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ORIGINAL RESEARCH
NEUROINTERVENTION

Subacute Stent Deformities as an Underlying Reason for
Vessel Stenosis after Flow Diversion with the p64 Stent:

Review and Discussion of Biologic Mechanisms
and Consequences

G. Vladev, A. Sirakov, S. Matanov, K. Sirakova, K. Ninov, and S. Sirakov

ABSTRACT

BACKGROUND AND PURPOSE: Flow-diverter stents are a potent and efficient tool in the instrumentarium of neurointerventional
radiologists for the treatment of intracranial aneurysms. With their implementation, some adverse effects and complications such
as hemorrhagic and ischemic ones, have been seen as a potential downfall of the method. In-stent stenosis is one such complica-
tion, which until now has not received enormous attention due to its seemingly benign characteristic. In our study we propose a
different point of view on this matter and aim to establish a potential mechanism for its development: a subacute postprocedural
stent deformation, due to segmental vessel constriction as a reaction to the implant.

MATERIALS AND METHODS:We enrolled 48 patients between the ages of 31 and 71 (8 men) with aneurysms on the distal portions
of the ICA, all of whom were treated with the p64 flow-diverter stent, to assess the incidence of this phenomenon, as well as
establish a correlation between it and subsequent clinical symptoms. A protocol for short-term follow-up, consisting only of a
high-dose fluoroscopy image of the implant (conducted on the 14th postprocedural day) was implemented to assess the state of
the implant before endothelization was to be expected.

RESULTS: Stent deformities were seen in 58% of cases. One patient with an observed stent deformity presented with several
episodes of acute contralateral 1-sided weakness of the limbs. Seventy-one percent of those patients presented with a mild/moderate
unilateral headache postprocedurally. A correlation between the deformity and a subsequent narrowing of the parent vessel diameter
was established on follow-ups. Notable in-stent stenosis was reported in 35% of all cases.

CONCLUSIONS: Cases with subacute stent deformities are presented in a nonnegligible percent of flow-diversion therapies with the p64
stent. A statistically significant association between the observed deformation and subsequent in-stent stenosis was observed on follow-up.

ABBREVIATIONS: ASA ¼ acetylsalicylic acid; DAPT ¼ dual antiplatelet therapy; EC ¼ endothelial cell; eNOS ¼ endothelial nitrous oxide synthase; FD ¼
flow-diverter; ISS ¼ in-stent stenosis; NO ¼ nitrous oxide; VSMC ¼ vascular smooth-muscle cells; WSS ¼ wall shear stress; WSSG ¼ wall shear stress gradient

S ince the early 2010s, flow diversion emerged as a novel main-
stream and intriguing way to treat cerebral aneurysms.1 It

gave the endovascular field a way to treat complex, large-neck
aneurysms, that had been previously deemed untreatable by the
conventional coil embolization or assisted coiling techniques.2

The initial concept of flow-diverter (FD) stent function was that
they would promote thrombus formation in the aneurysmal sac,3

through induced turbulent flow in the aneurysm, with gradual
obliteration through time. This was achieved by decreasing the

porosity of the devices, as opposed to their previously introduced
high-porosity counterpart stents, used for assisted coiling.4 To
achieve these results, a stent would have to exhibit lower than
70% porosity, or in other words 30% metal coverage across the
aneurysm neck, to have a meaningful impact on the intra-aneur-
ysmal flow.5 Later studies showed another vital mechanism that
was coined as biologic reconstruction of the vessel wall through
way of stent strut endothelization due to cell neoproliferation.6

After FD implantation, both thrombus formation and integration
of the stent in the vessel wall would lead to curing of the vascular
pathology by sealing the aneurysm.7 The inherent thrombogenic-
ity of the metal of the device yields a need for a dual antiplatelet
therapy (DAPT) regimen being implemented until endothelial
coverage is achieved, as to avoid acute thromboembolic compli-
cations intraprocedurally and in the early postoperative period.8

DAPT usually consists of a P2Y12 inhibitor and an inhibitor of
thromboxane A2 production, with both having antithrombotic

Received June 12, 2024; accepted after revision September 29.

From the Radiology Department (G.V., A.S., S.M., S.S.), and Neurosurgery
Department (K.N.), UH St Ivan Rilski, Sofia, Bulgaria; and Radiology Department
(K.S., G.V., A.S., S.S.), Medical University of Sofia, Bulgaria.

Please address correspondence to Stanimir Sirakov, MD, PhD, UH St. Ivan Rilski, Radiology,
Bul. Akad. Ivan Geshov 15, Sofia, 1431, Bulgaria; e-mail: ssirakov@bsunivers.com

Indicates open access to non-subscribers at www.ajnr.org

http://dx.doi.org/10.3174/ajnr.A8564

AJNR Am J Neuroradiol �:� � 2025 www.ajnr.org 1

 Published March 20, 2025 as 10.3174/ajnr.A8564

 Copyright 2025 by American Society of Neuroradiology.

https://orcid.org/0000-0001-6219-5040
https://orcid.org/0000-0001-8176-0877
https://orcid.org/0000-0002-2055-5156
https://orcid.org/0000-0003-3066-939X
https://orcid.org/0000-0001-6034-5340
mailto:ssirakov@bsunivers.com
http://www.ajnr.org
http://dx.doi.org/10.3174/ajnr.A8564


functions through different pathways.9 Complete endothelization
of the stent in animal models is shown to happen at around
28 days,10 but DAPT is usually continued until the first control
DSA is performed to avoid potential complications. The first fol-
low-up is performed at the 6-month mark, because it is assumed
that partial or complete obliteration of the aneurysm cannot be
adequately observed before that and a follow-up would be redun-
dant in a shorter time-span.11 DAPT is discontinued at the
discretion of the treating physician before scheduling a second
control DSA at a later date. Newer generation FD stents using
coating materials intend to avoid the need for DAPT and avoid
the risk of hemorrhagic complications,12 however, more data are
needed to assess their safety and efficacy properly.

In-Stent Stenosis
The most common complications linked with FD stent usage are
ischemic events intra- or postprocedurally. DAPT remedies the
acute thromboembolic complications by way of negating throm-
bus formation at the site of the stent implantation. Another phe-
nomenon that could cause ischemia or remain asymptomatic is
the in-stent stenosis (ISS) that could occur at the site of stent
(whether it is an FD or a non-FD) implantation.13 The term is
used to describe the segmental narrowing of the vessel lumen in
which the FD was placed, on the performed control DSAs or MR
imaging. On large follow-up studies, ISS was shown to have an
incidence between 10% and 50% of cases, with a small number
being symptomatic.14-16 It is most commonly observed at mid-
term follow-ups and has a uneventful clinical course,17 because
on later follow-up angiograms it could potentially resolve itself.18

The underlying pathologic mechanisms are still not clear. Vessel
factors that contribute to the formation of ISS are thrombus for-
mation along the struts of the stent, endothelial cell (EC) hyper-
plasia, and smooth muscle cell proliferation.19,20 There is a lack of
a unified quantifiable way to determine the presence of ISS and
so the true incidence can be considered unknown.

The Possible Interaction Between the Stent and the Artery
The innate characteristics of FD stents would inadvertently cause
biomechanical changes in the vessel in which they are placed.
The arterial wall is not an inanimate object or simply an elastic
tube that would ignore the outside forces being applied to it.21

The wall has highly reactive components that play a key role in
maintaining homeostasis in physiologic conditions and even more
so when concerning the autoregulatory mechanism of the cerebral
circulation.22 Both pressure-dependent stretch from intraluminal

pressure and shear stress from the flow of blood mediate different
cellular pathways that have a role in keeping the wall vessel struc-
ture in a steady state under normal conditions. Changes in stretch
or shear forces impact cellular mechanisms with vessel remodeling
taking place to adapt to the new conditions.

The endothelial layer acts as a first-line responder to the
changes of intravascular blood-flow. Higher levels of wall shear
stress (WSS) induce several alterations in the cells themselves.
First, ECs have the capability for morphologic changes under the
effects of laminar flow, because they orient themselves longitudi-
nally parallel to it.23 The cell membrane, intracellular compo-
nents, and the extracellular matrix themselves act as mechano-
transductor entities, which react to changes in stress. It has been
shown that integrins, other cellular matrix proteins like vinculin,
talin, and actin, stretch-activated ion channels, and tyrosine-phos-
phorylated proteins act in the signal transduction cascade.24-28

Furthermore, higher pressure-induced strain causes a higher sensi-
tivity of ECs to shear stress.29 An important factor of vasodilation
is the production of nitrous oxide (NO) by the endothelial nitrous
oxide synthase (eNOS).30 eNOS has different activation pathways,
both calcium dependent or independent. Its role is not solely iso-
lated to the regulation of muscle tone. NO plays an important role
in different pathways associated with the occurrence of thrombo-
sis, cell proliferation, and cellular adhesion molecules expres-
sion.31 The effects of NO production dysfunction are well studied
and proved as a crucial characteristic of endothelial dysfunction.32

The prostaglandin I2 also acts as a potent vasodilator when
released from the cell after stress-induced activation.33

Vascular smooth-muscle cells (VSMCs) react specifically to
stretch-induced stress, as opposed to endothelial cells that react
to both stretch and shear stress. Stretching of the muscle layer
activates biochemical changes in the cells aimed toward hypertrophy
and proliferation. G protein–coupled receptors, receptor tyrosine
kinases, lectinlike oxidized low-density lipoprotein receptor-1,
and other receptors are all linked to stress activation of VSMCs.34

Calcium ions influx is needed for the activation of myosin light-
chain kinase.35 The mechanical stress induced in VSMCs also
activates mitogen-activated protein kinases through signal trans-
duction.36 These specific pathways, as well as growth factor derived
from ECs contribute to the vessel remodeling in response to
mechanical stress.37

FD stents have several effects, apart from aneurysm occlusion,
on the vessel wall after their implantation. First, the mechanical
properties of the stent lead to an induced circumferential stress
on the vessel.38 The effect is often exaggerated by the fact that

SUMMARY

PREVIOUS LITERATURE: Prior studies, revolved around in-stent stenosis after flow-diversion have depicted the phenomenon as
mostly asymptomatic and have labeled several factors, which could be used to predict its occurrence.

KEY FINDINGS: This study evaluated patients treated with flow-diverter stents for cerebral aneurysms and found that specific
post-procedural subacute changes in the stent structure are strongly associated with the formation of in-stent stenosis.

KNOWLEDGE ADVANCEMENT: The study adds to the body of literature on ISS and gives insight on a potential pathological
mechanism, which may be responsible for its development.
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clinicians aim at stent oversizing, to achieve better wall apposi-
tion. In addition to that, stent placement is also linked with sig-
nificant changes in WSS, which creates a large wall shear stress
gradient (WSSG) within the areas, covered by the struts of the
stent.39 Another feature that is impacted is the innate elastic
recoil of the vessel. Along with intimal proliferation and wall
remodeling, it is a driving factor in vessel healing after stent im-
plantation.40 These intraluminal devices are a cause of EC dam-
age and initiation of inflammatory cascades that take place in the
segment they are placed in.41 All of these factors lead to acute ves-
sel wall dysfunction and ultimately can potentially lead to ISS.

Subacute Stent Deformity
A perhaps less explored side of ISS is the postdeployment suba-
cute stent deformities that occur in the stent structure, due to
impeded local autoregulation and vessel reaction. As was already
established, the natural homeostasis of the stented segment of the
vessel is violated, and so vasodilator and vasoconstrictor factors
find themselves at an imbalance, because the former have been
impeded. A study from 2019 conducted by Schob et al42 showed
the implication of this mechanism and its potential role in ISS.
Before our literature review on the matter, we noted that some of
our patients presented with ISS that was associated with postde-
ployment stent deformities, seen at the midterm control angiogram,
without actual intimal hyperplasia being observed. We hypothesize
that before the actual structural changes in the wall take place, the
vessel reacts to the implant with constriction, as opposed to the me-
chanical strain being applied to it. In our cases, we show the most
common type of deformity, which is a distal narrowing of the stent,
as it is being “squeezed” by the carotid artery in an effort to control
the pressure that is exerted by the implant.

MATERIALS AND METHODS
Data Collection and Study Design
The Strengthening of the Reporting of Observational Studies in
Epidemiology guidelines were followed to collect and report data.43

We devised a follow-up protocol after treatment to observe
the true incidence of subacute stent deformities, based on a time
period when we would not expect endothelial stent coverage to
have already taken place. A simple fluoroscopy image of the stent,
without the invasive nature of a complete DSA, would yield satis-
factory results in assessing the deformities. The first single-shot
image was done intraprocedurally to assess the complete apposi-
tion of the stent. The second single-shot image would be

conducted on the 14th postprocedural
day. A total of 48 patients (Table 1)
underwent this follow-up protocol in
our clinic from the period of March
2023 to May 2023 (Fig 1). All patients
(40 women and 8 men) between the
ages of 31 and 71 (mean ¼ 51.4, stand-
ard deviation ¼ 11,938), were enrolled,
with a total of 48 aneurysms being
treated. We selected a homogeneous
group of patients who underwent stent
placement of ophthalmic and/or poste-
rior communicating artery aneurysms,

which required a stent to be placed along the distal portion of the
ICA and in some cases the MCA.

All procedures were done under general anesthesia and our
vascular access was the right femoral artery in all cases. All
patients received DAPT for 5 days before the procedure, consist-
ing of 10 mg prasugrel and 100 mg acetylsalicylic acid (ASA)
daily. A 6F sheath was introduced into the femoral artery, and
then a guiding catheter was placed in the proximal part of the ca-
rotid artery, on which the aneurysm was situated. In all cases the
p64 FD stent (phenox) was used. The choice of the device size
was done by measuring the diameter of the vessel segment in
which the proximal landing zone would be and oversizing it by
0.5 mm. The goal was to achieve optimal stent apposition, with
adequate aneurysm neck coverage, to fully obliterate the aneurysm
with time. No technical complications, linked to the device, such as
migration of deformation during the deployment, in any case was
noted. No immediate postprocedural complications were observed.
Patients were discharged from the hospital within 4days from the
procedure. They were scheduled for a fluoroscopy image on the
14th postprocedural day and a control DSA at 6 months.

All patients underwent a clinical examination by a member of
the department team and a neurologist at each follow-up (14th
day and at the 6-month mark). Any and all newly found clinical
symptoms were taken into account and registered. Symptoms
were divided into minor (a concomitant unilateral headache,
which was not pre-existing before the procedure) and major or
severe (eg, contralateral motor deficit or aphasia).

Evaluation of the images to determine whether a stent defor-
mity was present was done by 2 members of our team separately,
with mutual agreement being needed to classify them. Cases
of disagreement were resolved by third-party adjudication.
Measurements of the vasculature and implants pre- and post-
procedurally were done by a single physician.

Stent deformities were divided into minor (discrete changes
in the radiopaque structure of the stent with,50% loss of the ini-
tial implant diameter) and major (pronounced narrowing with
.50% loss of the original implant diameter). The measurements
were made at each performed short- and mid-term follow-up.

We labeled ISS as any filling defect of the vessel located
between the stent and the observable contrasted parent artery
lumen, measured on the unsubtracted angiographies. ISS at the
6-month follow-up was classified into 3 categories based on the
angiographic appearance and measurements: mild (,25%), mod-
erate (25%–50%), and severe (.50%).

Table 1: Demographic characteristics
Characteristics n=48

Age (years) 31–71 (mean ¼ 51.4 SD ¼ 11,938)
Female 40 (83%)
Stent deformities in N of observed patients 28 (58%)
Distal half stent deformities 26 (54%)
Proximal half stent deformities 2 (4%)
Proximal marker changes 18 (38%)
Patients exhibiting clinically Notable symptoms 1 (2%)
Aneurysms on the ophthalmic segment 34 (71%)
Aneurysms on the terminal segment 14 (29%)
Smoking 18 (38%)
Hypertension 22 (46%)
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The collected data were analyzed by using SPSS (Statistical
Package for the Social Sciences) Version 29.0. The statistical
methods applied to the study were: descriptive statistics, Fisher
exact test, and Spearman rank correlation. Kolmogorov-Smirnov
and Shapiro-Wilk tests were used to test the normal distribution
of the data. The level of accepted significance was noted as a ¼
0.05, defined as P, .05.

RESULTS
Of all the patients (n ¼ 48), 47 underwent follow-up through
DSA at the 6-month mark. One patient underwent an MRI and a
subsequent adjunctive single-shot image of the implant as a 6-month
follow-up.

Stent deformities on the 14-day follow-ups were observed in
58% (n ¼ 28) of the cases. In 71% (n ¼ 20) of cases of said stent
deformities, patients described a novel unilateral headache on the
side of the brain circulation in which the FD was implanted.

At the 14-day follow-up, in 93% (n ¼ 26) of the cases of stent
deformities, the distal half of the stent was involved and in only
7% (n¼ 2) were they present in the proximal half.

Due to the radiopaque nature of the proximal 8 markers of
the p64 stent, we were also able to observe changes in them. In

64% (n ¼ 18) of all the patient cases with subacute stent deform-
ities, compacting of the proximal radiopaque markers was also
seen at the 14-day mark.

ISS at the site of the implant was noted in 75% (n ¼ 36) of all
cases at the 6-month follow-up. In 53% (n ¼ 19) of patients it was
mild (,25% reduction of diameter), in 17% (n¼ 6) it was moder-
ate (25%–50% reduction of diameter), and in 30% (n ¼ 11) it was
severe (.50% reduction of diameter). ISS, which can be labeled as
notable (moderate1 severe), was noted in 35% of all cases.

In the group of patients without an observable stent deforma-
tion (n ¼ 20), 40% (n ¼ 8) had ISS at the 6-month follow-up. In
87% (n ¼ 7) of those cases it was mild and in only 13% (n ¼ 1)
was it moderate (Table 2).

In the group of patients with a stent deformity being present,
100% (n ¼ 28) had angiographic ISS on follow-up. Of them, 43%
(n ¼ 12) had a mild stenosis, 18% (n ¼ 5) had a moderate steno-
sis, and 39% (n¼ 11) had a severe stenosis.

At the 6-month follow-ups, no additional changes of the
structure of any stent were observed on the conducted fluoro-
scopic images.

Fisher exact test was performed based on the presence of sub-
acute stent stenosis and the presence of a unilateral headache in

FIG 1. A and B, antero-posterior (AP) and lateral projections of a single-shot image of the stent on discharge. No deformity was observed. C and
D, Single-shot images of the stent 14 days after the procedure, after the onset of symptoms. A noticeable narrowing and elongation of the distal
part of the stent can be seen (orange arrow). This observation is concurrent with our observation of the carotid artery’s reaction to the implant.
Because this case is the one in which our patient exhibited acute symptoms from the occurrence, we believe it is extremely illustrative for our
point to come across. E, AP projection of the intraprocedural DSA performed prior to the implantation of the FD stent. A saccular aneurysm of
the ophthalmic segment of the left ICA was the target of treatment. F and G, DWI MRI sequence, which was performed after the initial onset
of right-sided weakness with which the patient presented. No acute ischemic changes in the brain parenchyma can be seen, which led us to
believe that the changes in the cerebral blood flow were transient in nature.
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the patients enrolled in the study. A statistically significant (P ,

.05) association was observed between the seen stent deformity
and a postprocedural novel unilateral headache on the side of the
placed stent in the brain circulation. This symptom spontane-
ously resolved in all patients at the 6-month follow-up.

Spearman rank correlation was used to assess the relationship
between the severity of the stent deformity and the observable ISS
at the 6-month follow-up. There was a strong positive correlation
between the 2 variables, r¼ 0.768, P, .001.

No significant correlation between pre-existing hypertension
or smoking was associated with the occurrence of stent changes
during the early fluoroscopic follow-up on the 14th day.

One of the included patients was a 44-year-old woman, who
presented with right-sided headaches with increasing intensity
for several months before treatment, and had a saccular aneu-
rysm on the left ICA. The patient was admitted to the hospital
and a FD stent was placed along the C5, C6, and C7 segments of
the left ICA (Fig 1A, -B). Adequate wall apposition was achieved,
with no peri- or postprocedural complications. Fourteen days af-
ter the procedure, she presented with headaches on the ipsilateral
side of the placed stent and transitory contralateral weakness of
the arm and leg. A control MRI showed no acute ischemic
changes on the left side of her brain (Fig 1F, -G). We performed
the second single-shot image of the stent, which showed a pro-
nounced narrowing and elongation of the distal portion of the
stent (Fig 1C, -D). Nonspecific neuroprotective medication was
prescribed and the symptoms subsided within 1 month.

At the 6-month control DSA (Fig 2), the distal FD deforma-
tion, observed on the single-shot images, correlated with a visi-
ble segmental vessel stenosis and reduction of blood flow into
the left anterior cerebral and MCAs. The DAPT was continued
at our discretion until the next scheduled follow-up after
another 6months to avoid thromboembolic complications.

Another patient, who had a more pronounced deformity (Fig 3)
underwent an MRI of the brain in the sixth month, due to refusal
for admission into the hospital for DSA.

The patient’s single-shot images pointed at a distal deformity
of the stent, with it being more pronounced on the second
control. Her results again correlated well with vessel steno-
sis of the distal ICA segment, in which the stent was posi-
tioned. Silent TOF sequence imaging as a method of choice
for post-flow diversion follow-up was adequate in assessing
the posttreatment anatomy and changes in the vasculature.
We performed a single-shot of the implant after that, to assess
the implant and find out the extent of the stent deformation.
The patient also presented with postprocedural headaches,
which we attributed to vessel stenosis, with no contralateral
neurologic impairment being observed after a physical exami-
nation. The only complaint that was reported was the presence
of visual symptoms (small visual field defects) on the side of
the treated aneurysm, as the ostium of the ophthalmic artery
was covered by the implant. The prasugrel intake was discon-
tinued, and ASA was prescribed once daily for 1 year until the
next follow-up.

FIG 2. Six-month DSA control performed on the patient (anteroposterior projections). A severe narrowing of the distal left ICA in the segment
of the placed FD and reduced blood flow in the left middle and anterior cerebral arteries can be seen (A). These findings correlate with the
symptoms observed in the patient in the first month postprocedure. A compensatory development of leptomeningeal collaterals, collaterals
from the posterior circulation and the right ICA, is the probable cause for the lack of vascular incidents during that time (B and C).

Table 2: Characteristics of patients with and without stent deformities with regards to the incidence of ISS and the de novo exhibi-
tion of a unilateral headache postprocedurally

ISS Incidence
ISS Severity (6-Month Follow-Up) Novel Unilateral Headache

at the 14-Day Follow-UpMild Moderate Severe
Patients with stent deformities at
the 14-day follow-up (n¼28)

n¼28 (100%) n¼12/28 (43%) n¼5/28 (18%) n¼11/28 (39%) n¼20/28 (71%)

Patients without stent deformities
at the 14-day follow-up (n¼20)

n¼8 (40%) n¼7/8 (87%) n¼1/8 (13%) n¼0 (0%) n¼2/20 (10%)
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DISCUSSION
“To ask the right question is already half the solution of a
problem.”- Carl Jung

The event of ISS presents itself in a non-negligible percent of
cases after flow diversion.15,44 Its true occurrence is most likely
underreported due to the lack of unified criteria on which radiol-
ogists base its presence in their own pool of patients. As a still
underdeveloped area of interest due to its mostly benign nature,45

ISS continues to puzzle our community as to what exactly can be
pointed at as a culprit for its development. Most probably, both
factors innate to the device, as well as the organism and their
synergistic interaction can give a head start to the biochemical
and morphologic “dance,” ultimately leading up to the images we
observe on follow-up. Several important questions arise, as regard-
ing to the phenomenon. The most obvious is “Why does it hap-
pen?” Next is: “Which patients are at most risk for ISS?” and of
course, “Is there a way to avoid or counteract it?” The answers to

these questions seem to be complex. In our observations and anal-
ysis, ISS is not a single entity, and most published papers simply
refer to the presence of vessel stenosis in the area of the FD stent.
Formulating a correct hypothesis, regarding what exactly ISS is
and whether its formation is linked with different separate patho-
logic and morphologic pathways opens up new windows of oppor-
tunities when it comes to its avoidance. In our paper, we present a
single possible explanation that is linked with a subacute vessel
reaction to the device, which it seems in some cases even has clini-
cal implications. With the emergence of new flow-diverting devices
with different properties (radial force, porosity, and oversizing rec-
ommendations),46 quantitative differences in the occurrence of ISS
could lead to an answer if an innate aspect of theirs is causing
more harm than good and in turn formulate new safety guidelines
and lower procedural risks.

Our short-term follow-up aimed at only evaluating the stent
itself adheres to the fact that endothelization is still not fully

FIG 3. A, Intraprocedural DSA of the aneurysm on the left ICA. B and C, Fluoroscopy images of the stent, which illustrate the progressive nar-
rowing and stenosis of the distal part of the implant. We can see a notable deformity on the 14-day single-shot (C), compared with the proce-
dural image of the implant (B). The images of the deformity correlate well with the conducted follow-up MRI. We highlight a noticeable
reduction of diameter of the distal ICA on follow-up (E), when compared with the pretreatment 3D-TOF reconstruction of the artery (D).
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completed at that point in time. Based on this, we can postulate
that any and all deformities of the stent are purely based on the
reaction of the vessel toward the implant and its constriction, due
to the endothelial dysfunction and smooth muscle cells activation
happening postprocedurally. So why is the distal part of the stent
the one to suffer the consequences most often? Again, we
hypothesize that at the distal end point, the stent tends to be a bit
more oversized, as compared with the proximal end, due to the
nature of progressive narrowing of arterial blood vessels the more
distally they traverse. The exaggerated oversizing leads to a larger
discrepancy between the nominal size of the FD and the actual di-
ameter, when placed in vivo, which in turn increases the radial
force of the implant, but decreases its rigidity, as the increase in
porosity with oversizing leads to less metal coverage, and thus
less resistance to outside forces per square unit.47,48 The increase
of force leads to an increased reaction from the carotid artery (or
the MCA if it is placed there), and the lower threshold for an
externally applied force (the vessel constriction) to lead to a defor-
mity of the implant, brings us to the observations we have made.

In our data analysis, we found that patients with more pro-
nounced stent deformities presented with disproportionately
higher degrees of ISS, compared with ones who did not have a de-
formity. This finding suggests that the vessels react in more than
one way to the implant: vasoconstriction and intimal overgrowth
seem to have both been responsible for the development of seg-
mental vessel lumen reduction on follow-up.

An interesting point to be made is that not all patients exhibit
this phenomenon. In our cohort, even though relatively small, we
found no male patients with a subacute stent deformity, leading
to the question of whether there is a large discrepancy of vessel
reactivity in men and women that could explain these differences.
Of course, due to the small sample size of male patients, this ob-
servation is subject to bias.

Once a clear pathologic mechanism is defined, it can lead to
pointing out demographic characteristics that highlight a risk for
ISS, and furthermore a conservative drug therapy to avoid it. The
use of cerebral vasodilators presents one such option in the early
postprocedural period, which could combat this aspect of the
condition and extensive trials based on the pharmacodynamics
and safety profile need to be conducted to empirically establish a
protocol for prophylaxis. Such a protocol can further increase the
safety profile of FDs, because as rare as they are, complications
linked with the therapy can be dire.

Of all that has been said, it becomes clear that our experience
and findings are just the tip of the iceberg. Once the first steps
have been made to divide the problem into smaller compart-
ments and we formulate the right questions, the therapeutic
guidelines of flow diversion will further expand, with the ultimate
goal of improving patient outcomes.

Limitations
A potential limitation of our study is the lack of a long-term
follow-up, after the initial DSA at the 6-month mark. With the
available data regarding ISS, it becomes clear that in some cases it
can spontaneously resolve itself, given enough time. Another
limiting factor is that the only device used in the study was the
p64 FD stent. Studies that include other FD stents are needed to

further assess this phenomenon. Furthermore, the clinical evalua-
tion of the observed postprocedural headaches lacks an adequately
implemented grading scale, which could serve as a reference point
from a temporal point of view.

CONCLUSIONS
Subacute stent deformities after flow diversion are not a rare
occurrence. The de novo exhibition of symptoms can potentially
be linked with the emergence of said deformities, which can
become more symptomatic in severe cases. A dedicated prospec-
tive study with a focused design to evaluate the concrete connec-
tion between these symptoms and the observation of subacute
stent deformations is needed to further clarify this phenomenon.
In our study, patients with stent deformities presented with
angiographic segmental vessel stenosis in all cases at the midterm
follow-up (6 months). The overall incidence of moderate and
severe ISS was 35%. Patients with stent deformities presented
more often and with more pronounced ISS, than those without
deformities. Our prospective observational study underlines the
need for a unified classification of ISS with separation between
the different entities that comprise the phenomenon of vessel ste-
nosis, both intimal overgrowth and changes in the stent structure
postprocedurally.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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