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OBJECTIVE AND IMPORTANCE: This case report details the unexpected
surgical difficulty encountered in treating a recurrent aneurysm after coil
embolization and presents the histological findings of the resected aneurysm.
This is only the second reported case of histological description of an
aneurysm after coil embolization in a human.

CLINICAL PRESENTATION: A 60-year-old woman experienced a 3-month
history of chronic headache. Neuroimaging studies demonstrated a 2-cm
anterior communicating artery aneurysm. The aneurysm was treated with a
two-stage endovascular coil embolization, resulting in almost complete oc-
clusion of the aneurysm. A cerebral angiogram at 6-month follow-up dem-
onstrated slight refilling of the aneurysm, and angiography at 18 months
showed a marked increase in the size of the small remnant. Therefore, the
patient was referred for direct surgical repair of the aneurysm.
INTERVENTION: The distal aneurysm dome, which had been packed with
the coils and thrombus, was resected under temporary arterial trapping. An
intra-aneurysmal endarterectomy was required, because the aneurysm wall
developed intimal dissection that extended to the orifices of afferent and
efferent arteries. The aneurysm was then obliterated with multiple clips,
reconstructing the patent vessel lumen. However, the patient awoke from
surgery with left hemiparesis. A postoperative angiogram disclosed occlusion
of the right anterior cerebral artery. An histological study of the thrombosed
aneurysm showed that the luminal surface of thrombus was not lined by
endothelium.

CONCLUSION: This case demonstrated not only the limited efficacy of coil
embolization treatment for wide-necked aneurysms but also the potential
difficulty in the direct surgical repair for such recurrent aneurysms. (Neuro-
surgery 39:165-169, 1996)
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related to the procedure itself. In addi-
tion, the problem regarding the long-
term efficacy of this technique in pre-
venting subsequent growth and/or

A lthough endovascular therapy is at-
*Vractive as a minimally invasive ap-
proach for treating intracranial
rysms, it is not without morbidity

aneu-
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rupture of the aneurysm is still unset-
tled. Recently, we treated a patient who
required surgical repair of a recurrent
aneurysm 18 months after the endovas-
cular treatment with Guglielmi detach-
able coils (GDCs) (5, 6). This communi-
cation details unexpected surgical
complications in treating such a recur-
rent aneurysm and presents the histo-
logical findings of the surgically re-
sected recurrent aneurysm, which
showed enlargement of the small rem-
nant after electrothrombosis treatment.

CASE REPORT

A 60-year-old woman was referred to
our facility for endovascular treatment
of a large unruptured anterior commu-
nicating artery (AComA) aneurysm,
which was discovered by routine neu-
roimaging studies for a 3-month history
of persistent headache. Angiograms
showed a 2.0-cm global AComA aneu-
rysm with a wide neck of 6 mm (Fig.
1A). Because the Al segment of the right
anterior cerebral artery is hypoplastic,
the aneurysm and bilateral distal ante-
rior cerebral arteries were visualized
only by a left carotid angiogram.

Endovascular procedure

Endovascular embolization was per-
formed in two stages, using GDCs. At
the first operation, nine coils were intro-
duced into the aneurysm Ilumen
through transfemoral catheterization
under systemic anticoagulation. A post-
operative angiogram demonstrated al-
most total obliteration of the aneurysm,
with a small remnant of the neck. One
month later, in the second-stage opera-
tion, three additional coils were placed
into the aneurysmal remnant with a sat-
isfactory result (Fig. I1B). The patient
showed no new neurological deficits af-
ter both procedures.

Follow-up results

At the 6-month follow-up examina-
tion, a partial refilling of the aneurysm
neck was identified. The patient was
scheduled for further follow-up evalua-
tion. At the 18-month review, angiogra-

810Z JaquiaAoN /(0 Uo Jasn seueiqi NMI Aq S1L+Z182/S91/1/6EM0Bsqe-aonue/Alebinsoinau/woo dno olwapeoe//:sdiy Wolj papeojumo(



166 Mizoi et al.

phy demonstrated a marked increase in
the size of the previously identified
small remnant (Fig. 1C). Therefore, the
patient was referred for direct surgery
of the aneurysm.

Operation

At the operation, the entire dome of
the aneurysm was exposed through a
bifrontal interhemispheric approach.
The aneurysm neck was located on the
lateral side of the right A1-A2 junction,
fed from the AComA (Fig. 2). By placing
temporary clips on the AComA and
right Al and A2 segments, the aneu-
rysm was completely trapped. The
dome was then incised. The dome was
packed with relatively fresh and nonor-
ganized thrombus, with numerous coils
(Fig. 3). It seemed that the luminal sur-
face of thrombus was not lined by
the endothelium. During the removal
of the thrombus, dissection of the
thickened intimal layer developed,
which extended to the orifices of affer-
ent and efferent arteries. Therefore,
intra-aneurysmal endarterectomy was
required. Multiple clips were placed on
the base of the aneurysm, reconstructing
the sufficient vessel lumen of afferent
and efferent arteries. After surgery,
however, the patient presented with left
motor weakness. Postoperative angiog-
raphy demonstrated occlusion of the
right A2 segment. Distal segments of the

FIGURE 1. A,
left carotid
angiogram
showing a large
AComA
aneurysm. B,
postembolization
angiogram
demonstrating
almost complete
occlusion of the aneurysm. C, follow-up
angiogram at 18 months post-
embolization, showing recurrence of
the aneurysm.

FIGURE 2. Intraoperative photograph
showing the AComA aneurysm packed
with numerous coils and organized
thrombus. This thrombosed aneurysm
had to be opened and resected for a
better visualization of the surrounding
arteries.

right anterior cerebral artery were visu-
alized through leptomeningeal anasto-
mosis from the left posterior cerebral
artery.

The right hemiparesis gradually im-
proved over several weeks, but weak-
ness (three-fifths) of the right lower ex-
tremity persisted. The patient was
discharged 1 month after surgery for
rehabilitation at another hospital.

Histological study

Hematoxylin and eosin- and Mas-
son's trichrome-stained sections demon-
strated that the aneurysm wall was reg-
ularly thickened by dense sclerous
collagen, with disappearance of the me-
dia and the internal elastic lamina. The
intraluminal thrombus containing the
platinum coils was poorly organized
without fibrous tissue formation. There
was no endothelial proliferation cover-
ing the luminal surface of the thrombus
(Fig. 4). This was also confirmed by an

immunohistochemical stain with Factor
VIII.

DISCUSSION

Among several endovascular tech-
niques for the treatment of aneurysms,
coil embolization is recently thought to
be the most promising approach. How-
ever, the success rate and long-term ef-
ficacy of this recent technique is still
unknown. Casasco et al. (2) reported 71
patients with ruptured cerebral aneu-
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rysms that were treated by endovasa
lar techniques, with the use of Dacror
coated microcoils. Of 71 aneurysms,
(85%) were completely occluded ar
the other 11 (15%) were more than 9
occluded. However, follow-up angio
raphy, with a mean follow-up periodc
13 months, demonstrated the recurred
of aneurysms in 3 of the 60 complete!
occluded aneurysms and in 3 of tr%l
residual aneurysms. Similar casessd_z\it
recurrent or partially recanalized &geu
rysms after coil embolization have s
reported (7-9).

Guglielmi et al. (5) reported an egser
imental study in which a side-walgan
eurysm was surgically constructe§ n
the common carotid artery of swinéat
treated by coil embolization. Histo@gi
cal observation demonstrated thaPtht
neck of the aneurysm is entirelﬁm—
cluded by organized thrombus, ang\étha
free luminal surface seems to be taC%Ih
lined by endothelium. There aregelsn
several experimental studies that@m
onstrate the intimal proliferation $vwr
the platinum coils (3, 4, 10). o

Only when such intimal overgrog}th
across the aneurysm neck is devek@ed
can the aneurysm be evaluated asc%sm
pletely isolated from the circulafion
However, Molyneux et al. (13) reo%tly
reported autopsy studies in two pat§1ts
with  wide-necked giant aneury%ml
treated by GDCs. Although autopsi€s o
these patients were performed at':q?vela-
tively short periods after endovascg]ar
treatment (2 and 6 mo, respectively), 8-
ther aneurysm demonstrated evidenge d
endothelialization of the aneurysm @ck
In the present case, as well, the un@j{_ga—
nized intra-aneurysmal thrombus was d-
rectly exposed to the blood circula@on
without neointimal formation. In suha
situation, the effect of arterial blood %es
sure acting on the intra-aneurysgal
thrombus is essentially similar to tr%t in
balloon embolization (water-hammez d
feet) (11). Subsequently, the coils cz%ti
pushed by the arterial pressure an®be
come compacted toward the aneur?fosm
dome (coil compaction), with further e*
pansion of the aneurysm. Guglielmi et
(7) stressed that dense packing with coib
is essential for the endovascular treatmol
of aneurysms, because the densly
packed coils bridge the intimal defect ar
prevent aneurysm redevelopment. How

p
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ever, they also report a clear relationship
between the aneurysm neck size and
treatment results; among 79 aneurysms,
complete aneurysm thrombosis was ob-
served in 85% of the small-necked aneu-
rysms and in 15% of the wide-necked an-
eurysms (14). In this report, 4 mm was
determined to be the discriminative value
for small and wide necks.

For subsequent treatment of recurred
aneurysms after coil embolization, the
choice of the appropriate management
option is still controversial. Casasco et
al. (1) and Knuckey et al. (9) reported
cases for which coils were used for sub-
sequent treatment. However, it seems it
would be difficult and unreasonable to
try to completely occlude the wide-
necked recurrent aneurysm because re-
peated results can be anticipated. Con-
sequently, for the present case, we
selected direct surgery for subsequent
treatment of the aneurysm. Neverthe-
less, in this case, dissection of the thick-
ened intimal wall occurred during the

lack of endothelial lining over the luminal side o

arld eosin; original magnification, x40).
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FIGURE 3.
Photograph of the
resected dome,
looking into the
aneurysm lumen.
The relatively fresh
thrombus mixed
with coils was
tightly adherent to
the aneurysm
dome. It seemed
that there was no
intimal overgrowth
on the blood clot.

removal of the intraluminal clot. Intra-
aneurysmal endarterectomy was per-
formed, but it was very difficult to pre-
serve the smooth Iluminal surface
around the orifice of each vessel. Re-
cently, Litofsky et al. (12) also described
a similar surgical complication in a pa-
tient with a giant internal carotid artery
aneurysm who experienced worsening
visual deficit after embolization with
GDCs. In that case, the aneurysm was
opened and decompressed by a combi-
nation of endarterectomy and coil re-
moval, as was done in our case. How-
ever, the attempt at direct clipping of
the aneurysm resulted in occlusion of
the parent artery.

More recently, Gurian et al. (8) re-
ported 21 patients who required subse-
quent surgical treatment of cerebral an-
eurysms after failed or incomplete
endovascular embolization. In five of
these cases, the aneurysm neck was
patent and pliable because the embolic
agent (balloon or GDCs) had been com-

FIGURE 4.
Photomicrograph of
the resected
aneurysm dome.
The aneurysm wall
was made of dense
sclerous collagen
tissue without
smooth muscle
cells. Fresh,
unorganized,
intra-aneurysmal
thrombus was seen
on the left. Note

¢ the thrombus (hematoxylin

Neurosurgery, Vol. 39, No. /, July 1996

pacted into the aneurysmal dome. It is
likely that proper clip application can be
achieved without difficulty if embolic
material does not exist around the base
of the aneurysm. However, it seems that
such a situation is uncommon, particu-
larly when the aneurysm is densely
packed with numerous coils and consid-
erable time has elapsed since the last
embolization.

In conclusion, the present case im-
plied two important problems with coil
embolization of aneurysms: 1) it is dif-
ficult to gain permanent obliteration of
wide-necked aneurysms using GDCs;
and 2) aneurysm surgery after coil em-
bolization is hazardous because of the
presence of numerous intraluminal coils
and blood clot, and there exists the po-
tential surgical pitfall of vessel occlu-
sion. For the surgical treatment of the
recurrent aneurysm after electrothrom-
bosis, avoiding the development of inti-
mal dissection seems to be crucial.
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COMMENTS

The authors concisely report a 60-
year-old patient with what seems, an-
giographically, to be a partially throm-
botic anterior communicating aneurysm
of large but not giant size. This lesion
was symptomatic although unruptured.
The patient underwent two emboliza-
tion procedures, which resulted in vir-
tually complete obliteration of the aneu-
rysm, as revealed by angiography. The
lesion recurred progressively over the
next 18 months, and a surgical proce-
dure was then performed and compli-
cated by intimal and aneurysm wall
thickening, leading to the occlusion of
an efferent branch.

Guglielmi detachable coil (GDC) em-
bolization is now in widespread use and
seems to be expanding in terms of fre-
quency and in terms of specific indica-
tions in the endovascular radiological

community. Neurosurgeons are en-

countering the complication reported in
this article with increased frequency. In-
traluminal thrombosis is a concept that
is not new. Drake and Mullan (personal
communication) applied this approach
via open craniotomy several decades
ago, only to note an alarming tendency
toward aneurysm recurrence in the en-
suing months. That experience and
more recent experience with detachable
balloons and GDCs bring into question
whether this strategy is fundamentally
sound. If one has an oval defect in an
arterial wall together with a hemody-
namic predisposition toward aneurys-
mal growth, can thrombosis of that sac,
with or without endothelialization, pro-
vide long-term protection against
recurrence?

Once an aneurysm recurs, the surgical
treatment can be extremely compli-
cated. In my experience, when an aneu-
rysm is incompletely treated and sur-
gery is then performed in the ensuing
days or weeks, the residual filling is in-
timately associated with the neck of the
aneurysm and surgical treatment s
straightforward. If, however, months
have passed, the fibrotic reaction to the
coils renders reconstruction of the neck
a significant problem.

It should be kept in mind that this
particular patient with a symptomatic
lesion could have been treated with a
single surgical procedure with expected
morbidity in the range of 5 to 10%. The
reported strategy resulted in at least six
angiograms, two embolization proce-
dures that likely required separate anes-
thetics, an open craniotomy, postopera-
tive neurological deficit, 1 month in the
acute care hospital, and extended reha-
bilitation care. The financial, as well as
neurological, impact of this strategy
should not be overlooked.

It is my opinion that the existing lit-
erature regarding the long-term stability
of GDCs does not support this tech-
nique as an alternate strategy compara-
ble with direct surgical clipping when
surgery is deemed feasible by an expe-
rienced neurosurgeon. On the other
hand, the technique seems to be ex-
tremely useful in complicated situa-
tions. An outstanding indication is in
the poor-grade patient after subarach-
noid hemorrhage, in whom delayed sur-
gery would be a reasonable consider-
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ation. Such a patient can be treatec
quickly with GDCs, minimizing there
bleeding risk and allowing appropriat,
care should vasospasm develop. If re
currence is demonstrated on subsequen
studies and the patient seems to bere
covering from his or her illness, a cram
otomy could be performed at that tim
An alternative patient group wouldgh
comprised of those individuals who,%e
cause of associated medical conditio:is
are not thought to be good operatife
candidates. On the other hand, iféh’l
eral anesthesia is required for C&:

-
=

placement, much of the "minimallygn
vasive" benefit of interventional l@r
apy is lost. In the clinical environme@s
with which | am familiar, the anesthe;,%_i—
ologist has better control of the patieri it
cardiac or pulmonary complicaticzés
should develop in the operative suitga
opposed to the interventional radiolc@i
suite. 5
This is obviously an exciting
technological development that justi@s
careful study. Only if careful follow—gp
of patients so treated demonstrat:;is
long-term "cure" can endovasculartkégr—
apy be considered an effective alterga-
tive strategy to precise surgical clippifg
It is well known that imprecise surgi@l
clipping often leads to significant angu-
rysm recurrence, and treatment ofﬂ%e
recurrences carries increased risk to%e
patient. In my opinion, only when®n
experienced cerebrovascular surgegn
thinks that the attendant neurologiuxal
risks to the patient are inordinately High
should primary endovascular therq%y
be initiated. =

612301

sal

H. Hunt Ba§er
Chicago, Illingis
5

Unfortunately, this is a highly repoﬁe-
sentative case of the problems that @n
arise after successful GDC embolizati%n
Because coils do not incite endotheﬁal
repair, aneurysms that grow in a di@ct
line with the normal direction of arteffal
blood flow have a high tendency to re-
cur after successful coil embolization. It
seems that only aneurysms that are ata
right angle to the parent vessel have
good results with long-term oblitera-
tion. Aneurysms at the basilar apex and
at the ophthalmic level of the carotid



artery recur with notorious frequency,
even after complete embolization.

The difficulty with surgical treatment
of a recurrent aneurysm is also well rep-
resented by this case report. When the
coils are present near the neck region of
the aneurysm, it is almost impossible to
clip the aneurysm without opening the
dome and removing the obstructing
coils. This type of maneuver greatly in-
creases the risk of surgical clipping, as
compared to clipping an aneurysm that
has no intraluminal coil mass. Intimal
dissection, air embolus, and intralumi-
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nal thrombosis are going to be much
more common in patients who are op-
erated on with preexisting coil masses
than with patients who are operated on
primarily.

The introduction of GDC emboliza-
tion is a major advance and a significant
part of our armamentarium in dealing
with intracranial aneurysms. However,
because of the problems represented by
this case report, aneurysms that are sur-
gically clippable should be surgically
treated unless there are major medical
contraindications. Coil embolization

ANNOUNCEMENT
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should be reserved for aneurysms that
have been explored and found to have
significant contraindications to clipping
or in patients with medical or neurolog-
ical problems that preclude safe surgical
procedures. Aneurysm clipping is a
proven technology with well-known
long-term efficacy. This technique needs
to be offered to all appropriate patients.
Coil embolization should be reserved
for aneurysm with significant technical
limitations to safe clipping.

Robert A. Solomon
New York, New York
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