs for patients presenting with diffuse SAH, which we
consider to represent aneurysmal SAH until proven otherwise.
Three-dimensional acquisitions of each vessel are routinely
performed if there is thought to be a high risk of aneurysmal
bleeding on clinical and/or radiological grounds (i.e., present-
ing CT). Reported case series have continued to demonstrate
small numbers of aneurysms that have only been detected by
repeat DSA, sometimes because of factors such as incomplete

Fig. 2 Case 2: A 33-year-old female with two episodes of SAH. Normal
CT head on both occasions but xanthochromia on lumbar puncture.
Sagittal T1 post-gadolinium lumbar spine shows a filum terminale
ependymoma

Fig. 3 Case 3: A 40-year-old female with headache, neck stiffness and
right eye pain. a Unenhanced CT head at presentation showing a diffuse
pattern of hemorrhage. b DSA on day 2 shows no definite vascular
abnormality. c Unenhanced CT head on day 8 post SAH shows further
hemorrhage. d Repeat DSA and 3D model at day 10 post SAH shows a
dissecting aneurysm of the supraclinoid ICA
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or poor technique, vasospasm and initially thrombosed aneu-
rysms that subsequently recanalized [1, 11, 16, 21]. It is also
easy to overlook certain subtle bleeding sources such as blis-
ters and dissecting aneurysms that often evolve rapidly over
days [6, 13, 15].

The timing of repeat DSA remains controversial [1, 11,
16, 21]. Some advocate repeat angiography within 10–
14 days of the first DSA, while others argue in favor of
delayed repeat angiography after 4–6 weeks of initial
SAH to improved diagnostic yield following the recovery
of vasospasm and resolution of potential thrombus within
aneurysm. It has become our usual practice to perform the
second DSA before the patient is discharged, the rationale
being that the greatest risk to the patient is likely to be
rebleeding from a missed aneurysm, which is greatest with-
in the first 2 weeks of ictus.

CT-negative, LP-positive SAH

Unenhanced CT is universally performed in patients present-
ing with suspected SAH, but its sensitivity rapidly decreases
with time from ictus and therefore lumbar puncture is gener-
ally considered mandatory for such patients if the CT is neg-
a t i v e . Mod e r n CSF a n a l y s i s s h o u l d i n c l u d e

sphectrophotometric analysis for the breakdown products of
SAH, and diagnostic guidelines exist for the positive identi-
fication of bilirubin and oxyhemoglobin [7]. Not all pa-
tients with CSF xanthochromia have a ruptured aneurysm,
but the existing literature does not describe a systematic
evaluation of a specific diagnostic algorithm for these pa-
tients [26]. The most appropriate diagnostic pathway for
CT-negative, LP-positive SAH remains contentious, and
since there is no information regarding the distribution of
blood (and therefore the likely pathology) in these cases, we
continue to perform at least one DSA and consider a second
DSA if there is persisting clinical concern (such as an ex-
cellent clinical history of explosive headache with CT per-
formed several days after the ictus).

On the basis of our 17 patients it is impossible for us to
construct firm diagnostic guidelines for the investigation of
CT-negative, LP-positive patients; however two significant
abnormalities were found in this subgroup (one vasculitis,
one spinal tumor). Several other studies have described
similar small subsets of these patients, usually within the
context of a broader group of patients, and have failed to
demonstrate significant missed pathologies such that their
authors have doubted the value of repeated investigations
[1, 19, 20, 22, 34].

Table 2 Comparison of this current study with previously published similar reports

Hallamshire cohort (114 cases) DSA following negative CTA DSA 2 DSA 3

Cases Yield Cases Yield Cases Yield

pSAH 41 35 0 3 0 0 0

dSAH 50 39 0 17 1/17 (6 %)
dissecting ICA
aneurysm

3 0

sSAH 6 5 2/5 (40 %) vasculitis 0 0 0 0

nCT-pLP 17 12 1/12 (8 %) vasculitis 2 0 0 0

Almandoz 2013 (55 cases) DSA following negative CTA DSA 2 DSA 3

Cases Yield Cases Yield Cases Yield

pSAH 11 11 0 7 0 0 0

dSAH 33 33 4/33 (12 %)
2AVF 1 AVM,
1 ICA blister

23 1/23 (4 %)
ACOM aneurysm

5 0

sSAH 11 11 1/11 (9 %) RCVS 2 0 0 0

Agid 2010 (193 cases) DSA following negative CTA DSA 2

Cases Yield Cases Yield

pSAH 93 93 0 28 0

dSAH 50 50 1/50 (2 %)
ophthalmic
aneurysm

28 4/28 (14 %) PICA,
ACOM, M1-MCA,
Basilar-tip, aneurysm

sSAH 18 18 6/18 (30 %)
vasculitis

5 0

nCT-pLP 32 32 1/32 (3 %)
vasculitis

AVF arteriovenous fistula; AVM arteriovenous malformation; ACOM anterior communicating artery; RCVS reversible cerebral vasoconstriction syn-
drome; ICA internal carotid artery; PICA posterior inferior cerebellar artery; M1-MCA M1 (proximal) segment of middle cerebral artery
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Sulcal SAH

There are several potential causes of spontaneous SAHwith
blood located exclusively in the cerebral sulci, and these are
partly dependent upon the patient’s age and clinical scenar-
io. For example, sulcal SAH is increasingly identified in the
context of aging patients with acute neurological events
associated with amyloid angiopathy [3, 5], while conditions
such as cerebral vasoconstriction syndrome typically pres-
ent in a younger demographic with a different constellation
of symptoms [2, 17, 28]. It therefore seems most appropri-
ate to tailor the imaging of patients with sulcal SAH to the
most likely clinical diagnosis and not apply a restrictive
algorithm to all cases. Although CTA is not always the most
appropriate initial imaging examination in all cases of
sSAH, it is still regularly used in clinical practice. The need
to perform further brain arterial imaging with DSA should
be guided by the perceived risk of finding certain patholo-
gies such as intracranial vasculitis, cerebral vasoconstric-
tion, mycotic aneurysms or a shunting vascular malforma-
tion, whereas MR imaging is more indicated as the next step
in patients with amyloid SAH, possible peripheral
cavernoma or venous thrombosis. It is also accepted, how-
ever, that many patients with suspected primarily vessel
abnormalities, such as vasculitis and vasoconstriction, will
also require MR imaging as an adjunct to diagnosis and/or
management. We do not therefore apply a rigid algorithm to
investigation of these patients, but do carefully consider the
need for DSA if the CTA is considered to be entirely
normal.

MR imaging

Sixty-three out of 114 of our patients underwent MRI head
± MRA, but none demonstrated a bleeding source that had
not been previously identified. It is accepted that MRI can
detect lesions such as pituitary apoplexy and superficial
cavernomas that are hard to demonstrate on other modali-
ties, but the yield of this additional imaging also appears to
be very low in most published series [24, 25]. Spinal MR
imaging is routinely performed in some centers with a view
to demonstrating an intraspinal vascular malformation or
hemorrhagic intradural tumor. Despite the identification of
a single spinal tumor in our series, we prefer to reserve
spinal imaging for patients with a second clinical episode.
A s t u d y o f 7 5 c a s e s o f n o n a n e u r y s m a l ,
nonperimesencephalic SAH reported by Germans [14]
found 3 abnormalities within the spinal axis, namely one
lumbar ependymoma and two cervical cavernous
malformations. The authors do not recommend imaging of
the entire spinal axis for all patients at first presentation, but
suggest imaging is targeted at a subgroup, possibly those
patients presenting at a younger age. We would agree with

this diagnostic approach and also perform whole-spine
MRI for patients presenting with focal back pain, associat-
ed neurological deficits and/or a second episode of hemor-
rhage. Therefore, while the current data do not support the
routine use of brain and spinal MRI in all patients after
initial negative vascular imaging for SAH, we believe that
it should be considered in certain clinical situations where
there is a high index of suspicion for conditions such as
vasculitis, cerebral vasoconstriction, amyloid angiopathy,
spinal pathology, dural sinus or cortical vein thrombosis.

Limitations

In common with other studies referenced in this report, we
have described our experience of the investigation of patients
with various patterns of SAH, but we have not systematically
evaluated the performance a specific diagnostic algorithm for
each distribution of blood on the presenting CT head. Our data
were collected prospectively, and all the imaging was
reviewed again for the purpose of this study, but it remains
possible that not all cases were captured during the study
period and for certain imaging subsets (sulcal SAH, CT neg-
ative, LP positive) the numbers are small. Mindful of the lim-
ited numbers in our study, and those previously reported, we
have developed a diagnostic algorithm based upon the expe-
rience of our neuroscience center and reports in the literature.
In the absence of an universal consensus statement we believe
our diagnostic algorithm is an acceptable tool for guiding in-
vestigation of spontaneous SAH and suggest that individual
centers may wish to consider modifications on the basis of
their own experience and expertise.

Conclusion

Certain patterns of spontaneous intracranial bleeding,
such as perimesencephalic SAH, are associated with a
low yield of abnormalities on repeat imaging if the initial
vascular study is normal and patients do not require mul-
tiple repeat examinations. Other patterns of bleeding,
however, such as diffuse SAH, are associated with a
greater likelihood of an important underlying abnormality
that requires a specific, often life-saving, intervention.
We believe that the distribution of blood on the presenting
CT head scan is an important reference point from which
to make the most efficient use of further imaging modal-
ities in patients with negative first-line vascular imaging.
Based upon ou r expe r i ence and r ev i ew o f t he
neurovascular literature, we propose a diagnostic algo-
rithm (Fig. 4) to facilitate the prompt identification of
critically important pathologies presenting with sponta-
neous SAH.

1482 Acta Neurochir (2015) 157:1477–1484



Conflicts of interest All authors certify that they have NO affiliations
with or involvement in any organization or entity with any financial
interest (such as honoraria; educational grants; participation in speakers’
bureaus; membership, employment, consultancies, stock ownership, or
other equity interest; and expert testimony or patent licensing arrange-
ments), or non-financial interest (such as personal or professional rela-
tionships, affiliations, knowledge or beliefs) in the subject matter or ma-
terials discussed in this manuscript.

References

1. Agid R, Andersson T, Almqvist H, Willinsky RA, Lee SK,
terBrugge KG, Farb RI, Soderman M (2010) Negative CT angiog-
raphy findings in patients with spontaneous subarachnoid hemor-
rhage: when is digital subtraction angiography still needed? AJNR
Am J Neuroradiol 31:696–705

2. Ansari SA, Rath TJ, Gandhi D (2011) Reversible cerebral vasocon-
striction syndromes presenting with subarachnoid hemorrhage: a
case series. J Neurointerv Surg 3:272–278

3. Apoil M, Cogez J, Dubuc L, Bataille M, de la Sayette V, Touze E,
Viader F (2013) Focal cortical subarachnoid hemorrhage revealed
by recurrent paresthesias: a clinico-radiological syndrome strongly
associated with cerebral amyloid angiopathy. Cerebrovasc Dis 36:
139–144

4. Bakker NA, Groen RJ, FoumaniM, Uyttenboogaart M, Eshghi OS,
Metzemaekers JD, Lammers N, Luijckx GJ, Van Dijk JM (2014)
Repeat digital subtraction angiography after a negative baseline
assessment in nonperimesencephalic subarachnoid hemorrhage: a
pooled data meta-analysis. J Neurosurg 120:99–103

5. Charidimou A, Peeters A, Fox Z, Gregoire SM, Vandermeeren Y,
Laloux P, Jager HR, Baron JC, Werring DJ (2012) Spectrum of
transient focal neurological episodes in cerebral amyloid
angiopathy: multicentre magnetic resonance imaging cohort study
and meta-analysis. Stroke 43:2324–2330

6. Chinchure SD, Gupta V, Goel G, Gupta A, Jha A (2014)
Subarachnoid hemorrhage with blister aneurysms: endovascular
management. Neurol India 62:393–399

7. Cruickshank A, Auld P, Beetham R, Burrows G, Egner W,
Holbrook I, Keir G, Lewis E, Patel D, Watson I, White P (2008)
Revised national guidelines for analysis of cerebrospinal fluid for
bilirubin in suspected subarachnoid haemorrhage. Ann Clin
Biochem 45:238–244

8. Cruz JP, Sarma D, Noel de Tilly L (2011) Perimesencephalic sub-
arachnoid hemorrhage: when to stop imaging? Emerg Radiol 18:
197–202

9. Dalyai R, Chalouhi N, Theofanis T, Jabbour PM, Dumont AS,
Gonzalez LF, Gordon DS, Thakkar V, Rosenwasser RH,
Tjoumakaris SI (2013) Subarachnoid hemorrhage with negative
initial catheter angiography: a review of 254 cases evaluating pa-
tient clinical outcome and efficacy of short- and long-term repeat
angiography. Neurosurgery 72:646–652

10. Dammert S, Krings T, Moller-Hartmann W, Ueffing E, Hans FJ,
Willmes K, Mull M, Thron A (2004) Detection of intracranial an-
eurysms with multislice CT: comparison with conventional angiog-
raphy. Neuroradiology 46:427–434

11. Delgado Almandoz JE, Crandall BM, Fease JL, Scholz JM,
Anderson RE, Kadkhodayan Y, Tubman DE (2013) Diagnostic
yield of catheter angiography in patients with subarachnoid hemor-
rhage and negative initial noninvasive neurovascular examinations.
AJNR Am J Neuroradiol 34:833–839

12. Fargen KM, Mocco J, Neal D, Dewan MC, Reavey-Cantwell J,
Woo HH, Fiorella DJ, Mokin M, Siddiqui AH, Turk AS, Turner
RD, Chaudry I, Kalani MY, Albuquerque F, Hoh BL (2013) A
multicenter study of stent-assisted coiling of cerebral aneurysms
with a Y configuration. Neurosurgery 73:466–472

13. Gaughen JR Jr, Raghavan P, Jensen ME, Hasan D, Pfeffer AN,
Evans AJ (2010) Utility of CT angiography in the identification
and characterization of supraclinoid internal carotid artery blister
aneurysms. AJNR Am J Neuroradiol 31:640–644

14. GermansMR, Coert BA,Majoie CB, van den Berg R, Lycklama À,
Nijeholt G, Rinkel GJ, Verbaan D, Vandertop WP (2015) Yield of
spinal imaging in nonaneurysmal, nonperimesencephalic subarach-
noid hemorrhage. Neurology 84:1337–1340

15. Gonzalez AM, Narata AP, Yilmaz H, Bijlenga P, Radovanovic I,
Schaller K, Lovblad KO, Pereira VM (2014) Blood blister-like
aneurysms: single center experience and systematic literature re-
view. Eur J Radiol 83:197–205

Fig. 4 Proposed investigation
algorithm for patients with
spontaneous SAH but negative
initial neurovascular imaging

Acta Neurochir (2015) 157:1477–1484 1483



16. Gupta SK, Gupta R, Khosla VK, Mohindra S, Chhabra R,
Khandelwal N, Gupta V, Mukherjee KK, Tewari MK, Pathak A,
Mathuriya SN (2009) Nonaneurysmal nonperimesencephalic sub-
arachnoid hemorrhage: is it a benign entity? Surg Neurol 71:566–
571

17. Ishi Y, Sugiyama T, Echizenya S, Yokoyama Y, Asaoka K, Itamoto
K (2014) Reversible cerebral vasoconstriction syndrome associated
with stroke: three case reports. No Shinkei Geka 42:129–136

18. Kalani MY, Zabramski JM, Kim LJ, Chowdhry SA, Mendes GA,
Nakaji P, McDougall CG, Albuquerque FC, Spetzler RF (2013)
Long-term follow-up of blister aneurysms of the internal carotid
artery. Neurosurgery 73:1026–1033

19. Kelliny M, Maeder P, Binaghi S, Levivier M, Regli L, Meuli R
(2011) Cerebral aneurysm exclusion by CT angiography based on
subarachnoid hemorrhage pattern: a retrospective study. BMC
Neurol 11:8

20. Khan AA, Smith JD, KirkmanMA, Robertson FJ,Wong K, Dott C,
Grieve JP, Watkins LD, Kitchen ND (2013) Angiogram negative
subarachnoid haemorrhage: outcomes and the role of repeat angi-
ography. Clin Neurol Neurosurg 115:1470–1475

21. Kumar R, Das KK, Sahu RK, Sharma P, Mehrotra A, Srivastava
AK, Sahu RN, Jaiswal AK, Behari S (2014) Angio negative spon-
taneous subarachnoid hemorrhage: is repeat angiogram required in
all cases? Surg Neurol Int 5:125

22. Little AS, Garrett M, Germain R, Farhataziz N, Albuquerque FC,
McDougall CG, Zabramski JM, Nakaji P, Spetzler RF (2007)
Evaluation of patients with spontaneous subarachnoid hemorrhage
and negative angiography. Neurosurgery 61:1139–1150

23. Lubicz B, Levivier M, Francois O, Thoma P, Sadeghi N, Collignon
L, Baleriaux D (2007) Sixty-four-rowmultisection CTangiography
for detection and evaluation of ruptured intracranial aneurysms:
interobserver and intertechnique reproducibility. AJNR Am J
Neuroradiol 28:1949–1955

24. Maslehaty H, Petridis AK, Barth H, Doukas A, Mehdorn HM
(2011) Does magnetic resonance imaging produce further benefit
for detecting a bleeding source in subarachnoid hemorrhage of
unknown origin? Acta Neurochir Supplement 112:107–109

25. Maslehaty H, Petridis AK, Barth H, Mehdorn HM (2011)
Diagnost ic value of magnetic resonance imaging in
perimesencephalic and nonperimesencephalic subarachnoid hem-
orrhage of unknown origin. J Neurosurg 114:1003–1007

26. Perry JJ, Sivilotti ML, Stiell IG, Wells GA, Raymond J, Mortensen
M, Symington C (2006) Should spectrophotometry be used to iden-
tify xanthochromia in the cerebrospinal fluid of alert patients
suspected of having subarachnoid hemorrhage? Stroke 37:2467–
2472

27. Rinkel GJ, Wijdicks EF, Vermeulen M, Ramos LM, Tanghe HL,
Hasan D, Meiners LC, van Gijn J (1991) Nonaneurysmal

perimesencephalic subarachnoid hemorrhage: CT and MR patterns
that differ from aneurysmal rupture. AJNR Am J Neuroradiol 12:
829–834

28. Robert T, Kawkabani Marchini A, Oumarou G, Uske A (2013)
Reversible cerebral vasoconstriction syndrome identification of
prognostic factors. Clin Neurol Neurosurg 115:2351–2357

29. Romijn M, Gratama van Andel HA, van Walderveen MA,
Sprengers ME, van Rijn JC, van Rooij WJ, Venema HW,
Grimbergen CA, den Heeten GJ, Majoie CB (2008) Diagnostic
accuracy of CT angiography with matched mask bone elimination
for detection of intracranial aneurysms: comparison with digital
subtraction angiography and 3D rotational angiography. AJNR
Am J Neuroradiol 29:134–139

30. Saberi H, Hashemi M, Habibi Z, Tayebi Meybodi A, Fakhr
Tabatabai SA, Saberi H, Saboori S (2011) Diagnostic accuracy of
early computed tomographic angiography for visualizing medium
sized inferior and posterior projecting carotid system aneurysms.
Iran J Radiol 8:139–144

31. van Gijn J, van Dongen KJ, Vermeulen M, Hijdra A (1985)
Perimesencephalic hemorrhage: a nonaneurysmal and benign form
of subarachnoid hemorrhage. Neurology 35:493–497

32. Velthuis BK, Rinkel GJ, Ramos LM, Witkamp TD, van Leeuwen
MS (1999) Perimesencephalic hemorrhage. Exclusion of
vertebrobasilar aneurysms with CT angiography. Stroke 30:1103–
1109

33. Wang H, Li W, He H, Luo L, Chen C, Guo Y (2013) 320-detector
row CT angiography for detection and evaluation of intracranial
aneurysms: comparison with conventional digital subtraction angi-
ography. Clin Radiol 68:e15–20

34. Westerlaan HE, Gravendeel J, Fiore D, Metzemaekers JD, Groen
RJ, Mooij JJ, Oudkerk M (2007) Multislice CT angiography in the
selection of patients with ruptured intracranial aneurysms suitable
for clipping or coiling. Neuroradiology 49:997–1007

35. Yu DW, Jung YJ, Choi BY, Chang CH (2012) Subarachnoid hem-
orrhage with negative baseline digital subtraction angiography: is
repeat digital subtraction angiography necessary? J Cerebrovasc
Endovasc Neurosurg 14:210–215

36. Zhang LJ, Wu SY, Niu JB, Zhang ZL,Wang HZ, Zhao YE, Chai X,
Zhou CS, Lu GM (2010) Dual-energy CT angiography in the eval-
uation of intracranial aneurysms: image quality, radiation dose, and
comparison with 3D rotational digital subtraction angiography.
AJR Am J Roentgenol 194:23–30

37. Zhong W, Zhao P, Wang D, Li G, Sun H, Chen H, Huang
S, You C (2014) Different clinical characteristics between
perimesencephalic subarachnoid hemorrhage and diffuse sub-
arachnoid hemorrhage with negative initial angiography.
Turk Neurosurg 24:327–332

1484 Acta Neurochir (2015) 157:1477–1484


	Spontaneous...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Imaging modalities (see Table&newnbsp;1)
	Additional imaging findings
	Case illustrations

	Discussion
	Perimesencephalic SAH
	Diffuse SAH
	CT-negative, LP-positive SAH
	Sulcal SAH
	MR imaging
	Limitations

	Conclusion
	References


