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ABSTRACT
Objective: Conventional two-dimensional digital subtraction angiography (DSA) may be insufficient for the evaluation of intracranial stents because of over-
lapping anatomy and device-related artifacts. This study investigated the impact of intraoperative flat-panel detector CT angiography (FP-CTA) on treatment 
decision-making during intracranial stent procedures.

Materials and Methods: In this retrospective, single-center study, 97 patients treated with endovascular stenting between May 2010 and May 2013 were included 
(78 aneurysms and 19 symptomatic intracranial stenoses). After stent deployment, FP-CTA was obtained to evaluate stent position, expansion, lesion coverage, 
and vessel patency. Treatment modification was defined as additional stent placement or balloon angioplasty performed solely according to FP-CTA findings.

Results: In the aneurysm cohort, FP-CTA prompted treatment modification in 25/78 patients (32%). Eleven patients (14%) required an additional stent because 
of incomplete neck coverage, malposition, or poor wall apposition. Fourteen patients (18%) underwent balloon angioplasty for underexpansion or residual 
in-stent stenosis. No FP-CTA-driven modification was required in the stenosis group. No FP-CTA-related complications occurred.

Conclusion: Intraoperative FP-CTA frequently changes the treatment strategy, particularly in stent-assisted aneurysm procedures, by detecting suboptimal 
deployment that is not evident on DSA. It is a useful adjunctive imaging tool for quality control and the optimization of intracranial stent interventions.
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INTRODUCTION
Intracranial aneurysms and atherosclerotic intracranial ar-
tery stenoses are among the leading causes of both ischemic 
and hemorrhagic cerebrovascular events.[1] Aneurysms are 
conditions requiring treatment because of their high mortal-
ity and morbidity.[2] Similarly, symptomatic intracranial ath-
erosclerotic stenoses significantly increase the risk of isch-
emic stroke and make treatment management more difficult 
in cases resistant to medical treatment.[3]

In recent years, rapid technological advancements in en-
dovascular treatment techniques have led to an increasing 

preference for endovascular approaches as an alternative 
to open surgery.[4] Intracranial stenting has become the pre-
ferred method for wide-necked or dissecting aneurysms with 
complex morphology and hemodynamically significant in-
tracranial stenoses.[5] With advancing technology, stents de-
signed for intracranial use have acquired features such as 
a low profile, high flexibility, superior navigation capability, 
and adaptability to tortuous vascular anatomy.[6] However, 
the materials used to achieve these features, as well as the 
reduction in stent strut thickness, limit radiopacity, making 
it difficult to evaluate these devices in sufficient detail using 
conventional imaging methods.

 2026;18(3):332-338

https://orcid.org/0000-0002-6300-5453
https://orcid.org/0000-0003-0884-6492
https://orcid.org/0000-0002-3626-6244
https://orcid.org/0000-0002-6620-8934


333

Özlük et al. FPD CTA in Intracranial Stent Procedures

Digital subtraction angiography (DSA) is the gold standard in 
neuroendovascular interventions because of its high tempo-
ral resolution and real-time imaging capabilities. However, 
the production of two-dimensional images makes it difficult 
to differentiate overlapping anatomical structures and visu-
alize stent struts with low radiopacity. It is not always pos-
sible to optimally evaluate critical parameters that directly 
affect treatment success, such as neck coverage, stent pa-
tency, apposition to the vessel wall, and the degree of resid-
ual stenosis within the stent lumen, using DSA.

Suboptimal stent placements that may be overlooked during 
the procedure can lead to serious consequences, such as 
thromboembolic complications, in-stent restenosis, flow 
disturbances, or inadequate closure of the aneurysm neck. 
Failure to detect conditions such as stent malposition and 
incomplete opening early can negatively affect the clinical 
course. Moreover, the detection of these complications after 
the procedure increases the need for additional interven-
tions and the associated risks.

All these reasons highlight the need for imaging methods 
that offer higher spatial resolution and provide cross-sec-
tional and three-dimensional analysis capabilities for intrap-
rocedural and early postprocedural evaluation. Flat-panel 
detector computed tomography angiography (FP-CTA) is an 
advanced imaging modality performed in the angiography 
unit. Owing to its high spatial resolution, it allows for detailed 
visualization of stent struts, evaluation of their relationship 
with the vessel wall, and assessment of the quality of appo-
sition.[7] In addition, it offers important advantages, such as 
verification of the microcatheter position within the target le-
sion, determination of the stent–stent relationship, and early 
detection of possible intraprocedural complications.[8–10]

The volumetric data sets provided by FP-CTA, together with 
its multiplanar reconstruction and three-dimensional evalua-
tion capabilities, contribute to a much more accurate analysis 
of complex vascular structures compared with standard angi-
ography.[11] With these features, FP-CTA is not only a comple-
ment to DSA but also a dynamic imaging tool that can directly 
influence the operator's decision-making process during the 
procedure, such as the need for balloon angioplasty, addition-
al stent placement, or reconfiguration of an existing stent.

Accurate and reliable evaluation of optimal stent placement 
in the endovascular treatment of intracranial aneurysms 
and stenoses is of great importance for increasing treatment 
effectiveness, reducing complication rates, and enabling 
timely intervention when necessary. In this study, the micro-
catheter position, stent configuration, vessel wall apposition, 

and the requirement for balloon angioplasty were evaluated 
in detail using FP-CTA images obtained during or after the 
procedure in patients with intracranial aneurysms and in-
tracranial stenosis treated with stents. The main aim of the 
study was to investigate the diagnostic effectiveness of FP-
CTA in intraprocedural evaluation and its impact on clinical 
decision-making and the need for additional interventions.

MATERIALS and METHODS
Study Design and Patient Population 
This was a retrospective, single-center study. Consecutive 
patients who underwent endovascular intracranial stent 
placement between May 2010 and May 2013 were reviewed. 
During this period, 90 patients were treated for intracrani-
al aneurysms and 23 for intracranial stenosis. Intraopera-
tive flat-panel CT angiography (FP-CTA) was not performed 
in 12 patients with aneurysms and 4 patients with stenosis 
because of technical and procedural limitations, including 
acquisition-related issues and workflow constraints. These 
patients were therefore excluded from the final analysis. The 
final cohort consisted of 97 patients: 78 treated for intracra-
nial aneurysms and 19 for symptomatic intracranial stenosis.

The study protocol was approved by the Istanbul Universi-
ty Cerrahpaşa Faculty of Medicine Clinical Research Ethics 
Committee of the institution (approval no.: 83045809/18209; 
date: 02.07.2013). Written informed consent for the endo-
vascular procedures was obtained from all patients or their 
legal representatives as part of routine clinical practice. 
Because of the retrospective nature of the study, additional 
informed consent for study participation was waived by the 
ethics committee. This study was conducted in accordance 
with the ethical principles of the Declaration of Helsinki.

Inclusion and Exclusion Criteria
Patients were eligible if they met at least one of the follow-
ing criteria: a previously coiled aneurysm with documented 
regrowth or recurrence, a broad-necked aneurysm requiring 
stent-assisted treatment, an aneurysm with an unfavorable 
sac-to-neck ratio, or symptomatic intracranial arterial stenosis.

Exclusion criteria included subarachnoid hemorrhage within 
the preceding 2 months, unstable or progressive neurologi-
cal deficits, and acutely ruptured aneurysms.

Periprocedural Management
Almost all patients received dual antiplatelet therapy with 
clopidogrel 75 mg and aspirin 300 mg, started at least 7 days 
before the procedure. In cases in which pretreatment was not 
possible, a loading dose of 600 mg of clopidogrel was adminis-



334

Compreh Med 2026;18(3):332-338

tered on the day of treatment. Standard platelet function test-
ing for clopidogrel resistance was performed in all patients.

All procedures were performed under general anesthesia 
with an anesthesiologist in attendance. After placement of 
a 6F–8F long arterial sheath, 5000 IU of intravenous hep-
arin was administered to all but one patient; a 12-year-old 
patient received 2500 IU. In addition, continuous heparinized 
saline (1000 IU/L) was infused throughout the procedure.

A 6F guiding catheter was advanced to the distal cervical 
segment of the target artery. The aneurysmal or stenotic 
segment was catheterized using a microcatheter and mi-
crowire combination. In stenosis cases, balloon angioplasty 
of the lesion was performed before stent placement. In two 
patients with aneurysms, angioplasty was also performed 
for an adjacent stenotic segment. Appropriate self-expand-
ing intracranial stents were then deployed across the aneu-
rysm neck or stenotic segment.

Flat-Panel CT Angiography Protocol
Intraoperative FP-CTA was performed after stent deploy-
ment to evaluate stent position, expansion, wall apposition, 
coverage of the aneurysm neck or stenotic segment, parent 
vessel patency, and distal branches.

All imaging was performed using a biplane flat-panel detec-
tor angiography system (Allura Clarity Xper FD20/10; Philips 
Medical Systems, the Netherlands). A standardized diluted 
iodinated contrast protocol was used, with a total injected 
volume of approximately 90–100 mL delivered over approx-
imately 8 seconds through an intra-arterial catheter. The 
C-arm performed a rotational acquisition of approximately 
220° around the patient’s head over approximately 21 sec-
onds, with a detector field of view of 22×22 cm. This yielded 
approximately 600 projection images and an estimated dose 
of approximately 50 mGy.

Raw data were reconstructed on the XtraVision workstation 
into high-resolution, isotropic three-dimensional volumes 
within 30–40 seconds. Multiplanar reformations and maxi-
mum-intensity projection (MIP) images were generated using 
dedicated “stent” and “soft-tissue” windows. Small intracra-
nial vessels, including perforators, were routinely visualized.

A “treatment modification” driven by FP-CTA was defined as 
any additional endovascular maneuver performed solely on 
the basis of FP-CTA findings, including the placement of one 
or more additional stents (e.g., to improve neck coverage or 
wall apposition) and adjunctive balloon angioplasty for un-
derexpanded stents or residual in-stent stenosis. Convention-
al two-dimensional DSA was available in all cases, but modi-

fications were attributed to FP-CTA only when an abnormality 
was either not visible or not clearly defined on DSA alone.

FP-CTA datasets were evaluated by two experienced in-
terventional neuroradiologists who participated in the 
procedures. Images were reviewed by consensus using 
multiplanar and maximum-intensity projection recon-
structions. Because FP-CTA was used as an intraoperative 
decision-making tool, blinding to DSA findings and proce-
dural information was not feasible.

Statistical Analysis
The data were analyzed using SPSS Statistics for Windows, 
Version 25.0 (IBM Corp., Armonk, NY, USA). Continuous vari-
ables were presented as means and ranges, and categorical 
variables were presented as numbers and percentages, as 
appropriate.

RESULTS
Demographic and Clinical Characteristics
The final study group included 97 patients: 78 with intra-
cranial aneurysms and 19 with intracranial stenosis. In the 
aneurysm group, the mean age was 48.4 years (range, 12–73 
years), and in the stenosis group, the mean age was 62.9 
years (range, 49–79 years). In the aneurysm group, 17% of 
the patients were male (13 men and 65 women), whereas in 
the stenosis group, 79% of the patients were male (15 men 
and 4 women) (Table 1).

Lesion Characteristics
In the aneurysm cohort, 119 aneurysms were present, of 
which 98 were targeted for stent-assisted treatment during 
the index procedures. Three aneurysms were fusiform or 
dissecting; the remainder were saccular. Among the mea-
surable saccular aneurysms, sizes ranged from 4×3 mm to 
42×26 mm, with a mean size of approximately 14×11 mm.

Table 1. Baseline demographic and clinical characteristics of 
the study population

Variable Aneurysm 
group 
(n=78)

Stenosis 
group 
(n=19)

Total 
(n=97)

Mean age (years) 48.4 62.9 51.2

Age range (years) 12–73 49–79 12–79

Male sex, n (%) 13 (17) 15 (79) 28 (29)

Female sex, n (%) 65 (83) 4 (21) 69 (71)

Underwent FP-CTA-guided 
treatment modification, n (%)

25 (32) 0 (0) 25 (26)
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Aneurysm locations, based on the treated lesions, were 
as follows: para-ophthalmic internal carotid artery (ICA) 
in 69 cases (70%), petrocavernous ICA in 12 cases (12.2%), 
anterior communicating/anterior cerebral artery complex 
(ACoA/ACA) in 6 cases (6.1%), posterior circulation (PCA–
vertebrobasilar region) in 7 cases (7.1%), supraclinoid ICA 
in 2 cases (2%), and middle cerebral artery (MCA) region 
in 2 cases (2%). Overall, 40 aneurysms were located on the 
right side and 55 on the left side. Three aneurysms located 
in the basilar artery/posterior midline circulation were not 
assigned a specific laterality.

In the stenosis group, the treated intracranial stenoses were 
located in the vertebrobasilar system in 10 cases (45%), pet-
rocavernous ICA in 6 cases (27%), supraclinoid ICA in 3 cas-
es (13.6%), and MCA in 3 cases (13.6%). Eight stenoses were 
on the right side and 12 on the left side. Stenotic segment 
lengths ranged from 6 to 19 mm (mean, approximately 12 
mm). Baseline diameter stenosis ranged from 65%–70% to 
99% preocclusive stenosis, with an average narrowing of ap-
proximately 80%–85%.

Multiple lesions were common. In the aneurysm group, 24 
patients had more than one aneurysm treated in the same 
or a different segment: 11 patients had two aneurysms, 10 
had three, and 3 had four aneurysms. This yielded 119 an-
eurysms overall, of which 98 were treated with stents during 
the study procedures. In the stenosis group, five patients had 
an additional intracranial stenosis separate from the treat-
ed segment. Three of these five patients underwent stenting 
of the second lesion during the same session, whereas two 
were managed conservatively because the additional steno-
sis was not considered hemodynamically significant.

Prior and Adjunctive Treatments
In the aneurysm cohort, eight patients were treated for re-
currence or residual lesions after previous endovascular 
therapy: four had undergone prior coil embolization, three 
had undergone prior stent placement, and one had under-
gone prior treatment with a liquid embolic agent (Onyx; ev3, 
USA). During the index procedure, two patients also under-
went additional coil embolization of the same aneurysm in 
conjunction with stent deployment.

Stents and FP-CTA-Guided Modifications
A total of 131 intracranial stents were implanted, including 
109 stents in the aneurysm group and 22 stents in the ste-
nosis group. In four patients, stent-assisted embolization 
was performed at two different aneurysm locations during 
the same session. In other cases, multiple stents were de-

ployed in a telescoping fashion across the same or adjacent 
segments to create a stent bridge.

In the aneurysm group, intraoperative FP-CTA prompted 
treatment modification in 25 of 78 patients (32%). Specif-
ically, 11 patients (14%) received at least one additional 
stent because FP-CTA demonstrated incomplete neck 
coverage, suboptimal wall apposition, or malposition that 
was not adequately appreciated on DSA, and 14 patients 
(18%) underwent adjunctive balloon angioplasty because 
of underexpanded stents or residual in-stent stenosis 
identified on FP-CTA (Fig. 1). In the intracranial steno-
sis group, which included 19 patients, no FP-CTA-driven 
treatment modifications were required; stent position and 
expansion were deemed satisfactory on both DSA and FP-
CTA in these cases.

No complications attributable to FP-CTA acquisition it-
self, such as contrast reactions or hemodynamic instability 
during prolonged acquisition, were observed (Table 2).

DISCUSSION
In this study, the use of intraoperative flat-panel CT angiog-
raphy (FP-CTA) as a technical quality-control tool in com-
plex intracranial stent and flow-diverter treatments and its 
impact on endovascular treatment strategy were evaluated.

High-resolution flat-panel CT techniques have been shown 
to allow satisfactory visualization of intracranial stents, with 
a reported mean visible stent length of approximately 76%, 
increasing to 97% when imaging is performed before addi-
tional coiling, and with mild kinking or misdeployment de-
tected in approximately 22% of cases.[12] Our intraoperative 
FP-CTA experience is in line with these observations, sup-
porting the role of flat-panel techniques as an adjunct to 
conventional two-dimensional DSA for assessing stent ex-
pansion, apposition, and neck coverage in complex aneu-
rysm and stenosis treatments.

Several groups have also reported that contrast-enhanced 
flat-panel CT or angiographic CT depicts stent markers and 
tantalum strands with good-to-excellent visibility in the 
majority of cases, although streak artifacts from coils may 
degrade image quality, especially in larger aneurysms ≥10 
mm.[13] Similarly, angiographic CT and cone-beam CT have 
been proposed as useful modalities for visualizing both stent 
struts and adjacent vessels during follow-up after stent-as-
sisted coiling.[14] These data support our rationale for the 
routine use of intraoperative FP-CTA in selected complex 
cases to verify device geometry and parent vessel patency 
before the end of the procedure.
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A major limitation of flat-panel-based techniques in the 
stent-assisted coiling setting is metal-induced artifact from 
the coil mass, which can obscure the relationship among the 
aneurysm, stent, and parent artery. Metal artifact reduc-
tion (MAR) algorithms in contrast-enhanced cone-beam CT 
have been shown to substantially decrease streak artifacts 
and convert a large proportion of previously nondiagnostic 
studies into datasets with at least sufficient image quality for 
assessment.[15] Similarly, MAR applied to flat-panel detector 
CT angiography with intravenous contrast has significantly 
improved the assessability of the brain parenchyma, small 
vessels, parent vessel patency, and potential aneurysm rem-
nants in patients with coils or clips, although not in stented 
vessels.[16] These findings highlight both the potential and 
the current constraints of intraoperative FP-CTA in heavily 
coiled or multilayer-stented segments and are consistent 
with the qualitative limitations encountered in our series.

Beyond immediate technical optimization, intraoperative 
FP-CTA may also influence long-term outcomes by improv-
ing device apposition. Placement of a stent within a flow 
diverter has been associated with significantly higher com-
plete occlusion rates at 9–12 months, presumably because 
of improved flow-diverter apposition related to the higher 

radial force of the intracranial stent.[17] Therefore, intraoper-
ative detection of malapposition or kinking by FP-CTA may 
guide additional balloon angioplasty or adjunctive stenting, 
which could provide better aneurysm occlusion and lower 
recanalization rates.

Recent advances in intracranial stent technology have in-
creasingly focused on improving hemodynamic efficien-
cy, deliverability, visibility, and vessel wall interaction. 
Dual-layer flow-diverting stent technology combines a 
high-density inner mesh for flow diversion with a support-
ive stent structure for enhanced radial force and wall appo-

Figure 1. Flat-panel dedector CT angiography (FP-CTA) images of a patient previously treated with a flow-diverting stent for a 
right internal carotid artery (ICA) paraophthalmic aneurysm. (a) During treatment of a left ICA paraophthalmic aneurysm with 
a dual-layer flow-diverting stent, kinking of the stent is observed following deployment. (b) After balloon angioplasty, the stent 
demonstrates optimal expansion and apposition

a b

Table 2. FP-CTA–driven intraprocedural treatment 
modifications

Modification type Aneurysm 
group 
(n=78)

Stenosis 
group 
(n=19)

Total

Additional stent placement 11 (14%) 0 11

Balloon angioplasty 14 (18%) 0 14

Any treatment modification 25 (32%) 0 25

FP-CTA-related complications 0 0 0

FP-CTA: Flat-panel detector computed tomography angiography
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sition.[18] Drawn-filled tube technology is a composite wire 
design in which a radiopaque core (e.g., platinum) is en-
cased within a structural alloy (e.g., nitinol) and drawn into 
a single filament, enabling improved fluoroscopic visibility 
without compromising mechanical performance. Thus, this 
new stent design provides better visualization of the stent 
body, not just the distal ends, while maintaining superelas-
ticity.[19] Low-profile stents are compatible with smaller mi-
crocatheters (≤0.021 inches) and have expanded the appli-
cability of flow diversion to more distal and smaller-caliber 
vessels with improved trackability.[20]

Photon-counting CT uses photon-counting detectors instead 
of conventional CT detectors. This enables higher spatial 
resolution, less noise, and true spectral, or multi-energy, 
imaging in a single scan. In one phantom study compar-
ing photon-counting CT in ultra-high-resolution mode with 
flat-panel CT, flat-panel CT provided a significantly larger 
assessable stent lumen, whereas photon-counting CT at a 
moderate dose offered a reasonable compromise between 
image quality and radiation exposure.[21] Although these re-
sults were derived from experimental models, they suggest 
that flat-panel-based FP-CTA will likely remain an import-
ant tool for detailed lumen and device assessment, particu-
larly in the immediate periprocedural period.

This study has several limitations. First, the sample size is 
limited, and the design is retrospective, which may introduce 
selection and information bias. Second, the image quality 
and diagnostic impact of FP-CTA were not quantified using 
a standardized scoring system, as in prior observer stud-
ies, and the decision to perform additional angioplasty or 
adjunctive stenting was at the operator’s discretion. Third, 
our findings were derived from a single-center experience 
using a specific flat-panel system and contrast protocol; 
therefore, generalizability to other platforms and acquisi-
tion parameters may be limited.

Another important limitation is that the study cohort was 
collected between 2010 and 2013. Since that period, sub-
stantial advances have occurred in intracranial stent tech-
nology, device radiopacity, flat-panel detector systems, im-
age-reconstruction software, and metal artifact reduction 
algorithms. Therefore, the image quality and procedural 
impact observed in this study may not fully reflect the per-
formance of contemporary FP-CTA systems. Nevertheless, 
the study remains clinically relevant because it demon-
strates the fundamental value of high-resolution intrapro-
cedural cross-sectional imaging for detecting stent malap-
position, underexpansion, and inadequate lesion coverage 

during neuroendovascular procedures. Finally, long-term 
angiographic and clinical outcomes were not systematical-
ly correlated with intraoperative FP-CTA findings; therefore, 
the effect of FP-CTA-guided optimization on occlusion and 
complication rates remains speculative.

CONCLUSION
The data support intraoperative FP-CTA as a valuable ad-
junct to DSA in complex intracranial stent and flow-divert-
er procedures. Routine use in selected high-risk anatomies 
may allow earlier detection and correction of suboptimal 
device deployment and may improve confidence in treat-
ment completeness before the end of the procedure. Future 
prospective studies with standardized imaging protocols, 
quantitative FP-CTA analysis, and systematic long-term 
follow-up are warranted to clarify the impact of FP-CTA-
guided optimization on aneurysm occlusion, in-stent ste-
nosis, and clinical outcomes.
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