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Background

Summary

The possibility of recanalization and the need for retreatment are the most important drawbacks
of intracranial aneurysm embolization. The purpose of the study was to prospectively analyze
the results of early follow-up angiography of embolized ruptured aneurysms in an attempt to
determine factors predicting the presence of residual flow.

Evaluation included 72 patients with 72 aneurysms, which were followed-up 3 months after the
treatment. Analysis of residual flow predictors included: age and gender, clinical state in Hunt-Hess
scale, aneurysm localization, aneurysm three dimensions and volume, neck width, sac-to-neck
ratio, initial result of embolization, number of coils used and the use of hydrogel coils and stents.

Mean sac diameter was 6.5+3.9 mm, and mean neck width was 2.9+1.4 mm. Follow-up
angiography presented residual flow in 26 aneurysms (36.1%): class 2 in 8 aneurysms (11.1%), and
class 3 in 18 cases (25.0%). Stable aneurysm filling was observed in 45 cases (62.5%), progression
of residual flow in 25 cases (34.7%), and regression in 2 cases (2.8%). According to ROC analysis
independent predictors of residual flow were aneurysm neck diameter (AUC 0.857, 95% CI:
0.755-0.928, p<0.0001) and sac-to-neck ratio (AUC 0.817, 95% CI: 0.708-0.898, p<0.0001). Cut-off
point of the ROC curve was established at 2.8 mm for neck diameter, and 1.73 for sac-to-neck ratio.

Aneurysm neck diameter and sac-to-neck ratio are independently related to the residual flow in
embolized ruptured aneurysms at early follow-up.
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Nowadays, the treatment of choice of intracranial aneu-

rysms at many medical centers is an endovascular embo-

Intracranial aneurysms are local, abnormal arterial dila-
tions visible upon illumination with light and containing all
the components of the vessel wall. Incidence of aneurysms
in the general population, based on autopsy and angio-
graphic studies, is estimated to be 1.7-3.1% [1]. The most
serious symptom and complication of an aneurysm is its
rupture with subsequent subarachnoid hemorrhage (SAH),
which is fatal in 32-67% of patients or results in perma-
nent disability in 10-20% of cases [2-4].

Treatment of intracranial aneurysms aims to prevent
complications by eliminating it from blood circulation.

lization [5,6]. Major advantage of embolization, in com-
parison to surgical procedures, is its less invasive nature.
Endovascular treatment does not require opening of the
cranial cavity, causes less vasospasm, procedure is usually
shorter and does not require a blood product [7].

The main drawbacks of embolization, include: significant
incidence of recanalization and the need for re-treatment
[8-11]. Aneurysm recurrence is caused by recanalization of
a thrombus formed in response to reduced blood flow with-
in the coil basket compression due to pulsating blood flow
in the parent vessel wall or at the site of aneurysm not
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Table 1. Demographic data of study participants (n=72).

Parameter Value
Age (mean + SD) 51.5+12.4lat
Gender Male 24 (33.3%)
Female 48  (66.6%)
Status.atadmission | 9 (12.5%)
scordng ot 24 (33.3%)
1l 26 (36.1%)
v 7 (9.7%)
v 6 (8.3%)
Aneurysm location ICA 40 (55.6%)
ACoA, ACA 17 (23.6%)
MCA 10 (13.9%)
BA/VA 5 (6.9%)
Aneurysm size Small (<5 mm) 26 (36.1%)
Medium (5.1-15 mm) 42 (58.3%)
Large (15.1-25 mm) 5 (6.9%)
Giant (>25 mm) 0 (0.0%)
Sac-to-neck width <15 15 (20.8%)
fatio 16-25 36 (48.6%)
>2.5 21 (29.2%)

inflated with coils. The risk of recurrence or, more broad-
ly, residual flow is estimated at 21-34% in a control study
[8,9]. As a result, the possibility of a rupture of a treated
aneurysm and subarachnoid hemorrhage is estimated to be
at 0.11% person-years [10].

The purpose of this study was to prospectively evaluate
the results of early control after embolization of ruptured
intracranial aneurysms in terms of finding the predictors of
residual flow.

Material and Methods

Embolization procedure

Treatment was preceded by digital subtraction angiogra-
phy (DSA), performed under local or general anesthesia,
depending on the patient’s condition. Embolizations were
performed with platinum coils or platinum and hydrogel
coils or platinum coils with stent remodeling. Embolization
procedures used the following: platinum GDC Detachable
Coils (Boston Scientific, Natick, USA), Axium and Nexus (ev3
Corporate, Plymouth, USA) and MicroPlex (MicroVention,
Inc., Tustin, USA), hydrogel coils HydroCoil and HydroSoft
(MicroVention, Inc., Tustin, USA), and intracranial stents
Neuroform3 (Boston Scientific, Natick, USA). During the pro-
cedure, heparin was administered at an intra-arterial dose of
30-60 mg, and in case of significant vasospasm, papaverine
at a dose of 20-40 mg intra-arterially. Control 3D DSA was

performed about 3 months after the embolization to evaluate
the early results of treatment. The results of embolization
were evaluated according to Roy et al. classification [11].

Statistical analysis

Statistical analysis was performed using MedCalc soft-
ware 11.6.0 (MedCalc Software, Mariakerke, Belgium),
Statistica 9 (StatSoft Inc., Tulsa, USA) and Microsoft Excel
2007 (Microsoft Corp., Redmond, USA). Distribution compat-
ibility of measurable variables with normal distribution was
tested using W Shapiro-Wilk test. The results were consid-
ered statistically significant at a confidence level of p<0.05.

Besides descriptive statistics, an attempt to identify poten-
tial factors associated with the presence of residual flow
within the aneurysm in a control study, was made. The fol-
lowing parameters were taken into account: age and gen-
der, clinical condition according to the Hunt-Hess scale on
admission, aneurysm location, dimensions in 3 axes, aneu-
rysm volume, neck width, sac-to-neck width ratio, initial
result of embolization (Class 1-3), number of coils used and
the use of hydrogel coil stents. The analysis was performed
by comparing aneurysm groups with flow against a group
with no flow during control test, through the U Mann-
Whitney test and Fisher's exact test. Additionally, for each
variable the area under the ROC curve was calculated with
a 95% confidence interval (95% CI). Statistical significance
of AUC was analyzed using the Z-test.

Results

Technical results of therapy

The analysis included 72 patients with 72 embolized aneu-
rysms, who reported for a follow-up DSA 3 months after
embolization. The summary of patient demographic data
is shown in Table 1 The largest mean diameter of the sac
was 6.5 (£3.9) mm and mean neck width 2.9 (+1.4) mm.
Average aneurysm volume was 1.92 (+5.54) ml.

The course and immediate treatment outcomes are sum-
marized in Table 2. On average, 6.0 (+3.5) coils were used
during embolization, per aneurysm. Platinum coils (66.6%)
were mainly used and almost all cases (97.2%) used at least
one 3D coil (spherical). Hydrogel coils were introduced at
our medical center at the beginning of the study. However,
their use in urgent cases grew gradually with operator
experience. Eight aneurysms (11.1%) were supplied with
coils following stent implantation, and in every case an
attempt was made to place the first coil without the stent.
The procedure was terminated in the absence of contrast
medium flow into the aneurysm on a 3D DSA or when the
introduction of a coil resulted in reduced flow in adjacent
vessels or caused the loop to penetrate the proper vessel. In
2 cases of aneurysm, a coexisting arteriovenous malforma-
tion (AVM) was observed, one of which was treated with
additional embolization using histoacryl.

In most cases, immediately after the procedure absence
of flow within the aneurysm was observed (Class 1)
— Table 1. Cases of suboptimal filling resulted from a
weakened flow in the vessel or its branch (n=2, 2.8%) or
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Table 2. Course and results of embolizations (n=72).

Parameter prr)l:e'::re:s()(f’é)

Features of vasospasm in DSA view, before 14 (19.4%)
procedure

Number of coils used <3 15 (20.8%)

4-6 25 (34.7%)

>6 32 (44.4%)

Type of spiral used Platinum 48 (66.6%)

Mixed* 24 (33.3%)

Embolization with remodeling 8 (11.1%)

Embolization result** Class 1 64 (89.9%)

(lass 2 8 (11.1%)

(lass 3 0 (0.0%)

Technical complications 5  (6.9%)

Features of vasospasm in DSA view, after 9 (12.5%)

procedure

* Platinum and hydrogel coils; ** embolization result classification
according to Roy et al. [11].

coil loop displacement into the proper vessel (n=6, 8.3%).
Signs of vasospasm were observed during the procedure in
34 patients (47.2%). In most cases, shrinkage was moder-
ate and resolved after the administration of 40-120 mg of
papaverine through a guide catheter. Technical complica-
tions that occurred during the procedure, include aneu-
rysm perforation (n=3, 4.2%) and permanent displacement
of the coil to the lumen of the parent vessel (n=2, 2.8%)
Figure 1. None of these events have caused any clinical
complications, including neurological deficits.

Early results of treatment

The average time between the procedure and the follow-
up was 92.8 (£24.7) days. Follow-up angiography revealed
residual flow in 26 (36.1%) aneurysms. In 8 cases (11.1%)
the flow was class 2 and in 18 cases (25.0%) class 3. Among
the patients, stable aneurysm was observed in 45 cases
(62.5%), progression of residual flow was seen in 25 cases
(34.7%) and regression in 2 cases (2.8%). There was no evi-
dence of arterial obstruction, nor thrombosis on stent sur-
faces. There were no adverse effects associated with arte-
rial angiography.

Predicting factors of residual flow in an aneurysm

Among the analyzed demographic and morphological
parameters, only neck width varied significantly between
the group of aneurysms with residual flow in the follow-
up examination and the group of completely embolized
aneurysms (mean value 4.0+1.6 mm and 2.3+0.8 mm,
p<0.0001). However, according to the ROC analysis, sig-
nificant predictors of residual flow occurrence were: the
width of aneurysm neck (AUC 0.857, 95% CI: 0.755-0.928,

Figure 1. Follow-up 3D DSA after embolization of the LICA aneurysm.
Thereis a residual flow type 3 and a coil loop released from
the aneurysm, which lays in LMCA and ends in one of its
branches. There are also two small aneurysms: at the orifice
of LACA and in the trifurcation of LMCA.

p<0.0001) and sac-to-neck width ratio (AUC 0.817, 95%
CIL: 0.708-0.898 p<0.0001) (Figure 2). The cut-off point for
neck width was estimated at 2.8 mm, which means that
above this value, there may be residual flow in the aneu-
rysm with a sensitivity of 80.8% and a specificity of 82.6%.
However, the cut-off point for sac-to-neck width ratio was
estimated to be 1.73, which means that below this value
the existence of residual flow may be predicted with a sen-
sitivity of 91.3% and a specificity of 61.5%.

Discussion

Many authors believe that some of the biggest drawbacks
of endovascular treatment of intracranial aneurysms
include the risk of recanalization of the lesion and subse-
quent SAH [4,8,12-15].

The most complete study of the incidence of recanaliza-
tion was presented by Ferns et al. [8]. Their meta-analysis
covered 46 studies involving 8,161 patients who were fol-
lowed for an average of 14.1 months. Initially, complete
filling of the aneurysm was achieved in 91.2% of patients.
Recanalization was observed in 20.8% of cases, while re-
treatment was performed in 10.3% of patients. Particularly
interesting was an observation of a lower incidence of
relapse in cases with a history of aneurysm rupture (11.4%)
and higher incidence in cases involving only change in the
posterior circulation (22.5%). Regression analysis revealed
a weak correlation between the size of aneurysms greater
than 10 mm and an increased incidence of recanalization
and reembolization. The list of potential risk factors for the
recurrence of an aneurysm as presented by other authors,
includes: insufficient filling density of the lesion [16], an
incomplete initial embolization (with residual flow) [17],
presence of a thrombus in the sac or clotting during the
procedure [18], large dimensions of aneurysm [8,19], a wide
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Figure 2. ROC graphs present a relationship between the presence of residual flow in the aneurysm and aneurysm neck width (A) and the sack-to-

neck-ratio (B). Cut-off points of ROC curves are marked.

neck [20] and location in the posterior circulation [8]. The
answer to the question of which aneurysms are character-
ized by frequent recanalization, ruptured or unruptured,
remains unanswered [8,21].

This large number of risk factors reflects the limited
knowledge about the true causes and mechanisms of aneu-
rysm recanalization and recurrence following endovascular
treatment. Consequently, it is difficult to develop an opti-
mal post-embolization follow-up protocol, one that would
help prevent subarachnoid bleeding from reoccurring and
avoid unnecessary diagnostic procedures. It appears that
some of the discussed risk factors for recanalization may
result from the lack of multivariate statistical analysis of
raw data or its improper execution, and therefore, are not
true predictors of aneurysm relapse. For instance, aneu-
rysms located within the anterior circulation can be treat-
ed endovascularly or, in case of unfavorable morphology,
surgically. In contrast, lesions in the posterior circulation
are much more difficult to clip, therefore embolizations are
performed even in cases of aneurysms with very difficult
configuration leading to more frequent relapses.

Presence of a thrombus within the sac of an aneurysm or
clotting during embolization involves the risk of sponta-
neous fibrinolysis after the procedure and loosening of the
densely packed coils. It is equally difficult to obtain a stable
and dense packing of embolization material in giant aneu-
rysms, where higher rigidity of long coils tends to form
unfilled compartments later predisposing to recanaliza-
tion. Furthermore, due to the risk of causing a mass effect
by an embolized giant aneurysm, the procedure is usually
stopped once flow within the sac stops, rather than con-
tinuing until no more coils can be introduced. These fac-
tors contribute to a weaker filling of giant aneurysm sacs,
as compared to the treatment of smaller lesions. Similar
situation occurs in cases of aneurysms with a wide neck,
where the tendency for weaker filling stems from the pos-
sibility of coil loop protrusion into the lumen of the parent
vessel. Predictors of flow in the study were the following:
neck width of aneurysm sac and sac-to-neck width ratio.

ROC analysis allowed for the calculation of cutoff points.
Presence of flow during follow-up examination was more
likely in case of aneurysms with neck width >2.8 mm and
sac-to-neck width ratio <1.73. These results confirm data
already published by larger clinical trials, although specific
cut-off points depend on the population analyzed [20-22].

Particularly interesting is the fact that the data revealed no
relationship between the presence of flow during follow-up
examination and the initial outcome of embolization. This
may suggest the presence of dynamic processes of coagu-
lation and recanalization within the treated aneurysms or
according to the hypothesis by Ries et al., the existence of
a subclass of aneurysms with increased mechanical com-
pliance and likelihood of recanalization [23]. On the other
hand, recent studies pointed to the subjective nature of the
assessment of filling of an aneurysm. In the PRESAT study,
baseline results and the results at 1-year follow-up were
worse in the assessment of independent observers, than the
doctors who performed the procedures [24]. Additionally,
multivariate regression analysis of embolization results
performed during the PRESAT study revealed that the ini-
tial assessment by ohjective observers was the only pre-
dictor of residual flow at 1-year follow-up, with high OR
- 2.8 (95% CI 1.2-7.0). Similarly, Daugherty et al. during
their study on the variability of treatment qualifications of
recanalized aneurysms, demonstrated significant differenc-
es between the assessment of the same patients by differ-
ent neuroradiologists. The differences pertained the quali-
fications for re-embolization (x compliance rate only 0.27)
and a method of treatment. Depending on the researcher,
qualifications for clipping ranged from 7% to 67% [25].
These results demonstrate the need for an objective evalua-
tion of aneurysms immediately after the embolization, but
also during follow-up examinations.

Conclusions

Neck width of an aneurysm and sac-to-neck width ratio
are associated with residual flow in cases of ruptured
intracranial aneurysms treated with embolization.
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