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Subtraction CTA: An Alternative Imaging Option for the
Follow-Up of Flow-Diverter-Treated Aneurysms?

M.P. Duarte Conde, " AM. de Korte, ““FJ.A. Meijer, “/R. Aquarius, “H.D. Boogaarts, ““RH.M.A. Bartels, and ). de Vries

ABSTRACT

BACKGROUND AND PURPOSE: This was a pilot study to explore the diagnostic accuracy and safety of subtraction CTA combined with
a single-energy metal artifact reduction algorithm (SEMAR) compared to DSA for the evaluation of intracranial aneurysm occlusion after
flow diverter treatment.

MATERIALS AND METHODS: We included patients treated with a flow diverter for an unruptured intracranial aneurysm between November
2015 and November 2016. The patient cohort comprised 2 groups: those who underwent follow-up imaging 1 month after flow-diverter treat-
ment and those with a known residual intracranial aneurysm after flow diverter treatment who underwent imaging at regular follow-ups.
Full-brain subtraction CTA was performed on a 320—detector row CT system. A low-dose non-enhanced volume acquisition was followed by a
contrast-enhanced volume CTA. Iterative and noise-reduction filters, SEMAR, and *“®Subtraction algorithms were applied. DSA was performed
on a flat panel C-arm angiography system. Standard posteroanterior, lateral, 3D, and detailed 2D acquisitions were performed. Imaging was
independently scored by 2 clinicians. Aneurysm occlusion (Raymond scale) was our primary outcome parameter.

RESULTS: Thirteen intracranial aneurysms were evaluated with subtraction CTA and DSA. Nine aneurysm remnants were demonstrated
by both subtraction CTA and DSA. The sensitivity and specificity of subtraction CTA for the detection of aneurysm occlusion were 100%
(95% Cl, 82.41%-100%) and 100% (95% Cl, 67.55%-100%), respectively. Agreement between readers was perfect (k = 1.0). The smallest neck
remnant detected on subtraction CTA was 1.2 mm. No complications occurred.

CONCLUSIONS: Subtraction CTA with single-electron metal artifact reduction is effective in the reduction of metal artifacts of flow
diverters and might therefore be a viable alternative in the assessment of intracranial aneurysm occlusion after flow diverter

treatment.

ABBREVIATIONS: IA = intracranial aneurysm; FD = flow diverter; sCTA = subtraction CTA; SEMAR = single-electron metal artifact reduction

low diverters (FDs) are being increasingly used to treat complex

intracranial aneurysms (IAs).'~ These stentlike implants initially
disrupt the blood flow into the IA and eventually facilitate parent
artery reconstruction through endothelialization of the FD. Ideally
this will lead to IA occlusion and rupture prevention.>*

Although complete IA occlusion is the goal of the FD treat-
ment, it is only achieved in around 75%—80% of cases.’ Identifi-
cation of aneurysm remnants after FD treatment is therefore
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important because remnants can still rupture and cause a sub-
arachnoid hemorrhage.® Digital subtraction angiography is con-
sidered the criterion standard to assess IA occlusion and IA rem-
nants after FD treatment. However, this technique is invasive and
has a low but not negligible complication rate.”””

Subtraction CT angiography (sCTA), in which a noncontrast ac-
quisition is subtracted from a contrast-enhanced acquisition, might
be a good alternative to DSA in the follow-up of patients treated with
FDs. This technique has already been shown to produce results com-
parable with those of DSA in the detection and classification of IAs in
the preoperative setting.''" Detection of small IAs and IAs adjacent
to bony structures is even more accurate in sCTA."" Additional ad-
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vantages of SCTA compared with DSA are lower costs,
invasive procedure,”” and a lower radiation dose for the patient.'*
One major disadvantage of using sCTA in the follow-up of patients
treated with FDs is that the metal wires of the implant can produce
artifacts, which can hamper IA assessment.

With the introductions of new metal artifact-reduction algo-
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Subtraction CTA + SEMAR

FIG1. A patient with 3 aneurysms treated with either a flow diverter or coils. Axial view in which
both a flow diverter (arrows) and coils are visible to illustrate the effect of single-energy metal
artifact reduction. Non-SEMAR CTA (left), CTA with SEMAR (middle), and subtraction CTA with

SEMAR (right) demonstrate the effects of SEMAR on metal artifacts.

rithms like single-energy metal artifact reduction (SEMAR) and sub-
traction algorithms (SYR¥Subtraction; Toshiba Medical Systems, To-
kyo, Japan) for second-generation 320—detector row CT scanners, 15
it now seems that we might overcome this problem. The SEMAR
algorithm uses several back-projection steps to extract metal objects
from the raw data. Next, metal artifacts are filtered out by forward-
projection through SV**Subtraction algorithms. The corrected raw
data are then reconstructed, and metal components without artifacts
are placed back into the image. This algorithm, in combination with
subtraction algorithms, has shown promising results regarding arti-
fact reduction in several fields of medicine but has not been evaluated
for assessing aneurysm occlusion after FD implantation.'®"”

The goal of our study was to answer the following question:
Can sCTA combined with a SEMAR algorithm effectively reduce
metal artifacts of FDs, making it a viable alternative to DSA in the
postoperative follow-up of patients treated with FDs? To answer
our research question, we performed a pilot study to evaluate the
diagnostic accuracy of sCTA compared with DSA for the evalua-
tion of IA occlusion after FD placement.

MATERIALS AND METHODS

Study Population

A pilot study was performed at our Department of Neurosurgery.
Ethics committee approval was obtained, and all patients gave
written informed consent. Patients treated with a FD for an un-
ruptured IA were included in our series. The patient cohort com-
prised 2 groups: those who were treated between November 2015
and November 2016 receiving follow-up imaging 1 month after
FD treatment and those with a known residual IA after earlier FD
treatment who received imaging at regular follow-ups (which was
between November 2015 and November 2016).

Exclusion criteria were the following: younger than 18 years of
age, retreatment for a previously coiled IA, the presence of an
SAH, a known allergy or contraindication to the use of contrast
agents, renal insufficiency, pregnancy, or the current clinical con-
dition not allowing inclusion. Renal function was checked before
(<3 months) and 3 days after the procedure. sCTA and DSA were
performed within 24 hours of each other.
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Digital Subtraction Angiography
DSA was performed on a flat panel C-arm
angiography system (Allura Xper FD20;
Philips Healthcare, Best, the Netherlands).
Before all acquisitions, a system-specific
air calibration of the C-arm system was
performed. Standard posteroanterior and
lateral acquisitions were obtained using a
diagnostic catheter via the transfemoral
route. After standard 2D acquisitions, a
3D rotational acquisition was performed
using a cerebral soft-tissue protocol
(XperCT; Philips Healthcare) with selec-
tive contrast bolus injection via the ICA
using a power injector (Angiomat Illu-
mena; Covidien/Mallinckrodt, Lake For-
est, California).

3D reconstructions were generated
and analyzed on a workstation (XtraVision; Philips Healthcare). 3D
reconstructions were used to assess the best working projections for
following detailed 2D acquisitions. At the end of the procedure, the
arterial puncture wound was closed with an Angio-Seal (St. Jude
Medical, Minnetonka, Minnesota) or by manual compression. An
average of 50 mL of contrast material (300 mg of iodine/mL,
iomeprol, Iomeron; Bracco, Milan, Italy) was used per procedure.
The estimated radiation dose for the entire DSA (all acquisitions) was
10 mSv.

Subtraction CTA

Full-brain sCTA was performed on a wide-detector CT system
(320—detector row CT scanner, Aquilion ONE Vision Edition;
Toshiba Medical Systems). The scanning protocol included alow-
dose nonenhanced volume acquisition at 120 kV and 100 mAs
followed by a contrast-enhanced volume CTA at 120 kV and 22
mAs using a bolus-tracked 50-mL contrast agent bolus (300 mg of
Tomeron). Iterative and noise-reduction filters, SEMAR, and
SUREGubtraction algorithms were applied (Fig 1). The estimated
radiation dose was 2.6 mSv as reported by the scanner after each
acquisition.

Image Analysis

Studies were independently scored by 1 neuroradiologist
(F.J.A.M., reader 1 with 12 years experience) and 1 neurosur-
geon (M.P.D.C,, reader 2 with 3 years experience). Neither of
these 2 readers were involved in the treatment of the patients.
Both sCTA and DSA studies were reviewed on a dedicated
clinical workstation (Impax, Version 6.6; Agfa HealthCare,
Mortsel, Belgium).

All variables were dichotomized to assess the diagnostic accu-
racy of sSCTA compared with DSA as the reference standard. In-
tracranial aneurysm occlusion rate, based on the Raymond scale,
was used as the primary study parameter and was categorized as
either completely occluded (Raymond grade 1) or incompletely
occluded (Raymond grade =2).

We assessed the following secondary outcome measures: De-
vice deployment, wall apposition, and neck coverage were scored
as “complete” or “incomplete.” Proximal and distal vessel patency



Total group: 23 patients eligible
November 2015 - November 2016

R lar foll p: 11 pati liaibl

These patients had a known intracranial aneurysm
remnant after flow diverter treatment and were
scheduled to receive regular follow-up imaging

between November 2015 - November 2016.

5 Patients excluded

3 Declined
2 Renal insufficiency

\4

Regular follow-up arm: 6 patients included

FIG 2. Description of study cohort.

FIG 3. Residual aneurysm located at the origin of the posterior communicating artery after flow
diverter placement in the internal carotid artery. Fluoroscopy (A) with a flow diverter clearly
visible, DSA (B), subtraction CTA 3D view (C), and subtraction CTA thin-slice 1-mm MIPs (D—F).

was compared with pretreatment vessel diameter and scored as either
“nonstenotic” (=25% stenosis) or “stenotic” (>25% stenosis). Side-
branch patency was scored as “unchanged” or “changed” compared
with pretreatment DSA.

Statistical analysis was performed on initial scoring. In case
of discrepancies, readers were asked to re-evaluate these spe-
cific cases in a second reading to see whether consensus be-
tween sCTA and DSA scoring could be reached. These consen-
sus readings were used solely for descriptive analysis and not
for statistical analysis because of the great bias after the initial
reading.

Statistical Analysis

Statistical analyses were performed using SPSS statistical software
(Version 22.0; IBM, Armonk, New York). The sensitivity and
specificity of sCTA compared with DSA regarding the primary
outcome measure were calculated. k statistics were calculated for
interrater reliability regarding the primary outcome measure.

l

Early foll p: 12 pati bl

These patients were scheduled for
elective flow diverter treatment between
November 2015 - November 2016 and were scheduled
to receive early follow-up 1 month after treatment.

5 Patients excluded

2 Declined
3 Unfit due to clinical condition

v

Early follow-up arm: 7 patients included

k values were scored according to the
method of Fleiss et al*’: <0.4, positive
but poor agreement; 0.41-0.75, good
agreement; and >0.75 excellent agree-
ment. Descriptive statistics were used
for patient and aneurysm characteristics
and secondary parameters.

RESULTS
Included Patients
Between November 2015 and Novem-

ber 2016, twenty-three patients were
treated with a flow diverter at our De-
partment of Neurosurgery. Thirteen
patients (8 women and 5 men) were
enrolled in this study (Fig 2). Seven
patients were newly treated and un-
derwent early follow-up imaging 1
month after treatment to assess IA clo-
sure. The remaining 6 patients had a
known IA remnant and were included at their regular fol-
low-up moment. Five patients declined to participate in the
study, and 2 patients were excluded due to their renal function.
Three patients were excluded due to their clinical condition.
These patients had neurologic deterioration after FD treat-
ment either due to mass effect or ischemic events.

The average age of patients was 60 * 8 years (range, 44-76
years). Treated IAs originated from the internal carotid artery
(54%, n = 7), middle cerebral artery (23%, n = 3), posterior
communicating artery (8%, n = 1), vertebral artery (8%, n = 1),
and posterior inferior cerebellar artery (8%, n = 1).

All patients had been treated previously with a Surpass FD
(Stryker Neurovascular, Kalamazoo, Michigan). Eleven patients
were treated with 1 FD and 2 patients were retreated with an
additional FD due to persistent IA filling after the initial FD treat-
ment. SCTA and DSA were performed within 24 hours of each
other in every patient. No complications occurred.
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Primary Outcome
In all cases, SCTA and DSA provided adequate images for diag-

nostic evaluation. Nine incomplete TA occlusions were demon-
strated by both sCTA and DSA (Figs 3-5).

The sensitivity and specificity of sCTA for the detection of
TA occlusion were 100% (95% CI, 82.41%-100%) and 100%
(95% CI, 67.55%-100%), respectively (Table). Agreement be-
tween readers was perfect (k = 1.0). The smallest neck remnant
detected on sCTA was 1.2 mm (Fig 6).

FIG 4. Residual aneurysm (arrows) located at the right carotid
artery after flow-diverter placement in the internal carotid artery.
Sagittal view of 45-mm-slice MIPs on subtraction CTA (left) and
DSA (right).

FIG 5. Residual aneurysm (arrows) located at the left anterior cere-
bral artery after flow-diverter placement in the internal carotid artery
and middle cerebral artery. Coronal view of 20-mm-slice MIPs on
subtraction CTA (left) and posteroanterior-acquisition DSA (right).
Two previously coiled aneurysms on the contralateral carotid artery
and anterior communicating artery can be seen on the subtraction
CTA.

Number of discrepancies between sCTA and DSA for both readers

Secondary Outcomes

Agreement between sCTA and DSA regarding the secondary pa-
rameters is presented in the Table. Five disagreements in 4 sec-
ondary parameters occurred.

DISCUSSION

We strived to answer the following question: Can sCTA, com-
bined with a SEMAR algorithm, effectively reduce metal artifacts
of FDs, making them a viable alternative to DSA in the postoper-
ative follow-up of patients treated with FDs? In this pilot study,
we showed that sCTA in combination with a SEMAR algorithm
was effective in the reduction of metal artifacts of FDs and that
the diagnostic accuracy of sCTA with a SEMAR was similar
compared with DSA for the evaluation of IA occlusion after FD
placement.

To our knowledge, this is the first study in which an alterna-
tive imaging technique has been shown to be comparable with
DSA after FD treatment; in recent studies, contrast-enhanced
MRA,*'"** 3D TOF-MRA,*"** C-arm conebeam CT,**** and
CTA?* were all inferior to DSA due to metal artifacts originating
from the FD wires. Although a recent study comparing contrast-
enhanced MRA with DSA demonstrated good imaging of the an-
eurysm sac after FD treatment, the assessability of the stent lu-
men, however, remained difficult due to metal artifacts.>

Besides IA occlusion, we also assessed several secondary pa-
rameters such as device deployment, device malapposition, par-
ent artery stenosis, and side-branch patency. Although 5 disagree-
ments between DSA and sCTA occurred in these secondary
parameters (Table), none would have led to discrepancies in clin-
ical decision-making. Disagreements were not clearly in favor of 1
of the 2 modalities. For example, in 1 case, a side branch was
missed by 1 reader on sCTA but not on DSA. However, in another
case, both readers scored wall apposition as incomplete on sCTA
but complete on DSA in 1 subject. A second reading of this case
confirmed incomplete wall apposition on DSA, which demon-
strated the potential of SCTA in the follow-up of patients treated
with FDs.

The SEMAR algorithm has been an important addition to the
sCTA technique. Despite only recently becoming commercially
available, it has already led to successful results in several fields of

Discrepancies

between
sCTA and DSA
Intracranial Aneurysm Feature Reader1  Reader2 Comments

Aneurysm closure (Raymond 1) 0 0 NA

Complete device deployment 0 1 Device deployment was scored complete on sCTA but incomplete on
DSA; a second reading of this case confirmed complete device
deployment on DSA

Complete wall apposition 1 1 In 1 patient, both readers scored wall apposition incomplete on sCTA
but complete on DSA; a second reading of this case confirmed
incomplete wall apposition on DSA

Complete neck coverage 0 0 NA

Vessel patency distal (nonstenotic) 1 0 Vessel patency was scored nonstenotic on sCTA but stenotic on DSA
in 1 case; a second reading confirmed nonstenosis on DSA

Vessel patency proximal (nonstenotic) 0 0 NA

Side branch patency (no change) 0 1 In 1 case, a side branch was missed on follow-up sCTA; a second

reading of the case confirmed a patent side branch on sCTA

Note:—NA indicates not applicable.
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FIG 6. Small residual aneurysm (arrows) located at the left carotid artery after flow-diverter placement in the internal carotid artery. Coronal
view of 20-mm-slice MIP on subtraction CTA (left), coronal subtraction CTA thin-slice 1-mm MIP (middle), and posteroanterior-acquisition DSA

(right).

medicine. The algorithm was able to reduce metal artifacts in
26

patients with dental implants®® and hip prostheses.'” Addition-
ally, the SEMAR was also able to improve image quality in patients
treated with coils for IA aneurysms and abdominal aneurysms
(Fig 1)."®'® These results demonstrate the importance of SEMAR
when using sSCTA, and we think it might also be a useful tool for
follow-up imaging when patients with IAs have been treated with
surgical clips or detachable coils. This should be studied in future
research.

This study has several limitations. First, because this was a
pilot study, we used a small patient cohort and thus gathered
limited data. However, we were able to collect a relatively high
number of nonoccluded TAs by selecting patients with either a
known aneurysm remnant as well as by performing a short fol-
low-up after FD implantation. A large, prospective study is nec-
essary to confirm the results of this pilot study.

Second, blinded scoring of sSCTA and DSA studies would have
improved the methodology of this study. However, with a limited
study population, it will remain extremely difficult for readers to
be completely blinded because they will likely recognize individ-
ual cases by the size, shape, and location of the TA.

Third, we only included patients treated with a Surpass FD
device and results may not translate to other FDs because not all
FDs are made from the same material. However, the cobalt chro-
mium wires of the Surpass FD are expected to result in more
pronounced metal artifacts compared with nitinol stents, which
would make this a worst-case scenario.

CONCLUSIONS

Subtraction CTA with the SEMAR is effective in the reduction of
metal artifacts of FDs and might, therefore, be a viable alternative
in the assessment of IA occlusion after FD treatment.
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