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Abstract Objective The risk factors, management strategies, and outcomes of patients with
multiple intracranial aneurysms (MIAs) are different compared with that of patients
with a single aneurysm. Data are scarce regarding patients with MIAs from developing
countries. The objective of this study was to describe the clinical characteristics,
management strategies, and outcomes of patients treatedmicrosurgically fromNepal.
Methods The clinical records of patients confirmed to have MIAs and microsurgically
clipped between July 2014 and December 2019 were retrospectively reviewed. Data on
demographic and clinical characteristics, computed tomography findings, multiplicity
and location of aneurysms, management strategies, and the 1-year outcome were
abstracted and analyzed.
Results Two hundred cerebral aneurysms were microsurgically clipped in 170 consecu-
tive patients during the study period. Twenty-six (13.0%) patients harbored 60 aneurysms.
The mean age of the patients was 58.5 (43–73) years. Smoking and hypertension were
found in 20 (76.9%) and 16 (61.5%) patients, respectively. The majority of patients [17
(65.4%)] were in good grades at presentation. Twenty-one patients had two aneurysms,
four had three aneurysms, and one patient had five aneurysms. Themiddle cerebral artery
was the commonest (20) followed by distal anterior cerebral artery (14) and anterior
communicating artery (13) involved in multiplicity. A single-stage surgery was performed
on 17 patients. Serial clipping was performed in six patients. In three patients, a single
aneurysm on the contralateral side was left untreated for various reasons. The favorable
outcome was achieved in 23 (88.5%) patients whereas three (11.5%) patients had an
unfavorable outcome. One patient died.
Conclusion The demographic and clinical characteristics of patients in our series are
comparable with those described in the published literature from other countries. With
an individualized treatment strategy, an acceptable outcome can be achieved in the
majority of the patients.
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Introduction

Depending on the completeness of the angiography, multi-
ple intracranial aneurysms (MIAs) are detected in 15 to 34%
of patients with subarachnoid hemorrhage (SAH).1–6 Risk
factors for multiplicity are the same for patients with a
single aneurysm but are more apparent such as the increas-
ing age, female sex, cigarette smoking, and the family
history of cerebral aneurysms. Additional risk factors for
multiplicity are high body mass index and connective tissue
disorders such as Marfan’s syndrome and systemic lupus
erythematosus.3,7,8 Identifying and deciding on the best
treatment regarding MIAs can be difficult when the treat-
ment is complex and hazardous, and when there is more
than one reasonable option.

Though endovascular treatment is gaining momentum,
open surgery is still the mainstay of treatment especially in
low- and middle-income countries where the cost of coiling
is prohibitive for many. In addition, some complex and
recurrent previously coiled aneurysms are also better suited
for microsurgery.

In general, the patients with MIAs have a less favorable
outcome than those with single-aneurysm due to complex
management strategies during and after surgery.3,8 Added to
this complexity is the risk of misdiagnosis of the ruptured
aneurysm in MIAs.

Multiple aneurysms can be managed in single or multiple
stages. The advantages of a single-stage surgery are
(1) elimination of the need for a second surgery, (2) absolute
certainty that the ruptured aneurysm has been obliterated,
and (3) the opportunity to treat vasospasm aggressively. If
planned to obliterate the aneurysms in two stages, it is
crucial to identify the aneurysm causing SAH which will
obviously be the target of the first surgery. Angiographic
features of the ruptured aneurysm in the setting of multi-
plicity include: a focal collection of SAH, irregular contour,
presence of “nipple,” larger size, and serial change in the
aneurysm shape and size.9

A decision on how to treat these aneurysms is based on
many factors. These could be patient-related (comorbidities,
life expectancy, etc.), aneurysm-related (morphometric
characteristics and proximity of the multiple aneurysms),
and the experience of the treating surgeon.

Though many studies are reported on MIAs from devel-
oped countries, very few studies have been published from
south Asia and no such study has been published from
Nepal.10,11 In this paper, the authors describe the clinical
characteristics, management strategies, and outcomes of
patients with MIAs operated in a university hospital from
Nepal. We followed the Preferred Reporting Of CasE Series in
Surgery (PROCESS) guideline in conducting this case series.12

Methods

Permission from the Institutional Review Committee of our
institute was obtained prior to the commencement of the
data abstraction process of this study. We retrospectively
reviewed our prospectively collected vascular database of

consecutive patients with aneurysmal SAH managed by
microsurgical clipping by a single surgeon (M.R.S.) in our
center from July 2014 to December 2019. At least 1 year of
follow-up was taken as the end point of the study.

Clinical grading of each patient with confirmed SAH either
by a positive computed tomography (CT) scan or a positive
lumbar puncture was performed using Hunt and Hess scale
at the time of admission.13 All patients subsequently under-
went either a four-vessel cerebral digital subtraction angiog-
raphy (DSA) or a CT angiography to confirm the presence of
aneurysm(s). Patients were routinely admitted to the neu-
rosurgical intensive care unit and managed as per the
American Heart Association AHA guidelines 2012.14 In our
institution during the study period, we did not have the
capability of providing endovascular treatment to patients
with cerebral aneurysm. Hence all patients were offered
microsurgical clipping. Some patients who underwent serial
surgery were offered the option of undergoing endovascular
treatment in other centers or in India. But due to the
increased cost, they chose open surgery for the remaining
aneurysm also. Patients whowere in good grades underwent
microsurgical clipping in the early period (< 3 days) whereas
for those with significant comorbidities or in poor grade,
delayed surgery (> 8 days after the ictus) was performed.
None of the patients in our series had features of connective
tissue disorders such as Marfan’s syndrome. So, work-up in
that direction (testing for the presence of autoantibodies)
was not performed.

Admission CT, CT angiography, DSA, and follow-up CT
angiography or DSAwere reviewed. We describe the follow-
ing variables in this patient population: age, sex, history of
hypertension and smoking, Hunt and Hess scale at admis-
sion, location and number of aneurysms, and the manage-
ment strategy. The in-hospital rebleeding rate and the
Glasgow outcome scale15 in 1 year were analyzed.

Results

During the 5.5 year period, 200 cerebral aneurysms were
microsurgically clipped in 170 consecutive patients. Twenty-
six (13.0%) patients harboredmultiple aneurysmswhichwere
60 in number. The CTscanwas diagnostic of SAH in 23patients
whereas in two patients SAH was suspected due to classic
history of severe explosive headache and the presence of
crenated red blood cells in the cerebrospinal fluid from the
lumbar tap. One patient presented with third nerve palsy.
Twenty patients underwent CT angiography as the initial
modality of diagnosis and six patients underwent DSA. In six
patients additional DSA was obtained after initial CT angiog-
raphy to further define the aneurysmal characteristics.

Demographic Characteristics
►Table 1 shows the baseline characteristics of patients in
this series. The age of the patients ranged from 43 to 73 years
with a mean of 58 years. In patients with a single aneurysm
(n¼174), the mean was 54 years. There was a strong sex
predilection (M: F 1.3:4). Smoking and hypertension were
found in 20 (76.9%) and 16 (61.5%) patients, respectively.
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Clinical Features
Admission Hunt and Hess grade of this patient population is
shown in►Table 2. Most patients [17 (65.4%) in I and II] were
in good grades at presentation.

Imaging Characteristics
All patients with MIAs in our series had CT scans within
24 hours of ictus. All had aneurysms in the anterior
circulation.

Twenty-one patients had two aneurysms, four had three
aneurysms, and one patient had five aneurysms (►Fig. 1).
The location of different aneurysms is shown in ►Table 3.

Based on this data, the middle cerebral artery (MCA) was
the commonest (20) followed by distal anterior cerebral
artery (DACA) (14) and anterior communicating artery
(ACoM) (13) involved in multiplicity.

Management Strategy
Ten patients (38.5%) underwent surgery within 3 days of
ictus whereas, in 16 patients (61.5%), the surgery was
performed after 8 days. One patient rebled in the hospital
while awaiting surgery but she had a good outcome (GOS 5)
despite the second bleed. A single-stage microsurgical clip-
ping of all aneurysms was performed in 17 patients. In one
patient who had two aneurysms with an arteriovenous
malformation (AVM), all aneurysms were clipped, and the
AVM was excised in one stage (►Fig. 2). Serial clipping was
performed in six patients (three patients with two bilateral
ophthalmic aneurysms and three patients with bilateral
MCA aneurysms). In three patients, a single aneurysm on
the contralateral side was left untreated for various reasons.
One patient had ipsilateral saccular and contralateral fusi-
form supraclinoid aneurysms. The ipsilateral aneurysm was
clipped, and the contralateral fusiform aneurysm was delib-
erately left untreated. In two patients, the unruptured con-
tralateral aneurysm was left untreated as patients refused
a second surgery. One of them was the lady with five
aneurysms and the other patient was with bilateral MCA
aneurysms. Therefore, a total of 57 aneurysms were clipped
in 26 patients.

In our institute we routinely obtain a cerebral CTA in all
patients 6 weeks after the initial surgery and if it shows
complete obliteration, no further routine angiography is

Table 1 Baseline characteristics of the patients with MIAs
(n¼26)

Characteristics Parameters

Age (Years) 58 (43–73)

Sex M:F 1.3:4

Smoking 20 (76.9%)

Hypertension 16 (61.5%)

Abbreviation: MIAs, multiple intracranial aneurysms.

Table 2 Hunt and Hess grade of patients with MIAs (n¼26)

Hunt and Hess Grade Number of patients

I 6

II 11

III 5

IV 4

V 0

Abbreviation: MIAs, multiple intracranial aneurysms.

Fig. 1 Computed tomography angiography of a 55-year old lady with recent SAH harboring five aneurysms. SAH, subarachnoid hemorrhage.
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recommended. In patients with MIAs with untreated aneur-
ysms, CTA is recommended yearly in patients with aneur-
ysms less than three mm in size. In this series, all operated
patients underwent CTA in six weeks and complete oblitera-
tion was achieved in all cases. One patient with the contra-
lateral fusiform aneurysm had yearly CTA for three
consecutive years with no change in the size of the aneu-
rysm. Then she was lost to follow-up. Two patients had
denied surgery for the remaining aneurysm. So, no further
angiographic study was performed on them.

Outcome
The follow-up period ranged from 1 to 5 years. The favorable
outcome (GOS IV and V) was achieved in 23 (88.5%) patients
whereas three (11.5%) patients had an unfavorable outcome
(GOS1, 2, 3). One patient died in our series. The unfavorable

outcome was noted in patients where multiple attempts
were made to obliterate the aneurysms and in patients with
associated comorbidities and poor GCS at admission. As our
series is too small, statistical analysis of risk factors for poor
outcome was not possible.

Discussion

In our series, MIAs were found in 13.1% of all patients with
aneurysmal SAH, which is consistent with previously pub-
lished reports ranging from 15 to 35%.1–6

Demographic Characteristics and Risk Factors
The demographic characteristics of this study population
were very similar to those observed in other series of
patients with MIAs.1–6 The median age is slightly higher in

Table 3 Distribution of MIAs in the various location in the circle of Willis

Distribution of aneurysms Number of patients

Patients with five aneurysms

(Left PCoM, Left M2, Left M3, ACoM, and right M2) 1

Patients with three aneurysms 4

a. One ACoM and 2 DACAs 3

b. Right MCA, PCoM, and DACA one each 1

Patients with two aneurysms 21

a. ACoM and MCA 6

b. Bilateral MCA 5

c. DACA and DACA 3

d. Bilateral ophthalmic ICA 3

e. ACoM and PCoM 2

f. Bilateral supraclinoid (one side fusiform) 1

g. One ACoM and One DACA associated with AVM 1

Abbreviations: ACoM, anterior communicating artery; AVM, arteriovenous malformation; DACA, distal anterior communicating artery; M2, M2

segment of middle cerebral artery; M3, M3 segment of middle cerebral artery; MCA, middle cerebral artery; MIAs, multiple intracranial aneurysms;
PCoM, posterior communicating artery.

Fig. 2 Cerebral angiogram of the patient (A) with ACoM and DACA aneurysms (single arrow) and an AVM (double arrows). Postoperative CT
angiography (B, C) showing complete obliteration of aneurysms and excision of the AVM. ACoM, anterior communicating artery; AVM,
arteriovenous malformation; CT, computed tomography; DACA, distal anterior cerebral artery.
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MIAs compared with patients with a single aneurysm. As
in patients with a single aneurysm, there is a stronger
female sex predilection consistentwith previously published
studies.1,2,4–8 Hypertension and cigarette smoking were
found in a significant proportion of our patients. In a study
by Juvela, only regular cigarette smoking at any time was a
significant risk factor for MIAs.5 Hypertension has not been
found to be as strong a risk factor for MIAs.4,5

Grading
Patients with MIAs generally present in poor Hunt and Hess
grades.16,17 Our results contradict with previous studies in
this regard since most patients presented with good grades.
In the paper by Mont’alverne et al, 32% of patients were in
grade I, 14% in grade II, and 36% in grade III.16Wachter et al in
their reviewof 121 patients withMIAs, found 67% patients in
grades I-III and 29.8% in grade IV-V.17

Imaging
Twenty-three patients had SAH visible on a plain CT scan.
Twenty-one patients had two aneurysms, four patients had
three aneurysms, and one patient had five aneurysms. In our
series, MCA, DACA, and ACoM arterial aneurysms were the
commonest locations of MCAs. Nehls et al in their review of
69 patients found the posterior communicating artery
(PCoM) (22%), MCA (21.5%), ACoM artery (12%), and oph-
thalmic artery (11%) to be the frequent locations.9

Surgical Management
In our series, a single-stage surgery was performed in 17
patients and staged clippingwas performed in six patients. In
three patients, a single contralateral aneurysm was left
untreated either due to the patients’ choice or the surgical
unsuitability of the aneurysm. In patients with multiple
aneurysms, the annual risk of rupture of an intact aneurysm
is approximately 1% per year, and themortality rate is said to
be 4% over a 5-year period.18,19 How best to tackle the MIAs
microsurgically is still debatable in the literature. Clipping
MIAs in a single operation located either on the same side or
opposite site demands manipulation of parent vessels and
also prolongs the operative period which adds the risk of
development of vasospasm. Many authors advocate one-
stage surgery when MIAs are found on the same side and
can be addressed through the same route.20,21 Some have
recommended clipping of MIAs via a unilateral or bilateral
craniotomy in the same setting.17,21,22 However, others
suggest doing a delayed treatment of the unruptured aneu-
rysm, if bilateral craniotomies are required for proper
exposure.23

The most important argument for clipping all accessible
MIAs in a single setting is the certainty of securing all
aneurysms including the ruptured one. The second argu-
ment is the opportunity to treat the vasospasm aggressively
without worrying about the rupture of the unsecured aneu-
rysm in the postoperative period. Another important factor
relevant to a resource-constrained environment is the avoid-
ance of the added cost of two surgeries at two different time
points. However, getting the level one evidence will be

challenging due to the obvious ethical reasons of randomiz-
ing treatment in two groups in these vulnerable groups of
patients.24 Hence, the recommendation heavily relies on the
retrospectiveseries fromexperiencedsurgeons.The treatment
plan as one-stage versus two-stage depends on aneurysm
location, comorbidities, and statusofotheraneurysms(s)other
than the ruptured one.

Outcome
The overall outcome of patients with MIAs in 1 year was
favorable in our patient population. Twenty-three (88.5%)
patients had good outcomes (GOS IV and V). These data are
consistent with those published in the reported
literature.8,10,11,21,25–28

In a study by Rinne et al, the outcome was significantly
unfavorable for patients with MIAs than for those with a
single intracranial aneurysm.27 The management mortality
in all grades was 24% in patients with MIA. In the same study
at 1-year follow-up, 66% of the patients with MIAs were
independent. Those patients with aneurysms at the verte-
brobasilar arteries had a relatively bad outcome.

In the series of 221 patients by Orz et al, 51.1% patients
had excellent outcomes whereas 21.7% were disabled but
independent, 14.5% were disabled and dependent and 12.7%
died.28

In the study of 41 patients by Sai Kiran et al, a good
outcome was achieved in 87.2% of patients at a final follow-
up of 6 months or longer.10 In the study of 63 patients by
Sharma et al in India, age greater than 65 years, higher
Hunt and Hess grades, PCoM aneurysms, hypertension,
infarct, and hydrocephalus were associated with worse
outcomes.

The 12.5% negative outcome in our series warrants clar-
ification. One patient who died in our series had significant
comorbid medical conditions. Though we cannot deny the
fact that the insult of SAH and surgery could well have
exacerbated the preexisting conditions, it is hard to justify
all deaths due to intracranial insult per se.

Finally, the limitations of our study also deserve mention.
This study is retrospective in nature, although data was
acquired prospectively, and inherent biases associated with
this cannot be ignored. This is also a single institutional study
and therefore may not be fully generalizable. As our sample
size was small, subgroup analysis and correlation between
different factors and outcomes were not possible.

Conclusion

Identifying and deciding on the best treatment can be
difficult in this highly complex disease and should be based
on a careful balance between the natural history of the
disease and the risk of intervention. Treatment of patients
with MIAs needs to be individualized regarding a one-stage
or a two-stage surgery. The overall outcome of patients with
MIAs in 1 year was favorable in our patient population with
88.5% of patients having good outcomes. Clipping of accessi-
ble MIAs can be done safely in one stage with an acceptable
outcome.
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