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Abstract
Background The rates and outcomes of treatments for intra-
cranial aneurysms have not been exclusively determinedwith-
in the pediatric population. We determined the rates of
endovascular and microsurgical treatments for unruptured
intracranial aneurysms (UIA) and associated rates of favorable
outcome in patients aged <18 years.
Methods We analyzed data obtained as part of the Kids’
Inpatient Database between 2003 and 2009 with primary
diagnosis of UIA. Patients undergoing endovascular treatment
were compared to those undergoing microsurgical treatment.
We determined rates of intracerebral hemorrhage, subarach-
noid hemorrhage, neurological complications, and favorable
outcome.
Results There were 818 cases of UIA during the study period.
A total of 111 patients (mean age 14±6 years, 37.6 % female)
underwent microsurgical treatment, and another 200 patients
(mean age 13±7 years, 42.5 % female) underwent
endovascular treatment. A high rate of favorable outcome

was observed in patients who received either treatment (mi-
crosurgical treatment 87.7 % versus endovascular treatment
91.6 %, p=0.4). There was a trend towards a significantly
shorter mean hospitalization stay among those who received
endovascular treatment compared with microsurgical treat-
ment (6±12 versus 9±11 days, p=0.06). There was a signif-
icant trend towards higher utilization of endovascular treat-
ment as opposed to microsurgical treatment from 2003 to
2009 (p=0.02).
Conclusions Although outcomes except for length of stay
were comparable between endovascular treatment and micro-
surgical treatment patients, there was a trend towards higher
utilization of endovascular treatment among children with
UIAs from 2003 to 2009.
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Introduction

The incidence of intracranial aneurysms is estimated to range
from 0.5 to 4.6 % among those 18 years of age or younger [1,
3, 8, 10–12]. Aneurysms in the pediatric population differ
significantly from those in the adult population. These differ-
ent features include predominance among boys, a higher
incidence of aneurysms in the posterior circulation and the
internal carotid artery bifurcation, and a higher incidence of
giant aneurysms [1, 3]. The three major pathophysiological
mechanisms found among children that may result in intra-
cranial aneurysms are trauma, infection, and dissection, which
are less common among the aneurysms that exist within the
adult population [6]. The International Study of Unruptured
Intracranial Aneurysms examined the natural history and ef-
fects of treatment on unruptured intracranial aneurysms (UIA)
and included patients of all ages [2]. However, the rates and
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outcomes of treatments for intracranial aneurysms have not
been exclusively determined within the pediatric population.
We determined the frequency of endovascular and microsur-
gical treatments for UIA and associated proportion of favor-
able outcomes in patients aged <18 years using nationally
representative data.

Methods

We obtained data samples from the Kids’ Inpatient Database,
which is part of the Healthcare Cost and Utilization Project
(HCUP). A comprehensive overview of this database is avail-
able at http://www.hcup-us.ahrq.gov/kidoverview.jsp. If there
were fewer than 11 discharges for a given variable, that
respective variable was excluded from analysis to avoid
biased statistical weighting of small sample sizes and to
fulfill the requirements for use of the data set. We used the
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) primary or secondary
diagnosis codes 437.3 to identify patients admitted with
unruptured intracranial aneurysms. We also used the ICD-9-
CMprocedure codes 39.51 to identify microsurgical treatment
and 39.71–39.79 and 39.52 to identify endovascular treatment
of aneurysms.

Study variables examined included age, gender,
race/ethnicity, and comorbidities obtained from the AHRQ
comorbidity data files including hypertension and chronic
lung disease. The ICD-9-CM diagnosis codes were used to
identify nicotine dependence (305), subarachnoid hemorrhage
(430), and intracerebral hemorrhage (431–432). The ICD-9-
CM procedure codes allowed estimation of the percentage of
patients who underwent procedures such as cerebral angiog-
raphy (88.41), transfusion (99.4), and intubation (96.04).

We determined composite rate of adverse events including
neurological complications, intracerebral hemorrhage (ICH),
and subarachnoid hemorrhage (SAH). Favorable outcome
was defined as the rate of discharge to home/self-care.
Lengths of stay and hospital charges were also examined.

Statistical analysis was performed using SAS 9.3 software
(SAS Institute, Cary, NC). We performed univariate analysis,
chi-square for categorical variables, and t test for continuous
variables to identify differences in the study variables and
endpoints between two groups.

Results

There were 818 cases of UIA between 2003 and 2009. A total
of 111 patients (mean age 14±6 years, 37.6 % female)
underwent microsurgical treatment, and 200 patients (mean
age 13±7 years, 42.5 % female) underwent endovascular
treatment (Table 1). A high rate of favorable outcome was

observed in patients who received either treatment (microsur-
gical treatment 87.7 % versus endovascular treatment 91.6 %,
p=0.4). There was a significant overall trend towards higher
utilization of endovascular treatment as opposed to microsur-
gical treatment from 2003 to 2009 (p=0.02), though there was
some variability from year to year (Fig. 1). There was a trend
towards a significantly shorter mean hospitalization stay
among those who received endovascular treatment as opposed
to microsurgical treatment (6±12 versus 9±11 days, p=0.06).
This, however, was not accompanied by significant differ-
ences in mean hospital charges (microsurgical treatment
$114,765±144,174 versus endovascular treatment $105,998
±144,528, p=0.9).

ICH and SAH occurred with higher frequencies in the
microsurgical treatment group as compared to those in the
endovascular treatment group, but this did not reach signifi-
cance (microsurgical treatment 19.8 % versus endovascular
treatment 11.5 %, p=0.06). There was a similar rate of

Table 1 Demographic and clinical characteristics of pediatric patients
who received either microsurgical or endovascular treatment of
unruptured intracranial aneurysms

Microsurgical
treatment

Endovascular
treatment

p value

Overall number 111 200

Age mean (SD) 14 (6) 13 (7) 0.2

Women (%) 41 (37.6) 84 (42.5) 0.5

Race/ethnicity (%)

White 54 (60) 93 (58.0) 0.2
African American 7 (8.5) 20 (12.3)

Hispanic 20 (23.0) 26 (16.1)

Other 8 (8.5) 22 (13.5)

Comorbid conditions

Hypertension 7 (6.0) 18 (9.2) 0.4

Chronic lung disease 4 (3.9) 9 (4.4) 0.8

Nicotine dependence 6 (5.7) 9 (4.7) 0.7

In-hospital procedure

Angiography 128 (64.3) 71 (64.8) 0.9

Intubation 3 (3.1) 8 (4.1) 0.7

Transfusion 7 (6.7) 11 (5.5) 0.7

Mean length of stay (SD) 9 (11) 6 (12) 0.06

Mean hospital charges
(SD)

114,765
(144,174)

105,998
(144,528)

0.9

Favorable outcome (%) 97 (87.7) 183 (91.6) 0.4

In-hospital events

ICH/SAH 22 (19.8) 23 (11.5) 0.06

Neurological
complicationsa

7 (6) 10 (4.9) 0.7

Hydrocephalus 7 (6.6) 14 (7.1) 0.8

ICH intracerebral hemorrhage, SAH subarachnoid hemorrhage
a Other neurological complications defined as any central nervous system
dysfunction that does not include a cerebrovascular event
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favorable outcome between these groups as well (microsurgi-
cal treatment 79 % versus endovascular treatment 82.4 %, p=
0.8). There were no differences in the rates of neurological
complications (p=0.7), which excluded cerebrovascular
events, and hydrocephalus (p=0.8, Table 1).

Discussion

Kakarla and colleagues report that approximately 62 % of
pediatric UIA are symptomatic [5]. Discovery of UIA is
linked to presentations with seizures, non-SAH-related head-
aches, or another neurological deficit approximately 40 % of
the time [3, 6]. Dissecting aneurysms in particular can lead to
mass effect, hemorrhage, or ischemia [6]. There are few
reports of incidentally found UIA in children during routine
autopsy studies [6, 8]. Given that a majority of pediatric UIAs
are symptomatic, treatment is important in order to prevent
aneurysm rupture or worsening of symptoms due to UIA.
With different pathophysiological mechanisms for the devel-
opment of intracranial aneurysms among children, it is impor-
tant to understand the implications of the two current treat-
ments for intracranial aneurysms. Using nationally represen-
tative data, we demonstrated that there was no difference in
short-term outcomes between endovascular and microsurgical
treatments and that the rate of complications including ICH,
SAH, and other neurological complications were not signifi-
cantly different. Hospitalization length, while not reaching
significance, was shorter among those who received
endovascular treatment, but there was no difference in hospital
costs.

Durability is of concern when selecting an intervention in
children with UIA due to the longer life expectancy [3, 12,
13]. Kakarla and colleagues retrospectively evaluated this
question in 48 children with angiographic follow-up ranging
5–120 months and reported that both endovascular and mi-
crosurgical treatments achieved similar results in outcomes

and suggested that microsurgical treatment may be equivalent
to or better than endovascular treatment for conferring long-
term durability and protection; however, follow-up was only
reported in 54 % of cases reviewed [5]. Sanai and colleagues
reported that while both treatments were fairly successful,
endovascular treatment is associated with a recurrence rate
of 20–40 %; therefore, microsurgical treatment may be more
effective in permanently obliterating aneurysms [10, 11]. Ap-
proximately 21 % of children who received endovascular
treatment required re-treatment of the index aneurysm [1, 3].
Despite concerns for durability of endovascular treatment in
pediatric UIA, we observed that there was a significant trend
towards using endovascular treatment as opposed to micro-
surgical treatment for treating children with UIA. This treat-
ment shift in children follows the same pattern as in adults
with aneurysms [7].

Our study has limitations. With large databases, inaccura-
cies in coding can affect patient identification and result in
underestimation of the proportion of patients in the groups
created for comparison; however, a prior validation study for
identifying the treatment courses of UIAs showed high spec-
ificity [4]. The events of SAH or ICH during hospitalization
may have occurred prior to or after microsurgical or
endovascular treatments. We were able to ascertain the pres-
ence of ICH or SAH by using the ICD-9-CM codes, but were
unable to categorize either based on severity or whether these
events were even related to the target aneurysm. Therefore, it
remains unclear what resulted in these high rates of hemor-
rhages. The high rate of favorable outcomes (~80 %) suggests
that these were minor events with unclear relevance to the
procedures. While there are variations in etiology, size, and
locations of UIAs between children and adults, we are unable
to ascertain the specific etiologies, sizes, or locations of the
UIAs treated within our study population. We are also limited
in our ability to identify the clinical presentations and diag-
nostic workup of treated patients. A formal outcome scale was
not used in our study, but the use of “discharge home” as an

Fig. 1 Method of treatment for
unruptured intracranial
aneurysms in children by year
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outcome has a high predictive value for modified Rankin scale
scores <2 at 3 months in adults [9].

Conclusion

While the length of stay among children who receive
endovascular treatment for UIA is usually reduced, the
short-term outcomes for UIA treatment are not significantly
different between endovascular and microsurgical treatments.
There is a trend towards higher utilization of endovascular
treatment among children with UIAs from 2003 to 2009.
Future studies should investigate long-term angiographic
and clinical results of both treatments using a prospective trial
design.
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