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Subarachnoid Hemorrhage and Normal 
Angiography: Should the Angiogram be 
Reviewed by a Second Neuroradiologist? 

Ashfaq Shuaib, Mary Anne Lee, Robert D. Johns and Harold A. Swanson 

ABSTRACT: In recent years there has been a tendency to abandon repeat cerebral angiography in patients with sub
arachnoid hemorrhage (SAH) if the initial angiogram is normal because prognosis is said to be excellent. Our experi
ence does not support such a conclusion. We report our experiences in 25 patients with SAH, who had a normal initial 
angiogram. Aneurysms were seen in five of 20 cases when angiography was repeated. On subsequent review of the ini
tial angiograms, the aneurysm was apparent in four of the five cases. When these four initial angiograms were shown 
to a second observer, unaware of the results of the second study, three of the four aneurysms were correctly identified. 
We suggest that if, under strong clinical suspicion of SAH, the angiogram is reported as normal the study should be 
reviewed by a second neuro-radiologist before proceeding to repeat angiography. 

RESUME: Hemorragie sous-arachnoidienne avec angiographic normale: doit-on demander une revision de 
I'angiogramme par un deuxieme neuro-radiologiste? Depuis quelques annees, la tendance est a l'abandon de 
l'angiographie cerebrale de controle chez les patients ayant une hemorragie sous-arachnoidienne (HSA) si 
1'angiogramme initial est normal parce que le pronostic en serait excellent. Notre experience n'appuie pas une telle 
conclusion. Nous rapportons notre experience chez une serie de 25 patients avec HSA, qui avaient un angiogramme 
normal initialement. Des anevrismes ont ete observes chez cinq des vingt cas lors d'une angiographic subsequente. 
Quand ces quatre angiogrammes initiaux ont ete presentes a un deuxieme observateur ignorant les resultats du deux
ieme examen, trois des quatre anevrismes ont ete identifies correctement. Nous suggerons que, s'il existe une forte pre-
somption clinique de HSA et que I'angiogramme est decrit comme normal, I'angiogramme devrait etre presente a un 
second neuro-radiologiste avant de repeter l'examen. 

Can. J. Neurol. Sci. 1988; 15: 413-416 

Angiography in Subarachnoid Hemorrhage (SAH) reveals 
the site of bleeding in 75-90% of cases.1"7 A small proportion of 
cases with initial normal angiograms may eventually show such 
rare conditions as small cortical artery rupture,8 spinal cord 
AVM,9 extra-medullary aneurysm of the spinal cord,1 0 

aneurysm of the artery of Adamkiewiez," and peri-mesen-
cephalic hemorrhage.12 The cause in the remaining cases is not 
clear. The standard practice, where the initial angiogram was 
normal, has been to repeat the study in 10 to 14 days. The 
chances of visualizing an aneurysm on the second angiogram is 
reported to be between 5-10%.'3 In recent years, however, a 
number of publications in the neurosurgical literature would 
suggest abandoning the need for a second angiogram, as the 
prognosis after the initial negative angiogram is said to be 
excellent.14"16 Our experience would tend not to support such a 
conclusion. 

The purpose of this communication is to review our experi
ence in patients with normal initial angiograms, and based on 
our data, suggest some recommendations. 

METHODS AND RESULTS 

We reviewed the hospital charts of patients with a diagnosis 
of SAH in the four year period, 1980-84. A diagnosis of SAH 
was considered only when a typical history of SAH was present 
and verified by either lumbar puncture and/or CT scan of the 
head. Patients were excluded if there was a recent history of 
head injury, blood dyscrasias, primary intracerebral hemorrhage 
or intracranial malignancy. Two hundred and sixteen patients 
were identified who fulfilled the above criteria. Pan cerebral 
angiography was performed in 181 of these patients. Oblique 
views were carried out in most patients. In 25 patients the 
angiograms were reported as normal. Twenty of these patients 
with a normal angiogram had repeat cerebral angiography and 
an aneurysm was identified in five of the 20 patients. The first 
angiogram in most patients was done within 24-48 hours of the 
ictal event and the second study was done between 7-14 days 
(Table 4). The location of the initially non visualized aneurysms 
was as follows: Anterior Communicating Artery: 2; Middle 
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Figure la - Initial angiogram done on the day of admission which was 
interpreted as normal. Subtraction views were not done. 

Table 1: Overview of Patient Information 

Total Patients 
Patients undergoing angiography 
Normal initial study 
Repeat Angiography 
Normal second Angiography 

216 
181 
25 
20 

15/20 

Table 2: Symptoms and Signs at Admission 

A. Second Angiogram 
Normal 

B. Second Angiogram 
Abnormal 

1. Headache 
2. Neck Stiffness 
3. Level of Consciousness 

Alert 
Drowsy 
Comatose 

4. Nausea/Vomiting 

15/15 
14/15 

8/15 
6/15 
1/5 
8/15 

5/5 
4/5 

3/5 
2/5 
0/5 
2/5 

Figure lb and c. - Repeal study 14 days later showing the aneurysm of 
the posterior inferior cerebellar artery, which is better defined on 
subtraction views. 

Table 3: Eventual Outcome 

A. Second Angiogram 
Normal 

B. Second Angiogram 
Abnormal 

1. Recovery 
Complete 
Partial 
Deaths 

2. Complications 
Hydrocephalus 
Spasm (arterial) 
Infarction 

13/15 
2/15 
0/15 

2/15 
2/15 
2/15 

3/5 
2/5 
0/5 

0/5 
2/5 
0/5 

Table 4: Timing of Angiography 

Second Angiogram Second Angiogram 
Normal Abnormal 

First Angiogram 
(from the onset of SAH) Mean 1.8 days 

Range 1-3 days 
2 days 

1 -5 days 
Second Angiogram 
(between 1st - 2nd Angio) Mean 14 days 

Range 7-30 days 
10 days 

8-13 days 

Table 5: Findings on CT Scan 

Second Angiogram Second Angiogram 
Normal Abnormal 

A. Hemorrhage 
1. Focal 
2. Diffuse 

Unilateral 
Bilateral 

B. None (Normal) 
C. Hydrocephalus 
D. Infarction 

2/15 

2/15 
3/15 
8/15 
2/15 
2/15 

2/5 

1/5 
1/5 
1/5 
0/5 
0/5 
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Cerebral Artery: 1; Posterior Cerebral Artery: 1; Posterior 
Inferior Cerebellar Artery: 1. In two patients the aneurysms 
were better defined in the second study (Figures la, b, c). 
Subtraction views were done during the second study and were 
helpful in making the diagnosis. When the first angiograms 
were reviewed in retrospect, the aneurysm could be seen in four 
instances where the initial studies were misread as normal. 
When these four initial angiograms were shown to a different 
neuroradiologist, unaware of the results of the second study, 
three of four aneurysms were correctly identified by the second 
observer. 

The clinical findings on admission, results of cranial CT 
scans, complications in hospital and eventual outcome are 
shown in Tables 1 to 5. It is evident from the tables that based 
on preliminary investigations and clinical criteria, patients that 
harbor aneurysms cannot be separated from those that do not. 

DISCUSSION 

The initial angiogram was interpreted as normal in 13.8% 
(25 of 181) of our cases; this is in keeping with the 10-15% as 
in previous reports.1"7 Repeat angiography in such cases reveals 
an aneurysm in 5-10% of cases;13 our rate of 20% (5 in 20) is 
somewhat higher. 

In our series, three of four aneurysms, present on the initial 
angiogram but missed were correctly visualized by a second 
observer. A review of other publications dealing with normal 
angiograms in the setting of SAH also reveal a number of 
aneurysms that have been initially misread as normal.7-1417 This 
has sometimes been called observer-error.17 In a study of 219 
autopsy cases of SAH, there were 23 cases where the 
angiograms were read as normal, but aneurysms were evident at 
autopsy. The cases of non-visualization included six where 
aneurysms were present at angiography, but were mistakenly 
read as normal.17 In Hayward's study of 51 patients, two 
aneurysms present on initial angiogram but misread as normal 
were retrospectively identified only after a second angiogram.1 

In similar circumstances, Forster's et al study of 150 patients, 
retrospectively identified three aneurysms present on the initial 
study only after a second angiogram.14 To our knowledge, none 
of the studies to date that were reported as normal have had the 
initial angiogram reviewed by a second neuroradiologist. 
Following a review of our data, and earlier reports from the lit
erature, we would recommend that if there is a strong clinical 
suspicion of SAH and the initial angiogram is reported as nor
mal, the angiogram should be reviewed by a second indepen
dent observer. This may well decrease or negate the need for a 
second angiogram. Subtraction technique has become available 
in recent years and will prove useful in decreasing the number 
of false negatives.18 

In one of our five cases, the aneurysm visualized on the sec
ond study could not be seen on the initial angiogram, despite 
careful scrutiny, even in retrospect. The exact incidence of 
aneurysm visualization on a second study with a normal initial 
angiogram is difficult to determine, but a review of the literature 
would suggest that it can often be significant.is.i6.i9 j n the 
cooperative study of intracranial aneurysms and subarachnoid 
hemorrhage, 477 of 6638 patients with SAH had normal 
angiograms. Repeat angiography was done in 72 cases, reveal

ing aneurysms in 13 cases (18%).18 Aneurysms were seen in 
one of 13 cases (7.6%) in Spallone et al's study15 and two of 17 
cases (11.7%), in Juul et al's study16 where angiograms were 
repeated in the clinical settings of SAH and normal initial 
angiograms. 

Finally, in the study of Suzuki et al,25 nine of 41 (22%) 
patients with a normal angiogram and SAH had aneurysms 
visualized on the second procedure. Angiography was done for 
a third time in 14 cases, and of these, one (7%) showed an 
aneurysm that was not visualized on the previous two studies. 
In most cases, negative angiograms in the setting of SAH can be 
explained by temporary aneurysm thrombosis followed by clot 
lysis and visualization of the aneurysm on subsequent angiogra
phy. Other possible causes of non-visualization on angiography 
include spasm with non-filling, destruction of the aneurysm by 
hemorrhage, very small aneurysms or poor angiographic tech
nique.25 

Although some recent studies would suggest the chances of 
rebleeding to be low, in the order of l-2%1-20-24 in cases of 
SAH, where the initial angiograms are normal, we feel that the 
risks from repeat angiography are probably still less, especially 
with better techniques and the availability of new nonionic, low 
osmolality contrast agents, than the risks associated with miss
ing an aneurysm for which an effective cure could be offered. 
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