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complete clipped intracranial aneurysm, the annual risk
of recurrence is very low (0.02-0.52%).”°” In contrast,
in cases of an incomplete clipped intracranial aneurysm
with AR, it is substantially higher (0.38 to 7.3%).””*
Thus, neurosurgeons have come to a consensus that
long-term follow up in patients with AR after incom-
plete clipping is needed. Generally, blister type aneu-
rysms or dissecting aneurysms have a thin aneurysmal
wall, broad-based on the parent artery, and are thus
prone to easy premature rupture during the operation
and can result in a rapid regrowth of the AR after treat-
ment.””” However, risk factors for the regrowth of AR
after incomplete obliteration have not been established
and also no protocol has been established that defines
the timing or optimal modality of follow-up imaging.”
To the best of my knowledge, cases of the rapid re-
growth (within a month) of AR on the on middle ce-
rebral artery (MCA) trunk after unsuccessful surgical
clipping in patients with a ruptured cerebral aneurysm
have rarely been reported. Here, we report two rare cas-
es of rescue endovascular treatment for AR on the MCA

trunk after incomplete surgical clipping.

CASE PRESENTATION

Casel

A 47-year-old man presented after the sudden onset
of a headache without neurological deficits (Hunt-
Hess grade II). Brain computed tomography (CT) scan
demonstrated a diffuse subarachnoid hemorrhage
(Fisher grade III). 3D reconstruction images of brain
computed tomography angiogram (CTA) revealed a 3.9
mm saccular aneurysm with a wide neck and its neck
was incorporated into the early frontal branch on the
early frontal branch of the right MCA (Fig. 1A). Instead
of an endovascular treatment, we performed craniotomy
and neck clipping because the wide neck of aneurysm
was incorporated with both divisions. The aneurysm
was deep and proximal in the sylvian cistern. During
dissection and clipping, the adhesion between the pos-

terior aneurysm wall and the lenticulostriate artery

(LSA) were a special concern. Incomplete clipping with
a minimal remnant neck was unavoidably performed to
avoid sacrificing the LSA. We could not check the results
by intraoperative indocyanine green videoangiography
(ICG-VA) because the location of the AR was behind
the clipped aneurysm. Immediate postoperative CTA
demonstrated a 1 mm AR behind the clipped aneurysm
(Fig. 1B, C). During the postoperative period, he had no
hydrocephalus or medically refractory delayed cerebral
vasospasm.

In follow-up digital subtraction angiography (DSA)
at postoperative day 30, a rapid regrowth of an AR (two
blebs, laterally projecting, depth: 7.39 mmxwidth: 2.58
mmxneck: 3.01 mm) was seen (Fig. 1D). On that day,
we performed coil embolization of the AR and complete
obliteration was obtained (Fig. 1E). He was discharged
without any neurological deficits at postoperative day 34.
At 6- and 18-month follow-up, DSA studies demonstrat-

ed minimal recanalization due to compaction of the coil.

Case2

A 48-year-old woman presented after the sudden on-
set of a headache without neurological deficits (Hunt-
Hess grade II). Brain CT demonstrated a diffuse sub-
arachnoid hemorrhage (Fisher grade III). A preoperative
DSA showed a ruptured kissing aneurysm (maximal
diameter 8 mm) with an anteroposteriorly projecting bi-
lobulated figure and its neck was incorporated with the
LSA on the left MCA trunk (Fig. 2A). We performed a
craniotomy and neck clipping because the complex fig-
ure of the aneurysm could not provide a working view
for endovascular treatment. The aneurysm was deep
and proximal in the sylvian cistern. During dissection
and clipping, the adhesion between a posterior portion of
the aneurysm and the LSA was a special concern. Incom-
plete clipping with minimal AR was performed to avoid
sacrificing the LSA. Immediate postoperative DSA demon-
strated that a 0.6 mmx3.2 mm AR was located between the
LSA and the clipped posterior lobar aneurysm (Fig. 2B).

We thought it best to observe the AR because the size
and figure of the AR had a low risk of rebleeding. During
the postoperative period, she developed medically re-
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Fig. 1. A 47-year-old man patient (Hunt- Hess grade Il) with subarachnoid hemorrhage (Fisher grade Ill). Initial three-dimensional reconstruc-
tion images in brain computed tomographic angiogram (CTA) revealed a 3.9 mm sized saccular aneurysm (white arrow) with wide neck and
it's neck was incorporated with early frontal branch on right early frontal cortical branch of middle cerebral artery trunk (A). Immediate post-
operative CTA demonstrated about T mm sized aneurysm remnant (AR, white arrow) behind a clipped aneurysm (white circle) (B: posterior
view, C: magnified image in small box). In follow-up digital subtraction angiography (DSA) at postoperative day 30, a rapid regrowth of AR (white
arrow) with two blebs (laterally projecting and depth: 7.39 mmxwidth: 2.58 mmxneck: 3.01 mm) was showed (D: magnified 180° reverse
image in small box). A prompt endovascular treatment was done and complete obliteration (white arrow) of AR was done (E: magnified DSA

working image in small box).

fractory delayed cerebral vasospasm. On postoperative
days 7, 8, and 9 after clipping, endovascular treatment
with intra-arterial nimodipine infusion was performed.
During endovascular treatment for the spasm, DSA
showed an unchanged AR.

In follow-up DSA at postoperative day 30, a rapid re-
growth of the AR (one bleb, superiorly projecting, 7.10 mm
xwidth: 3.48 mmxneck: 3.21 mm) was seen (Fig. 2C).
On that day, we performed coil embolization of the AR
and complete obliteration was obtained (Fig. 2D). She
was discharged without any neurological deficits at post-
operative day 36. At 3 months follow-up, DSA studies

demonstrated the complete obliteration of the aneurysm.

DISCUSSION

In past studies, the average duration to regrowth of

D212 Also, ac-
bl

an AR after clipping was about ten years.
cording to a recent study, the rate of regrowth was likely
slow, less than 0.5 mm per year, which justified following
up with DSA 3 to 5 years after microsurgical clipping."”
Although there is general late recurrence and a slow
growth rate of AR after clipping, our two cases described
ARs on the MCA trunk that rapidly re-grew within a
month as a rapid changing radiologic presentation of
dissecting aneurysm. Although no clear mechanism has

been known for the rapid regrowth of AR, it was gener-
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Fig. 2. A 48-year-old woman patient (Hunt- Hess grade I) with subarachnoid hemorrhage (Fisher grade Ill). Three-dimen-
sional reconstruction image in initial digital subtraction angiography (DSA) showed a ruptured 8 mm sized aneurysm
(white circle) with anteroposteriorly projecting bilobar figure and it's neck was incorporated with lateral lenticulostriate
artery (LSA) on left middle cerebral artery trunk (A: magnified DSA image in small box). Immediate postoperative three-di-
mensional -DSA demonstrated 0.6 mm x 3.2 mm sized remnant aneurysm (AR, white arrow) was located between LSA
and a clipped posterior portion aneurysm (AR, white arrow) (B: magnified DSA image in small box). In follow-up three-di-
mensional -DSA at postoperative day 30, a rapid regrowth of AR (white arrow) with one bleb, superiorly projecting and
depth: 7.10 mmxwidth: 3.48 mmxneck: 3.21 mm was showed (C: magnified DSA image in small box). A prompt endovas-
cular treatment was done and complete obliteration (white arrow) of AR was done (D: magnified DSA working image in
small box). At 3 months follow-up, DSA studies demonstrated complete obliteration of aneurysm.

ally thought to be due to arterial wall weakening and/or
the influence of hemodynamics stress."'* Similarly, our
hypothesis is that a change of focal hemodynamic stress
by microsurgical clipping may be one of the main factors

that leads to decreasing resistibility and structural fra-

gility of the AR wall. The change of hemodynamic stress
not only influences the rapid regrowth of an AR arising
from the MCA trunk but also the anatomical location of
the proximal MCA.

Generally, compared with the MCA, higher rates of
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unsuccessful clipping are associated with aneurysms
located at the anterior communicating artery complex
or posterior circulation.®”"” However, MCA trunk
aneurysms are located either on the main trunk, at
the origin of an early frontal or temporal branch, or at
the origin of the lateral LSA. Although the incidence
of aneurysms of the MCA trunk (from its origin up
to the bifurcation) is very low (2% to 7% of total an-

V1214 this location of an aneurysm usually

eurysms)
makes the operation more difficult, since in a high
percentage of cases they are broad-necked, and in gen-
eral, the origin of these branches is firmly incorporated
within the neck, and sometimes its visualization is hid-
den by the aneurysm itself. These features of proximal
MCA aneurysms could make microsurgical clipping
difficult or unsuccessful.

When the regular shape and small size of the aneu-
rysm remnants after initial clipping was identified via
post-clipping imaging (CTA or 3D-DSA), we could
not know exactly the need for retreatment (prompt or
delayed). Thus we judged that it had a low risk of re-
bleeding or regrowth. So we determined a short term
follow- up and observation. The rapid regrowth of AR
is assumed to be due to the decreased resistibility and
structural fragility of the AR wall, and it can result in
serious and fatal consequences like the natural histo-

4)5)9

ry of a ruptured blood blister aneurysm.””” Against
expectation, prompt treatment should be considered
when rapid regrowth of AR with putative high re-rup-
ture risk are identified. Before the development of en-
dovascular treatment, re-operation for an AR was the
only option for treatment. However, additional clipping
or replacement of a clip are usually more difficult due
to changes in the anatomical structure or adhesions in
the operated area (in particularly for proximal MCA)
and this increases morbidity and mortality." Lately,
endovascular coil embolization has become an alterna-
tive treatment modality for AR. Many previous studies
have reported that endovascular treatment of AR after
surgical clipping has favorable outcomes, suggesting
that endovascular coil embolization may be a safe and

reliable treatment option.”"” In our two cases, fortu-

nately, the neck of the AR was narrow because of neck
remodeling as a result of the clipping, and prompt coil
embolization was performed as a rescue treatment
when the rapid regrowth of the remnant aneurysm was
identified.

In summary, many reports have indicated that size,
morphology, clip reconstruction technique, flow dynam-
ics, female sex and younger age (less than 45 years) pre-
disposes a patient to regrowth of an AR. Nevertheless, it
remains controversial and partially unknown whether
aneurysm-specific factors and patient-specific factors
can influence the regrowth of AR. When intraoperative
assessment is shown to be insufficient to predict clipped
AR, we usually perform a routine post-clipping imaging
(CTA or 3D-DSA) after aneurysm clipping. The main
purpose of post-clipping image was to eliminate the risk
of a rebleed from an AR by allowing follow-up and/or
retreatment. Like our two patients with subarachonoid
hemorrhage, the early detection of an AR was possible
because of postoperative image work-up. Unfortunate-
ly, magnetic resonance angiography or 3-dimensional
CT of the cerebral arteries is less likely to be feasible in
patients with a clip artifact. Whether the risk of DSA in
follow-up studies is acceptable may be controversial, but
a recent report in which meta-analysis was used esti-
mated a low risk of DSA, which seems to justify DSA as
an acceptable examination in the detection of re-grow-
ing AR."”"” We thought that higher detection rates of
small ARs are now more likely because of postoperative
3D-DSA and prompt endovascular treatment is possible
following DSA. Also, special attention to younger pa-
tients, anatomical location of aneurysms, unsuccessful
clipping and unintended remnants of any size is essen-
tial. In such a constellation of risk factors, early postop-
erative imaging follow-up within a month after clipping
may be warranted to rule out a small but rapid regrowth
of the AR.

CONCLUSION

In two rare cases, the location (MCA trunk) of the an-
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eurysm remnant after microsurgical clipping might have
been associated with changes of hemodynamic stress
and this might have led to their rapid regrowth because
of the structural fragility of the aneurysmal wall. To
determine when to perform a follow-up angiogram to
detect rapid regrowth of a small aneurysm remnant like

in our cases is vital.
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