
Introduction

Even after detailed angiography subarachnoid haemor-
rhage (SAH) of unknown origin represents a significant
proportion of cases of verified subarachnoid bleeding;
figures given mainly range between 15% and 20% [1±
5]. In these patients CT often reveals a preponderance
of subarachnoid blood in the perimesencephalic cisterns
[6±9]. Our aim in this retrospective study was to evalu-
ate the results of a second angiogram and to correlate
the findings with the distribution of subarachnoid blood
on the initial CT studies.

Patients and methods

From January 1983 to February 1995 a total of 694 patients were
admitted to our department of neurosurgery with an SAH verified
by CT and/or lumbar puncture. Patients with head injuries, tu-
mours, infections, or intracranial haematomas and those on anti-
coagulant therapy were excluded. After four-vessel angiography

there remained 122 patients in whom no cause for SAH was de-
tected. CT studies, available for 98 patients, were reviewed by a
neuroradiologist with regard to the maximum subarachnoid blood.
The following sites were defined: perimesencephalic (pontine, in-
terpeduncular and ambient cisterns), quadrigeminal cistern, chias-
matic cistern, sylvian fissure, frontal interhemispheric fissure, and
diffuse. All 122 patients were advised to have a second angiogram,
generally 6 weeks after the initial study. However, because many
patients were referred from distant cities, angiography was re-
peated in only 67 patients. The initial and repeat angiograms were
reviewed by a neuroradiologist and correlated with the distribution
of blood on the initial CT.

Results

There were 74 men (61 %) and 48 women (39 %), aged
16 to 76 years (mean 51 years). CT was performed in 78
of 98 cases in the first 3 days after the haemorrhage, and
in 20 patients thereafter. Of these 98 patients 73 had
subarachnoid blood on CT, the site of which is shown in
Table 1.
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Abstract This study was designed
to assess the necessity for a second
angiogram study in patients in
whom initial angiography after
primary subarachnoid haemorrhage
(SAH) was negative. During a
12-year period, 122 of 694 patients
(17.5 %) had negative initial angio-
grams. CT, available for 98 patients,
showed a preponderance of sub-
arachnoid blood in the perimes-
encephalic cisterns in 50 of 73 pa-
tients (68.5 %) in whom blood was
visible on CT. Angiography,
repeated in 67 patients, revealed an
aneurysm in 4 (6%): 2 had an

aneurysm of the anterior commu-
nicating artery, 1 of the posterior
inferior cerebellar artery, and 1 of
the P2 segment of the posterior ce-
rebral artery. CT showed subarach-
noid blood in the interpeduncular
and ambient cisterns in this last
case, and a preponderance of sub-
arachnoid blood outside the peri-
mesencephalic cisterns in the re-
maining 3 patients.
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Repeat angiography, performed in 67 patients, re-
vealed an aneurysm in 4 (6%). Two patients with SAH
of Hunt and Hess grade III had initial CT with diffuse
blood in the basal cisterns and maximal blood in the
frontal interhemispheric fissure, respectively. As the
first angiograms did not show the anterior commu-
nicating artery (ACoA) clearly, the studies were re-
peated within 10 days, and in each case an ACoA an-
eurysm was visible. In one patient with grade III SAH
and diffuse blood, two cut-film angiograms were nega-
tive. After an episode of rebleeding 3 years later, digital
subtraction angiography revealed a small aneurysm of
the left posterior inferior cerebellar artery (Fig. 1). We
assume that this aneurysm would have been visible on
earlier repeat angiography. One patient had a grade III
SAH with blood in the interpeduncular and ambient
cisterns on the left. The first angiogram was negative.
CT and MRI 6 weeks later showed a dense high signal
structure in the interpeduncular cistern on the left, and a
second angiogram revealed a small aneurysm on the P2
segment of the left posterior cerebral artery (Fig.2).

Discussion

The prognosis of aneurysmal SAH markedly differs
from that of nonaneurysmal SAH [10±13]. Approxi-
mately half of patients with a ruptured aneurysm present
grades III±V on admission [10, 14]. Unoperated rup-
tured aneurysms carry a high risk of rebleeding, esti-
mated as 20±50% during the first 2 weeks, with a total
mortality of approximately 50% during the first
6 months after haemorrhage. The overall morbidity is
high; only a third of patients are reported as having a
good physical and psychological outcome [10]. Patients
with SAH of unknown origin, on the other hand, are
generally in good condition, approximately 90% pre-
senting in H &H grades I and II [9, 14±17]. The incidence
of rebleeding is low [8, 18±20], and about 80 % recover to
their previous functional capacity [2, 17]. A frequent
finding in SAH of unknown origin is a relatively small
amount of blood visible on CT [6±8]. In addition, the

distribution of blood is remarkable. Up to two thirds of
patients with SAH and a negative angiogram are re-
ported to show a preponderance of blood in the peri-
mesencephalic cisterns [3, 7, 9, 17]. This contrasts with
aneurysmal SAH, in which haemorrhage suggesting an
origin from a posterior circulation aneurysm were found
in only approximately 10% of patients [9]. In our series
subarachnoid blood was visible on CT in 73% of patients
with SAH of unknown origin, 71 % of whom showed
maximal blood in the perimesencephalic cisterns.

When we have a patient with SAH and negative four-
vessel angiography, the question arises of whether the
angiogram is falsely negative. This raises the question of
whether a second angiographic study is necessary. The
rate of false-negative angiograms is not clear: in most
series it is less than 2 % [4, 8, 21, 22], and some groups did
not encounter any false-negative studies [9, 14, 19, 21,
23±25]. Ruptured cerebral aneurysms may not be de-
tected because of spontaneous thrombosis, destruction
of the aneurysm by haemorrhage, or inadequate angio-
graphic technique; it is also claimed that arterial spasm
may disguise an aneurysm [26]. Dissecting aneurysm of
the intracranial vertebral or basilar artery, known to
present with SAH [27] in up to 4.5 % of cases [28] may
resemble spasm; most angiograms in this condition show
a fusiform dilatation of the vertebral or basilar artery
with irregular proximal and/or distal narrowing. It is
suggested that angiography be repeated whenever fea-
tures such as spasms, haematoma or brain oedema is
present. However, in our series 8 % of patients showed
distinct spasm on the initial angiogram, all with maximal
blood outside the perimesencephalic cisterns: angio-
graphy, repeated in these cases, showed that the spasm
had subsided, but again, no aneurysm was found.

In the four patients in whom an aneurysm was found
on repeat angiography, we have to focus on different
aspects. In three patients the angiogram was suboptimal.
In the two patients with ACoA aneurysms the first an-
giogram did not show the ACoA complex clearly, and in
one other patient the aneurysm was probably not found
due to a technical problem. With the use of digital sub-
traction angiography nowadays superimposition of
bony structures is less problematic.

While the distribution of blood was strongly sugges-
tive for a ruptured aneurysm in these three patients, the
diagnosis of SAH of unknown origin would not have
been uncommon in the patient with perimesencephalic
bleeding. As we showed, however, perimesencephalic
subarachnoid blood is compatible with an aneurysm on
the P2 segment. Thus, although in many cases perimes-
encephalic haemorrhage corresponds with a normal an-
giogram, this bleeding pattern does occur in patients
with a ruptured aneurysm of the posterior circulation.
Rinkel et al. [9], who investigated 37 patients showing a
preponderance of blood in the posterior basal cisterns
(15 patients with a posterior circulation aneurysm and
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Table 1 Preponderance of subarachnoid blood on CT in 73 pa-
tients with negative initial angiogram

Perimesencephalic cisternsa 50 (68%)
Isolated 17
Combined with other sites 33

Quadrigeminal cistern 2 (3%)

Suprasellar cistern 1 (1%)

Sylvian fissure 2 (3%)

Frontal interhemispheric fissure 3 (4%)

Diffuse 15 (21%)

a Pontine, interpeduncular and ambient cisterns
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Fig.1 Conventional left ver-
tebral arteriogram in Towne's
(a) and lateral (b) projections.
No aneurysm is visible, but
PICA origin is not visible in the
lateral projection due to super-
imposition of the petrous
bones. Digital subtraction an-
giogram in Towne's (c) and lat-
eral (d) projections 3 years la-
ter after a further episode of
haemorrhage. A small aneur-
ysm at the PICA origin is visi-
ble in both projections. There is
diffuse arterial spasm

Fig.2 Conventional right ver-
tebral arteriogram in Towne's
projection (a). No aneurysm is
visible. Axial MRI 6 weeks
later (b) shows a high-signal
structure surrounded by a mass
of intermediate signal in the left
side of the interpeduncular cis-
tern. A second angiogram (c)
reveals a small aneurysm on the
left posterior cerebral artery



22 with a normal angiogram), reported one basilar ar-
tery aneurysm with perimesencephalic bleeding. Kaim
et al. [17] encountered in a series of 76 ruptured aneur-
ysms one posterior communicating artery aneurysm
with perimesencephalic bleeding. As in our series, this
was detected only on a second angiogram.

Recent prospective studies concerning the complica-
tion rate of cerebral angiography revealed permanent
neurological deficits in 0.5 % [29], 0.09% [30] and 0.1 %
[31]. About two thirds of these complications occurred
in patients undergoing angiography because of ischae-
mic cerebrovascular disease [30, 31]. The rate of neuro-
logical complications nowadays is much lower than in
earlier reports [32]. Dion et al. [31] and Mani and Ei-
senberg [32] showed that the duration of an angiogram
increases the complication rate. Thus, the lower com-
plication rate nowadays may in part be explained by
shortening of the procedure with the use of digital sub-
traction angiography [30].

Changing our strategy of a repeat angiogram in every
patient with negative initial angiogram, we would not
have found a ruptured aneurysm in approximately 4.5 %
of all patients and in 2 % of those with perimesence-
phalic bleeding. This figure would have been much
lower if technically satisfactory investigations with digi-
tal subtraction angiography had been carried out in-
itially. With an estimated mortality rate of unoperated
ruptured aneurysm of about 50% during the first
6 months after haemorrhage, omitting a second angio-
gram could have led to mortality rates of 2 % and 1 %,
respectively, although one of the four patients survived
3 years before bleeding again. As these numbers seem
to outweigh reported complication rates of cerebral an-
giography we recommend a second angiogram in every
patient with primary SAH and a negative initial angio-
gram (particularly if the latter is not technically irre-
proachable) including these with perimesencephalic
bleeding.
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