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alone, and DSA results were required in addition for a treat-
ment decision. Interobserver agreement on feasibility of EVT 
was just fair ( �   ! 0.40).  Conclusions:  In our series of patients, 
16-detector row CTA was a reliable investigation to assess 
feasibility of EVT of ruptured intracranial aneurysms in most 
patients. Further, we found that interobserver disagreement 
on feasibility of EVT was considerable. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 In patients with aneurysmal subarachnoid hemor-
rhage (SAH), CT angiography (CTA) confers substantial 
advantage over digital subtraction angiography (DSA) 
because it is quick, safe and diminishes demands on con-
ventional angiographic resources  [1] . The advent of mul-
tidetector row CT scanners has improved the diagnostic 
accuracy of CT  [1, 2] . Equivalent diagnostic accuracy for 
the detection of intracranial aneurysms has been report-
ed with 4- and 16-detector row CTA compared with DSA 
 [3–6] . However, the diagnostic value of CTA also depends 
on the ability to select the appropriate treatment  [1] . The 
recent shift from surgical to endovascular treatment 
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 Abstract 

  Background:  It is unclear whether 16-detector row CT angi-
ography (CTA) can replace digital subtraction angiography 
(DSA) to assess the feasibility of endovascular treatment 
(EVT) in the acute phase after aneurysmal subarachnoid 
hemorrhage.  Methods:  We studied 80 consecutive patients 
with aneurysmal subarachnoid hemorrhage, who under-
went both CTA and DSA. Two interventional neuroradiolo-
gists independently scored CTA and, immediately thereaf-
ter, DSA with respect to feasibility of EVT. We determined 
whether CTA without DSA was sufficient for a definite judg-
ment. We also assessed interobserver agreement.  Results:  
The 2 readers judged EVT to be feasible in 24 and 37 patients 
with CTA alone and not feasible in 34 and 20 patients. In 
these patients, DSA yielded additional information in 6 
(reader 1) and 5 patients (reader 2), which did not affect treat-
ment decision. In 19 and 7 patients, DSA was considered in-
ferior to CTA. In the remaining patients (n = 22 and 23, re-
spectively), feasibility of EVT could not be judged with CTA 
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(EVT) as first-line treatment  [7]  may have altered the re-
quirements posed on angiographic visualization of intra-
cranial aneurysm. The diagnostic value of the more re-
cently developed high-resolution multidetector row CT 
scanners with respect to the clinical assessment regard-
ing the feasibility of EVT of the ruptured aneurysm has 
not been extensively studied. Therefore, we investigated 
the value of 16-detector row CTA for the assessment of 
feasibility of EVT of ruptured intracranial aneurysms.

  Materials and Methods 

 Patient Inclusion 
 We performed a prospective observational cohort study. Pa-

tients were recruited from 1 October 2002 to 10 September 2004 
in a University Hospital. Since 2002, it is standard clinical prac-
tice to perform both CTA and DSA in all patients with SAH of 
presumed aneurysmal origin, provided that their clinical condi-
tion permits the performance of both procedures. EVT was con-
sidered the preferred treatment option for ruptured intracranial 
aneurysms  [7] . Inclusion criteria for this study were: (1) clinical 
diagnosis of SAH, confirmed by CT or cerebrospinal fluid spec-
trophotometric analysis; (2) age  6 18 years; (3) written informed 
consent by the patient or relative to review the patient’s data;
(4) performance of both CTA and DSA, and (5) an aneurysm con-
firmed with CTA and DSA. The protocol was approved by the 
medical ethics committee of the hospital.

  CTA Data Acquisition 
 Studies were performed with a 16-detector row CT scanner 

(Somatom X-32 Sensation 16; Siemens Medical Solutions, Erlan-
gen, Germany). The scan volume started from the upper limit of 
the posterior arch of the atlas and extended cephalad with a cov-
erage of 100 mm. The lower limit was chosen to include a proxi-
mal origin of the posterior inferior cerebellar artery; the upper 
limit was chosen to include the callosomarginal artery. Eighty 
milliliters of contrast material (Iodixanol 320 mg/ml, Visipaque; 
Amersham Health, Little Chalfont, UK) was injected. The CTA 
scan was synchronized with the contrast material injection with 
a bolus tracking technique, with a 40-ml saline bolus chaser
(4 ml/s).

  DSA Data Acquisition 
 Four-vessel DSA was done according to the Seldinger tech-

nique. A 4- to 5-french catheter was selectively placed in the in-
ternal carotid and the vertebral arteries, injecting 6 ml (4 ml/s; 
internal carotid) or 7 ml (5 ml/s; vertebral artery) of contrast ma-
terial (Iomeron 350; Bracco, Milan). In all patients, frontal, lat-
eral and oblique views were obtained (matrix 1,024  !  1,024; im-
age intensifier 20–28 cm).

  Data Scoring and Evaluation 
 Two experienced interventional neuroradiologists indepen-

dently scored the CTA images and, immediately thereafter, the 
DSA images. Both readers have been familiar with the clinical use 
of the CTA for more than 3 years. Reader 1 had performed over 

100 endovascular procedures in patients with ruptured aneu-
rysms and reader 2 more than 40 procedures. Both readers were 
unaware of the clinical condition of the patients and actual treat-
ment but were aware of the results of the unenhanced diagnostic 
CT. CTA images were examined at a work station. A standardized 
evaluation was performed with maximum intensity projections 
with a thickness of 6–8 mm and an overlap of 3–4 mm in axial, 
sagittal and coronal planes for the anterior circulation, as well as 
in the sagittal plane and a plane parallel to the clivus for the pos-
terior circulation. Maximum intensity projection planes and 
thickness could be adjusted and source images were available for 
additional evaluation.

  DSA images were examined on hard copy films. Both the CTA 
images and the DSA hard copies were masked for patient identi-
fication.

  CT Angiography 
 First, the readers scored the CTA on the work station blinded 

to the DSA. The CTA was evaluated with respect to the location 
and size of the target aneurysm, which was defined as the aneu-
rysm that had ruptured according to the reader. The location of 
the target aneurysm was noted as being at 1 of the 29 locations, as 
previously described by Yasargil  [8] .

  The size of the target aneurysm (length from fundus to base 
in millimeters) and the presence of vasospasm were measured by 
one of the neuroradiologists. Vasospasm was evaluated because 
this may influence both the judgment of suitability for EVT and 
the quality of CTA and DSA.

  In general, criteria of feasibility of EVT included a discernible 
aneurysmal neck and the absence of vessels sprouting from the 
aneurysmal sac. Both readers chose 1 of the following 3 options 
with regard to suitability of the target aneurysm for EVT ( fig. 1 ): 
(1) feasible (with or without balloon remodeling technique) and 
DSA not necessary, (2) not feasible and DSA not necessary, or
(3) additional DSA needed. When option 2 or 3 was chosen, the 
reason for this choice was also specified.

  Objective 
 The main objective was to assess the proportion of target an-

eurysms for which 16-detector row CTA was regarded as suffi-
cient by each reader separately to make a definite judgment on 
feasibility of EVT. In addition, we assessed interobserver agree-
ment with respect to feasibility judgments based on CTA only and 
on both CTA and DSA. Further, we assessed: (1) how often and 
for what reason examination of DSA changed a definite judgment 
on EVT feasibility with CTA; (2) additional information provided 
by DSA; (3) reasons for requiring DSA, and (4) the relation be-
tween the size and location of the target aneurysm and vasospasm 
and the proportion of definite judgments that could be made with 
CTA.

  Statistics 
 Statistical analysis was performed with SPSS 12.0.1. Interob-

server agreement between readers regarding EVT feasibility was 
assessed with Cohen’s kappa (  �)  [9] . The proportion of patients in 
whom definite judgments regarding EVT feasibility could be 
made with CTA alone, and next after viewing DSA, were tabu-
lated in 2  !  2 tables. The relationship between the readers’ judg-
ments and characteristics of the aneurysms were tested with Pear-
son’s  �  2  test.
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  Results 

 From 111 consecutive patients with SAH who under-
went CTA and DSA, 31 were excluded: 2 patients had 
traumatic SAH, in 8 patients the DSA was not available 
for analysis, in 1 patient one of the readers doubted the 
presence of a target aneurysm on CTA, but not on DSA. 
Twenty patients were excluded because both CTA and 
DSA did not reveal an aneurysm. This study is based on 
the remaining 80 patients (24 men, 56 women; mean age 
 8  SD was 53  8  12 years, range 19–80).

  The locations of target aneurysms by vascular terri-
tory were: anterior cerebral artery in 35 patients (44%), 20 
had an internal carotid artery (ICA) aneurysm (25%), 19 
had a middle cerebral artery aneurysm (24%), and 6 had 
a posterior circulation aneurysm (8%). There was no dis-
agreement between the readers regarding the locations of 
the target aneurysms.

  Size distribution of the target aneurysms was as fol-
lows: 8 (10%) aneurysms were  ̂  3 mm, 16 (20%) were  1 3 

and  ̂  5 mm, 46 (58%) were  1 5 and  ̂  10 mm, and 10 
(13%) were  1 10 mm.

  Feasibility Judgments on EVT and Interobserver 
Agreement 
 Both readers were able to make a definite judgment on 

feasibility of EVT with CTA alone in 58 (73%) and 57 
(71%) of the patients, respectively ( fig. 1 ;  table 1 ). DSA re-
sults never changed definite judgments made with CTA 
alone, except in 1 patient by reader 1 who underwent DSA 
later than CTA. In this patient, reader 1 judged EVT not 
yet feasible with CTA due to the presence of vasospasm, 
but the DSA that was performed later did not show any 
vasospasm and the aneurysm was then judged suitable 
for EVT. Interobserver agreement on judgments on fea-
sibility of EVT (feasible, not feasible or need for DSA) 
based on CTA was just fair (Cohen’s  �  = 0.35;  table 1 ; 
 fig. 2 ). Interobserver agreement on judgments based on 
both CTA and DSA was similar (Cohen’s  �  = 0.39;  ta-
ble 2 ).

Reader 1/reader 2 
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  Fig. 1.  Flowchart of judgments made by both readers regarding 
feasibility of EVT of target aneurysm with CTA both before and 
after viewing DSA. Viewing DSA after CTA changed the judg-
ment of treatment feasibility in 1 patient by reader 1.  *  Vasospasm 

at the time of CTA was the reason for the judgment that the fea-
sibility of EVT of the aneurysm could not be assessed. DSA was 
performed later, when vasospasm had subsided. 
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  We also calculated interobserver agreement with CTA 
before and after DSA on feasibility judgments (yes vs. no) 
in the patients in whom both readers made a definite 
judgment. For the judgments with CTA alone (n = 44),  �  
was 0.64, and with both CTA and DSA,  �  was 0.42 (n = 
77). Next, we calculated interobserver agreement (n = 80) 
for definite judgments on feasibility with CTA alone (yes 
or no) versus the need for DSA (DSA required;  fig. 1 ).  �  
was particularly low (0.16).

  Comparison of DSA with CTA when EVT Was Judged 
Feasible with CTA Alone 
 In this group (24 and 37 patients for reader 1 and 2, 

respectively), DSA yielded no additional information 
with regard to the treatment decision of the target aneu-
rysm in 21 and 31 patients.

  DSA yielded additional information in 2 patients 
(reader 1) and 3 patients (reader 2). In these 2 patients 
(reader 1), the target aneurysm appeared even better ac-
cessible for EVT with DSA than with CTA in 1 patient, 
and in the other patient, the target aneurysm was judged 
suitable for EVT with balloon remodeling with CTA, 
whereas with DSA, it was judged suitable for EVT with-
out balloon remodeling. In the other 3 patients (reader 2), 
the anatomical detail of the aneurysm neck or the neck-
to-dome ratio seen on DSA was judged as complemen-
tary to the information by CTA.

  DSA was judged as inferior to CTA in 1 of 24 patients 
by reader 1 and in 3 of 37 patients by reader 2 ( fig. 1 ,  3 ), 
because of less detail of local anatomy around the target 
aneurysm.

Table 1. Interobserver agreement on feasibility of EVT of rup-
tured aneurysms with CTA alone

CTA Reader 2: EVT feasible? Total

yes no DSA needed

Reader 1: EVT feasible?
yes 21 1 2 24
no 7 15 12 34
DSA needed 9 4 9 22

Total 37 20 23 80

Cohen’s � = 0.35.

Table 2. Interobserver agreement on feasibility of EVT of rup-
tured aneurysms with CTA and DSA thereafter

CTA and DSA Reader 2: EVT feasible? Total

yes no no judgment

Reader 1: EVT feasible?
yes 28 5 0 33
no 18 26 1 45
no judgment 0 2 0 2

Total 46 33 1 80

Cohen’s � = 0.39.

a b

  Fig. 2.  CTA. In this patient, 1 reader judged 
EVT as feasible, but the other reader judged 
it not feasible because of an artery sprout-
ing from the base of the aneurysm (ar-
row). 

  Fig. 3.  CTA ( a ) and DSA ( b ). In this patient, both readers judged the depiction of ana-
tomical detail of local anatomy around the aneurysm to be visualized more clearly with 
CTA than with DSA, and therefore judged DSA as inferior to CTA. 
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  Comparison of DSA with CTA when EVT Was Judged 
Not Feasible with CTA Alone 
 In this group (34 and 20 patients for reader 1 and 2, 

respectively), DSA yielded no additional information 
with regard to the treatment decision of the target aneu-
rysm in 11 and 14 patients ( fig. 1 ).

  DSA yielded additional information in 4 patients 
(reader 1) and 2 patients (reader 2). In these 4 patients 
(reader 1), visualization of the aneurysm, the aneurysmal 
neck and surrounding vessels was judged as superior to 
CTA (n = 2). Kinking of the ICA was seen on DSA in 1 
patient and filling of the target (anterior cerebral artery) 
aneurysm was from the left side (DSA) instead of the 
right side (with CTA) in another, but vasospasm was 
more extensive on CTA resulting in a wrong assessment. 
In the other 2 patients (reader 2), the ICA was addition-
ally seen to be occluded on DSA compared with CTA in 
1 patient, and in the other, the anatomical detail of the 
complex target aneurysm was better seen on DSA.

  In 18 (reader 1) and 4 (reader 2) patients, DSAs were 
judged as inferior to CTA, because of less anatomical de-
tail seen on DSA. 

 Reasons for Requiring DSA when CTA Was Regarded 
as Insufficient for a Definite Judgment on EVT 
 Reader 1 and 2 required DSA for a treatment decision 

in 22 and 23 patients, respectively. Reasons for requiring 
DSA were unclear relation of sprouting arteries from the 
target aneurysm on CTA (n = 12 and 12, respectively), 
vessels sprouting from the aneurysm (n = 7 and 2), vaso-
spasm and insufficient contrast filling of the target area 
(n = 1 and 2), as well as insufficient CTA quality (n = 1, 
reader 1). In 1 patient, a left-sided ICA aneurysm was 
doubted to be the target aneurysm because the blood dis-
tribution on the diagnostic CT strongly suggested a left 
middle cerebral artery aneurysm according to reader 1. 
However, on DSA, the same aneurysm was seen, and the 
reader concluded it was the ruptured aneurysm.

  Reader 2 had other reasons for requiring DSA in the 
remaining patients: the aneurysm was too small on CTA, 
the aneurysm neck could not be evaluated well enough, 
or the neck seemed too wide.

  Relation between Size and Location of the Target 
Aneurysm and Presence of Vasospasm and Feasibility 
Judgments 
 Size and location of the target aneurysm and presence 

of vasospasm did not influence treatment decisions with 
CTA alone or with CTA and DSA (data not shown). The 
smallest aneurysm that allowed for a treatment decision 

by both readers with CTA alone measured 1.3 mm on 
CTA. There was 1 smaller aneurysm measuring 1.2 mm 
for which both readers required DSA but disagreed on 
feasibility of EVT of the aneurysm after DSA.

  Discussion 

 In this series of patients, assessment of the feasibility 
of EVT of ruptured intracranial aneurysms could be per-
formed reliably with 16-detector row CTA without pre-
treatment conventional angiography in the majority of 
patients (about three quarters in our study), even in those 
with very small aneurysms. The size of the target aneu-
rysm, its location and the presence of vasospasm did not 
influence treatment decision. When CTA was regarded 
as sufficient to make a decision on feasibility of EVT, the 
additional value of DSA after CTA was indeed limited to 
confirmation of the findings on CTA without affecting 
the treatment decisions based on CTA alone. In these pa-
tients, DSA was even judged as inferior to CTA in 12–33% 
of the patients. In about a quarter of the patients, CTA 
alone provided insufficient information to warrant a def-
inite treatment decision without DSA. Finally, consider-
able interobserver variability existed in feasibility judg-
ments of EVT, both with or without additional DSA.

  Our study has some limitations. First, our results may 
not be applicable to hospitals where 3-dimensional (3D) 
DSA is used in the evaluation of intracranial aneurysms. 
3D DSA has been shown to be able to provide superior 
anatomical detail of ruptured aneurysms and surround-
ing arteries as compared with 2D DSA  [10–12] . Thus, 
comparison of CTA with 3D DSA may have yielded a low-
er amount of DSAs that were considered inferior to CTA. 
Second, we did not include patients in whom no aneu-
rysm was found or in whom the readers did not agree on 
the presence of a target aneurysm. Therefore, our results 
apply only to patients with a readily identified target an-
eurysm but not to those with an aneurysm with a size of 
approximately 1 mm or less or in whom the presence of 
an aneurysm is equivocal. Third, we chose a pragmatic 
design that allowed both readers to judge feasibility of 
EVT by their own standards to approach daily clinical 
routine. Therefore, we did not use explicit criteria for fea-
sibility. We acknowledge that this may be an important 
reason for the significant interobserver variability be-
tween the readers and that external validity of our find-
ings may be limited by this method. Fourth, we did not 
compare the readers’ judgments with the patients’ actual 
treatments. We do not consider this a weakness of our 
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study, because we have no reason to believe that the judg-
ments made in this study would not have been applicable 
in a true clinical setting.

  Few previous studies exist on evaluation and treat-
ment planning of intracranial aneurysms with 16-detec-
tor row CTA and only 1 of these studies specifically ad-
dressed the role of 16-detector row CTA for EVT plan-
ning  [13] . In this other study  [13] , feasibility of EVT was 
assessed by means of 16-detector row CTA in 62 aneurys-
mal SAH patients. The authors found that suitability for 
EVT was correctly assessed by CTA in 69 of 74 target an-
eurysms (93%, 2 false-positive and 3 false-negative judg-
ments) in these patients, when compared with the refer-
ence standard that consisted of the actual treatment per-
formed, i.e. successful placement of coils in the target 
aneurysm. The authors concluded that multidetector 
CTA can be used to assess suitability for EVT. In contrast 
to the aforementioned study, the readers in our study had 
the possibility to request DSA when CTA was judged in-
sufficient for a definite decision on suitability for EVT. 
We feel that this design reflects clinical practice more ac-
curately. Further, because DSA was assessed directly af-
ter CTA, the additional value of DSA over CTA could be 
assessed in our study. We found no additional value of 
DSA after a definite treatment decision with CTA, where-
as in the other study  [13] , DSA yielded the additional in-
formation in the 5 patients that had incorrect assessment 
of suitability for EVT with CTA.

  In another study  [6] , 57 subjects were studied who un-
derwent both 16-detector row CTA and DSA. A vascular 
neurosurgeon considered CTA alone sufficient for the as-
sessment of suitability for surgical treatment in all but 5 
cases in which he required DSA for further anatomical 
detail. However, the value of CTA for the assessment of 
suitability for EVT was not studied. We chose not to eval-
uate the DSA results separately, because in clinical prac-
tice, judgments would also include the results of both
examinations when performed. With this strategy, we 
aimed at determining if DSA had an additional value.

  Two recent studies reported on the value of 4-detector 
row CTA in therapeutic management, both surgically 
and endovascularly, of intracranial aneurysms  [14, 15] . In 
these studies, DSA was performed only when the CTA 
was judged to provide insufficient information. Further, 
EVT was performed in the minority of patients. In the 
first study, initial suitability of the ruptured aneurysm 
with CTA for EVT was withdrawn after viewing the DSA 
in 5 of 26 cases  [14] . In the second study, 30 of 88 patients 
with aneurysmal SAH successfully underwent EVT with-
out pretreatment DSA, but the authors did not mention 

whether the intraprocedural DSA revealed unexpected 
findings that complicated the procedure  [15] . In 15 of the 
16 patients for whom the neurosurgeon requested DSA, 
the ruptured aneurysm was clipped. The results of this 
study seem to be in line with our findings, but potential 
additional information by DSA was not investigated.

  Other previous clinical studies on the value of CTA in 
treatment planning used either 4-detector row or single-
detector CT scanners or addressed implementation of 
CTA in the planning of surgical treatment  [1, 3–5, 16, 17] . 
Comparison of our findings with these studies is diffi-
cult, because 16-detector row CT scanners have better 
spatial and temporal resolution  [1, 18]  and our study pri-
marily aimed at assessing the value of CTA in the plan-
ning of EVT. Further, the requirements posed on any an-
giographic investigation may differ for endovascular or 
surgical therapy, for instance with respect to flow dy-
namics  [19] .

  Some clinicians still argue for DSA and against CTA 
as first-line diagnostic investigation in aneurysmal SAH 
 [20]  because of the inferior diagnostic accuracy in the de-
tection of aneurysms with CTA. The present paper deals 
with the diagnostic information needed to take a thera-
peutical decision once an aneurysm is detected. CTA is 
increasingly performed as the first-line investigation in 
patients with SAH. The present paper shows that once an 
aneurysm is detected, decisions can be made with CTA 
alone in most of the cases.

  In conclusion, our results suggest that a ruptured in-
tracranial aneurysm that is suitable for endovascular oc-
clusion as assessed by 16-detector row CTA by an inter-
ventional neuroradiologist could be safely scheduled for 
endovascular occlusion immediately, without pretreat-
ment DSA, in about three quarters of the patients. This 
strategy will improve the management flow of patients 
with ruptured intracranial aneurysms. However, interob-
server variability in the assessment of feasibility of EVT 
of ruptured aneurysms was considerable.
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