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Abstract

Background and Purpose Computed tomography (CT)

and CT angiography (CTA) are frequently the initial

imaging modalities used in the evaluation of patients with

suspected aneurysmal subarachnoid hemorrhage (SAH). It

remains unclear whether CTA can provide adequate infor-

mation to determine best treatment modality (endovascular

versus surgical) for ruptured intracranial aneurysms.

Methods Pertinent clinical and radiological information

of consecutive patients with aneurysmal SAH who under-

went CTA on a 64-slice multidetector CT (MDCT) scanner

were independently reviewed by five endovascular spe-

cialists. Subsequently, the interobserver reliability was

calculated.

Results A total of 21 consecutive patients with aneurys-

mal SAH detected on CTA were reviewed. Of the total of

105 reviews, in 65% a treatment allocation decision was

made. Responses were, 26% either treatment; 18% endo-

vascular only; 18% surgical only; and 3% neither

treatment. In the remaining 35% it was considered that

CTA images were inadequate to make a decision for

treatment allocation and more information was requested.

Interobserver reliability was poor between endovascular

specialists (k = 0.2). The reliability was higher among

endovascular/vascular neurosurgeons (k = 0.34) and phy-

sicians with [5 years of faculty experience (k = 0.55).

Conclusion When 64-slice MDCT angiography is used in

the evaluation of aneurysmal SAH, the information

obtained is adequate to determine treatment modality

allocation in two-thirds of the cases. The agreement on best

treatment modality varied across primary specialty, prac-

tice experience, and site of fellowship completion.

Keywords Subarachnoid hemorrhage � Intracranial

aneurysm � Computed tomography angiography �
Endovascular � Interobserver � Kappa

Introduction

In patients with suspected aneurysmal subarachnoid hem-

orrhage (SAH), computed tomography (CT) followed by CT

angiography is frequently used to establish the diagnosis.

Once SAH is confirmed, a prompt treatment plan should be

initiated. In the decision to whether treat using surgical or

endovascular approaches, a detailed understanding of the

clinical scenario and aneurysm characteristics are neces-

sary. The morphology, dimensions, and relationship of the

aneurysm to adjacent osseous and neurovascular structures

are also of importance to the treating physician. Depending

on various factors, this information may or may not be

acquired with the first noninvasive imaging modalities.

Cerebral digital subtraction angiography (DSA) has

been considered the ‘‘gold standard’’ imaging modality for

the diagnosis of aneurysmal SAH. Cerebral angiography

can evaluate flow dynamics of the parent vessel and also

evaluate for potential branches arising from the aneurysm

sac. On the other hand, cerebral angiography is invasive,

time consuming, carries risk of complications, and requires
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more resources to accomplish [1–3]. CT angiography is

noninvasive and can be performed rapidly. It requires less

people to perform, it is more comfortable for the patient,

and the images can provide reference of the aneurysm with

adjacent structures. The difficulties encountered with CT

angiography include bone/foreign body artifact, interfer-

ence of other vessels (veins), and poor visualization of

branches originating from the aneurysm [4].

The sensitivity and specificity of CT angiography and

DSA to detect intracranial aneurysms has been estimated to

be 89–98 and 90–100%, respectively [5–10]. These esti-

mates have been observed to increase with the use of

multidetector scanners [5].

With the present technology, it remains unclear if CT

angiography alone can be used in the decision for best

treatment modality in ruptured intracranial aneurysms. The

goal of our present study is to determine if CT angiography

can provide enough information to decide on best treatment

modality without the need of conventional cerebral

angiography.

Material and Methods

Patients

From September 2006 to August 2007, we collected demo-

graphic information and radiological images from

consecutive patients admitted to a level I trauma center and a

university hospital with the diagnosis of nontraumatic SAH

confirmed by noncontrast computerized tomography.

Demographic information included age, gender, comorbid-

ities, Hunt and Hess Scale [11, 12], and Fischer grade [13].

Imaging

CTA was performed on a 64-slice multidetector scanner

(Siemens Somatom Volume Zoom, Erlangen, Germany).

The angiographic source images were reviewed by the

facility’s neuroradiologist and then reformatted on a Vitrea

(Vital Images Inc., MN, USA) computer workstation into

two-dimensional maximum intensity projection views and

three-dimensional (3-D) surface rendered and volume

rendered reconstructions. At the discretion of the neuro-

radiologist, few source images and 3-D images were saved

into the PACS server. These images were presented to the

observers for treatment allocation.

Observers

Three interventional neurologists (AIQ, RAT, VJ) and two

endovascular/vascular neurosurgeons (RT, GL) were asked

to participate as observers (observers 1–5, respectively).

Clinical experience among reviewers varied. One inter-

ventional neurologist and one endovascular/vascular

neurosurgeon had individual experience greater than

5 years (AIQ and GL). The remaining three reviewers had

a combined 3 years of experience as academic faculty.

Each physician reviewed patient information and CTA

images independently. For each case, the reviewer was

asked to choose the best treatment allocation from one of

the five categories: (1) endovascular only, (2) surgical only,

(3) either treatment, (4) neither treatment, or (5) imaging

information inadequate to make decision.

Statistical Analysis

We calculated the interobserver reliability among the five

specialists using Cohen’s Kappa coefficient, which assesses

the likelihood that the agreement between the observers is

more than just chance. A Kappa of 0, 0.1–0.20, 0.21–0.40,

0.41–0.60, 0.61–0.80, 0.81–1.00 is interpreted as no

agreement, poor agreement, fair agreement, moderate

agreement, substantial agreement, and almost perfect

agreement, respectively.

Results

Patient Population

During the period of 12 months, 21 consecutive patients

(11 female, 10 male) with 22 aneurysms (one unruptured)

were admitted with the diagnosis of aneurysmal SAH

(Table 1). The median Hunt and Hess and Fischer grades

on presentation were grades 1 (n = 11) and 3 (n = 14),

respectively.

Location of Ruptured Aneurysms

Twenty patients had ruptured aneurysms in the anterior

circulation (four internal carotid artery, five anterior com-

municating, two middle cerebral artery, three anterior

cerebral artery, and six posterior communicating artery)

and one in the posterior circulation (basilar artery).

Interobserver Reliability Results

The reviewers provided a total of 105 responses for the 21

cases. In 64.8% of the reviews a treatment allocation using

CTA was made. Responses by modality chosen were the

following: either treatment was acceptable in 25.7%, sur-

gery alone in 18.1%, endovascular alone in 18.1%, and no

treatment in 2.9% of the cases. In the remaining 35.2% of

the reviews, it was considered that CT angiography images

were inadequate to make a treatment decision (Table 2). On
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a case-by-case basis, all five reviewers agreed only in cases

4 and 17. In case 13, four different responses were observed.

There was poor interobserver reliability among all five

endovascular specialists (k = 0.2) and the three interven-

tional neurologists (k = 0.15). The agreement between

both endovascular/vascular neurosurgeons was fair

(k = 0.34). The highest agreement was among observers

with over 5 years of faculty experience (k = 0.55).

Discussion

The use of CT angiography in clinical practice for the

detection of aneurysms has become an important

diagnostic tool to a point that it has been considered to be

equivalent to DSA [14, 15], but the impact translating into

treatment decision has been unclear. The unique aspect of

our study was the use of a high-resolution 64-slice multi-

detector scanner, which presumably could provide more

information than 32-slice scans. We also used a panel of

neuroendovascular specialists to determine the applicabil-

ity of the findings on CTA across physicians. It was in our

interest that the treatment modality chosen by the observers

would be based on using CTA images alone and for this

reason DSA images were not displayed to the observers.

When pooling results from case series (Table 3) allo-

cating treatment in patients with SAH using CTA [5, 9, 10,

16–20], the decision for treatment was variable among

Table 1 Patient demographic

characteristics

HTN, hypertension; COPD,

chronic obstructive pulmonary

disease; IVH, intraventricular

hemorrhage; ICH, intracerebral

hemorrhage; ICA, internal

carotid artery; MCA, middle

cerebral artery; ACA, anterior

cerebral artery; A-comm,

anterior communicating artery;

P-comm, posterior

communicating artery

Case Age Gender Comorbidities Hunt and

Hess

Fisher Location Actual

treatment

1 47 M HTN 2 3 + IVH ICA Coil

2 57 F None 3 3 + ICH P-comm Coil

3 47 F None 2 3 ICA Coil

4 49 F HTN 1 3 P-comm Coil

5 38 F None 2 2 P-comm Coil

6 40 F None 4 3 + ICH ICA Coil

7 42 M None 1 3 A-comm Clipped

8 53 F None 1 3 A-comm Coil

9 53 F None 1 3 P-comm Coil

10 77 M HTN 1 3 P-comm Coil

11 60 M HTN 1 3 A-comm Coil

12 46 M None 4 3 + ICH MCA Coil

13 39 M None 1 3 A-comm Coil

14 46 M None 1 3 ICA Coil

15 56 M None 5 3 + IVH A-comm Coil

16 73 F None 1 3 P-comm Coil

17 80 F COPD, HTN, Dementia 4 3 ACA Coil

18 52 M None 1 3 ACA Coil

19 54 M HTN, post-traumatic

seizures

1 3 ACA Coil

20 52 F HTN, previously

clipped basilar

aneurysm

2 1 Basilar Coil

21 42 F None 3 3 MCA Clipped

Table 2 Individual responses

for best treatment allocation for

intracranial aneurysm based on

review of clinical data and CTA

Observer Endovascular

treatment only

Surgical

treatment

only

Either

treatment

acceptable

More

information

required

No

treatment

Total

1 5 6 8 2 0 21

2 3 1 8 9 0 21

3 1 2 0 17 1 21

4 7 5 3 5 1 21

5 3 5 8 4 1 21

Total (%) 19 (18.1%) 19 (18.1%) 27 (25.7%) 37 (35.2%) 3 (2.9%) 105 (100%)
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these publications (51.9–91.3%). In 8.7–48.1% of the

patients a conventional cerebral angiography was per-

formed to decide on best treatment modality. When these

patients with SAH (n = 771) are grouped based on treat-

ment decision and treatment modality, in 73.8% of the

cases a decision using CTA alone was made (our results

64.8%). Treatment modality results were 65.9, 27.1, 4.6,

and 2.4% for surgery, endovascular, either surgery or en-

dovascular, and no treatment, respectively. The need for

cerebral angiography occurred in 202 patients (26.2%).

Results of case series for unruptured aneurysms [16, 17,

19] show that in 50–78% of the patients a treatment

decision was made based on CTA alone. Similarly, when

these patients with unruptured aneurysms (n = 220) are

grouped, a treatment decision using CTA was possible in

65.9%. The treatment modalities selected were 68.3, 30.3,

and 1.4% for surgery, endovascular, and no treatment,

respectively.

In a study of patients with SAH, where CT angiography

alone was also used for treatment allocation, 26% of the

patients were considered eligible for either surgery or

endovascular intervention. Surgery (45%), endovascular

therapy (21%), need for conventional angiography (16%),

and no treatment (2%) were the other outcomes [10].

Another case series of 74 ruptured aneurysms, surgery

was recommended in 31.1% (n = 25) and endovascular in

66.2% (n = 49) of cases. When actual treatment took

place, the sensitivity, specificity, positive, and negative

predictive values of CTA in predicting feasibility of

endovascular treatment was 94 (47/50), 92 (22/24), 96 (47/

49), and 88% (22/25), respectively [6].

In some circumstances, the location of the ruptured

aneurysm by itself leads to preferential selection of surgery

or endovascular treatment. For example, in basilar aneu-

rysms, surgery is technically challenging because of the

intimate relationship with the skull base, interpeduncular

fossa, and perforating vessels. For this reason, endovas-

cular treatment is often favored over surgery. The

morbidity and mortality rate of surgery is considered high

(28–47.4%) when compared to endovascular therapy [21–

26] (4.3–10%). Case #20 illustrates a patient with a

previously clipped basilar aneurysm who suffered a

re-rupture. CTA images give the impression of a posterior

communicating aneurysm (Fig. 1), a possible reason why

observers responded either treatment (n = 2), more infor-

mation is needed (n = 2), and endovascular only (n = 1).

For middle cerebral artery bifurcation aneurysms, sur-

gical treatment is often favored over endovascular

treatment. During surgery, these aneurysms can be visu-

alized in the initial dissection planes when the sylvian

fissure is exposed. This location provides a wide surgical

window resulting in less brain retraction. Also, the mor-

phology of these aneurysms (large neck to dome ratio) isT
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another reason to select surgery. Variable rates of suc-

cessful coil embolization in middle cerebral artery

bifurcation aneurysms have been reported. These rates

have been as low as 6% [27], and more recently as high as

62.5–80% [28, 29]. Case #21 (Fig. 2) illustrates a patient

with a left middle cerebral artery bifurcation aneurysm. In

this case, four observers suggested surgical treatment and

one requested more information.

Another circumstance in which a management decision

is made despite the quality of the CTA or location of the

aneurysms are in patients with a poor Hunt and Hess grade.

In Case #15 (Fig. 3), the patient had a Hunt and Hess

Grade V. Three observers considered no treatment and two

favored endovascular treatments.

Comments from the observers addressing the criteria

used to make their final treatment decision included the

patient’s clinical condition (age, Hunt and Hess Scale, and

comorbidities), the morphology, and location of the aneu-

rysms. Comments from the observers in the reason for

choosing ‘‘imaging information was inadequate to make

decision,’’ had in common that the 3-D CT angiogram

images were of poor quality in some cases. These images did

not provide aneurysm morphology details (i.e., neck-dome

ratio, anterior/posterior projected aneurysm) and if potential

vascular branches could have been arising from the aneu-

rysm sac.

In this study, the observers were able to allocate treat-

ment in 65% of the cases using the latest CTA technology

without the need of DSA. In the remaining 35% more

information was requested, CT angiography did not pro-

vide the information considered necessary for treatment

allocation that perhaps a conventional cerebral angiogra-

phy would provide, as it remains to date the gold standard

imaging modality in the evaluation of patients with aneu-

rysmal SAH. It is possible that if the reviewers were

presented with the full source images and the ability to

reconstruct, format, or improve image windowing, a higher

rate of treatment allocation would have been observed.

The treatment modality chosen by each observer rep-

resents in their opinion the best therapeutic approach, and

this does not necessarily mean that the modality chosen

was the correct one since many aneurysms are eligible to

Fig. 1 Neuroimaging from Case 20. (a) 2-D CTA and (b) 3-D CTA

of a ruptured basilar artery aneurysm (arrows)

Fig. 2 Neuroimaging from Case 21. (a) 2-D CTA of a ruptured left

MCA aneurysm (arrow) (b) 3-D CTA reconstruction with left MCA

bifurcation aneurysm (arrow)
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be treated by endovascular or surgical modalities, or no

treatment at all. The highest kappa was seen between

observers #1 and #5. These two observers completed their

neuroendovascular fellowship training 1 year apart, in the

same institution (institution A), and have been in practice

for over 5 years. The second highest kappa value was

between observers #4 and #5, who are vascular neurosur-

geons with neuroendovascular training in the same

institution (institution A) during a different era. Observer

#2 (institution B), observer #3 (institution C), and observer

#4 (institution A) completed their neuroendovascular

fellowships also 1 year apart, but at three different insti-

tutions, nearly 6 years after observers #1 and #5. The

lowest kappa was seen among observers #1, #2, and #3

who completed training at different institutions during

different eras. This proposes that training completion in the

same institution correlates with increasing kappa values

influenced by practice experience and primary specialty.

Conclusion

Even when aneurysms are detected on CTA using 64-slice

multidetector scanners in patients with SAH, the informa-

tion is considered adequate to make a treatment allocation

in two-thirds of the cases. The agreement for best treatment

allocation varied upon primary specialty, site of fellowship

training, and practice experience.
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