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Rescue Surgery in the Flow Diverter Era: Partial Trapping Plus Revascularization
Technique for a Giant Carotid-Ophthalmic Aneurysm
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-BACKGROUND: Flow diverters (FDs) are an excellent option for the man-
agement of giant carotid artery aneurysms. However, in a nonnegligible percent
of cases, the aneurysm may continue to grow despite multiple endovascular
treatments and apparent occlusion on the angiogram. Due to the recent intro-
duction of FDs, surgical experience after their failure is scarce and neurosur-
geons have to face these challenging cases without much previous reference.
Here we describe a giant ophthalmic-carotid aneurysm that presented with new
severe mass effect 5 years after initially successful treatment with FDs and
coils. We investigate the likely advantages of partial trapping versus complete
trapping in this particular type of case.

-CASE DESCRIPTION: A 63-year-old patient with a subarachnoid hemorrhage
from a 26-mm left carotid-ophthalmic aneurysm was initially embolized with
coils. One year later a recanalization was observed and treated with an FD. Five
years afterward, the patient’s mild cognitive impairment prompted a magnetic
resonance image that showed significant aneurysm growth despite apparent
occlusion on angiogram. Rescue surgery consisted of partial trapping D
extracranial-intracranial bypass and aneurysm debulking. The patient recovered
from his deficits and remains asymptomatic 2 years later.

-CONCLUSIONS: In selected patients with previous long-term FDs, partial
trapping may be a choice even if aneurysm debulking is needed. After years of
stent placement, some endothelialization and neointimal membrane formation
could have a summing effect to facilitate surgical exclusion and enable a safe
thrombectomy. Classic revascularization techniques must be rethought and
retested in this new FD era scenario.
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INTRODUCTION

The use of new endovascular treatments
has been increasing in recent years, being
currently part of our usual therapeutic
armamentarium. Among these treat-
ments, the development of flow diverters
(FDs) deserves special mention. These
devices by themselves or in combination
with coils (FDþC) have represented a
major technologic advance and a para-
digm shift in the management of some
intracranial aneurysms.
FDs were approved for the treatment of

large or giant wide-necked aneurysms of
the paraophthalmic internal carotid artery.
This type of aneurysms harbors intrinsic
features that make them especially favor-
able for endovascular treatment with FDs,
which can achieve occlusion rates of
86.6% at 12 months.1,2 However, despite
their reported safety and good results, in
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a minority of these patients the desired
clinical objective is not achieved,
requiring rescue microsurgical treatment.
Due to their recent introduction, surgical
experience after FD failure is limited and
the scarce literature regarding this topic
consists of case reports and small case
series. Nevertheless, the continued report
of these cases should not be disregarded
since it may enable to create a sufficient
knowledge base for future treatment
algorithms that would allow us to face
this pathology successfully.
Here we describe microsurgical rescue

treatment in a patient with a para-
ophthalmic aneurysm initially managed
with FDþC who presented delayed growth
with mass effect. Out of the available
VEMBER 2020 www.journals.
surgical options, based on the experience
with complex aneurysms non previously
managed endovascularly, partial trapping
may be considered as the last tier resource.
Here, we discuss the specifics of partial
trapping, thrombectomy and revasculari-
zation and we investigate its likely advan-
tages in this particular type of case.
CASE REPORT

A 63-year-old right-handed patient with a
history of hypertension, diabetes and
obesity, presented to our emergency
department in December 2012 with a
sudden severe headache. He was diag-
nosed with a subarachnoid hemorrhage
from a giant left carotid-ophthalmic
elsevier.com/world-neurosurgery 73
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Figure 1. Aneurysm growth during follow-up. (A) (T1 axial
magnetic resonance imaging [MRI] from 2015) and (B) (T1
sagittal MRI from 2015) where the dimensions of the embolized
aneurysm are observed and treated with flow diverter þ coil. (C)

(T2 axial MRI from 2018) and (D) (T2 sagittal MRI from 2018)
where a significant increase in the aneurysm size is observed in
the frontal region with significant associated vasogenic edema.
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aneurysm (26 mm). An endovascular
treatment with coils was initially per-
formed. One year later, a recanalization
with intrasaccular flow was detected and
the patient underwent another endovas-
cular procedure for FD placement (SILK
stent-Balt Extrusion, Montmorency,
France). The final arteriographic control
showed complete occlusion of the
74 www.SCIENCEDIRECT.com
aneurysm and the patient was discharged
asymptomatic.
In 2018, the patient’s family reported a

mild memory disorder and a mild cogni-
tive impairment. Brain magnetic reso-
nance imaging was performed, showing a
significant size increase of the lesion at
the expense of the frontal component with
significant edema of the entire left frontal
WORLD NEUROSURGERY, http
lobe (Figure 1). A new cerebral
angiography revealed a lack of aneurysm
filling. A balloon test occlusion
prompted aphasia and motor
claudication within 15 minutes. Surgical
treatment of the aneurysm to ameliorate
mass effect was then proposed.
The surgical plan ruled out the possi-

bility of simple clipping due to the
s://doi.org/10.1016/j.wneu.2020.07.061
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Figure 2. Presurgical treatment arteriography. (A) Left carotid artery injection; anteroposterior
projection where a lack of intrasaccular flow within the aneurysm is observed. (B) Left carotid artery
injection. Lateral projection shows the correct disposition of the stent, and no repermeabilization of the
neck is observed.

Figure 3. Scheme depicting the treatment performed. The clips represent the
partial trapping at the cervical segment of internal carotid artery (ICA) and at
the M1 segment of the middle cerebral artery (MCA). Arrow 1 points out flow
from the contralateral ICA providing vascularization to the anterior choroidal
artery through the A1 that remained open. Arrow 2 indicates the flow
revascularizing the MCA through the radial artery graft.

CASE REPORT

RAMON TORNÉ ET AL. RESCUE SURGERY AFTER FLOW DIVERTER
dimensions of the aneurysm and the
absence of a residual neck, which would
have allowed the secure placement of clips
(Figure 2). Therefore a trapping plus
revascularization was planned. The
cervical segment of the internal carotid
artery was exposed in the neck, and a
pterional craniotomy was performed
next. Subsequently, a high-flow extracra-
nial-to-intracranial (EC-IC) bypass was
performed using a graft of the radial artery
from the common carotid artery to a left
M2 middle cerebral artery branch. Once
the bypass’s patency was verified by
micro-Doppler and indocyanine-green
videoangiography, a proximal occlusion
of M1 and a transient clipping of the cer-
vical carotid artery were performed. After
30 minutes, intraoperative somatosensory
and transcranial motor evoked potentials
remained without changes and thus a
definitive ligation of the cervical ICA was
performed. The A1 segment of the anterior
cerebral artery remained open, providing
flow from the contralateral ICA to the
anterior choroidal artery and suspected
residual filling of the aneurysm, which
was consequently considered partially
trapped (Figure 3). Next, the aneurysm
dome was dissected in order to perform
a thrombectomy. The dome was incised,
and an intraneurysmatic thrombectomy
was performed with the “CUSA”
(Cavitron Ultrasonic Surgical Aspirator)
until a significant mass effect alleviation
was achieved. The aneurysm walls were
thoroughly coagulated. During the partial
WORLD NEUROSURGERY 143: 73-78, NO
thrombectomy, no blood flow through
the aneurysm was observed and thus the
aforementioned partial trapping was
deemed sufficient. Furthermore, the
VEMBER 2020 www.journals.
manipulation of the distal internal carotid
artery in order to perform a complete
trapping was not considered safe due to
the reduced visibility of the final part of
the stent and its relationship with the
anterior choroidal artery (Figure 4). A
postoperative angiogram confirmed the
bypass patency and the absence of
intrasaccular flow (Figure 5).
In the immediate postoperative period,

the patient presented a mild language
disorder and a slight motor deficit that he
recovered in a few weeks. At the last
available follow-up 2 years later, the pa-
tient has no neurologic deficits and the
remaining aneurysm has not shown any
new growth.
DISCUSSION

Endovascular treatment with FDs for
intracranial aneurysms has been expand-
ing in recent years with good clinical re-
sults. Despite being an excellent
management option for some challenging
elsevier.com/world-neurosurgery 75
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Figure 4. (A) Intraoperative image showing the relationship of the aneurysmal
neck with the distal segment of the internal carotid artery, perforating arteries,
and the anterior choroidal artery. (B) Intraoperative image showing
thrombectomy with the presence of intrasaccular coils.
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lesions, there is a nonnegligible percent-
age of patients in whom stents may not
obtain the desired long-term result.3 A
well-known example is the giant
Figure 5. Postsurgical treatment arteriography. (A) Le
projection showing bypass patency and absence of in
injection; anteroposterior projection where a collatera
communicating artery.

76 www.SCIENCEDIRECT.com
aneurysm—its continued growth can be
observed despite an apparent occlusion
with absence of aneurysm filling on the
angiography, as happened to our patient.
ft carotid artery injection; anteroposterior
trasaccular flow. (B) Right carotid artery
l circulation is observed through the anterior
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This size increase is believed to be caused
by inflammatory processes related to the
growth of the vasa vasorum, the small
vessels that nourish the aneurysm wall.
These vessels will produce a release of
inflammatory products and increased
angiogenesis, with the subsequent for-
mation of neomembranes and secondary
growth of the aneurysmal sac.4,5 This
process causes the aneurysm to continue
to grow. It is associated with significant
edema despite arteriographic exclusion.6

There are few reports in the literature
describing the microsurgical options for
aneurysms that have been previously
treated with stents.2,3 Even more scarce
are those reporting about surgical
treatment of aneurysms previously
treated with a stent plus coils. These
cases are considered complex since they
have characteristics that will hinder their
surgical treatment. In coil-embolized an-
eurysms, manipulation of the aneurysm
sac offers resistance to compression,
reducing the visibility of anatomic struc-
tures.7 In the particular case of giant
carotid aneurysms, the coil mass may
make it difficult to identify the anterior
choroidal artery and posterior
communicating artery that would be at
risk when performing a complete
trapping. Furthermore, the in vivo
behavior of stent occlusion with vascular
clips is still unknown, despite
experimental studies suggesting a
favorable response to compression.8

Finally, most revascularization techniques
have been tested with aneurysms not
previously treated endovascularly.
Consequently, cerebral revascularization
techniques must be adapted to be able to
face these surgical challenges.
Considering these challenges, different

options for surgical treatment in aneu-
rysms with FDs have been proposed in the
literature. The first option to consider
would be clipping of the aneurysm
without revascularization.9 Burkhardt
et al10 propose direct clipping with
fenestrated clips whenever there is a
coils-free aneurysmal neck, reserving
revascularization and trapping for the rest.
The second-best option would be to
perform an EC-IC bypass and a complete
trapping of the aneurysm. But in giant
carotid aneurysms, it is complex to carry
out a complete trapping without jeopard-
izing the patency of the anterior choroidal
s://doi.org/10.1016/j.wneu.2020.07.061
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artery. In these cases where perforator
control may be at risk, partial trapping
strategies could be a good option.11

Revascularization with partial trapping
consists of a distal or proximal occlusion
to obtain a reduction of the flow within
the aneurysm.12-14 The great risk of partial
trapping is that, despite the redirection of
the flow, a rupture of the sac may occur.15

Therefore partial trapping appears as a
minority option in the scarce series and
case reports describing rescue surgery
after FD. However, in well-selected cases,
it could be the best option for a revascu-
larization treatment following a failed
initial endovascular management.
In the case here described, no contrast

flow was observed within the aneurysm 5
years after the stent placement, which
seems to suggest endothelialization of the
stent wall with the formation of a neo-
intimal membrane. Furthermore, the
close relationship of the coils with the
aneurysmal neck and absence of contrast
in the aneurysm suggests that part of the
growth must come from inflammatory
processes in the wall of the aneurysmal
sac. Nevertheless, it was considered
essential to select a flow redirection
technique to minimize the possibility of
intrasaccular flow. We opted for an EC-IC
bypass to an M2 branch with proximal M1
occlusion, allowing collateral flow from
the right ICA to keep the anterior
choroidal artery patent. Concomitantly,
the ICA ligation was performed at the
neck, which allowed a significant decrease
in flow, thus facilitating definitive
thrombosis of the aneurysm in case some
residual intrasaccular flow may have per-
sisted. Full trapping was pondered as a
higher risk option than partial trapping in
this particular case due to the lack of vi-
sual control of the distal segment of the
ICA and relationship of the stent with the
anterior choroidal artery. The use of
intraoperative evoked potentials was key
in this treatment since it allowed us to
ensure that the contralateral flow through
the A1 was sufficient to preserve the ter-
ritory of the left anterior choroidal artery.
Despite the partial trapping, the endo-
thelization of the stent allowed a safe
subtotal thrombectomy until the mass ef-
fect was significantly reduced (see
Figure 4).
WORLD NEUROSURGERY 143: 73-78, NO
Up front, partial trapping and revascu-
larization would be a third-tier option after
simple clipping and after complete trap-
ping and revascularization when dealing
with giant or complex aneurysms. How-
ever, when dealing with aneurysms that
have been previously treated with FD or
FDþC, partial trapping could be an
excellent option for a safer and technically
easier aneurysm occlusion and mass effect
alleviation. The effect that flow redirection
would have through partial trapping could
be in addition to that already produced by
FDs and coil treatments. Therefore in
selected cases, previous endovascular
treatments would play a role as an ally in
choosing simpler and less risky revascu-
larization techniques for our patients.
Identifying those selected cases is key for
the success of this management option.
Meling et al16 reported a case of partial
trapping in which they finally had to
perform a salvage surgical reoperation
with a complete trapping for subsequent
growth of the aneurysm. Those cases in
which substantial flow continues to be
present despite endovascular treatments
or those in which the stent has not been
in place for a long enough period to
create an effective endothelialization
should be ruled out for this procedure.
CONCLUSION

With the increasing spread of FD treat-
ments, the number of challenging aneu-
rysms requiring rescue surgery may be
expected to grow. Aneurysms treated with
FDs represent a new scenario in which
classic revascularization treatments will
have to adapt and redefine their useful-
ness. Treatment with partial trapping plus
bypass has been considered a final option
in brain revascularization techniques. In
the case of patients with multiple previous
endovascular treatments, these revascu-
larization treatments can be useful. Flow
redirection through partial trapping can
have a summing effect to previous endo-
vascular treatments and facilitate the
exclusion of the aneurysm without the
need for a complete trapping. The
continued report of these cases should be
encouraged to create further knowledge
that may allow safer management of these
challenging aneurysms.
VEMBER 2020 www.journals.
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