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Abstract

Aim: In this study, angiographic and clinical results after endovascular treatment were evaluated in patients with a ruptured brain
aneurysm.

Materials and Methods: A total of 32 patients, who admitted to the hospital between May 2018 and January 2020 due to aneurysmal
subarachnoid hemorrhage (SAH), were included in the study. Cranial digital subtraction angiography (DSA) imaging was performed
within the first 24 hours to patients with SAH detected on computed tomography and endovascular embolization was performed in
32 patients, who were considered as suitable for endovascular treatment. The pretreatment clinical scorings of the patients were
evaluated according to the Hunt-Hess scale. Aneurysm occlusion was performed according to the Raymond-Ray classification. The
patients were evaluated with the clinical outcome modified ranking scale (mRS) during their follow-up periods.

Results: The endovascular treatment was successfully performed in all patients. In the first angiograms for control purposes after
embolization, it was seen that the aneurysms were completely closed (RR1) in 81.25%, partial neck remained (RR2) in 12.5%, and the
aneurysms were closed incompletely (RR3) in 6.25% of the patients. Intraprocedural complications developed in five patients (15.6%).
There was an aneurysmal rupture in 1 patient (3.1%) and thromboembolic complications in 4 patients (12.5%). The procedure-related
morbidity and mortality rates were 9.3% and 3.1%, respectively. No patients had postprocedural hemorrhagic complications. In the
3rd month, mRS was 0 in 21 (65.6%) patients, 1 (3.1%) in 1 patient, and 2 (6.25%) in 2 patients. A total of 11 (34.3%) patients died. A
second procedure was performed in 2 (6.25%) of the patients who were followed because there was an RR3 residue.

Conclusion: The endovascular embolization process can be applied in the treatment of intracranial aneurysms causing subarachnoid
hemorrhage, and it is a safe and effective treatment method.
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INTRODUCTION first 6 hours (5). Although there are different approaches
to the timing of treatment of ruptured aneurysms,

problem that causes high rates of morbidity and mortality predon_nnantly early . mterventlo_n 'S thought to reduce
(1,2). While the incidence of SAH varies by region, the mortality rates and give better clinical results (6,7). There

mean annual incidence can be considered as 10 per are two treatment approaches in the treatment, namely
hundred thousand (1). Ruptured intracranial aneurysms the surgery, and endovascular embolization, and it has
are responsible for 85% of the SAH cases, and 10% of been reported that the long-term results of endovascular
the cases suffer from non-aneurysmal bleedings (3,4). treatment, such as death and dependent life, are better (8).
The mortality rate in aneurysmal SAH is between 45-60%
(1,3). Re-bleeding of ruptured aneurysms is an important

complication and there is a risk of mortality over 80% (1,4). ﬁf patlhents Vr‘:'th ;neurysmsl ca:smg slubarachn0|d
The risk of rebleeding aneurysms is maximum in the first N€morrhage, who underwent early endovascular treatment

24 hours, and 50-90% of them occur especially within the ~ Within the first 24 hours, were discussed.

Subarachnoid hemorrhage (SAH) is an important health

In the present study, the angiographic and clinical results
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MATERIALS and METHODS

Patient population

A total of 32 patients, who applied to the hospital between
May 2018 and January 2020 due to aneurysmal SAH
and treated with endovascular cerebral aneurysm were
included in the study. SAH was detected with non-
contrast brain computed tomography (CT), and these
patients underwent digital subtraction angiography (DSA)
within the first 24 hours. With the DSA, it was seen that
there was a single aneurysm in 30 (93.75%) patients
and 2 aneurysms in 2 (6.25%) patients. Also, since the
aneurysm dimensions of two patients were <3 mm, they
were referred to surgical treatment because of the high
risk of rupture due to the endovascular procedure. Of the
patients included in study 18 (56.25%) were female and
14 (43.75%) were male. The mean age was 51.2 (22-72
years old). The pretreatment clinical scoring was done
according to the Hunt-Hess rating, which is one of the
most reliable methods (9). According to the Hunt-Hess
rating, 5 patients (15.6%) were accepted as grade 1, 9
patients (28.1%) as grade 2, 7 patients (21.8%) as grade 3,
5 patients (15.6%) as grade 4, and 6 patients (18.75%) as
grade 5 (Table 1).

Table 1. The clinical grading of the patients before treatment, using

the Hunt-Hess grading scale

Number of
Hunt-Hess _— .
Description patients
Grade o
(%)
1 Asymptomatic or mild headache 5(14)
2 Moderate to severe headache, nuchal rigidity 12 (34)
3 Mild focal deficit, lethargy, confusion 7(20)
4 Stupor, hemiparesis 5(14)
5 Deep coma 6(17)

Endovascular method

All patients underwent the procedure under general
anesthesia. Afterintroducerinletwasopenedonthefemoral
artery, 70lU/kg heparin was administered intravenously
(IV). Additional hourly heparin was administered in a way
that the activated partial thromboplastin time (aPTT) was
kept between 250-280 seconds. Stent delivery catheter
was placed in the parent artery in patients with a wide
neck structure, which was decided to perform stent neck
modeling in the diagnostic DSA, an antiaggregant drug
was administered through the nasogastric route with 270
mgq brillanta or 40 mg effient before opening the stent.
When the stents were placed and the aneurysm sac was
started to be coiled, T mg of tirofiban was given IV to end
in half an hour.

Theunilateralfemoralarteryinletwas openedinall patients.
The 7F guiding sheath (Neuronmax; Penumbra) was
placed in the target main carotid artery or subclavian artery
by the transfemoral route. Then the 5F or 6F intracranial
support catheter (Medtronic; Navien) was inserted into

the target ICA petrous segment or vertebral artery V4
segment. Microcatheters such as echelon 10 (Medtronic),
Headway 17 (Microvention/Terumo), and SL-10 (Stryker
Neurovascular) were used to enter the aneurysm sac or
send the stent. In patients with simple coil embolization,
under road mapping, the microcatheter was navigated
into the aneurysm sac using a radifocus (Microvention/
Terumo) and Syncro (Stryker Neurovascular) micro guide
wire. The aneurysm sac was closed with the Axium
(Medtronic) and Target (Stryker Neurovascular) coils
(Figure 1). Neuroform Atlas (Stryker) stents were used
for stent neck modeling. In patients undergoing single
stent neck modeling and coil embolization, the stent
microcatheter was first placed in the area where the stent
was intended to be opened, and the coil microcatheter
was jailed into the aneurysm sac. After the stent was sent
and opened through the microcatheter, the aneurysm sac
was closed with coils.In patients undergoing Y-shaped
stent and coil embolization, the stent microcatheter was
placed in the vascular branch with a difficult aneurysm
neck exit angle underroad mapping. Then another
microcatheter was jailed into the aneurysm sac. The first
stent was sent from the stent microcatheter and opened.
Then, through the glidewire manipulations, it was passed
into the other branch through the meshes of the first
stent and a microcatheter was inserted. A second stent
was sent from this microcatheter and opened. After the
Y-shaped stent configuration was provided, coils were
sent from the microcatheter inside the aneurysm sac and
the aneurysm was closed. While 0.010- and 0.018-inch
coils were used in large aneurysms, 0.010-inch coils were
used in small aneurysms. Three-dimensional (3D) images
were taken for all aneurysms and aneurysm dimensions
and vessel branches associated with the aneurysm neck
were measured and determined from these images.
The dimensions of the coils inserted into the aneurysm
and the stents attached to the branches associated
with the aneurysm neck were determined according to
the data obtained from three-dimensional images. The
antiaggregant treatment was continued for 6 months in
patients for whom stent neck modeling was performed.
The femoral access points were closed with vascular
closure devices.

Figure 1. CT and procedural angiographic images of ACOM
aneurysm causing subarachnoid hemorrhage. A. Subarachnoid
hemorrhage that opens to the lateral ventricles in the
interhemispheric fissure, bilateral sylvian fissures and sulcus.
B. Narrow neck saccular aneurysm in ACOM localization (white
arrow). C. Image after simple coil embolization into the aneurysm
(black arrow)
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Radiological and clinical follow-up

Brain Magnetic Resonance Angiography (MRA) was
applied to all patients 3-6 months later. This was followed
by the DSA after 9-15 months. Then, the patients were
taken to annual MRA follow-ups. MRA and DSA follow-
ups were performed by three experienced interventional
neuroradiologists (M.K.,1.0.Y.,K.S). Asecond endovascular
treatment decision was made in patients with significant
morphological recurrence. Angiography results of coil
embolization were evaluated according to the scale
defined by Roy et al. (10). According to this scale, class
1 was evaluated the total aneurysm occlusion with no
contrast to the aneurysm neck or sac, class 2 as the
aneurysms remaining only as of the residual neck without
contrast filling to the aneurysm sac, and class 3 as the
aneurysm with contrast filling to the aneurysm sac.

The preprocedural clinical statuses of the patients were
evaluated according to the Hunt-Hess grading. After
the patients were discharged, their clinical statuses
were evaluated according to the modified ranking scale
(mRS). mRS 0-2 points were defined as good clinical
results and 3-5 points were defined as bad clinical
results. Complications that occurred within the first 30
days after endovascular procedure were considered
as periprocedural. Complications after 30 days were
considered as late complications.

RESULTS

Aneurysm characteristics

The data on the localization of aneurysms were shown
in Table 3. The mean aneurysm size was measured as
8.7 mm (range, 3-23 mm). 65.6% of the aneurysms were
small and measured as <10 mm. The dimensions of the
remaining 34.3% were measured between 10-23mm.
There were no giant aneurysms (> 25 mm). 56.25% of the
aneurysms had a narrow neck (<4 mm) and the rest had a
wide neck structure (> 4 mm).

Table 2. The initial post embolization occlusion grade of the

aneurysms

. Number of
Occlusion _ .
Description patients
Grade
(%)
1 Complete occlusion 29 (82.8)
2 Residual neck 4(11.5)
3 Contrast filling aneurysm sac 2 (5.7)

Embolization results and applicability of the treatment

Endovascular treatment could be applied to all aneurysms.
The technical success in the embolization process
was 100%. Primary coiling was performed in 53.1% of
aneurysms, 31.2% of the remaining aneurysms were stent
neck modeling and coil, 15.6% were Y stent neck modeling
and coil embolization. Since the aneurysm dimensions
were <3 mm in two patients, surgical treatment was
recommended for high rupture risk. 81.25% (RR1) of
the aneurysms, for which embolization was performed,
were completely closed. While residual neck remained

in 12.5% (RR2) of remaining aneurysms, the partial
filling was observed in aneurysm sac in 6.25% (RR3)
(Table 2). For two aneurysms with partial filling (RR3), a
second embolization was performed three months later,
and these were completely closed (Figure 2). The stent
neck modeling procedure was technically successfully
performed in all patients.

Figure 2. Procedural and follow-up angiography images of
a 32-year-old male patient with ruptured ACOM aneurysm.
A. Wide-necked saccular aneurysm in ACOM localization in
procedural angiography (white arrow). B. Image after simple coil
embolization into the aneurysm (black arrow). C. Significant
residual filling in aneurysm on follow-up angiography after 6
months (curved white arrow). D. Total occlusion in aneurysm on
angiographic image after second coil embolization (curved black
arrow)

Table 3. The location of the cerebral aneurysms

Aneurysm localizations R o(f‘,/sneurysms
Anterior circulation 32(91.5)
ACA
AcomA 15 (42.8)
ACA A1 segment 1(2.8)
ACA pericallosal segment 2(5.7)
Total 18 (51.4)
ICA
Proximal ICA, paraophtalmic, cavernous 4(11.4)
PcomA 5(14.2)
Total 9(25.7)
MCA
Proximal (M1) 1(2.8)
Bifurcation 4(11.4)
Total 5(14.2)
Posterior circulation 3(8.5)
Basilar tip 1(2.8)
Superior cerebellar artery 1(2.8)

Vertebro-basillary junction

ACA: Anterior Cerebral Artery; AcomA: Anterior Communicating Artery;
ICA: Internal Carotid Artery; MCA: Middlecerebral Artery;

PcomA: Posterior Communicating Artery
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Complications, complication management, and clinical
results

Periprocedural complications developed in a total of 6
patients (18.75%). Aneurysm rupture occurred due to
microcatheter manipulation in 1 patient (3.1%), major
branch thrombosis in 2 patients (6.25%), and intrastent
partial thrombus in 2 patients (6.25%). The aneurysm was
closed by continuing to wrap the coil without retracting
the coil catheter in the patient with developed aneurysm
rupture. Decompressive surgery was performed after the
procedure. The patient suffered from cardiac arrest 3
days after the operation and died. In patients with major
branch occlusion, thrombectomy was performed with an
aspiration catheter and full clearance was ensured (Figure
3). In patients with coil migration, the coils were attached to
the vessel wall with a flow-guiding stent, and the aneurysm
was closed completely, and full clearance was provided
in the vessel lumen. In patients with developed partial
thrombus within the stent, 1 mg/half an hour IV tirofiban
infusion was performed and injection of 5 mg alteplase/5
minutes was made from the intraarterial thrombus
proximal and thus the intra-stent partial thrombi were
removed. Embolic acute infarcts were seen in vascular
irrigation areas with complications in the Diffusion
Magnetic Resonance imaging taken for control purposes
24 hours after the procedure in 5 patients who developed
major branch occlusion, intrastent partial thrombus, and
coil migration. However, four of these patients had mRS
0 in their clinical follow-up and no neurological sequelae
were observed. Minimal dysarthria developed in only one
patient with developed major branch occlusion and mRS
1 was calculated in the clinical follow-up.

Figure 3. Procedural angiography images of a 45 year-old male
patient with ruptured ACOM aneurysm. A. Narrow neck saccular
aneurysm in ACOM localization (white arrow). B. After simple
coil embolization, the aneurysm was totally closed (black arrow)
in procedural angiography, but the distal of the MCA M1 segment
was occluded (white arrow). C. After aspiration, MCA and distal
branches are completely open

Mortality was seen in 11 (34.3%) patients in total. This
was due to periprocedural complication in one of these
patients and the remaining 10 patients died within the first
two weeks due to late cerebral ischemia (6 patients), sepsis
(2 patients), and cardio-pulmonary event (2 patients). The
remaining 21 patients (65.6%) were clinically followed up
for an average of 8 months (range, 3-22 months), and no
patient died. While mRS was 0 in 18 (56.25%) of these
patients, mRS was calculated as 1 in 1 patient (3.1%) and
as 2 in 2 patients (6.25%). The late-term mortality and
morbidity were calculated as 0.

DISCUSSION

Although there are different approaches to the timing of
treatment of ruptured aneurysms, there is a consensus
that early intervention significantly reduces mortality
rates and gives better clinical results (6,7).There are two
treatment approaches, namely surgical and endovascular
embolization, and long-term results of endovascular
treatment, such as death and dependent life, have been
reported to be better (8). Although “The International
Subarachnoid Aneurysm Trial (ISAT)", the first major
prospective randomized controlled trial to evaluate the
efficacy of endovascular therapy and compare it with
surgery, especially in bleeding brain aneurysms (8), shows
that clinical outcomes of endovascular embolization are
better, some limitations in ISAT have been criticized.
However, the ISAT Il study, which started in 2012 in 50
centers and will be completed in 2024, is implemented free
of these limitations, and it has been reported in the early
results that the superiority of endovascular treatment
continues as in ISAT | (11).

Two important problems in the long-term follow-up of
endovascular treatment are higher recanalization and
bleeding rates when compared to surgery. Renowden
et al. reported complete aneurysm occlusion rates of
67%, 35%, and 11%, respectively, for small, large, and
giant aneurysms in their series including 780 patients
for whom they performed endovascular treatment (12).
Murayama et al. reported complete occlusion rates of
72.9%, 40.8%, 41.4%, and 37.5%, respectively, for small,
large-necked small, large, and giant aneurysms that they
closed endovascularly (13). In the present study, 81.25%
of aneurysms were completely closed. While residual
neck remained in 12.5% of the remaining aneurysmes, the
partial filling was observed in the aneurysm sac in 6.25%.
Complete occlusion was achieved in 86.8% and 68.5%,
respectively,in small and large aneurysms. In the literature,
the rate of recanalization after endovascular treatment
varies between 14% and 34%. Numerous clinical, technical,
and anatomical factors determine recanalization rates
after endovascular treatment (14,15).The most important
of these factors is the aneurysm diameter>10mm and the
aneurysm neck width>4mm (16). Besides, the tight coiling
of the aneurysm during the endovascular procedure is
an important factor for recanalization during the follow-
up. Technological developments in products such as
new coil, intracranial stent, and intracranial balloon have
led to a significant decrease in the recanalization rates
(17,18). The high total complete ratios and low residual
aneurysm rates in the present study were compatible with
the literature, and it was evaluated that this was due to the
aneurysm neck modeling methods used in many patients
and the tight insertion of coils into the aneurysm.

Rebleeding may occur within the first week after
embolization. Factors such as the amount of coiling
inside the aneurysm, operator's experience, the timing
of embolization determine the rate of rebleeding. In the
literature, rebleeding rates have been reported between
0% and 4.9% (12,19,20). In the present study, the rate of
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rebleeding after endovascular treatment is 0%, and the
reasons are thought to be to intervene in the first 24 hours
of bleeding aneurysms and to tightly coil the aneurysm.

On the other hand, thromboembolic complications are
an important problem in endovascular treatments. It
is known that coagulation is higher in patients who
have bleeding, especially in ruptured aneurysms, and
thromboembolic complication rates after endovascular
treatment have been reported to be between 2.5% and
28%. Again, in these studies, the permanent disability and
death rates due to thromboembolic complications were
reported to be 1.4% to 5.9% (16,21). It is recommended
to treat intraprocedural thromboembolisms with intra-
arterial r-tPA and intraarterial/intravenous glycoprotein
lIb/Illa inhibitors (22,23). In the present study, the
intraprocedural thromboembolic complication was 12.5%
and recanalization was achieved in the full vessels with
intra-arterial r-tPA and intravenous tirofiban infusion.
No morbidity or mortality was observed due to these
complications.

Intraprocedural aneurysm rupture is a serious and
high mortality-morbidity complication of endovascular
treatment and is reported to be between 1.4% and 16%
(7,12,16,18). Rupturesare reported in <10 mm aneurysms
located mostly in the anterior communicating artery
(AcomA) and middle cerebral artery bifurcation (12,21,25).
In the present study, the rate of rupture (1 patient-3.1%)
and the location-size characterization of the aneurysm
were similar to those in the literature, and the rupture with
developing aneurysm was 6 mm in diameter localized
in AcomA. The most important factors that determine
the rate of intraprocedural rupture are thought to be the
aneurysm size and the operator's experience (21,25).

The mortality rates are above 45% in patients with SAH,
and severe morbidity rates have been reported in surviving
patients (1,4,26,27). Although intraprocedural and
postprocedural treatment is in optimal conditions in the
treatment of aneurysm, late cerebral ischemia is one of the
main causes of mortality. Although cerebral vasospasm
is observed in 70% of patients with SAH, approximately
30% of these patients have late cerebral ischemia, which
is effective in their clinical outcomes (26,27). In ruptured
aneurysms, the neurological status at presentation and the
amount of extravasated blood seen on CT scan are closely
related to the outcome clinical outcomes of patients and
the possibility of having vasospasm (30-32). Fisher scale
and clinically preprocedural Hunt-Hess grade in CT have
the deepest effect on 1-year bad results (33,34). Thereis a
six fold increased risk in those with Hunt-Hess grade 4 and
5, and fourfold increased risk in those with Fisher scale 3
and 4, in terms of mortality (35). In this study, mortality
was not observed in any of our patients with Hunt-Hess
grade below 4 and Fisher scale below 3, and 6 patients
(18.75%) with Hunt scale of 4 or 5 and Fisher scale 3 or 4
died due to late cerebrovascular vasospasm.

There are several limitations to this study. This is a
retrospective and single-centered study conducted in a

relatively small group of patients. Also, the apparent low
of the number of posterior system aneurysms is another
important limitation of the study.

CONCLUSION

In conclusion, in this study, high technical success rate,
low complication and mortality rates, and high rates
of total aneurysm closure were determined in the early
period of endovascular treatment in ruptured aneurysm
cases. It is considered that endovascular treatment is
an applicable, safe and effective treatment method in
ruptured aneurysms.
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