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Abbreviations: DSA, digital subtraction angiography; 
SAH, subarachnoid haemorrhage; CTA, computed tomographic 
angiography; SPSS, statistical package for social sciences

Introduction
One of the most frequent causes of subarachnoid hemorrhage is 

ruptured aneurysm.1,2 The frequency of subarachnoid hemorrhage 
is approximately 11 per 100,000 persons in the United States.3 
Approximately 28,000 people per year in North American sustain 
subarachnoid hemorrhage associated with aneurysmal rupture.4

Subarachnoid hemorrhage secondary to ruptured aneurysm is a 
critical clinical situation demanding a very skilled surgical and medical 
management. Until now cerebral digital subtraction angiography 
(DSA) has been used as the criterion standard for aneurysmal 
detection and planning of their microsurgical treatment. However, as 
the method for diagnosis of subarachnoid hemorrhage moved from 
lumbar puncture to computed tomography, it seems that method 
for diagnosis of intracranial aneurysms is also moving from digital 
subtraction angiography to computed tomographic angiography 

(CTA), especially CTA with three dimensional reconstructions of 
images.5–8

DSA has several disadvantages other then time delay, including 
invasiveness because of required arterial puncture and intra arterial 
catheter manipulation, high skill level to perform the procedure and 
relatively high cost.9–11

CTA provides anatomical information about the aneurysm and 
the normal cerebral vessels more quickly than DSA and needs less 
institutional resources regarding equipment, trained personal and 
organization. Schmid et al.12 reported the high accuracy of high 
resolution CT in the direct diagnosis of cerebral aneurysms. Recent 
advances in helical CT have enabled Neuro-radiologists to evaluate 
cerebral aneurysms in short time.13,14 Moreover, CTA is not associated 
with the significant patient risks other than those associated with 
administration of iodinated contrast media.

The more recent one i.e., 3D- CTA what we have used as diagnostic 
tool in our patients is a non-invasive, quick, and reliable method. The 
use of 3D-CTA will reduce the period of time between the diagnosis 
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Abstract

Aim: To assess the diagnostic accuracy of three dimensional computed tomographic 
angiography (3D-CTA) for the detection of cerebral aneurysm in the patients of spontaneous 
subarachnoid hemorrhage (SAH).

Methods: This prospective study extended from 1st November 2007 to 1st 
February 2010. All the patients of spontaneous SAH were included in the study. 
Plain computed tomography (CT) head followed by computed tomographic 
angiography (CTA) was done in all patients using multi-slice spiral CT scan. 
Results were analyzed by both Radiologist and the Neurosurgeons. The points considered 
were

i. The site of aneurysm.

ii. In multiple aneurysms, which is the aneurysm that has bled? 

iii. The relationship of vessels to the aneurysm.

Results: We have found 60 ruptured aneurysms in total of 75 patients on which 3D-CTA 
was done. 58 aneurysms found on 3D-CTA were confirmed on intra-operative findings 
during surgery and were surgically managed. In our study, CTA have a sensitivity of 96.7% 
and specificity of 75.0% for detecting aneurysms. 

Conclusion: Majority of patients with intracranial aneurysms could be operated solely 
based on pre- operative 3D-CTA data sets. DSA should be used as an additional diagnostic 
tool in 3D-CTA negative patients.

Keywords: intracranial aneurysm, subarachnoid hemorrhage (SAH), computed 
tomographic angiography (CTA)
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of SAH and the diagnosis of the aneurysm and thus make it possible 
to operate more rapidly in case of emergency.

Methods
In this prospective study, all the patients of spontaneous 

subarachnoid hemorrhage (SAH) who presented to our institute were 
included. Diagnosis of SAH was based on CT scan. Patients were 
administered Nimodipine (60mg 4hrly), analgesics, anticonvulsants, 
and supplemental intravenous fluids. All baseline investigations were 
done. 

CT angiography was done in all patients. CT scanning was done 
using multi-slice spiral CT scan, 64slice, Siemens Somatom sensation 
(Siemens, Enlargen, Germany). The CT scan and CT angiogram were 
analyzed by both Radiologist and the Neurosurgeons. The following 
points were discussed:

i. What is the site of aneurysm?

ii. In multiple aneurysms, which is the aneurysm that has bled?

iii. What is the relationship of vessels to the aneurysm?

iv. Is there any need for repeat study or digital subtraction 
angiogram (DSA).

 If quality of angiogram is not good then repeat study was done, 
whereas if the quality was good but CT scan was showing non peri-
mesencephalic SAH or had equivocal results then digital subtraction 
angiogram (DSA) was done.

In patients where decision for DSA was made, selective three 
or four vessel angiogram was done and the necessary information 
was gathered. DSA again was analyzed by all the investigators. The 
patients were operated after the diagnoses of the aneurysm. Intra-
operative findings were correlated to pre operation information 
gathered from the radiological data. Any discrepancies found were 
noted. The data was analyzed using Statistical package for social 
sciences 11.5 version (SPSS) statistical software. Sensitivity & 
specificity of CT angiography was estimated. The question of whether 
DSA is necessary in patients of SAH was assessed.

Results
Out of 75 patients in our study, female 53 (70.7%) outnumbered 

the male patients 22 (29.3%). The age of patients ranged from 14 to 76 
years, the youngest patient being 14 years of age whereas the oldest 
was 76 years of age. Mean age at presentation was 49.88 years. The 
most common symptom at the time of presentation was sudden onset 
severe headache (100%). Meningism in the form of neck stiffness was 
present in most of the patients (81.3%).

Majority of patients 50 (66.6%) were admitted after 24 hours of 
ictus, where as 25 (33.3%) presented within 24 hrs of ictus. 36 (48%) 
of patients were fully conscious and oriented at the time of admission 
i.e., with GCS of 15. 17 (22.6%) had GCS 13-14. 21 (28%) had GCS 
9-12 and only one (1.3%) had GCS of 3-8 at admission.

66.6% of patients were in good Hunt & Hess Grades (I-II) at 
presentation. Majority of patients 48(64%) in our series had Fisher 
grade II SAH. 6 (8%) had hydrocephalus at presentation whereas 13 
(17.3%) of the patients showed intra-ventricular hemorrhage. 

86 aneurysms were diagnosed on CTA in a total of 75 patients, and 
middle cerebral artery (MCA) was the commonest site of origin (Table 

1). 54 (62.70%) patient’s harbored only one aneurysm while rest had 
multiple aneurysms (Table 2). Majority of the aneurysms (63.9%) 
were small in size i.e., ≤10mm (Table 3). Total of 60 aneurysms 
were found in operated patients, clipping was done in 56 (93.3%) 
and muscle wrapping in 4 (6.6%) patients. Intra-operative rupture 
occurred in 4 (6.6%). Out of 75 patients included in our study 9 (12%) 
patients died. The various causes of death are shown (Table 4). 

Table 1 Site of origin 

Site of Aneurysm N(%)

A Com 23(26.7%)

DACA 09(10.4%)

MCA(Proximal) 09(10.04%)

MCA(Bifercation) 24(27.9%)

MCA (Distal) 01(1.16%)

P Com 03(3.4%)

Intracavernous 02(2.32%)

Supraclinoid 06(6.97%)

Vertebral 01(1.16%)

Basilar Top 03(3.4%)

P ICA 02(2.32%)

PCA 01(1.16%)

ICA Bifurcation 02(2.32%)

Table 2 Number of aneurysm

   N(%)

Single Aneurysm 54(62.70%)

Two Aneurysms 13(30.2%)

Three Aneurysms  02(6.9%)

Total 86(100%)

Table 3 Size of aneurysms

 N(%)

Small(≤10mm) 55(63.9)

Large(>10-24mm) 23(26.7)

Giant(>25mm) 08(9.3)

Total 86(100)

Table 4 Cause of death in 9 patients

Cause of Death N(%)

Pre operative Bleed 2(2.6)

Post operative Infarct 2(2.6)

Operation site hematoma 1(1.3)

Respiratory distress 1(1.3)

Intraoperative bleed 1(1.3)

Poor neurological grade 1(1.3)
Respiratory infection & 
Septicemia 

1(1.3)

Total 9(12.0)
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Discussion
In our study, female patients were more than male patients. (F 53: M 

22). Literature also shows predominance of females as demonstrated 
by Hoh et al.15, Kassel et al.16 (1:1.6) & Bonita and Thomson et al.9 
(65 male, 115 females). Pechllivanis et al.17 & Rosennorm et al.18 also 
observed a female preponderance in patients of SAH (M 32: F 68).

The maximum i.e., 22 patients in our study were in the age group 
51-60 followed by 12 patients in the age group of 61-70. The mean 
age at presentation was 49.88 years. This is in concordance with other 
studies available in literature with most of their patients in the 5th & 
6th decade of life.12,16,19 In Inagawa et al.20,21 series more patients were 
in age range of 17-93 years. Maximum number of patients was in the 
7th decades of life. A significant number of our patients 17 (22.7%) 
were found to be hypertensive. Hypertension was present in 21% of 
patients studied by Kassel et al.16 and 50% of patients in Framingham 
study.22

In our study most common location of aneurysm was MCA 
(n=34, 39.1%) followed by ACOM (n=23, 26.7%). Pechllivanis et 
al.17 in their group of 62 patients found ACOM aneurysms (26%) to 
be commonest followed by MCA (19%). Ender et al.23 found (38%) 
of the aneurysms in ACOM area whereas, only (32%) were found in 
MCA complex. Rest of the aneurysms was seen in a lesser number 
in their study. Le Roux et al.24 in study of 25 patients of SAH, found 
MCA aneurysms to be more i.e., 18 followed by three aneurysms at 
carotid bifurcation and two at ACOM.

In our study of 75 patients, the total no. of aneurysms found on 
3D-CTA was 86. Only 54 (62.70%) patients had single aneurysm, 
13(30.2%) patients had two aneurysms each whereas two patients 
had three aneurysms each (6.9%). Uysal et al. 25 in their study of 32 
patients, 28 patients were found to have aneurysms while no aneurysm 
was detected in 4 cases. Krogi et al. 26 in their study of 35 patients 
detected 47 aneurysms. Their six patients had two aneurysms each 
and three had three aneurysms each.

In our study majority of aneurysms 55 (63.9%) were small in size, 
23 aneurysms (26.7%) were large in size where as only 8 aneurysms 
(9.3%) were of giant size. Krogi et al.26 had 35 patients in their study 
& observed that 14 aneurysms were very small, 16 were small, 14 
were medium and three were large. Liang et al. 6 in their study by 
both CT angiography and conventional angiography detected 15 
aneurysms in 14 patients. The maximum dimensions of the aneurysm 
on CT angiography were less than 3.0mm in three patients, 3.0-5.0mm 
in four patients and more than 5.0mm in eight patients.

In the study by Nyil et al.27 66.50% of patients were seen within 
48hrs of onset of ictus. In a study from south Sweden18 63% patients 
were seen within 24hrs of ictus. In our study only 25(33.3%) patients 
presented within 24 hrs. of ictus whereas majority of patients 44(58.6%) 
presented within 24 to 72hrs. of ictus. Time interval between ictus & 
admission is directly related to the awareness of disease among the 
general practioners and the travel time required to reach the hospital. 
The referral area to our hospital is quite wide and most of the patients 
have to come from far off hilly places by road only.

In our study of 75 patients, 71 patients (94.7%) presented with 
single bleed whereas 2 patients (5.3%) had two bleeds. Edner et al.23 
found that out of 146 patients seen, 54(36.98%) had presented with 
more than one bleed prior to admission. In one study by Ljunggren et 
al.11 41% of patients were admitted in good grades, 17% in intermediate 

grades, 42% in poor grade. 55% of patients were admitted in good 
grade and 45% in poor grade in another series.19

In our study 31(41.3%) of patients were in Hunt & Hess grade 
I, 19(25.3%) were in grade II, 10(13.3%) patients were in grade III, 
14 (18.7%) were in grade IV whereas only 1(1.3%) was in grade 
V. In this study 50(66.6%) patients were in good grade which is in 
concordance with the study by Ljunggren et al.11 who had more than 
40% of their patients in good grade. Majority 36 (48%) of our patients 
were fully conscious i.e., with a GCS of 15, whereas 17 (22.6%) of 
patients were having a GCS of 13-14. Only 1(1.3%) patient was in the 
GCS range of 3-8. Majority of our patients 48(64%) were having a 
Fisher grade II on CT. 20(26.7%) of the patients had a Fisher grade IV 
on CT. Pechllivanis et al.17 in a study of 84 patients, 57 patients were 
in grade III, 15 patients in grade II, 7 patients in grade I and 5 patients 
were in Fisher grade IV.

Generally vascular neurosurgeons are divided into two groups, 
one group uses DSA as a diagnostic procedure established over a 
long time and CTA as an additional diagnostic method and the other 
group consists of neurosurgeons considering 3D- CTA without DSA 
sufficient for the detection of aneurysms and a diagnostic tool with 
promising future. In our study we wanted to settle the question, if 
CTA can replace DSA as primary diagnostic tool for the diagnosis of 
ruptured or un-ruptured aneurysms.

3D-CT angiography requires only a venous access and a small 
amount of iodine radiological contrast agent. The quick imaging 
modalities allow rapid diagnosis of aneurysms soon after the diagnosis 
of SAH because it can even be done during the same radiological 
session. The views of every side including views from the side and 
the bottom or top of the aneurysm can be obtained with 3D-CTA. 
Planning of possible surgical approaches can also be done beforehand.

Aneurysm surgery solely based on 3D-CTA data sets requires 
a high sensitivity for detecting intracranial aneurysms. 92% of all 
patients in a study by Pechlivanis et al.17 could be operated solely 
based on 3D-CTA data sets, when they analyzed their records 
retrospectively. On analysis of our data we found that 60 ruptured 
aneurysms were seen on 3D-CTA. Per operatively 58 aneurysms were 
confirmed and treated exactly as they were seen on 3D-CTA. Two 
patients were over diagnosed on 3D-CTA, and out of these two patients 
diagnosis of ACOM aneurysm was made on 3D-CTA but on surgery 
only a mild dilatation of ACOM was seen and no definitive aneurysm 
could be seen. In another case two aneurysm- ACOM and right MCA 
Aneurysm were diagnosed on 3D-CTA but no MCA aneurysm was 
found in this patient. This makes CTA to have a sensitivity of 96.7% 
for detecting aneurysms. 

We failed to detect aneurysms in four of our patients. Amongst 
them DSA also failed to reveal the aneurysm in 3 cases. DSA revealed 
an aneurysm in one of the 3D-CTA negative cases. Hence with 
3D-CTA in our study a specificity of 75.0% was seen. In literature a 
wide variation in regard to sensitivity (70% to 100%) and specificity 
(50% to 100%) of 3D-CTA for aneurysm detection exists.8,28,29 

We used 3D-CTA as the only diagnostic tool for treatment planning 
in majority of our patients. The percentage of patients who have been 
operated solely based on the 3D-CTA data ranges between 33%30,31 up 
to 93%32 We have no program for emergency surgery and patients are 
scheduled for surgery as early as possible after diagnosis disregarding 
the classical concepts of timing of surgery after SAH. 
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Patients included in our study were surgically treated by clipping 
of the neck of the aneurysm or wrapping through a pterional, frontal or 
sub occipital approach and using standard microsurgical technique. In 
the pterional approach the sylvian fissure was widely opened in every 
patient and the entire course of intracranial carotid artery, middle 
cerebral artery and the anterior cerebral artery of the side of surgical 
approach were exposed. The anterior communicating artery complex 
and the exit of posterior communicating and anterior choroidal arteries 
were carefully explored. The evaluation of the surgery included 
confirmation of the 3D-CTA findings and the presence of any finding 
not suspected by 3D-CTA.

Hoh et al.15 reported about a similar protocol for using 3D-CTA 
as the single diagnostic method for treatment planning with a reported 
sensitivity of 100% for symptomatic aneurysms. 

Conclusion
Various conclusions drawn from our study revealed a sensitivity 

of 96.7% for detecting aneurysms with 3D-CTA and a specificity 
of 75.0%. CT angiography is noninvasive, quick to organize and to 
perform. It provides very valuable anatomical information. The three 
dimensional capability and ability to demonstrate the aneurysm on 
the source image are added advantages in pre operative planning and 
microsurgical management of the patients of intracranial aneurysms. 
In accordance with other authors we think that in near future 3D-CTA 
could replace conventional angiography in most cases. Majority of 
patients with intracranial aneurysms could be operated solely based 
on pre- operative 3D-CTA data sets. If 3D-CTA does not show an 
aneurysm in spite of strong suspicion of aneurysmal bleed on plain 
CT, Digital subtraction angiography should be used as an additional 
diagnostic tool. 
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