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Use of flow-diverter stents (FDSs) in the treatment 
of intracranial aneurysms is gradually increasing. 
FDSs have been shown to induce intraaneurysmal 

thrombosis by disrupting blood flow near the aneurysm 
neck, while preserving the patency of the parent vessel 
and covered branches.28 Although the thromboembolic 
complication rate is low,1,10,28,37 studies on the effects of 
FDS placement on small branch vessels are inadequate.

The anterior choroidal artery (AChA) is an important 
small branch of the internal carotid artery (ICA). It has 
an extensive perfusion territory, supplying the posterior 
two-thirds of the internal capsule, the adjacent optic and 
auditory radiations, the medial portion of the globus pal-
lidus, the tail of the caudate nucleus, the uncus, the head of 
the hippocampus, the amygdala, the piriform cortex, and 

the lateral portion of the lateral geniculate nucleus.11,14,15,39 
Complete AChA territory infarction thus profoundly im-
pacts a patient’s condition, by primarily leading to hemi-
paresis, hemihypesthesia, and hemianopsia. On the other 
hand, the AChA does display some anatomical variants 
and some anastomoses, which explains why not all symp-
toms are necessarily present. Among the symptoms ob-
served, motor deficits are the most common, sensory defi-
cits more occasional, and hemianopsia and other cortical 
signs are less frequent.4,9,15,16,26,29,38,40 Furthermore, compro-
mised flow through the AChA does not always result in 
profound neurological deficits.7,31

In this study, we performed angiographic and clinical 
evaluations to assess AChA patency and thus the safety of 
covering the AChA with an FDS.

abbreviatioNs AChA = anterior choroidal artery; FDS = flow-diverter stent; ICA = internal carotid artery; MCA = middle cerebral artery.
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obJect The concept of the flow-diverter stent (FDS) is to induce aneurysmal thrombosis while preserving the patency 
of the parent vessel and any covered branches. In some circumstances, it is impossible to avoid dangerously covering 
small branches, such as the anterior choroidal artery (AChA), with the stent. In this paper, the authors describe the clini-
cal and angiographic effects of covering the AChA with an FDS.
methods Between April 2011 and July 2013, 92 patients with intracranial aneurysms were treated with the use of 
FDSs in the authors’ institution. For 20 consecutive patients (21.7%) retrospectively included in this study, this involved 
the unavoidable covering of the AChA with a single FDS during endovascular therapy. AChAs feeding the choroid plexus 
were classified as the long-course group (14 cases), and those not feeding the choroid plexus were classified as the 
short-course group (6 cases). Clinical symptoms and the angiographic aspect of the AChA were evaluated immediately 
after stent delivery and during follow-up. Neurological examinations were performed to rule out hemiparesis, hemihypes-
thesia, hemianopsia, and other cortical signs.
results FDS placement had no immediate effect on AChA blood flow. Data were obtained from 1-month clinical 
follow-up in all patients and from midterm angiographic follow-up in 17 patients (85.0%), with a mean length of 9.8 ± 5.4 
months. No patient in either group complained of transient or permanent symptoms related to an AChA occlusion. In all 
cases, the AChA remained patent without any flow changes.
coNclusioNs The results of this study suggest that when impossible to avoid, the AChA may be safely covered with 
a single FDS during intracranial aneurysm treatment, irrespective of anatomy and anastomoses.
http://thejns.org/doi/abs/10.3171/2014.11.JNS141603
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anterior choroidal artery covered with a flow-diverter stent

methods
Population and Anatomical Classification

Between April 2011 and July 2013, 92 FDSs were used 
in our institution to treat intracranial aneurysms. Of these, 
20 (21.7%) covered the AChA, and the corresponding pa-
tients were retrospectively included in this study. AChAs 
feeding the choroid plexus (Fig. 1 left) were classified into 
a long-course group and those not feeding the choroid 
plexus (Fig. 1 right) into a short-course group, with few 
possible anastomoses.

endovascular treatment
All treatments were performed under general anesthe-

sia. Four commercially available FDSs were employed: 
Silk (Balt), Pipeline (eV3), Fred (MicroVention), and Sur-
pass (Stryker). Aneurysms were treated by 1 of 4 thera-
peutic approaches: FDS only, both FDS and coils, FDS 
associated to another non-FDS stent, or FDS with Onyx 
(eV3). For each case, the selection of the specific FDS and 
eventual adjunctive therapy depended on the operators’ 
judgment. Patient informed consent was obtained before 
treatment in each case.

All patients received dual antiplatelet therapy (aspirin 
160 mg daily and clopidogrel 75 mg daily) for 7 days be-
fore the procedure. The effectiveness of the antiplatelet 
therapy was tested by light transmission aggregometry and 
the VerifyNow Aspirin or P2Y12 assays (Accumetrics). 
All patients responded to the antiplatelet medications. For 
their postprocedural medication regimen, clopidogrel was 
maintained for 3 months, and aspirin was continued for 1 
year.

All procedures were performed under heparin antico-
agulation: 50-U/kg heparin bolus at the beginning of the 
procedure, followed by a continuous intravenous infusion 
of 35–50 U/kg/hr to maintain an activated clotting time of 
2–2.5 times the baseline.

procedural assessment and Follow-up
Patency and eventual flow changes in the AChA were 

checked angiographically immediately after FDS place-
ment and during follow-up. Standard digital subtraction 
angiography and VasoCT (Philips Healthcare) stud-
ies were used to assess AChA patency and any eventual 
neointimal hyperplasia. In-stent stenosis with neointimal 
hyperplasia was graded as none (0%), mild (0%–25%), or 
severe (> 25%). Postprocedural cone-beam CT was per-
formed systematically to rule out ischemic or hemorrhagic 
complications. Two of the authors retrospectively and in-
dependently of the operators evaluated all angiographic 
studies.

Neurological exams were performed to evaluate poten-
tial ischemic complication in the AChA territory and to 
rule out hemiparesis, hemihypesthesia, hemianopsia, and 
other cortical signs. Modified Rankin Scale scores were 
collected by a neurologist during the preoperative visit 
and again at each follow-up examination. Symptomatic 
evolution was retrospectively evaluated from the patients’ 
hospital notes. For the patients who declined a visit to hos-
pital, symptom assessment was made during telephone 
interviews.

results
The results of this study are detailed in Table 1. The 

included patients were 6 men and 14 women, with a mean 
age of 58.3 years (range 22–74 years). Silk stents were 
used in 14 cases, Pipeline stents in 4, and Fred and Surpass 
stents in 1 case each. Six aneurysms were treated with 
FDS combined with coils, another stent, or Onyx. The 
AChA was always covered by a single FDS without other 
FDS or embolization material. The long-course group in-
cluded 14 cases and the short-course group 6 cases. An-
eurysms were located on the right and left sides in 9 and 
11 cases, respectively. Nine aneurysms had a paraclinoid 

Fig. 1. Representative angiograms illustrating the AChA classification system used in this study. AChAs feeding the choroid 
plexus (left) were classified into a long-course group and those not feeding the choroid plexus (right) into a short-course group, 
with few possible anastomoses. The AChAs are indicated by arrows in both images.
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location, 4 arose in the posterior communicating artery, 4 
in the internal carotid artery bifurcation, 1 in the AChA, 
1 in the cavernous part of the ICA, and 1 in the middle 
cerebral artery. Two patients were undergoing retreatment 
because of recanalization after coiling. We noted no an-
giographic AChA flow changes immediately after FDS 
placement, and no ischemic changes in the AChA territo-
ry on the postprocedural CT scan. The angiographic data 
obtained for 17 patients (85.0%) over a mean follow-up 
duration of 9.8 ± 5.4 months confirmed the maintenance 
of AChA patency in all cases (Fig. 2), with no change in 
AChA flow. Six patients (35.3%) presented mild neointi-
mal hyperplasia.

No patients were lost to clinical follow-up (mean dura-
tion 9.6 ± 6.3 months). Two patients exhibited contralateral 
paresis before FDS treatment, one due to cerebral vaso-
spasm and the other to intracerebral hemorrhage; neither 
of these patients showed any deterioration in their con-
dition after FDS treatment. One patient had third cranial 
nerve palsy due to a posterior communicating artery an-
eurysm. No patient in either group complained of transient 
or permanent symptoms suggestive of AChA thromboem-
bolic complication.

discussion
Considering the increased risk of thrombotic compli-

cations with impaired flow in the AChA,20,21 every effort 
should be made to preserve the patency of the AChA dur-
ing endovascular treatment of intracranial aneurysms. 
According to results from several large clinical stud-
ies evaluating FDS use to treat intracranial aneurysms, 
0%–11% of patients experienced acute ischemic com-

plications and 0%–12% experienced delayed ischemic 
complications.3,5,12,27,28,32,36 Evidence suggests that most 
thromboembolic complications after FDS placement oc-
cur in the distal branches and parent arteries but not in 
the small branches, and that the covered branch arteries 
are safe provided that flow rate is maintained through the 
FDS.25,28,36

While several studies have reported cases of FDS-
covered AChAs remaining patent on angiographic as-
sessment, no clear explanation of this observation yet 
exists.8,22,34,37 Some new FDS models have a low-porosity 
design on both ends, a specificity that, according to some 
authors,22 could help maintain anterograde flow in small 
covered vessels such as the AChA during the treatment 
of carotid siphon aneurysms. Considering the lack of any 
clear explanation for the observed safety of covering small 
side-wall branch arteries such as the AChA with an FDS, 
we tried whenever possible to avoid covering the AChA 
with the FDS. However in 1 of 5 cases, covering the AChA 
was unavoidable.

In those cases where the AChA was covered, we ob-
served no acute or delayed thromboembolic events. All 
AChAs remained patent without stenosis, as observed by 
angiography, and no patient displayed any related neu-
rological deficit. This would suggest, therefore, that the 
AChA can be safely covered with a single FDS regardless 
of anatomy and potential for anastomosis. What remains 
uncertain is whether the factors that prevent occlusion of 
the AChA depend on 1) its anatomical location, 2) the pos-
sibility of collateral supply, 3) its diameter in comparison 
with the size of the FDS struts, or 4) the difference be-
tween its diameter and that of the ICA.

table 1. summary of treatment and follow-up results for 20 patients with acha covered with Fds

Patient  
No.

Age 
(yrs)

AChA 
Type FDS

Symptoms w/ AChA Occlusion  
on Follow-Up Last Angiography

AChA Patency on  
Last Angiography

Neointimal  
Hyperplasia

1 56 Short Silk No 2 yrs Yes None
2 69 Short Silk No 6 mos Yes Mild
3 59 Long Silk No 1 yr Yes Mild
4 74 Long Silk No — — —
5 68 Long Silk No 1.5 yrs Yes None
6 67 Long Silk No 1 yr Yes None
7 62 Long Silk No 6 mos Yes None
8 63 Long Silk No — — —
9 22 Long Pipeline No — — —
10 30 Long Pipeline No 1.5 yrs Yes None
11 46 Long Silk No 1 yr Yes Mild
12 74 Long Silk No 6 mos Yes None
13 65 Long Fred No 1 yr Yes None
14 48 Short Silk No 6 mos Yes None
15 65 Short Pipeline No 6 mos Yes Mild
16 71 Long Silk No 6 mos Yes None
17 56 Short Surpass No 6 mos Yes None
18 52 Short Silk No 6 mos Yes None
19 64 Long Silk No 6 mos Yes Mild
20 55 Long Pipeline No 6 mos Yes Mild
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In a study involving rabbits, the branch arteries covered 
with an FDS fitted in the descending aorta remained pat-
ent.18 However, some covered branches may still occlude 
after FDS placement, even with appropriate antiplatelet 
premedication and testing. In humans, Lall et al.24 recently 
reported the acute occlusion of 3 major arteries covered 
with an FDS (posterior cerebral artery, posterior inferior 
cerebellar artery, and a branch of the middle cerebral ar-
tery [MCA]). Another study involving 25 cases of MCA 
aneurysm treated with FDS reported reduced filling in 6 
branches and asymptomatic occlusion in 3 at follow-up.42 
In the hands of Pistocchi et al.,33 only 38.1% of arterial 
branches beyond the level of the circle of Willis that were 
covered with an FDS remained patent, with asymptomatic 
occlusion in 38.1% of them and slow flow modifications 
in the remaining 23.8%. In their studies, almost all of the 
covered branches described as being occluded or having a 
reduced flow were in fact bifurcation branches rather than 
small side branches.

A few reports have focused on the FDS covering an-
other small side-wall branch vessel, the ophthalmic artery. 
Szikora et al.37 reported 1 acute and 2 delayed ophthalmic 
artery occlusions in 19 cases of ICA aneurysms treated 
with FDS. In their detailed study, Puffer et al.34 reported 
an immediate change in flow in 15% of ophthalmic arter-
ies covered with FDSs, and delayed occlusion observed on 
follow-up angiograms in approximately 25%. In another 
recent FDS study, 2 of 15 cases of covered ophthalmic 
arteries lost their anterograde flow without any clinical 
consequence.8 No AChA occlusion was described in these 
studies.

Puffer et al.34 stated that the ophthalmic artery is like 
the AChA in that it is a small branch arising from the ICA, 
yet it differs from the AChA in terms of anastomosis, es-
pecially with external carotid arteries. Indeed, should oph-
thalmic artery inflow be reduced by an FDS, the distal bed 
takes over the supply from other anastomotic external ca-
rotid artery branches. However, the AChA also has some 
anastomoses with other small branches.6,13,17 After the 
AChA’s ventricular penetration, branches to cerebral tis-

sue are absent, and it connects with some choroidal anas-
tomoses.41 The extent and location of lesions produced by 
occlusions of the AChA vary, owing to anastomosis of the 
AChA with the posterior choroidal artery, interpeduncu-
lar plexus, and posterior communicating artery.6,35 In our 
study, 14 cases were classified into the long-course group 
and were expected to have effective anastomoses with oth-
er choroidal branches. Nevertheless, no patient in either 
group presented with symptoms relating to AChA occlu-
sion. These results suggest that the patency of the AChA 
covered with an FDS may be maintained irrespective of 
the anatomy and potential collateral flow.

In addition, it should be noted that in the series reported 
by Puffer et al., the average number of FDSs was 2.1 per 
aneurysm, suggesting a possible increase in risk of AChA 
occlusion in cases of multiple FDS coverage.

While the AChA is a smaller artery than bifurcation 
branches, it is still larger than the FDS pore size.12,23,35 One 
in vitro study2 showed that the open space area of the Silk 
stent varies from 0.01 to 0.084 mm2 while the area of the 
origin of the AChA can vary from 0.4 to 1.1 mm2 (mean 
0.9 mm2).35 Kallmes et al.18 suggested that provided a rap-
id flow remained in an artery across the FDS struts, the 
tendency for occlusion would be almost absent. In acute 
and follow-up angiography, no slow flow phenomenon was 
evident in any of the cases, including our cases. Thus, the 
maintenance of AChA patency may be due to the much 
smaller diameter of this vessel in comparison with the 
parent artery, resulting in rapid flow through the stent 
struts. Indeed, in general, the diameter of the feeding ar-
tery might impact the small branch artery occlusion rate.

We observed neointimal hyperplasia in 35.3% of cas-
es in the present study. The impact on thromboembolic 
events of neointimal hyperplasia, considered a normal re-
sponse to FDS,30 is difficult to assess. In animal models, 
consistently more neointimal hyperplasia occurred at the 
level of the aneurysm than in the branch vessel.19 In the 
present study, no neointimal hyperplasia was observed at 
the AChA entrance.

Our study has several limitations. First, it was retro-

Fig. 2. 3D rotational digital subtraction angiograms obtained before (left) and 6 months after (right) FDS treatment of 2 intracra-
nial aneurysms. The follow-up angiogram shows that the aneurysms are excluded and the covered AChA remains patent without 
stenosis. The AChA is indicated by arrows in both images.
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spective and included a relatively small number of pa-
tients. We also used different types of FDS, although the 
Silk and Pipeline are braided with the same number of 
wires and would therefore be expected to have similar po-
rosity.12,13 As angiographic follow-up was only available in 
85% of cases, we were unable to exclude the occurrence of 
some asymptomatic AChA occlusions. Furthermore, our 
clinical follow-up data only included symptomatic evalu-
ations; the patients were not evaluated by detailed MRI. 
The longest angiographic follow-up data were acquired 
1.5 years after treatment; longer follow-up is now needed 
to evaluate long-term AChA patency.

conclusions
The results of this study suggest that, when impossible 

to avoid, the AChA may be safely covered with a single 
FDS placed to treat an intracranial aneurysm, irrespective 
of the anatomy and anastomoses.
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