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INTRODUCTION

Intracranial aneurysms (IAs) refer to
localized abnormal dilatations of weak-
ened arterial walls in the brain." These
aberrations arise from a confluence of
genetic predispositions and lifestyle-
related variables including genetic line-
age, hereditary disorders, tobacco

Exploring the landscape of intracranial aneurysms in South America unravels a
complex interplay of epidemiological factors, clinical manifestations, and
therapeutic challenges. The study methodically conducts a comprehensive
literature review spanning the years 2003 to 2023, focusing on English-language
articles obtained from diverse databases to elucidate the multifaceted nature of
intracranial aneurysms in the region. Results and discussions categorize out-
comes into positive domains, emphasizing successful treatments, favorable re-
coveries, and high survival rates, while also shedding light on negative aspects
such as residual aneurysms and complications. The research illuminates sig-
nificant gaps in pathological typing of intracranial aneurysms and exposes
challenges in healthcare accessibility, notably the disparities in neurosurgical
resources. Management challenges, including constrained infrastructure ac-
cess, a neurosurgeon shortage, and gender disparities, are underscored. Tran-
sitioning to future prospects, the study advocates for strategic interventions,
proposing expanded neurosurgical training, multidisciplinary approaches,
improved funding, enhanced access to care, and fostering international col-
laborations. The study concludes by emphasizing the pivotal role of collabora-
tive efforts, intensified training programs, and global partnerships in propelling
intracranial aneurysm management forward in South America, ultimately
contributing to enhanced patient outcomes across the region.

consumption, and alcohol intake.”*
Concomitantly,  variables  such  as
hypertension, senescence, and hormonal
perturbations amplify susceptibility to 1A
pathogenesis.** Globally, unruptured IAs
manifest with a prevalence rate
approximating  3.2%, with  female
predominance.’

Individuals with IAs often navigate the
fifth decade of life, with a sizable pro-
portion, approximately 20%—30%, pre-
senting with poly aneurysmal
pathologies.” Latent IAs, though typically
asymptomatic, may induce localized
pressure phenomena upon significant

enlargement and culminate clinical
sequelae  encompassing  cephalalgia,
vertigo, visual aberrations, and
perturbations in  oculomotor nerve

functionality.” IAs typically manifest
within vessels such as the internal
carotid artery, anterior cerebral artery,

middle cerebral artery, and
vertebrobasilar  artery.” The precise
anatomic positioning of these anomalies
significantly influences the prognosis and
the success of surgical interventions.
vertebrobasilar  artery-localized  aneu-
rysms, for instance, often present more
intricate therapeutic challenges and are
associated with suboptimal clinical out-
comes, as opposed to their anterior cere-
bral artery counterparts.®

The management of IAs involves diag-
nostic endeavors that deploy a cadre of
imaging modalities, ranging from mag-
netic resonance imaging to digital sub-

traction  angiography.*”  Treatment
involves  various approaches, from
vigilant observation to intricate flow
diversion  techniques.””'®  However,

within the South American healthcare
landscape, constrained accessibility to
advanced neurosurgical interventions and
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neuroradiological expertise often leads to
therapeutic delays for afflicted individuals.
In Peru, it is estimated that more than
40% of the country’s population does not
have access to neurosurgical care within
2 hours.” Neurosurgery trainees and
practitioners in South America further
describe barriers that include inadequate
access to operative equipment,
highlighting the potential disparity in
inaccessible  material  resources  for
neurosurgical care across the continent.””
Economic constraints, intensified by
disparities in healthcare provisioning,
muddle the clinical path for IAs on the
continent, while cultural nuances pose
additional hurdles.”

Consequently, this research serves as a
pivotal step toward a holistic understand-
ing of the epidemiology, clinical profile,
and therapeutic paradigms of IAs in South
America, ensuring that findings are
contextualized within the broader global
perspective.

METHODOLOGY

This narrative review on the management
of IA in South America employed a
rigorous  methodology involving a
comprehensive search of published litera-
ture with a focus on studies conducted in
South America. The detailed search string
provided in the appendix facilitated an
extensive and targeted literature search.

The inclusion criteria accommodated
studies of various designs, including
observational, case-control, cohort, and
randomized controlled trials. Studies
involving both pediatric and adult pop-
ulations were eligible for inclusion, as
were those addressing all types of IA. The
review only considered articles published
in English from 2003 to 2023, a time frame
chosen to reflect current practices and
technological advancements in IA man-
agement in South America.

Databases such as PubMed, EMBASE,
Google Scholar, the Cochrane Library,
EMBASE, CINAHL, SCOPUS and SciELO
were enlisted for the literature search.
Precise search terms, including "intracra-
nial aneurysm", "brain aneurysm", "cere-
bral aneurysm", and "subarachnoid
haemorrhage", were combined with
geographical identifiers such as South
American countries’ names, "LMICs",
"low-middle income countries," and

"South America". This approach ensured
that the literature search targeted our
specific area of interest. Furthermore, a
manual search was conducted to find ref-
erences for recently published, procedure-
specific reviews to further inform
regarding the South American IA man-
agement landscape. Stand-alone abstracts
and unpublished studies were excluded
from the review.

Through this comprehensive and
methodical approach, the review aims to
provide a high-quality academic assess-
ment of the contemporary management of
IA in South America, allowing for an in-
depth synthesis of pertinent findings.
This process offers insights potentially
applicable to similar income settings. A
summary of the methodology has been
presented in Table 1. A visual
representation illustrating the countries
covered in the included studies has been
performed in Figure 1.

RESULTS AND DISCUSSION

Two categories—positive outcomes and
negative outcomes—were created from
the data gathered from the aforemen-
tioned databases. A comprehensive eval-
uation of the studies evaluated has been
provided in Table 2.

Positive outcomes

Effective aneurysm treatment and occlusion.
Treatment outcomes for IA are commonly
measured by successful rates of aneurysm
occlusion post procedures.” In this review,
studies demonstrated good occlusion
rates. For example, Trivelato et al.*
reported an 80.7% occlusion rate at six
months, which increased to 89.2% at 1-
year postendovascular treatment. Simi-
larly, Vanzin et al.** demonstrated a 76.1%
initial occlusion rate, which improved to
77.8% after retreatment. Zenteno et al.*
achieved an  outstanding  92.9%
obliteration rate using stenting and
coiling, emphasizing the pivotal role of
successful  occlusion in  preventing
complications. Moreover, Martinez-Perez
et al.>® achieved a remarkable 97%
occlusion rate and effectively managed
vasospasmis in 5 patients over 2.5 years.

Favorable  functional  recovery. Positive
functional outcomes have been high-
lighted across diverse treatment modal-
ities in several studies. Santos et al.™
reported a significant number of patients
achieving Glasgow Outcome Scale scores
exceeding 4 during follow-up and com-
plete recovery of patients with timely
intervention for unruptured aneurysms.
Patients with small aneurysms achieved
Glasgow Outcome Scale scores of 4—5

Table 1. Summary of the Methodology Employed in the Drafting of This Study

Methodology Steps

Description

Literature search

Inclusion criteria

Exclusion criteria

Search terms

Additional search

Sample size requirement

PubMed, EMBASE, Google Scholar, the Cochrane Library, EMBASE, CINAHL,
SCOPUS, ScikLO (English only)

Full-text articles published in English in the past 20 years (from 2003 to
Various study designs, such as observational, case-control, cohort, cross-
sectional, and randomized controlled trials.

Studies involving paediatric and adult populations.
Studies addressing all types of IA.

Stand-alone abstracts and unpublished studies. Non-English Studies

Keywords include “intracranial aneurysm”, “brain aneurysm”, “cerebral
aneurysm”, and “subarachnoid haemorrhage”
They are combined with geographical identifiers such as “LMICs", “low-
middle income countries”, and “South America”.

A manual search was conducted to find references for recently published,

Any study with a population of less than 9

2023).

Case Reports

procedure-specific reviews.
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».

Countries with Number of
Included Studies

Brazil (38)
Argentina (6)
Chile (4)
Peru (1)
Colombia (1)

Global with South
American Component (5)

(AEEEN

with mapchart.net).

Figure 1. A visual representation illustrating the countries covered in the included studies (Created

after aneurysm clipping.>’ Of note, the
study also found the resolution of
transient  third nerve palsy in a
substantial portion of patients within a
year post-surgery.”’ In addition, another
study demonstrated that endovascular
interventions helped patients achieve
grade A occlusion according to the
Montreal Scale.*® This is concurrent with
global standards where endovascular
treatments, including coiling,
consistently produce favorable functional
outcomes.”>® Furthermore, Perez et al.*s
examined patients with carotid cavernous

aneurysms  and  noted  improved
neurological outcomes with surgical
interventions. Patients experienced

enhanced pain  management and
neurological function, highlighting the
potential for life preservation and
improved quality of life. Taken together,
these outcomes underscore the central
importance  of  positive  functional

recovery in  intracranial aneurysm
treatment, regardless of the therapeutic
approach.

High sutvival rates. In this review, several
studies demonstrated notably high survival
rates. Demartini Jr et al.>> reported a
remarkable survival rate exceeding 50%
following complete recovery. Additionally,
Gonzalez et al.” investigated the long-
term outcomes of patients treated with
stenting and coiling, revealing a high
overall survival rate, and emphasizing the
durability of positive treatment outcomes
over extended periods.

Negative outcomes
Residual aneurysms, recurrence, and compli-
cations. Notably, various studies in this

review  reported  aneurysm  recur-
rence*#4>55 and residuals'®>° after initial
treatment  efforts.  Further  studies

reported cases of incomplete surgical

clipping, postsurgical thromboembolic
events, and improper device
expansion.7+455° These factors

potentially increase hemorrhagic risk in
patients due to precipitation of residual
aneurysms.”” In addition, studies have
also reported incidents of hydrocephalus
and elevated rates of late cerebral.#+>
Taken together, these findings
underscore the necessity for ongoing
monitoring  to  effectively  manage
aneurysm residuals, recurrence, and
postoperative complications.

Pathological typing of aneurysm. This re-
view has elucidated a dearth of anatomical
variation when reporting IA in South
American populations, thereby patho-
physiological categorization of IA is un-
clear according to the evidence presented.
Only 2 studies have alluded to such typing
of IA. A prospective cohort study evaluated
106 individuals with 137 saccular aneu-
rysms and reported various ways of man-
agement including aneurysmal clipping
(46%), balloon remodeling (38%), stent
remodeling (10.9%), and therapeutic oc-
clusion (5.1%).%° The study observed an
overall 8% mortality rate with a
substantial complication rate (12.3%) due
to technical (6.6%) and clinical (5.7%)
etiologies, with a recurrence rate of

8.2%.4°  Furthermore, 94.6% of the
studied population reported clinical
independence on follow-up,** potentially

contributing to the higher complication
rate. Another study analyzed balloon-
assisted remodeling and stent deploy-
ment in 174 initial saccular aneurysm
cases and reported that 23.6% of these
cases had worsening recanalization post-
operatively.”> Importantly, no studies
deliberated  fusiform  aneurysms or
mycotic  “infective” pseudoaneurysms,
where discrimination between true and
false aneurysms may impede study
control. Hence, a lack of evidence
surrounding the management of true
versus false aneurysms forms a surgical
“grey area” in IA risk formulation,
operative technique, and postoperative
care in low- and middle-income coun-
tries and South America. Further delinea-
tion and categorization of aneurysm
pathological type would be beneficial to
avoid biases and compounding variables
within the review data.
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MANAGEMENT CHALLENGES AND GAPS

Access to specialized healthcare
infrastructure and equipment

Several South American nations have
emerged at the forefront in initiating
specialized surgical centers specifically
focused on the comprehensive manage-
ment of 1As.®7° Brazil and Ecuador, in
particular, have distinguished themselves
with the establishment and growth of
such centres.”>”*

A parallel trend can be observed in
Argentina, Uruguay, and Colombia. These
nations have not only embraced the
establishment of dedicated centers, but
have also channeled efforts into systematic
investigations examining patient out-
comes, identifying potential gaps in care,
and proposing efficacious solutions.”?”®
These developments not only affirm the
robust presence of establishments tailored
for IA surgical management across South
American territories but also accentuate
the expansive growth of such facilities
within the regional healthcare landscape.
This surge can be partly attributed to the
strategic establishment of specialized
neurosurgical skills laboratories and
centers.

However, juxtaposed against these ad-
vancements is the challenge of ensuring
equitable accessibility to specialized
healthcare infrastructure for IA across the
South American terrain. The infrastructure,
which encompasses hospitals, specialized
units, and allied facilities, remains indis-
pensable for ensuring optimal service de-
livery [Table 1]. Yet, inherent geographical
disparities persist across the continent.
Urban centers, characterized by their
robust infrastructural resources, stand in
stark contrast to rural areas that may be
bereft of such amenities. Inhabitants of
these less-served regions often grapple
with logistical hurdles such as extended
travel times, limiting their timely access to
specialized care. For example, it is esti-
mated that 40% of Peruvians do not have
access to neurological services.”® Moreover,
ensuring that treatment centers for IAs are
consistently equipped with the latest
technologies  remains an  ongoing
challenge. A disproportionate
concentration of advanced neurovascular
equipment is discernible within urban
locales, leaving peripheral medical
facilities potentially under-resourced.

Availability of neurosurgeons

For optimal management of IA, the im-
mediate intervention of neurosurgeons is
paramount. Recent studies highlight bar-
riers to this requisite care including a lack
of cutting-edge neurosurgical equipment,
the absence of a standardized and
comprehensive training framework, a
dearth of research opportunities, and
dauntingly extended working hours for
neurosurgeons."*

The current status of neurosurgeon
availability and the advent of new
surgical approaches

The proficiency and skill set of personnel
in neurosurgery and neuroradiology play a
pivotal role in ensuring favorable out-
comes for IA patients, especially within
the South American region. The past few
decades have witnessed a commendable
escalation in the number of neurosur-
geons operating within this area.”>”” This
influx of professionals has catalyzed the
advancement and expansion of new
surgical interventions for IA. While the
traditional method of open surgery,
predominantly clipping, remains
prevalent for IA treatment, sophisticated
surgical methodologies including
endovascular treatments are increasingly
employed. These ground-breaking initia-
tives are instrumental in broadening the
spectrum of treatment modalities acces-
sible to IA patients.

Despite an increase in workforce, many
countries in South America still grapple with
a deficit of trained neurosurgical experts.
According to the Latin American Federation
of Neurological Societies (FLANC), >9
member countries, many of which are in
South America, have <1 neurosurgeon/
100,000 inhabitants compared to high-
income countries like the United States
with 1.52 neurosurgeons/100,000 in-
habitants.”” Consequently, the lag between
detection of IAs and treatment initiation
may be considerably extended, especially
when juxtaposed with Western nations.”’
Furthermore, neurosurgeons in South
America still heavily rely on open surgery,
reflecting discrepancies in the availability
and distribution of endovascular services.
Alarmingly, this surgical paradigm has
associations with heightened morbidity
and mortality rates under certain
conditions.”

Gaps in training, postoperative
rehabilitation, and the gender disparity
dilemma

There is a salient impediment thwarting
the seamless execution of IA programs in
South America. This void, accentuated by
the lack of ample fellowship opportunities
in the region, compromises many neuro-
surgeons’ capabilities to uphold their
surgical proficiency and dispense pivotal
IA interventions. Such challenges detri-
mentally affect the overall healthcare de-
livery paradigm.””? The landscape of
neurosurgical expertise allocation across
the region is also far from uniform.
While countries such as Brazil boast a
robust contingent of adept neurosurgical
practitioners,  other territories  are
wrestling with a palpable dearth of such
skilled resources.””

Moreover, even as postoperative reha-
bilitation emerges as a linchpin in
bolstering patient recovery and life quality,
there’s a staggering absence of research
exploring this facet, especially within the
South American purview. An underlying
concern remains regarding the potential
lack or embryonic state of postoperative
rehabilitation facilities, accentuated by
their skewed distribution. Central Amer-
ican nations, most notably, are confront-
ing severe challenges related to
neurosurgical care.”® Such geographic
disparities in  the  provision  of
neurosurgical expertise invariably result
in inequitable healthcare access across
the entire spectrum. This landscape is
further marred by a conspicuous gender
gap in neurosurgical training
establishments, underscoring the
pressing need for rectification.””

GAPS IN NEUROSURGERY RESEARCH
AND INFRASTRUCTURE IN SOUTH
AMERICA

Multiple factors have culminated in the
region’s limited contribution to global
research. Local physicians have been vocal
about a myriad of challenges that stifle
their efforts, including a lack of innovative
technology and treatment.”” One of the
most potent barriers is the dearth of a
robust research infrastructure. There are
limited financial catalysts available for
pioneering research, and it has been
reported that typical grants in Latin
America are significantly lower than in
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many  developed and  emerging
countries.”® Furthermore, the distribution
of funding in most Latin American
countries lacks structure and varies
significantly, influenced by inadequate
budgets and  political  alliances.”
Consequently, the motivation and
capacity for healthcare professionals,
including neurosurgeons, to spearhead
research initiatives are invariably stifled.®

There are also substantive impediments
that lead to diminished research output in
many Latin American countries.*” One
constraint involves restricted access to
avant-garde  technological  platforms.
These include flow diverters, intrasaccular
apparatuses, and ancillary equipment
pivotal to aneurysm coiling, including
advanced stents, balloons, and retrievable
neck-bridging devices. This technological
dearth hinders the initiation of compre-
hensive trials to elucidate these modalities
and subsequently refine treatment
paradigms. ™

Furthermore, a discernible deficit in
specialized imaging techniques, encom-
passing computed tomography angiog-
raphy, magnetic resonance angiography,
and digital subtraction angiography, cur-
tails profound explorations into the
morphological attributes of aneurysms,
their dimensions, positioning, and affili-
ated vasculature. Not only are these mo-
dalities indispensable for therapeutic
interventions, but they also play a quin-
tessential role in noninterventional man-
agement approaches such as vigilant
surveillance and periodic assessments.
Without these imaging techniques, it be-
comes inherently challenging to discern
aneurysm progression and ascertain the
judicious therapeutic window. Moreover,
the dearth of telemedicine frameworks

renders postoperative assessments
cumbersome, attenuating the scope of
reporting long-term therapeutic

consequences. ™

A concomitant issue plaguing the
research horizon is the paucity of adept
research personnel.’’ The pedagogy of
research methodologies and intricate
statistical analyses remains
underemphasized.  Furthermore, the
fiscal architecture does not seem
conducive to invigorating research
endeavors, with minimal allocations from
institutional, governmental, or
philanthropic entities.®> Predominantly,

the clinical paradigms overshadow
research pursuits. Notably, while certain
neurosurgical curricula in geographies
such as the United States mandate a
dedicated research  timeline, such
requisites seem sporadic in the South
American context. A poignant reflection
of this is evident wherein a mere 45% of
neurosurgical  initiatives in  South
America necessitate research publications

by their trainees.** The academic
ecosystem, unfortunately, does not
appear to resonate sufficiently with

research accolades, further dwindling the
propensity toward academic
investigations.®

The healthcare fiscal landscape of
South/Latin America is also characterized
by modest expenditures where a frag-
mented, predominantly privatized system,
often operates in the absence of robust
governmental oversight. These structural
inequities, combined with the limited
governmental footprint in healthcare pro-
vision, have given rise to multifaceted
bioethical challenges.*® While initiatives
such  as  neurosurgical  missions,
exemplified in Peru, have aimed to
bridge these gaps, the journey is far from
completion. For sustainable progress,
there’s an imperative need for crafting
long-term alliances, integrating state-of-
the-art remote technologies for uninter-
rupted training and communication, and
fostering collaborative endeavors to reach
the most underserved territories.”®

STRATEGIC INTERVENTIONS AND FUTURE
PROSPECTS

Training more neurosurgeons and

neurosurgical multidisciplinary team staff
Enhancing the management and treat-
ment of IAs in South America is critically
intertwined with the scaling up of training
for neurosurgeons and other members of
the multidisciplinary team (MDT). His-
torically, a dearth of skilled professionals
has limited the quality and accessibility of
care for patients with IAs. To address this,
there should be an expansion of special-
ized educational programs in medical in-
stitutions throughout South America. The
introduction of rigorous neurosurgical
curricula, bolstered by hands-on training
sessions, advanced simulations, and real-
life surgical exposures, is imperative.

Furthermore, enriching these courses with
global best practices, possibly through
partnerships with leading neurosurgical
institutions worldwide, can ensure that
trainees receive a world-class education.

Beyond neurosurgeons, the broader
MDT staff, encompassing nurses, radiol-
ogists, rehabilitation therapists, and an-
esthesiologists, among others, play an
indispensable role in the comprehensive
care of IA patients. Tailored programs
designed for each of these roles can
significantly elevate the level of care. For
instance, specialized training for radiolo-
gists in recognizing and accurately diag-
nosing IAs can lead to earlier and more
precise interventions, while therapists
trained in postoperative care can signifi-
cantly  improve  patient  recovery
trajectories.

Moreover, the role of continuous pro-
fessional development cannot be under-
stated. Medicine is an ever-evolving field,
and as research progresses and new tech-
niques emerge, even the most seasoned
professionals must regularly update their
skills. Setting up continuous education
modules, workshops, and international
exchange programs can ensure that South
American neurosurgeons and MDT staff
remain at the forefront of A management.
Importantly, the healthcare sector must
recognize and address potential barriers to
entering these specialized fields. From the
financial constraints that prospective stu-
dents may face to the lack of advanced
training equipment in some institutions,
these challenges, when tackled, can un-
lock a larger pool of talent.

Finally, fostering a culture of collabo-
rative research and interdisciplinary inte-
gration within South America can further
drive scientific innovation for more effec-
tive treatments. When neurosurgeons, ra-
diologists, therapists, and other MDT staff
come together, pooling their expertise, the
resultant holistic approach can lead to
significantly improved patient outcomes.
By investing in training and continuous
learning, South America cannot only
enhance the quality of care for IA patients
but also set a benchmark for other regions
to emulate.

MDT approach and patient involvement

In addressing IAs, the MDT approach is
pivotal. By uniting the expertise of neu-
rologists, neurosurgeons,
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neuroradiologists, and other healthcare
specialists, we can ensure a comprehen-
sive outlook on patient care. This
perspective not only focuses on the phys-
iological manifestations of IAs but also
delves deep into the psychosocial nuances
of each patient. Such a well-rounded
approach guarantees a tailored, patient-
centric care plan, improving the quality
of patient experiences significantly.”” In
parallel with this approach, there’s a
growing emphasis on active patient
engagement. The more involved a patient
is in their treatment decisions, the better
the outcomes. Embracing shared
decision-making, a collaborative effort
between the medical team and the patient
has been shown to result in care plans that
align closely with patient needs and
values.®®  Empowering patients  with
knowledge about their condition and
treatment options ensures they can make
informed choices and be active
participants in their healthcare journey.

Consequently, enhancing this MDT
approach  necessitates  several  in-
terventions. Regularly scheduled MDT
discussions, telemedicine to bridge
geographical divides,® and collaborative
training sessions all serve to bolster the
efficiency and reach of this methodology.
Furthermore, platforms allowing patients
to share feedback will keep their
perspectives central to evolving care
strategies. Looking to the future, the
growing prominence of the MDT
approach suggests the emergence of
standardized protocols. Innovations like
artificial intelligence will play a role in
refining these strategies, potentially
leading to a stronger emphasis on
preventative care for IAs. As the global
medical community grapples with the
challenges of IAs, international
collaborations  will be  invaluable,
catalyzing the exchange of research and
innovative practices.

Improving funding and access to care

Tackling IAs effectively hinges on sub-
stantial financial backing, especially in
resource-constrained environments. From
diagnostics to postoperative care, every
stage feels the pinch of inadequate fund-
ing. However, with equitable investment,
we can usher in a healthcare renaissance,
enabling the introduction of advanced
technologies and bolstering research.’®

To counteract these financial con-
straints, diversification is the key.”” By
allocating  specific budgets for IA
management and forging collaborations
with international stakeholders,
governments can bridge funding gaps.
Exploring innovative channels, such as
health bonds and public-private partner-
ships, can consolidate resources for neu-
rovascular care. Moreover, transitioning to
value-based healthcare models ensures
funds directly enhance patient health,
prioritizing results over service numbers.
Furthermore, the urban-rural divide
further complicates IA care access. Tele-
medicine offers a promising solution,
connecting remote patients with urban
specialists.®® Additionally, mobile health
clinics can be instrumental in reaching
underserved areas, ensuring early and
efficient IA detection and care. For a
more holistic approach, we must also
refine referral systems and champion
patient education. By equipping primary
healthcare units with the skills to detect
early-stage IAs and facilitating swift re-
ferrals, we can optimize patient outcomes.
Public awareness campaigns about IAs can
drive early detection, minimizing compli-
cations and costs.

With these integrated strategies in
place, a landscape where every individual,
irrespective of their location or socioeco-
nomic status, has equal access to IA care is
within reach. As technology evolves, South
America could position itself at the fore-
front of IA research and innovation,
shaping global practices.

Fostering International Collaborations
Leveraging international partnerships can
significantly enhance the management of
IAs in South America. These collabora-
tions bridge knowledge gaps and foster an
exchange of innovations. Partnering with
top institutions from developed nations
grants South American professionals
world-class training and insights, while
also providing a unique perspective.”
Beyond just training, the region has the
chance to adopt state-of-the-art diag-
nostic and surgical tools.”> Events like
international symposiums facilitate this
exchange, allowing South American
experts to engage with and contribute to
global advancements.

In addition, joint clinical trials present
opportunities for South America to be part

of pioneering treatments and contribute to
international patient data for IAs.”
Engaging with global entities can
standardize regional protocols, aligning
with advanced global practices. Such
interactions not only advance technical
aspects but also enrich cultural
understanding. This holistic approach
ensures more tailored patient care,
resonating with diverse cultural contexts.
Finally, sharing healthcare policies and
best practices through these partnerships
can further strengthen South America’s
medical landscape.

LIMITATIONS

Despite the implementation of a rigorous
methodology, this review has several lim-
itations. First, a reliance on existing liter-
ature and data sources with potential
variability in data availability and reliability
may introduce elements of bias or
incomplete information. Second, the
temporal scope of this study, encompass-
ing the years 2003 to 2023, enables a
contemporary perspective but may not
capture the most recent developments in
IA management. In addition, the study
primarily draws from English-language
publications, potentially neglecting sig-
nificant research conducted in languages
other than English. Moreover, the rich
diversity of South America’s healthcare
infrastructure and practices, influenced by
geographic and regional disparities, is
challenging to encapsulate comprehen-
sively in a single study. Therefore, while
this article strives to illuminate the chal-
lenges and opportunities in IA manage-
ment across South America, these
limitations necessitate cautious interpre-
tation and underline the imperative for
context-specific, nuanced investigations
tailored to individual countries and re-
gions within this dynamic continent.

CONCLUSIONS

In conclusion, this study provided a
comprehensive review of the contempo-
rary management of IAs in South America,
highlighting the use of various treatment
modalities and reporting positive and
negative outcomes in the region. Impor-
tantly, challenges surrounding a lack of
access to specialized healthcare infra-
structure, deficits in neurosurgical experts
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Table 2. Comprehensive Summary of Management Procedures and Outcomes of Intracranial Aneurysms Across Different South American Countries

Salient Qutcomes

Author/Year/ Relevant
Country Study Type Presentation Diagnostic Method Management Procedure(s) Positive Outcomes Negative Outcomes
Santos et al. Retrospective 21 patients with ~ Cerebral angiography -Undefined aneurysmal repair but with -66.6% of patients had a GOS greater -66.6% of patients developed
2015 — Brazil"* ACoA Aneurysms instances of temporary clipping and than or equal to 4 on follow-up vasospasm
arterial occlusion -Patients with unruptured aneurysms had -52% of patients developed
full recovery on follow-up hydrocephalus

Henrique et al. Prospective, open,
2021 — Brazil”® single-arm pilot safety
trial

De M et al.
2011 —
Argentina'®

Retrospective

21 patients with
distal unruptured
I1As

Patients with
dissecting IAs

DSA -Prasugrel 5/10 mg started 7 days before
treatment
-Heparinisation initiated under GA
-A p48 MW HPC flow diverter was
delivered via catheter to the aneurysm
-Adjunctive coiling or balloon
remodelling done if considered
appropriate by MDT

MRI -75 mg clopidogrel and 100 mg aspirin
DSA 72 hours preoperatively
-IV heparin intraoperatively
-PED deployed after coil embolization of
aneurysm
-Dual antiplatelet medication continued
6 months postoperatively with
heparinization unreversed

-In patients with ruptured aneurysms,
only 41.6% had a favourable outcome
-2 patients are reported deceased
postoperatively

-Absence of any neurologic symptoms in -20% of the cohort had asymptomatic
all patients at 1 month follow-up ischemic lesions on a 48-hour
-Complete aneurysm occlusion achieved postoperative MRI
in 33.3% of cases on 30-day follow-up -Flow diverter migration in 7.4% of
-The logistic regression analysis showed  aneurysms on 30-day follow-up
that only adjunctive coiling was a
predictor for complete occlusion of the
aneurysm at the 1-month follow-up (OR
13.6, 95%Cl 1.22 to 151.0, P=0.034)
-Performing coiling in addition to flow
diverter implantation increased the
chance of complete aneurysm occlusion
by 13.6 times after 1 month
-Achieved a mean mRS of
0 postoperative with pretreatment and
post-treatment mRS unchanged for all
patients. No mortality reported

-GOS 4 and 5 were achieved in 74% of -2 patients died following late SAH
patients complications
—46/51 devices successfully deployed, -Intraoperative technical difficulties
achieving 90% technical success occurred; 1 device fell into the
-No aneurysmal rupture following PED aneurysmal sac, 2 slipped proximally
deployment during deployment, and 2 presented
shortening which required a new
device

ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal
carotid artery; VPS, ventriculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; IAs, intracranial
aneurysms; CT, computed tomography; SAH, subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamline; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single phaton
emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary team; ml, millilitre; OR, odds ratio.

*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.

tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.
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Table 2. Continued

Author/Year/
Country

Study Type

Relevant
Presentation

Diagnostic Method

Salient Qutcomes

Management Procedure(s) Positive Outcomes

Negative Outcomes

Dellaretti et al.
2017 — Brazil/

Do Souto et al.
2006 — Brazil'®

2022 — Chile"®

Estevao et al.
2017 — Brazil®

2016 — Brazil”’

Echeverria et al.

Figueiredo et al.

Retrospective

Retrospective

Prospective

Retrospective

Prospective

Patients with 1As

Patients with

complex paraclinical evaluation of collateral
and giant cavernous carotid circulation and

I1As

Patients with 1As

Patients with MCA
aneurysms

Patients with
anterior circulation
aneurysms

DSA

Rotational angiography

TBO — SPECT for

cerebral blood flow

-Clinical assessment
-MR angiography

-CT scan
-Angiogram

-Angiogram

The majority of patients had no residual
aneurysms

Microsurgical clipping

-Balloon catheters were introduced via
the femoral artery, with subsequent
catheterisation of the carotid artery

under fluoroscopy

-Definitive treatment decided on by MDT

after discussion

-Eleven patients underwent therapeutic

carotid occlusion
1) 8 underwent surgical trapping
3) 3 underwent endovascular balloon
occlusion

-12/15 patients had good clinical
outcomes without any deficits

-Embolization via novel shape memory -No adverse events during the first thirty

polymer coil with or without stents as days
appropriate
-One patient (PX) with the largest
aneurysm was treated with a flow
diverter further

-69.6% of cases had no postoperative
complications (mRS 0)
-6.5% had no significant disability (mRS
1)

-67 patients (the vast majority) had an
mRS of 0 or 1

-Microsurgical clipping

-Ministerial craniotomy
-Clipping

-Surgical clipping incomplete in 13.3%

of aneurysms

-3 complications — 1 case of
permanent motor deficit due to
unintended occlusion of perforator
branches, 1 developed hemiparesis on
the fourth postoperative day which
improved, and 1 developed transient
hemiparesis secondary to saphenous
vein bypass thrombosis
-One patient died postoperatively due
to sepsis

-PX reported hemiparesis, with
episodes of hemiplegia, at 12-month
follow-up due to antiplatelet therapy
noncompliance. The patient recovered

after therapy

-13%, 4.30%, and 6.5% of patients
developed a slight disability, severe
disability, and death, respectively

-12 deaths reported
-7 patients had an mRS of 2
-Intraoperative bleeding in 05/102
aneurysm removal procedure,
intracranial haemorrhage in 3, CSF
leak in 1, clinical vasospasm in 34,
radiological vasospasm in 16,
postoperative hydrocephalus in 06,
and infection in 03
-One reoperation is required for clip
repositioning
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Lylyk et al.
2005 —
Argentina?

Lopes et al.
2018 Global
with an
Argentinian
component”®

Foa Torres et al.
2018 —
Argentina”*

Prospective

Multicentre, single-arm,
retrospective

Retrospective

50 patients with |As

Patients with
posterior circulation
aneurysms

Patients with
complex 1As

-DSA
-3D angiography
-Clinical assessment

-Undisclosed

-Clinical assessment
-Angiography

-Antiplatelet administration
-GA or sedation done as appropriate
-Catheterisation with Neuroform self-
expanding stent placement
-One of 3 strategies followed:

1) stent alone, 2) stent with coiling
thereafter, or 3) coiling with stenting
after that
-Endovascular reconstruction
-Transfer to ICU and monitoring via
Doppler ultrasonography
-Dual antiplatelet regimen 30 days
postoperatively followed by aspirin for
life

-PED implantation

-Dual antiplatelet pretreatment
-Silk flow diverter stent deployed, with

coiling if deemed necessary by MDT  aneurysms and partial occlusion in 6.1%

-3 cases needed additional balloon
angioplasty, 3 others needed additional
chemical thrombolysis
-Transfer to neurosurgical ICU for
monitoring

-Overall the vast majority of the cohort -One case of premature stent delivery,

survived

-84 patients recovered well

-At 12-month follow-up, there was
complete occlusion in 93.9% of

of aneurysms
-In the subgroup of aneurysms of the
posterior territory, mortality was 1.4%,
and morbidity 1.1% with a complete
occlusion rate of 100%

1 of gastric bleeding due to
antiplatelet therapy, and 2 patients
had incision site complications
-6 thromboembolic events with
resolution following abciximab
administration
-1 patient had a left temporal stroke
resulting in hemiplegia and aphasia
-1 case of dissection of cervical ICA,
resulting in a minor stroke with
anticoagulation therapy resulting in
eventual resolution
-One procedural death due to
intracranial haematoma secondary to
arterial rupture caused by wire
manipulation
-8.6% and 2.1% overall morbidity and
mortality rate

-7/91 deaths at different times
postoperative for multiple reasons
including infarcts, pneumonia,
aneurysm rupture, and PED thrombosis

-Postoperative angiography showed
total occlusion in 1.4% of aneurysms
and subtotal occlusion in 96.2% of
aneurysms
-4.2% and 2.1% morbidity and
mortality rates, respectively, at 1-year
follow-up
-Technical complications occurred in
4.1% of procedures (poor stent
opening, stent migration, shortening,
and so on)

ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal
carotid artery; VPS, ventriculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; |As, intracranial
aneurysms; CT, computed tomography; SAH, subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamline; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single photon
emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary team; ml, millilitre; OR, odds ratio.

*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.

tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.
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Table 2. Continued

Salient Qutcomes

Argentina®®

Author/Year/ Relevant
Country Study Type Presentation Diagnostic Method Management Procedure(s) Positive Outcomes Negative Outcomes
Fonseca et al. Retrospective Patients with -Angiography Two groups of patients undergoing 2 -Patients undergoing SOMC had -Though not significant, the PC
2021 — Brazil® comparative anterior circulation  -Angiotomography procedures: significantly shorter postoperative ICU approach resulted in mare
aneurysms 1) Minimally invasive supraorbital stays than PC group complications
craniotomy (SOMC) — 50 patients -No significant difference in mortality, -Aesthetically, SOMC resulted in
2) Pterional craniotomy (PC) — 35  postoperative complications, or outcome better results as measured by visual
patients in the 2 approaches analog scale
-9 deaths overall, with 6 in the PC
group
Fujimoto et al. Retrospective Patients with wide- -Angiography -Antiplatelet pretreatment and post-  TECHNICAL:-Technical success in 95% of ~ TECHNICAL:-Technical failures
2020 — Chile?® neck bifurcation -Radiography treatment therapy, heparinisation cases occurred due to inappropriate device
aneurysms -Deployment of the Woven EndoBridge No intraoperative rupture size, later resolved by implanting a
self-expanding flow-disrupter FOLLOW UP:-Complete occlusion seen in new device
71.4% and 62.5% of patients on initial ~ -Additional stent placement was
and short-term follow-up required in 2 cases because of device
—62.5% complete occlusion rate on protruded into the parent artery
long-term follow-up FOLLOW-UP:
-No mortality -Residual aneurysm rate ranging from
16.8%—25% on short to long-term
follow-up
—2.4% overall morbidity
Giacomini et al. Retrospective Patients with IAs DSA -Dual antiplatelet regimen -Immediate angiography revealed -Overall morbidity of 10.4% and
2015 — Brazil” MR Angiography  -Silk or PED used as appropriate, in some  contrast stasis in 94% of aneurysms mortality of 3.9%
cases with cailing -Complete occlusion in 84% of all ~ -mRS statistics show a poorer outlook
aneurysms as follow-up time increases
-In those who presented with cranial
nerve compression (18), relief was seen
in most (10)
Lylyk et al. 2021 Retrospective Patients with IAs  Rotational angiogram -Dual antiplatelet therapy -Complete occlusion in 75.8% of -Technical complications in 4.8% of

-PED devices implanted and/or coiling if aneurysms procedures, mostly incomplete wall
aneurysm giant or partially thrombosed -Rate of complete occlusion on follow-up — apposition of device necessitating
increased on each follow-up check balloon angioplasty
(12 month: 75.8%, 2—4 years: 92.9%, -4.4% of aneurysms had residual neck
>5 years: 96.4%) postoperatively
-Retreatment in 4% of aneurysms
-Complications included a 3.6% rate of
stroke and a 1.8% rate of
haemoarrhage
—4.6% all-cause mortality rate
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Lylyk et al. Patients with 1As
2009 —

Argentina®

Prospective

Mandel et al. Single-centre Patients with

2021 — Brazil®®  randomised parallel- unruptured IAs
group trial

Saal-Zapata Retrospective Patients with 1As

et al. 2022 —

Peru®'

Rocha-Filho Prospective Patients with post-

et al. 2007 — craniotomy

Brazil* headaches after

procedures to treat
supratentorial
aneurysms As

-3D rotational
angiogram
-DSA

Angiogram
CT Scan

3D Rotational
Angiogram
DSA

Clinical examination
Self-report

-Dual antiplatelet regimen
-PED deployment

-By the 6-month follow-up complete
occlusion was achieved in 93% of cases,
which rose to 94.4% in 12 months™
-Scores for all patients with an initial
mRS of 0 or 1 remained unchanged
postoperatively

-Only 8% of aneurysms showed
complete occlusion
—11% had complications
intraoperatively, all of which were
resolved
-On 3-month angiographic follow-up
8% of vessels showed mild in-stent
stenosis, while 5% of vessels had
moderate or severe stenosis

3 groups undergoing 3 different -The MIS approaches fared significantly -The one death reported occurred in
operative strategies: better with greater stability and higher the PtA group
1) Trans-eyelid approach (TelA) [MIS] mRS postoperatively than the PtA group ~ -The PtA group fared worse in

2) Nanopterional approach (NPtA) [MIS]  at 15—30 days and 12—18 months postoperative cosmetic evaluation

3) Pterional approach (PtA) postoperatively (P=0.0085) with significantly greater temporal

-MIS groups had significantly higher ~ muscle atrophy and was ranked as
self-satisfaction scores across all  significantly less aesthetically pleasing
metrics considered by observers score across all metrics

-No significant difference in mortality considered
between groups

-Endovascular treatment with Penumbra
coils 400 (stent-assisted or balloon-
assisted), with the femoral approach

-No mortality -Coil protrusion in 16% of cases
-Good postoperative mRS in 88% of -1 patient developed MCA thrombosis,
patients underwent thrombectomy
-At follow-up, 96% of patients had good -Overall complication rate was 6%
clinical outcomes -Most aneurysms had subtotal
-Overall, an immediate aneurysmal  immediate occlusions as measured by
obliteration seen in 36% of cases ~ mRROC, grade 2: 21%, grade 3A: 64%
-Immediate mRROC was total (grade 1) in
15% of cases
-On follow-up, mRROC grade 1 was seen
in 58% of cases

Craniotomies:- 89.7% pterional None
—5.8% fronto-orbital-zygomatic
—4.6% frontal

-91.1% of patients had headache
postoperatively
-There was a positive, significant
correlation between anxiety,
depression, and headache frequency
during the whole study period

ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal
carotid artery; VPS, ventriculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; IAs, intracranial
aneurysms; CT, computed tomography; SAH, subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamline; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single photon
emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary team; ml, millilitre; OR, odds ratio.

*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.

tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.

Continues

IV 13 T00S™¥VIN TO00SHVIN VVAIHA AIWWVHOW

VIIMIWY HLNOS NI SWSAYMMNINY TIVINVHIVHLNI

M3IATY F4nL1vd3ILn


www.journals.elsevier.com/world-neurosurgery

vl

WOJ'1LJ3d1d3INIIIS " MMM

801 L0 +Z20Z2 NANM'T/9 101 01/980°10d//:SdliH ‘A¥IDANSOdNIAN ATd0OM

Table 2. Continued

Salient Qutcomes

et al. 2023 —
Global®®

retrospective with a
South American
component

Vivanco-Suarez International multicentre 235 patients with

|1As

Clinical evaluation

necessary for occlusion of the aneurysm

Neurological evaluation -Endovascular treatment under GA with

CT scan

the Onyx HD-500 Liquid Embolic System
-Adjunctive devices like stents and coils
used in a total of 4 cases

PED (92)
SS (56)
FRED (47)
SILK (40)

Author/Year/ Relevant
Country Study Type Presentation Diagnostic Method Management Procedure(s) Positive Outcomes Negative Outcomes
Manzato et al. ~ Single arm, multicentre, Patients with brain DSA -Dual antiplatelet therapy -Treatment was successful in all cases —4.6% complication rate
2021 — Brazil® prospective aneurysms -Endovascular treatment via FRED -Occlusion at 6 months was 91.3%,
observational through the femoral route and 95.9% at 12 months™
heparinization
-Stenting and coiling or balloon
angioplasty as appropriate
-Dual antiplatelet therapy continued for

6 months postoperatively
Pereira-Filho Prospective Patients with Mini-MSE Microsurgical clipping by pterional  -All patients eventually obtained a GOS -Morbidity seen in 2 patients, one with
et al. 2010 — anterior circulation approach in 39 cases and anterior of 5 a postoperative visual defect and one
Brazil** aneurysms interhemispheric approach in 1 case -No mortality with hemiparesis and dysphasia,

eventually resolved
Piske et al. Prospective Patients with wide- DSA -Dual antiplatelet therapy -Occlusion rates were assessed via  -Incomplete occlusion rate was 34.5%
2009 — Brazil®® necked IAs CT brain -HyperGlide balloon inserted, with  angiographic assessments classified as at control | decreased subsequentlyf
MRI contrast to assess how much inflation is  such, with complete occlusion rates* -3 deaths, by sepsis, ICA thrombosis,

(%): and SAH each
1-Control | (Immediately postoperative): -5 complications, 2 cases of ischemia,
65.5% 1 SAH, 1 chorea, and 1 cavernous
2-Control Il (6 months):84.6% cranial nerve change in 5 patients

3-Control Il (18 months):90.3%
4-Control IV (36 months):80%
-Recanalization rates decreased at every
follow-up*

-No statistically significant difference in -Major ischemic event rates were 2%,
occlusion rates of patients operated on 7%, 2%, and 10% for PED, SS, FRED,
with different devices, when using the and Silk subgroups, respectively. No
Raymond-Roy classification. However,  difference was noted between the
the SILK device achieved the highest subgroups (P=0.1)
Class | occlusions at 78%. -Technical assistance using an
additional balloon or stent was
required in 12% of the patients and
was more common in the SS subgroup
(24%) (P=0.004)
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Waihrich et al.
2018 — Brazil”’

Da Silva Jr
et al. 2021 —
Brazil*®

Retrospective and
prospective

Multicentre
Retrospective

Patients with
carotid siphon
aneurysms

Patients with
residual or recurrent
I1As

DSA

-Neurosurgical
evaluation
-3D rotational
angiography

-Dual antiplatelet therapy started a week
before treatment and continued
3 months post-treatment
-Treatment via flow diverter stent with
access by a triaxial system, a long
sheath, an intermediate catheter, and a
microcatheter
-Patients discharged to ICU

-Varying antiplatelet therapy for
unruptured aneurysms only as
appropriate according to aneurysmal
characteristics
Antiplatelet regimen details:
-Unruptured aneurysms: aspirin (100 mg)
for 5 days before treatment. In cases of
flow diverter deployment or stenting,
add clopidogrel. -For stent-assisted
coiling, clopidogrel for 1 month
postoperatively
-For the flow diverter,6 months post-
treatment-Aspirin was maintained for
12 months.

-GA administered
-Heparinisation with spontaneous
reversal
Treatment and indication:
-Simple coiling for unruptured narrow-
neck aneurysms
-Balloon-assisted coiling for unruptured
wide-neck aneurysms
-stent-assisted coiling for unruptured
wide-neck aneurysms if located at
bifurcation
-Flow diversion for unruptured
aneurysms if located at a sidewall

-According to the O'Kelly-Marotta
classification, 74.32% of patients
exhibited grade D

—25.68% of patients exhibited non-
grade D result (C3: 13.11%, C2: 3.28%,
B: 0.0%, A3: 7.10%, A2: 2.19%)

-The total occlusion rate was 73.1% on -Intraoperative complications in 6.8%
immediate postprocedure angiography of patients
(excluding aneurysms treated with a flow  -Neck remnants were present in

diverter) 20.3% and residual filling of the sac in
-At 1 year, the total occlusion rate was 4.4%
75.3% -Recanalization after endovascular

retreatment was observed in 14.5% of
the cases

ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal
carotid artery; VPS, ventriculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; IAs, intracranial
aneurysms; CT, computed tomography; SAH, subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamline; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single phaton
emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary team; ml, millilitre; OR, odds ratio.

*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.

tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.
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Table 2. Continued

Author/Year/
Country

Study Type

Relevant
Presentation

Diagnostic Method

Management Procedure(s)

Salient Qutcomes

Positive Outcomes

Negative Outcomes

Soares et al.,
2019 — Brazil®

Trivelato et al.
2013 — Brazil”

Trivelato et al.
2019 — Brazil"’

Trivelato et al.
2019 — Brazil*?

Trivelato et al.
2019 — Brazil®

Retrospective

Retrospective

Multicenter, prospective,
interventional, single-
arm trial

2-centre comparative
retrospective

Observational
Prospective single-arm
multicentre

Patients with ACoA
aneurysms

Patients with

-Digital angiography
-CT angiography

-CT angiography

-Access through pterional craniotomy in
all cases
-Temporary clipping (15%)

-EVD (37%)

-In patients with mild ventricular

enlargement treated with daily

therapeutic lumbar puncture and
manometry

-GOS 4/5 in 54% of patients
-Outcomes were significantly better
among patients with unruptured

aneurysms than in those with ruptured

aneurysms (P=10.01).

-Intraoperative aneurysm rupture in
3% of cases
-Clinical vasospasm in 43% of patients
-G0S 1/2/3 in 46% of people
-Complication rate of 41%
-Mortality rate of 26%

-Endovascular treatment, coiling for type —5/8 patients had a grade A occlusion —3/8 patients had a grade B occlusion

fenestration basilar -Catheter angiography 1A and 1B aneurysms, stent or balloon-

artery aneurysms

Patients with 1As

Patients with 1As

Patients with 1As
(mid-term results)

-3D0 DSA

-Angiography

-Catheter angiography
-DSA

-Angiography

assisted coiling in type 2A or 2B
aneurysms

-Dual antiplatelet regimen started 5 days
before and continued 6 months
postoperatively
-Heparin administered
-The Derivo Embolisation Flow Diverter
Device was introduced via a triaxial
system
-Coils used if appropriate
-Balloon angioplasty undertaken to
correct a device not expanded or
incorrect wall apposition

-Dual antiplatelet therapy
-Heparinisation at 5000 U, no reversal
-PED flow diverter deployed
-Balloon angioplasty to correct wall
apposition

-Dual antiplatelet therapy 5 days
preoperative and 6 months postoperative
-Standard triaxial introduction of PED
-Balloon angioplasty if appropriate

according to the Montreal Scale

—80.7% of aneurysms were totally

occluded at six months which increased

to 89.2% at 1 year”
—94.5% of patients had no adverse
events at follow-up

—76.92% total occlusion rate at
6 months

—93.4% of patients had no rupture,
haemorrhage, or neurological deficit

—1 complication, perforation in a
patient, initially stabilised but eventual
death

-Periprocedural complications in 7.3%
of patients like improper device
expansion
—2.6% of patients had
thromboembolic events, treatment of
which resulted in 1 ischemic stroke
-In-stent stenosis in 6.6% of patients
—1.4% mortality rate

-Death or major stroke in 3.45% of
patients

-Periprocedural complication rate was
7.3%

—3 cases of in-stent stenosis at 6-
month follow-up
-Univariable analysis demonstrated
that there was a significant influence
of adjunctive coiling on morbimortality
(OR 6.19, P=10.021)

-In multivariate analysis, the
performance of balloon angioplasty
was also associated with treatment
failure
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Vanzin et al. Retrospective Patients with 1As DSA -Endovascular treatment with inert  -Class Il occlusion according to Roy and —26.8% recurrence rate
2012 — Brazil* platinum coiling Raymond’s scale is 76.1% at the initial -Class Il and Il occlusion rates
result increased on each follow-up

The final complete occlusion rate
postretreatment was 77.8%

Perez et al. Retrospective Patients with -CT cranium -Conservative management (52.5%) -In the group of patients surgically ~ -Among those undergoing surgery, a

2008 — Brazil® carotid cavernous ~ -Complete cerebral -Surgical management (47.5%) treated, 85% had improvement of pain, 36.8% complication rate
aneurysms angiography (23.5% - ICA ligature postcervicotomy, 3 with 70% of patients reporting -Patients treated conservatively did
-MRI patients with detachable balloon  neurological improvement, and the other not have improvement of neurological
allocated endovascularly, 4 with 30% stable. deficits, 66.7% were stable and 33.3%

embolization, 1 with embolization and -Patients treated conservatively presented intensification
ICA stent, 1 bypass, 1 trapping) presented in 16.7% of the cases -Overall, increase in pain in 10% of

improvement of pain while 58.3% were cases
stable

-Overall, there was an improvement in
pain symptoms in 56.7% of the cases,
stability in 33.3%

-Overall neurologically, there was an
improvement in symptoms in 36.7% of
the patients, stability in 50% and a
deficit decrease in 13.3%.
-Multinomial regression shows that
surgical intervention has better
neurological outcomes

Abud et al. 2010 Prospective 106 Patients with -DSA —46% of aneurysms treated with coiling —96% of the patients with unruptured  The rate of technical complications
Brasil*® 137 saccular -3D Angiography —38% underwent balloon remodeling aneurysms were discharged at anmRS 0 was 6.6% inpatient population
aneurysms —15% underwent stent remodeling  —2, with 94.6% reporting independence -Clinical complication rate was 5.7%
—5.1% underwent therapeutic occlusion at follow-up -0f the 31 patients with SAH from
-0f the 31 patients with SAH from  rupture, 38.7% had a bad grade on the
rupture, 61.3% had a good grade on the Hunt-Hess scale
Hunt-Hess scale The rate of recurrence was 8.2%
-Angiographic result class | was obtained —8% overall mortality rate
in 86.13% of aneurysms -Angiographic result class Il and Il

was obtained in 6.57% and 7.3%. of
aneurysms respectively

ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal
carotid artery; VPS, ventriculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; |As, intracranial
aneurysms; CT, computed tomography; SAH, subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamline; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single photon
emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary team; ml, millilitre; OR, odds ratio.

*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.

tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.
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Table 2. Continued

Salient Qutcomes

2013 — Brazil"/

Martinez

2019 —
Global®®

Zenteno et al.
2006 —
Global*®

Wajnberg et al.
2009 — Brazil™

Pahl, Oliviera,
and Rotta 2017
— Brazil®

-Galdamez et al.

International
retrospective with a

Colombian component

Longitudinal
international
observational with a
Brazilian component

Prospective

Undisclosed

ACoA aneurysms

84 patients with 1As

36 patients with
wide-neck and/or
complex aneurysms

24 patients with
wide-necked IAs

43 patients with
basilar tip
aneurysms

studies

Undisclosed

-DSA
-CT scan

-Angiography

-Angiography

1) Group A: fenestration of the lamina
terminalis and removal of cisternal clots
(17 patients)

2) Group B: control (13 patients)

-Double antiplatelet therapy with
heparinisation
-Low-profile stents delivered via double-
lumen balloons

-Immediate angiographic results
demonstrated Raymond 1 occlusion rate
in 77.9% of aneurysms
-On follow-up, complete and near-
complete occlusion rates were 90.1%,
with no complications

-Heparinization and double antiplatelet
therapy administered

—58% of aneurysms in the
stenting + coiling cohort achieved total
-Balloon-expandable stents delivered to obliteration, with a further 43%

the site achieving subtotal obliteration
-Coiling is done in 58% of aneurysms -Overall, 36% of aneurysms were totally
-No cailing in 42% of aneurysms obliterated, and 61% were subtotal
obliterated

-Coiling with a Neuroform stent under
GA and after heparinisation

-Device delivery successful in 24/26
targets
-No mortality or arterial dissection
—14/21 aneurysms had complete
occlusion
—17 patients had a GOS of 5

—62.8% of patients underwent clipping
—38.2% underwent endovascular
treatment

The majority of the cohort survived
-No mortality in patients with small
aneurysms undergoing clipping, with all
of them achieving a GOS 4—5
-In the 23 patients who had small
aneurysms and underwent clipping, a
100% exclusion rate was observed on
follow-up

Author/Year/ Relevant
Country Study Type Presentation Diagnostic Method Management Procedure(s) Positive Outcomes Negative Outcomes
De Aguiar et al. Retrospective 30 patients with  Transcranial Doppler -Clipping with, -Survival of the majority of the cohort -One patient in group A and 5 in group

B underwent subsequent endovascular
treatment for vasospasm
-One and 2 deaths in groups A and B,
respectively
-VPS required in 1 and 5 cases in
groups A and B, respectively

-Raymond grade 2 and 3 occlusions
achieved in 19.7% and 2.3% of
aneurysms, respectively
-Minor and major clinical events in
2.4% (thrombi) and 1.2% (mortality) of
the population, respectively
-A technical complication was
reported in 11.6% of cases including
in-stent thrombosis and branch
thrombosis events

-Only 7% of total obliteration was
achieved in aneurysms treated via
stenting alone
-Complications in 14% of cases, from
thromboses to artery ruptures
-Technical failures in 3% of aneurysms
overall, with no further treatment
possible

—2 stent delivery failures, therefore a
balloon was used for coil retention
—7/21 were in some measure
incomplete with 4 neck remnants and
3 incomplete occlusions
-5 patients discharged with GOS 4,
and 2 with a GOS 3

-Transient third nerve palsy reported in
77% of patients, with recovery within
a year
-All (2) patients with giant aneurysms
died
-Patients with posteriorly positioned
aneurysms were left with a residual
neck
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Martinez-Perez
et al. 2020 —
Chile®

Demartini Jr
et al. 2018 —
Brazil®®

De Aguiar et al.

2017 — Brazil™

Mura et al.
2007 — Chile®

Demartini Jr.
et al. 2023 —
Brazil®®

Multicentre
retrospective

Retrospective

Retrospective

Prospective,
nonrandomized case
series

Retrospective cross-
sectional

Patients with acute
aneurysmal SAH

Patients with 1As

Patients with
residual 1As

Patients with
aneurysmal SAH

11 pediatric patients
with |As;

-CT angiography -Aneurysms were clipped after a -Complete occlusion was achieved in  —5 patients developed vasospasms
-Clinical examination minipterional craniotomy 97% of aneurysms, with the one which were subsequently managed
remaining found subtotally occluded
postoperatively
-On a 2.5-year follow-up, no significant
change was seen in occlusion status

Angiography -Heparinization —5/10 cases of complete recovery ~ —5/10 patients were discharged with
-Coiling with 2 employing balloon —5/10 patients had a good mRS (0—1) disabilities including severe deficits,
remodelling and 2 employing stent at follow-up, improving from their left or right hemiparesis, hemianopia,

assistance immediate scores aphasia or facial paralysis

-A stent retriever device was employed
and kept open for a few minutes term disabilities including 1 in a
The stent retriever was withdrawn under bedridden state, 1 with hemianopia,
negative pressure and 1 with cognitive impairment and

upper limb monoparesis
—2/10 patients had to retire from
work due to poor outcome

—3/10 patients were left with long-

DSA Clipping -Grade | aneurysm residuals were found -Grade Il residuals in 10 aneurysms
in 13 aneurysms (34%), grade Il in 9 (26%), grade IV in 2 aneurysms (5%),
aneurysms (24%) and grade V in 4 aneurysms (10%)
CT scan 2 groups -No significant difference between -The mean GOS scores in the
DSA 1) Microsurgical treatment: clipping, vasospasm or hydrocephalus endovascular group show a clear
extensive cleansing of cisternal blood presentation in 2 groups tendency toward a worse prognosis
and microsurgical fenestration of the -The calculated mean of GOS scores was ~ with delayed timing of treatment
lamina terminalis (95 patients) 4.35 4 1.09 for the microsurgical group -Late cerebral infarction rate 3.1% and
2) Endovascular treatment via coiling (28 and 3.37 £ 1.52 for the endovascular 14.3% for microsurgical and
patients) groups (P< 0.001) endovascular treatment, respectively
-Mean GOS was significantly better for
patients undergoing cisternal blood
cleansing plus lamina terminalis
fenestration
Undisclosed -Endovascular treatment (70%) —10/11 patients discharged with mRS 0 —5/11 patients had complications
-Coiling (40%) = such as sepsis, shock, renal failure,
—3 patients underwent clipping hydrocephalus, vasospasms, and so
on.
—1 death

ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal
carotid artery; VPS, ventriculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; IAs, intracranial
aneurysms; CT, computed tomography; SAH, subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamline; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single photon
emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary team; ml, millilitre; OR, odds ratio.

*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.

tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.
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Table 2. Continued

Salient Qutcomes

2022 — Brazil®

undergoing
temporary arterial
occlusion (TAO) and
being assessed for
its prognostic value

-Minipterional craniotomy (5/24)
-Prontotemporal (1/24)
-Pretemporal (1/24)

-Others (2/24)

—12/24 had 1 TAQ, 10/24 had 2
temporary clips, and 2/24 had 3 or more

Author/Year/ Relevant
Country Study Type Presentation Diagnostic Method Management Procedure(s) Positive Outcomes Negative Outcomes
Aurich et al. Retrospective Patients with IAs Angiography -All patients underwent remodelling via —85.29% of aneurysms totally occluded, ~ —1 mortality due to procedural
2012 — Brazil” balloon or stent, coiling with partial occlusion in 5.88% haemorrhage
postheparinization —5.88% of aneurysms had no
-In 4 patients (11.76%) the balloon occlusion
remodelling technique was associated
with the stent remadelling technique due
to the occurrence of coil protrusion into
the parent vessel
Adeeb et al. Retrospective with a Patients with -CT and MR -Woven Endobridge (WEB) device used  -Immediate WEB aneurysm occlusion -More technical complications
2022 — South American sidewall or angiography rate higher in B versus A (66.1% vs. experienced by group B, although
Global*® component bifurcation 1As -DSA 43.3%) statistically insignificant
-Bifurcation: 572 -No other significant difference between
aneurysms (group A) the 2 approaches
Sidewall: 111
aneurysms (group B)
Goncalves et al. Prospective 666 patients with CT scan -Clipping (66%) The majority of the cohort survived —07% rebleeding rate
2022 — Brazil™ aneurysmal SAH -Coiling (25%) —35% vasospasm rate
-No treatment (08%) —23% of patients had neurological
deterioration
—24% in-hospital mortality rate
—55% had poor outcomes (mRS 4—6)
at discharge which fell to 40%
Yoshikawa et al.  Prospective cohort Patients with 1As Undisclosed -Pterional craniotomy (15/24) -Survival of the majority of the cohort —56.2% versus 22.2% postoperative

complication rate in the TAQ versus
non-TAQ cohort

—12.5% versus. 1.1% brain death rate
in TAO versus non-TAO cohort
-The location of temporary clip

placement and the number of clips did

not influence the short- and long-term

outcomes of patients with unruptured

intracranial aneurysms
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Cavalcanti et al.

2017 — Brazil®’

Sousa et al.
2018 — Brazil®

Vieira et al.
2022 — Brazil™

Diaz et al. 2013
— Colombia®

Da Costa et al.
2023 — Brazil™

Prospective

Retrospective

Prospective

Prospective

Retrospective

Patients with 1As

Patients with
saccular 1As

Patients with
ruptured 1As

Patients with 1As

Patients with
PComA 1As with
oculomotor nerve

palsy

Undisclosed

Angiography

CT angiogram
DSA

3D angiography

CT scan
MRI
Angiography

-Minisphenoidal keyhole craniotomy
performed (117)
-Other unspecified craniotomies (128)
-Endovascular treatment (283)

-Coiling with,

-Overall occlusion rate of 97.8%
-No patients who had unruptured

aneurysms had an outcome of mRS>3,
with favourable outcomes in 98.1% of
the cohort and 89.1% having an mRS of

0—1

-In the ruptured group, 78.6% of patients

had favourable outcomes, with 88.6%
discharged postoperatively

-The Raymond scale score

—4.3% of patients with a ruptured
aneurysm died postoperatively
—10% of the patients with ruptured
aneurysms presented after the initial
operation with hydrocephalus, which
was then treated

-In 23.6% of cases, there was a

Balloon-assisted remodeling in 10.9% of postoperatively was | in 79.3% of cases, worsening of angiographic obliteration

cases, and stent deployment in 20.7%

-Microsurgical clipping

-Dual antiplatelet therapy started 7 days
preoperatively
-Endovascular treatment via the FRED
system

Clipping

Il'in 12.6% of cases

-Complete aneurysm occlusion was
observed in 94.2% of patients

-Immediate flow reduction seen in all
cases
-No technical or clinical complications

complete function during the study
period, with a further 35.3% showing
partial recovery

(recanalization)
-The Raymond scale score
postoperatively was Il in 8% of cases

- Overall, 22.6% of patients had an
unfavourable outcome (mRS>2), and
the mortality rate was 8%

-DCI occurred in 20.7% of cases
-Residual neck and residual aneurysms
were seen in 4.6% and 1% of cases,
respectively
-Shunt-dependent hydrocephalus
occurred in 10% of patients
—11.6% overall surgical complication
rate

None

—45.4% of patients with palsy recovered —19.3% showed no recavery during

the study period

ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal
carotid artery; VPS, ventriculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; IAs, intracranial
aneurysms; CT, computed tomography; SAH, subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamling; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single photon
emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary team; ml, millilitre; OR, odds ratio.

*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.

tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.
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Table 2. Continued

Salient Outcomes
Author/Year/ Relevant
Country Study Type Presentation Diagnostic Method Management Procedure(s) Positive Outcomes Negative Outcomes
Dellaretti 2018 Retrospective Patients with As DSA Microsurgical treatment -Overall, 73.4% of patients had a good ~ -Overall, 12% (37) mortality rate
— Brazil® outcome (MRS equal to or less than 2) -Overall, 26.3% (81) of patients had a
—89.8% of patients showed complete poor outcome (MRS equal or mare than
aneurysm occlusion 3)
-There were 4 deaths among patients
with unruptured aneurysms and 33
deaths among those with ruptured
aneurysms (P < 0.015).
-Analysis showed poor outcomes in
33.9% of patients with ruptured
aneurysms, compared with only 8.9%
of patients with unruptured
aneurysms, a statistically significant
difference (P < 0.001)
—10.2% of patients had residual
aneurysms
-Reoperation was needed in 3.5% of
aneurysms
Dellaretti 2021 Retrospective Patients with MCA DSA Microsurgery -Overall, 76.8% of patients had a good -Overall, 23.2% of patients had a poor
— Brazil”’ aneurysms outcome (mRS equal to or less than 2) outcome (MRS equal or more than 3)
-On postoperative DSA, 83% of patients  -On postoperative DSA, 17% of
had complete occlusion patients had a residual neck
—8.9% overall mortality rate
Taschner et al. International, Patients with MR angiography -Dual antiplatelet therapy initiated -Technical success in 98% of patients —27% of the patients had some
2017 — multicentre, posterior circulation 5 days pretreatment —78% of patients alive on discharge  neurologic symptoms 24 hours post-
Global®® retrospective with an aneurysms -Treatment via the SS flow diverter with  were clinically stable and 14% had treatment
Argentinian component 15% of patients additionally coiled improved neurologically —27% mortality and morbidity rate
-Complete occlusion in 66% at follow-up  overall, and an overall all-cause
-Asymptomatic patients had 5% mortality rate of 17%
morbidity and no mortality -Symptomatic patients had morbidity
and mortality rates of 44% and 28%,
respectively
ACoA, anterior communicating artery; Cl, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drainage; FRED, flow redirection endoluminal device; GA, general anesthesia; ICA, internal carotid artery; VPS, ven-
triculoperitoneal shunt; MSE, Mental State Examination; MIS, minimally invasive surgery; mRROC, modified Raymond Roy Occlusion Class; mRS, modified Rankin scale; IAs, intracranial aneurysms; CT, computed tomography; SAH,
subarachnoid haemorrhage; PED, pipeline embolization device; SS, Surpass Streamline; IV, intravenous; TBO, temporary balloon occlusion; SPECT, single photon emitting computed tomography; ICU, intensive care unit; MDT, multidisciplinary
team; ml, millilitre; OR, odds ratio.
*Data are largely expressed as a percentage of the patient population to facilitate easier visualization by the reader, except where the study a) has a small patient population or b) has expressed data without providing percentages.
tFollow-up statistics are expressed as a percentage of the total population which were available for follow-up.
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MOHAMMED DHEYAA MARSOOL MARSOOL ET AL.

LITERATURE REVIEW

INTRACRANIAL ANEURYSMS IN SOUTH AMERICA

and inadequate research funding repre- important aspects of the study have been 15. de Castro-Afonso LH, Nakiri GS, Abud TG, et al.
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