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Background: Ruptured cerebral artery aneurysms (RCAA) are devastating diseases with high morbidity
and mortality rates if not promptly managed. In Nigeria, access to timely neurosurgical services remains a
challenge and aneurysm coiling is still not possible in virtually all centres in Nigeria. The aim of this study
is to report on our 9 years' experience with clipping of cerebral aneurysm and on the attendant clinical
outcomes.

Methodology: A retrospective analysis of all consecutive operated RCAA between March 2012 and June
2021 was conducted. Patients' demographic parameters, World Federation of Neurosurgical Societies
(WFNS) grade, Hunt and Hess (HH) grade, aneurysm location, timing of surgery and outcome were
analysed. Outcome was measured using Glasgow Outcome Scale (GOS) score.

Results: A total 29 were included in the study. The most common age group affected was between 50-59
years. RCAA were mainly in the region of the middle cerebral artery and posterior communicating artery
(PComA) territories. All the patients presented after 24 hours of the ictus. Two (6.9%) patients had multiple
aneurysms. Early clipping (<72hours after presentation) was possible in 8 (27.6%) patients. At least one
episode ofarebleed occurred in 19 (65.5%) patients prior to surgery. Mortality rate was 17.2%. None of the
patients with PComA aneurysm died. The patients' pre-operative WFNS and HH grades were significantly
associated with GOS.

Conclusion: Modifiable factors like under diagnoses, delayed referral, cultural belief and financial
challenges may account for the low number of patients presenting for neurosurgical care. The possibility of
a sizeable number of patients dying due to these factors is a strong possibility for the low number of patients
presenting for neurosurgical care.

Keywords: Ancurysm; Anterior communicating artery; Clipping; Middle cerebral artery; Posterior
communicating artery.

Introduction

Cerebral artery aneurysms are out pouching of a
weakened arterial wall. It has a prevalence of 2-4%
in the general population."”’ They are usually silent
over their lifetime, but they sometimes rupture.

A ruptured cerebral artery aneurysm (RCAA) can
lead to subarachnoid, intraparenchymal, and or
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subdural haemorrhage. Several complications
ranging from rebleeding, hyponatraemia from
hypothalamic injury, cardiac arrhythmias,
vasospasm, obstructive hydrocephalus and death
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have been associated with RCAA. This clinical
condition 1s a neurosurgical emergency with case
fatality rate that has declined from 35.4% in 2000 to
27.2% in 2015.” Though the high mortality rate of
RCAA has decreased over the decades, it still
remains a devastating neurologic problem.
Approximately 10-15% of patients dying before
reaching the hospital has been reported;” with 30%
of survivors suffering moderate-to-severe
neurological disability following RCAA."“"

The demography, relative frequency and site of
RCAA vary among different populations. In the
western countries they are relatively common with
an estimated incidence of 6.9 per 100,000 people in
North America.” The demography, incidence and
outcome of RCAA are probably related to socio-
economic and health system of various
communities The true incidences of these
aneurysms are not known in Nigeria and most
African countries. Tokpa and his colleagues in Cote
d'Ivoire noted 128 surgical cases of RCAA overa 7-
year period while Nabaweesi-Batuka et al in Kenya
noted 121 cases over a 4-year study period.””A
study conducted by EI Khamlichi et al. in Morocco
called into question the notion that intracranial
aneurysms are rare in the Middle Eastern and
African populations.” Ohaegbulam suggested that
the apparent low hospital incidence may be due to
poor medical awareness, limited neurosurgical
facilities and resources in the developing
countries."”

Most cerebral aneurysms occur within the Circle of
Willis with 85% of the aneurysms been located
within the anterior circulation and occurring at
junctions or bifurcations."” A significant difference
between genders also exists concerning the
aneurysm location."” In women, who tend to have
multiple aneurysms, about 54% of RCAA are within
the internal carotid artery territory while close to
15% are found in the region of the anterior
communicating artery (AComA)."” In contrast,
men have 29% of all aneurysms in the AComA
territory.""

The definitive treatment of a RCAA has evolved
over the last four decades. The definitive treatment
options ranging from craniotomy (clipping with or
without wrapping, bypass), endovascular approach
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(coiling, balloon-assisted coiling, stent-assisted
coiling, liquid embolic material, flow-diverting
stent) or a combination of both. Endovascular
approach is virtually absent in most neurosurgical
centres in Africa, including Nigeria. The definitive
management of RCAA is by and large craniotomy
and clipping in Nigeria.

Data on the status of RCAA in the African
population are not common while reports of RCAA
studies from Nigerian population are rare. This
study aims to determine the demographic profiles,
aneurysm sac location and surgical outcome of
patients with RCAA in our environment. Hopefully,
the findings from this study will guide future studies
regarding RCAA amongst Nigerians.

Methodology

Study Design and Participants

We conducted a conducted a single-centre
retrospective analysis of a consecutive series of
patients with RCAA, who under-went surgery
between March 2012 and June 2021. The study was
conducted at the Lagos State University Teaching
Hospital, Ikeja, Lagos, Nigeria. Institutional ethical
committee permission was taken before the study.
Confidentiality was ensured and existing de-
identified data was used. Data stores were encrypted
to prevent unauthorized access.

All included patients were consecutive cases with
clinical and radiological diagnosis of RCAA
aneurysm who were operated at our centre. The
study exclusion criteria included patients who
refused surgical treatment, those who had previous
surgical management at another centre or patients
that expired before surgical intervention.

Patients' biodata, time of first ictus to hospital
presentation, type of aneurysm, anatomic location
of the aneurysmal sac, side of aneurysm, pre-
operative Hunt and Hess (HH) grade (Table 1),
World Federation of Neurosurgical Societies
(WFNS) grade (Table 1), timing of surgery (Early:
within 72 hours of presentation; Late: after 72hours
of presentation) and Glasgow Outcome Scale
(GOS) grade (Table 2) at 6 weeks post-surgery were
documented and recorded electronically. Ruptured
cerebral aneurysm was confirmed either by
computerized tomographic angiography or by
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Magnetic resonance angiography. Surgery for
RCAA was classified as early (0-3days post ictus)
and late (>3 days post ictus). The primary surgical
outcome was to assess the mortality rate; while
secondary outcome was morbidity using Glasgow
outcome scale. The minimum follow-up period was
8 weeks. All information was recorded in Microsoft
Excel spreadsheet prior to analysis. The poor
outcome was determined as mortality within 6
weeks of surgical intervention.

Clinical management of RCAA

Headaches are controlled with analgesics, seizure
prophylaxis is commenced and anxiolytics given to
restless patients. We also manage the patient in a
quiet room while undergoing bed rest, with
administration of stool softeners and non-
pharmacologic venous thromboembolism
prevention techniques. Patients who were on
anticoagulants before presentation had it stopped
and reversed to avoid rebleeding. Short-term (less
than 72 h) use of tranexamic acid is allowable to
reduce the risk of rebleeding if a delay in the
definitive treatment of the aneurysm is unavoidable.
Hypertension is promptly controlled with the
systolic blood pressure maintained at less than 160
mmHg while avoiding hypotension. Nimodipine 60
mg every 4 hours is administered and continued for
21 days. The dose is reduced or discontinued if there
1s hypotension, especially in patients with higher
grades of subarachnoid haemorrhage.

The policy of our unit is to treat every RCAA within
72 hours of presentations. This is to prevent a second
rupture thus reducing the daily risk of rebleeding of
the aneurysm which is well known to be associated
with a worse clinical outcome. Early surgery also
allows immediate removal of vasospasmogenic
agents such as blood clots from contact with
cerebral arteries, consequently reducing the risk of
vasospasm. It also helps to ensure a more aggressive
medical treatment of vasospasm by allowing
induction of arterial hypertension and hypervolemia
with no risk of aneurysm bleeding. All aneurysms
were treated by craniotomy and clipping with alpha
type Sugita aneurysm clips. Clipping is done
without the aid of any adjuncts such as micro-
doppler ultrasonography, indocyanine green
videoangiography or intra-operative digital
subtraction angiography due to non-availability
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locally. Post-operatively, patients are managed at
the intensive care unit for at least a day prior to
transfer to the ward. Symptomatic hydrocephalus is
managed by external ventricular drainage in the
acute phase and ventriculoperitoneal shunt in the
chronic phase.

Statistical analysis

The HH, WFENS and GOS grade were dichotomized
(HH- Good: 1-3, Poor: 4-5; WFNS- Good: 1-3,
Poor: 4-5; GOS- Good: 4-5, Poor: 1-3). Differences
in categorical and continuous variables between
groups were compared using Chi-square test (y2)
analysis (or Fisher's exact test). Statistically
significance was set at a p value < 0.05. All
statistical analysis was performed with IBM
Statistical Product and Service Solutions (SPSS)
version 23.

Results

Twenty-nine patients met the inclusion criteria. The
male-female ratio was 1:2.6. Patient characteristics
are as depicted in Table 3. The median age was 50
years (26-68 years). Male patients had a median age
of 50 years (27-63 years) just like the females (26-68
years). Age group 50-59 years (Figure 1) was the
most common age group, irrespective of gender.

All the patients presented after 24 hours of the ictus.
At presentation only one patient had a smoking
history. Most patients (17, 58.6%) had pre-operative
HH grade of 3 while 14 (48.3%) patients had WFNS
grade 3.

RCAAs were most commonly detected regardless
of gender at the middle cerebral artery (MCA) and
posterior communicating artery (PComA) territory
(Figure 2). The most common site for aneurysm was
PComA (38.1%) in females and MCA (37.5%) in
males. However, there was no significant statistical
association between gender and aneurysm location
(p=0.396), age distribution (p=0.946), HH grade
(0.135) and WFNS grade (p=0.281). Two (6.9%)
patients had multiple aneurysms. The male and
female patient with multiple aneurysms had it in the
region ofthe MCA.

All patients were treated by aneurysm clipping
(Figure 3).Despite our policy of treating patients
with RCAA as soon as possible, twenty-one patients
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(72.4%) had delayed surgical clipping (after 72
hours at presentation) due to patient challenges
(inadequate funds for investigations and surgery).
Nineteen patients (65.5%) had at least a rebleed after
the initial rupture prior to definitive surgery.

Five (17.2%) patients died. All of the patients that
did not have arebleed prior to surgery survived.

Two of the deaths which were confirmed at autopsy
were due to ischaemic brain disease from
vasospasm. The other three were due to pneumonia,
disseminated intravascular coagulopathy and
1atrogenic central venous vein injury. None of the
patients with PComA aneurysm died. Mortality was
not statistically associated with location of the
aneurysm (p=0.064), WENS grade (p=0.140), HH
grade (p=0.174), patients gender (p=0.677) or age
distribution (0.566); likewise, aneurysm rupture
location was not significantly associated with GOS
(Table 4). The pre-op HH and WFNS grades were
significantly associated with GOS (Table 4).

Table 1: Preoperative clinical grading scales- World
Federation of Neurosurgical Societies and Hunt and
Hess grade

Grade WENS HH

(0 Unruptured aneurysm

I GCSscore of 15 without focal deficit Asymptomatic or mild headache;

2 GCSscoreof 13 or 14 without focal deficit ~ Cranial nerve palsy, moderate fo severe
headache/nuchal rigidity

3 GCSscore of 13 or 14 with focal deficit Mild focal deficit, lethargy, or confusion

4 GCSscoreof 7-12 Stupor and/or hemiparesis

5 GCSscoreof 36 Deep coma, decerebrate posturing, moribund

¥

HH- Hunt and Hess; WENS- World Federation of Neurosurgical Societies

Table 2: Post-operative clinical grading scale
Glasgow Outcome Scale

Grade

1 Death

2 Vegetative state

3 Severe disability requiring daily care

4 Moderate disability with some independence
5 Good recovery

Table 3: Patients' characteristics and outcome
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B Male 4 2 3 AComA AComA Saceular 5
9. Male 27 3 3 MCA Right Saccular 5
10, Female 50 3 k] PComALeft Saccular/Giant 5
11, Female 40 2 3 PComa Right Saccular 3
12 Female 53 2 3 AComA AComA Saccular 5
13. Female 26 3 k] PComARight Saccular 5
14, Female 36 3 3 MCA Right Saccular I
15, Female 5% 4 4 AComA AComA Saccular 1
16. Female 30 2 k] PComALeft Saccular 5
17, Male 38 3 3 PComALeft Saccular 5
18.  Male 54 3 3 DACA Left Saccular |
19. Female 40 3 2 PComARight Saceular 5
20. Female 57 2 3 PComALeft Saccular 5
21, Female 358 2 2 AComA AComA Saccular 5
22, Female 42 3 3 AComA AComA Saccular I
23 Female 36 4 4 MCA Right Saccular 3
4. Female 51 1 2 PComALeft Saccular 5
25, Female 63 3 2 AComA AComA Saccular I
26, Male 57 2 2 MCA Left Saccular 5
27. Female 68 2 2 MCA Left Saceular 5
28 Female 52 2 2 PComARight Saccular 5
29, Female 42 2 2 MCA Right Saccular 5

*AComA- Anterior communicating artery, DACA-
Distal anterior cerebral artery, GOS- Glasgow
Outcome Scale grade, HH- Hunt and Hess grade,
MCA- Middle cerebral artery, PComA- Posterior
communicating artery, WFNS- World Federation of
Neurosurgical Societies grade

Table 4: Relationship (p-value) of gender, age
distribution, aneurysm location, preoperative Hunt
and Hess/World Federation of Neurosurgical
Societies grading system and outcome

Characteristic GOS GOS Dichotomized Mortality
Gender 0.734 0457 0.575
Age 0.642 0.237 0.501
Age distribution 0.428 0418 0.566
Rebleed 0.756 0.623 0.680
Aneurysm location 0.153 0.070 0.064
HH grade 0.028 0.015 0.174
HH grade Dichotomized 0.004 0.020 0.127
WENS grade 0.045 0.018 0.140
WENS grade Dichotomized 0.004 0.020 0.127
*GOS- Glasgow outcome scale grade, HH- Hunt and Hess grade,
WENS- World Federation of Neurosurgical Societies grade
14
12
10
8 —All
6 —Male
4 —Female
2 |
0

20-29 30-39 40-49 50-59 60-69

Nos Gender  Age WFNS H&H Aneurvsm site Aneurvsm side  Type of aneurvsm GOS

I.  Female 57 3 3 MCA Right Saceular 5

2. Female 40 4 4 MCA Right Saccular 5 . . . .

3 Male 49 3 3 AComA  AComA  Saccular s Figure 1: Age distribution (in years) of male and
4 Male 63 3 3 PComARight Saccular 5 . .

5. Female 3% 3 3 AComA AComA Saccular 5 female patlents with mptur ed aneurysm

6. Female 53 4 4 MCA Right Saccular I

T Male 53 3 3 MCA Right Saccular/blister
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Figure 2: Aneurysm location (AComA- Anterior
communicating artery, DACA- Distal anterior
cerebral artery, MCA- Middle cerebral artery,
PComA- Posterior communicating artery) based on
gender

a

Figure 3a, D: INtra operauve (a) and post-operatve
(b) images of clipped middle cerebral artery
aneurysm

Discussion

Some of the known risks factors for the
development and growth of intracranial aneurysms
include age older than 50 years (3.8% per year
compared with 0.9% per year, P< .01), female sex
(3.2% per year versus 1.3% per year, P<.01), prior
smoking history (5.5% per year versus 3.5% per
year, P<.01), hypertension, high cholesterol intake,
excessive alcohol consumption, family history of
aneurysms (especially first-degree relatives), sickle
cell disease, bacteraemia, trauma, radiotherapy,
connective tissue disorders, metastatic lesions to the
brain, location of aneurysm and aneurysm
morphology and nonsaccular shape."”' While
factors associated with rupture includes age,
hypertension, heart disease, diabetes mellitus,
cerebral atherosclerosis, cigarette smoking, alcohol
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consumption, hypertension aneurysms located at
the internal carotid artery and neck width and aspect
ratio correlated negatively with rupture risk.""All
these risk factors for aneurysm formation, growth
and rupture are fairly present in our population.
Autopsy and histological studies conducted in
Nigeria on recently deceased patients found that the
anatomic variations of distribution, incidence of
abnormalities of the circle of Willis and vascular
histology were similar to what has been described in
the literature for Caucasians. """ Despite this,
intracranial aneurysms seem relatively uncommon
in Nigeria. We operated only 29 cases in our centre
over a 9-year period, despite aneurysmal surgery
being possible in few centres in Nigeria. This low
surgical case of RCAA aneurysm we opined can be
accounted for by prevailing adverse cultural and
social beliefs, challenged access to prompt,
adequate and appropriate orthodox medicine
facilities, financial constraint and paucity of
neurologists and neurosurgeons.””

The male to female ratio in our study is 1:2.6. In this
study, females presented with a higher prevalence
than males from aged 30-39 years. This was most
pronounced at 50-59 year age group. The mean age
of RCAA is 50 years with male to female ratio of
1:1.”" This is similar to our study. After the age of
50, a female predominance of 2:1 1is
seen.”'Globally, women are known to have a higher
incidence of intracranial aneurysms than men.””””
Epidemiological studies show that the female
preponderance of intracranial aneurysms becomes
significant only during the peri- and post-
menopausal periods (fourth or fifth decades of
life).”** Before the fourth or fifth decades, there is
no difference between men and women in the
incidence of intracranial aneurysms and RCAA.***
These observations suggest the potential roles of sex
steroids, particularly oestrogen, in the
pathophysiology of cerebral aneurysms. Earlier
studies have demonstrated the protective effects of
oestrogen against various types of vascular injury,
particularly atherosclerosis.”™ This effect is by
modulating inflammation, nitric oxide production,
cytokine and growth factor expression and the
reduction of oxidative stress.”” In post-menopausal
women, a relative deficiency in oestrogen may
increase the risks for aneurysmal formation and
growth.”™
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The point prevalence of multiple aneurysms in our
series is 6.9%. The two patients (1 male and 1
female) who had multiple aneurysms in our series
had the aneurysm in the region of the MCA territory.
This prevalence over a 9 year period is significantly
lower than in most populations (15-30%).”"*

The AComA has been described as the most
common site for RCAA aneurysm. It accounts for
25-39% of all aneurysm locations and there is
evidence that these aneurysms may have a higher
tendency to rupture.”’ However, in our study,
regardless of gender, the PComA (34.5%) and MCA
(34.5%) territories were the predominant location
for RCAA aneurysm in our study. In females most of
the aneurysms were in the PComA territory
compared to MCA areas in males. AComA
aneurysm was found in 27.6% of patients. The
middle cerebral artery is a common location for
cerebral aneurysms and is associated with a lower
risk of rupture than aneurysms located in the

. . . . . [34]
anterior or posterior communicating arteries.

In environments with better health system and
access to it, approximately 12 percent of patients
with intracranial aneurysms die before receiving
medical attention.” The risk of sudden death is
statistically higher with RCAA in the
vertebrobasilar regions (44.7%; 95% CI, 7.4-86%)
than with anterior circulation RCAA (12.1%; 95%
Cl, 5.8-20%); with a relative risk of 3.85 (95% CI,
2.5-6.0)."'In communities with inadequate health
systems and barriers to neurosurgical care under-
diagnosis and delay in treatment of a lethal
condition like RCAA will be common. This we
hypothesizemay explain the lack of any single case
of RCAA within the posterior circulation.

The timing of surgery for aneurysmal subarachnoid
haemorrhage influences the outcome. This is to
prevent a rerupture and rebleed. Timing of surgical
treatment of ruptured intracranial aneurysms has
undergone a drastic change in the last few decades
with preference for early surgery. This approach
prevents a rerupture with its attendant bleeding and
complications of the intraparenchymal haematoma,
intraventricular haemorrhage, hydrocephalus and
raised intracranial hypertension; in addition it
ensures early evacuation of blood which is a
vasospasmogenic agent.""'Many studies have
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showed that early surgery is superior to late surgery
in reducing a poor outcome and mortality rate when
patients present with good WFNS or HH
grades;they noted that early surgery decreases the
incidence of poor outcome when patients were in
poor condition on admission.”"". Early surgery was
superior to late surgery in reducing a poor outcome
and death rate when patients were in good condition
on admission, and decreased the incidence of poor
outcome when patients were in poor condition on
admission. Compared with late surgery, early
surgery significantly decreased the incidence of
poor outcome, regardless of whether patients were
in good condition (RR, 0.65 [95%CI, 0.50 0.84]; p=
0.001) or in poor condition on admission (RR, 0.71
[959%CI,0.610.83];p< 0.0001).”‘” Moreover, when
patients were in good condition on admission, early
surgery also effectively reduced the death rate (RR,
0.61[95%CI,0.46 0.82]; p=0.001)."" Additionally,
early surgery reduced the death rate compared with
late surgery in patients older than 50 years (RR, 0.49
[95%CI, 0.27 0.89]; p < 0.002).""The critical time
frame for ruptured aneurysm repair is set at <72
hours after ictus, unless the patient is in a moribund
condition.""*” Immediate management and delayed
management after poor-grade subarachnoid bleed
are associated with similar morbidity and mortality
at 12 months. Therefore, delaying intervention in
poor-grade patients may be a reasonable approach,
especially if time 1s needed to plan the procedure or
stabilise the patient adequately.™”

If a patient survives the initial aneurysmal rupture,
the major early complication is a rebleed from the
RCA aneurysm. The reported incidences of rebleed
are 8% to 23% in the first 72 hours after an ictus.””
The consequence of a rebleed is enormous with
reported mortality rates close to 60%.* Ellamushi
et al noted that a rebleed was associated with
increased mortality, with a tendency towards poor
out-come (Mortality rate of 36 vs. 20 %, p=0.02)
(Poor outcome of 47 vs. 33 %, p=0.06)."" Nineteen
of all the patients rebleed before surgery. The
mortality rate of those that rebleed prior to surgery
was 26.3%. All of the patients that did not have a
rebleed prior to surgery survived. This further
underscores the importance of surgery before
rebleeding occurs. Fewer than 30% of our patients
had surgical intervention within 72 hours of an
initial rupture. This was mainly due to prevailing
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local challenges of delay in confirmation of
diagnosis (delayed referral, patients sourcing for
funds for investigations, etc.) and access to theatre.
Hence, patients with delay in access to appropriate
medical care may die from fatal early rebleed or
other complications prior to presentation, referral or
surgical intervention. All these may account for the
significantly low number of cases we have operated
overa9-year period.

Limitations

Shortage of Neurosurgical personnel, facilities and
barriers to health care accessibility still persist in
Nigeria, and are quite different in many states in the
country. This may influence the frequency of cases,
resulting in a sample size over a 9 year period.
Though this study is limited to one of the 2 tertiary
public neurosurgical centres in the most populated
state in Nigeria, with personnel and facilities for
management of RCAA, the data may not be
generalizable to other parts of the state and country.

Conclusion

This study showed that RCAA are essentially in the
anterior circulation amongst our population, with a
peak at the S5th decade of life and a female
preponderance. Multiple aneurysms are rare and
association of smoking with aneurysms are not
common in our patient population. The prevalence
of surgically treated RCAA is low when compared
to western populations. Delays in surgical clipping
encountered in this study were mainly patient
related. The patients’ gender, age and aneurysm
location are not significantly associated with
mortality or GOS grade. However, patients"
admission WENS and HH grade are good predictors
of outcome using the GOS grade. Prevailing local
factors like adverse cultural and social beliefs, under
diagnoses, late referral, challenged access to
prompt, adequate and appropriate neuroradiological
facilities, delay in patient investigations, financial
constraint and paucity of skilled specialists
(neurologists and neurosurgeons) may account for
the low caption and surgical rate of RCAA in
Nigeria. Multifaceted efforts should be directed at
these adverse factors so as improve early diagnosis
and management of patients with RCAA.

Financial support and sponsorship
This research did not receive any specific grant from

Idowu JO, et al - Cerebral aneurysm clipping

funding agencies in the public, commercial, or not-
for-profit sectors.

Conflict of interest
There are no conflicts of interest.

Abbreviations

GOS: Glasgow Outcome Scale; HH: Hunt and Hess;
PComA: posterior communicating artery, RCAA:
Ruptured cerebral artery aneurysms, WFNS: World
Federation of Neurosurgical Societies

References

1. Vlak MH, AlgraA, Brandenburg R, Rinkel GJ.
Prevalence of unruptured intracranial
aneurysms, with emphasis on sex, age,
comorbidity, country, and time period: a
systematic review and meta-analysis. Lancet
Neurol.2011;10:626-36.

2. Udy AA, Schweikert S, Anstey J, Anstey M,
Cohen J, Flower O, Saxby E, Poll AV, Delaney
A. Critical care management of aneurysmal
subarachnoid haemorrhage in Australia and
New Zealand: what are we doing, and where
to from here? Crit Care Resusc. 2017;
19:103-9.

3. Etminan N, Chang HS, Hackenberg K, et al.
Worldwide incidence of aneurysmal
subarachnoid hemorrhage according to
region, time period, blood pressure, and
smoking prevalence in the population: a
systematic review and meta-analysis. JAMA
Neurol.2019;76:588-97.

4. Wiebers DO, Whisnant JP, Huston J III,
Meissner 1, Brown Jr RD, Piepgras DR.
Unruptured intracranial aneurysms: Natural
history, clinical outcome, and risks of surgical
and endovascular treatment. Lancet.
2003;362:103-10.

5. OrzY, Alyamany M. The impact of size and
location on rupture of intracranial aneurysms.
Asian J Neurosurg.2015;10:26-31.

6. Tokpa A, Haidara A, Derou L, Dongo S,
Kakou M. Microsurgical Management of
Intracranial Aneurysms in Coéte d'Ivoire: A
Series of 128 Cases. Open Journal of Modern
Neurosurgery.2020;10:105-113.

7. Nabaweesi-Batuka J, Kitunguu PK, Kiboi JG.
Pattern of Cerebral Aneurysms in a Kenyan
Population as Seen at an Urban Hospital.

- © 2022 Nigerian Medical Journal | A publication of the Nigerian Medical Association

318




10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

319

World Neurosurg.2016;87:255-65.

El Khamlichi A, Derraz S, El Ouahabi A,
Aghzadi A, Jamily A, El Azouzi M. Pattern of
cerebral aneurysms in Morocco: review of the
concept of their rarity in developing countries:
report of 200 cases. Neurosurgery. 2001;
49:1224-30.

Ohaegbulam SC, Dujovny M, Ausman JI,
Diaz FG, Malik GM. Ethnic distribution of
intracranial aneurysms. Acta Neurochir
(Wien). 1990;106:132-5.

Zhou S, Dion PA, Rouleau GA. Genetics of
Intracranial Aneurysms. Stroke 2018;
49:780-7.

Ghods AJ, Lopes D, Chen M. Gender
differences in cerebral aneurysm location.
Front Neurol 2012;3:78.

Taylor CL, Yuan Z, Selman WR, Ratcheson
RA, Rinn AA. Cerebral arterial aneurysm
formation and rupture in 20,767 elderly
patients: hypertension and other risk factors.
J. Neurosurg. 1995;83:812-9.

Huang J, van Gelder JM. The probability of
sudden death from rupture of intracranial
aneurysms: a meta-analysis. Neurosurgery.
2002;51:1101-15.

Larsen CC, Astrup J. Rebleeding after
aneurysmal subarachnoid hemorrhage: a
literature review. World Neurosurg. 2013,
79:307-12.

Germans MR, Coert BA, Vandertop WP,
Verbaan D. Time intervals from subarachnoid
hemorrhage to rebleed. Journal of Neurology.
2014;261:1425-31

Brinjikji W, Zhu Y, Lanzino G, Cloft HJ,
Murad MH, Wang Z, et al. Risk Factors for
Growth of Intracranial Aneurysms: A
Systematic Review and Meta-Analysis. AJ/NR
Am J Neuroradiol. 2016 Apr; 37: 615-20.
Wang G, Zhang D, Wang Z, Yang L, Yang H,
Li W. Risk factors for ruptured intracranial
aneurysms. Indian J Med Res. 2018, 147:
51-7.

Idowu OE, Shokunbi MT, Malomo AO,
Akang EEU.Anomalies, aneurysm and
histology of the middle cerebral artery in
Nigerian Africans. [nt. J. Morphol. 2008;
26:1023-7.

Idowu OE, Shokunbi MT, Malomo AO,
Ogunbiyi JO. Size, course, distribution and

20.

21.

22.

23.

24.

25.

26.

27.

Idowu JO, et al - Cerebral aneurysm clipping

anomalies of the middle cerebral artery in
adult Nigerians. East Afr Med J. 2002;79:217-
20

Idowu OE, Apemiye RA. Delay in
presentation and diagnosis of adult primary
intracranial neoplasms in a tropical teaching
hospital: a pilot study. /nt J Surg. 2009;7:396-
8.

Jersey AM, Foster DM. Cerebral Aneurysms.
A service of the National Library of Medicine,
National Institute of Health (NCBI
Bookshelf). Treasure Island: Stat Pearls;
2019.

Steiner T, Juvela S, Unterberg A, Jung C,
Forsting M, Rinkel G, et al. European Stroke
Organization guidelines for the management
of intracranial aneurysms and subarachnoid
haemorrhage. Cerebrovasc Dis. 2013;
35:93-112.

Thompson BG, Brown RD Jr., Amin-Hanjani
S, Broderick JP, Cockroft KM, Connolly ES
Jr, et al. Guidelines for the management of
patients with unruptured intracranial
aneurysms: A guideline for healthcare
professionals from the American Heart
Association/American Stroke Association.
Stroke.2015;46:2368-400.

Schievink WI, Katzmann JA, Piepgras DG,
Schaid DJ. Alpha-1- Antitrypsin phenotypes
among patients with intracranial aneurysms.
J. Neurosurg. 1996;84:781-4.

Osawa M, Hongo K, Tanaka Y, Nakamura Y,
Kitazawa K, Kobayashi S. Results of direct
surgery for aneurysmal subarachnoid
haemorrhage: outcome of 2055 patients who
underwent direct aneurysm surgery and
profile of ruptured intracranial aneurysms.
Acta Neurochir (Wien).2001; 143:655-64
International Study of Unruptured Intracranial
Aneurysms Investigators. Unruptured
intracranial aneurysms—risk of rupture and
risks of surgical intervention. International
Study of Unruptured Intracranial Aneurysms
Investigators. N Engl J Med. 1998; 339:1725-
33.

de Rooij NK, Linn FH, van Der Plas JA, Algra
A, Rinkel GJE. Incidence of subarachnoid
haemorrhage: a systematic review with
emphasis on region, age, gender and time
trends. J Neurol Neurosurg Psychiatry. 2007,

Nigerian Medical Journal | Volume 63 | Issue 4 | July - August 2022




28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

- © 2022 Nigerian Medical Journal | A publication of the Nigerian Medical Association

78:1365-72.

Menghint VV, Brown RD Jr, Sicks JD,
O'Fallon WM, Wiebers DO. Incidence and
prevalence of intracranial aneurysms and
hemorrhage in Olmsted County, Minnesota,
1965 to 1995. Neurology. 1998;51:405—-11.
Galea E, Santizo R, Feinstein DL, Adamson P,
Greenwood J, Koenig HM et al. Estrogen
inhibits NF kappa B-dependent inflammation
in brain endothelium without interfering with
I kappa B degradation. Neuroreport.
2002;13:1469-72.

Eden SV, Meurer WJ, Sanchez BN, Lisabeth
LD, Smith MA, Brown DL, et al. Gender and
ethnic differences in subarachnoid
hemorrhage. Neurology.2008;71:731-5.

Fox JL, Sengupta RP. Anterior
communicating artery complex aneurysms.
In: Apuzzo MLJ (ed.) Brain surgery-
complication avoidance and management.
New York: Churchill Livingstone. 1993; 1009-
35.

Juvela S. Risk factors for multiple intracranial
aneurysms. Stroke. 2000; 31:392-97.
Mendelsohn ME, Karas RH. Molecular and
cellular basis of cardiovascular gender
differences. Science. 2005;308:1583-7.
Zaidat OO, Castonguay AC, Teleb M S, AsifK,
Gheith A, Southwood C, et al. Middle cerebral
artery aneurysm endovascular and surgical
therapies: comprehensive literature review
and local experience. Neurosurg Clin N Am.
2014;25:455-69.

Kaminogo M, Yonekura M, Shibata S.
Incidence and outcome of multiple
intracranial aneurysms in a defined
population. Stroke. 2003;34:16-21.
D'Andrea G, Picotti V, Familiar IP,
Barbaranelli C, Frati A, Raco A. Impact of
early surgery of ruptured cerebral aneurysms
on vasospasm and hydrocephalus after SAH:
Our preliminary results Clin Neurol
Neurosurg. 2020;192:105714.

Nieuwkamp DJ, de Gans K, Algra A, Albrecht
KW, Boomstra S, Brouwers PJ, et al. Timing
of Aneurysm Surgery in Subarachnoid
Haemorrhage—An Observational Study in
The Netherlands. Acta Neurochirurgica.
2005;147:815-21.

Zhao C, Wei Y. Surgical Timing for

39.

40.

41.

42.

43.

45.

Idowu JO, et al - Cerebral aneurysm clipping

Aneurysmal Subarachnoid Hemorrhage: A
Meta-Analysis and Systematic Review.
Turkish Neurosurgery. 2017; 27:489-99.

Yao Z, Hu X, Ma L, You C, He M. Timing of
Surgery for Aneurysmal Subarachnoid
Hemorrhage: A Systematic Review and Meta-
Analysis. International Journal of Surgery.
2017;48:266-74.

ZhongY, Xin H, LuM, Chao Y, Min H. Timing
of surgery for aneurysmal subarachnoid
hemorrhage: A systematic review and meta-
analysis. IntJ Surg. 2017, 48:266-74.

Ohman J, Heiskanen O. Timing of operation
for ruptured supratentorial aneurysms: a
prospective randomized study. J Neurosurg.
1989; 70:55-60.

Steiner T, Juvela S, Unterberg A, Jung C,
Forsting M, Rinkel G; European Stroke
Organization. European Stroke Organization
guidelines for the management of intracranial
aneurysms and subarachnoid haemorrhage.
Cerebrovasc Dis.2013:;35:93-112.

Gittins A, Talbott N, Gilani AA, Packer G,
Browne R, Mullhi R, et al. Outcomes
following acute poor-grade aneurysmal
subarachnoid bleed - Is ecarly definitive
treatment better than delayed management? J
Intensive Care Soc.2021;22:198-203.
Qureshi Al, Suarez JI, Parekh PD, Sung G,
Geocadin R, Bhardwaj A, et al.. Risk factors
for multiple intracranial aneurysms.
Neurosurgery. 1998;43:22-7.

Ellamushi HE, Grieve JP, Jager HR, Kitchen
ND. Risk factors for the formation of multiple
intracranial aneurysms. J Neurosurg. 2001,
94:728-32.

320




