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Abstract
Background—Endovascular embolization of ruptured intracranial aneurysms provides an adequate treat-
ment and long-term results with less morbidity and mortality (M&M) compared with surgical treatment.
Since the last decade more and more ruptured and unruptured intracranial aneurysms (IA) undergo endo-
vascular embolization in the United States. We present our experience of the initial one year periprocedural
M&M at Paul L. Foster School of Medicine (PLFSM), Texas Tech Health Science Center (TTUHSC) in El
Paso, Texas.

Methods—Demographics, technical aspects of the endovascular procedure and clinical assessment,
including several commonly used scales to assess the severity in case of subarachnoid hemorrhage were
collected. Perioperative complications were classified as minor and major. All data is prospectively collec-
ted in a local database. Only endovascular treated aneurysms were included in the study

Results—During the first year of opening of the interventional neurology program at our school of medi-
cine (March 2011 and March 2012), a total 45 ruptured and unruptured intracranial aneurysms were treated
with endovascular embolization. Two thirds of the patients (n = 27) presented with a ruptured IA. Within
those with a ruptured aneurysm, the most median Hunt and Hess grade was 3. By large the vast majority of
treated IA were in the anterior circulation and more than half measured 7–12 mm. Only three unruptured
IA were <7 mm (average 5.5 mm). Complications occurred in seven patients (15%), four of them were
minor without any clinical sequelae. The remaining three included; intracranial dissection and aneurysmal
rupture resulting in both hemorrhagic or ischemic stroke and death in only one patient.

Conclusion—The first year experience of interventional neurology services at Paul L. Foster School of
Medicine in El Paso, Texas demonstrates successful treatments with comparable national rates of morbidity
and mortality.

ACA Anterior cerebral artery

Acomm Anterior communicating artery

ESN Endovascular surgical neuroradiology

H&H Hunt and Hess scale

IA Intracranial aneurysm

ICA Internal carotid artery

MCA Middle cerebral artery

M&M Morbidity and mortality

SAH Subarachnoid hemorrhage
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Pcomm Posterior communicating artery

PLFSM Paul L. Foster School of Medicine

TTUHSC Texas Tech University Health Science Center

VA Vertebral artery
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Introduction
The prevalence of intracranial aneurysms (IA) accounts
for 5% in the general population.1–4 Fortunately, the
majority of intracranial aneurysms do not rupture over
time, but the risk is size dependent. In the International
study of unruptured intracranial aneurysms, the 5-year
cumulative risk of rupture was negligible for those
measuring <7 mm. Whereas the risk was 2.6% and
14.5% for those sized 7–12 mm, located in the anterior
and posterior circulation, respectively. Higher rates were
found with larger sizes.5,6

Subarachnoid hemorrhage (SAH) due to a ruptured IA
represents one of the worst diseases neurologists and
neurosurgeons encounter in their practices. The annual
rate of SAH is approximately six to eight per 100,000 or
about 25,000–27,000 SAH cases a year in the United
States2,7. Since the results of the International Subarach-
noid Aneurysm Trial (ISAT) were published in 2002
endovascular treatment has become an important treat-
ment option in the management of ruptured intracranial
aneurysms.8–10 The purpose of this study is to evaluate
and share our first year experience in the endovascular
treatment of ruptured and unruptured intracranial aneur-
ysms at PLFSM.

Patients and methods
The data was retrospectively elicited from a prospective
collected database of all neurointerventional cases per-
formed by the interventional neurology team at PLFSM.
The database include demographic information; age,
sex, and ethnicity. Clinical characteristics including the
Hunt and Hess grading scale, Fisher grade, and Glasgow
coma scale (GCS) were prospectively collected in
patients with SAH. Procedural features such as date of
the procedure, aneurysm size and location, amount of
contrast material used, total time of radiation exposure,
and endovascular devices were also collected. Compli-
cations were classified as minor and major type and

included; intraprocedural, and periprocedural (48 h)
events. All consecutive patients that underwent endovas-
cular treatment of a ruptured or unruptured IA were
enrolled in the above-mentioned database and incorpora-
ted in our retrospective analysis.

Endovascular procedure
All patients undergoing endovascular embolization were
treated under general anesthesia. The femoral artery
approach was used for access. After placement of the
standard guiding catheter (usually 6 French) in the cervi-
cal artery, a tapered flexible microcatheter (1.7–2.1
French) was used to select the aneurysmal sac over a
0.014 in flexible microwire. All ruptured and unruptured
IA were embolized using detachable coils. Some rup-
tured IA were treated using the balloon remodeling coil
embolization technique and some of the unruptured IA
were treated using the stent-assisted coil embolization
technique. All unruptured aneurysm were anticoagulated
during the procedure using intravenous heparin and
intermittent boluses were then used to maintain an acti-
vated clotting time (ACT) around two times the baseline
and preferentially less than 300 s.

Results
Between March 2011 and March 2012, a total of 45
intracranial aneurysms were treated with endovascular

Table 1. Population and lesion characteristics.

 
Ruptured (%)

 
Unruptured (%)

 

No. cases 27 (60) 18 (40)
Male/female 7/20 5/12
Age range (mean) 35–92 (55, 96) 37–80 (60, 29)
Size of aneurysm

<7 mm 14 (51, 85) 3 (16, 66)
7–12 mm 12 (44, 44) 13 (72, 22)
13–25 mm 1 (3, 70) 1 (16, 66)
>25 mm – 1 (16, 66)

Localization
MCA 11 (40, 74) 1 (5, 55)
ACA 3 (11, 11) 2 (11, 11)

Acomm 3 (11, 11) 3 (16, 66)
Pcomm 5 (18, 51) 5 (27, 77)

ICA 4 (14, 81) 6 (33, 33)
VA

 
2 (7, 40)

 
–
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embolization. Overall, 27 were ruptured representing
60% of the sample. The mean age was 57 years (range
35–92 years) and 73% patients were women (n = 33).
Approximately 80% of the treated patients were His-
panic/Latino ethnic group. The most common associated
comorbidities were arterial hypertension (44%), diabetes
mellitus (15%), dyslipidemia (9%), and chronic obstruc-
tive pulmonary disease (6%).

The vast majority of the treated IA were located in the
anterior circulation: MCA (26%) and internal carotid
artery (22%), and posterior communicating artery (20%)
in case of ruptured aneurysm (Table 1). The mean
aneurysm diameter was 8.5 mm (2.5–28 mm), for the
ruptured group the mean diameter was 7.1 mm and for
the unruptured group was 9.8 mm. Regarding the
severity of the SAH, 45% of the ruptured aneurysm that
underwent to endovascular treatment had a Hunt and
Hess grading score equal or less than III and almost 70%
of the patients had a Fisher scale equal or less than 3.
The mean fluoroscopic time for both groups (ruptured
and unruptured aneurysms) was 32 min and the mean
amount of iodine contrast material used was 180 ml.

Complications during the procedure
Procedural and periprocedural complications occurred in
seven patients (15%), four of them were minor. They
were endovascular technical complications and led to no
adverse neurological or other clinical consequences. One
was a cervical internal carotid artery catheter-induced
dissection in a patient with known fibromuscular dyspla-
sia that was successfully treated with acute primary stent
placement. The second one was a coil migration into the
distal aspect of the parent vessels without restriction of
the blood flow or clinical stroke. The third one was tran-
sient short intraoperative aneurysmal dome perforation
with angiographic contrast extravasation without hemo-
dynamic changes that was rapidly controlled with fur-
ther coil embolization. The last minor complication was
a transient asymptomatic carotid cavernous fistula the
resolved spontaneously and it did not required further
treatment. The remaining three complications were
major complications (6.5%) and it included a cerebral
infarct due to an intraprocedural intracranial dissection
during embolization of an anterior communicating artery

aneurysm, a posterior cerebral artery infarct in a rup-
tured posterior communicating artery aneurysm and an
intraprocedural aneurysmal rupture during embolization
of a ruptured aneurysm resulting in hemorrhagic stroke
and death.

Discussion
Patients with ruptured intracranial aneurysms carry high
rates of morbidity and mortality. The risk of re-rupturing
during the first days to weeks is high enough to warrant
an early treatment.11 Unruptured intracranial aneurysms
of a certain size, location and morphological characteris-
tics are at higher risk for future rupture and treatment is
warranted. The justification for treatment of unruptured
IA has been more complex and dependent predomi-
nantly on the assessment of risk of future spontaneous
rupture (between 0.05% and 3.2% per annum for aneur-
ysms less than 10 mm and up to 5.5% per annum for
large aneurysms)12,13 compared with the risks and effi-
cacy of treatment. In the International Study of Unrup-
tured Intracranial Aneurysm, endovascular morbidity
and mortality ranged from 7.1% to 9.8%, whereas surgi-
cal morbidity and mortality ranged from 10.1% to
12.6%.14,15,1,17

The rate of intraprocedural complications including
intraprocedural rupturing of the aneurysm and throm-
boembolic complications is higher in case of ruptured
IA. The data from our population shows acceptable rates
of embolization-related complications, according to clin-
ical trials.18 Moreover, the presence of acute SAH, addi-
tional intracerebral or intraventricular hemorrhage
makes the management of thromboembolic complica-
tions and intraprocedural rupturing of aneurysm or arte-
rial dissection more challenging.19,20 In our condition,
endovascular treatment shows good outcomes and some
advantages over surgical treatment, at discharge and
later survival even compared with other studies.21

Conclusions
The first-year experience of the interventional neurology
program at Paul L. Foster School of Medicine (PLFSM),
Texas Tech Health Science Center (TTUHSC) in El
Paso, Texas demonstrates that intracranial ruptured and
unruptured aneurysms can be successfully treated with

Table 2. Procedural and periprocedural complications
Age

 
Status

 
Localization

 
H&H/Fisher

 
Size (mm)

 
Complication

 

57 Unruptured ICA – 7.5 ICA dissection
46 Unruptured ACA – 9 Pericallosal artery dissection and ACA cortical infarct
62 Ruptured Pcomm 1/II 11.5 Posterior cerebral artery infarct
61 Ruptured MCA 4/III 4 Large intracranial hemorrhage, vasospasm, death
55 Ruptured ACA 4 /III 7.2 Intra operative rupture
61 Unruptured Pcomm – 7.6 Left carotid cavernous fistula
80

 
Unruptured

 
Pcomm
 

–
 

18
 

Coil migration
 

Maud et al. 15

Journal of V
ascular and Interventional N

eurology
Journal of V

ascular and Interventional N
eurology



endovascular embolization technique, and with rates of
morbidity and mortality comparable with those descri-
bed in previous studies.
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