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Optimized Angiographic CT Using Intravenous Contrast
Injection: A Noninvasive Imaging Option for the Follow-Up of

Coiled Aneurysms?
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ABSTRACT

BACKGROUND AND PURPOSE: Because recanalization of coiled cerebral aneurysms is reported to occur, follow-up imaging is mandatory,
ideally noninvasively. Our study aimed to evaluate the accuracy of an optimized angiographic CT by using intravenous contrast material injection
in the assessment of coiled cerebral aneurysms, compared with MR angiography and digital subtraction angiography, the criterion standard.

MATERIALS AND METHODS: We included 69 patients with 76 coiled cerebral aneurysms. In each patient, we performed an angiographic
CT with intravenous contrast material injection with a dual rotational acquisition, a time-of-flight MR angiography, and a DSA. The
angiographic CT with intravenous contrast material injection data was postprocessed by using newly implemented reconstructions modes
and a dual-volume technique. An aneurysm occlusion rate was assessed in angiographic CT with intravenous contrast material injection and
MRA; remnants were measured and correlated with DSA, respectively.

RESULTS: Twenty-eight remnants were revealed by DSA with a mean size of 3.1 � 3.1 mm. Angiographic CT with intravenous contrast
material injection demonstrated a sensitivity of 93% and a specificity of 96% in remnant detection. MRA showed almost identical accuracy
(sensitivity of 93%, specificity of 100%). Assessment of remnant size by angiographic CT with intravenous contrast material injection and by
MRA revealed a high significant correlation with DSA, respectively (P � .001).

CONCLUSIONS: Optimized angiographic CT with intravenous contrast material injection and MRA demonstrated accuracy comparable
with that of DSA in the follow-up of coiled aneurysms, respectively. The assessment of remnant size showed a high correlation with DSA
for both techniques. Due to the lack of radiation exposure, MRA seems to be the preferred technique. However, angiographic CT with
intravenous contrast material injection can be considered a reliable, noninvasive alternative in patients with MR imaging contraindications
or in cases of compromising artifacts due to metal implants (ie, clips).

ABBREVIATION: ivACT � angiographic CT with intravenous contrast material injection

For treatment of cerebral aneurysms, coil embolization has been

established as a widely accepted technique.1,2 Follow-up evalua-

tion is recommended because recanalization is reported in up to 20%

of aneurysms,3-5 with approximately 10% requiring retreatment. In

this instance, DSA is still considered the criterion standard, but it has

the disadvantage of being an invasive technique with the risk of pro-

cedural complications.6 Therefore, ideally, a noninvasive imaging

technique is desirable as an alternative to DSA. TOF-MRA and con-

trast-enhanced MRA have demonstrated moderate-to-high diagnos-

tic performance.7-9 TOF-MRA was superior to contrast-enhanced

MRA in terms of coil visibility and is the recommended MR imaging

technique.10 On the other hand, MR imaging may be impossible due

to contraindications or lack of availability.

Here, angiographic CT by using intravenous contrast material

injection could be an alternative, noninvasive imaging option. An-

giographic CT allows the acquisition of high-resolution data from a

rotational run of a C-arm-mounted flat panel detector that differs

from conventional CT in the material composing it. Angiographic

CT with intravenous contrast material injection (ivACT) has recently

demonstrated comparable image quality to DSA in visualizing cere-

bral artery vasculature11and has been helpful in aneurysm diagnos-

tics12 and in the follow-up of clipped aneurysms.13 Until now, only

angiographic CT with intra-arterial contrast material injection has

been investigated in the follow-up of coiled aneurysms, providing

promising results.14 With the implementation of new reconstruction
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modes and enhanced postprocessing algorithms, the image quality of

ivACT could be improved and artifacts could be reduced. Our study

aimed to evaluate the accuracy of an optimized, noninvasive ivACT

in the follow-up of coiled aneurysms compared with MRA and DSA,

the criterion standard.

MATERIALS AND METHODS
Sixty-nine consecutive patients, 46 women and 23 men with 76

coiled aneurysms, were prospectively enrolled in our study be-

tween March 2012 and August 2013 after ethics committee ap-

proval and written informed consent were obtained. The average

age was 58 � 9.3 years (range, 30 –79 years). Forty-three patients

had subarachnoid hemorrhage. On average, the aneurysms were

6.0 � 3.0 mm high and 5.4 � 3.1 mm wide, ranging from 2 to 18

mm, respectively. Twenty-five aneurysms originated from the an-

terior communicating artery, 5 from the MCA, 16 from the tip of

the basilar artery, 8 from the posterior communicating artery, 3

from the anterior choroidal artery, 10 from the paraophthalmic

segment of the ICA, 5 from the distal carotid bifurcation, 2 from

the posterior inferior cerebellar artery, and 2 from the posterior

cerebral artery.

In total, 492 coils were used for treatment: 459 bioactive coils

loaded with polyglycolic acid (Cerecyte; Codman Neurovascular,

Raynham, Massachusetts), 24 standard bare platinum coils (Gug-

lielmi detachable coil; Stryker, Kalamazoo, Michigan), and 9 volume

bare platinum coils (Penumbra Coil 400; Penumbra, Alameda, Cal-

ifornia). Fifteen aneurysms were treated with additional stent protec-

tion (Neuroform; Stryker Neurovascular, Fremont, California).

DSA, including a 3D rotational run, was performed in all pa-

tients 6 months after treatment. The day after DSA in every pa-

tient, TOF-MRA and, thereafter, ivACT was performed after the

serum creatinine level was checked.

DSA
Image acquisition was performed on a biplane flat panel detector

angiographic system (Axiom Artis dBA; Siemens, Erlangen, Ger-

many). With standard angiographic methods (transfemoral route),

we used a diagnostic catheter for image acquisition. The 3D rota-

tional run was performed with a standard 3D DSA program provided

by the manufacturer (5-second DSA run; Siemens). Angiographic

data were transferred to a dedicated workstation (Leonardo; Sie-

mens) to generate rotatable, dual-volume images by using commer-

cially available software (iDentify; Siemens). On the basis of the 3D

images, targeted 2D series were obtained.

ivACT
ivACT was performed the day after DSA on the same biplane flat

panel detector angiographic system by using a dedicated angio-

graphic CT program (10-second DSA; Siemens), including a na-

tive and a contrast-enhanced run. The timing for starting the fill-

ing run was done with the “bolus-watching” technique.15 First, 60

mL of contrast material (iomeprol; Imeron 300, Bracco Imaging,

Konstanz, Germany) was injected via a needle with a minimal

inner diameter of 0.8 mm into an antecubital vein at a rate of 5

mL/s by using a power injector (Accutron HP-D; Medtron, Saar-

bruecken, Germany) followed by a saline chaser (60 mL; injection

rate, 5 mL/s). Data acquisition per run was performed with the

following parameters: acquisition time, 10 seconds per run; 70

kV; 512 � 512 matrix; projection on 30 � 40 cm flat panel size;

200° total angle; 0.8°/frame; 250 frames total; dose, 1.2 �Gy/

frame; CT weighted dose index, approximately 35 mGy. For post-

processing and image evaluation, the data were transferred to a

dedicated workstation (Leonardo).

MR Imaging
MR angiography by using the TOF technique was performed with

a 3T scanner (Magnetom Trio; Siemens). The parameters of the

TOF-MRA were as follows: TR, 22 ms; TE, 3.98 ms; matrix size,

271 � 512; section thickness, 0.7 mm; acquisition time, 5 minutes

and 37 seconds. In addition to the source images, MIP reconstruc-

tions were generated. For image evaluation, all data were trans-

ferred to a dedicated workstation (Leonardo).

Postprocessing and Image Analysis
Image reconstruction of ivACT and 3D DSA was performed by using

the mode “native mask,” kernel type “HU,” and image impression

“sharp” for coil delineation. Next, image reconstruction with the

newly implemented, commercially available mode “subtraction with

motion correction,” kernel type “HU”, and image impression “very

smooth” was performed for visualization of the arteries. Both data-

sets were fused and loaded into the InSpace function of the worksta-

tion by using a commercially available, dual-volume technique

(iDentify) to obtain 3D, freely rotatable images.

The reconstructed and source images of ivACT and MRA were

anonymized, stored in random order, and evaluated by 2 experi-

enced neuroradiologists in a consensus reading. Both raters were

blinded to the results of the DSA. Evaluation of the DSA images

was performed independently by a third experienced neuroradi-

ologist who was not involved in the ivACT and MRA evaluation.

For DSA evaluation, the 2D and the 3D images, including the

source data, were used. For assessment of the occlusion rate, “no

remnant” and “any remnant” were differentiated. The category

“any remnant” subsumes the categories “neck remnant” and “an-

eurysm remnant” on the Raymond classification scale.16 A more

detailed remnant classification was spared to avoid possible bias

resulting from discrepancies concerning the correct occlusion

grading.

The image quality of ivACT and MRA was assessed by using

the following grading system: 2 � no interference; 1 � compro-

mised, but sufficient image quality; 0 � not diagnostic.

Statistical analysis was performed by using the software

SPSS statistics 20.0 (IBM, Armonk, New York). Mean values

and SDs were calculated for aneurysm and remnant size, re-

spectively. The sensitivity and specificity of ivACT and MRA

concerning remnant detection were calculated. For analysis of

the correlation between the variables, a linear 2-sided correla-

tion (Pearson r) test was performed. The level of significance

was set as P � .05. Observer agreement with DSA was analyzed

for ivACT and MRA by using the � statistic by calculating

Cohen � coefficient. The analysis was based on any rem-

nant/no remnant observation per coiled aneurysm. A value of

0.41– 0.60 for the � coefficient was interpreted as moderate

agreement; a value of 0.61– 0.80, as substantial agreement; and

a value of 0.81–1.00, as almost perfect agreement.
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RESULTS
Using DSA, we detected a remnant in 28 cases (37%), and saw

complete occlusion in 48 cases (63%). On average, aneurysm

remnants were 3.1 � 1.7 mm high and 3.1 � 2.0 mm wide, based

on DSA imaging. Retreatment was considered necessary in 6 an-

eurysms, meaning an adequate aneurysm occlusion of 92%.

ivACT could be performed in all patients. In 66 aneurysms,

image evaluation was possible without interfering artifacts. Image

quality was assessed as compromised but sufficient in 10 aneu-

rysms. No case was assessed as nondiagnostic.

By ivACT, complete aneurysm occlusion was assessed cor-

rectly in 46 aneurysms, meaning a specificity of 96% (Figs 1 and

2). In 1 of the 2 cases in which remnants were supposed incor-

rectly, volume bare platinum coils were used, inducing compro-

mising beam-hardening artifacts. In 26 aneurysms, remnants

were detected correctly, meaning a sensitivity of 93% (Fig 3). In

the 2 cases in which ivACT failed, only small neck remnants with-

out indication for retreatment were missed. Overall, remnants up

to a minimal size of 1.0 � 0.9 mm could be revealed by ivACT.

Implanted stents caused no substantial artifacts (Fig 4). Measure-

ment of remnants by ivACT demonstrated a significant (P � .001)

correlation with DSA (Table). Observer agreement with DSA was

� � 0.89 (P � .001; 95% CI, 0.779 – 0.995), indicating almost

perfect agreement.

MRA was performed in 67 patients. In 2 patients, MRA was

not viable because of a cardiac pacemaker. In 1 case, MRA was

assessed as nondiagnostic due to susceptibility artifacts from an

additional aneurysm clip (Fig 5). Image

quality was considered compromised by

artifacts but sufficient in 4 cases. In the

remaining cases, no interfering artifacts

were observed.

Remnants were detected correctly in
26 aneurysms, meaning a sensitivity of
93%. All cases of complete aneurysm oc-
clusion were assessed correctly (specific-
ity of 100%). Measurements of remnants
by MRA demonstrated a significant (P �
.001) correlation with DSA (Table).
Observer agreement with DSA was found
to be � � 0.91 (P � .001; 95% CI,
0.810 –1.010), indicating almost perfect
agreement.

In 1 case of a restless patient, both
ivACT and MRA failed in remnant detec-
tion because of compromising motion
artifacts.

DISCUSSION
To the best of our knowledge, ivACT has

not yet been evaluated for follow-up of

coiled aneurysms. In our study, ivACT

demonstrated high sensitivity and speci-

ficity in detecting remnants down to a

minimal size of 1.0 � 0.9 mm. Assessment

of remnant size by ivACT showed a signif-

icant correlation with DSA. On the basis

of differentiating any remnant and no

remnant, agreement of ivACT with DSA

was identical in assessing the aneurysmal occlusion rate.

ivACT was performed as a dual rotational 10-second acquisi-

tion run by using the bolus-watching technique to obtain the best

arterial vessel opacification. Using a dual-volume technique

(iDentify) with newly implemented reconstruction modes, one

can generate freely rotatable 3D images. Fusing 2 separately re-

constructed datasets, 1 optimized for vessel visualization and 1 for

coil delineation, allows an improvement in image quality com-

pared with MPR images that are obtained from only 1 reconstruc-

tion step.

An advantage compared with DSA is that ivACT allows eval-

uation of several coiled aneurysms in only 1 examination step

(comparison shown in Fig 2). Implanted stents after stent-assisted

coiling induced no substantial artifacts (comparison shown in Fig

4). Moreover, the stent lumen can be assessed precisely in

ivACT,17 which is not achievable in MRA. In the case of volume

bare platinum coils, ivACT might be less suitable than MRA be-

cause these coils seem to induce compromising beam-hardening

artifacts. However, our results concerning these coils are limited

due to the small sample size, but that might be a subject for further

investigations.

In angiographic CT using intra-arterial contrast material in-

jection, substantial “eggshell” artifacts are reported for coil pack-

ages larger than 10 mm in diameter, supposedly the result of in-

sufficient reconstruction algorithms.12 In contrast, in our study

by using newly implemented reconstruction algorithms and

FIG 1. ivACT (A) and intra-arterial 3D-DSA (B) show, in comparable image quality, complete
occlusion after coiling of a posterior communicating artery aneurysm. 2D-DSA (C) confirms
complete aneurysm occlusion. TOF-MRA (D) demonstrates complete occlusion.
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iDentify instead of MPR reconstructions, we did not observe such

artifacts in larger aneurysms. Additionally, image evaluation

might be facilitated by injecting the contrast material intrave-

nously, leading to a homogeneous contrast mixing without high-

flow artifacts, which can occur with intra-arterial injection.

TOF-MRA also demonstrated high sensitivity and specific-

ity in remnant detection on almost the same level in ivACT.

Assessment of remnant size was comparable with that of ivACT

and demonstrated a significant correlation with DSA. Stents

induced no artifacts substantially compromising aneurysm

evaluation, but a reliable assessment of the stent lumen is not

viable in MRA.

Our results are in line with those in other MR imaging studies

that found substantial agreement between DSA and MRA in eval-

uating coiled aneurysms. The reported sensitivity and specificity

of remnant detection are comparable with our results.8,18,19 One

study found MRA sufficient for therapeutic decision-making in

the retreatment of recanalization.18 On the other hand, evalua-

tion of MRA performed with 3T MR imaging revealed a greater

discrepancy with DSA in aneurysms with a small (1–3 mm) resid-

ual lumen than in those with a larger lumen because for a small

residual lumen, the precise differentiation between subtotal and

incomplete occlusion does not seem possible.8 Similarly, suffi-

cient accuracy of MRA is reported, in general, for the screening of

residual flow after coil embolization, but in particular in small

aneurysms (�6 mm), the detection of residual flow was limited.17

Therefore, ivACT might be considered more favorable than MRA

in small aneurysms because we found no restrictions with ivACT

in evaluating small aneurysms. On the contrary, because ivACT

might be limited in evaluating large aneurysms with a maximum

diameter of �10 mm, ivACT and MRA could be considered com-

plementary imaging techniques, which might be selected individ-

FIG 2. ivACT (A) and intra-arterial 3D-DSA (B) show, in a comparable way, complete occlusion of an anterior communicating artery aneurysm
after coiling. MRA reveals no remnant (C). In addition, a second aneurysm located at the tip of the basilar artery was treated by coil embolization.
ivACT (D) and 3D-DSA (E) demonstrate, in nearly identical quality, complete aneurysm occlusion with only mild irregularity at the aneurysm base.
In addition, MRA reveals no remnant (F). As an advantage of ivACT (G) and MRA (H), aneurysm evaluation can be performed with only 1
examination step, in contrast to DSA, requiring several vessel catheterizations and contrast material injections.
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ually, depending on aneurysm size or coil

material. Here, further investigations

with an increased patient population are

necessary.

In our study, observer agreement with

DSA was almost perfect for both ivACT

and MRA. Interobserver variability was

not assessed because our study aimed first

to demonstrate the feasibility of ivACT

and to assess ivACT and MRA as close as

possible to the usual clinical setting with

only 1 reader. Because MRA and ivACT

reached nearly identical accuracy in rem-

nant detection and in the assessment of

remnant size, they seem equally capable

of a noninvasive follow-up; both may be

reliable alternatives to DSA. However, be-

cause MRA can be performed without ra-

diation exposure to the patient, it may

serve as the preferred technique in routine

cases. Nevertheless, in patients with con-

traindications to MR imaging (heart

pacemaker and so forth) or in the case of

compromising susceptibility artifacts due

to additional metal implants (eg, aneu-

rysm clips, comparison shown in Fig 5),

ivACT can be considered a reliable alter-

native. ivACT could also be an option in

FIG 3. ivACT (A) and 3D-DSA (B) reveal a small remnant after coiling of a posterior inferior
cerebellar artery aneurysm in nearly identical quality. DSA confirms this finding (C). TOF-MRA
also detects the small remnant (D).

FIG 4. Native (A) and DSA images (B) after stent-assisted coil embolization of a basilar artery tip aneurysm show a small, laterally located
remnant. In ivACT (C) and intra-arterial rotational 3D-DSA (D), the remnant can be revealed reliably in nearly identical image quality. In TOF-MRA
(E), the remnant can be delineated clearly, but in contrast to ivACT and 3D-DSA, artifacts are induced by the implanted stent, making stent
assessment impossible. In contrast, ivACT allows precise assessment of the stent lumen.
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patients treated with ventriculopertioneal shunts to avoid poten-

tial maladjustment or damage. The advantages of ivACT are that

it has a short acquisition time, it is less time-consuming than DSA

and MRA, and it can be performed on an outpatient basis, of

interest from an economic point of view.

Concerning radiation exposure, evaluations by using an Al-

derson-Rando phantom revealed an effective dose of 2.9 mSv for

the 10-second run of an ivACT if the entire head was scanned.

However, by collimating the FOV on the coil package, the radia-

tion dose can be substantially reduced by up to 0.5 mSv.20 For

comparison, the effective dose of a biplane 2D-DSA series was

measured as 1 mSv. Thus, especially in the follow-up of multiple

coiled cerebral aneurysms, the use of ivACT could significantly

reduce radiation exposure to the patient compared with DSA.

Advances in the rapidly developing flat panel detector technology

might further contribute to increasing dose effectiveness and im-

proving image quality.

Our findings are limited because mainly 1 type of coil was used

for aneurysm treatment in our study population. Moreover, the

mean aneurysm size and the mean remnant size were relatively

low in our population; thus, an objective for further investigations

could be to add more large aneurysms to our series. Head motion

and the resulting artifacts lead to a compromised image quality in

both modalities, making restless or noncompliant patients less

suitable for both imaging techniques. The development of special

cups for better head fixation might be helpful for reducing motion

artifacts in ivACT. As an objective for further investigations, the

implementation of reconstruction modes with automated metal

artifact reduction might further contribute to improved ivACT

image quality.

CONCLUSIONS
Both, ivACT and MRA, have a high accuracy in detecting rem-

nants after coiling. The accuracy of ivACT as well as of MRA is

comparable with the accuracy of DSA. Both noninvasive modal-

ities allowed a reliable assessment of the aneurysm occlusion rate

and remnant size. Due to the lack of radiation exposure, MRA

seems to be the preferred imaging technique. However, in selected

patients, ivACT can be considered an alternative (ie, in patients

with contraindications to MR imaging or in the case of compro-

mising artifacts due to metal implants such as aneurysm clips).

Moreover, MRA and ivACT might also be considered comple-

mentary imaging techniques, which could be selected depending

on aneurysm size or coil material. Further investigations in a

FIG 5. Native (A) and contrast-enhanced 2D-DSA (B) images show complete occlusion of a posterior communicating artery aneurysm, treated
initially by subtotal clipping, followed by stent-assisted coil embolization. ivACT (C) and 3D-DSA (D) illustrate complete aneurysm occlusion in
a comparable quality. In ivACT, no compromising artifacts by the metal implants are observed. MRA fails in delineating the coiled aneurysm
because of severe susceptibility artifacts (E).

Mean size and SD of aneurysm remnants measured by ivACT and TOF-MRA in correlation with DSA

Remnant
DSA

(Mean) (SD)
ivACT

(Mean) (SD)
Pearson

Correlation Coefficient
TOF-MRA

(Mean) (SD)
Pearson

Correlation Coefficient
Height 3.1 mm (�1.7) 2.9 mm (�1.8) 0.963 (P � .001) 2.8 mm (�1.9) 0.925 (P � .001)
Width 3.1 mm (�2.0) 3.1 mm (�2.6) 0.930 (P � 0.001) 2.8 mm (�2.1) 0.941 (P � .001)
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larger patient population are needed to substantiate our initial

results.
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