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Diagnostic limitations in the treatment of cerebral aneurysms
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ABSTRACT

BACKGROUND: Endovascular coiling has become a standard technique in the treatment of cerebral aneurysms.

The mechanisms of recurrence are incompletely understood.

METHODS: In our clinical investigations we present three uncommon cases where the pathology at the base
might has been underestimated in digital subtraction or magnetic resonance angiography.

RESULTS: In the first clinical study rehemorrhage occurred 11 years after endovascular coiling. Before rehem-
orrhage occurred, serial magnetic resonance angiographies had revealed a stable situation with only a small
base remnant after initial endovascular treatment. In the second clinical study, intraprocedural rupture during
endovascular coiling occurred and a residual angiographic occult lesion was detected only during microsurgical
clipping. In the third clinical study, we again found a residual lesion during microsurgical clipping.
CONCLUSION: We present three clinical studies were the pathology at the base might has been underesti-
mated in digital subtraction angiography or magnetic resonance angiography. The incidence of angiographic
occult residuals is unknown, but their clinical relevance may be important. Beside other mechanisms, these le-
sions might be the source of aneurysmal regrowth and hemorrhage (Fig. 4, Ref. 27). Text in PDF www.elis.sk.
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Introduction

Endovascular treatment has become a standard technique for
treating cerebral aneurysms after the International Subarachnoid
Aneurysm Trial (ISAT) (1) study. Following its introduction with
Guglielmi detachable coils (GDC) in the 1990s, recent develop-
ments including modified coils, balloon protection devices, intra-
cranial stents or semipermeable stents have increased the number
of endovascular treatable aneurysms (2).

Here, we present two uncommon studies dealing with intra-
procedural rupture and late rehemorrhage. Further, we provide a
case where a small lesion at the base was found intraoperatively
was after being missed in preoperative digital subtraction angi-
ography (DSA).

Although these cases are completely different as to their patho-
genesis, detailed evaluation has suggested the base as the source
for rebleeding or potential future hemorrhage.

Clinical study 1

This 67-year-old woman presented with subarachnoid hemor-
rhage (Fig. 1A) (SAH, clinical Hunt-Hess 11, March 2003). DSA
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revealed an anterior communicating artery aneurysm (Fig. 1B).
This aneurysm was treated with GDCs via the endovascular route
and almost complete coiling was achieved. Only decent central
filling could be observed (Fig. 1C). The patient recovered well
and the control DSA was applied after 6 months. The fundus was
completely coiled leaving only a small remnant at the base. Due
to the stable situation, we decided to follow the patient with se-
rial magnetic resonance angiographies up to ten years (May 2004,
April 2005, May 2009, May 2011, and May 2013). In February
2014 this patient presented with SAH (clinical Hunt-Hess I1) again
(Fig. 1D). DSA analyses revealed the initial aneurysm coiled with
a small remnant at the base and a new 2x3 mm aneurysm (Fig. 1E,
F). Complete coiling was performed for this lesion (Fig. 1G, H). In
serial post-procedural computed tomography analyses, communi-
cating hydrocephalus progressed and therefore this patient received
a ventriculoperitoneal shunt. Finally, the patient was discharged
in good clinical condition without neurological deficit, but slight
organic brain syndrome.

Clinical study 2

This 46-year-old male patient presented initially with an inci-
dental aneurysm at the middle cerebral artery bifurcation on the
right side. Computed angiography and DSA revealed a two-lobu-
lated 4 x 6 mm aneurysm (Fig. 2A, B) and endovascular treatment
in balloon remodeling technique was recommended. An intrapro-
cedural rupture occurred during endovascular procedure that could
be successfully managed by further GDCs and angiographically
complete occlusion was achieved (Fig. 2C, D). Direct post pro-
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Fig. 1. A patient with subarachnoideal hemorrhage (A) and re-hemorrhage after ten years, due to rupture of an aneurysm of the anterior com-
munication artery (Case 1). Digital subtraction angiography before (B) and after first endovascular coil occlusion (C). After ten years, this pa-
tient presented with rehemorrhage (D). Digital subtraction angiography (E) including 3D reconstruction (F) revealed a new 2x3mm aneurysm
at the same location. Complete endovascular coil occlusion was achieved (G, H).

Fig. 2. A patient with an incidental aneurysm at the middle cerebral
artery bifurcation (Case 2). Digital subtraction angiography (A) with
3D reconstruction (B). During endovascular coiling in balloon remod-
eling technique intraprocedural rupture occurred and could be suc-
cessfully managed by further coiling. Angiographically, the aneurysm
was completely occluded (C, D).

cedural CT-scan revealed hyperdense blood and contrast agent in
the subarachnoid space and an intracerebral hematoma on the right
side (Fig. 3A). Due to progressive brain swelling (Fig. 3B) with
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midline shift we decided to perform a right osteoclastic pterional
craniotomy. Intraoperatively, the aneurysm appeared to be almost
completely coiled. Only at the base, a small-uncoiled part was left
(Fig. 3C, D). After temporary clipping of the M1 segment, all coils
were removed and the aneurysm was completely clipped (Fig. 3E,
F). Finally, the patient was discharged in good clinical condition
with slight hemiparesis and organic brain syndrome.

Clinical study 3

This 63-year-old female patient presented with an incidental 6
mm aneurysm (Fig. 4A) at the middle cerebral artery bifurcation
on the right side. Successful microsurgical clipping was performed.
Another angiographic occult small lesion (Fig. 4B, C, D, E) was
found at the base during surgery and was treated with another clip
(Fig. 4F) to avoid its progression.

Discussion

Endovascular coiling has become a standard treatment and is
more frequently considered to be a first-line treatment of intracra-
nial aneurysms. The most frequent periprocedural complications
are thromboembolic events and intraprocedural rupture (5). The
rate of intraoperative ruptures ranges from 1 % to 8.7 % and can
be managed either with further endovascular coiling or surgical
clipping depending on situation (6).

In a recent meta-analysis, aneurysm recurrence after endovas-
cular coiling was detected in 20.8 %, while in 10.3 % retreatment
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Fig. 3. A patient with an incidental aneurysm at the middle cerebral
artery bifurcation (Case 2). Postprocedural computed tomography re-
vealed a hematoma (A) and after two days a progressive brain swelling
with midline shift (B). Therefore, a right pterional craniotomy and clip-
ping of the aneurysm was performed. Anatomical sketch (C) and intra-
operative view (D) during microneurosurgical operation. White stars:
coiled part of the aneurysm; white arrows: uncoiled part of the aneurysm
(C, D). Complete occlusion as demonstrated with postoperative digital
subtraction angiography (E) with 3D reconstruction (F) was performed.

was required (7). However, from the clinical point of view, it is
essential that patients that are at risk of hemorrhage have to be
provided with individualized treatment strategy.

The Cerebral Aneurysm Rerupture after Treatment Study
(CARAT) has demonstrated, that both endovascular coiling and

clipping provide effective protection against rebleeding within
the first year, with lower rehemorrhage or retreatment rates after
clipping. Rerupture rates after one year were extremely low with
only one event in the coiling group (8). However, better short
term clinical results are achieved with endovascular coiling ac-
cording to the ISAT and BRAT study (1, 9, 10), although this ef-
fect is lowered after 3 years of follow-up (11). The CARAT study
further demonstrated that the initial occlusion degree is strongly
associated with the risk of rerupture (12). Especially, when > 90
% occluded, coiled aneurysms after 6 months of follow-up have
a low cumulative incidence (0.4 %) for recurrent subarachnoid
hemorrhage within the first 8 years (13). In another series, the
incidence of aneurysms that repeatedly reopen after adequate coil-
ing, and require multiple interventions is 1.5 % (14). Bryne et
al demonstrated, that stable remnants have a significantly lower
rebleeding rate as compared to unstable aneurysms (0.4 % vs
7.9 %) (15).

Here, we present a rare case of rehemorrhage after 11 years
(case 1) in a nearly occluded aneurysm with a stable base rem-
nant. The fact that the aneurysm re-grew after 10 years might have
two implications.

Firstly, the pathology at the base might have been underesti-
mated under follow-up MR angiography studies. Although those
aneurysms were angiographically considered as 100 % occluded,
upon histopathological analysis, tiny open spaces between the
coils and incomplete membrane organization at the neck were
detected, (16). In our case 2, where an intraprocedural rupture
could be initially managed by further coiling, the intraoperative
view during clipping revealed the real situation with an uncoiled
part of the aneurysm at the base. Similarly, in our case 3, only di-
rect intraoperative view revealed an additional small lesion at the
base. Especially multiple lesions or a daughter sac (17) might have
increased the risk of rupture even in incidental cerebral aneurysms.
Note that the aneurysm in case 2 has initially been angiographi-
cally considered to be completely occluded. Underestimation of
the initial occlusion status might therefore be in part responsible
for both, early and late aneurysm recurrences or ruptures, regard-
less of the initial treatment strategy. Another study highlights the
importance of independent evaluation of angiographic results after
endovascular coiling. Independent reviewers judged the initial and
1-year angiographic occlusion states as being significantly wors-
ened as compared to local physicians (4). Furthermore, it is not

Fig. 4. A patient with an incidental aneurysm at the medial bifurcation (Case 3). Preoperative digital subtraction angiography (A). Intraopera-
tively, after clipping of the aneurysm an additional small lesion (white arrow) was detected at the base. White stars: M2, black star: M1 (B).
This lesion was treated with another clip to avoid its progression (C). Preoperative 3D reconstruction (D, E). Postoperative digital subtraction

angiography verified the complete occlusion of aneurysm (F).
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absolutely clear as to for how long the aneurysm after endovascular
procedures needs to be followed up (18). In the case of adequately
occluded aneurysms upon control DSA after six months, further
MR angiographies are considered to be an appropriate follow-up
imaging tool (19). To date, our current policy is to perform a DSA
after 6 months followed with serial MR angiographies, even in
case of stable results up to 10 years.

Secondly, when considering the base to be the locus minoris
resistentiae (20), a stable base remnant or even a totally oc-
cluded aneurysm still might be vulnerable to aneurysm regrowth
in the long term. Especially multiple lesions might indicate that
the base should be considered a weak point. The incidence of
late reopenings of aneurysms that are adequately coiled after
six months is extremely low (18). In general, the mechanisms
of recurrence are incompletely understood. Hasan et al. pro-
vide evidence that aneurysm sac growth might be the etiology
after successful coiling (21). Other mechanisms involved are
coil compaction, fundal migration (20) or coil extrusion (22).
However, in these cases the exact mechanism can be only as-
sessed during surgery (20). As demonstrated in our cases 2 and
3, small lesions at the base that are undetected by DSA could be
the source of future aneurysms.

In various studies, it could be demonstrated, that aneurysm
rupture and growth are mediated by angiogenesis, inflammatory
cell infiltration (23, 24) or extracellular matrix degeneration (25)
in the aneurysmal wall. Further, immunohistochemical analyses
revealed differences in structural protein and vascular growth
factor expressions in normal artery, as well as unruptured and
ruptured aneurysm walls (26). In line with these findings, an-
other study demonstrated that the recurrence might be affected
by the rupture status with more events in previously ruptured
aneurysms (27).

These findings suggest, that on the one hand the mechanical
properties of the coil complex and on the other hand the mecha-
nisms on an inflammatory/biological basis in the aneurysms wall
and base might contribute to aneurysm recurrence and hemorrhage.

In conclusion, in our clinical studies, the pathology at the base
has been underestimated upon DSA or MR angiography. The in-
cidence of angiographic occult residuals is unknown. However,
very small lesions might only be visible during microneurosurgery.
As demonstrated, very late rebleedings occur even in long-term
stable base remnants that are widely regarded as benign lesions.
As the follow-up period of endovascular-coiled aneurysms is in-
creasing, it is possible that stable remnants can become a clinically
relevant phenomenon.
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