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Formation of cerebral de novo aneurysms (CDNA) is rare,
and the pathogenesis remains obscure. In this study, we inves-
tigated the factors that contribute to the formation of CDNA
and suggest guidelines for following patients treated for cere-
bral aneurysms. We retrospectively reviewed 2,887 patients
treated for intracranial aneurysm at our institute from January
of 1976 to December of 2005. Of those patients, 12 were
readmitted due to recurrent rupture of CDNA, which was
demonstrated by cerebral angiography. We assessed clinical
characteristics, such as gender, size and site of rupture, past
history, and the time to CDNA rupture. Of the 12 patients, 11
were female and 1 was male, with a mean age at rupture of
the first aneurysm of 44.7 years (range: 30-69 years). The
mean time between the first episode of subarachnoid hemor-
rhage (SAH) and the second was 8.9 years (range: 1.0-16.7
years). The most common site of ruptured CDNA was the
internal carotid artery (5 patients, 41.7%), followed by basilar
artery bifurcation (3 patients, 25.0%). In the remaining 4
patients, rupture occurred in the anterior communicating,
middle cerebral, anterior cerebral (Al), or posterior cerebral
(P1) arteries. In 5 cases (41.7%), the CDNA occurred con-
tralateral to the initial aneurysm. Eleven patients (91.7%) had
a past history of arterial hypertension. There was no history
of habitual smoking or alcohol abuse in any of the patients.
Eight patients underwent clipping for CDNA and three patients
were treated with coiling. One patient who had multiple aneu-
rysms was treated with clipping following intra-aneurysmal
coiling. Assessment according to the Glasgow Outcome Scale
(GOS) of the patients after the treatment was good in 10 cases
(83.3%) and fair in 2 cases (16.7%). Although formation of
CDNA after successful treatment of initial aneurysm is rare,
several factors may contribute to recurrence. In our study,
female patients with a history of arterial hypertension were at
higher risk for ruptured CDNA. We recommend follow-up

imaging studies every five years after treatment of the initial
aneurysm, especially in women and those with a history of
arterial hypertension.
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INTRODUCTION

Cerebral de novo aneurysms (CDNA) are either
new ruptures at sites separate from an initial
aneurysml'4 or aneurysms that were not evident
upon preoperative digital subtraction angiography
and/or computed tomography angiogram.
Because CDNA formation is rare, the patho-
genesis remains obscure. In general, intracranial
aneurysms arise from congenital or acquired
defects at the internal elastic lamina of the arterial
wall. Diseases, such as Ehlers-Danlos syndrome,
coarctation of the aorta, and polycystic kidney
disease are known risk factors for aneurysm
formation.”® However, the most common cause of
delayed recurrent subarachnoid hemorrhage
(SAH) after aneurysm clipping is known to be de
novo lesions.” Aneurysm clipping causes changes
in intracranial hemodynamics that may provoke
aneurysm formation."”" Although the prevalence
of unruptured intracranial aneurysm increases
with age,"”™ the peak incidence of SAH is around
the sixth decade. The reported risk of recurrent
SAH is also cumulative over time: approximately
2% in the first 10 years after treatment and 9%
after 20 years."”” Although the risk of recurrent
SAH increases with age, there have been no
reports evaluating the risk factors that may con-
tribute to CDNA formation or rupture.

In this study, we investigated factors that may
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contribute to the formation of CDNA and suggest
guidelines for following patients previously
treated for cerebral aneurysm.

MATERIALS AND METHODS

2,887 patients were treated for unruptured or
ruptured intracranial aneurysm from January 1976
through December 2005, at Yonsei University
College of Medicine, Seoul, South Korea. Of those
patients, 12 were readmitted due to recurrent
SAH. In these cases, cerebral angiography demon-
strated CDNA formation. We assessed the clinical
characteristics and outcome of these 12 patients.
All data were based on medical records, radiologi-
cal findings, and follow-up observations in the
outpatient department.

We determined the location and number of
aneurysms at the first SAH incidence and at
recurrence. The size of the recurred aneurysms
was measured with computed tomography angio-
graphy or cerebral angiogram. We excluded

regrowing aneurysms from the previous treat-
ment site. Regrowth or de novo formation of
aneurysms was examined by comparing follow-
up angiography with earlier angiography ob-
tained before and after clipping. We also reviewed
surgery reports for complications caused by
treatment of the CDNA. Outcome was assessed by
the Glasgow Outcome Scale (GOS) on the basis of
information from discharge letters.

RESULTS

Among the 2,887 patients, there were 1,147
males and 1,740 females. The mean age of all
patients was 51.2 years old (Male-47.2 years old,
Female-53.9 years old). Sixty percent of the
patients had a history of hypertension. Of the
2,887 patients, we identified 12 patients with
recurrent SAH. Of the 12 patients, eleven (91.7%)
were female and one (8.3%) was male. The mean
age at initial SAH was 44.7 years (range: 30-69
years). The mean interval between the first SAT1

Table 1. Overview of 12 Cases with Ruptured De Novo Intracranial Aneurysms

Initial rupture

Second rupture

Case Sex

Age (yrs) Location Interval (yrs) Location Size (mm) Outcome
1 F 50 ACOM 15.6 P1, Rt 3.8 X 3.8 G
2 F 56 ICPCOM, Rt 12.6 PCOM, Lt 7.0 x 6.0 G
3 F 69 MCBIF, Rt 1.2 BABIF 31 x23 F
4 F 53 ICPCOM, Rt 5.6 PCOM, Lt 6.0 X 5.5 G
5 M 30 MCBIF, Rt 48 ACOM 2.8 xX23 G
6 F 45 ICPCOM, Rt 16.7 PCOM, Lt 9.0 X 6.0 G
7 F 32 ICBIF, Lt 5.9 Al, Lt 7.0 x 3.0 G
8 F 49 ICPCOM, Lt 1 PCOM, Rt 3.4 %20 G
9 F 41 ICPCOM, Lt 16.6 BABIF 13.0 X 7.0 G
10 F 38 ICPCOM, Lt 5.9 PCOM, Rt 10.0 X 4.0 G
11 F 38 ACOM 11.1 MCBIF 6.4 X 4.7 F
12 F 36 M1, Rt 9.8 BABIF 57 X 43 G
Mean 44.7 89 6.4 X 4.2

F, female; M, male; ACOM, anterior communicating artery; ICPCOM, posterior communicating artery; MCBIF, middle cerebral artery
bifurcation; ICBIF, internal carotid artery bifurcation; PCOM, posterior communication artery; BABIF, basilar artery bifurcation; Al,
anterior cerebral artery; P1, posterior cerebral artery; M1, middle cerebral artery; Lt, left; Rt, right.
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and the recurrent SAH was 8.9 years (range: 1.0-
16.7 years). The most common site of ruptured
CDNA was the internal carotid artery (5 cases,
41.7%), followed by basilar artery bifurcation (3
cases, 25.0%). In the remaining 4 cases, rupture
occurred in the anterior communicating, middle
cerebral, anterior cerebral (Al), or posterior
cerebral (P1) arteries (Table 1). In 5 cases (41.7%),
the CDNA occurred contralateral to the initial
aneurysm. The mean size of recurrent ruptured
aneurysms was 6.4 x 42mm. Eleven patients
(91.7%) had a past history of arterial hypertension.
There was no history of habitual smoking, connec-
tive tissue disease, family history of polycystic
kidney disease, or alcohol abuse in any of the
patients. Eight patients underwent surgery for
CDNA and three patients were treated with the
endovascular method. One patient who had mul-
tiple aneurysms was treated surgically following
intra-aneurysmal coiling with Guglielmi detach-
able coil (GDC). Overall outcome based on the
GOS was good in 10 cases (83.3%) and fair in 2
cases (16.7%).

DISCUSSION

Formation of new aneurysms after successful
treatment of the initial aneurysm has rarely been
documented in the literature. It is difficult to
diagnose CDNA since they are almost always
detected after a rupture. The estimated annual
rate of development of recurrent CDNA in a
previous report ranged from 0.28 to 1.8%."" Only
0.004% of the 2,887 SAH patients in our cohort
had a de novo aneurysm, which is a much lower
incidence than previously reported. Known or
suspected risk factors for multiple intracranial
aneurysms include female gender, smoking,
hypertension, and a possible family history of
intracranial aneurysms or cerebrovascular disease.

Of the 12 patients, recurrence occurred predo-
minantly in women. This finding is in accordance
with a recent article that reports an increased risk
for aneurysm formation in women after SAH.*
Some authors suggest that, after menopause,
women are at even higher risk for SAH,* and
hormonal factors have been implicated.” Estrogen
is known to have an inhibitory effect on aneurysm
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formation, and cigarette smoking is known for its
anti-estrogenic properties. In addition, collagen
content of cerebral arteries may also diminish
after menopause, further favoring aneurysm
formation.”

Risk factors known to induce aneurysm rupture
include gender, hypertension, family history of
aneurysm, high growth rate of aneurysm, and
cigarette smoking.4 Smoking is known to be one
of the highest risk factors for aneurysmal SAH;
smokers have about 3.7 + 5.7 times the rate of
rupture found in nonsmokers.”* In both SAH
patients and in the general population, cigarette
smoking declines with age and is more frequent
among men than women.”” In our study,
however, smoking was not a risk factor because
none of the patients had a history of smoking.
This is probably due to the fact that most of the
patients diagnosed with ruptured CDNA in our
study were female. Our study did confirm female
gender and hypertension as risk factors.

Although the pathogenesis of CDNA remains
unclear, several hypotheses have been proposed.
First, hemodynamic alterations of vessels after
treatment may cause CDNA formation.""*
Second, defects in the tunica muscularis or lamina
elastica interna have been reported to cause
aneurysm formation.”*” Some also suggest that
incomplete treatment or slippage of the clip after
the initial operation may cause aneurysm
1‘egrowth.28 CDNA is known to be the most
common cause of recurrent episodes of SAH, indi-
cating the persistence of an underlying vascular
condition. The risk of recurrent SAH appears to
increase over time from approximately 2% in 10
years to 9% after 20 years."” In the general popu-
lation, the risk of SAH in 10 years is approxi-
mately 0.072%,” suggesting that patients who
have had SAH are 30 times more likely to experi-
ence a new episode. Additional aneurysms that
arise in patients with a history of cerebral
aneurysms may also carry a higher risk of rup-
ture. David et al” reported a 0.52% annual
regrowth rate for completely clipped aneurysms
and a 1.8% annual rate of CDNA formation. In
our study, rupture of CDNA occurred in patients
8.9 years after the initial treatment. Because of the
high fatality rate of SAH, follow-up investigation
should be performed 8.9 years after surgery even
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in patients with completely clipped aneurysms,
and especially in those with an accumulated risk
of aneurysm.

We recommend following patients, especially
women or those with a history of arterial hyper-
tension, using magnetic resonance angiography,
computed tomography angiography, or angio-
gram every 5 years after initial treatment.
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