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Summary. We performed serial CT scans in a pro- 
spective series of 100 patients with a ruptured aneu- 
rysm who were first scanned within 2 days of the 
haemorrhage. In all patients the early CT scan 
showed evidence of extravasated blood. In 96 pa- 
tients the source of bleeding was clearly at the base 
of the brain, and 32 of these had a haematoma. We 
estimated from the results of 139 repeat scans that 
the probability of recognizing an aneurysmal haem- 
orrhage on CT is 85% after 5 days, 50% after i week, 
30% after 2 weeks (mostly patients with haemato- 
mas), and almost nil after 3 weeks. 
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In the first few days after the rupture of an intracra- 
nial aneurysm, computed tomography (CT) shows 
extravasated blood near the circle of Willis in a high 
proportion of patients: 100% in some studies [1, 2], 
60%-70% in others [3-5], and intermediate percen- 
tages in most series [6-14]. The site of the haemor- 
rhage greatly facilitates the distinction from other 
causes of subarachnoid bleeding such as a cerebellar 
haematoma [2], and often makes it possible to predict 
the origin of the ruptured aneurysm [1, 2, 6, 9, 15]. 

The rate at which the evidence of aneurysmal 
haemorrhage disappears from the CT scan is not 
completely known. Some studies never found extra- 
vasated blood on CT after day 5 [3], or only rarely 
[11, 12], and it has been claimed that a positive scan 
after 1 week is proof of rebleeding [8]. Yet others 
found persistence of the radiological signs of sub- 
arachnoid haemorrhage in the second week [16] or 
even in the third [17[. We studied the density changes 

on CT in a prospective series of 100 patients with a 
ruptured aneurysm in whom the first scan was per- 
formed within 2 days of bleeding. 

Patients and Methods 

Since the end of 1977, all patients with subarachnoid 
haemorrhage in our care have been immediately in- 
vestigated by CT, and repeat scans have been per- 
formed at least every week or at shorter intervals if 
clinical deterioration occurred. This protocol was de- 
signed for a double-blind clinical trial of tranexamic 
acid as a possible means of preventing rebleeding 
[18]; the trial is still in progress. The basis of the pres- 
ent report is formed by 100 consecutive patients who 
underwent CT within 2 days of subarachnoid haem- 
orrhage, and in whom an aneurysm was subsequent- 
ly verified by angiography (79) or autopsy (21). The 
site of the ruptured aneurysm was at the anterior 
(communicating) artery in 39 patients, the internal 
carotid artery in 40, the middle cerebral artery in 15, 
and the posterior circulation in 6 patients. 

Results 

On the initial CT scan, made on day 0 (day of the 
haemorrhage), day 1, or day 2, 32 patients showed a 
haematoma. These haematomas were usually intra- 
parenchymal (28), sometimes in the cavum septi pel- 
lucidi (3 patients with aneurysms of the anterior 
communicating artery), or extracerebral (1). In 64 
other patients CT showed extravasated blood in the 
basal cisterns or fissures, and in the four remaining 
cases there was only non-specific evidence of sub- 
arachnoid blood in the form of increased density of 
the tentorium near the hiatus [19]. Until operation, 
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Table 1. Proportion of patients with persisting evidence of extravasated blood on CT scanning at various times after the initial haemor- 
rhage. The figures are separately shown for patients with and without a haematoma on the first scan 

Days after Haemorrhage 

0-2 3-5 6 7 8 9 10-13 14-17 18-22 23-29 

Patients with haematoma on first  scan 
Number of patients scanned 
Number of patients with haematoma 

32 4 5 2 7 5 6 7 3 4 
32 4 5 2 7 5 6 4 2 - 

Patients with subarachnoid blood on first scan 
Number of patients scanned 68 8 
Number of patients with extravasated blood 64 7 
in basal cisterns or fissures 
Number of patients with only non-specific 4 1 
evidence of subarachnoid blood (tentorium) 

10 12 11 8 11 18 10 8 
7 5 2 1 1 2 1 - 

1 2 5 2 2 4 

Fig. I a-c. 59-year-old man with rup- 
tured aneurysm of the fight middle 
cerebral artery, a (day 0): blood in 
the right Sylvian fissure; b (day 17): 
persisting evidence of subarachnoid 
blood; c (day 20): still traces of sub- 
arachnoid blood 

°/o extravaSated blood on CT 
100. 

5O 

0 2 4 6 7 8 9 12 16 20 23 
days from haemorrhage 

Fig. 2. Time course of density changes on CT after subarachnoid 
haemorrhage (by extrapolation of the findings in Table 1) 

rebleeding, or death, 139 repeat scans were per- 
formed in these 100 patients. Surgery was under- 
taken in 46 patients; the time of operation varied 
from day 3 to day 32, the median being 11 days. 

Table 1 shows, at various points in time, the pro- 
portion of patients with persisting evidence of a 
haematoma or of subarachnoid blood on CT. Most 
haematomas resolved between day 14 and day 22. 
The increased attenuation values in the basal cisterns 
and fissures disappeared more rapidly, usually day 
5-9. There were exceptions, however, and one pa- 
tient showed cisternal blood as long as 20 days 

(Fig. 1), without clinical signs of rebleeding and with 
clear and slightly xanthochromic cerebrospinal fluid 
on day 14. In approximately one-third of the patients 
with subarachnoid blood, increased density of the 
tentorial surface remained visible on CT for a few 
days more than at the base of the brain. 

Figure 2 shows the curves that best fit the results 
of  Table I, expressed as percentages of the remain- 
ing patients. The early decline of the proportion of 
haematomas, from 32% to 28%, reflects the death of 
six patients with a haematoma on day 0 or day 1. 
Thereafter, the mortality was approximately similar 
in patients with or without an intracranial haemato- 
ma on the first scan. Figure 2 shows that the proba- 
bility of detecting a haematoma or a cisternal haem- 
orrhage in patients who have not died, rebled or 
been operated upon, is 96% after 2 days, 85% after 
5 days, 50% after 1 week, 30% after 2 weeks, and al- 
most nil after 3 weeks. 

Discussion 

It is striking that we found radiological evidence of 
extravasated blood in all 100 patients who under- 
went CT within 2 days of aneurysm rupture. In aneu- 



Fig. 3 a and b. 49-year-old man with ruptured aneurysm of the an- 
terior communicating artery, a (day 1): slight hyperdensity in fron- 
tal interhemispheric fissure, anterior to the 3rd ventricle; there is 
also evidence of blood near the tentorial margin, especially on the 
left. b (day 8): all signs of subarachnoid blood have disappeared, 
and the attenuation values in the frontal interhemispheric fissure 
are below that of brain tissue 

155 

cisternal blood for more than a week was found in 
five patients (seven scans), of whom four were treat- 
ed with antifibrinolytic drugs. In exceptional cases 
such as shown in Figure 1, subarachnoid blood can 
persist as long as 3 weeks on CT. An explanation in 
this patient might be cerebral ischaemia, which was 
suggested by adjacent areas of hypodensity on high- 
er CT slices. Blood in a cerebral fissure could be 
'trapped' between infarcted and swollen brain tissue, 
and become isolated from the circulation of the cere- 
brospinal fluid. If this occurs, the removal of iron 
pigments and hence the visibility on CT would fol- 
low the same time course as for intraparenchymal 
haematomas. 

We conclude from our study that a single CT 
scan in the second or even third week after the initial 
bleed is not sufficient for distinguishing between a 
first and a recurrent haemorrhage. 

rysmal haemorrhage the localising value of a haema- 
toma or, to a somewhat lesser extent, cisternal blood 
is well known. Even the relatively non-specific find- 
ing of increased density of the tentorium on CT can 
be helpful if doubt remains whether a lumbar punc- 
ture was traumatic or not. The modest difference be- 
tween our results and studies that detected CT ab- 
normalities in 84%-95% of patients in the first 2 days 
after subarachnoid haemorrhage from a ruptured 
aneurysm [7, 9, 11, 13] might be explained by two fac- 
tors. First, we accepted even slight density changes in 
the basal cisterns or fissures as evidence of blood 
(Fig. 3), whereas at least some other investigators 
made this diagnosis only when the attentuation val- 
ues were distinctly above that of brain tissue [12]. 
Secondly, patients with slight haemorrhages ('warn- 
ing leaks' [20]) might have been included in other 
series but, by different referral patterns, not in ours. 
At any rate, a ruptured aneurysm is rather unlikely if 
CT scanning shows normal density of all cisterns 
and fissures within 2 days of the onset of symptoms. 

Even after 5 days the characteristic abnormalities 
are still present in about 85%. After that time, the 
blood rapidly clears from the basal cisterns and fis- 
sures. Intracerebral haematomas did not resolve un- 
til after 2 weeks, which is in accordance with a previ- 
ous study [21]. As a haematoma was present in 28% 
of the patients who survived the first day, and as sub- 
arachnoid blood persists in a few other patients dur- 
ing the second week, approximately one-third of all 
patients can be expected to show local evidence of 
aneurysmal haemorrhage after 2 weeks. Presence of 
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