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EDITOR-IN-CHIEF 
The Editor-in-Chief oversees the entire editorial process and reviews the recommendations made by the 
scientific editors regarding the acceptance or rejection of submissions. He is responsible for the final decision 
ensuring the quality and integrity of the journal’s content. 

EXECUTIVE EDITOR 
The Executive Editor is responsible for the operational aspects of the journal. This includes managing policies 
related to editorial matters, addressing allegations of misconduct, and overseeing contracts with sponsors 
and service providers in order to uphold the journal’s smooth running and maintaining its ethical standards. 

SCIENTIFIC EDITOR 
The Scientific Editor focuses specifically on the scientific aspects of the submissions. Their responsibility is 
to assess the scientific merit and validity of the research presented in the submissions. This role is key to 
ensuring that the content published by the journal is both scientifically accurate and contributes meaningfully 
to the field. 

EXECUTIVE SECRETARY 
The executive secretary is responsible for addressing all matters related to the editorial workflow from sub-
mission to publication, making sure that requests and complaints are sent to the proper channels and prop-
erly handled. 

SCIENTIFIC ASSOCIATED EDITORS 
They play a supportive role to both the Editor-in-Chief and the Scientific Editor. Their primary responsibility is 
managing the peer review process of submissions. This involves overseeing the review workflow, ensuring 
that each submission is evaluated fairly and thoroughly by qualified peers in the field. 

ASSOCIATED EXECUTIVE EDITORS 
They assist the Executive Editor in managing processes related to the adoption and implementation of new 
editorial policies and best practices. They also play a vital role during investigations of allegations of miscon-
duct. Their work ensures that the journal not only stays current with evolving standards in scholarly publishing 
but also upholds ethical practices and addresses issues proactively. 

EDITORIAL BOARD 
The editorial board’s role is more focused on giving advice on strategic journal development matters, its 
members might be requested to assist both the executive and scientific editors, should their expertise in their 
respective academic fields be required. This can involve: 

Advising on specific submissions, contributing to discussions on content areas, and providing insights that 
help maintain the journal’s academic rigor. Provide operational support to the executive editor in implement-
ing policies and procedures, or assisting the scientific editor in overseeing the scientific quality and integrity 
of the journal. 

Assist in strategic planning and development of the journal by evaluating and recommending best practices, 
organizing and suggesting calls for special or thematic issues, while ensuring that the journal’s direction 
aligns with current trends and needs in the field. 
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INSTRUCTIONS FOR AUTHORS

01. MISSION AND SCOPE
The Brazilian Journal of Neurosurgery – JBNc (ISSN print 0103-5118, ISSN online 2446-6786) is an online journal 
published by the Academia Brasileira de Neurocirurgia. The journal is fully open access, peer reviewed and accepts 
submissions written in English, Portuguese, or Spanish. Accepted contributions are published in a quarterly issue-
based model with four issues per year, and licensed under the Creative Commons Attribution 4.0 International (CC 
BY 4.0) license. JBNc does not charge submission or publication fees.

02. MANUSCRIPT PREPARATION GUIDELINES
SECTION SPECIFIC REQUIREMENTS 

Submissions must follow the limits and specific requirements outlined on the table below, according to their section.

Section Abstract Text sections Text length Tables & 
Figures

References 
(max)

Original article structured not exceeding 
200 word

introduction, methods, results,  
discussion, conclusion and references

4000 words 10 75

Review (preferably 
systematic review)

non-structured not  
exceeding 200 words

introduction, method, results,  
discussion, conclusion and references

4000 words 10 75

Case Report (preferably 
with systematic rev <<

non-structured not  
exceeding 200 words

introduction (with brief literature 
review), clinical case presentation, 
discussion, final comments and 
references

3500 words 8 45

Brief Note non-structured not  
exceeding 200 words

no requirement 1500 words 3 30

Clinical Images non-structured not  
exceeding 200 words

no requirement 1500 words 5 30

INTRODUCTION

In the Introduction section we state the motivation for the work presented in the manuscript. Its contents could be: 
1) context (to orient readers who are less familiar with the topic and to establish the importance of the manuscript), 
2) need (to state the need for the work, as an opposition between what the scientific community currently has and 
what it wants), 3) task (to indicate what was done in the effort to address the need), and 4) object of the document 
(to prepare the readers for its structure).

CLINICAL CASE PRESENTATION
Patient’s clinical data in comprehensive account of the presenting features, with medical, and social, family history, 
if needed are presented. All crucial investigations to the management of decisions should be discussed. Images of 

https://www.abnc.org.br/
https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US


J Bras Neurocirur 36 (4):431-439, 2025

432

the case: Choose appropriate images being aware of removing any detail that can identify the patient. If relevant, 
describe the treatment or surgery. Outcomes and follow-up are described elsewhere.

METHODS
In Materials and Methods section, the technical specifications and quantities and source or method of preparation 
are described. Attention to the use only scientific names of drugs; inclusion of the manufacturer in brackets when 
describing equipment. Discuss statistical methods if needed.

RESULTS
In Results section, the results of the paper are presented in logical order, using tables and graphs as necessary. 
Remember that results must be presented and then explained. The results are explained showing how they help 
to answer the research questions (already cited in the Introduction section).

DISCUSSION
In Discussion section, the principles, relationships and generalizations shown by the results are presented. Also, 
exceptions or lack of correlations are pointed out. The authors show how their results agree or disagree with previ-
ously published papers, and discuss the theoretical implications as well as practical applications of the paper, and 
the significance of their results.

CONCLUSIONS
In Conclusions section the most important outcome of the work is stated, and interpretation of the findings also. If 
the authors have succeeded, or not, in addressing the need stated in the Introduction is reported here.

PRODUCT NAMES
If any product is cited in the manuscript the usage of ® or ™, and manufacturer data are mandatory. Use only sci-
entific names of drugs. Include the manufacturer in brackets when describing equipment.

UNITS OF MEASUREMENT
Units of measurements should follow the primary language used (Portuguese/Spanish or English).

ABBREVIATIONS AND SYMBOLS
Abbreviatons should follow the first mention of the term in the manuscript. The list of abbreviations is waived.

FOOTNOTES
Footnotes are used only in Tables/Boxes
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03. USE OF COLORS
Although the use of color is permitted, it is important that authors (or professionals hired for editing) make an effort 
to ensure that the use of color does not impair understanding for readers with some form of visual impairment. We 
recommend consulting the following resources before preparing figures or tables using colors:

•	 How to make scientific figures accessible to readers with color-blindness (2019, Science News,The Ameri-
can Society for Cell Biology)

•	 Wong, B. Points of view: Color blindness. Nat Methods 8, 441 (2011).  
https://doi.org/10.1038/nmeth.1618

04. FIGURES PREPARATION GUIDELINES
Graphs, photographs, diagrams, illustrations, and similar content should be referred to as figures (e.g., Figure 
1, Figure 2, Figures 1, 2, 5-7) in ascending order according to their appearance in the text. Authors are strongly 
advised to adhere to the guidelines specified in the ‘Use of Colors’ and ‘Preparation and Manipulation of Figures’ 
sections below, in line with the International Committee of Medical Journal Editors (ICMJE) recommendations.
When using arrows, symbols, letters, or numbers to highlight specific parts of the figures, authors must clearly 
describe their purpose in the corresponding figure caption. Additionally, in compliance with privacy concerns and 
ICMJE recommendations for the protection of research participants, images containing photographs of people 
must ensure that individuals cannot be identified unless their explicit permission for publication has been obtained. 
This ensures the protection of individual privacy and aligns with ethical standards in scholarly publication.

PREPARATION AND MANIPULATION OF FIGURES
We strongly recommend that authors (or professionals hired for editing) follow the guidelines outlined below.

RESOLUTION AND FORMATS
Graphics, photographs, diagrams, illustrations, etc., should be submitted in TIFF or JPG formats, with high resolution 
(see recommended minimum image sizes below). Consider whether the figure will be published occupying the full 
width of the page or column, and then ensure that it allows for the perfect readability of all texts and symbols used.

RECOMMENDED MINIMUM IMAGE SIZES:
•	 Between 2500 and 5000 pixels in width: For full page width images or panels.
•	 Between 1200 and 2400 pixels in width: For column or half page width images.

EDITING AND MANIPULATION
When preparing your images, be careful when using filters or other types of editing to include highlights, etc. Images 
should not be manipulated or adjusted excessively in a way that could lead to misinterpretation of the information.

https://www.ascb.org/science-news/how-to-make-scientific-figures-accessible-to-readers-with-color-blindness/
https://doi.org/10.1038/nmeth.1618
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
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THE FOLLOWING RECOMMENDATIONS MUST BE OBSERVED:
•	 Photographs or images generated digitally or by programs and equipment should be of the highest quality possible.
•	 Before-and-after photographs should have the same dimensions, orientation, framing, lighting, and color balance.
•	 Micrographs and similar images should indicate the magnification and include a scale bar.
•	 Histological sections should indicate the type of staining, magnification, and include a scale bar.
•	 Photographs and images, when necessary, should include (in a standardized manner) arrows or other markin-

gs to identify the information in their caption.

ADDITIONALLY, WE STRONGLY ENCOURAGE AUTHORS (OR PROFESSIONALS HIRED FOR 
EDITING) TO OBSERVE AND FOLLOW THESE ADDITIONAL RECOMMENDATIONS:

•	 “What’s in a picture? The temptation of image manipulation” (Mike Rossner, Kenneth M. Yamada. J Cell Biol 
5 July 2004; 166 (1): 11–15. doi: https://doi.org/10.1083/jcb.200406019).

•	 Digital Images and Misconduct. (Council of Science Editors, White Paper on Publication Ethics)
•	 Preparing a Manuscript for Submission to a Medical Journal > Illustrations (Figures). (International Committee 

of Medical Journal Editors) 

05. TABLES PREPARATION GUIDELINES
Never build tables using spaces or tabs. Tables and Boxes must be created using the text editor built-in table cre-
ation tool and follow the following guidelines:

•	 Identify tables (Table 1, Table 2, Tables 1, 2, 5-7, etc.) in ascending order according to their first in-text citation.
•	 Avoid using colors to convey meaning, as screen readers and people with visual impairments may be dis-

advantaged. When absolutely necessary the use of colors should follow the guidelines in the “Use of colors” 
section.

•	 When using arrows, symbols (*, ‡, §, ∤, #, ¢, £, etc.), letters or numbers to include notes, be sure to clearly 
identify their use in the respective caption or table footnote.

•	 The use of decimal markers and the thousand separators must be observed and follow the text language.
•	 To maximize interoperability the use of diagonal cell splits is forbidden as these are not properly translated into 

XML and other electronic formats.

TABLE CAPTIONS AND FOOTNOTES
Captions should be explanatory, starting with the identification in bold (Table 1, Table 2, Tables 1, 2, 5-7, etc.), 
followed by a period and descriptive text. Explanation about acronyms or other information must be done using 
symbols (*, ‡, §, ∤, #, ¢, £, etc.), letters, numbers, etc., and be inserted in the footer of the table.
Every table must include an indication of the source and citations whenever relevant, and authors are responsible 
for obtaining the correct authorization for use (or adaptation of data) from other sources, as appropriate, directly 
from the copyright owner.

https://doi.org/10.1083/jcb.200406019
https://doi.org/10.1083/jcb.200406019
https://www.councilscienceeditors.org/resource-library/editorial-policies/white-paper-on-publication-ethics/3-4-digital-images-and-misconduct/
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06. REFERENCES AND CITATIONS
REFERENCES LIST
References should adhere to the Vancouver system. List all references in consecutive order as they appear in 
the text. For publications with up to six authors, list all authors. For publications with more than six authors, list the 
first six followed by ‘et al.’. Whenever available insert the PMIDs (PubMed identifier) and the full DOI URL (e.g., 
https://doi.org/[...]). Personal communications should not be included in the references list but may be mentioned 
in the text.
For examples and detailed guidelines, refer to the “Samples of formatted references for authors of journal articles” 
available at http://www.nlm.nih.gov/bsd/uniform_requirements.html.
Authors that have deposited their data in a public data repository must cite and include a full reference providing a 
direct link (preferably a DOI) to the dataset.

📑 REFERENCES CITATION
In the text, cite references in consecutive order using Arabic numerals (1,2,3...) in superscripT 1,2,3. Ensure that 
each citation corresponds accurately to a numbered reference in the references list (in citation order). This system 
allows readers to locate the source easily in the references list.

07. SUBMISSION GUIDELINES
SUBMISSION CHECKLIST
Before submitting your manuscript to the Brazilian Journal of Neurosurgery (JBNc), please ensure that you have 
followed all policies and instructions detailed in our submission guidelines. Carefully review each of the following 
items in the checklist to ensure a thorough and compliant submission:

•	 Read Policies and Instructions for Authors: Thoroughly read and understand the journal’s policies and 
the detailed instructions for authors to ensure compliance with all requirements.

•	 Title Page: A properly formatted title page containing essential details about your manuscript as outlined 
in the submission instructions.

•	 Cover Letter: A letter introducing your manuscript, its importance, and confirming its originality.
•	 Author Statements: Ensure that all required declarations and statements are provided according to their 

respective policies.
•	 Main Manuscript: The complete manuscript prepared according to the journal’s formatting and structur-

ing requirements. Note: This file MUST NOT have any author data, and MUST HAVE the titles in English/
Portuguese, English/Spanish, Spanish/Portuguese

•	 References and Citations: Ensure that all sources referenced in their work are cited accurately and for-
matted correctly.

•	 Original Figures: High-resolution images (if applicable), each submitted as a separate file.
•	 Tables: Make sure your tables are editable and designed using your text editor table tool.
•	 Disclosure Forms: Completed forms disclosing any potential conflicts of interest for all authors.
•	 License Agreement: A signed agreement form from all authors, granting necessary publishing rights to 

the journal.
•	 Reporting Guideline Files: Relevant checklists (e.g., CARE, PRISMA) filled out as per the type of your 

study.

http://www.nlm.nih.gov/bsd/uniform_requirements.html
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•	 Revision Comments File: (If submitting a revised version) A document addressing reviewers’ and editors’ 
comments from previous submission rounds.

Please review each of these components carefully to ensure compliance with our standards. Complete and accu-
rate submission of these documents is essential for the effective handling of your manuscript.

REQUIRED FILES
As part of your submission to the Brazilian Journal of Neurosurgery (JBNc), you are required to upload various 
files. Each file serves a specific purpose in the submission and review process. Please refer to the table below for 
a detailed overview of the required files, their designations, filenames, and the necessity of each file.

File designation Filename Required?
Title page titlepage.docx Yes.
Cover letter coverletter.docx Yes.
Main manuscript manuscript.docx Yes.
Original figure figure1.jpg, figure2.jpg etc. Yes, if images are used.
Disclosure forms disclosurefiles.zip Yes.
License agreement agreement.pdf Yes.
Reporting guideline files care-checklist.pdf, prisma-checklist.pdf etc. Yes, depending on the type of work.
Revision comments file revisioncomments.pdf Yes, when sending the revised version of your manuscript.

Please ensure that each file is prepared according to the guidelines provided below. Accurate and complete file 
submission is crucial for the efficient processing and review of your manuscript.

✅ TITLE PAGE
Filename: titlepage.docx (NEW Template)
The title page is a critical component of your submission and should include the following information, organized 
clearly and in order:

•	 Submission Type (in English): Indicate the manuscript type as per JBNc section policies.
•	 Institutional Affiliation: Provide the name of the institution where the study was conducted, including city 

and country.
•	 Title: Provide the title of the manuscript in English, and in Portuguese or Spanish if the main text is not 

English.
•	 Authors list: Include the full names of all authors, along with their highest degree, e-mail, institutional af-

filiations, and ORCID ID from all authors. The order of the names should be as it will be published. 

ATTENTION: Changes to authorship
o	 The editors of this journal generally will not consider changes to authorship once a manu-

script has been submitted. It is important that authors carefully consider the authorship list and 
order of authors and provide a definitive author list at original submission. 

o	 The policy of this journal around authorship changes:

https://jbnc.org.br/title_page_template.docx
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	 All authors must be listed in the manuscript and their details entered into the submission 
system.

	 Any addition, deletion or rearrangement of author names in the authorship list should only 
be made prior to acceptance, and only if approved by the journal editor.

o	 Requests to change authorship should be made by the corresponding author, who must 
provide the reason for the request to the journal editor with written confirmation from all 
authors, including any authors being added or removed, that they agree with the addition, removal 
or rearrangement.

•	 Corresponding author’s information: Provide the full name, postal and electronic addresses of the cor-
responding author.

•	 Conflicts of interest statement (in English): Disclose any potential conflicts of interest.
•	 Financial support statement (in English): Acknowledge any financial support or grants received in relation 

to the study.
•	 Authors’ responsibility and contributions declaration (in English): Declare each author’s specific contri-

butions to the work.
CRediT author statement
CRediT (Contributor Roles Taxonomy) was introduced with the intention of recognizing individual 
author contributions, reducing authorship disputes and facilitating collaboration. The idea came 
about following a 2012 collaborative workshop led by Harvard University and the Wellcome Trust, 
with input from researchers, the International Committee of Medical Journal Editors (ICMJE) and 
publishers, including Elsevier, represented by Cell Press.
CRediT offers authors the opportunity to share an accurate and detailed description of their diverse 
contributions to the published work.
The corresponding author is responsible for ensuring that the descriptions are accurate and agreed 
by all authors
The role(s) of all authors should be listed, using the relevant above categories
Authors may have contributed in multiple roles
CRediT in no way changes the journal’s criteria to qualify for authorship
CRediT statements should be provided in the Title Page and will appear above the acknowl-
edgment section of the published paper 

Term Definition
Conceptualization Ideas; formulation or evolution of overarching research goals and aims
Methodology Development or design of methodology; creation of models
Software Programming, software development; designing computer programs; implementation of the computer 

code and supporting algorithms; testing of existing code components
Validation Verification, whether as a part of the activity or separate, of the overall replication/ reproducibility of 

results/experiments and other research outputs
Formal analysis Application of statistical, mathematical, computational, or other formal techniques to analyze or  

synthesize study data
Investigation Conducting a research and investigation process, specifically performing the experiments, or  

data/evidence collection
Resources Provision of study materials, reagents, materials, patients, laboratory samples, animals, instrumenta-

tion, computing resources, or other analysis tools
Data Curation Management activities to annotate (produce metadata), scrub data and maintain research data (including 

software code, where it is necessary for interpreting the data itself) for initial use and later reuse



J Bras Neurocirur 36 (4):431-439, 2025

438

Term Definition
Writing - Original Draft Preparation, creation and/or presentation of the published work, specifically writing the initial draft 

(including substantive translation)
Writing - Review & Editing Preparation, creation and/or presentation of the published work by those from the original research 

group, specifically critical review, commentary or revision – including pre-or postpublication stages
Visualization Preparation, creation and/or presentation of the published work, specifically visualization/ data presen-

tation
Supervision Oversight and leadership responsibility for the research activity planning and execution, including men-

torship external to the core team
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ABSTRACT
Introduction: The Brazilian Journal of Neurosurgery (JBNC), published by the Brazilian Academy of Neurosurgery, plays a vital role in 
advancing national science. Objective: This study aimed to conduct a bibliometric analysis of articles published in the JBNC to identify trends 
and characteristics in neurosurgery research. Methods: A bibliometric analysis was performed on articles published in the JBNC from 2002 to 
2024. Results: A total of 866 articles were analyzed. Case reports were the most common type of publication, accounting for 42.3%, followed 
by original research at 28.5%. In terms of topics, brain tumors were the most frequently reported (23.9%), followed by vascular issues (22.9%) 
and spinal (12.1%). Male authors predominated, serving as first authors in 75.7% of cases and as last authors in 87.1% of cases. Additionally, 
the southeast region of Brazil contributed to 42.1% of all publications by Brazilian authors. Conclusion: The analysis revealed a regional and 
gender disparity in publications in the JBNC, with a concentration in the southeastern region and among male authors. These trends likely 
reflect the realities of the specialty, where approximately 50% of professionals are located in the southern region of Brazil, and 90% are male.

Keywords: Bibliometric analysis; Neurosurgery; JBNC

RESUMO
Introdução: O Jornal Brasileiro de Neurocirurgia (JBNC), publicado pela Academia Brasileira de Neurocirurgia, desempenha um papel 
vital no avanço da ciência nacional. Objetivo: Este estudo teve como objetivo realizar uma análise bibliométrica dos artigos publicados 
no JBNC para identificar tendências e características da pesquisa em neurocirurgia. Métodos: Foi realizada uma análise bibliométrica 
dos artigos publicados no JBNC entre 2002 e 2024. Resultados: Um total de 866 artigos foi analisado. Os relatos de caso foram o tipo mais 
comum de publicação, representando 42,3%, seguidos por pesquisas originais com 28,5%. Em relação aos temas, os tumores cerebrais 
foram os mais frequentemente abordados (23,9%), seguidos por doenças vasculares (22,9%) e coluna (12,1%). Autores do sexo masculino 
predominaram, sendo primeiros autores em 75,7% dos casos e últimos autores em 87,1%. Além disso, a região Sudeste do Brasil contribuiu 
com 42,1% de todas as publicações de autores brasileiros. Conclusão: A análise revelou uma disparidade regional e de gênero nas publicações 
do JBNC, com concentração na região Sudeste e entre autores do sexo masculino. Essas tendências provavelmente refletem a realidade da 
especialidade, na qual aproximadamente 50% dos profissionais estão localizados na região Sul do Brasil e 90% são homens.

Palavras-Chave: Análise bibliométrica; Neurocirurgia; JBNC
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INTRODUCTION

Each year, approximately 22.6 million people worldwide require 
neurological care due to comorbidities such as stroke, traumatic 
brain injury, and brain tumors, with over 60% of these cases requiring 
surgical intervention1. As a result, neurosurgery has witnessed 
numerous advancements in diagnosis and treatment, largely driven 
by technological progress and supported by scientific research2.

The Brazilian Journal of Neurosurgery (ISSN 0103-5118) 
was launched as the Seara Médica Neurocirúrgica in 1973. 
It is the official scientific journal of the Brazilian Academy of 
Neurosurgery (ABNc), published quarterly, and serves as an 
important communication platform3.

Bibliometric analysis is an analytical approach that evaluates 
scientific output using statistical and quantitative methods. 
It enables the identification of authors and research themes 
across various fields of knowledge, with origins dating back to 
the early 19th century4.

The objective of this study is to conduct a bibliometric analysis 
of the Brazilian Journal of Neurosurgery from 2002 to 2024.

METHODS

We conducted a bibliometric analysis of articles published in JBNC 
between 2002 and 2024. At least two different authors analyzed each 
article to minimize bias in data collection. Conference abstracts 
published as event summaries were excluded from the analysis.

The data analyzed from the articles included the following elements: 
1) year of publication; 2) number of authors; 3) gender of the first 
and last authors; 4) country of the first and last authors (with states 
collected for authors from Brazil); 5) type of article (original research, 
review, case report, or brief note/other); 6) methodology (for original 
research, categorized as observational, randomized clinical trial, 
non-randomized clinical trial, guidelines/consensus, anatomical 
study, laboratory/experimental study, or experience report; for 
case reports, classified as single or series of cases—defined as 

having two or more patients; for reviews, categorized as integrative, 
systematic, or systematic with meta-analysis); and 7) article topic 
(including vascular, spine, peripheral nerve, functional, pediatrics, 
brain tumors, trauma/neurointensive care, infectious/inflammatory, 
hydrodynamics, medical education, and other categories). 
An analysis between two periods was conducted to verify changes 
across the years (2002-2015 vs. 2016-2024). The division of years 
was carried out so that the proportion of articles was as close as 
possible between the periods.

The analysis was conducted using the Jamovi Project (2025), 
specifically Jamovi version 2.6 [Computer Software]. Data tabulation 
and analysis were performed with this software, while figures were 
created using GraphPad Prism 8.0 (GraphPad Software, San Diego, 
CA, USA). Continuous variables were summarized as means and 
standard deviations (SD), while categorical variables were presented 
as frequencies and percentages. For comparisons between the 
two periods, t-tests and chi-square tests were used, followed by 
post-hoc analysis with adjustment of residuals and verification of 
the alpha value, in order to identify statistically significant variables. 
In addition, simple linear regression was performed to assess the 
trend of quantitative variables over time. A p-value < 0.05 was 
considered statistically significant in all analyses, except in cases 
where post-hoc analysis correction was applied.

RESULTS

A total of 866 articles were published during the period 
(37.7 ± 16.4 papers/year), with an upward trend in the number 
of articles over the year (slope 2.1; p<0.001) (Figure 1).

Figure 1. Number of publications in JBNC over time.



J Bras Neurocirur 36 (4):444-451, 2025Cerqueira BP, Miyahara AK, Pepato PHM, Ribeiro MA, Leite VCS, Melo AHD, 
Vale BL, Vaz-Guimarães F, Zymberg ST - Descriptive Study of the Brazilian Journal 
of Neurosurgery: a bibliometric analysis from 2002 to 2024

https://doi.org/10.22290/jbnc.2025.25081421

446

Original

Case reports were the most common publications, accounting 
for 366 articles (42.3%), followed by original research articles 
(236, 27.3%), review articles (213, 24.6%), and brief notes/others 
(51, 5.9%). The main topics covered included brain tumors 
(195 articles, 23.9%), vascular diseases (187 articles, 22.9%), and 
spine disorders (99 articles, 12.1%) (Figure 2).

The data analyzed are presented in Table  1 (brief notes were 
excluded). On average, each publication had 5 ± 2 authors, with 
the numbers ranging from 1 to 18. Male authors were the most 
frequent, holding the positions as first and last author in 75.7% and 
87.1% of the publications, respectively. In terms of methodology, 
observational studies were the most common among original 
articles (73.7%), while single case reports were the most frequent 
type among case reports (84.1%). Integrative reviews were the 
most frequent type among review articles (74.2%). A comparison 
of the different topics shows some relevant differences, such as 
the lower frequency of case reports and the higher proportion 
of females as primary authors in publications on functional 
neurosurgery, as well as a predominance of studies on trauma 
from the Northeast region (Table 1).

Analyzing the authors’ affiliation (including brief notes), 90.1% 
of the publications were from Brazil, with most coming from 
the Southeast region (37.8%), followed by South (25.5%), 
Northeast (17.4%), Midwest (4.6%), and North (4.6%). São Paulo 
(230 papers; 29.5%), Paraná (130; 16.6%) and Rio Grande do 
Sul (62; 7.9%) were the states with most publications. The 
distribution by Brazilian states is shown in Figure 3. In terms 
of foreign affiliations, the United States (17 papers; 19.5% of 
foreign authors), Uruguay (17; 19.5%), and Portugal (6; 6.8%) 

authored most publications. All continents were represented, 
except Oceania.

Comparing the two periods (2002–2015 vs. 2016–2024) presented 
in Table 2, it can be observed that, in the most recent interval, 
there was a higher average number of authors per article, a lower 
proportion of integrative reviews, an increase in systematic reviews, 
as well as greater female representation as first author—although 
less so as last author—and an increase in the participation of 
publications from the Midwest region.

Figure 2. Percentage of publications categorized by the topic.

Figure 3. Geographical distribution in Brazil of the number of 
publications in the JBNC.
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Table 2. Data from articles published in JBNC divided by period, except brief notes.

2002 - 2015 2016 - 2024 p value

Number of publications 411 404

Number of authors 4.7 ± 2.2 6.1 ± 2.7 < 0.001

Type of study

Review 112 (27.2) 102 (25.0) NS

Original 127 (30.9) 108 (26.9)

Case report 172 (41.9) 194 (48.1)

Methodology of the review

Narrative 104 (92.8) 54 (52.9) < 0.001

Systematic 7 (6.2) 41 (36.6) < 0.001

Meta-analysis 1 (1.0) 7 (10.5) NS

Methodology of the original studies

Observational 85 (66.9) 89 (82.4) NS

Non-randomized clinical 7 (5.5) 2 (2.1)

Randomized clinical 0 3 (2.7)

Laboratory/experimental 5 (4.1) 3 (2.7)

Anatomical 18 (14.1) 8 (7.4)

Experience report 12 (9.4) 3 (2.7)

Type of case report

Single 140 (81.3) 168 (86.5) NS

Series 32 (18.7) 26 (13.5)

Sex of the first author

Male 340 (82.7) 277 (68.5) < 0.001

Female 71 (17.3) 127 (31.5)

Sex of the last author

Male 327 (84.0) 362 (90.0) 0.012

Female 62 (16.0) 40 (10.0)

First author from Brazil, divided by region 359 (87.2) 375 (92.7) NS

Southeast 167 (40.6) 135 (33.4) NS

South 109 (26.5) 102 (25.2) NS

Northeast 60 (14.6) 83 (20.5) NS

Midwest 8 (1.9) 31 (7.7) < 0.001

North 15 (3.6) 24 (5.9) NS

Data are expressed as n (%) or as mean ± SD. Adjusted alpha for the first author from Brazil, divided by region = 0.004, and for the 
methodology of the original studies = 0.002. The numbers in bold represent values with statistical significance. Abbreviations: NS, 
not significant.
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DISCUSSION

This bibliometric analysis of the Brazilian Journal of Neurosurgery 
(JBNC) reveals significant trends in the scientific production of 
neurosurgery in Brazil over 866 articles published in the past 
23 years. The results show a marked increase in the number of 
publications over time, with case reports being more prevalent 
than original research and review articles. Brain tumors and 
vascular diseases emerged as the most frequently addressed topics. 
Additionally, the study highlights a notable gender disparity 
among first and last authors, as well as a regional concentration 
of publications in the South and Southeast regions of the country.

The increased number of publications in every year may reflect 
the journal’s consolidation as a key platform for Brazilian 
neurosurgeons. This growth may be attributed to heightened 
awareness of the importance of research dissemination5, national 
incentives for academic productivity, and the expansion of graduate 
programs in neurosurgery and related fields6. Brazil currently 
has 3,643 neurosurgery specialists, compared to 1,735 in 2011, 
representing a 110% increase over this period7. This results in a 
rate of 1.71 specialists per 100,000 inhabitants, a number higher 
than the one estimated in most countries7,8. Similarly, other 
specialties, such as rheumatology and transplantation medicine, 
have experienced significant growth in scientific output following 
the implementation of academic evaluation systems and greater 
literature visibility9,10.

Case reports were the most common type of article, followed by 
original research and review articles. This publication profile is 
consistent with that of other specialty journals in developing 
countries, where limited research funding and infrastructure 
often result in a predominance of descriptive studies and case 
reports11. While case reports are valuable for sharing rare or novel 
clinical experiences, the relatively low proportion of analytical 
and experimental studies may reflect structural barriers that 
hinder the production of higher-level evidence in the field12. 
Nonetheless, the observed rise in systematic reviews in the 
second period (2016–2024) suggests a gradual improvement in 
methodological rigor and research training among contributors.

Authorship analysis revealed a consistent male predominance, 
with 75.7% of first authors and 87.1% of last authors being male, a 
pattern that remained stable across the two time periods analyzed. 

Although this gender disparity reflects broader trends observed 
in surgical specialties, it warrants attention and mobilization13,14. 
According to data from the 2025 Brazilian medical demography, 
89.6% of Brazilian neurosurgeons are male, compared to 92.2% in 
2015, indicating only modest progress in gender distribution over the 
past decade7,15. Encouragingly, the second period showed a relative 
increase in female first authorship, suggesting a gradual improvement 
in gender equity within academic neurosurgery—an evolving trend 
also reported in the literature14,16. The lower number of women as 
last authors may reflect their continued underrepresentation in 
senior academic and leadership roles within neurosurgery. Given 
that the last author typically holds the role of senior supervisor, 
this pattern suggests that, although female participation as first 
authors is increasing, many are still in the process of advancing to 
leadership roles, in parallel with the recent growth in the number 
of female neurosurgeons. Certain fields, such as functional 
neurosurgery, exhibited higher rates of female first authorship, 
possibly reflecting areas where female representation is gaining 
momentum. Institutional support and mentorship initiatives remain 
essential to further narrowing the gender gap in surgical research.

In terms of geographical distribution, the predominance of 
publications from the Southeast (37.8%) and South (25.5%) regions 
of Brazil is unsurprising, given the concentration of medical schools, 
research institutions, tertiary hospitals, and higher concentrations 
of neurosurgeons in these areas, a challenge observed worldwide 
as well17-19. This imbalance highlights the persistent challenge of 
decentralizing academic neurosurgery in Brazil, a pattern also 
observed in different medical fields in the country9,20. Currently, 
there is a significant concentration of neurosurgeons in specific 
areas, with 53.4% located in the Southeast region and also with 75.2% 
working in state capitals or cities with over 300,000 inhabitants7. 
However, the increased participation of authors from the Midwest 
region in the more recent period represents a positive sign of 
academic expansion and greater inclusivity, likely driven by the 
establishment of neurosurgery residency programs in previously 
underrepresented areas.

Thematic analysis identified brain tumors, vascular neurosurgery, 
and spine as the most frequent topics, aligned with global trends 
in neurosurgical research due to the high prevalence and clinical 
impact of these conditions21,22. Interestingly, trauma-related 
articles showed a higher concentration in the Northeast, which 
may reflect local epidemiological demands and health system 
priorities23. This regional specificity in research focus could be 
harnessed to develop targeted collaborative networks addressing 
public health needs in different areas of the country.
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Despite the comprehensive scope of this study, some limitations 
must be acknowledged. First, the analysis relied exclusively on 
metadata and did not evaluate citation impact, scientific quality, or 
adherence to reporting guidelines, which limits the interpretation 
of the journal’s academic influence. Second, the classification 
of article types and topics involved some degree of subjectivity, 
although it was mitigated by independent analysis by at least two 
reviewers. Finally, while the study spans more than two decades, 
the division into two periods for comparative analysis is arbitrary 
and may mask more nuanced temporal trends.

CONCLUSION

In summary, this bibliometric analysis highlights both significant 
progress and enduring disparities in Brazilian neurosurgical 
research. Despite a steady increase in publications—particularly 
after 2008, reflecting the impact of national research and graduate 
initiatives—marked gender and regional imbalances persist, with 
a predominance of male authorship and research concentrated 
in states with established academic centers such as São Paulo, 
Minas Gerais, and Rio de Janeiro. The high proportion of case 
reports compared with original research underscores structural 
limitations, including restricted funding and infrastructure, which 
hinder the production of higher-level evidence. Moving forward, 
strengthening academic neurosurgery in Brazil requires targeted 
actions to promote gender equity, geographic decentralization, 
thematic diversification, and methodological rigor. Investment 
in research training, international collaboration, and institutional 
incentives will be critical to fostering a more representative and 
clinically impactful scientific output.

REFERENCES

1.	 Dewan MC, Rattani A, Gupta S,  et  al. Estimating the global 
incidence of traumatic brain injury. J Neurosurg. 2018;130(4):1080-97. 
http://doi.org/10.3171/2017.10.JNS17352. PMid:29701556.

2.	 Muzumdar D. Neurosurgery in the past and future. An appraisal. Ann 
Med Surg. 2012;1:13-5. http://doi.org/10.1016/S2049-0801(12)70004-3. 
PMid:26257899.

3.	 Brazilian journal of neurosurgery. About. Available from: https://
JBNC.org.br/about.php. Accessed: 7/27/2025.
4.	 Donthu N, Kumar S, Mukherjee D, Pandey N, Lim WM. How to 
conduct a bibliometric analysis: an overview and guidelines. J Bus Res. 
2021;133:285-96. http://doi.org/10.1016/j.jbusres.2021.04.070.
5.	 Carvalho ACC, Souza W. The evolution of Brazilian Health Sciences 
and the present situation. Lancet Reg Health Am. 2021;3:100044. 
http://doi.org/10.1016/j.lana.2021.100044. PMid:36777403.
6.	 Abdullah M, Ahmad B, Tufail Z, et al. Neurosurgery and social media: 
a bibliometric analysis of scientific production from 2004 to 2023. World 
Neurosurg. 2024;188:45-54. http://doi.org/10.1016/j.wneu.2024.04.128. 
PMid:38679373.
7.	 Scheffer M. Demografia médica no Brasil 2025. Brasília: Ministério 
da Saúde; 2025. 446 p.
8.	 Mukhopadhyay S, Punchak M, Rattani A,  et  al. The global 
neurosurgical workforce: a mixed-methods assessment of density and 
growth. J Neurosurg. 2019;130(4):1142-8. http://doi.org/10.3171/2018.10.
JNS171723. PMid:30611133.
9.	 Cerqueira BP, Paim TS, Miyahara AK, et al. Estudo descritivo do 
Brazilian Journal of Transplantation: uma análise bibliométrica. Braz 
J Transplant. 2024;27(1):e2524. http://doi.org/10.53855/bjt.v27i1.579_
PORT.
10.	Xie X, Yu H, He Y, et al. Bibliometric analysis of global literature 
productivity in systemic lupus erythematosus from 2013 to 2022. Clin 
Rheumatol. 2024;43(1):175-87. http://doi.org/10.1007/s10067-023-
06728-z. PMid:37668951.
11.	Akhaddar A. Contribution of Moroccan neurosurgeons to the world 
neurosurgical data in PubMed: a bibliometric evaluation over time. World 
Neurosurg. 2019;126:59-65. http://doi.org/10.1016/j.wneu.2019.02.122. 
PMid:30844530.
12.	Wallace SS, Barak G, Truong G, Parker MW. Hierarchy of evidence 
within the medical literature. Hosp Pediatr. 2022;12(8):745-50. 
http://doi.org/10.1542/hpeds.2022-006690. PMid:35909178.
13.	Kim A, Dornelas LB, Telles L, et al. Brazilian authorship gender trends 
on academic surgery: a bigdata analysis. Acta Cir Bras. 2024;39:e397724. 
http://doi.org/10.1590/acb397724. PMid:39630701.
14.	Aslan A, Kuzucu P, Karaaslan B, Börcek AÖ. Women in neurosurgery: 
gender differences in authorship in high-impact neurosurgery journals 
through the last two decades. World Neurosurg. 2020;138:374-80. 
http://doi.org/10.1016/j.wneu.2020.03.017. PMid:32200013.
15.	Scheffer M, Cassenote A, Dal Poz MR, et al. Demografia médica 
no Brasil 2015. São Paulo: FMUSP; 2015. 284 p.
16.	Smith BT, Villela-Castrejon J, Rodriguez L, et al. Authorship trends 
and gender concordance in surgical research. J Surg Res. 2025;312:148-54. 
http://doi.org/10.1016/j.jss.2025.06.001. PMid:40580574.
17.	Koester SW, Bertani R, Batista S, et al. Current state of Brazilian 
neurosurgery: evaluation of burden of care and case volume. World 
Neurosurg. 2023;180:e309-16. http://doi.org/10.1016/j.wneu.2023.09.066. 
PMid:37769838.

https://doi.org/10.3171/2017.10.JNS17352
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29701556&dopt=Abstract
https://doi.org/10.1016/S2049-0801(12)70004-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26257899&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26257899&dopt=Abstract
https://doi.org/10.1016/j.jbusres.2021.04.070
https://doi.org/10.1016/j.lana.2021.100044
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36777403&dopt=Abstract
https://doi.org/10.1016/j.wneu.2024.04.128
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38679373&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38679373&dopt=Abstract
https://doi.org/10.3171/2018.10.JNS171723
https://doi.org/10.3171/2018.10.JNS171723
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30611133&dopt=Abstract
https://doi.org/10.53855/bjt.v27i1.579_PORT
https://doi.org/10.53855/bjt.v27i1.579_PORT
https://doi.org/10.1007/s10067-023-06728-z
https://doi.org/10.1007/s10067-023-06728-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37668951&dopt=Abstract
https://doi.org/10.1016/j.wneu.2019.02.122
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30844530&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30844530&dopt=Abstract
https://doi.org/10.1542/hpeds.2022-006690
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35909178&dopt=Abstract
https://doi.org/10.1590/acb397724
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39630701&dopt=Abstract
https://doi.org/10.1016/j.wneu.2020.03.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32200013&dopt=Abstract
https://doi.org/10.1016/j.jss.2025.06.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40580574&dopt=Abstract
https://doi.org/10.1016/j.wneu.2023.09.066
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37769838&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37769838&dopt=Abstract


J Bras Neurocirur 36 (4):444-451, 2025Cerqueira BP, Miyahara AK, Pepato PHM, Ribeiro MA, Leite VCS, Melo AHD, 
Vale BL, Vaz-Guimarães F, Zymberg ST - Descriptive Study of the Brazilian Journal 
of Neurosurgery: a bibliometric analysis from 2002 to 2024

https://doi.org/10.22290/jbnc.2025.25081421

451

Original

18.	Garg K, Chaurasia B, Gienapp AJ, Splavski B, Arnautovic 
KI. Bibliometric analysis of publications from 2011-2020 in 6 
major neurosurgical journals (part 1): geographic, demographic, 
and article type trends. World Neurosurg. 2022;157:125-34. 
http://doi.org/10.1016/j.wneu.2021.10.091. PMid:34753011.
19.	Santos RAD, Snell L, Nunes MDPT. Evaluation of the impact of 
collaborative work by teams from the National Medical Residency 
Committee and the Brazilian Society of Neurosurgery. Retrospective 
and prospective study. Sao Paulo Med J. 2015;134(2):103-9. 
http://doi.org/10.1590/1516-3180.2015.9603001. PMid:26465819.
20.	 Hoppen NHF, Vanz SAS. The development of Brazilian women’s and 
gender studies: a bibliometric diagnosis. Scientometrics. 2023;128(1):227-61. 
http://doi.org/10.1007/s11192-022-04545-w. PMid:36467331.
21.	Kanmounye US, Robertson FC, Sebopelo LA, et al. Bibliometric analysis 
of the 200 most cited articles in world neurosurgery. World Neurosurg. 
2021;149:226-231.e3. http://doi.org/10.1016/j.wneu.2021.01.121. 
PMid:33548539.
22.	 Ponce FA, Lozano AM. Highly cited works in neurosurgery. Part I: the 
100 top-cited papers in neurosurgical journals. J Neurosurg. 2010;112(2):223-
32. http://doi.org/10.3171/2009.12.JNS091599. PMid:20078192.
23.	Gaudêncio TG, Leão GM. A epidemiologia do traumatismo 
crânio-encefálico: um levantamento bibliográfico no Brasil. 
Rev Neurociências. 2013;21(3):427-34. http://doi.org/10.4181/
RNC.2013.21.814.8p.

CORRESPONDING AUTHOR

Bruno Pellozo Cerqueira 
Universidade Federal de São Paulo 
Escola Paulista de Medicina, Division of Neurosurgery 
São Paulo, São Paulo, Brazil 
E-mail: bruno.pellozo@unifesp.br

ACKNOWLEDGMENTS

We thank the São Paulo Research Foundation (FAPESP), Brazil, 
for granting an Undergraduate Research Fellowship to the first 
author (BPC), Process Number #2024/08070-2, under which this 
work was carried out.

Funding: Fundação de Amparo à Pesquisa do Estado de São 
Paulo (FAPESP), Process Number #2024/08070-2.
Conflicts of interest: nothing to disclose.
Institution: Universidade Federal de São Paulo.

CRediT

Bruno Pellozo Cerqueira: Conceptualization, Methodology, Data 
Curation, Formal Analysis, Writing - Original Draft, Writing - 
Review & Editing, Visualization. Andre Kiyoshi Miyahara: Data 
Curation, Writing - Original Draft. Pedro Henrique Moretti 
Pepato: Data Curation, Writing - Original Draft. Matheus Aparicio 
Ribeiro: Data Curation, Writing - Original Draft. Vinicius 
Cappellette da Silva Leite: Data Curation, Writing - Original Draft. 
Afonso Henrique Dutra de Melo: Writing - Review & Editing, 
Supervision, Visualization. Bruna Lisboa do Vale: Writing - Review 
& Editing, Supervision, Visualization. Francisco Vaz-Guimarães: 
Writing - Review & Editing, Supervision, Visualization. Samuel 
Tau Zymberg: Conceptualization, Methodology, Writing - Review 
& Editing, Supervision, Visualization.

https://doi.org/10.1016/j.wneu.2021.10.091
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34753011&dopt=Abstract
https://doi.org/10.1590/1516-3180.2015.9603001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26465819&dopt=Abstract
https://doi.org/10.1007/s11192-022-04545-w
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36467331&dopt=Abstract
https://doi.org/10.1016/j.wneu.2021.01.121
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33548539&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33548539&dopt=Abstract
https://doi.org/10.3171/2009.12.JNS091599
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20078192&dopt=Abstract
https://doi.org/10.4181/RNC.2013.21.814.8p
https://doi.org/10.4181/RNC.2013.21.814.8p
mailto:bruno.pellozo@unifesp.br


J Bras Neurocirur 36 (4):452-456, 2025
https://doi.org/10.22290/jbnc.2025.20081055

452

Original

Reyes-Graterol EO, Vasconez-Gutierrez FA, Camacho-Linares ER,  
Hernández-Camacho TJ, Blanca-Contreras RL, Rada-Villamizar MA - Ozonated Oil in 
Infected Surgical Wounds in Newborns with Dysraphisms: evaluation of adverse effects

Ozonated Oil in Infected Surgical Wounds in Newborns with 
Dysraphisms: evaluation of adverse effects
Aceite Ozonizado En Heridas Quirúrgicas Infectadas en Recién Nacidos con Disrafismos: 
evaluación de efectos adversos

Elbert Oberto Reyes-Graterol1 
Felipe Alberto Vasconez-Gutierrez1 
Enmilis Raquel Camacho-Linares1 
Tito Joel Hernández-Camacho1 
Roman Luciano Blanca-Contreras1 
Maria Andrea Rada-Villamizar2 

ABSTRACT
Introduction: The Autonomous Institute of the University Hospital of the Andes (IAHULA) receives approximately 4 cases of spinal dysraphism 
and 0.3 cases of cranial dysraphism for surgical treatment each year, with a relatively high incidence of postoperative wound infection resulting in 
significant morbidity and mortality. Objective: The purpose of this study was to evaluate and monitor closure characteristics and possible adverse 
effects during the application of ozonated oil as adjuvant therapy in the treatment of infected surgical wounds in newborns with dysraphism. 
Methods: In this study, four newborns with dysraphisms were evaluated and followed: two spinal (myelomeningoceles) and two cranial (occipital 
encephaloceles) who underwent surgery. The surgical wounds were complicated by margin dehiscence associated with infection demonstrated by 
bacterial growth in exudate cultures. After obtaining the antibiogram report, each patient received parenteral treatment with specific antibiotics 
and a thin layer of ozonated oil on the wound surface. Body temperature, wound edge, adjacent skin characteristics, and complete blood count 
were monitored for three weeks. Results: As a result, infection was controlled in all wounds, hematological values normalized, no adverse skin 
adverse reactions were observed, and the wound healed satisfactorily. Conclusion: While a larger study is recommended, these results suggest 
that ozonated oil can be considered a relatively safe treatment for newborns with dysraphisms and infected surgical wounds.

Keywords: Dysraphisms; Surgical wound infection; Ozonated oil; Exudate cultures; Adverse reactions

RESUMEN
Introducción: El Instituto Autónomo del Hospital Universitario de los Andes (IAHULA) recibe aproximadamente 4 casos de disrafismo espinal y 
0.3 casos de disrafismo craneal para tratamiento quirúrgico cada año con una incidencia relativamente alta de infección de herida postoperatoria 
resultando en morbilidad y mortalidad significativas. Objetivo: El propósito de este estudio fue evaluar y monitorear las características de cierre y los 
posibles efectos adversos durante la aplicación de aceite ozonizado como terapia adyuvante en el tratamiento de heridas quirúrgicas infectadas en recién 
nacidos con disrafismo. Métodos: En este estudio, cuatro recién nacidos con disrafismos fueron evaluados y seguidos: dos espinales (mielomeningoceles) 
y dos craneales (encefaloceles occipitales) sometidos a cirugía. Las heridas quirúrgicas se complicaron por dehiscencia de márgenes asociada a infección 
demostrada por crecimiento bacteriano en cultivos de exudado. Luego de obtener el reporte del antibiograma, cada paciente recibió tratamiento 
parenteral con antibióticos específicos y una capa delgada de aceite ozonizado sobre la superficie de la herida. Se monitorizaron la temperatura 
corporal, el borde de la herida, las características de la piel adyacente y un hemograma completo durante tres semanas. Resultados: Como resultado, 
se controló la infección en todas las heridas, los valores hematológicos se normalizaron, no se observaron reacciones cutáneas adversas y la herida 
cicatrizó satisfactoriamente. Conclusión: Si bien se recomienda un estudio más amplio, estos resultados sugieren que el aceite ozonizado puede 
considerarse un tratamiento relativamente seguro para recién nacidos con disrafismos y heridas quirúrgicas infectadas.

Palabras-Clave: Disrafismos; Infección de herida quirúrgica; Aceite ozonizado; Cultivos de exudado; Reacciones adversas
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INTRODUCTION

Both encephalocele and myelomeningocele represent 
developmental disorders classified as neural tube defects of 
the dysraphism type1. Although values can vary significantly 
depending on the region, It has been reported that incidence of 
congenital encephalocele estimated at 1 in 10,000 live births2, 
and Myelomeningocele incidence is approximately 0.6 cases 
per 1000 live births3.

Newborns with dysraphism are admitted to the Neonatal Care 
Unit of the Autonomous Institute of the University Hospital of 
the Andes (IAHULA) and are evaluated by the Neurosurgery 
Unit. According to our records, approximately 4 cases of spinal 
dysraphism and 0.3 cases of cranial dysraphism are surgically 
treated each year. The incidence of postoperative wound infections 
is relatively high, resulting in significant morbidity and mortality. 
The main pathogens isolated in the IAHULA neonatal unit 
include Klesiella sp., Klesiella pneumoniae, Klesiella aerogenes, 
Pseudomona aeruginosa, Escherichia coli, and Staphylococcus 
aureus. These germs are involved in complications such as: 
suture dehiscence, fever, and the spread of infection to the central 
nervous system, among others.

The partial or total separation of the previously approximated 
wound edges when healing in its early stages is known as 
dehiscence and among the causes are infection4. A wound infection 
prolongs hospitalization time, increases the consumption of 
medications and antibiotics, and delays healing5.

In our hospital, the characteristics of an infected wound after 
surgery must be recognized early to avoid complications, especially 
in newborns with an immature immune system. Furthermore, 
the risk is greater in patients who present open dysraphism.

It has been reported that the oxidation of fatty acids present in 
oils (such as: olive, sesame, peanut, coconut, theobroma, soybean 
and jojoba oils) during the ozonation reaction has the capacity 
to produce lipoperoxides and ozonides and the products of 
these reactions seem to have germicidal and immunostimulant 
properties as well as favor tissue repair6. In a work published by 
Godínez and collaborators, ozonized vegetable oils were shown 
to have a high antibacterial capacity against L. monocytogenes7.

In relation to the adverse effects reported with the use of ozonide 
oils, the following stand out very low, 0.3% mainly: maceration, 
desquamation, fissures, erythema, vesicles and itching, burning 
sensation, and edema8.

On the basis of the proposed germicidal, immune-stimulating, 
and tissue-regenerating action, topical application to the wound 
is proposed with prior authorization following the hospital’s 
ethics committee protocols. Informed consent was obtained 
from the newborns’ parents and guardians for the therapeutic 
application of ozonide oil.

The purpose of this study was to evaluate and monitor closure 
characteristics and possible adverse effects during the application 
of ozonized oil as adjuvant therapy in the treatment of infected 
surgical wounds in newborns with dysraphism.

METHODS

During postoperative follow-up, samples are taken for 
bacteriological culture in newborns with suspected surgical 
wound infection.

Four patients with dysraphism were selected (Patient 1 – 
Figure 1, Patient 2 – Figure 2, Patient 3 – Figure 3, and Patient 
4 – Figure 4): two cranial (Figures 1A and 2A) and two spinal 
(Figures  3A  and  4A). Five days after surgery, an infectious 
complication of the surgical wound was detected. Informed verbal 
and written consent were obtained from the newborn’s parents 
and guardians (according to the hospital ethics committee) to 
receive adjuvant topical therapy. All patients initially received 
postoperative pharmacological therapy with intravenous 
antibiotics — prophylactic antibiotics — and then were adjusted 
according to the antibiogram.

Each patient received a daily bath and a combination of formula 
and breastfeeding. Following the bath, these patients received daily 
wounds and adjacent skin care exclusively with saline solution 
(0.9% NaCl saline). Once a day, for a total of three weeks, after 
washing, the wound was gently dried and a thin layer of ozonized 
oil was applied to the entire surface (volume 1 cm3 approximately 
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Figure 1. Patient 1. A-C. Cranial dysraphism (occipital encephalocele) evolution. A. Presurgical. 
B. Postoperative wound infection with Klesiella pneumoniae. C. Wound in the third week.

Figure 2. Patient 2. A-C. Cranial dysraphism (occipital encephalocele) evolution. A. Presurgical. 
B. Postoperative wound infection with Staphyloccocus aureus. C. Wound in the third week.

Figure 3. Patient 3. A-C. Spinal dysraphism (myelomeningoceles) evolution. 
B. Postoperative wound infection with Pseudomona aeruginosa. C. Wound in the third week.
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a concentration of 4.24 mg/gr) on sterile gauze. The ozonized oil 
used was a mixture of vegetable oil and ozone (O3). The main 
chemical component is vegetable oil, along with stable oxygenated 
compounds, which react with the oil, to determine the formation 
of ozonides and peroxides.

Each week, the presence of healing bridges between the wound 
edges was evaluated. An examination was performed to verify 
changes in skin color, the presence of areas of suppuration, or 
local volume increases. Fever was monitored, and a complete 
blood count was performed. Images were taken.

RESULTS

The bacterial microorganisms isolated from infected postoperative 
wounds included Klesiella pneumoniae (Figure 1B), Staphylococcus 
aureus (Figure 2B), Pseudomonas aeruginosa (Figure 3B), and 
Streptococcus pneumoniae (Figure 4B). Patients received parenteral 
antibiotic therapy at a meningeal dose. Furthermore, the closure 
of stable wounds treated with topical ozonized oil was observed 
in all the patients. Local control of the infection was observed. 
No patients presented with fever or meningeal syndrome. The 
bridges between surgical wound edges were consolidated by 
the end of the third week of treatment. Routine laboratory tests, 
such as acute phase reactant and complete blood count, revealed 
progression to a stable level considered normal.

Skin sutures were made with nylon monofilaments and their 
removal began after the third week of treatment. All patients were 
discharged in good clinical condition and underwent consolidated 
wound closure (Figures 1C, 2C, 3C, and 4C).

DISCUSSION

Newborns with encephalocele and myelomeningocele are 
presented, undergoing surgery and postoperative wound follow-
up. The incidence of surgical site infection is high, including the 
separation of previously approximated edges, as indicated by Rosen 
and Manna4. Manifestations of infection such as dehiscence of 
the surgical wound suture, skin redness, local warmth, fever, and 
neutrophilia in the complete blood count were associated with the 
isolation of a specific bacterium in culture of wound edge secretion.

Although Godínez et al. demonstrated that ozonized vegetable oils 
have a high antibacterial capacity against L. monocytogenes7, the 
present study confirmed their effective efficacy against multiple 
microorganisms, i.e., the product offers a broad bacterial spectrum.

In general, complications of this infectious process affecting 
the nervous system are expected, but in our cases, seizures or 
meningismus did not occur. In three patients, a ventriculoperitoneal 
shunt was placed due to previous diagnoses of hydrocephalus. 
During topical application of ozonized oil, no adverse skin 

Figure 4. Patient 4. A-C. Spinal dysraphism (myelomeningoceles). A. Presurgical.  
B. Postoperative wound infection with Streptococcus pneumoniae. C. Wound in the third week.
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reactions were observed, and according to the literature reviewed, 
this topical application could improve wound characteristics.

CONCLUSION

This study suggests that the topical use of ozonized oil can be 
considered an adjuvant option for the treatment of complicated 
surgical wounds in newborns with dysraphism and appears to 
be a safe product. However, additional studies with larger sample 
sizes are needed to validate the therapeutic indications.
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ABSTRACT
Introduction: accurate localization of intracranial lesions is essential in modern neurosurgery. Objective: this study proposes the 
validation of a device produced using 3D printing to assist in identifying the central point of deep brain lesions and in planning the 
craniotomy. Methods: imaging studies were used for segmentation, modeling software, and 3D printing, and accuracy was compared 
to intraoperative neuronavigation. Results: the device demonstrated acceptable error and clinical feasibility, especially in centers with 
limited resources. Conclusion: This technology demonstrated an effective alternative for accurately determining the center point of a 
lesion and delimiting the craniotomy area, regardless of the availability of neuronavigation or stereotaxis.

Keywords: 3D printing; Lesion localization; Craniotomy; Neuronavigation; Surgical planning; Neurosurgery

RESUMO
Introdução: a localização precisa das lesões intracranianas é essencial na neurocirurgia moderna. Objetivo: este estudo se propõe a 
validar um dispositivo produzido com impressão 3D para auxiliar na identificação do ponto central de lesões cerebrais profundas e 
no planejamento da craniotomia. Métodos: estudos de imagem foram utilizados para segmentação e modelagem para impressão 3D, 
e a precisão foi comparada  à neuronavegação intraoperatória. Resultados: o dispositivo mostrou erro aceitável e viabilidade clínica, 
especialmente em centros com recursos limitados. Conclusão: esta tecnologia demonstrou ser uma alternativa eficaz para determinar 
com precisão o ponto central de uma lesão e delimitar a área de craniotomia, independentemente da disponibilidade da neuronavegação 
ou estereotaxia.

Palavras-Chave: Impressão 3D; Localização da lesão; Craniotomia; Neuronavegação; Planejamento cirúrgico; Neurocirurgia
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INTRODUCTION

The localization of cortical and subcortical lesions in neurosurgery 
without adequate planning carries a high margin for error, 
often resulting in the need for an expanded craniotomy and, 
consequently, greater surgical morbidity. In modern neurosurgery, 
such outcomes are considered unacceptable given the extensive 
knowledge and technological resources available1,2.

Techniques used to aid in the correct localization of cortical and 
subcortical lesions include craniometric points, stereotaxy, and 
neuronavigation, each with its own advantages and limitations. 
Stereotaxy and neuronavigation are well-established technologies 
supported by the literature, but due to their availability and cost, 
they are not widely accessible to most neurosurgeons3.

In this context, 3D printing (3DP) emerges as a tool of great 
potential, enabling the creation of personalized anatomical 
models—not only for teaching purposes but also directly 
applicable to surgical planning—that can be used for the 
production of prostheses, implants, and surgical guides4,5. 
Previous work by our group has shown that the use of such 
biomodels contributes to improved anatomical understanding, 
individualized planning, reduced operative time, and potential 
reduction in surgical morbidity6-10 .

However, the literature still lacks specific studies on the use of 
medical image segmentation and additive manufacturing for 
lesion localization in neurosurgery. The present study aims to 
present a low-cost device that determines the central point of 
an intracranial lesion — particularly cortical and subcortical 
lesions — while delimiting the craniotomy area3,7. Additionally, by 
relying on low-cost technology already validated in other settings 
by our team, this proposal reinforces the feasibility of 3DP as an 
accessible and applicable tool in multiple neurosurgical contexts3.

METHODS

Image acquisition
Images were obtained via 1.5 Tesla Magnetic Resonance Imaging 
(MRI) and computed tomography (CT) at a neurosurgery hospital 
in Curitiba, Brazil, approximately one month before the procedure.

Image registration and segmentation
Multimodal registration of brain MRI (cube FLAIR 
sequence) and CT scans were performed using the 3D Slicer 
software11 (version 5.8.1). The General Registration (BRAINS) 
module with rigid transformation (6 degrees of freedom) was 
used (Figure 1) .

Figure 1. A, B, C and D. Three-plane view of the MRI-CT overlay after registration.
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Subsequently, semi-automatic segmentation of the structures 
of interest was performed using the Segment Editor module. 
The tumor was delineated using the region growing technique 
with individually adjusted intensity thresholds, while the skull 
and external facial contour were segmented using an intensity 
range-based approach. Segmentations were manually refined 
by an experienced neurosurgeon to ensure anatomical accuracy 
(Figure 2).

Locator modeling
After segmentation of the anatomical structures (tumor, skull, and 
craniofacial contour), digital models were exported from 3D Slicer® 
in STL format. The surgical locator was modeled in Autodesk 
Meshmixer® software (version 3.5, Autodesk Inc., San Rafael, CA). 
STL files were imported into Meshmixer®, and digital artifacts were 
removed using the Inspector tool (tolerance: 0.1 mm).

Support points for the locator were defined at the tragus (ear) 
and glabella (nose). Modeling was performed using selection, 
extrusion, and sculpting tools. The locator’s central point was 
defined by generating a cylinder with an angle adjusted along 
the access axis. Figure 3 illustrates the device modeling.

3D Printing of the Locator
The device was manufactured using a Bambu Lab X1 Carbon 3D 
printer (Bambu Lab, China) with fused filament fabrication (FFF) 

technology. The filament used was PLA (polylactic acid), 1.75 mm 
in diameter, with printing parameters: extrusion temperature 
220°C, bed temperature 60°C, layer height 0.2 mm, and printing 
speed 200 mm/s. Post-processing consisted of support removal, 
surface sanding, and visual inspection to ensure the absence of 
critical imperfections.

Figure 2. A, B, C and D. View showing segmentation masks: tumor (red), skull (blue), and external facial contour (yellow).

Figure 3. Modeling of the custom surgical locator in Autodesk 
Meshmixer®.
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RESULTS

After placement on the patient’s head, it was verified through 
Medtronic® neuronavigation that the central point indicated by the 
locator matched the neuronavigation-defined lesion point. Thus, 
the device proved to be a low-cost and highly user-friendly tool.

Case 1
Patient, 76 years old, diagnosed with a cavernoma in the right 
middle frontal gyrus. The device was designed to be fitted along 
the midline and a lateral line, using the patient’s ear as a reference. 
The device’s circular outline represented the craniotomy area, 
with the central point of the lesion located within it.

Neuronavigation confirmed the match between the locator’s 
central point and the lesion’s central point, enabling the procedure 
to proceed safely without the risk of marking errors. After 
craniotomy and cavernoma identification, the device’s accuracy 
was confirmed to be comparable to neuronavigation in lesion 
localization and craniotomy planning (Figures 4 and 5).

Case 2
Patient, 27 years old, presented with seizures and was diagnosed 
with a left frontal cavernoma. Lesion resection was indicated, 
and a new 3D-printed locator device was used to assist in 
cavernoma localization (Figures  6  and  7). Correspondence 
with neuronavigation was verified, enabling safe craniotomy 
planning.

Figure 4. A, B and C. FLAIR-weighted Magnetic Resonance Imaging showing a cavernoma in the right superior frontal gyrus.
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Figure 5. A and B. Photograph demonstrating the locator model on the patient, where there is a central point representing the 
correspondence with the central point of the lesion on the surface and a circumference around the central point representing the 

craniotomy area to be performed.

Figure 6. A, B and C. FLAIR-weighted Magnetic Resonance Imaging showing a cavernoma in the left inferior frontal gyrus.
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Case 3
Patient, 18 years old, presented with recurrent seizures and was 
diagnosed with a left frontal cavernoma. Resection of the lesion 
was indicated, using a localizing device with reference points 

at the midline and a lateral line based on the ear. Once again, 
there was adequate correspondence with neuronavigation, 
allowing for safe planning and performance of the craniotomy 
(Figures 8 A,B and 9 A,B).

Figure 7. A and B. Photograph demonstrates the locator model on the patient, which also represents the central point of the lesion 
on the surface and a circumference around the central point representing the craniotomy area to be performed.

Figure 8. A, B and C. FLAIR-weighted Magnetic Resonance Imaging showing a cavernoma in the left middle frontal gyrus.
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DISCUSSION

Neurosurgical planning for cortical and subcortical lesions remains 
a significant challenge given the brain’s anatomical complexity 
and the need for precision to minimize patient risk. Classical 
craniometric points often have limitations: they may present 
individual variations, be poorly visible during surgery, or prove 
insufficient for access to complex regions. Furthermore, while 
neuronavigation is desirable, its availability remains restricted in 
many centers, especially in resource-limited regions3,9.

In this scenario, it is essential to seek accessible and effective 
solutions capable of replacing high-cost technologies without 
compromising surgical safety or outcomes. While there are 
increasing reports on the use of biomodels for simulation and 
training—particularly for vascular pathologies and tumors—there 
are still few publications focusing on their intraoperative use 
for lesion localization, highlighting the relevance of the present 
investigation1,4.

The results we obtained from Cases 1 and 2 demonstrate 
the ability of the locator device to accurately determine the 
central point of intracranial lesions and delimit the craniotomy 
area, playing a role as important as a neuronavigator in these 
aspects. Both cases involved lesions that could have significant 

localization errors if guided solely by anatomy. Thus, the low-cost 
and easy-to-use device represents a simple way to democratize 
precision neurosurgery7.

Custom surgical guides produced via 3D printing are already 
used in neurosurgery and neuroendoscopy10,12,14 . For example, 
Yavas  et  al. (2021) demonstrated the use of 3DP in creating 
augmented reality markers adapted to neuronavigation. In a 
recent study, Zhou et al14  employed 3DP to produce a device 
specifically for locating parasagittal meningiomas, proving to 
be a valuable, low-cost solution with potential application for 
other intracranial tumors9.

In this context, our study demonstrated the feasibility of using an 
equally accessible and easy-to-handle 3D-printed locator device, 
representing a highly relevant auxiliary tool for craniotomy 
planning—particularly in environments where neuronavigation 
and stereotaxy are scarce or unavailable. Main advantages include 
ease of use, reduced need for specialized training, minimal learning 
curve, and immediate incorporation into neurosurgical routines7.

Even with promising results, there are still some limitations in 
our study that should be considered. We must take into account 
a limited number of cases, which restricts the generalization of 
findings, requiring validation in studies with larger and more diverse 
samples. Furthermore, the dependence on image quality and the 

Figure 9. A and B. Photograph demonstrates the locator model on the patient. The central point of the lesion on the surface and a 
circumference around the central point representing the craniotomy area to be performed.



J Bras Neurocirur 36 (4):458-466, 2025Farah HO, Dering LM, Silva JFC, Leal AG - Use of 3D Printing Technology in the 
Localization of Intracranial Lesions and Craniotomy Planning https://doi.org/10.22290/jbnc.2025.25081428

465

Original

accuracy of manual segmentation is also a critical factor, requiring 
rigorous protocols and validation by experienced neurosurgeons10.

Adopting this resource can significantly expand access to 
precision neurosurgery in resource-constrained environments, 
without burdening healthcare services or generating additional 
costs for patients, contributing to greater equity and quality 
in surgical outcomes9. As future perspectives from this study, 
we should focus on validating the locator with larger numbers 
and diversification of patients, covering different types of 
intracranial lesions.

CONCLUSION

Our study proposes the use of a low-cost 3D-printed locator device 
suitable for both high- and low-complexity environments3. The 
device proved to be an effective alternative for accurately determining 
the central point of a lesion and delimiting the craniotomy area, 
regardless of neuronavigation or stereotaxy availability.
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Clinical Epidemiological Profile of Patients with Cerebral Metastasis
Perfil Clínico Epidemiológico de Pacientes com Metástase Cerebral

Débora de Melo Cardoso1 
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Samuel Pedro Pereira Silveira4

ABSTRACT
Introduction: Cerebral metastasis (CM) is the major neurological manifestation of cancer. Most prevalent primary sites include: lungs, 
breast and skin. Hemiparesis, aphasia, visual disturbances, seizures, headache, nausea, vomiting and cognitive abnormalities are part of 
the clinical manifestations. Imaging studies associated with biopsy confirms the diagnosis. The treatment may be palliative or surgical 
and complemented by radiotherapy and chemotherapy. Objective: To describe the clinical and epidemiological characteristics of CM in 
cancer patients. Methods: A retrospective, descriptive and cross-sectional study of confirmed cases of CM admitted to the neurosurgery 
service of the Emergency Hospital of Sergipe (Aracaju-Se) was conducted, from January 2011 to August 2012. Results: Forty patients 
with a mean age of 53.2 years were studied. The sixth decade of life was the most affected age group. Regarding gender, 24 (60%) 
were female and 16 (40%) male. The most prevalent primary site of CM was breast cancer (37.5%), followed by lung, 30%. The most 
common symptoms were headache and cognitive abnormalities both present in 30 (75%) cases. A computed tomography (CT) was the 
most used diagnostic method, 36 (90%) patients. Palliative treatment was carried out in 25 (62.5%) patients, followed by radiotherapy, 
11 (27.5%), surgery, 8 (20%) and chemotherapy, 3 (7.5%) patients. Conclusion: The clinical and epidemiological analyses of cancer 
patients is extremely important for the diagnosis of CM.

Keywords: Neoplasm metastasis; Brain neoplasm; Epidemiology; Neurologic manifestations

RESUMO
Introdução: A metástase cerebral (MC) é a principal manifestação neurológica do câncer. Sítios primários mais prevalentes incluem: 
pulmão, mama e pele. Hemiparesia, afasia, distúrbio visual, crises convulsivas, cefaleia, náusea, vômito e anormalidade cognitiva 
fazem parte do quadro clínico. Exames de imagem associado à biópsia confirmam o diagnóstico. O tratamento pode ser paliativo 
ou cirúrgico e complementar com radioterapia e quimioterapia. Objetivo: Descrever as características clínicas e epidemiológicas da 
MC em pacientes oncológicos. Métodos: Realizou-se um estudo retrospectivo, descritivo e transversal de casos confirmados de MC 
internados no serviço de neurocirurgia do Hospital de Urgência de Sergipe (Aracaju-Se) durante o período de janeiro de 2011 a agosto 
de 2012. Resultados: Foram estudados 40 pacientes, sendo a média de idade 53,2 anos. A sexta década de vida foi a faixa etária mais 
acometida. Quanto ao gênero, 24 (60%) feminino e 16 (40%) masculino. O sítio primário mais prevalente da MC foi mama 37,5% 
dos casos, seguido de pulmão 30%. Os sintomas mais comuns foram cefaleia e distúrbio cognitivo, presentes em 30 (75%) casos. A 
tomografia computadoriza (TC) foi o método diagnóstico mais utilizado, 36 (90%) pacientes. O tratamento paliativo foi realizado em 
25 (62,5%) pacientes, seguido de radioterapia 11 (27,5%), cirurgia 8 (20%) e quimioterapia 3 (7,5%) pacientes. Conclusão: A análise 
clínica e epidemiológica do paciente oncológico é de fundamental importância para o diagnóstico de MC.

Palavras-Chave: Metástase neoplásica; Neoplasia encefálica; Epidemiologia; Manifestações neurológicas
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INTRODUCTION

Brain metastasis (BM) is the most common neurological 
manifestation of cancer, occurring in 10% to 30% of oncology 
patients1 and its incidence has increased in recent decades1. 
The primary neoplasms that most frequently metastasize to 
the central nervous system (CNS) are lung, breast, melanoma, 
renal, and gastrointestinal cancers2. Regarding the location of 
BM, approximately 80% are found in the cerebral hemispheres, 
15% in the cerebellum, and 5% in the brainstem3. Among the 
signs and symptoms, the most prominent are headache, nausea, 
vomiting, cognitive dysfunction, seizures, hemiparesis, visual 
disturbances, and aphasia1,3.

Diagnosis is made using computed tomography (CT) scans 
and magnetic resonance imaging (MRI) of the head4. A biopsy 
determines the histological type and malignancy grade of the 
neoplasm5. Depending on the number of metastases, lesion 
location, primary tumor, and patient performance status, 
specific treatment is indicated6. Definitive treatment includes 
surgery, radiotherapy, and chemotherapy1. Corticosteroids, 
anticonvulsants, anticoagulants, antibiotics, and psychotropic 
drugs are used as symptomatic therapy7,8.

This study aims to characterize the clinical and epidemiological 
profile of BM to enable early diagnosis and, consequently, choose 
the appropriate treatment to be instituted, improving quality of 
life and increasing the survival of cancer patients who develop 
this complication.

METHODS

This study was a retrospective, cross-sectional, and descriptive 
field study with a quantitative approach. From January 2011 to 
August 2012, patients admitted to the Oncology Service at 
HUSE (Hospital Universitário de Sergipe, Aracaju-SE, Brazil) 
with clinical and imaging findings of BM were analyzed. The 
study included patients of both genders and all age groups who 
had a confirmed diagnosis of BM, agreed to participate in the 
research, and provided signed informed consent (by the patient 
or legal guardians).

The evaluated variables included: gender, age, primary tumor, 
neurological and imaging findings, and survival. The collected 
data were entered into a computerized database system, and 
the obtained information was cross-checked and subjected to 
statistical analysis using the Epi Info software. Simple frequency 
tables were used for sample characterization.

This study was approved by the Ethics Committee of Hospital 
Universitário de Sergipe under protocol number CAAE: 
6050.0.000.107-10, in compliance with Resolution 196/96 of the 
Conselho Nacional de Saúde (Brazilian National Health Council).

RESULTS

From January 2011 to August 2012, 40 patients diagnosed with BM 
were studied. The age range was 26 to 82 years, with a mean age of 
53.2 years. The sixth decade of life was the most affected age group. 
Regarding gender, 24 (60%) were female and 16 (40%) male. In terms 
of race, 31 (77.5%) were non-white and 9 (22.5%) white (Table 1).

Concerning the number of lesions, 35% were single, and 65% 
had two or more lesions. Specifically: single lesion (14 patients), 
two lesions (3 patients, 7.5%), three lesions (3 patients, 7.5%), 
and four or more lesions (20 patients, 50%).

The most common clinical presentation was neurocognitive 
disorders and headache, present in 30 (75%) cases, followed by 
vomiting in 16 (40%) and nausea in 13 (32.5%). Focal manifestations 
included: hemiparesis (27 patients, 67.5%), seizures (24, 60%), 
visual disturbances (15, 37.5%), and aphasia (15, 37.5%) (Table 2).
The primary sites of BM were breast (15 women, 37%), lung 
(12 patients, 30%), skin (2, 5%), and prostate, kidney, osteosarcoma, 
and neuroendocrine tumor (1 case each, 2.5% frequency).

CT was the most used diagnostic method (36 cases, 90%), 
while MRI was performed in four patients (10%). A biopsy was 
conducted in five cases (12.5%).

Palliative treatment was the most indicated approach (25 patients, 
62.5%). Surgery was performed in eight patients (20%)—with 
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Table 1. Distribution of patients with neoplasms and central nervous system metastases, according to personal characteristics.

Number of patients Percentage (%)

Age (years)

0 – 29 1 2.5
30 – 39 6 15
40 – 49 8 20
50 – 59 10 25
60 – 69 12 30
70 – 79 2 5

≥ 80 1 2.5

Gender
Female 24 60

Male 16 40

Race
White 9 22.5

Non-white 31 77.5

curative intent in six cases and to minimize tumor mass effect 
in the other two. Surgery as the sole treatment was performed in 
four selected cases. Radiotherapy was administered to 11 patients 
(27.5%) and chemotherapy to three (7.5%) (Table 2).

The mean survival in our study was 73 days, with a mortality 
rate of 82.5%. By the end of the study, seven patients (17.5%) 
remained disease-free after surgery (Table 3).

DISCUSSION

BM represents one of the most significant and feared neurological 
complications of cancer9. The incidence of this condition is 
increasing due to improved survival rates among cancer patients7. 
Early diagnosis is therefore essential, requiring knowledge of 
the clinical and epidemiological profile of BM combined with 
neuroimaging.

The mean age at BM diagnosis in our study was 53.2 years, consistent 
with other studies reporting an age range of 50-60 years10,11. Regarding 
gender, there was a female predominance. While Rosen12 report that 
BM occurs equally in men and women, disparities emerge when 
analyzing specific primary tumors.

Lung cancer is the most common primary tumor causing 
BM2,3,9,13. However, in our study, breast cancer was the leading 

primary site (15 women, 37.5%), followed by lung (12 cases, 
30%), skin (2, 5%), and prostate, liver, kidney, osteosarcoma 
and neuroendocrine tumors (1 case each, 2.5%). We attribute 
this finding to the higher proportion of female patients in our 
cohort and the rising incidence of breast cancer with subsequent 
metastatic spread to the CNS. An unknown primary site was 
identified in 17.5% of cases, exceeding the 15% reported by 
Bartelt and Lutterbach14.

Clinical manifestations can be generalized or focal. The most 
common generalized symptoms were neurocognitive disturbances 
and headache, followed by vomiting and nausea. The most 
prevalent focal manifestation was hemiparesis, followed by 
seizures, visual disturbances, and aphasia, aligning with findings 
by Christiaans et al.15 and Soffietti et al.16.

Headache, the most frequent symptom in BM, occurs in 50% of 
patients with single metastases15. It is typically a non-tension-
type, lasting ≤10 weeks, and is accompanied by nausea and 
vomiting. Focal motor deficits and cognitive decline are the most 
common signs, with the former present in 40% of patients17. 
Forsyth and Posner17 reported nausea and vomiting in 48% of 
111 patients, with 66% having BM. Other symptoms include 
papilledema (25%), gait ataxia (due to posterior fossa, frontal 
lobe or hydrocephalus involvement), and seizures (25%), which 
may be focal or generalized.

Diagnosis requires CT and/or MRI, with the latter considered 
the gold standard5,16,18. On CT, BM typically appears as rounded 



J Bras Neurocirur 36 (4):467-472, 2025
https://doi.org/10.22290/jbnc.2025.25081406

470

Original

Cardoso DM, Pereira CU, Silveira SPP - Clinical Epidemiological Profile of Patients 
with Cerebral Metastasis

Table 2. Distribution of patients with neoplasms and central nervous system metastases, according to clinical characteristics.

Number of patients Percentage (%)
A) Clinical presentation

Headache 30 75
Cognitive impairment 30 75

Hemiparesis 27 67.5
Seizure 24 60
Vomiting 16 40
Aphasia 15 37.5

Visual disturbance 15 37.5
Nausea 13 32.5

B) Primary tumor site
Breast 15 37.5
Lung 12 30

Undetermined 7 17.5
Skin 2 5

Prostate 1 2.5
Kidney 1 2.5

Osteosarcoma 1 2.5
Neuroendocrine 1 2.5

C) Diagnostic method
Computed tomography (CT) 36 90

Biopsy 5 12.5
Magnetic resonance imaging (MRI) 4 10

D) Treatment
Palliative care 25 62.5
Radiotherapy 11 27.5

Surgery 8 20
Chemotherapy 3 7.5

Table 3. Distribution of patients with neoplasms and central nervous system metastases, according to survival after diagnosis.

Survival after diagnosis of 
metastases (days) Number of patients Percentage (%)

0–30 12 30
30–60 8 20
60–90 9 22.5
90–120 1 2.5

120–150 1 2.5
150–180 1 2.5
180–365 4 10

>365 4 10
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lesions with diffuse or ring-like enhancement, surrounded by 
disproportionate perilesional edema3. On MRI, metastases 
are iso- or hypointense on T1 and iso- or hyperintense on T2, 
surrounded by vasogenic edema19. In our study, CT was used in 
36 patients (90%) and MRI in four (10%), consistent with prior 
research18. Biopsy helps differentiate primary from metastatic 
lesions and may suggest the primary tumor site20. In our cohort, 
biopsy confirmed BM in five patients (12.5%).

Regarding treatment, surgery aims to establish diagnosis and 
relieve mass effect21. It is indicated when the primary tumor 
is controlled, brain lesions are accessible, and the number of 
metastases does not exceed three19. In emergencies, surgery 
may prevent fatal complications22,23. Radiotherapy combined 
with surgery improves survival more than radiotherapy alone24. 
Chemotherapy has limited efficacy due to poor blood-brain 
barrier penetration3. In our study, palliative treatment was 
administered to 25 patients (62.5%). Surgery was performed in 
eight cases (20%) - six with curative intent and two to reduce 
mass effect. Radiotherapy was given to 11 patients (27.5%) and 
chemotherapy to three (7.5%).

Post-BM diagnosis survival is typically limited to 3-9 months3,24. 
In our study, mean survival was 73 days with a mortality rate of 
82.5%. Disease-free survival after surgery was observed in seven 
patients (17.5%).

Since all analyzed patients exhibited neurological symptoms before 
BM diagnosis, cancer patients presenting with generalized or focal 
neurological manifestations should undergo neuroimaging for 
early BM detection and prompt treatment initiation.

CONCLUSION

The clinical and epidemiological profile is of great value for 
the diagnosis of BM. Our patients exhibited some symptoms 
prior to imaging diagnosis. Among the most prevalent were 
neurocognitive disorders, headache, and hemiparesis. Notably, 
the average age and survival were lower than those reported in 
the literature, there was a higher incidence of BM in females, 
and breast cancer was the most frequent primary tumor 
associated with BM. The most commonly used diagnostic 

method was CT, followed by MRI. Most patients underwent 
palliative treatment.
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Eficácia e Segurança da Endoscopia Biportal Unilateral em Comparação com Abordagens 
Microscópicas e Uniportais na Estenose Lombar: evidências de 25 estudos
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ABSTRACT
Background: Lumbar spinal stenosis (LSS) is a prevalent degenerative disorder in the elderly, frequently necessitating surgical 
decompression. Microscopic decompression has long been established, but minimally invasive approaches, including monoportal 
and unilateral biportal endoscopy (UBE), are increasingly utilized for their potential to limit tissue damage and enhance recovery. 
This systematic review and meta-analysis compared the efficacy and safety of UBE with monoportal and microscopic techniques. 
Methods: Eligible studies compared at least two techniques — UBE, monoportal endoscopy, or microscopic decompression — for 
LSS. Outcomes assessed included Oswestry Disability Index (ODI), Visual Analog Scale (VAS) for pain, intraoperative blood loss, 
operative time, hospital stay, patient satisfaction, reoperation rates, and complications (dural tears, infections, hematomas, neural 
injury). Protocol: PROSPERO (CRD420251079604). Results: Twenty-five studies with 3,496 patients were included. Compared 
with microscopic surgery, UBE yielded greater ODI improvement (p = 0.00001), less blood loss, shorter hospital stays, and higher 
satisfaction (p = 0.004). Versus monoportal endoscopy, UBE showed similar ODI, VAS, operative time, and satisfaction, but 
greater blood loss and slightly longer hospitalization. Conclusions: UBE provides outcomes equal to or superior to monoportal and 
microscopic decompression with comparable safety. Nonetheless, evidence may reflect publication or institutional bias, highlighting 
the need for high-quality randomized trials with transparent conflict-of-interest reporting.

Keywords: Lumbar spinal stenosis; Unilateral biportal endoscopy; Endoscopic spine surgery; Microscopic decompression; Minimally 
invasive spine surgery; Systematic review

RESUMO
Introdução: A estenose lombar (LSS) é uma condição degenerativa comum em idosos, frequentemente exigindo descompressão 
cirúrgica. Abordagens minimamente invasivas endoscópicas têm recebido atenção pelo potencial de reduzir o dano aos tecidos moles e 
melhorar a recuperação. Métodos: Foram incluídos estudos comparativos: UBE, endoscopia uniportal e descompressão microscópica 
para o tratamento da estenose lombar. Os desfechos de melhora clínica e complicações foram analisados. Resultados: Foram incluídos 
25 estudos, totalizando 3.496 pacientes. A UBE apresentou melhora significativamente maior no ODI (p = 0,00001), menor perda 
sanguínea intraoperatória e menor tempo de internação. A satisfação dos pacientes também foi maior no grupo UBE em relação à 
cirurgia microscópica (p = 0,004). Quando comparada à endoscopia uniportal, a UBE apresentou resultados semelhantes em ODI, EVA, 
tempo cirúrgico e satisfação. Conclusões: A UBE proporciona resultados clínicos semelhantes ou superiores à endoscopia uniportal e 
à descompressão microscópica em termos de melhora funcional, mantendo perfil de segurança equivalente. Contudo, considerando a 
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INTRODUCTION

Lumbar spinal stenosis (LSS) is a common degenerative 
condition affecting the aging population, characterized by 
a progressive narrowing of the spinal canal that leads to 
neural compression, back pain, neurogenic claudication, 
and functional limitations. Surgical decompression remains 
the cornerstone of treatment for patients unresponsive 
to conservative measures, with traditional microscopic 
decompression being a widely accepted standard. However, 
conventional techniques, including open and microscopic 
approaches, are associated with iatrogenic muscle and soft-
tissue injury, prolonged recovery, and potential postoperative 
back pain due to muscle denervation and facet joint disruption.

In response to the limitations of traditional techniques, minimally 
invasive spinal surgery has evolved significantly over the past two 
decades. Among these innovations, UBE — first introduced in 
the early 2010s and largely refined in East Asia — has gained 
traction as a promising alternative for lumbar decompression. 
The UBE technique utilizes two independent portals: one for 
endoscopic visualization and another for the working instruments, 
thus allowing simultaneous bimanual manipulation similar to 
open surgery while preserving the benefits of endoscopy. This 
dual-portal system offers superior visualization, continuous 
saline irrigation to maintain a clear field, and the flexibility to 
use conventional surgical tools, reducing the learning curve and 
the need for specialized equipment1,2.

Early studies and recent meta-analyses have demonstrated that 
UBE achieves comparable or superior clinical outcomes to both 
microendoscopic decompression and uniportal endoscopy 
(UE), especially in terms of short-term pain relief, functional 
improvement, and reduced muscle trauma3-5. Moreover, UBE is 
associated with a lower rate of extensive facet joint destruction, 
enabling better preservation of spinal stability2,6. Nonetheless, 
as with any surgical innovation, concerns remain regarding 

complication profiles, particularly during the initial learning 
curve. Reported complications include dural tears, epidural 
hematomas, incomplete decompression, transient neurological 
deficits, and postoperative instability, with an estimated mean 
complication rate of 5%–8%7,8.

Given the rapid global adoption of UBE and the growing body of 
literature supporting its efficacy, a comprehensive evaluation of both 
its clinical benefits and safety profile is essential. This systematic 
review aims to critically assess the comparative effectiveness of UBE 
against MONO and microscopic decompression in the treatment 
of LSS. Particular attention will be paid to operative time (OT), 
postoperative recovery, extent of decompression, and complication 
rates to guide evidence-based surgical decision-making in the era 
of minimally invasive spine surgery.

METHODS

This systematic review was conducted following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA 2020 - Figure 1) guidelines to provide a comprehensive 
and methodologically rigorous comparison between UBE, 
monoportal endoscopic surgery, and microscopic decompression 
for the treatment of lumbar spinal stenosis. The review protocol 
was established before the initiation of the study, ensuring 
a structured and unbiased approach to study selection, data 
extraction, and analysis. The protocol for this systematic review 
was prospectively registered in the International Prospective 
Register of Systematic Reviews (PROSPERO) under registration 
number CRD420251079604.

A comprehensive literature search was performed across three 
major databases: PubMed (MEDLINE), Embase, and the Cochrane 
Central Register of Controlled Trials (CENTRAL). To maximize 
the sensitivity of the search and ensure broad coverage of the 

relativa novidade da UBE e a concentração de estudos favoráveis em centros de alto volume, deve-se ponderar a possibilidade de viés 
de publicação e comercial.

Palavras-Chave: Estenose lombar; Endoscopia biportal unilateral; Cirurgia endoscópica da coluna; Descompressão microscópica; 
Cirurgia minimamente invasiva da coluna; Revisão sistemática
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available literature, no restrictions were applied regarding language 
or date of publication. The search strategy was constructed 
using a combination of Medical Subject Headings (MeSH) and 
free-text terms related to “lumbar spinal stenosis,” “unilateral 
biportal endoscopy,” “monoportal endoscopy,” and “microscopic 
decompression,” and adapted appropriately for each database.

Eligibility criteria were defined based on the PICOS framework, 
including studies that directly compared at least two of the surgical 
techniques under investigation—UBE, monoportal endoscopy, or 
microscopic surgery—for patients diagnosed with lumbar spinal 
stenosis. Both randomized controlled trials (RCT) and non-randomized 

comparative studies (prospective or retrospective) were included. Case 
series without a comparator, reviews, letters to the editor, conference 
abstracts, and animal or cadaveric studies were excluded.

Two independent reviewers screened titles and abstracts for potential 
inclusion. Studies that met initial criteria were retrieved in full and 
assessed independently by the same reviewers for final inclusion, 
with any disagreements resolved through discussion or arbitration 
by a third reviewer. Data were then extracted using a standardized 
form developed specifically for this review. Extracted data included 
study characteristics (authors, year, country, and design), patient 
demographics, surgical technique details, and clinical outcomes 

Figure 1. PRISMA flow diagram.
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such as VAS for leg and back pain, ODI, OT, length of hospital stay, 
complication rates, reoperation rates, and other patient-reported 
outcome measures (PROMs). Data extraction was performed 
independently by two reviewers and cross-checked to ensure accuracy.

The risk of bias of the included studies was assessed using 
validated tools appropriate for each study design. For RCTs, 
the Cochrane RoB 2.0 tool (Risk of Bias 2.0 -Cochrane 
tool for RCTs) was applied, evaluating domains such as the 
randomization process, deviations from intended interventions, 
missing outcome data, outcome measurement, and selective 
reporting. For non-randomized studies, the Risk of Bias In Non-
randomized Studies of Interventions (ROBINS-I) tool was used, 
examining potential confounding, selection bias, classification 
of interventions, and outcome assessment. Disagreements in 
bias assessment were resolved through discussion or third-
party adjudication.

The results were synthesized qualitatively and, where data were 
sufficiently homogeneous, a quantitative meta-analysis was planned. 
When applicable, pooled analyses would be conducted using a 
random-effects model to account for expected clinical variability. 
For continuous outcomes, mean differences (MD) and standard 
deviations (SD) would be used, while dichotomous outcomes 
would be summarized using risk ratios (RR) or odds ratios (OR) 
with corresponding 95% confidence intervals (CI). Statistical 
heterogeneity would be assessed using the I2 statistic, with values 
above 50% interpreted as indicating substantial heterogeneity.

In cases where at least ten studies contributed to a pooled estimate 
for a given outcome, potential publication bias would be explored 
using funnel plots and Egger’s test.

RESULTS

A systematic search using predefined eligibility criteria yielded 
25 studies for data synthesis9-33, including 3 RCTs; the remaining 
studies consisted of prospective or retrospective comparative designs. 
Regarding the geographic distribution of the studies, the majority 
originated from Eastern countries, with 11 from China, 10 from South 
Korea, and one each from Germany, the United States, and Japan.

A total of 3,496 patients were analyzed in the final synthesis, 
with a mean age of 65.7 years and a SD of 6.51. Seventeen studies 
reported a follow-up period equal to or longer than one year.

Risk of bias analysis of RCTs (Figure 2)

Figure 3. ROBINS-I of 22 non-RCTs.

Figure 2. ROB 2 of 3 Randomized controlled trials (RCT).

Risk of bias of non-RCTs (Figure 3)
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Figure 4. UBE vs Monoportal showing no difference in ODI scores.

Figure 5. UBE had better ODI scores compared to microscopic decompression.

The results of the meta-analysis will be presented below according 
to the predefined outcomes. These include functional outcomes 
measured by the ODI, pain scores assessed using the VAS for both 
back and leg pain, intraoperative blood loss, OT, LOS, patient 
satisfaction with surgery, and incidence of secondary surgeries. 
Additionally, recurrence of symptoms, overall complication rates, 
and specific adverse events, including dural tears, surgical site 
infections, epidural hematomas, and neural injuries, were also 
evaluated.

ODI
Ten studies compared preoperative and postoperative ODI 
scores between UBE and uniportal endoscopic techniques. 

No significant difference was observed in the magnitude of 
ODI improvement between the two approaches (p = 0.68), as 
seen in Figure 4.

Eleven studies compared UBE with microscopic surgery. The 
magnitude of ODI improvement was significantly greater in the UBE 
group compared to the microscopic group (Figure 5) (p = 0.00001).

VAS (axial)
Nine studies compared axial VAS scores between UBE and 
uniportal endoscopic techniques. No significant difference was 
observed between the two groups (Figure 6).
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Similarly, in the comparison between UBE and microscopic 
surgery across 11 studies, no significant difference was observed 
in axial VAS scores as seen in Figure 7 (p = 0.19).

VAS (leg)
Eight studies compared leg VAS scores between UBE and uniportal 
endoscopic techniques (Figure  8), showing no significant 
difference in outcomes (p = 0.72).

Eight studies also compared leg VAS scores between UBE and 
microscopic surgery, without demonstrating any statistically 
significant difference between the groups (Figure 9).

Intraoperative blood loss
An interesting finding emerged from the analysis of intraoperative 
blood loss. When compared to the uniportal endoscopic technique, 
UBE was associated with a higher volume of bleeding. However, 
when compared to the microscopic technique, UBE demonstrated 
a more favorable bleeding profile, with a lower mean blood loss 
(Figures 10 and 11).

Operative time
Regarding operative time, UBE demonstrated comparable 
durations when analyzed against both the uniportal technique 
(p = 0.1) and microscopic surgery (p = 0.2).

Length of hospital stay
Regarding the LOS, a shorter duration was observed for the 
uniportal endoscopic technique compared to UBE. However, 

when UBE was compared to microscopic surgery, it was associated 
with a significantly shorter hospital stay (Figure 12).

Patient satisfaction
Patient satisfaction with surgery was subjectively reported 
as high across studies. When comparing the two endoscopic 
approaches—biportal and uniportal—no significant differences 
in satisfaction levels were observed. However, in comparisons 
between UBE and microscopic surgery, patients in the UBE 
group reported a higher degree of satisfaction with the surgical 
outcome (p=0.004) (Figure 13).

Incidence of secondary surgeries
Reoperations were analyzed and found to be rare events overall. 
When comparing the reoperation rates at the index level between 
UBE and both monoportal and microscopic techniques, no 
statistically significant differences were observed.

Dural tears
No significant differences were found in the incidence of dural 
tears when comparing UBE with either the uniportal endoscopic 
technique (p=0.76) or microscopic surgery (p=0.36).

Surgical site infections
The incidence of postoperative infections was low across 
studies, and no significant differences were observed between 
UBE and either the uniportal (p=0.68) or microscopic 
techniques (p=0.26).

Figure 6. UBE and monoportal had the same axial VAS results.
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Figure 8. UBE and monoportal had the same leg VAS results.

Figure 9. UBE and microscopic had the same leg VAS results.

Figure 7. UBE and microscopic had the same axial VAS results.
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Figure 12. UBE had a shorter LOS than Monoportal.

Figure 10. Monoportal had less blood loss than UBE.

Figure 11. UBE had less blood loss than microscopic decompression.
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Epidural hematomas
The occurrence of epidural hematoma was rare and showed 
no statistically significant difference when comparing UBE to 
uniportal (p=0.37) or microscopic approaches (p=0.42).

Neural injuries
Only the study by Fang et al. (2024) specifically evaluated and 
compared the incidence of neurological injury between UBE and 
the uniportal endoscopic technique. Rates of neural injury were 
low and comparable among the three methods, with no significant 
differences between UBE, uniportal, and microscopic surgery.

SYNTHESIS OF OUTCOMES
UBE demonstrated superior outcomes in several domains when 
compared to microscopic surgery. Functional improvement, 
measured by the ODI, was significantly greater in the UBE group. 
UBE was also associated with lower intraoperative blood loss than 
microscopic surgery and a shorter hospital stay. Additionally, 
patients who underwent UBE reported higher satisfaction levels. 
When compared to UE, UBE achieved similar improvements in 
ODI and VAS scores, with no significant differences in OT or 
complication rates.

MONO was associated with the shortest hospital stay among the 
three techniques and resulted in less intraoperative bleeding than 
UBE, reflecting its highly minimally invasive nature. However, 
it did not show superiority over UBE or microscopic surgery in 
functional or pain-related outcomes.

Microscopic surgery did not demonstrate superior results in any 
of the analyzed outcomes. OT, reoperation rates, and complication 
profiles—including dural tears, infections, epidural hematomas, 

and neural injuries—were comparable across all three approaches 
(Table 1).

DISCUSSION

This systematic review provides an updated synthesis of the 
evidence comparing UBE with MONO and microscopic 
decompression for LSS. Our findings highlight UBE as a viable 
and increasingly utilized minimally invasive surgical option, 
offering a balance of operative efficiency, clinical effectiveness, 
and acceptable complication rates.

One of the most consistent findings across the reviewed studies 
is the operative efficiency of UBE. The dual-portal system 
permits independent control of the endoscope and working 
instruments, thereby improving visualization and facilitating 
bimanual surgical techniques. This flexibility overcomes some 
of the ergonomic constraints inherent in MONO, where both 
visualization and instrument manipulation are limited to a single 
working channel1,15. Several meta-analyses and comparative 
studies support that UBE is associated with significantly shorter 
OTs, particularly in retrospective cohorts3,5. Although these 
benefits appear more pronounced in retrospective analyses 
than in prospective studies, the trend toward reduced operative 
duration with UBE remains consistent.

Initial concerns regarding muscle trauma due to the second 
incision in UBE have not been substantiated by recent data. On 
the contrary, multiple studies demonstrate that UBE induces no 

Figure 13. Patient satisfaction was higher in UBE patients than Microsurgery patients.
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greater, and possibly even less, paraspinal muscle damage than 
monoportal or microscopic techniques. The UBE approach employs 
a muscle-splitting trajectory, which preserves muscle integrity and 
the posterior ligamentous complex, in contrast to the stripping 
and retraction required in open or microscopic procedures8,34. 
Biochemical markers of tissue injury (e.g., CPK, CRP) and 
postoperative imaging have shown lower muscle disruption and 
a good preservation of anatomical structures with UBE35.

When comparing clinical outcomes, UBE is consistently associated 
with similar or superior improvements in pain and disability, as 
measured by VAS and ODI scores. Studies comparing UBE to 
microscopic decompression have reported equivalent or better 
early postoperative pain control, lower opioid requirements, and 
shorter hospital stays4,7,16. In addition, UBE achieves comparable 
or greater radiological decompression, with some studies 
documenting a larger increase in postoperative dural sac area 
and improved facet joint preservation6,18,21,34,36-38.

Importantly, the safety profile of UBE appears acceptable, with most 
studies reporting overall complication rates between 5% and 8%5,7,8,39.

Common complications include dural tears, epidural hematomas, 
transient neurological deficits, and—in rare cases—postoperative 
instability. Notably, these events are more prevalent during the early 
learning curve, suggesting that surgical experience plays a significant 

role in minimizing risk7,8,40,41. The dual-port setup may also enhance 
the surgeon’s ability to achieve hemostasis and avoid inadvertent 
injury due to its improved visualization and working angle.

Despite promising results for UBE and monoportal techniques, 
several limitations in the current evidence base must be 
acknowledged. Most included studies are retrospective, increasing 
susceptibility to selection bias and incomplete reporting of 
complications. The literature also reveals a tendency toward 
publication bias, with favorable outcomes—particularly from 
novel techniques like UBE—being more likely to appear in 
print. In addition, industry influence and narrative bias are not 
uncommon, with nearly half of spinal surgery reviews showing 
some form of “spin” in conclusions. Transparent reporting of 
conflicts of interest is essential, especially given the proprietary 
nature of UBE instrumentation and its commercial promotion.

MONO offers advantages such as reduced soft tissue damage 
and faster recovery. However, its delicate instrumentation can 
pose challenges in elderly patients and multilevel stenosis, where 
longer surgeries may increase risk. Interestingly, our review did 
not show increased OTs, possibly due to selection bias, as more 
complex cases may have been treated by other approaches. 
Similarly, while symptomatic epidural hematomas are often 
suspected to occur more frequently after endoscopic surgery, this 
was not observed in the reviewed data, perhaps due to improved 

Table 1. Summary of the studied outcomes.

Outcome UBE MONO MIC
ODI improvement ✔ ✔ X

VAS (back pain) ✔ ✔ ✔

VAS (leg pain) ✔ ✔ ✔

Intraoperative blood loss X ✔ X

Operative time ✔ ✔ ✔

Length of hospital stay X ✔ X

Patient satisfaction ✔ ✔ X

Reoperation rate ✔ ✔ ✔

Dural tears ✔ ✔ ✔

Surgical site infection (SSI) ✔ ✔ ✔

Epidural hematoma ✔ ✔ ✔

Neural injuries ✔ ✔ ✔

UBE = unilateral biportal endoscopy; MONO= monoportal endoscopy, MIC = Microsurgical or tubular decompression.
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hemostatic technique or underreporting, especially as such 
complications are rarely mentioned even in microscopic series.

When comparing techniques, both UBE and MONO demonstrate 
perioperative advantages over conventional microscopic surgery, 
including less postoperative pain, shorter hospital stays, and quicker 
return to function. Still, the long-term outcomes, particularly 
for back and leg pain, tend to equalize across techniques when 
adequate decompression is achieved. Although microsurgery had 
worse outcomes in some perioperative metrics, it remains the gold 
standard in certain scenarios. It allows superior visualization of 
anatomical planes with a 3D view of the surgical field, facilitates 
more reliable dural repair in cases of cerebrospinal fluid leak, and 
is supported by the longest clinical follow-up in the literature.

CONCLUSION

This systematic review provides a comprehensive comparison of 
UBE, monoportal endoscopy, and microscopic decompression 
for the treatment of lumbar spinal stenosis, incorporating data 
from 25 studies and nearly 3,500 patients. The findings indicate 
that UBE offers clinical outcomes that are at least equivalent—
and in some cases superior—to those achieved with established 
techniques. In particular, UBE was associated with greater 
functional improvement compared to microscopic surgery, as 
well as shorter hospital stays and higher patient satisfaction. 
Although MONO demonstrated advantages in terms of reduced 
intraoperative bleeding and the shortest length of stay, its overall 
efficacy was comparable to that of UBE. Notably, microscopic 
decompression did not show superiority in any assessed outcome, 
despite its long-standing use and surgical familiarity.

All three approaches demonstrated similarly low rates of 
complications and reoperations, confirming that, when performed 
by experienced surgeons, each technique can be considered safe 
and effective. However, the relative novelty of UBE, the geographic 
concentration of studies in regions with strong endoscopic training 
programs, and the potential influence of device manufacturers 
highlight the importance of interpreting these results with caution.

Future research should prioritize high-quality, multicenter RCTs 
with standardized outcome reporting. In particular, extended 

follow-up is essential to determine whether the initial advantages 
observed with UBE translate into sustained long-term benefits, as 
only prolonged observation can truly establish the superiority of one 
technique over another. Until such evidence is available, the choice 
of surgical approach should remain individualized, based on the 
surgeon’s expertise, the patient’s profile, and institutional capabilities.
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Complications Resulting from the Use of Cervical Collars in the Context 
of Trauma: an integrative literature review
Complicações Decorrentes do Uso do Colar Cervical no Contexto Traumático: uma revisão 
integrativa da literatura

Isaias Felipe dos Santos1 
Guilherme Rodrigues Santos2 
Carlos Umberto Pereira1 

ABSTRACT
Introduction: The cervical collar is a device widely used for immobilizing the cervical spine in trauma victims, aiming to prevent secondary 
neurological injuries. However, its prolonged or inadequate use can trigger several clinical complications. Objective: To analyze the main 
complications resulting from the use of the cervical collar in trauma patients. Methods: The search was performed in the PubMed and Google 
Scholar databases, using the descriptors “Cervical collar AND Trauma AND Complications”. Original studies published in the last 10 years, in 
Portuguese and English, that addressed complications associated with the use of the cervical collar were included. After applying the eligibility 
criteria, eight studies were selected, including seven cross-sectional studies and one randomized clinical trial. Results: Four main groups of 
complications were identified: neurological, dermatological, respiratory and dysphagia. Among the neurological complications, increased pain 
sensitivity and elevated intracranial pressure stood out. Dermatological complications included pressure ulcers, with a higher prevalence in 
the elderly and in cases of prolonged use. In the respiratory aspect, reductions in lung volumes, impairment of vital capacity and an increased 
incidence of pneumonia. Dysphagia was also reported, with an impact on nutrition, hydration and quality of life. Conclusion: Despite the 
importance of the cervical collar in protecting the spine, its judicious use, with continuous monitoring, is essential in order to reduce risks and 
optimize clinical outcomes for patients.

Keywords: Spinal cord injuries; Cervical collar; Device-related complications

RESUMO
Introdução: O colar cervical é um dispositivo amplamente utilizado na imobilização da coluna cervical em vítimas de trauma, visando a 
prevenção de lesões neurológicas secundárias. No entanto, seu uso prolongado ou inadequado pode desencadear diversas complicações clínicas. 
Objetivo: Analisar as principais complicações decorrentes do uso do colar cervical em pacientes traumatizados. Métodos: A busca foi realizada 
nas bases PubMed e Google Scholar, utilizando os descritores “Cervical collar AND Trauma AND Complications”. Foram incluídos estudos 
originais publicados nos últimos 10 anos, nas línguas portuguesa e inglesa, que abordassem complicações associadas ao uso do colar cervical. 
Após a aplicação dos critérios de elegibilidade, oito estudos foram selecionados, incluindo sete transversais e um ensaio clínico randomizado. 
Resultado: Foram apontados quatro principais grupos de complicações: neurológicas, dermatológicas, respiratórias e disfagia. Entre as 
neurológicas, destacaram-se o aumento da sensibilidade dolorosa e elevação da pressão intracraniana. As dermatológicas incluíram úlceras 
por pressão, com maior prevalência em idosos e em casos de uso prolongado. No aspecto respiratório, foram observadas reduções nos volumes 
pulmonares, comprometimento da capacidade vital e aumento da incidência de pneumonia. A disfagia também foi relatada, com impacto 
na alimentação, hidratação e qualidade de vida. Conclusão: Apesar da importância do colar cervical na proteção da coluna, é fundamental 
a sua utilização criteriosa, com monitoramento contínuo, a fim de reduzir os riscos e otimizar os desfechos clínicos dos pacientes.

Palavras-Chave: Traumatismos da medula espinal; Colar cervical; Complicações relacionadas a dispositivos

1Universidade Federal de Sergipe, Aracaju, SE, Brazil.
2Universidade Federal de Sergipe, Lagarto, SE, Brazil.

Received Jun 25, 2025 
Accepted Jul 29, 2025

https://orcid.org/0000-0002-1717-7449
https://orcid.org/0009-0005-7137-8064
https://orcid.org/0000-0003-3263-721X


J Bras Neurocirur 36 (4):487-493, 2025
https://doi.org/10.22290/jbnc.2025.22081539

488

Review

Santos IF, Santos GR, Pereira CU - Complications Resulting from the Use of 
Cervical Collars in the Context of Trauma: an integrative literature review

INTRODUCTION

Spinal cord injury (SCI) represents one of the most prevalent traumas 
of the Central Nervous System associated with spinal cord injury and 
bone fractures1. With a prevalence of 1:1000 people, cervical spinal 
cord injuries can lead to short, medium and long-term complications, 
such as respiratory, musculoskeletal and neurological disorders 2. 
The cervical collar (CC) is a medical device used to immobilize the 
cervical spine and reduce the risk of secondary spinal cord injury by 
keeping the head in an anatomically normal position3. The potential 
disability resulting from SCI generates significant impacts on overall 
quality of life and represents an economic burden for the family and 
society, which can be mitigated by the use of the cervical collar4.

The immobilization generated by the use of the collar reduces the 
risk of additional damage to the spine that can lead to motor and 
sensory impairment and morbidity in the most severe cases5. Given 
this, collars are used in various contexts in the trauma scenario, 
from spinal clearance obtained through clinical examination to the 
rehabilitation of neuromuscular or musculoskeletal diseases, as well 
as surgical interventions6. Immobilization is achieved through a rigid 
support around the cervical spine with adjustable straps and height 
adjustments and with interface models, which vary significantly 
between collars and between collar locations, implying effects on 
the designs of the collars and the materials used in each device7.

Complications arising from the use of rigid CC have been reported 
by several authors8-10. Among the complications, increased cervical 
sensitivity, respiratory restrictions, venous engorgement and even 
ulcerations may occur given the long period with the device8,9. 
Recently, it has been demonstrated that the use of rigid collars can 
cause jugular compression and is related to increased intracranial 
pressure (ICP)6. Furthermore, in the elderly population, the use of 
rigid cervical CC for more than 24 hours can cause a reduction in 
the level of consciousness, pressure ulcers and congestive pulmonary 
conditions11. In the literature, there is a positive view of the use of 
the non-rigid or soft CC regarding complications12. Despite the 
small number of comparative studies between these two devices, a 
low incidence of secondary neurological impairment after cervical 
spine fracture is reported in patients who used the non-rigid collar13.

Unnecessary use of cervical CC also contributes to the emergence 
of complications14. In a study developed in Iran, approximately 
43% of cases did not have the expected result after the use of CC15. 

The indiscriminate use of this device, in addition to increasing 
the risks to the patient’s health, increases costs to the health 
system16. Among several factors, the inappropriate use of CC 
is related to the lack of reliable predictors for the severity and 
extent of cervical injuries, as well as the adequate practices of the 
medical team in placing the devices15. Thus, the objective of the 
literature review is to address the main complications resulting 
from the use of CC in the traumatic context.

METHODS

This is an integrative review of the literature on complications 
resulting from the use of cervical collars. The study presented the 
following steps: choice and adaptation of the theme, selection of 
descriptors, definition of the databases used, extraction of articles, 
summary analysis of the articles, analysis of the data collected, 
synthesis and interpretation of the data and final writing. The 
searches were carried out in the electronic databases PubMed and 
Google scholar. The descriptors used were: “Cervical collar AND 
Trauma AND Complications”. The inclusion criteria were articles 
that were available in full in the databases in the last 10 years, 
articles in Portuguese and English, studies with complications 
resulting from the use of cervical collars. The exclusion criteria 
were case reports, review articles and book chapters. A summary 
of data selection is seen in Figure 1.

DISCUSSION

Eight studies (Seven cross-sectional studies and one randomized 
trial) were included, addressing the main complications resulting 
from prolonged use of CC. This review will discuss neurological, 
dermatological, respiratory complications and dysphagia. A summary 
of the main information from the studies can be seen in Table 1.

Neurological complications
Among the most frequent neurological complications associated 
with the use of CC, the increase in pain sensitivity stands out15,17,18. 
Hoseini Kasnavieh et al.15 carried out a study with 114 patients 
suffering from car trauma who used CC. These authors described 
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Table 1. Complications resulting from the use of a cervical collar in the context of trauma.

Reference Type of Study Objective Sample Necklace 
type

Types of 
injuries Complications

Hosseini 
Kasnavieh et al.15

Cross-sectional 
study

To investigate the need 
for cervical collars 

in patients with neck 
problems

114 
patients

Rigid cervical 
collar

Direct trauma, 
car accident 

with car, 
car accident 

with motorcycle

Sensitivity 
(pain or discomfort), 
distraction injuries, 

intoxication

He et al.17 Randomized 
Trial

To determine whether 
a cervical collar is 

effective and for how 
long it should be worn 
after hybrid cervical 

surgery (HS) combining 
anterior cervical 

discectomy and fusion 
(ACDF) and cervical 

disc arthroplasty (CDA)

80 
patients

Rigid cervical 
collar

Skin injuries 
mainly from 

pressure

Pressure ulcers. 
Difficulty swallowing; 

cough. Marginal 
mandibular nerve 

palsy with long-term 
sensory degradation. 
Impairment of daily 
activities and sleep 
and decreased lung 

capacity and function
Kissmer et al.4 Cross-sectional 

study
To determine 

knowledge, attitudes 
and practices regarding 
cervical collars in adult 

trauma patients

2036 
patients

Soft and rigid 
cervical collar

Does not show 
injury

Creation of unnatural 
articulation points in the 

cervical spine. Local 
tissue disruption and 
worsening of anxiety

Randall et al.18 Cross-sectional 
study

To identify outcomes 
of patients discharged 

home with a rigid 
cervical collar after 
negative imaging 

studies

45 
patients

Rigid cervical 
collar

Direct injury, 
Direct injury 
after ejection 
from vehicle, 
Motor vehicle 

accident

Tenderness (pain), 
rash or skin irritation, 

problems due to 
insomnia, and 

difficult speaking or 
swallowing

Karacabey and 
Sanr19

Cross-sectional 
study

Describe the changes 
in optic nerve sheath 

diameter after cervical 
collar placement and 

analyze these changes 
depending on time in 

the C-collar

50 
patients

Rigid cervical 
collar

Injury from falls, 
motor vehicle 

injury

Increase in optic nerve 
sheath diameter after 

5 min of use

Ladny et al.20 Cross-sectional 
study

To evaluate the 
influence of cervical 
spine immobilization 
with 5 different types 
of cervical collars on 
the diameter of the 
optic nerve sheath 

measured noninvasively 
by ultrasound in healthy 

volunteers

60 
patients

Ambu Perfit 
ACE/ Philly 
One -Peace 

Collar / Necloc 
Collar / NexSplit 

Plus/ New 
NECKLITE 

moldable neck 
brace

Does not show 
injury

Philly neck brace 
appears to cause the 
maximum increase 

in optic nerve sheath 
diameter. The Necklite 

neck brace has the 
lowest change in optic 
nerve sheath diameter

Nakanishi et al.11 Cross-sectional 
study

To evaluate whether 
older trauma patients 

who wore cervical 
collars for >24 hours 

are at increased risk of 
developing collar-related 
complications compared 

with those who wore 
cervical collars for 

24 hours

1154 
patients

Rigid cervical 
collar

Does not show 
injury

Pressure ulcers and 
hospital-acquired 

pneumonia

Ala et al.21 Cross-sectional 
study

To investigate the effect 
of collar removal on lung 
volumes and dyspnea in 
patients with Glasgow 15

50 
patients

Rigid cervical 
collar

Does not show 
injury

Spirometric 
parameters
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that 54.4% of the patients presented painful sensitivity or 
discomfort after using CC. 17. Randall et al.18, after evaluating 
the complications of prolonged use of rigid CC in 45 patients 
suffering from multiple types of injuries, the authors found a 
25% rate of painful sensitivity due to the use of CC.

The CC may influence increased ICP19. Previous studies have 
described the effect of rigid collar in patients with traumatic 
brain injury (TBI) as a contributor to elevated ICP and therefore 
potentially causing further deterioration of their condition19,20,22.

Measurement of the optic nerve sheath diameter (ONSD) by 
ultrasound is a technique used to assess ICP, with an increase 
in ONSD indicating an increase in ICP23,24. However, there is an 
association in the literature between an increase in ONSD and 
the use of CC in patients hospitalized for trauma19,23. Karacabey 
and Sanr19, carried out a prospective study with 50 patients who 
suffered TBI and used CC type C immediately after the traumatic 
event. It was found that with prolonged use of CC there was 
an increase in DBNO. The same result was also verified in the 
work developed by Ladny et al.20. The authors carried out a study 
with 60 volunteers, where the relationship between 5 cervical 
collars (Ambu Perfit ACE/ Philly One -Peace Collar / Necloc 
Collar / NexSplit Plus/ New necklite moldable neck brace) 
and ONSD. As a result, all cervical collars were considered 
restrictive and also presented with DBNO, with the CC Philly 
being responsible for a greater increase in ONSD compared to 
the other cervical collars.

Dermatological complications
Dermatological complications have been described in the 
literature25,26. Kissmer and Morris4 conducted a study comparing 
practices and attitudes towards CC in adult trauma patients 
in different departments of a hospital unit in South Africa, 
determining reported complications of cervical collars, such as 
local tissue rupture. In addition, prolonged application can cause 
pressure ulcers with an incidence of 6.8 to 38%. The development 
of this complication impacts general care, the rehabilitation 
process, and mainly the patient’s quality of life. 18. He et al.17 
developed a prospective, randomized control study with the aim 
of finding physical and functional results. The authors showed 
that the use of cervical collars for different periods of time can 
bring many complications to patients, such as skin lesions, with 
impairment of daily activities, but also respiratory complications 
such as reduced lung capacity and functionality. Grenier et al.25, 
showed that cervical collars can lead to serious complications, 

such as pressure ulcers and airway difficulties. This was a 
pre -experimental biomechanical study based on simulation. 
Furthermore, in another study, Tescher et al.26 compared and 
verified the restrictiveness and pressure characteristics of 
the tissue interface of two standard cervical collars and two 
adjustable cervical collars. A total of 48 adult volunteers (24 men 
and 24 women) received four types of cervical immobilizers 
(Aspen, Aspen Vista, Miami J and Miami J Advanced) in random 
order and presented some pressure-related skin lesions, usually 
somewhere in the mandible .

Although both soft and rigid collars limit head and neck 
movement, soft collars mitigate the complications associated 
with the use of rigid collars, including patient discomfort and 
soft tissue injury27. Furthermore, excessive mechanical loading 
from interface pressure and shear over time has an associated risk 
of skin breakdown, leading to pressure ulcers. Common sites of 
skin breakdown include the occiput, chin, shoulders, and clavicle. 
However, interface pressure alone provides limited insight into 
ulcer risk and may not be directly related to its ability to restrict 
cervical movement. Several intrinsic and extrinsic factors may 
contribute to ulceration. In particular, individual head shape and 
size may affect collar fit according to Russel et al.7.

Respiratory complications and dysphagia
According to the literature, respiratory complications have been 
frequently reported18,21. According to Randall et al.18 initially, collars 
can cause indentation marks and pressure ulcers, and collars worn 
for more than 24 hours were associated with acquired pneumonia 
in patients over 64 years of age. Another critical problem with the 
collar was difficulty breathing through the airway. Unnecessary 
immobilizers can worsen patients’ condition by restricting 
neck movement, obstructing the airway and respiratory tract, 
as demonstrated in the study by Hosseini Kasnavieh  et  al.15. 
In contrast, for older patients, in particular, immobilization with 
a collar is uncomfortable, may predispose to the development of 
pressure ulcers, and impair respiratory function.

Dysphagia was also a frequent complication in some studies. 
He  et  al.17, in their study reported difficulty swallowing, 
coughing and respiratory distress in their studied patients 
after the use of a rigid cervical collar. In the study conducted 
by Randall et al.18, it was found that, of the 45 patients recruited 
for the study, approximately 18% reported difficulty sleeping 
after using the cervical collar and 16% reported difficulty 
speaking or swallowing.



J Bras Neurocirur 36 (4):487-493, 2025Santos IF, Santos GR, Pereira CU - Complications Resulting from the Use of 
Cervical Collars in the Context of Trauma: an integrative literature review https://doi.org/10.22290/jbnc.2025.22081539

491

Review

The literature also reports changes in spirometric parameters 
due to the use of this device in the context of trauma. Ala et al.21 
carried out a study with 50 patients aged between 16 and 65 years, 
Glasgow 15, victims of trauma, excluding patients with a history 
of smoking, lung disease, thoracic trauma and multiple trauma. 
The author found a reduction in Forced Expiratory Volume in the 
first second (FEV1), mean Forced Expiratory Flow (FEF25–75) 
and Forced Vital Capacity (FVC). Legg and Cruz28 reported a 
3.94% reduction in FVC compared to those who did not use 
a cervical collar. Ay et al.29, after using the KED model collar, 
found a reduction in lung function due to dyspnea with reduced 
saturation observed in some patients.

CONCLUSION

This review showed that, despite the importance of the cervical 
collar in preventing secondary injuries in trauma patients, its 
prolonged or inappropriate use is associated with a wide range 
of complications The main complications described in the 
literature include neurological complications, such as increased 

pain sensitivity and elevated intracranial pressure; dermatological 
complications, with emphasis on pressure ulcers and skin lesions; 
respiratory complications, with reduced lung capacity and 
increased risk of pneumonia, especially in the elderly; in addition 
to dysphagia and sleep disorders These findings reinforce the need 
for careful indication of the device, use for the shortest possible 
time and strict monitoring of patients, in order to minimize risks 
and improve clinical outcomes
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Clinical Aspects and Therapeutic Management of Cervical Angina: an 
integrative literature review
Aspectos Clínicos e Manejo Terapêutico da Angina Cervical: uma revisão integrativa de literatura
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Isaias Felipe dos Santos1 
Carlos Umberto Pereira1 

ABSTRACT
Introduction: Cervical angina is a rare syndrome characterized by non-cardiac chest pain, often mistaken for angina pectoris. It originates 
from cervical spine pathologies such as spondylosis and radiculopathy, representing a significant diagnostic challenge in clinical practice. 
Objective: To analyze the clinical aspects, complications, and therapeutic approaches of cervical angina through an integrative literature review. 
Methods: An integrative review was conducted using the PubMed and CAPES Periódicos databases. Studies published within the last ten 
years, in Portuguese or English, and available in full text were included. Systematic reviews, book chapters, and review articles were excluded. 
Results: Cervical angina presents as anterior chest pain, frequently associated with autonomic symptoms such as dyspnea, vertigo, and headache. 
The most commonly affected cervical levels are C5-C6 and C6-C7. Diagnosis requires the exclusion of cardiac causes, imaging exams, and specific 
clinical tests such as Spurling’s maneuver. Therapeutic management includes conservative strategies (medication, physiotherapy, chiropractic 
care) and interventional procedures (injections, nerve blocks), as well as surgical interventions like anterior cervical discectomy and fusion or 
disc arthroplasty in refractory cases. Conclusion: Cervical angina remains an underdiagnosed condition requiring multidisciplinary awareness. 
Early recognition, combined with individualized therapeutic planning, can reduce patient morbidity and significantly improve quality of life.

Keywords: Cervical angina; Cervicogenic chest pain; Chest pain

RESUMO
Introdução: A angina cervical é uma síndrome rara caracterizada por dor torácica não cardíaca, frequentemente confundida com 
angina pectoris. Sua origem está associada a patologias cervicais, como espondilose e radiculopatia, representando um desafio diagnóstico 
relevante na prática clínica. Objetivo: Analisar os aspectos clínicos, complicações e condutas terapêuticas da angina cervical por meio de 
uma revisão integrativa da literatura. Métodos: Foi realizada uma revisão integrativa utilizando as bases de dados PubMed e CAPES 
Periódicos. Foram incluídos estudos publicados nos últimos dez anos, em português ou inglês, disponíveis na íntegra. Excluíram-se 
revisões sistemáticas, capítulos de livros e artigos de revisão. Resultados: A angina cervical manifesta-se como dor torácica anterior, 
frequentemente acompanhada de sintomas autonômicos como dispneia, vertigem e cefaleia. Os níveis cervicais mais envolvidos são 
C5-C6 e C6-C7. O diagnóstico exige exclusão de causas cardíacas, exames de imagem e testes clínicos específicos, como a manobra de 
Spurling. O manejo terapêutico inclui abordagens conservadoras (medicação, fisioterapia, quiropraxia) e intervencionistas (injeções, 
bloqueios), além de cirurgias como discectomia cervical anterior e artroplastia, indicadas para casos refratários. Conclusão: A angina 
cervical é uma condição subdiagnosticada que demanda atenção multidisciplinar. O reconhecimento precoce, aliado a uma abordagem 
terapêutica individualizada, pode reduzir morbidades e melhorar significativamente a qualidade de vida dos pacientes.

Palavras-Chave: Angina cervical; Dor torácica cervicogênica; Dor torácica
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INTRODUCTION

Chest pain is an important symptom reported by patients, especially 
in the emergency context1. Approximately 30% of patients with 
acute chest pain actually have cardiological causes, with non-
cardiological causes (esophageal, osteoskeletal) diagnosed after 
excluding cardiac factors2. Cervical angina (AC), also known 
as pseudoangina pectoris, is a condition characterized by chest 
discomfort and respiratory difficulties similar to cardiac angina 
resulting from cervical spine pathologies, cervical spondylosis, and 
radiculopathy3. First described in 1927 by Philips, AC is described as 
anterior chest pain, retrosternal pain, or epigastric pain exacerbated 
by exertion and relieved by rest4,5. Sympathetic symptoms such as 
headache, dizziness, or blurred vision are common6. Due to the 
high frequency of dyspnea and chest pain in various pathologies 
in patients undergoing emergency care, the diagnosis of angina 
thoracic becomes a challenge7.

There are several mechanisms involved in AC3. Most reported 
cases are due to compression of the cervical nerve root, 
particularly C4-82. Lesions at these spinal cord levels affect 
important nerve structures, which contribute to referred pain 
and sensory disturbances in the anterior thorax and upper 
extremities8. Furthermore, cortical alterations also influence the 
presentation of AC3,9. The prefrontal cortex is known to assist in 
the processing and modulation of complex sensory information 
related to respiratory and cardiac responses9. After sensorimotor 
alteration due to cervicogenic pathology, the patient may also 
present angina and dyspnea3,9.

The management of AC becomes a challenge due to its similarity 
to cardiological alterations10. Often, the diagnosis is late or 
overlooked5. Both manual and conservative approaches and 
surgical procedures have been reported3,5,11. Conservative 
treatment with medication, physical therapy, or immobilization 
has been shown to be effective12. Chiropractic treatment, 
including spinal manipulation and soft tissue mobilization, has 
led to improvements in pain and quality of life13. Regarding the 
surgical approach to cervical angina, anterior cervical dissection 
has been reported in the literature to have positive effects also 
on angioedema symptoms, with better results compared to the 
conservative approach. Therefore, the objective of this study is 
to conduct an integrative literature review about cervical angina 
with focus on clinical aspects, complications, and treatment.

METHODS

This is an integrative literature review on the clinical aspects, 
complications, and treatment of cervical angina. The study 
involved the following steps: topic selection and adaptation, 
keyword selection, definition of the databases used, article 
extraction, summary analysis, data analysis, data synthesis and 
interpretation, and final draft. The research was conducted in 
the PubMed and CAPES Periódicos electronic databases.

The descriptors used were: “Cervical Angina” OR “Cervical Spine-
induced Chest Pain” OR “Cervical Radiculopathy” OR “Cervicogenic 
Chest Pain”) AND (“Diagnosis” OR “Etiology” OR “Treatment” 
OR “Management”. The inclusion criteria were: articles that were 
available in full in the databases in the last 10 years, articles in 
Portuguese and English, studies with complications resulting from 
the use of the cervical collar. The exclusion criteria were: systematic 
review, review articles, book chapters.

DISCUSSION

Clinical and diagnostic aspects
AC represents a rare syndrome with a clinical presentation of 
chest pain similar to cardiac angina14. Many of the symptoms 
can be present both at rest and exacerbated by physical activity15. 
The pain is described as sharp or deep, with a squeezing or 
crushing characteristic, and lasting at least 5 seconds14. It is 
usually exacerbated by cervical movement or upper extremity 
movement14. Autonomic symptoms, such as dyspnea, dizziness, 
nausea, pallor, and fatigue, are also frequently seen in patients 
with cervical angina6,14. Nakajima et al.6, conducted a study with 
10 patients with suspected cervical angina who were referred 
for surgical procedures. Of the total, five had retrosternal pain, 
three had chest pain in the lower left anterior region, and two 
had epigastric pain. In this study, 50% of the patients included 
reported symptoms such as dizziness and headache. In the study 
of Sussman  et  al.15, approximately 60% of patients reported 
autonomic symptoms such as dyspnea, dizziness, diaphoresis, 
and pallor, which worsened mainly after physical exertion.

Most cases of AC are due to compression of the cervical segment 
of the spinal cord15. The most frequently affected levels are 
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C5-C6 (37%), C6-C7 (30%), C4-C5 (27%), and C3-C4 (4%)16. 
The cervical neural roots from C4 to C8 are known to contribute 
to the sensory and motor innervations associated with anterior 
chest pain, which may be involved in the primary pathogenesis 
of cervical angina17. In addition to compressive causes, spinal 
ischemia and infarction have also been reported in the literature 
as causal factors18. Clinical suspicion should increase whenever 
the pain is related to neck movements or postures, relieved by a 
cervical collar or simple head support, and when the patient reports 
cervicobrachial paresthesias1. Among the provocative maneuvers, 
the Spurling maneuver (extension + ipsilateral rotation + axial 
compression) is the most reproduced: sensitivity of 30–60% and 
specificity close to 90%, the Jackson maneuver (lateral flexion + 
compression), the elevated arms test and palpation of trigger 
points in the scalene, pectoralis major and sternocleidomastoid 
muscles, important for excluding myofascial pain1.

Regarding imaging evaluation, anteroposterior, lateral, and oblique 
radiographs may show loss of lordosis, posterior osteophytes, 
segmental instability, and narrowing of the disc space; flexion-
extension projections reveal occult instability15. Magnetic resonance 
imaging is the gold standard: it demonstrates disc herniation, 
spondylosis, foraminal stenosis, and even intramedullary hyperintense 
signal on T2-weighted images, an early sign of myelopathy15. 
Feng et al.1, propose five diagnostic criteria: documented exclusion 
of cardiac disease; reproducible chest pain or pain exacerbated by 
movement/cervical compression; consistent neurological signs; 
evidence of cervical pathology on imaging; improvement after 
spinal-directed treatment (physiotherapy, infiltration, or surgery).

THERAPEUTIC APPROACHES TO CERVICAL ANGINA

From conservative management to surgical innovations
Although the diagnostic challenge of AC is well documented, 
management decisions are often less clearly defined. In this sense, 
conservative and interventional cervical angina management 
strategies stand out. Information regarding therapeutic 
management is shown in Table 1.

Conservative management: the foundation of treatment
Conservative, non-operative management is universally 
recognized as the appropriate first-line treatment for AC1,15. 
The primary goal is to relieve pain, improve function, reduce 
neuroradicular inflammation, and allow the natural history of 
the often self-limiting condition to run its course30. A period of 
conservative treatment of at least three months is recommended 
before considering surgical intervention, except in cases of 
severe or progressive neurological deficits1,5.

Pharmacotherapy and immobilization
Pharmacotherapy is used to manage acute symptoms of pain, 
inflammation, and muscle spasm. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) reduce inflammation around the compressed 
nerve root18,31. For patients with significant muscle spasm in 
the cervical and parascapular regions, muscle relaxants such as 
cyclobenzaprine may be beneficial25. In cases where the pain is 
neuropathic, anticonvulsants such as gabapentin, pregabalin, or 

Table 1.  Main results with conservative and surgical treatment of cervical angina.

Study Study Type Sample Treatment(s) Key Findings and Outcomes
Kültür and Bal, 

202519
Retrospective 
Comparative

75 patients Surgical: 
CDR vs. ACDF

CDR provided similar symptom relief to ACDF 
but with better motion and significantly less 
adjacent segment disease (2.6% vs 16.7%).

Youssef et al., 
202520

Retrospective Study 38 patients Surgical: 
MI-PCF

Minimally invasive posterior foraminotomy was 
safe and effective for radiculopathy (94.7% 
good/excellent outcomes), for both disc and 

bone issues.
Taso et al., 

202521
Randomized 

Controlled Trial
180 patients Surgical: ACDF. 

Non-surgical: 
Structured 

physical medicine/
rehabilitation and 

physiotherapy

Surgery (ACDF) is superior for radiculopathy 
caused by disc herniation but not superior for 

radiculopathy caused by spondylosis.

Abbreviations: ACDF: Anterior Cervical Discectomy and Fusion. CDA: Cervical Disc Arthroplasty. CDR: Cervical Disc Replacement. 
CESI: Cervical Epidural Steroid Injection. MDT: Mechanical Diagnosis and Therapy. MI-PCF: Minimally Invasive Posterior Cervical 
Foraminotomy. PPECFD: Posterior Percutaneous Endoscopic Cervical Foraminotomy and Discectomy. SNRB: Selective Nerve 
Root Block.
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Study Study Type Sample Treatment(s) Key Findings and Outcomes
Schultz et al., 

202222
Retrospective Case 

Series
6.158 

patients
Interventional:  

CESI
Large-scale study (n=12,168) confirmed the 

safety of epidural steroid injections at all 
cervical levels, with a very low complication 

rate (1.1%).
Chu and Wong, 

202110
Case Report 1 patient Conservative: 

Chiropractic Care
A patient’s angina and radicular symptoms 

resolved completely with a course of 
chiropractic treatment (manipulation, soft 

tissue mobilization, traction).
Chien et al., 

20215
Retrospective 
Cohort Study

163 patiens Surgical: ACDF 
vs. Conservative: 

Medication, 
physical 

therapy, collar 
immobilization, 

stellate ganglion 
block

For refractory cervical angina, ACDF was 
significantly more effective than conservative 
care (78.2% vs. 35% good/excellent results).

Shi et al., 202123 Retrospective Study 26 patients Diagnostic: 
SNRB + Surgical: 

PPECFD

Using a diagnostic nerve block (SNRB) to 
guide minimally invasive surgery (PPECFD) 
proved to be a precise and effective strategy 

(84.6% success).
Al Jammal et al., 

202024
Case Report & 

Systematic Review
1 patient Surgical: C6-7 CDA The first reported case of cervical disc 

arthroplasty for cervical angina resulted in 
complete and immediate pain resolution.

Htay et al., 
201925

Case Report 1 patient Conservative: 
Acupuncture, 

muscle relaxant 
(tolperisone), and 
a COX-2 inhibitor 

(Etoricoxib)

Patient with C6/C7 nerve root compression, 
a case of cervical angina showed rapid 

and sustained pain relief with acupuncture, 
supporting its use in a multimodal conservative 

approach.

Carlton et al., 
201726

Case Report 1 patient Conservative: MDT 
(Physical Therapy)

Targeted physical therapy (MDT) was highly 
effective for radiculopathy, resolving all 

symptoms even in a patient with a prior failed 
C5-C7 ACDF surgery.

Kato et al., 
201627

Case Report 1 patient Conservative: 
Rest, pregabalin, 

and physical 
rehabilitation

A case of thoracic disc herniation causing 
chest pain highlights the need to consider 

spinal pathology in the differential for 
non-cardiac chest pain.

Nakajima et al., 
20066

Retrospective Case 
Series

10 patients Surgical: 
Anterior surgical 
decompression.

All 10 patients, initially misdiagnosed with 
heart disease, achieved complete pain relief 

after surgery, underscoring the diagnostic 
challenge.

Ozgur and 
Marshall, 200328

Retrospective 
Cohort

39 patients Surgical: ACDF at 
C6-7

16% of patients with C7 radiculopathy 
presented with atypical chest or subscapular 
pain. The vast majority experienced complete 

or significant symptom relief after surgery.
Jacobs, 199029 Retrospective Case 

Series
164 patients Conservative: 

Hard collar, 
traction, exercise, 

medications. 
Surgical: ACDF for 

refractory cases 
(n=38)

The majority of patients responded to 
conservative treatment, while surgery is highly 
effective for refractory cases (87% success).

Abbreviations: ACDF: Anterior Cervical Discectomy and Fusion. CDA: Cervical Disc Arthroplasty. CDR: Cervical Disc Replacement. 
CESI: Cervical Epidural Steroid Injection. MDT: Mechanical Diagnosis and Therapy. MI-PCF: Minimally Invasive Posterior Cervical 
Foraminotomy. PPECFD: Posterior Percutaneous Endoscopic Cervical Foraminotomy and Discectomy. SNRB: Selective Nerve 
Root Block.

Table 1. Continued...
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certain classes of antidepressants, such as tricyclics and SNRIs, 
are often used1,31,32.

Another approach that can be used is immobilization with a 
cervical collar for short-term use to limit neck mobility and reduce 
mechanical irritation of the nerve roots1,25. However, prolonged 
use is not recommended, as it can lead to atrophy of the cervical 
muscles and stiffness, impairing long-term recovery33.

Physiotherapy and rehabilitation
Physical therapy is a fundamental pillar of the conservative strategy, 
using a multimodal approach to restore function and mitigate 
pain24,33. Indeed, exercises designed to strengthen the deep cervical 
flexors and other supporting muscles of the neck and shoulder 
girdle, as well as stretching exercises to improve flexibility and 
range of motion, help in the application of specific techniques 
adapted to the individual clinical presentation of the patient30. 
Carlton et al.26, describes a 42-year-old woman with persistent 
neck pain and radiculopathy even after undergoing a surgical 
procedure at the C5-C7 level. Her symptoms had not resolved with 
traditional physical therapy, consisting of stretching, strengthening, 
and traction. However, when she underwent an evaluation using 
Mechanical Diagnosis and Therapy (MDT), her symptoms were 
classified as a thoracic spine derangement. A highly specific home 
exercise program focused on thoracic extension led to the rapid and 
complete resolution of her symptoms and a full return to function.

Complementary modalities can also play a significant role in a 
multimodal conservative strategy30. Htay et al.25 details the successful 
management of a 53-year-old woman with cervical angina caused 
by C6-C7 nerve root compression. After initial treatments with 
multiple medications failed to provide relief, she was treated with 
a combination of acupuncture and targeted medications (a muscle 
relaxant and a COX-2 inhibitor). The patient experienced significant 
pain relief within one hour of acupuncture treatment, which was 
maintained for two months. Chu 2, in a case report, presents a 
56-year-old man with cervicogenic angina and radiculopathy at 
the C7 level, secondary to cervical spondylosis, who underwent 
a 3-month multimodal chiropractic treatment, including cervical 
manipulation, soft tissue mobilization, and intermittent traction, 
which resulted in complete resolution of thoracic, cervical, and 
radicular pain symptoms, with an 11-month follow-up radiograph 
showing increased space of the involved neuroforamen.

In another study by Kato et  al.27, a 30-year-old male baseball 
player with chest wall pain secondary to a T9-T10 thoracic disc 

herniation was treated conservatively through an initial rest 
regimen, administration of pregabalin (150 mg twice daily), and 
subsequent physical rehabilitation, resulting in a return to full 
pitching activities 6 months after onset, with a follow-up MRI 
confirming a reduction in the size of the herniated disc.

Interventional pain management: the bridge between 
conservative and surgical care
When initial conservative measures fail, minimally invasive 
interventional procedures serve as an important intermediate step.

Epidural Steroid Injections (ESIs): Cervical ESIs, typically 
transforaminal, involve the precise administration of a 
corticosteroid into the epidural space adjacent to the inflamed 
nerve root. The potent anti-inflammatory effect of the steroid can 
reduce swelling and nerve irritation, thereby relieving the radicular 
pain that drives cervical angina34. A retrospective analysis by 
Schultz et al.22, over a 14-year period of 12,168 fluoroscopy-guided 
cervical interlaminar epidural steroid injections performed in 
6,158 patients at a single pain clinic, revealed a minor complication 
rate of 1.0% and a major complication rate of 0.06%, with no 
cases of paralysis or death, demonstrating that complication rates 
did not increase at spinal levels above C7-T1 and supporting 
the safety of the procedure in the stepped management of AC.

The retrospective cohort study by Chien et al.5, validates its place 
in the clinical armamentarium and showed that temporary relief 
of angina was due to blockade of sympathetic afferent nerve 
transmission.

Surgical treatment: the definitive approach for refractory cases
For patients with disabling symptoms refractory to conservative 
treatment or with progressive neurological deficits, surgery is 
the definitive treatment24. The fundamental goal of surgery is to 
physically decompress the spinal cord and/or nerve roots that 
are being compressed by the underlying cause, thus eliminating 
the source of radicular and referred pain15.

Anterior Cervical Discectomy and Fusion (ACDF): the gold 
standard
The procedure is performed through an anterior incision, the 
degenerated disc and osteophytes are removed, and the space is 
filled with a graft or cage and stabilized with a plate to promote 
bone fusion35. By directly removing the anterior compressive 
structures, the procedure addresses the cause of nerve irritation. In 
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a retrospective cohort study by Chien et al.5, comparing 23 patients 
who underwent ACDF with 140 who received conservative 
treatment for cervical angina, the surgical group demonstrated 
superior results. At a two-year follow-up, 78.2% of ACDF patients 
reported good or excellent results, compared with only 35% in the 
non-surgical group. This study confirms that for patients with 
refractory AC, ACDF is a highly effective treatment that provides 
consistent and long-lasting relief of both angina-like symptoms 
and associated autonomic dysfunction5. Ozgur and Marshall28 
report that 16% of 241 patients who underwent anterior cervical 
discectomy presented with chest pain or subscapularis pain. Of 
these patients, 90% had significant to complete symptomatic relief 
after anterior cervical discectomy. Jacobs29 reports 164 patients 
with cervical angina, most of whom obtained symptomatic relief 
through conservative treatment. Furthermore, 38 of the 164 (23%) 
were refractory to conservative treatment and underwent anterior 
disc excision and spinal fusion. Of these, 33 patients (87%) obtained 
complete symptomatic relief, and the remaining 5 patients obtained 
complete relief after subsequent revision surgery 29. Nakajima et al.6, 
report 10 surgical patients with cervical pathology who presented 
with symptoms of pseudoangina. Patients underwent anterior 
decompression (n = 6) or subtotal spondylectomy (n = 4), and all 
achieved symptomatic relief within 4 months after the operation.

Cervical Disc Arthroplasty (CDA): the motion preservation 
alternative
Even though ACDF is highly effective, fusing a spinal segment 
eliminates motion at that level. This has led to concerns about the 
potential for accelerated wear, or “adjacent segment disease,” at the 
levels above and below the fusion. In response to this concern, 
cervical disc arthroplasty (CDA), or artificial disc replacement, was 
developed as a motion-preserving alternative. In CDA, after the 
discectomy is performed, an artificial disc designed to mimic the 
motion of a natural disc is implanted24. Al Jammal et al.24, presents a 
34-year-old man who suffered from persistent neck and chest pain 
due to a C6-7 disc herniation that was refractory to 12 months of 
conservative therapy. After a C6-7 ADC, the patient experienced 
complete and immediate resolution of all his symptoms.

In a retrospective comparative study with a mean follow-up of more 
than five years of cervical disc arthroplasty (CDA) demonstrated 
comparable symptomatic relief to Anterior Cervical Discectomy 
and Fusion (ACDF) regarding pain and disability; however, CDA 
resulted in significantly better maintenance of segmental range of 
motion (9.0° versus 1.1°), greater restoration of cervical lordosis 

and disc height, and a lower incidence of adjacent segment disease 
(2.6% versus 16.7%) and revision surgeries19.

Minimally invasive posterior approaches: foraminotomy and 
discectomy
Minimally Invasive Posterior Cervical Foraminotomy (MI-PCF) 
involves making a small incision in the posterior cervical region and 
removing a small portion of the lamina and facet joint to directly 
decompress the nerve root. The main advantage of this approach is 
that it avoids fusion, thus preserving movement without the need 
for an artificial implant. A retrospective study by Youssef et al.20, 
evaluated 38 patients who underwent MI-PCF for unilateral 
radiculopathy and found significant improvements in both pain 
(Visual Analog Scale) and disability scores (Neck Disability Index), 
with 94.7% of patients reporting excellent or good results.

In another retrospective study by Shi et al.23, with a cohort of 26 patients 
with diagnostically uncertain cervical radiculopathy, treatment with 
foraminotomy and posterior percutaneous endoscopic cervical 
discectomy, after identification of the causative nerve root through 
selective nerve root block, resulted in significant improvements in arm 
and neck pain scores and the Cervical Disability Index, with 84.6% 
of patients achieving a good or excellent result by Macnab criteria at 
a mean follow-up of 14 months and without major complications21,23. 
Taso et al.21, conducted two randomized controlled trials among 
180 patients, comparing surgery (ACDF) with a structured, non-
surgical program (physical therapy and rehabilitation) for patients 
with disabling cervical radiculopathy. The crucial distinction was 
that they stratified patients based on the underlying pathology. In 
the trial involving patients whose radiculopathy was caused by a 
cervical disc herniation, surgery resulted in a statistically significant 
and clinically important improvement in disability (as measured by 
the Neck Disability Index) compared to non-surgical treatment over 
12 months. However, in the second trial, which included patients 
whose radiculopathy was caused by degenerative spondylosis (bony 
stenosis), there was no significant difference in outcomes between 
the surgical and non-surgical groups21. Successful management of AC 
therefore depends on a detailed and patient-specific selection process.

CONCLUSION

AC is a condition that manifests with chest pain similar to 
cardiac angina, often accompanied by autonomic symptoms 
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such as dyspnea, headache, and dizziness. Recognition of clinical 
signs and the use of imaging tests, such as MRI, combined with 
provocative physical tests, are essential for differential diagnosis, 
especially in emergency departments where chest pain is highly 
prevalent and potentially severe. Conservative management 
with medications, physical therapy, and chiropractic care yields 
good results in most cases, while surgical approaches, such 
as anterior cervical discectomy and arthroplasty, are effective 
in patients refractory to clinical treatment. Cervical angina 
remains underrecognized, which can delay diagnosis and lead to 
unnecessary cardiac investigations. Therefore, early identification 
and appropriate management directly impact patients’ quality 
of life, avoiding additional morbidity, high hospital costs, and 
misguided treatments.

REFERENCES

1.	 Feng F, Chen X, Shen H. Cervical angina: a literature review on its 
diagnosis, mechanism, and management. Asian Spine J. 2021;15(4):550-
6. http://doi.org/10.31616/asj.2020.0269. PMid:33108845.
2.	 Chu EC-P. Cervical radiculopathy as a hidden cause of angina: 
cervicogenic angina. J Med Cases. 2022;13(11):545-50. http://
doi.org/10.14740/jmc4025. PMid:36506762.
3.	 Chu EC-P, Yun S, Huang KHK. Cervicogenic angina and dyspnea 
secondary to cervical radiculopathy. Cureus. 2023;15(4):e37515. http://
doi.org/10.7759/cureus.37515. PMid:37064724.
4.	 Phillips J. The importance of examination of the spine in the presence 
of intrathoracic or abdominal pain. Proc Int Postgrad MA North Am. 
1927;70:3.
5.	 Chien JT, Hsieh MH, Yang CC, Chen IH, Lee RP. Anterior Cervical 
discectomy and fusion versus conservative treatment for cervical angina 
conservative treatment. Clin Spine Surg. 2021;34(9):E514-21. http://
doi.org/10.1097/BSD.0000000000001178. PMid:33828047.
6.	 Nakajima H, Uchida K, Kobayashi S,  et  al. Cervical angina: a 
seemingly still neglected symptom of cervical spine disorder? Spinal 
Cord. 2006;44(8):509-13. http://doi.org/10.1038/sj.sc.3101888. 
PMid:16331305.
7.	 Lepor NE, McCullough PA. Differential diagnosis and overlap of 
acute chest discomfort and dyspnea in the emergency department. Rev 
Cardiovasc Med. 2010;11(S2, Suppl 2):S13-23. http://doi.org/10.3909/
ricm11S2S0006. PMid:20700098.
8.	 Bogduk N, Govind J. Cervicogenic headache: an assessment of the 
evidence on clinical diagnosis, invasive tests, and treatment. Lancet Neurol. 
2009;8(10):959-68. http://doi.org/10.1016/S1474-4422(09)70209-1. 
PMid:19747657.

9.	 Higashimoto Y, Sano A, Nishiyama O,  et  al. Prefrontal cortex 
activation is associated with dyspnea during methacholine bronchial 
provocation tests in patients with bronchial asthma. Allergol 
Int. 2020;69(3):453-4. http://doi.org/10.1016/j.alit.2019.12.005. 
PMid:32113986.

10.	Chu EC-P, Wong AY-L. Cervicogenic dizziness in an 11-year-old 
girl: a case report. Adolesc Health Med Ther. 2021;12:111-6. http://
doi.org/10.2147/AHMT.S341069. PMid:34866956.

11.	Bryans R, Descarreaux M, Duranleau M,  et  al. Evidence-
Based guidelines for the chiropractic treatment of adults with 
headache. J Manipulative Physiol Ther. 2011;34(5):274-89. http://
doi.org/10.1016/j.jmpt.2011.04.008. PMid:21640251.

12.	Passmore SR, Dunn AS. Positive patient outcome after spinal 
manipulation in a case of cervical angina. Man Ther. 2009;14(6):702-5. 
http://doi.org/10.1016/j.math.2009.03.005. PMid:19380246.

13.	Thoomes EJ, Scholten-Peeters GGM, De Boer AJ,  et  al. Lack of 
uniform diagnostic criteria for cervical radiculopathy in conservative 
intervention studies: a systematic review. Eur Spine J. 2012;21(8):1459-
70. http://doi.org/10.1007/s00586-012-2297-9. PMid:22531897.

14.	Abe T, Tanei T, Nishimura Y, Saito R. True angina pectoris 
immediately after cervical disc herniation surgery for preoperative 
cervical angina symptoms: a case report. Cureus. 2022;14(8):e28313. 
http://doi.org/10.7759/cureus.28313. PMid:36168361.

15.	 Sussman WI, Makovitch SA, Merchant SHI, Phadke J. Cervical angina: an 
overlooked source of noncardiac chest pain. Neurohospitalist. 2015;5(1):22-
7. http://doi.org/10.1177/1941874414550558. PMid:25553225.

16.	Brodsky AE. Cervical angina: a correlational study with emphasis 
on the use of coronary arteriography. Spine. 1985;10(8):699-709. http://
doi.org/10.1097/00007632-198510000-00003. PMid:4081876.

17.	LaBan MM, Meerschaert JR, Taylor RS. Breast pain: a symptom 
of cervical radiculopathy. Arch Phys Med Rehabil. 1979;60(7):315-7. 
PMid:454130.

18.	Nakae Y, Johkura K, Kudo Y, Kuroiwa Y. Spinal cord infarction 
with cervical angina. J Neurol Sci. 2013;324(1-2):195-6. http://
doi.org/10.1016/j.jns.2012.11.005. PMid:23199591.

19.	Kültür Y, Bal E. Intermediate to long-term clinical and radiological 
results of cervical disc prosthesis: a comparative study with anterior 
cervical discectomy and fusion. Jtss. 2025;36(2):71-6. http://
doi.org/10.4274/jtss.galenos.2025.59251.

20.	Youssef EM, Abdeen M, Saleh MK, Eladawy A, Alaa Eldin AM. 
Outcomes of minimally invasive posterior cervical foraminotomy for 
unilateral cervical radiculopathy. Advanced Spine Journal. 2025;43(1):3-
10. http://doi.org/10.57055/2974-4822.1314.

21.	Taso M, Sommernes JH, Sundseth J,  et  al. Surgical versus 
nonsurgical treatment for cervical radiculopathy. NEJM Evidence. 
2025;4(4):a2400404. http://doi.org/10.1056/EVIDoa2400404. 
PMid:40130970.

https://doi.org/10.31616/asj.2020.0269
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33108845&dopt=Abstract
https://doi.org/10.14740/jmc4025
https://doi.org/10.14740/jmc4025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36506762&dopt=Abstract
https://doi.org/10.7759/cureus.37515
https://doi.org/10.7759/cureus.37515
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37064724&dopt=Abstract
https://doi.org/10.1097/BSD.0000000000001178
https://doi.org/10.1097/BSD.0000000000001178
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33828047&dopt=Abstract
https://doi.org/10.1038/sj.sc.3101888
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16331305&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16331305&dopt=Abstract
https://doi.org/10.3909/ricm11S2S0006
https://doi.org/10.3909/ricm11S2S0006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20700098&dopt=Abstract
https://doi.org/10.1016/S1474-4422(09)70209-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19747657&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19747657&dopt=Abstract
https://doi.org/10.1016/j.alit.2019.12.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32113986&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32113986&dopt=Abstract
https://doi.org/10.2147/AHMT.S341069
https://doi.org/10.2147/AHMT.S341069
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34866956&dopt=Abstract
https://doi.org/10.1016/j.jmpt.2011.04.008
https://doi.org/10.1016/j.jmpt.2011.04.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21640251&dopt=Abstract
https://doi.org/10.1016/j.math.2009.03.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19380246&dopt=Abstract
https://doi.org/10.1007/s00586-012-2297-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22531897&dopt=Abstract
https://doi.org/10.7759/cureus.28313
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36168361&dopt=Abstract
https://doi.org/10.1177/1941874414550558
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25553225&dopt=Abstract
https://doi.org/10.1097/00007632-198510000-00003
https://doi.org/10.1097/00007632-198510000-00003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4081876&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=454130&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=454130&dopt=Abstract
https://doi.org/10.1016/j.jns.2012.11.005
https://doi.org/10.1016/j.jns.2012.11.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23199591&dopt=Abstract
https://doi.org/10.4274/jtss.galenos.2025.59251
https://doi.org/10.4274/jtss.galenos.2025.59251
https://doi.org/10.57055/2974-4822.1314
https://doi.org/10.1056/EVIDoa2400404
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40130970&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40130970&dopt=Abstract


J Bras Neurocirur 36 (4):495-502, 2025
https://doi.org/10.22290/jbnc.2025.22081535

502

Review

Santos KFV, Santos GR, Santos IF, Pereira CU - Clinical Aspects and Therapeutic 
Management of Cervical Angina: an integrative literature review

22.	 Schultz DM, Hagedorn JM, Abd-Elsayed A, Stayner S. Safety of 
interlaminar cervical epidural injections: experience with 12,168 procedures 
in a single pain clinic. Pain Physician. 2022;25(1):49-58. PMid:35051144.
23.	Shi C, Xu N, Sun B, et al. Clinical outcomes of posterior percutaneous 
endoscopic cervical foraminotomy and discectomy assisted with SNRB 
in treating cervical radiculopathy with diagnostic uncertainty. Pain 
Physician. 2021;24(4):E483-92. PMid:34213874.
24.	Al Jammal OM, Diaz-Aguilar LD, Srinivas S, Plonsker J, Sahyouni 
R, Pham MH. Cervical arthroplasty in the treatment of cervical angina: 
case report and review of the literature. Neurospine. 2020;17(4):929-38. 
http://doi.org/10.14245/ns.2040074.037. PMid:33401872.
25.	Htay MNN, Ni H, Moe S. Cervical spondylosis mimicking cardiac 
angina. J Case Rep Images Med. 2019;5: 100050Z09MH2019.
26.	Carlton L, Maccio JR, Handford J, Patel P. The application of 
mechanical diagnosis and therapy in failed anterior cervical discectomy 
and fusion: a case report. OROAJ. 2017;9(4). http://doi.org/10.19080/
OROAJ.2017.09.555766.
27.	Kato K, Yabuki S, Otani K, et al. Unusual chest wall pain caused by 
thoracic disc herniation in a professional baseball pitcher. Fukushima 
J Med Sci. 2016;62(1):64-7. http://doi.org/10.5387/fms.2015-25. 
PMid:26983590.
28.	Ozgur BM, Marshall LF. Atypical presentation of C-7 radiculopathy. 
J Neurosurg. 2003;99(2, Suppl):169-71. http://doi.org/10.3171/
spi.2003.99.2.0169. PMid:12956459.
29.	Jacobs B. Cervical angina. NY State J Med. 1990;90(1):8-11. 
PMid:2296405.
30.	Childress MA, Becker BA. Nonoperative management of cervical 
radiculopathy. Am Fam Physician. 2016;93(9):746-54. PMid:27175952.
31.	Magnus W, Viswanath O, Viswanathan VK, Mesfin FB. Cervical 
radiculopathy. Treasure Island: StatPearls Publishing; 2025.
32.	Cheshire WP Jr. Spinal cord infarction mimicking angina pectoris. 
Mayo Clin Proc. 2000;75(11):1197-9. http://doi.org/10.4065/75.11.1197. 
PMid:11075751.
33.	Brown NJ, Shahrestani S, Lien BV,  et  al. Spinal pathologies 
and management strategies associated with cervical angina 
(pseudoangina): a systematic review. J Neurosurg Spine. 

2021;34(3):506-13. http://doi.org/10.3171/2020.7.SPINE20866. 
PMid:33276331.
34.	Dydyk AM, Hu Y, Stretanski MF, Sekhri NK. Cervical epidural 
injection. Treasure Island: StatPearls Publishing; 2025.
35.	Laratta JL, Reddy HP, Bratcher KR, McGraw KE, Carreon LY, Owens 
RK 2nd. Outcomes and revision rates following multilevel anterior 
cervical discectomy and fusion. J Spine Surg. 2018;4(3):496-500. http://
doi.org/10.21037/jss.2018.06.16. PMid:30547110.

CORRESPONDING AUTHOR

Kaio Felipe Vieira Santos 
Medical Student 
Universidade Federal de Sergipe 
Aracaju, Sergipe, Brazil  
E-mail: kaiofelipevieira7@gmail.com 

Funding: nothing to disclose.
Conflicts of interest: nothing to disclose.

CRediT

Kaio Felipe Vieira Santos: Conceptualization, Data Curation, 
Formal Analysis, Methodology, Visualization, Writing - original 
draft, Writing - review & editing. Guilherme Rodrigues Santos: 
Formal Analysis, Visualization, Writing -original draft. Isaias 
Felipe dos Santos: Conceptualization, Formal Analysis, Validation, 
Supervision, Writing - review & editing. Carlos Umberto Pereira: 
Conceptualization, Formal Analysis, Supervision, Writing - 
original draft, Writing - review & editing.

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35051144&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34213874&dopt=Abstract
https://doi.org/10.14245/ns.2040074.037
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33401872&dopt=Abstract
https://doi.org/10.19080/OROAJ.2017.09.555766
https://doi.org/10.19080/OROAJ.2017.09.555766
https://doi.org/10.5387/fms.2015-25
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26983590&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26983590&dopt=Abstract
https://doi.org/10.3171/spi.2003.99.2.0169
https://doi.org/10.3171/spi.2003.99.2.0169
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12956459&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2296405&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2296405&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27175952&dopt=Abstract
https://doi.org/10.4065/75.11.1197
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11075751&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11075751&dopt=Abstract
https://doi.org/10.3171/2020.7.SPINE20866
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33276331&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33276331&dopt=Abstract
https://doi.org/10.21037/jss.2018.06.16
https://doi.org/10.21037/jss.2018.06.16
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30547110&dopt=Abstract
mailto:kaiofelipevieira7@gmail.com


J Bras Neurocirur 36 (4):503-511, 2025
https://doi.org/10.22290/jbnc.2025.22081542

503

Case Report

Sousa CNS, Castilho NB, Machado WA, Almeida FM, Palma JKY, Oliveira CTP, 
Ortega MM - Gliomatosis Cerebri: clinical, radiological, and molecular perspectives 
on a rare diffuse glioma pattern and report of three cases

Gliomatosis Cerebri: clinical, radiological, and molecular perspectives 
on a rare diffuse glioma pattern and report of three cases
Gliomatose Cerebral: perspectivas clínicas, radiológicas e moleculares de um raro padrão de 
glioma difuso e relato de três casos

Cássio Neves da Silva Sousa1 
Nathalia Bacci Castilho1 
Wilkie Azevêdo Machado1 
Felipe Miguel de Almeida1 
Jéssica Kaoru Yamamoto Palma1 
Carlos Tadeu Parisi de Oliveira2 
Manoela Marques Ortega3 

ABSTRACT
Gliomatosis cerebri (GC) is a rare, diffusely infiltrative glial tumor pattern currently defined by the 2021 World Health Organization 
(WHO) classification as a diffuse glioma involving at least three cerebral lobes, often extending into deep gray matter and infratentorial 
regions. Clinical presentation varies depending on lesion location. Magnetic resonance imaging (MRI) typically shows widespread T2-FLAIR 
hyperintensities without significant contrast enhancement or mass effect. A definitive diagnosis requires histopathological confirmation 
and molecular profiling. Key molecular alterations—including IDH1/2 mutations, 1p/19q codeletion, ATRX loss, and MGMT promoter 
methylation—are essential for accurate classification, prognosis, and treatment planning. When feasible, safe supramaximal resection is 
recommended. We present three illustrative cases: two IDH-mutant diffuse gliomas and one IDH–wild-type glioma, each exemplifying 
the diagnostic complexity and therapeutic challenges associated with GC. These cases underscore the importance of integrating molecular 
diagnostics within a multidisciplinary framework to optimize clinical decision-making. Furthermore, we highlight the growing relevance of 
incorporating genomic and metabolomic data into glioma classification to enhance diagnostic accuracy and support personalized therapeutic 
strategies. This case series encourages the analysis of GC from a genetic and molecular perspective in light of current scientific advances.

Keywords: Gliomatosis cerebri; Diffuse glioma; IDH1 mutation; MGMT methylation; Neuro-oncology; Case report

RESUMO
Gliomatose cerebral (GC) é um padrão tumoral glial raro, difusamente infiltrativo, atualmente definido pela classificação de 2021 da 
Organização Mundial da Saúde (OMS) como um glioma difuso que envolve pelo menos três lobos cerebrais, frequentemente se estendendo 
para a substância cinzenta profunda e regiões infratentoriais. A apresentação clínica varia dependendo da localização da lesão. A ressonância 
magnética (RM) tipicamente mostra hiperintensidades T2-FLAIR generalizadas sem realce significativo pelo contraste ou efeito de massa. 
Um diagnóstico definitivo requer confirmação histopatológica e perfil molecular. Alterações moleculares importantes — incluindo mutações 
IDH1/2, codeleção 1p/19q, perda de ATRX e metilação do promotor MGMT — são essenciais para classificação, prognóstico e planejamento 
terapêutico precisos. Quando viável, recomenda-se a ressecção supramáxima segura. Apresentamos três casos ilustrativos: dois gliomas 
difusos com mutação IDH e um glioma IDH tipo selvagem, cada um exemplificando a complexidade diagnóstica e os desafios terapêuticos 
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associados à GC. Esses casos ressaltam a importância da integração do diagnóstico molecular em uma estrutura multidisciplinar para 
otimizar a tomada de decisões clínicas. Além disso, destacamos a crescente relevância da incorporação de dados genômicos e metabolômicos 
na classificação de gliomas para aumentar a precisão diagnóstica e subsidiar estratégias terapêuticas personalizadas. Incentivamos a análise 
do CG sob uma perspectiva genética e molecular, à luz dos avanços científicos atuais.

Palavras-Chave: Gliomatose cerebral; Glioma difuso; Mutação IDH1; Metilação MGMT; Neuro-oncologia; Relato de caso

posing additional barriers to comprehensive understanding1-4-6. 
As a result, current evidence remains insufficient to establish 
definitive correlations between specific molecular alterations and 
this infiltrative phenotype, particularly in the Brazilian context, 
where data scarcity and reporting inconsistencies persist1-6.

CLINICAL CASE PRESENTATIONS

Case 1
A 49-year-old woman presented in January 2023 with her first 
episode of generalized tonic-clonic seizure. A contrast-enhanced 
computed tomography (CT) scan of the brain revealed a 
nonspecific hypodense area in the left parietal lobe. Subsequent 
magnetic resonance imaging (MRI) demonstrated infiltrative 
lesions with irregular contours and poorly defined margins, 
involving both white and gray matter of the superior and inferior 
left parietal lobes, including the parietal operculum, angular 
gyrus, supramarginal gyrus, and the left thalamus. These regions 
exhibited hyperintensity on T2-weighted sequences (Figure 1).

A stereotactic biopsy confirmed the diagnosis of diffuse 
astrocytoma, IDH1-mutant, (WHO, 2021) (Table  1)3. At 
presentation, the patient exhibited no neurological deficits: 
Karnofsky Performance Status – (KPS): 100; Neurologic 
Assessment in Neuro-Oncology – (NANO): 0. She underwent six 
cycles of temozolomide (TMZ) in combination with 30 sessions of 
radiotherapy. Levetiracetam was prescribed at a dose of 1500 mg/
day, resulting in effective seizure control.

Fifteen months after the initial diagnosis, the patient experienced 
seizure recurrence and radiological evidence of disease progression 
on follow-up MRI, prompting initiation of a new chemotherapy 
cycle. By 21 months, she exhibited marked clinical deterioration 
(KPS < 40; NANO: 18). In accordance with her previously 

INTRODUCTION

Gliomatosis cerebri (GC) is a rare neuro-oncological condition 
that has undergone substantial redefinition in both its classification 
and conceptual framework over recent decades1. Following the 
revisions introduced in the 2016 and 2021 editions of the World 
Health Organization (WHO) Classification of Tumors of the 
Central Nervous System (CNS), GC is no longer recognized as 
an independent pathological entity. Instead, it is now classified 
as a diffuse and extensive infiltration pattern2,3. This infiltrative 
phenotype encompasses both astrocytic and oligodendroglial 
lineages and typically involves at least three cerebral lobes. In many 
cases, the process is bilateral and may extend to infratentorial 
structures, including the brainstem and cerebellum2,3.

A defining feature of GC is the widespread dissemination of 
neoplastic glial cells throughout the brain parenchyma while 
preserving the overall cytoarchitectural integrity, thereby 
differentiating it from the more destructive and necrotic 
patterns observed in high-grade gliomas3,4. Although no longer 
classified as a distinct tumor entity by the WHO, the diffuse 
growth pattern of gliomatosis cerebri presents major diagnostic 
and treatment challenges, as its widespread brain involvement 
often hinders extensive surgery and limits the effectiveness of 
focal radiotherapy4.

The true incidence of GC remains poorly characterized, owing to its 
reclassification and the relative rarity of reported cases. According 
to data from the Central Brain Tumor Registry of the United States 
(CBTRUS)5, the estimated incidence is approximately 0.15 cases 
per million individuals. GC has been described across a wide age 
range (1 to 98 years), with a higher incidence (0.43 per million) 
reported among older adults (≥65 years). A modest male 
predominance has also been observed, with a male-to-female 
ratio of approximately 1.44-6. In Brazil, epidemiological data 
are notably limited, and national-level registries are lacking, 
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Figure 1. Axial T2-weighted magnetic resonance imaging (MRI) showing a diffuse, hyperintense, and infiltrative lesion involving 
both cortical (gray matter) and subcortical (white matter) structures of the superior and inferior parietal lobes in the left cerebral 
hemisphere. The lesion appears ill-defined, with no evident mass effect or significant contrast enhancement, consistent with the 

radiological features of gliomatosis cerebri.

Table 1. Immunohistochemical profile of three cases of Gliomatosis Cerebri. 

Case Diagnosis Ki-67 (MIB-1) GFAP OLIG2 IDH1 ATRX TP53
1 Diffuse astrocytoma,  

IDH-mutant (WHO, 2021)
Positive 
(<1%)

Positive Positive  
(rare cells)

Positive Inconclusive Weakly positive 
(non-aberrant 
TP53 pattern)

2 High-grade diffuse 
glioma, IDH-wildtype 

(Grade 4, WHO, 2021)

Positive 
(20–25%)

Focally 
positive

Positive Negative Preserved Negative; Loss 
of PMS2/MLH1; 

preserved MSH2/
MSH6

3 Astrocytoma, IDH-mutant, 
Grade 2 (WHO, 2021)

Positive (1%) Positive Positive Positive Loss (with 
internal 

control +)

Strongly positive 
(diffuse); 

Aberrant TP53 
pattern

Note: Ki-67 is expressed as the percentage of positive tumor cells. ATRX loss is defined by the absence of nuclear staining with 
preserved internal controls. TP53 is evaluated semi-quantitatively; an aberrant pattern indicates strong diffuse nuclear positivity. 
Diagnoses are based on the WHO Classification of Tumours of the Central Nervous System (2021)3.
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Figure 2. A and B. Axial T2-FLAIR brain MRI showing an expansile and infiltrative lesion centered in the inferomedial aspect 
of the right cerebellar hemisphere, extending to the superior, middle, and inferior cerebellar peduncles. C and D. Additional 

infiltrative lesions with similar signal characteristics involve the uncus, temporal pole, inferior temporal gyrus, entire hippocampus, 
parahippocampal gyrus, medial and lateral occipitotemporal gyri, a portion of the lentiform nucleus, right cerebral peduncle, and a 

small area of the splenium of the corpus callosum.

expressed wishes and following a discussion with her family, 
care was transitioned to a palliative approach.

Case 2
A 64-year-old male patient was admitted presenting with 
headache, seizures, and motor weakness. Upon examination, 
he exhibited significant functional impairment, KPS: 40 and 
NANO score: 14. MRI revealed isolated areas of T2 and FLAIR 
hyperintensity within the deep white matter of both cerebral 
hemispheres, accompanied by solid and cystic lesions located in 
the right temporo-parietal region, affecting both infratentorial 
and supratentorial compartments (Figure  2). A maximally 
safe resection of the largest infiltrative lesion was performed 
via a classical craniotomy centered on the primary mass. 
Histopathological evaluation confirmed a diagnosis of high-
grade diffuse glioma, IDH1-wildtype (WHO Grade 4, 2021) 

(Table 1). The patient commenced adjuvant therapy consisting 
of temozolomide chemotherapy and radiotherapy. Despite 
treatment, clinical deterioration occurred within three months, 
necessitating orotracheal intubation. The patient succumbed to 
the disease four months after initiation of therapy.

Case 3
A 55-year-old male patient presented with a three-month history of 
severe headaches and behavioral disturbances, including episodes 
of verbal aggression. During hospitalization, he experienced a 
seizure. Initial neurological examination revealed no focal deficits 
(KPS: 100; NANO scale: 0). MRI demonstrated a large area of signal 
abnormality characterized by mild mass effect, preservation of the 
cortico-subcortical interface, confluent T2-weighted and FLAIR 
hyperintensity, and hypointensity on T1-weighted images (Figure 3). 
A stereotactic biopsy confirmed the diagnosis IDH1-mutant 
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astrocytoma, (WHO Grade, 2021), (Table 1). The patient initiated 
treatment with TMZ followed by radiotherapy. Eight months after 
diagnosis, he developed clinical symptoms consistent with acute 
myocardial infarction and rapidly deteriorated into severe heart 
failure, culminating in death on the same day.

DISCUSSION

Clinical presentation and diagnosis of the gliomatosis cerebri 
pattern
Under the 2021 WHO classification, GC is no longer recognized 
as a distinct tumor entity, but rather as a diffuse infiltrative growth 

pattern exhibited by certain gliomas1-3. This pattern is defined 
by the extensive infiltration of neoplastic glial cells involving at 
least three cerebral lobes, often extending to deep brain structures 
such as the corpus callosum, basal ganglia, thalamus, brainstem, 
and cerebellum, typically in a bilateral and asymmetric manner1,2. 
Despite widespread parenchymal involvement, the overall 
cytoarchitecture of the brain is frequently preserved1.

The clinical presentation of GC is markedly heterogeneous and 
often non-specific, largely reflecting the anatomical distribution 
and extent of parenchymal infiltration1. Common manifestations 
include progressive cognitive decline, memory impairment, 
personality or behavioral changes, fatigue, and seizures3-7. 
Focal neurological deficits, such as hemiparesis, aphasia, 
visual disturbances, and ataxia, are also frequently observed3. 

Figure 3. A and B. Magnetic resonance imaging of the brain. Note the confluent hyperintensity on T2-weighted and FLAIR sequences. 
C and D. And corresponding hypointensity on contrast-enhanced T1-weighted images, centered on the right uncus and striatum. The 

lesion extends into the anterior limb of the right internal capsule, the base and pole of the right frontal lobe, and crosses the midline via 
the genu and rostrum of the corpus callosum, reaching the base of the left frontal lobe and the left lentiform nucleus.
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Involvement of key neuroanatomical pathways, including the 
corticospinal and spinocerebellar tracts, as well as cranial nerves, 
may result in myelopathy, papilledema, and cranial neuropathies. 
Notably, some patients may remain clinically stable or even 
asymptomatic despite extensive radiological involvement, which 
can contribute to diagnostic delays or underdiagnosis1,7-11.

Computed tomography (CT) of the head is inadequate for the 
evaluation of GC; contrast-enhanced MRI remains the gold 
standard. GC typically presents as diffuse, with no enhancing 
T2/FLAIR hyperintensities in multiple lobes, often involving the 
deep gray matter and infratentorial regions1-12. Features include 
thickening of the corpus callosum and gray-white matter blurring. 
Although uncommon, contrast enhancement may suggest anaplastic 
transformation. Advanced MRI techniques provide additional 
information about tumor metabolism and extent but cannot 
definitively distinguish GC from other diffuse pathologies12,13.

Definitive diagnosis of gliomatosis-like infiltration requires 
histopathological confirmation via stereotactic biopsy. This step is 
essential for accurately identifying the underlying glioma subtype 
responsible for diffuse pattern – most commonly IDH-mutant 
astrocytoma, oligodendroglioma, or glioblastoma. Molecular 
profiling further enhances diagnostic precision and informs both 
prognosis and therapeutic strategies12-15. Critical biomarkers include 
IDH mutation, 1p/19q co-deletion, and O6-methylguanine-DNA 
methyltransferase (MGMT) promoter methylation, each of which 
carries significant prognostic and therapeutic relevance15.

The prognosis for patients diagnosed with GC remains poor, 
with reported one-year survival rates ranging from 26 to 52%5-8. 
Notably, a frequent mismatch exists between clinical symptoms 
and radiological findings are common; some patients may remain 
clinically asymptomatic despite imaging evidence of extensive 
disease burden1-6-17. GC can be classified as either primary or 
secondary. Primary GC is defined involvement of the CNS 
at initial diagnosis, and it is further subclassified into Type I 
(classic), characterized by the absence of a discrete mass lesion, 
and Type II, which presents with a diffuse infiltrative pattern 
alongside a well-defined tumor mass. Secondary GC refers to the 
transformation of previously localized glioma and may develop 
following radiotherapy or antiangiogenic treatment6,7-9.

According to the latest update from the U.S. National Cancer 
Institute (August 2024), initial management of gliomatosis cerebri 

(GC) typically involves maximal safe resection. However, due 
to the absence of a well-defined mass, most cases are limited to 
biopsy. No standardized post-biopsy treatment exists; radiotherapy 
and chemotherapy are commonly used, with decisions tailored 
to patient-specific factors such as age, tumor burden, histology, 
and location. Temozolomide remains the most widely used 
chemotherapeutic agent, particularly given the predominance 
of astrocytic subtypes in GC1-11.

Molecular profiling in gliomas with a gliomatosis-like growth 
pattern
Although GC is no longer classified as a distinct pathological 
entity in the 2021 WHO Classification of CNS tumors, the 
gliomatosis-like growth pattern - characterized by diffuse and 
infiltrative involvement of multiple cerebral lobes - continues to 
hold significant clinical and biological relevance3-18. This growth 
pattern is most frequently observed in diffusely infiltrating gliomas, 
including IDH-mutant astrocytomas, oligodendrogliomas, and 
glioblastomas18. Consequently, molecular profiling is essential in 
such cases to enable accurate diagnosis, prognosis assessment, 
and the development of personalized treatment strategies19.

Among the most important molecular markers, IDH mutations, 
particularly in IDH-1 gene, are frequently commonly associated 
with lower-grade gliomas and secondary glioblastomas, and are 
correlated with more favorable clinical outcomes. IDH-mutant 
tumors tend to exhibit slower progression and increased 
responsiveness to chemotherapy, distinguishing them from their 
IDH-wildtype counterparts3-18,20. Furthermore, identification of 
IDH status is critical for differentiating primary from secondary 
glioblastomas. In recent years, targeted therapies directed against 
mutant IDH proteins have emerged as promising therapeutic 
approaches20.

The 1p/19q co-deletion is a key molecular marker for diagnosing 
oligodendrogliomas and predicts a favorable response to 
chemotherapy, especially the PCV regimen (procarbazine, lomustine, 
and vincristine)21. It helps differentiate oligodendroglial tumors 
from astrocytic gliomas, which can also show gliomatosis-like 
infiltration. MGMT promoter methylation is another critical factor, 
particularly in glioblastoma patients treated with temozolomide 
(TMZ)22. This epigenetic modification reduces DNA repair in tumor 
cells, enhancing the efficacy of alkylating agents and correlating 
with improved treatment response and survival3-23. Together, these 
molecular markers are integral to characterizing gliomas with 
gliomatosis cerebri patterns and guide precision neuro-oncology 
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approaches consistent with the 2021 WHO molecular classification. 
Although gliomatosis cerebri lacks a distinct nosological category, 
these biomarkers remain essential for diagnosis and management 
of its diffuse, infiltrative glioma subtypes3-19,22.

Clinical implications and prognostic variability: insights from 
three representative cases
While IDH1 mutations generally indicate a better prognosis in 
diffusely infiltrating gliomas, outcomes vary due to molecular, 
anatomical, and treatment factors19. The cases presented highlight 
this variability and key diagnostic and management considerations 
for gliomas with gliomatosis-like growth. In case 1, stereotactic 
biopsy was performed due to tumor involvement in eloquent brain 
regions, stressing the need for histopathological confirmation 
when resection is not possible. Cases 2 and 3 featured open 
microsurgical resection, allowing wider margins. Maximal safe 
resection remains the surgical standard when feasible23.

Despite harboring an IDH1 mutation—typically associated with a 
more indolent course and favorable response to alkylating agents1 
- the patient in case 1 exhibited clinical and radiological disease 
progression, with significant functional decline observed 21 months 
after diagnosis. This case illustrates the biological variability among 
gliomas with a GC growth pattern and suggests that IDH mutational 
status alone may be insufficient to predict long-term prognosis.

Case 2 was marked by rapid clinical deterioration, likely influenced 
by the patient’s advanced age at diagnosis, higher histological 
grade per WHO classification, and baseline clinical impairment, 
as reflected in the KPS and NANO scales. These factors likely 
contributed synergistically to the unfavorable outcome3-24.

Initial treatment with temozolomide and radiotherapy followed 
standard protocols for diffusely infiltrating gliomas, with MGMT 
methylation status guiding therapeutic decisions22. In Case 1, 
preserved functional status despite eloquent tumor location 
underscored the value of a patient-centered approach. Case 2 
showed rapid deterioration, while Case 3 died of myocardial 
infarction, emphasizing the need for multidisciplinary care. These 
outcomes highlight the importance of addressing comorbidities 
and incorporating other medical specialties into the comprehensive 
management of glioma patients.

The diffuse and infiltrative nature of gliomas with GC-like growth, 
especially those involving eloquent or deep brain structures, continues 

to limit therapeutic options and negatively impact prognosis1. A 
multimodal approach that incorporates molecular profiling, genomics, 
and advanced neuroimaging may result in better patient outcomes.

CONCLUSION

Following the 2021 revision of the WHO classification of central 
nervous system tumors, GC is no longer designated as a distinct 
diagnostic entity and is now recognized as a diffuse growth pattern 
that can occur in multiple glioma subtypes. Consequently, GC 
has received less emphasis in recent literature. However, advances 
in molecular and genomic profiling highlight the need to revisit 
this highly infiltrative phenotype.

This series presents diffuse gliomas with both IDH1-mutant and 
wild-type tumors exhibiting a gliomatosis-like growth pattern, 
characterized by infiltration of more than three lobes, including 
noncontiguous and eloquent brain areas. Despite advances in 
molecular diagnostics improving classification and prognosis, 
clinical outcomes remain variable, and current treatments often 
have limited effectiveness. These cases underscore the need for 
early multidisciplinary intervention and tumor board discussions 
focused on both oncologic control and the patient’s quality of 
life and psychosocial well-being.

Systematic molecular characterization alongside patient-centered 
multidisciplinary care is essential. This study’s main limitations 
are its small sample size and restricted access to detailed molecular 
analyses within the Unified Health System (SUS). Further research 
into the biology of this aggressive infiltrative phenotype is crucial 
to develop more effective therapies and improve patient outcomes.
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ABSTRACT
Background: Scalp arteriovenous fistula (AVF), commonly referred to as a cirsoid aneurysm, represents an uncommon vascular pathology 
characterized by abnormal arteriovenous connections within the scalp. Endovascular approach for treatment offers advantages in terms 
of precision, reduced morbidity, and favorable clinical outcomes when compared to traditional surgical interventions. A systematic review 
was conducted to examine similar cases, emphasizing diagnostic classification and management strategies. Case presentation: A young 
adult developed a scalp AVF after rubber bullet trauma, confirmed by angiographic imaging. The patient underwent a transarterial 
endovascular intervention aimed at occluding the fistula. Endovascular treatment led to rapid symptom relief and complete occlusion 
of the scalp AVF, as verified by follow-up imaging. The systematic review analyzed 42 patients from 14 studies, encompassing all types 
of scalp arteriovenous fistulae. These cases were characterized by exclusively external carotid artery feeders and scalp vein drainage. All 
cases were classified according to the Yokouchi classification. A variety of endovascular techniques were employed, including the use of 
coils, n-butyl cyanoacrylate (NBCA), ethylene vinyl alcohol copolymer (EVOH), and particles, applied via transarterial, transvenous, or 
direct puncture approaches. In two cases, a second endovascular procedure was required to achieve complete obliteration of the fistula. 
Conclusion: This case highlights the advantages of the endovascular technique in managing scalp arteriovenous fistulas (AVFs), including 
reduced recovery time and minimized procedural risks. The systematic review demonstrated a variety of endovascular approaches, 
all achieving complete obliteration of the fistula, further reinforcing the efficacy of this treatment modality for managing scalp AVFs.
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RESUMO
Introdução: A fístula arteriovenosa (FAV) do couro cabeludo, também conhecida como aneurisma cirsoide, representa uma patologia 
vascular rara, caracterizada por conexões anômalas entre artérias e veias no couro cabeludo. A abordagem endovascular para o 
tratamento oferece vantagens em termos de precisão, menor morbidade e desfechos clínicos favoráveis em comparação com as intervenções 
cirúrgicas tradicionais. Foi realizada uma revisão sistemática da literatura com o objetivo de examinar casos semelhantes, com ênfase 
na classificação diagnóstica e nas estratégias de manejo. Relato de Caso: Um adulto jovem desenvolveu uma FAV do couro cabeludo 
após trauma por bala de borracha, confirmado por imagem angiográfica. O paciente foi submetido a uma intervenção endovascular 
transarterial com o objetivo de ocluir a fístula. O tratamento endovascular resultou em alívio sintomático rápido e oclusão completa da 
FAV, conforme verificado por exames de imagem de seguimento. A revisão sistemática incluiu 42 pacientes de 14 estudos, abrangendo 
todos os tipos de fístulas arteriovenosas do couro cabeludo. Esses casos apresentavam ramos exclusivamente da artéria carótida externa 
como fontes de irrigação, com drenagem venosa para veias do couro cabeludo. Todas as fístulas foram classificadas de acordo com a 
classificação de Yokouchi. Diversas técnicas endovasculares foram utilizadas, incluindo uso de molas, n-butil cianoacrilato (NBCA), 
copolímero de etileno vinil álcool (EVOH) e partículas, aplicadas por via transarterial, transvenosa ou por punção direta. Em dois 
casos, foi necessário um segundo procedimento endovascular para obter a oclusão completa da fístula. Conclusão: Este caso ressalta as 
vantagens da técnica endovascular no manejo das fístulas arteriovenosas do couro cabeludo, incluindo menor tempo de recuperação e 
redução dos riscos do procedimento. A revisão sistemática demonstrou uma variedade de abordagens endovasculares, todas com sucesso 
na oclusão completa da fístula, reforçando a eficácia dessa modalidade terapêutica para o tratamento das FAVs do couro cabeludo.

Palavras-Chave: Fístula arteriovenosa; FAV do couro cabeludo; Tratamento endovascular; Radiologia intervencionista; Aneurisma cirsoide

INTRODUCTION

Scalp arteriovenous fistulas (AVFs) are rare vascular anomalies, 
typically resulting from trauma. These fistulas form abnormal 
connections between arteries and veins, often leading to pulsatile 
vascular lesions and, in certain cases, neurological symptoms 1. 
While AVFs may be congenital or acquired, traumatic origins, such 
as penetrating or surgical injuries, are predominant, particularly 
in regions with dense vasculature like the scalp1,2. Endovascular 
embolization has been established as an effective treatment for 
scalp AVFs, allowing for fistula occlusion while preserving normal 
blood flow2. This article presents a case of scalp arteriovenous 
fistula caused by rubber bullet trauma, successfully treated with 
endovascular embolization using a balloon catheter and ethylene 
vinyl alcohol (EVOH).

METHODS

Case reports typically do not require Institutional Review Board 
review as they describe clinical observations without systematic 
investigation or intent to produce generalizable knowledge. This 
case includes no identifying information, all data are anonymized, 
and the patient provided informed consent for publication.

A systematic review was carried out from November 2024, in 
PubMed, BVS (Virtual Health Library), and SciELO (Scientific 
Electronic Library Online), based on PRISMA guidelines to 
identify similar reports and strict monitoring of inclusion and 
exclusion criteria, but was not registered in any systematic review 
database. The search keywords used were: “scalp arteriovenous 
fistula” OR scalp arteriovenous malformation” OR “cirsoid 
aneurysm” OR “cirsoid tumor”.

Studies were eligible if they presented case reports or case series 
reporting on patients with scalp arteriovenous fistula. Studies 
published from 2015 were selected. We did not adopt any 
language restrictions to assess the literature comprehensively. 
Data was extracted by two independent authors and cross-
checked by the same authors. Any disagreements were resolved 
by a third author.

CASE REPORT

A young adult presented with a history of traumatic brain injury 
(TBI) caused by a rubber projectile approximately two years 
prior. The trauma resulted in exclusive extracranial injury, 
which did not require any neurosurgical invasive procedure at 
the time. Following this period, the patient began to experience 
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pulsatile vascular dilation in the scalp, particularly in the 
left temporal region, near to the previous injury site. Upon 
examination, the patient had a Glasgow Coma Scale (GCS) 
score of 15, with an atypical gait and visible pulsatile vascular 
dilation in the scalp.

Digital subtraction angiography (DSA) revealed a large 
arteriovenous fistula malformation in the scalp, primarily fed 
by the superficial temporal artery on the left side. There was 
no involvement of the internal carotid or vertebral arteries. 
Venous drainage occurred through the superficial veins of the 
scalp (Figure  1A-B). After multidisciplinary discussion, the 
decision was made to proceed with endovascular embolization 
of the lesion.

Under general anesthesia, a femoral puncture was performed 
using a 6F sheath, and the left external carotid artery was 
accessed with a 6F guiding catheter. A balloon microcatheter 
(4×10 mm, (MicroVention, Aliso Viejo, California) was advanced 
into the posterior branch of the left superficial temporal 

artery, positioning it as close as possible to the fistulous point 
(Figure 1C-D).

With the balloon catheter inflated, the microcatheter was flushed 
with dimethyl sulfoxide (DMSO), and the fistula was embolized 
using ethylene vinyl alcohol copolymer (Onyx-18®, Medtronic, 
Irvine, CA, USA) (Figure 2A-B), performing the “pressure cooker” 
technique. The embolization successfully resulted in complete 
occlusion of the arteriovenous fistula while preserving normal 
blood circulation (Figure  2C). A postoperative fluoroscopy 
(Figure 2D) and computed tomography (CT) scan revealed no 
complications, and all liquid embolic agent remained confined 
to the extracranial compartment.

The patient was admitted to the intensive care unit (ICU) following 
the embolization procedure, conscious and oriented, with stable 
vital signs. Routine laboratory tests and CT scan conducted the 
following day showed no complications related to the procedure. 
The patient remained stable, with no neurological deficits, and 
was discharged after a satisfactory evaluation.

Figure 1. A, B. Digital subtraction angiography (DSA) illustrating an arteriovenous fistula supplied by the left superficial temporal artery, 
with venous drainage through the superficial scalp veins. C. Endovascular management of the arteriovenous fistula: the posterior 

branch of the left superficial temporal artery was catheterized using a balloon microcatheter, which was positioned proximally to the 
fistulous site. D. Microcatheter-based DSA confirming that the catheterized branch was directly supplying the fistulous point.
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RESULTS

The search yielded 93 findings, of which 44 were duplicates and 
1 was not available in full text. The remaining articles were screened 
for publications before 2015 (n=20) and by title and abstract 
(n=5), resulting in 23 studies eligible for full-text assessment. 
Finally, fourteen studies were included after excluding 9 papers 
for presenting intracranial involvement or AVFs not in the scalp 
(n=7) or no specification of the embolization technique in the 
case (n=2).3-16 Study selection is depicted in Figure 3.

A total of 42 patient records were eligible. The vessels are described 
specifically for each case in thirteen3-13,15,16 of the fourteen 
studies3-16, with the feeding arteries and draining veins defining 
the type of fistula. The following embolization techniques were 
used in the studies: transvenous (n=5), transarterial (n=5), 
direct percutaneous puncture (n=30), combined transarterial 
with transvenous (n=1) and combined transarterial with direct 

percutaneous puncture (n=1). In Walker et al.7 and Kojima et al.8, 
the “Pressure cooker” technique was used simultaneously, and 
the “Reinforced concrete” technique was used in Ni et al.16. In 
the 14 studies, there was a wide variation in the use of embolic 
agents, which were individualized in each case. In total, they 
used Onyx (n=4), n-butyl cyanoacrylate (n=23), SQUID (n=5), 
PVA (n=1), microcoils (n=1), Penumbra smart coils® (n=1), 
combined Onyx with ballon catheter (n=1), combined coils 
with PHIL (n=1), combined Onyx, Scepter C balloon and i-ED 
1 ExtraSoft coils (n=1), combined n-butyl cyanoacrylate with 
coils (n=1) and combined Onyx with coils (n=3). In addition, 
the type of fistula was represented as type A (n=3), B (n=8) and 
C (n=6), but there was a loss of data because Gopinath et al.14 did 
not specify the type of fistula in each case in the study. The 
outcomes of the cases correspond to complete resolution of the 
lesion (n=18), preoperative embolization to reduce intraoperative 
bleeding (n=2) and the need for surgical excision of the lesion 
(n=22). Abaunza-Camacho et al.10 suggested embolization of 
residual lesions. The present data specified and related to their 
corresponding cases are summarized in Table 1.

Figure 2. A, B. DSA and fluoroscopic images, respectively, depicting the initial injection of the liquid embolic agent, revealing partial 
occlusion of the arteriovenous shunt with residual arterial feeders (green arrow) contributing to the fistula. The liquid embolic artifact 

is indicated by the blue arrow. C. Post-treatment DSA demonstrating complete occlusion of the arteriovenous shunt, with normal 
circulation preserved and the embolic artifact (blue arrow) confined to the treated area. D. Final fluoroscopy confirming the embolic 

agent’s containment within the extracranial compartment, with no evidence of intracranial artifacts.



J Bras Neurocirur 36 (4):513-525, 2025Soares LGB, Lorençato GF, Manduco FAC, Sousa Segundo JA, Omena FAA, 
Teixeira MLOL, Salvagni F, Abaurre LB, Pianca Neto P, Bachelor KW, Zeidan R, 
Pimentel DP, Barbosa LA - Endovascular Treatment of Scalp Arteriovenous Fistula: 
a case report and systematic review of the literature

https://doi.org/10.22290/jbnc.2025.360316

517

Case Report

Figure 3. PRISMA flow diagram.

Table 1. Summary of the included studies in Systematic Review.

Author and 
Year

No. of 
Patients

AVFs 
localization

Feeding 
Arteries

Draining 
Veins Technique Embolic agent Conclusion

Kim T 
et al.3, 
2024

1 Lt 
Parietal

Lt; 
Occipital, 

middle 
meningeal, 
superficial 
temporal, 

supraorbital 
and 

vertebral

Lt 
Superficial 
temporal 

and internal 
jugular

Transvenous Onyx-18 and 
balloon catheter

Type B Fistula. Transarterial 
technique failed due to 
tortuosity of feeders. 

Transvenous was possible 
because of a single large 
draining vein. Onyx was 

chosen because of its ability 
to occlude the shunt from 

the venous outlet, a process 
facilitated by non-adhesive 

properties, but must be 
associated with a balloon 

catheter to avoid embolism. 
Lesion completely 

obliterated and patient did 
not present recurrence or 
symptoms at follow-up.

No: number; AVFs: arteriovenous fistulas; AVF: arteriovenous fistula; Lt: left; Rt: right ; Onyx: onyx liquid embolic system; PHIL: 
precipitating hydrophobic injectable liquid; NBCA: n-butyl-2-cyanoacrylate; SQUID: squid liquid embolic system; PVA: Polivinil álcool; 
STV: superficial temporal vein.
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Author and 
Year

No. of 
Patients

AVFs 
localization

Feeding 
Arteries

Draining 
Veins Technique Embolic agent Conclusion

Hsieh YY 
et al.4, 
2024

1 Rt 
Temporal

Bilateral 
superficial 
temporal

Rt 
Superficial 
temporal

Transarterial 
(Rt side)

NBCA Type B Fistula. Transarterial 
technique failed due to 
contralateral feeding 

development. NBCA is 
adhesive and was probably 
chosen because of the low 
flux fistula and fast acting 

properties. Patient suffered 
post-procedure headache 
due to venous obliteration. 
Subsequent surgery was 
performed, and complete 

lesion excision was achieved 
with less intraoperative 

bleeding. No symptoms, 
complications or recurrence 

presented on follow-up.
Subhan M 

et al.5, 
2023

1 Rt 
Parietal and 
extending 
from the 

vertex to the 
right temporal 

fossa.

Rt 
External 
Carotid

Rt 
Superficial 
temporal 

and internal 
jugular

Transarterial Microcoils Type C Fistula. Transarterial 
technique achieved partial 
obliteration due to minor 
collateral development 

2 weeks later. Coils were used 
because of a more controlled 

release and reduced risk 
of distal migration, but are 
less effective in this lesion 
due to collateral formation. 

Embolization was used 
to reduce intraoperative 
bleeding, but complete 

obliteration can happen. 
Patient later had surgery 

with complete lesion excision 
and significantly reduced 

intraoperative blood loss. No 
symptoms, complications 

or recurrence presented on 
follow-up.

Alfaro AJQ 
et al.6, 
2023

1 Rt 
Parieto-
occipital

Rt 
Superficial 
temporal 

and occipital

Rt 
Superficial 
Temporal

Direct 
percutaneous 

puncture

Coils and PHIL Type B Fistula. Direct 
puncture technique is used 
in these cases of superficial 
fistulas with large venous 
pouches and/or difficult 
access through other 

methods, allowing a more 
localized approach and 

faster procedure. This was 
the first described case of 

the use of PHIL in scalp AVF, 
its justification includes easy 

use, cosmetic properties, 
less glare in imaging 

and deeper penetration, 
which may be useful in 
transvenous approach. 
Lesion was obliterated 

and patient presented no 
symptoms, complications or 

recurrence on follow-up
No: number; AVFs: arteriovenous fistulas; AVF: arteriovenous fistula; Lt: left; Rt: right ; Onyx: onyx liquid embolic system; PHIL: 
precipitating hydrophobic injectable liquid; NBCA: n-butyl-2-cyanoacrylate; SQUID: squid liquid embolic system; PVA: Polivinil álcool; 
STV: superficial temporal vein.

Table 1. Continued...
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Author and 
Year

No. of 
Patients

AVFs 
localization

Feeding 
Arteries

Draining 
Veins Technique Embolic agent Conclusion

Walker GB 
et al.7, 
2023

1 Rt 
Parieto-
temporal

Rt 
Superficial 
temporal

Rt 
Superficial 
Temporal, 
Posterior 
Auricular 

and 
eventually 
Superior 
Sagittal 
Sinus

Direct 
percutaneous 

puncture 
with “Manual 

Pressure 
Cooker”

SQUID Type A Fistula. Direct 
puncture technique 

was used because of 
superficial fistula with 

large venous pouches and 
difficult access. During 

embolization, feeder artery 
was manually compressed, 
to improve embolic agent 
penetration, similar to the 

pressure cooker technique. 
SQUID, a non-adhesive 

embolic agent was chosen 
due to a safe location 

wherein reflux would not 
be harmful. The lesion was 
completely obliterated, and 

the patient presented no 
symptoms, complications or 

recurrence on follow-up.
Kojima D 

et al.8, 
2022

1 Lt 
Temporal

Rt 
Superficial 
temporal 
and deep 
anterior 
temporal

Rt 
Superficial 
temporal 
and deep 
temporal

Transarterial 
with pressure 
cooker and 

Transvenous

Onyx, Scepter 
C balloon 
and i-ED 1 

ExtraSoft coils

Type C Fistula. 
Transarterial pressure 

cooker technique achieved 
partial obliteration because 
of difficult access through 

feeders, which needed 
transvenous approach 

to complement. In 
transvenous, coils were 

used to limit unnecessary 
Onyx diffusion. However, 
the Onyx cast diffused to 
multiple subcutaneous 

veins and migrated closer 
to the orbit, needing 

manual compression of 
venous outlets which were 
successful. The lesion was 
completely obliterated, and 

the patient presented no 
symptoms, complications or 

recurrence on follow-up.
Shi Y 
et al.9, 
2022

2 Frontal Bilateral 
frontal 

superficial 
temporal 

and 
ophtalmic

Bilateral 
orbital and 

facial

Direct 
percutaneous 

puncture

Onyx-18 Type B and A Fistula. Both 
cases opted for direct 

puncture technique because 
of difficulty in transarterial 
approach. Onyx was used 
because of non-adhesive 
properties, and manual 
compression of venous 

outlets were done to avoid 
unnecessary diffusion. 

In both cases the lesion was 
completely obliterated, and 

the patient presented no 
symptoms, complications or 

recurrence on follow-up.

Rt 
Occipital

Rt 
Ophthalmic

Rt Temporal 
and 

Occipital

Direct 
percutaneous 

puncture

Onyx-18

No: number; AVFs: arteriovenous fistulas; AVF: arteriovenous fistula; Lt: left; Rt: right ; Onyx: onyx liquid embolic system; PHIL: 
precipitating hydrophobic injectable liquid; NBCA: n-butyl-2-cyanoacrylate; SQUID: squid liquid embolic system; PVA: Polivinil álcool; 
STV: superficial temporal vein.

Table 1. Continued...
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Author and 
Year

No. of 
Patients

AVFs 
localization

Feeding 
Arteries

Draining 
Veins Technique Embolic agent Conclusion

Abaunza-
Camacho 

JF 
et al.10, 
2021

1 Lt 
Orbitozygomatic

Lt 
Ophtalmic, 
Vidian and 

external 
carotid

Lt 
Ectatic 

superficial 
scalp

Direct 
percutaneous 

puncture

Onyx and 
microvascular 

resection

Type C Fistula. Emergency 
embolization due to 

eyelid bleeding related 
to blunt trauma to a 

previous fistula. The first 
embolization achieved 

60% of flow reduction, but 
quickly presented bleeding 

recurrence, needing a second 
attempt, which resulted in 
almost total obliteration. 

A small residual AVF remained 
in the eyelid region, feeded 
by the Vidian and ophtalmic 
arteries. Patient presented 

no symptoms, complications, 
visual sequelae and bleeding 

recurrence. Follow-up 
for residual lesion was 

suggested.
Ordaz JD 

et al.11, 
2021

1 Lt 
Frontotemporal

Deep 
temporal, 
superficial 
temporal 

and 
ophtalmic

Scalp veins Transvenous Penumbra 
smart coils®

Type B Fistula. 
Transvenous technique 

and use of coils were used 
because of high flux fistula 
with large venous pouch, 
being preferred instead of 

transarterial technique and/
or use of liquid embolic 

agents, to guarantee a safe 
embolic positioning and 
reduce risk of migration.

Furtado SV 
et al.12, 
2021

2 Lt 
Parieto-
occipital

Lt 
Occipital

Scalp veins Transarterial NBCA Type B fistula. Transarterial 
technique used due to the 

predominance of arterial and 
only venous reflux. Use of 

transarterial insertion of NBCA 
reconstituted with lipiodol 
through the left occipital 

artery. After embolization, 
the patient underwent total 

excision of the lesion.
Rt 

Occipital
Rt 

Occipital
Rt 

Occipital 
and 

Posterior 
Auricular

Transarterial SQUID-18 Type B fistula. Transarterial 
technique used due to the 
predominance of arterial 

and only venous reflux. Use 
of transarterial insertion 

of Squid through the right 
occipital artery. There was 
complete resolution of the 
fistula after embolization, 

without the need for surgery.
Sofela A 
et al.13, 
2020

1 Lt 
forehead

Lt 
Superficial 
temporal

Scalp veins Transarterial Onyx Type A fistula. Transarterial 
technique used due to the 
predominance of arterial 
and only venous reflux. 
Using transarterial Onyx 

insertion. There was 
complete resolution of the 
fistula after embolization, 

without the need for surgery.
No: number; AVFs: arteriovenous fistulas; AVF: arteriovenous fistula; Lt: left; Rt: right ; Onyx: onyx liquid embolic system; PHIL: 
precipitating hydrophobic injectable liquid; NBCA: n-butyl-2-cyanoacrylate; SQUID: squid liquid embolic system; PVA: Polivinil álcool; 
STV: superficial temporal vein.

Table 1. Continued...
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Author and 
Year

No. of 
Patients

AVFs 
localization

Feeding 
Arteries

Draining 
Veins Technique Embolic agent Conclusion

Gopinath M 
et al.14, 
2019

25 Left frontal 
(16%), 

Right frontal 
(16%), 

Left parietal 
(20%), 

Right parietal 
(12%), 

Left occipital 
(8%), 

Right occipital 
(4%), 

Midline 
occipital 

(4%), 
Left temporal 

(12%) 
and 

Right temporal 
(8%).

Did not 
specify for 
each case

Did not 
specify for 
each case

Direct 
percutaneous 

puncture

84% NBCA, 
12% SQUID 
and 4% PVA

The types of fistulae were 
not specified. The approach 

was percutaneous by 
direct puncture due to 

the presence of a dilated 
superficial vein and the high 
efficacy of this technique in 

high-flow fistulas. This choice 
simplified the procedure 

and enabled the direct use 
of NBCA, SQUID and PVA, 
which achieved complete 

occlusion with adequate flow 
control. The majority of cases 

required post-embolization 
surgery (80% of cases), and 
there is no pattern following 

surgery, which can be related 
to incomplete remission of 
the mass, persistence of 
symptoms and aesthetic 

outcome.
Sousa LHA 

et al.15, 
2018

1 Lt 
Frontal

Superficial 
temporal, 

middle 
meningeal 

and anterior 
ethmoidal

Scalp veins Transarterial 
and direct 

percutaneous 
puncture

NBCA and coils Type B Fistula. Transarterial 
technique used due to the 
predominance of arterial 

and only venous reflux. To 
reduce the high flow, we 

performed a delivery of coils 
by direct puncture with an 
improvised cookie-cutter 

like instrument, followed by 
injection of NBCA. There 
was a partial remission of 

the fistula, requiring surgery 
for its complete resection, 

without complications.
Ni W 

et al.16, 
2017

3 Lt 
Temporal

Lt 
Superficial 
Temporal 

and 
Occipital

Lt 
Superficial 
Temporal

Transarterial 
(1st att). 

Transvenous 
(2nd att)

Onyx (1st). 
Onyx and Coils 

(2nd)

All cases involved type 
C AVFs treated with a 

transvenous “reinforced 
concrete” technique. This 
approach was chosen due 
to multiple arterial feeders, 
making arterial occlusion 
unfeasible without venous 
access. Coils were used to 
prevent reflux and create a 
constrictive structure in the 

venous pouch, while Onyx-18 
filled the superior temporal 
vein and sealed multiple 

fistulous connections. This 
method avoided challenges 
like insufficient penetration 
of the embolic agent and 

thrombosis risk. No surgical 
resection was performed, and 

embolization successfully 
reduced the pulsatile lesion 
without complications at a 

3-month follow-up.

Rt 
Temporal

Occipital, 
superficial 
temporal 
and facial

Superficial 
temporal

Transvenous Onyx-18 and 
Coils

Rt 
Temporal

Rt 
Superficial 
temporal

Rt 
Superficial 
temporal

Transarterial 
(1st att). 

Transvenous 
(2nd att)

Onyx (1st). 
Onyx and Coils 

(2nd)

No: number; AVFs: arteriovenous fistulas; AVF: arteriovenous fistula; Lt: left; Rt: right ; Onyx: onyx liquid embolic system; PHIL: 
precipitating hydrophobic injectable liquid; NBCA: n-butyl-2-cyanoacrylate; SQUID: squid liquid embolic system; PVA: Polivinil álcool; 
STV: superficial temporal vein.

Table 1. Continued...
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DISCUSSION

Scalp arteriovenous fistulas (AVFs) represent rare, high-flow 
vascular anomalies characterized by direct communications 
between arterial and venous systems, bypassing the capillary 
bed. These shunts result in increased venous pressure and 
flow, predisposing patients to complications such as venous 
hypertension, cosmetic deformities, and even rupture in larger 
or long-standing cases17. Although most AVFs are acquired, 
commonly following trauma, surgical procedures, or scalp 
infections, congenital forms have also been reported. Delayed 
diagnosis is not uncommon, particularly when the inciting trauma 
is remote or lacks significant initial intracranial involvement, 
which often leads to late clinical recognition and intervention17,18. 
Digital subtraction angiography remains the gold standard for 
diagnosis, as it allows detailed characterization of the fistula’s 
angioarchitecture and informs therapeutic planning. Clinically, 
patients may present with a wide spectrum of symptoms, ranging 
from cosmetic concerns (e.g., pulsatile scalp masses or visible 
vascular dilations) to neurological manifestations depending on 
fistula location and hemodynamic impact19.

Scalp AVFs are typically classified according to their 
angioarchitectural configuration. The classification proposed by 
Yokouchi et al.20 delineates three types: Type A (a solitary fistula 
fed by a single artery), Type B (a solitary fistula fed by multiple 
arteries), and Type C (multiple fistulas with a plexiform network 
of feeding arteries converging into a dominant draining vein). 
This framework not only aids diagnostic clarity but also guides 
treatment selection. Type A lesions are generally well-suited for 
transarterial embolization, whereas Type B and C lesions, due to 
their complexity, often necessitate a combination of transarterial, 
transvenous, or even surgical approaches16.

Endovascular embolization has emerged as the preferred treatment 
modality for scalp AVFs, offering a minimally invasive yet highly 
effective alternative to open surgical excision16,20. Transarterial 
embolization is typically employed when arterial feeders are well 
defined and accessible5. In cases with tortuous arterial anatomy 
or complex venous drainage, transvenous routes may be more 
appropriate3. Direct percutaneous puncture of the lesion is a 
valuable alternative in select cases, particularly when traditional 
access routes are unfeasible or when the lesion has multiple feeders. 
While this technique provides direct access and enhances embolic 
control, it also carries a higher risk of local complications such as 

hematoma and infection6,7. Therefore, careful patient selection 
and meticulous procedural planning are paramount.

Selection of embolic agents is crucial and depends on the lesion’s 
vascular characteristics. Ethylene vinyl alcohol (EVOH)-based 
agents—including Onyx-18, SQUID, and PHIL—are commonly 
employed due to their deep penetration, stable polymerization, and 
controlled delivery. Onyx-18 remains the most frequently used, 
with a robust track record of efficacy in high-flow lesions3. SQUID 
offers improved injectability and reduced reflux, while PHIL 
features lower radiopacity, less skin discoloration, and enhanced 
visualization during follow-up imaging—attributes particularly 
advantageous in superficial AVFs and transvenous applications6. 
N-butyl cyanoacrylate (NBCA), a rapidly polymerizing adhesive, 
is a cost-effective option suitable for single-feeder or high-flow 
fistulas, though it demands precise technique to avoid catheter 
gluing or unintended embolization21. Detachable coils are often 
used adjunctively, particularly in large venous outflows, to provide 
mechanical occlusion and structural support11.

Advanced embolization techniques such as the “pressure cooker” 
and “reinforced concrete” approaches have been increasingly 
employed in challenging cases. The former involves proximal 
occlusion using coils or balloons to create a pressurized 
environment that facilitates deeper penetration of the liquid 
embolic agent while preventing reflux7,8,15. The latter combines 
coils and liquid agents to enhance lesion stability and reduce the 
risk of recanalization15,16. These strategies are particularly valuable 
when navigating complex vascular architectures or minimizing 
non-target embolization.

Anatomical accessibility of scalp AVFs also allows for innovative 
adjunctive techniques, such as manual venous compression 
during transvenous embolization8,9. By temporarily occluding 
venous egress, this technique promotes retrograde filling of the 
nidus and enhances embolic agent penetration while reducing 
the risk of systemic embolization or spread into unintended 
vascular territories7,8. Such strategies underscore the importance 
of integrating anatomical knowledge with procedural finesse.

Technical considerations, including the use of balloon 
microcatheters during EVOH embolization, are essential to 
optimize outcomes. Despite full balloon inflation, retrograde reflux 
may occur due to hemodynamic variables or the non-Newtonian 
behavior of embolic agents like Onyx. Precision in balloon 
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positioning, complete occlusion, and vigilant monitoring of 
reflux dynamics are critical to minimizing adverse events and 
achieving durable occlusion22.

Although endovascular techniques offer high success rates, 
complete obliteration is not always possible in a single session. 
Residual shunting may persist, especially in complex lesions. 
However, even partial embolization significantly reduces 
intraoperative bleeding and facilitates subsequent surgical 
resection, if necessary17,23,24. Microsurgical excision remains 
a definitive treatment in cases refractory to embolization or 
those with high recurrence risk. Direct identification and 
cauterization of fistulous connections under magnification 
enable precise lesion control and minimize the likelihood 
of recurrence23. Long-term surgical outcomes are generally 
favorable, making this approach a valuable option in 
comprehensive AVF management25.

The present case aligns with previous reports in several key 
aspects. Similar to other descriptions, it features a post-traumatic 
scalp AVF manifesting as a pulsatile mass accompanied by an 
audible bruit—classic hallmarks of this condition5,7,26-28. Notably, 
the chronicity observed in our patient—who presented with 
symptoms eight years after the initial trauma—resonates with 
previous delayed-onset presentations, such as a case in which 
a scalp AVF appeared five years after an insidious course28 and 
another where a progressively enlarging mass emerged three years 
post-injury5. Furthermore, like other cases, the AVF in our patient 
was localized to the superficial temporal and occipital vascular 
territories and demonstrated arterial supply from branches 
of the external carotid artery with venous drainage into the 
external jugular system5,7,28. This constellation of delayed clinical 
progression and angioarchitecture underscores the importance 
of long-term vigilance following craniofacial trauma, even in 
initially asymptomatic patients.

From a therapeutic standpoint, our dual-agent embolization 
strategy using Onyx and NBCA aligns with contemporary 
endovascular practice. While some reported cases required 
multiple sessions to achieve complete occlusion29, our approach 
achieved immediate and sustained angiographic cure, with 
excellent clinical and cosmetic results observed at six-month 
follow-up. Notably, this case involved feeders from both the 
superficial temporal and occipital arteries—an anatomical 
variant less frequently described, as most lesions are fed solely 
by superficial temporal branches27.

Moreover, the use of dual embolic agents, though effective, is 
not universally reported. Several series have favored a single-
agent approach7, whereas our strategy underscores the potential 
advantage of tailoring embolic choice to lesion complexity and 
vascular architecture.

In conclusion, this case reinforces the efficacy of endovascular 
techniques in treating scalp AVFs, particularly when 
individualized to the patient’s anatomy and fistula characteristics. 
The successful use of a dual-agent approach with complete 
occlusion and no recurrence highlights the importance of 
flexible, anatomy-driven strategies in managing these rare but 
impactful lesions.

STRENGTHS AND LIMITATIONS

This case report and systematic review offer several noteworthy 
strengths. Anchored in a PRISMA-based methodology, the 
literature review encompasses 42 patients across 14 studies, 
providing a comprehensive perspective on embolization 
techniques and agents. The presented case is enriched by 
high-resolution imaging and a contemporary endovascular 
approach, the “pressure cooker” technique utilizing EVOH, 
enhancing its educational value. The discussion thoughtfully 
situates the case within established classification frameworks, 
such as the Yokouchi system, and contributes meaningful 
clinical insights into the endovascular management of scalp 
arteriovenous fistulas (AVFs).

Nevertheless, certain limitations should be acknowledged. 
The case adds limited novelty, as similar presentations and 
techniques have previously been reported. Moreover, a more 
explicit comparison with existing literature would have further 
contextualized its relevance. The absence of a meta-analytic 
synthesis may reduce the scientific weight of the review, and 
the exclusion of studies published prior to 2015 could restrict 
the breadth of the analysis, particularly given the rarity of 
scalp AVFs. Lastly, the six-month follow-up period may not 
fully capture long-term outcomes. Despite these limitations, 
the study remains a valuable clinical reference, particularly for 
guiding interventional strategies in the treatment of complex 
superficial vascular lesions.
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CONCLUSIONS

The management of scalp arteriovenous fistulas necessitates a 
tailored, multidisciplinary strategy that accounts for the unique 
anatomical and clinical intricacies of each case. Endovascular 
approaches, particularly those employing advanced embolization 
techniques, continue to represent the foundation of treatment, 
while surgical intervention remains a valuable adjunct in selected 
scenarios. Meticulous preprocedural planning and precise 
technical execution are essential to optimize therapeutic outcomes 
and mitigate the risk of complications.
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ABSTRACT
Self-injurious behavior (SIB) refers to deliberate acts of self-harm and is often associated with psychiatric, neurological, or a combination 
of both disorders. When resistant to traditional treatments, psychosurgery can be a viable option for severe cases of SIB. This procedure 
involves surgical interventions aimed to alter brain function to alleviate debilitating mental health symptoms. This article presents the 
case of a 31-year-old male with chronic non-progressive encephalopathy and severe SIB, who underwent psychosurgery after years of 
unsuccessful treatment, alongside a literature review.
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RESUMO
O comportamento autolesivo (CAL) refere-se a atos deliberados de autoagressão e está frequentemente associado a transtornos psiquiátricos, 
neurológicos ou a uma combinação de ambos. Quando resistente aos tratamentos tradicionais, a psicocirurgia pode ser uma opção viável 
para casos graves de CAL. Esse procedimento envolve intervenções cirúrgicas destinadas a alterar a função cerebral para aliviar sintomas 
graves de saúde mental. Este artigo apresenta o caso de um paciente de 31 anos com encefalopatia crônica não progressiva e CAL severo, 
que foi submetido a psicocirurgia após anos de tratamentos mal-sucedidos, juntamente com uma revisão da literatura.
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INTRODUCTION

Self-mutilation or self-injurious behavior (SIB) refers to deliberate 
acts of self-harm that result in injury, often performed without 
suicidal intent. Severe forms of SIB, such as eye enucleation 
and castration, are frequently associated with psychosis and 
intoxication, while stereotypic forms, like head banging and 
self-biting, are commonly linked to Tourette’s syndrome and 
severe intellectual disabilities1. In patients with SIB associated 
with psychiatric and neurological disorders, psychosurgery has 
emerged as a treatment option aimed to reduce self-harm in 
cases resistant to traditional pharmacological and psychological 
therapies2.

This case report details a psychosurgical intervention utilizing 
a bilateral stereotactic technique, targeting the anterior capsule 
and posteromedial hypothalamus, in a patient with chronic 
encephalopathy and severe self-injurious behavior after years of 
treatment resistance. Previous reports have described patients 
with both SIB and hetero-aggressive behavior, or only the latter. 
To date, no documented cases of anterior capsulotomy combined 
with hypothalamotomy have been performed specifically for 
self-mutilation, making this the first reported case. This study 
aims to enhance the understanding of psychosurgery’s role in 
managing complex neuropsychiatric conditions.

CASE PRESENTATION

A 31-year-old male patient with chronic non-progressive 
encephalopathy and a severe psychiatric disorder exhibits episodes 
of unprovoked aggressiveness characterized by extreme self-harm. 
He was born prematurely at 8 months, weighing 2,420 grams 
and measuring 44 cm, with neonatal complications including 
hypoxia and cardiopulmonary arrest.

From an early age, he experienced feeding difficulties, unable to 
properly engage his suckling reflex, which required supplemental 
feeding through a spoon and dropper, ultimately resulting in 
malnutrition. At 29 days old, after receiving BCG and hepatitis B 
vaccinations, he experienced a rare allergic reaction accompanied 
by severe hypoglycemia, resulting in a 20-day hospitalization.

Throughout the years, he began to exhibit neuropsychiatric 
disorders. He developed an aversion to touch and social interaction, 
gravitating towards isolation and dark environments. Since 
childhood, he engaged in self-harming behaviors, including 
repeatedly banging his head against furniture corners and injuring 
his right eye and forehead. His self-harm escalated in adulthood, 
leading to the mutilation of his eyes, resulting in eventual blindness, 
and the mutilation of his mouth and nose, resulting in the loss of 
nasal cartilage and skin (Figure 1). Multiple neurological, psychiatric 
and psychological treatments were attempted but proven to be 
unsuccessful.

Due to resistance to multiple treatments and severe progressive 
episodes of self-harm, his neurological team recommended 
psychosurgery, which was approved by the Regional Medical 
Council (CRM) and the Federal Medical Council (CFM). The 
patient underwent bilateral stereotactic anterior capsulotomy 
and posteromedial hypothalamotomy. Under general anesthesia, 
burr holes were made in the paramedian frontal regions, and 
the procedure involved stimulation at frequencies ranging from 
25 to 100 Hz, followed by repeated radiofrequency lesioning at 

Figure 1. Mutilation of the mouth and nose.
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80°C for one minute. Additional lesions were created above and 
below the primary target, and this process was subsequently 
repeated bilaterally in the anterior limb of the internal capsule 
and hypothalamus. The procedure was uneventful.

A CT scan performed on the first postoperative day revealed 
small lacunar hypodensities in the anterior limbs of the internal 
capsules and anterior thalami, with partially defined borders. 
Bilateral frontal pneumocephalus was also noted, exerting no 
compressive effects on the adjacent brain parenchyma.

After the procedure, the patient exhibited significant improvement. 
Two months post-surgery, his self-injurious behavior was effectively 
managed with previously ineffective medications, and he has not 
attempted self-harm in the past three years. However, he continues 
to be bottle-fed and never developed the ability to walk or speak, 
remaining under regular medical follow-up through home care.

DISCUSSION

The foundations of modern psychosurgery were established in the 
19th century, driven by the exploration of surgical interventions 
for neuropsychiatric disorders. In 1888, Gottlieb Burckhardt 
performed what is considered the first modern psychosurgery, 
conducting an experimental topectomy3,4. This procedure 
involved the topical excision of part of the cerebral cortex, in 
patients with severe psychiatric conditions5. Burckhardt carried 
out a total of six topectomies, sometimes repeating the procedure 
on the same patient, targeting predominantly the temporal and 
parietal lobes based on theories of aggressive behavior. In his 
1891 report, he described three procedures as successful, two as 
partial successes, and one resulting in the patient’s death. Facing 
significant disapproval from his peers, Burckhardt ceased his 
experiments4.

Decades later, in 1935, John Fulton and Carlyle Jacobsen extended 
this research by experimenting with chimpanzees. Their procedure 
involved the removal of both frontal lobes, which reportedly 
resulted in the animals becoming emotionally expressionless 
and losing their typical responses to unmet rewards3. Following 
their work, Portuguese neurologist Antonio Egas Moniz, who 
was the first to coin the term “psychosurgery”, proposed ablating 

the frontal cortex in individuals with psychiatric disorders5,6. He 
named the procedure “leucotomy,” derived from the Greek words 
leuco (white) and tomos (cut), reflecting the cutting of the white 
matter. Moniz’s procedure was first carried out by his collaborator, 
neurosurgeon Almeida Lima, who injected ethanol into the 
subcortical white matter of the prefrontal cortex via an opening 
in the skull. Unsatisfied with the results, Moniz later developed 
a specialized instrument called a leucotome, a retractable wire 
loop that could be inserted and rotated to cut neural tissue7.

In 1936, Moniz published the results of his procedure on 20 patients 
who had undergone prefrontal leucotomy8. Moniz and Lima’s 
approach showed the most favorable outcomes in patients with 
anxiety, prolonged depression unresponsive to treatment, severe 
agitation, and persistent suicidal attempts9. The procedure gained 
significant recognition when Moniz was awarded the Nobel 
Prize for Physiology or Medicine in 1949 for his discovery of 
leucotomy’s therapeutic value in certain mental disorders5,10.

Also in 1936, Freeman and Watts refined Egas Moniz’s technique, 
introducing the lobotome, a metal rod with a sharp tip, and 
named their procedure lobotomy, from the Greek words lobos 
(portion) and tomos (cut). Unlike Moniz’s single incision per 
hemisphere, their method involved three or more incisions based 
on the case’s severity7. The procedure often led to neuropsychiatric 
complications, such as seizures and “frontal lobe syndrome,” 
characterized by apathy, lack of focus, and socially inappropriate 
actions5. In 1942, Freeman and Watts published a monograph 
analyzing 200 cases, reporting postoperative improvements in 63% 
of patients, no change in 23%, and negative outcomes in 14%3.

In 1946, Freeman developed the transorbital lobotomy, eliminating 
the need for neurosurgeons by using an ice-pick-like orbitoclast to 
reach the prefrontal cortex through the eye socket, with patients 
being rendered unconscious through electroshock therapy. 
Freeman continued to perform the procedure and promoted it 
through mainstream media, despite complications arising from 
the use of rudimentary instruments, lack of sterile techniques, 
inadequate anesthesia, and insufficient perioperative monitoring, 
as well as fatalities due to intracranial hemorrhage5.

In the following years, the practice of psychosurgery became 
widespread across Western countries. However, throughout the 
1950s, it faced growing criticism within the medical community 
and subsequently from society as a whole due to concerns 
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about the overlooked risks associated with the procedure5. The 
introduction of psychotropic drugs significantly reduced reliance 
on psychosurgery due to their improved safety profile and 
milder adverse effects. By the 1970s, the practice had declined 
substantially. In the present day, psychosurgery is reserved for 
severe mental disorders that do not respond to medication and 
has been enhanced by innovations such as surgical stereotaxy 
and deep brain stimulation (DBS), as well as more sophisticated 
techniques and neuroimaging technologies11.

Stereotactic surgery involves the use of a cartesian coordinate 
system to precisely target areas of the brain for surgical 
intervention, allowing for the destruction or modulation of 
small regions with increased precision12. Deep brain stimulation 
(DBS), on the other hand, involves the implantation of electrodes 
in specific brain regions to deliver electrical impulses, usually at 
high frequencies, modulating abnormal activity. While DBS has 
shown positive outcomes in treating refractory neurological and 
psychiatric disorders and offers the advantage of reversibility, 
its higher cost compared to stereotactic ablation can limit its 
accessibility13.

In Brazil, individuals with mental disorders are protected under 
Law No. 10,216 and psychosurgical procedures are regulated 
by The Federal Council of Medicine through Resolution 
No. 2,057. The recommendation for psychosurgery must be 
made by the attending physician and validated by a psychiatrist 
and a neurosurgeon from separate institutions, detailing the 
diagnosis, treatment duration, and resistance to prior therapies. 
Furthermore, criteria such as a minimum illness duration of five 
years and documented treatment resistance must be met, with all 
procedures recorded in the patient’s medical file while ensuring 
confidentiality14,15.

In this case, a stereotactic technique was employed to bilaterally 
target the anterior limb of the internal capsule and the 
posteromedial hypothalamus. The anterior capsulotomy was 
initially developed by a French neurosurgeon, Jean Talairach in 
1949, and later refined by Lars Leksell in 19525. This technique 
targets the fronto-limbic fibers that traverse the anterior limb of 
the internal capsule as they pass between the caudate and putamen 
nuclei of the basal ganglia4. Short-term adverse effects, such as 
headache, confusion, and incontinence, have been reported, 
while long-term effects, although rare, may include weight gain, 
fatigue, memory loss, incontinence, and seizures16. In the present 
literature, the procedure is more associated with refractory OCD, 

being considered an effective treatment option, with a positive 
side-effect profile17.

Posteromedial hypothalamotomy, first described in the 1960s, 
targets the hypothalamus’s role in processing external stimuli 
and coordinating aggressive behavior18. In animal studies, 
stimulation of the posteromedial nucleus triggers stereotyped 
aggression, including claw exposure, piloerection, pupil dilation, 
and biting, independent of cortical influence19. The procedure has 
demonstrated long-term effectiveness in treating patients with 
refractory aggression, with follow-up studies showing significant 
improvements over 10-25 years20.

Previous case reports have documented the successful combination 
of bilateral anterior capsulotomy with hypothalamotomy in 
treating both SIB and hetero-aggressive behavior, or solely the 
latter (Table 1)11,18,21. These case reports were derived from an 
integrative review utilizing the following databases: American 
Psychological Association, the UCB Magazines Portal, and the 
Brazilian Journal of Neurosurgery Website (JBNC). Inclusion 
criteria consisted of articles in Portuguese and English that 
discussed the combination of bilateral anterior capsulotomy 
with hypothalamotomy for treating self-injurious behavior and 
hetero-aggressive behavior, or solely the latter, and that were 
available in full text. Exclusion criteria included incomplete 
articles and those unrelated to the study’s focus or not meeting the 
inclusion criteria. This report is the first in which the procedure 
was performed specifically and only for self-mutilation.

Other procedures including amygdalotomy, anterior cingulotomy, 
and subcaudate tractotomy, have also been studied for their 
effectiveness in treating refractory aggression22. However, there 
are no established parameters to determine the optimal surgical 
technique and target for refractory SIB. Instead, the decision is 
based on multiple factors, including equipment availability and 
patient-specific considerations11.

In this case report, the defining factor leading to the decision for 
psychosurgery was the patient’s escalating history of severe self-
mutilation, resistant to conventional treatments, with repeated 
episodes of life-threatening injuries. Multiple consultations with 
neurologists, psychiatrists, and neurosurgeons were conducted, 
and approval from both the Regional and Federal Medical 
Councils was required, along with consent from the patient’s 
legal guardian. Post-surgery, the patient demonstrated significant 
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improvement, responding to previously ineffective psychiatric 
medications, with no self-harm episodes over the past three 
years. Psychosurgery therefore remains a last-resort treatment 
for self-injurious behavior when all other options have failed, 
and the patient’s life is at risk.

CONCLUSION

Severe self-injurious behavior can be highly debilitating, especially 
when resistant to conventional treatments. Psychosurgery 
has evolved significantly since its inception and has become 
an effective option for such refractory cases, provided that 
each patient undergoes careful evaluation, and the protocol 
established by the Medical Council is followed. In this case report, 
a bilateral stereotactic anterior capsulotomy and posteromedial 
hypothalamotomy were performed on a patient with severe 
SIB, ceasing his self-mutilation when combined with previously 
unsatisfactory psychiatric medications. Further research is needed 
to deepen our understanding of this surgical approach.
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ABSTRACT
Solitary fibrous tumor (SFT) is an uncommon intracranial tumor that is classified into grades I, II and III to its aggressiveness. The following 
case report details the case of a 50-year-old male patient who had been suffering from headaches, nausea, and gait alterations for a period 
of three months, with a progressive exacerbation of these symptoms. A CT scan of the skull revealed an expansive hyperdense cerebellar 
lesion on the right. Magnetic resonance imaging revealed a solid lesion with homogeneous gadolinium enhancement, accompanied by a 
small cystic area, characterized by hyposignal on T1 and heterogeneous hypersignal on T2, suggesting a diagnosis of meningioma. Surgical 
resection was performed, and the anatomopathological analysis indicated SFT grade I according to the World Health Organization (WHO) 
classification system. Solitary fibrous tumors are frequently misdiagnosed as meningiomas due to the presence of comparable neuroimaging 
characteristics. For this reason, it is imperative to employ a meticulous diagnostic approach that incorporates an anatomopathological 
examination and an immunohistochemical panel to ensure an accurate diagnosis of intracranial neoplasms.

Keywords: Infratentorial neoplasms; Cranial fossa, posterior; Solitary fibrous tumors

RESUMO
O tumor fibroso solitário (TFS) é um tumor intracraniano raro sendo classificado em graus I, II e III, conforme sua agressividade. 
Relatamos um caso de um paciente masculino, 50 anos, com quadro de cefaleia, náuseas e alteração de marcha há três meses com piora 
progressiva. A tomografia de crânio evidenciou lesão expansiva hiperdensa cerebelar a direita. A ressonância magnética revelou uma 
lesão sólida com realce homogêneo pelo gadolínio com pequena área cística, caracterizada por hipossinal em T1 e hipersinal heterogêneo 
em T2, sugestivo de meningioma. Foi realizada ressecção cirúrgica e o anatomopatológico indicou TFS grau I pela Organização Mundial 
da Saúde (OMS). O tumor fibroso solitário é frequentemente confundido com o meningioma devido a características de neuroimagem 
semelhantes. Por esse motivo, a confirmação diagnóstica com anatomopatológico associado a painel imuno-histoquímico é de extrema 
importância para o diagnóstico preciso de neoplasias intracranianas.

Palavras-Chave: Neoplasia infratentorial; Fossa posterior; Tumor fibroso solitário
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INTRODUCTION

Intracranial solitary fibrous tumors (SFTs) are extra-axial 
neoplasms that have their origin in mesenchymal cells. It is 
characterized by its effect on soft tissues of fusocellular lineage, 
manifesting a biological behavior that exhibits considerable 
variability. This particular neoplasm is uncommon, representing 
less than 1% of all primary intracranial neoplasms1. Its 
occurrence is not confined to any specific age group; however, 
TFS demonstrates a predilection for its prevalence between the 
fourth and fifth decade of life, exhibiting no discernible gender 
disparity2.

The initial description of this condition was provided by 
Carneiro et al.3 in 1996, and it was subsequently incorporated 
into the classification of Central Nervous System (CNS) tumors 
in 2002 by the World Health Organization (WHO)1. In 2016, TFS 
was incorporated, along with hemangiopericytoma (HPC), into 
the classification of non-meningothelial mesenchymal tumors4. 
In 2021, the term “hemangiopericytoma” was discontinued due 
to new evidence indicating that both TFS and HPC shared the 
gene fusion of the NAB2 and STAT6 genes. This results in the 
nuclear expression of the STAT6 protein. The protein, which is 
associated with other markers, is part of the immunohistochemical 
profile. This profile is considered the molecular signature of 
TFS. Therefore, the fifth edition of the International Federation 
of Societies of Surgical Oncology (IFSO) and the Histiocyte 
and Plasma Cell Society (HPC) have become a single entity, 
which is herein referred to as “solitary fibrous tumor” (SFT) 5. 
The classification of SFT is based on its aggressiveness, with the 
tumor graded as either first, second, or third Grade (II, III, or 
I, respectively)4-7.

On neuroimaging, TFS manifests as a uniform, isolated expansile 
lesion with clearly delineated borders. Magnetic resonance 
imaging (MRI) reveals that the signal intensity is isointense 
on T1 and iso- or hyperintense on T2 6. Due to its distinctive 
characteristics, it is frequently misdiagnosed as a meningioma. 
In such cases, comprehensive anatomical pathology and 
immunohistochemical analysis are paramount for accurate 
diagnosis and treatment planning. In this paper, we present a 
case study of a patient diagnosed with a solitary fibrous tumor 
that exhibited characteristics consistent with those of a cerebellar 
convexity meningioma.

CASE PRESENTATION

A 50-year-old male patient presented at the emergency department 
with headache, nausea, and altered gait that had persisted for a 
duration of three months. Notably, there had been a progressive 
exacerbation of these symptoms over the previous 15 days. A 
thorough examination revealed that the patient was alert and 
oriented, exhibiting globally preserved strength and sensitivities. 
The pupils were isochoric and photoreactive, and the extrinsic 
ocular motricity, facial mimicry, and bilateral dysmetria were 
symmetrical. However, the patient exhibited slurred speech, 
kinetic ataxia, and a bilateral plantar flexor skin reflex.

A computed tomography (CT) scan revealed a hyperdense cerebellar 
lesion in the right lobe, measuring 4.0 x 3.5 centimeters. This lesion 
was found to contain a 1.0-centimeter cystic component and was 
observed to exert an adjacent compressive effect. Additionally, 
the scan revealed a small adjacent hyperostosis of the posterior 
fossa (Figure 1).

The investigation was supplemented by contrast-enhanced 
MRI, which revealed a predominantly solid expansive lesion 
with homogeneous gadolinium enhancement and a small cystic 
area. The lesion exhibited hyposignal characteristics on T1 and 
homogeneous hyposignal characteristics on T2, with dimensions 
measuring approximately 4.1 x 3.6 x 3.4 cm. These findings are 
indicative of a cerebellar convexity meningioma (Figure 2).

Neurosurgical intervention was indicated for tumor resection. 
The surgical procedure was performed with the patient in a prone 
position, utilizing the Concorde position. A bilateral suboccipital 
craniotomy was performed, with the right side of the procedure 
focusing on exposure of the right sigmoid sinus and transverse 
sinuses bilaterally. Dural thickening was identified in the right 
cerebellar cortex. The patient underwent dural resection adjacent 
to the expansive lesion and dissection of the tumor through the 
cleavage plane. This procedure entailed complete macroscopic 
tumor resection, removal of the dural implantation, and drilling 
of the bone hyperostosis.

The patient exhibited a favorable postoperative evolution, with no 
focal neurological deficits. A post-operative CT scan of the skull 
revealed no evidence of neurosurgical complications (Figure 3).
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Figure 1. Axial CT scan of the skull. A and B. Right cerebellar hyperdense expansile lesion. C. Ventricular dilatation. D. Hyperostosis 
in the cerebellar cortex on the right.

Figure 2. MRI of the skull with gadolinium. A, B, C and D. contrast-enhanced T1-weighted image: expansile lesion in the right 
posterior fossa with homogeneous contrast enhancement. E and F. T2-weighted: presence of cerebrospinal fluid rhyme, indicating 

an extra-axial lesion. Findings suggestive of medial meningioma of cerebellar convexity.
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The anatomopathological analysis of the lesion revealed a 
mesenchymal neoplasm of spindle cells arranged in bundles, 
circumscribed, with a low mitotic index, collagenized stroma, 
and central degenerative changes. These findings support 
the hypothesis of a solitary fibrous tumor grade I according 
to the World Health Organization classification. To ensure a 
comprehensive evaluation and establish a definitive diagnosis, 
an immunohistochemical panel was conducted. This 
comprehensive approach enabled the exclusion of other lesions 
with histopathological characteristics similar to those of TFS. 
The results of the immunohistochemical panel revealed the 
following: negative epithelial specific antigen (EMA), positive 
STAT6, positive podoplanin, Ki-67 < 1%, and positive CD34. The 
immunohistochemical profile was considered to be compatible 
with TFS (Figure 4). The patient was discharged from the hospital 
in stable condition, with no evidence of neurological sequelae.

DISCUSSION

Intracranial solitary fibrous tumor (SFT) is a rare spindle cell 
neoplasm of mesenchymal origin that accounts for 0.09% of all 
meningeal neoplasms7. Originating in the dura mater and exhibiting 
histological characteristics analogous to those of meningioma, these 
tumors have the potential to manifest in the tentorium, the cerebral 
fossa, and the convex surface of the brain. The most prevalent 
location of these tumors is in the posterior fossa8-10.

The clinical manifestation of this condition varies significantly 
based on factors such as the tumor’s location, dimensions, and 
degree of invasion1. Headache is one of the most common 
symptoms in patients with intracranial lesions, as in the case 

Figure 3. Axial CT scan of the skull. A, B and C. Complete resection of the lesion, with no evidence of post-operative complications. 
D. No worsening of ventricular dilation, cortical sulci apparent, no signs of intracranial hypertension.
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reported here, due to the local mass effect caused by the tumor. 
Furthermore, a multitude of neurological symptoms have been 
identified in previous studies, including nausea, vomiting, paresis, 
paresthesia, loss of visual acuity, and seizures11. In the present case, 
the clinical presentation of ataxia exhibited anatomo-functional 
correspondence with the site of tumor implantation, which was 
located in the cerebellar territory.

Diagnostic workup requires imaging studies, including CT and 
MRI. A solitary fibrous tumor (SFT) is typically characterized 
by isointense signal on T1-weighted images (T1WIs) and iso- to 
hyperintense signal on T2-weighted images (T2WIs), exhibiting a 
uniform enhancement pattern. These tumors frequently manifest 
well-defined or multilobulated margins, a narrow implantation 
base, and a more extensive infiltrative component accompanied 
by apparent parenchymal invasion and bone erosion6,12. In 
certain instances, they may manifest an irregular pattern of 
hypo- and hyperintensity on T2-weighted images, giving rise to a 
distinctive black and white or yin-yang appearance8. Furthermore, 
TFS exhibits a pronounced vascular component, frequently 
manifesting as the intratumoral empty flow sign. This signifies 
the presence of vascular channels with low signal intensity across 
all imaging sequences13. Conversely, meningiomas, which are 
often misdiagnosed as TFS due to their similar neuroimaging 
characteristics, manifest as homogeneous masses with clearly 

delineated borders and intense iso- or hypointensity on non-
contrast imaging sequences. Furthermore, meningiomas may 
exhibit intratumoral calcifications, hyperostosis, and dural tail 
sign, which are rare findings in TFS14,15.

Additionally, the extensive vascularization supplied by the 
internal carotid and vertebral arteries or the vertebrobasilar 
system enables angiotomography to complement the diagnosis8. 
Given the propensity of TFS to develop regional recurrences, as 
well as distant metastases, multimodal imaging, such as proton 
emission tomography/computed tomography (PET/CT), has been 
utilized in the diagnostic evaluation, since it allows metabolic 
and morphological information to be obtained16.

Microscopically, the solitary fibrous tumor is composed of 
monomorphic spindle cells, which tend to group together 
in fascicles without presenting a specific arrangement. The 
distinguishing features of these lesions include alternating hypo- 
and hypercellularity, along with a focal perivascular pattern. 
As indicated by the World Health Organization (WHO), the 
classification of degrees of aggressiveness is comprised of three 
distinct grades. Grade I corresponds to spindle cells that are rich 
in collagen and with low cellularity. Grade II refers to tumors 
with less collagen and vascularization in the shape of a “deer 

Figure 4. A. Low-grade mesenchymal neoplasm consisting of spindle cells with mild atypia, arranged in bundles/fascicles, with 
foci of collagenized stroma and rare mitotic figures, indicative of a solitary fibrous tumor (Hematoxylin-eosin, 200x). B. Positive 

immunoexpression for STAT6, confirming the hypothesis of a solitary fibrous tumor (Ventana Systems, 200x).
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antler.” Grade III includes lesions with five or more mitoses per 
field of application4.

Typically, TFS poses a significant diagnostic challenge, and the 
integration of immunohistochemical and molecular characteristics 
is paramount in establishing a precise diagnosis. With regard to the 
molecular aspect, TFS is currently defined by the presence of the 
fusion of the NAB2 and STAT6 genes by genomic inversion at the 
12q13 locus, an initial event in tumor development12. The STAT6 
protein functions as a transcription factor, while NAB2 serves as a 
transcriptional repressor19. As indicated by the extant literature, these 
proteins are integral to the development of tumors. They modulate the 
immune response, tumor-induced angiogenesis, and the activation 
of fibroblasts and collagen synthesis. The NAB2/STAT6 fusion 
results in the nuclear expression of STAT6, which can be detected by 
immunohistochemistry. This method has been shown to have excellent 
specificity and sensitivity for identifying TFS13,20. Furthermore, the 
expression of STAT6 is a valuable tool in the differential diagnosis of 
neoplasms with similar histology that do not express this marker19.

The most characteristic immunohistochemical finding, although 
not highly specific, associated with solitary fibrous tumors is the 
expression of CD34, which varies between 81% and 95% among 
the studies21-23. Indeed, in the case presented, the histochemical 
analysis of the tumor tissue was positive for CD34, which is 
consistent with the extant literature. However, an exception is 
observed in highly undifferentiated malignant solitary fibrous 
tumors, which exhibit an attenuation of CD34 expression, 
though it remains a significant marker. As indicated by the data 
presented in Figure 4, there appears to be a direct correlation 
between the degree of anaplasia of the tumor and the sensitivity 
of CD34 staining in diagnosing TFS. Specifically, as the degree of 
anaplasia increases, the sensitivity of CD34 staining decreases24.

The evolution of many TFSs is unpredictable, and they exhibit high 
recurrence rates, metastases ranging from 10% to 40%, and a lack of 
efficient, standardized systemic treatments25. The aforementioned 
characteristics indicate the necessity for data that can accurately 
predict patient outcomes. This data should include clinical and 
histopathological variables that can effectively stratify risk25. In this 
sense, one of the immunohistochemical targets utilized is the cell 
proliferation marker Ki-67. In the case presented here, Ki-67 was 
identified in less than 1% of the cells analyzed. The extant evidence 
suggests a correlation between elevated Ki67 expression and the 
presence of metastases, the advanced clinical stage of the disease, 
and the degree of undifferentiation of the tumor cells26. In a similar 

vein, the amplification of Ki-67 expression has been shown to be 
strictly associated with elevated recurrence rates of TFS of the pleura 
and central nervous system (CNS), particularly when expressed 
by 5% or more of the tumor cells analyzed26.

As previously discussed, one of the main differential diagnoses 
of solitary fibrous tumor (SFT) is meningioma, especially the 
fibrous subtype. The tumor in this case exhibits morphological 
characteristics similar to the fibrous subtype of meningioma due 
to (i) the conformation of the spindle cells and (ii) the diffuse 
fascicular growth pattern. In contrast, atypical and anaplastic 
meningiomas have been observed to mimic the behavior 
of malignant TFS, exhibiting a disorganized growth pattern 
with leaf arrangements, areas of necrosis, high mitosis rates, 
pleomorphism, and cellular atypia27,28. However, it is noteworthy 
that meningiomas frequently express epithelial-specific antigen 
(EMA), a marker that is absent in the majority of solitary fibrous 
tumors, including the case study in this study. Furthermore, all 
meningioma subtypes are consistently negative for CD34 and 
STAT6 in immunohistochemical analyses, in contrast to TFS. The 
present data underscore the efficacy of immunohistochemical 
analyses in distinguishing between neoplasms29.

The gold standard treatment for solitary fibrous tumor is surgical 
resection, which can be complemented with chemotherapy and 
radiotherapy if necessary. Due to the high rates of recurrence and 
metastatization, complete excision is preferable9. The surgical 
strategy depends on the location of the tumor. It has been 
demonstrated that due to the substantial blood supply, preoperative 
embolization can serve as a valuable instrument to reduce tumor 
size and perioperative bleeding1. It is important to note that there 
is currently a lack of evidence supporting the long-term benefits 
of radiotherapy. Furthermore, studies conducted on patients 
who have received chemotherapy are limited in number, making 
it difficult to assess the efficacy of the treatment17. Nevertheless, 
some studies have suggested that gamma knife radiosurgery may 
be an alternative treatment for solitary fibrous tumors30.

CONCLUSION

The authors present a rare case of a solitary fibrous tumor of the 
cerebellar convexity. Although TFS is an exceedingly rare condition, it 
should be considered within the differential diagnoses of neoplasms, 
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particularly in cases of meningioma. The process of obtaining 
diagnostic confirmation necessitates the examination of pathological 
morphology and the implementation of immunohistochemistry.
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Lipomatous Meningioma: report of a rare variant
Meningioma Lipomatoso: relato de uma variante rara
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ABSTRACT
Lipomatous meningioma is an extremely rare histological variant of meningioma, characterized by cells with peripheral nuclei and clear 
cytoplasm due to intracellular lipid accumulation. Diagnosis relies on immunohistochemical markers, including epithelial membrane 
antigen (EMA) and S-100 protein. Clinical presentation and management depend on the tumor’s location and size, with headaches 
and seizures being among the most common symptoms. This subtype predominantly affects women over the age of 55. Given its 17% 
recurrence rate, gross total resection is the preferred surgical approach. This case study describes the successful surgical intervention in 
a 48-year-old patient with lipomatous meningioma, contributing to the understanding and management of this rare neoplasm of the 
Central Nervous System.

Keywords: Intracranial neoplasms; Meningioma; Variant

RESUMO
O meningioma lipomatoso é uma variante histológica extremamente rara do meningioma, caracterizada por células com núcleos 
periféricos e citoplasma claro devido ao acúmulo intracelular de lipídios. O diagnóstico baseia-se em marcadores imuno-histoquímicos, 
incluindo o antígeno de membrana epitelial (EMA) e a proteína S-100. A apresentação clínica e o manejo dependem da localização e do 
tamanho do tumor, sendo cefaleias e convulsões os sintomas mais comuns. Este subtipo afeta predominantemente mulheres com mais 
de 55 anos. Dado o seu índice de recorrência de 17%, a ressecção total macroscópica é a abordagem cirúrgica preferida. Este estudo de 
caso descreve a intervenção cirúrgica bem-sucedida em uma paciente de 48 anos com meningioma lipomatoso, contribuindo para a 
compreensão e o manejo dessa rara neoplasia do sistema nervoso central.
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INTRODUCTION

Meningiomas comprise a family of neoplasms that are most likely 
derived from the meningothelial cells of the arachnoid mater (CNS 
WHO grade 1, 2, or 3). Metaplastic meningioma is a subtype 
of meningioma characterized by the presence of mesenchymal 
components within the tumor tissue. These mesenchymal 
components may include osseous, cartilaginous, lipomatous, 
myxoid, or xanthomatous elements, either independently or in 
combination. Despite its designation, the precise mechanisms 
underlying its pathogenesis remain unclear, and these tumors 
do not necessarily undergo a true metaplastic transformation1,2.

Lipomatous meningioma is an exceptionally rare variant of 
metaplastic meningioma, with fewer than 40 cases reported 
in the literature to date3,4 until this date. Morphologically, it is 
characterized by meningothelial cells with peripherally located 
nuclei and a cytoplasm rich in lipid-like vacuoles, predominantly 
composed of triglycerides5. Clinical presentation and management 
depend primarily on the tumor’s location and size. Similar to other 
meningiomas, it shows a marked female predominance, with 
the majority of cases occurring in patients over 55 years of age6.

This study aims to describe the clinical, radiological, surgical, and 
histopathological aspects of a rare case of lipomatous meningioma 
in a 48-year-old female patient who underwent surgical resection.

CASE PRESENTATION

A 48-year-old woman, with a history of total thyroidectomy in 
2019 for papillary thyroid carcinoma, presented in 2023 with 
complaints of neck pain, fatigue, and headaches. Her medical 
history included type 2 Diabetes Mellitus, obesity, a 25-year history 
of smoking, and hypothyroidism secondary to thyroidectomy. 
A family history of Central Nervous System (CNS) malignancy 
was also noted, as her mother had been diagnosed with a CNS 
tumor. Physical examination revealed no significant abnormalities.

Initial investigations included cervical ultrasound (USG) and 
computed tomography (CT) of the neck, which incidentally 
revealed abnormal findings in the skull. Consequently, a magnetic 
resonance imaging (MRI) of the brain was performed which 
revealed extra-axial tumor lesions with high spontaneous signal 
intensity on T1-weighted sequences, suggestive of calcified 
meningiomas, located at the right parietal convexity (1.9 × 1.1 cm) 
and anterior to the temporal pole (1.5 × 1.0 cm). On magnetic 
susceptibility-weighted imaging, the lesions predominantly 
demonstrated low signal intensity (Figure 1). Additionally, faint 
foci of hyperintensity were observed on T2/FLAIR sequences 
in the cerebral white matter, though these were nonspecific 
and without associated mass effect or contrast enhancement. 
No intraparenchymal expansile process, acute or subacute 
hemorrhage, hydrocephalus, midline shift, or basal cistern 
effacement was identified. The ventricular system was of normal 

Figure 1. MRI showing extra-axial expansile lesions with high signal intensity on T1 in the right parietal convexity and left temporal pole, 
possibly calcified/ossified meningiomas, recommending follow-up monitoring. Faint foci of hyperintensity on T2/FLAIR in the white matter 

of the cerebral hemispheres are nonspecific, possibly related to gliosis or microangiopathy. A. Coronal. B. Sagittal. C. Axial sections.
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topography, morphology, and dimensions, and blood flow within 
the vertebrobasilar and carotid systems was unremarkable.

The patient underwent microsurgical resection of the right 
parietal convexity meningioma, with no major intraoperative 
complications. Postoperatively, she was admitted to the 
Intensive Care Unit (ICU) for observation, where she remained 
hemodynamically stable without requiring vasopressors or fluid 
resuscitation. She maintained spontaneous ventilation on room 
air, with a diuresis output of 900 mL and remained afebrile.

In the microscopic analysis of the lesion, fatty proliferation 
with classic meningothelial neoplastic cells was observed. 
The cells have round nuclei containing cytoplasmic vacuoles 
(Figure 2A and B). The immunohistochemical markers tested 
in the tumor tissue using the immunoperoxidase technique 
obtained the following results: weak and focal positive epithelial 
membrane antigen (EMA), positive progesterone receptor 
(Figure  2C), positive and multifocal S100 protein, positive 
MDM2 and negative CDK4.

Thus, the histopathological and immunohistochemical findings 
confirmed a low-grade lipomatous meningioma (WHO 
Grade 1, 2021) with a proliferative index (Ki67) of 2%. The 
patient continues to undergo biannual neurosurgical follow-ups 
to monitor for potential recurrence.

DISCUSSION

Meningiomas account for one third of all tumors of the Central 
Nervous System, yet lipomatous meningioma is an extremely 
rare variant, first reported in 1931 by Bailey and Bucy7 and has 
remained uncommon ever since. This case marks the 40th report 
of this entity in the literature.

Common symptoms of these types of meningiomas include 
epileptic seizures and headache, and visual disturbances, 
hemiparesis, gait instability, and even memory impairment and 
muscle weakness may also occur. The condition predominantly 
affects women and is more common in supratentorial sites, such 
as the frontal and parietal lobes6. The most commonly reported 
symptoms are headaches (common in tumors located in the 
parietal lobe) and seizures (common in tumors of the frontal 
and temporal lobes)8.

MRI is the main gold standard diagnostic tool for intracranial 
tumors, including meningioma. The radiological findings 
described for the lipomatous variant include: extra-axial lesions 
with high signal intensity on T1-weighted images and low signal 
intensity on magnetic susceptibility-based sequences that are 
compatible with the presence of lipomatous tissue, a distinctive 
feature9. However, the presence of calcifications or ossifications, 

Figure 2. Histopathological and immunohistochemical analysis of the tumor sample. A and B. Neoplasia composed of clusters 
of meningothelial cells immersed in abundant adipose tissue, characterized by large optically empty vacuoles corresponding 

to lipid accumulations, indicating the preservation of the lipid architecture in the sample (Light optical microscopy, Nikon E200, 
Hematoxylin-eosin staining, 100x and 200x magnifications). C. Nuclear positivity for the progesterone receptor in neoplastic cells 

(Light optical microscopy, Nikon E200, Immunohistochemistry, 400x magnification).
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as suggested in the images of the case, reinforces the need for 
differential diagnosis with other extra-axial lesions, such as 
hemangiopericytomas or psammomatous meningiomas5. The 
foci of hyperintense signal intensity on T2/FLAIR described in 
the cerebral white matter are nonspecific, but may be associated 
with peritumoral gliosis or microangiopathic changes10.

The microsurgical approach is appropriate for most meningiomas 
because they are usually located in accessible regions of the central 
nervous system11. Resection of calcified meningiomas can present 
technical challenges due to the rigidity of the tumor and the proximity 
to critical neural and vascular structures, such as the brain, blood 
vessels, and cranial nerves. However, identification of calcification 
through imaging tests, both preoperative and intraoperative, allows 
the surgeon to plan the incision trajectory and the depth of dissection 
more accurately, with satisfactory results in the vast majority of cases12.

Detailed analysis of the tumor tissue is essential for the diagnosis 
of lipomatous meningioma and to rule out other hypotheses. 
Under the microscope, a proliferation of meningothelial cells 
is observed, a key characteristic of tumors originating from the 
meninges, which may be associated with psammomatous bodies 
in cases where there are calcifications. In addition, the metaplasia 
of some meningothelial cells in adipose tissue is what gives this 
tumor variation its name, where lipid tangles are found among 
the other characteristics present in the tumor mass5.

However, this same characteristic of the presence of fat is what 
can cause doubts in the differentiation between a lipomatous 
meningioma and other histological types of tumor, such as 
lipomas, liposarcomas, chordomas, squamous cell tumors or 
metastatic mucinous carcinomas13. Through complementary 
immunohistochemical examination, it is possible to confirm 
the diagnosis of meningioma mainly by positivity for epithelial 
membrane antigen (EMA), somatostatin receptor 2a (SSTR2a) 
and progesterone receptor (PR), while the lipomatous tumor 
area expresses the proteins S100 and MDM2. When indolent, 
the proliferative index assessed by Ki67 is low, less than 5%9. 
Therefore, despite the particular variant, lipomatous meningiomas 
are classified as Grade 1 by the WHO, demonstrating a low-grade 
biological behavior, therefore benign1.

The risk of recurrence of lipomatous meningiomas is 17%, 
which highlights the importance of complete tumor resection 
as the treatment of choice for patients with this condition6. 

Accurate identification through imaging characteristics and 
immunohistological findings is crucial for accurate diagnosis 
and determining the most appropriate therapeutic approach. 
These aspects not only guide initial treatment but also influence 
long-term monitoring and management strategies, aiming to reduce 
the recurrence rate and improve clinical outcomes for patients12.

CONCLUSION

The diagnosis of lipomatous meningioma can be challenging 
due to the rarity of this neoplastic variant, requiring in-depth 
immunohistochemical analysis for confirmation. The case 
description seeks to contribute to the understanding and 
documentation of an atypical entity, through the detailing of 
clinical aspects, therapeutic management and prognosis.
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ABSTRACT
Post-operative neurological deterioration in a neurosurgical patient can result from varied causes. In spite of precautions taken to prevent 
these post-operative complications arising from common risk factors, some rare complications still occur and sometimes attributable 
to factors remote from the route of surgery. We report two cases of remote cerebellar hemorrhage that were managed in our facility, 
the first case followed burr hole drainage for subdural hygroma and the other after lumbar spine decompression with inadvertent 
intra-operative cerebrospinal spinal fluid leakage. Both patients had neurologic deterioration within 72 hours of surgery and brain 
computed tomography scans in both patients revealed cerebellar hemorrhage.

Keywords: Spontaneous cerebellar hemorrhage; Post-operative cerebellar bleeding; Cerebrospinal fluid leak

RESUMO
A deterioração neurológica pós-operatória em pacientes neurocirúrgicos pode resultar de causas variadas. Apesar das precauções 
tomadas para prevenir complicações pós-operatórias decorrentes de fatores de risco comuns, algumas complicações raras ainda 
ocorrem e, por vezes, são atribuíveis a fatores distantes do local da cirurgia. Relatamos dois casos de hemorragia cerebelar remota 
que foram gerenciados em nossa instituição, o primeiro caso após drenagem de higroma subdural por trepanação e o outro após 
descompressão da coluna lombar com vazamento inadvertido de líquido cefalorraquidiano durante a operação. Ambos os pacientes 
apresentaram deterioração neurológica dentro de 72 horas após a cirurgia e exames de tomografia computadorizada cerebral 
revelaram hemorragia cerebelar.

Palavras-Chave: Hemorragia cerebelar espontânea; Sangramento cerebelar pós-operatório; Vazamento de líquido cefalorraquidiano
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INTRODUCTION

Post-operative neurological deterioration (POND) in a neurosurgical 
patient can result from varied causes and mechanisms. In spite of 
precautions taken to prevent these post-operative complications 
arising from common risk factors, some rare complications still occur 
and are sometimes attributable to factors remote from the route of 
surgery. When deterioration occurs following operative approaches 
that do not involve the posterior fossa, cerebellar hemorrhage 
is hardly considered as a possible reason due to its location and 
rarity. This remote cerebellar hemorrhage (RCH) has been noted in 
procedures involving the brain or the spine1,2. Chadduck reported the 
first case of RCH following cervical laminectomy with inadvertent 
cerebrospinal fluid (CSF) leak in 19813. Since then, only a few cases 
have been reported in the literature globally, with none reported 
from sub-Saharan Africa. Since the inception of Memfys hospital for 
Neurosurgery in the year 2002, with over 40,108 patients managed 
and 4, 872 cases of brain and spine surgical procedures, only two 
cases of RCH have been recorded. The aim of this paper is to bring 
the awareness of this problem to the public, discuss the possible 
mechanisms and highlight the team’s management of these cases.

CLINICAL CASE PRESENTATION

Case 1: A 75-year-old right-handed man who presented with a 
two-day history of weakness of right upper and lower limbs and 
several episodes of focal seizure involving the right side of the 
body of seven-hour duration. He was involved in a road traffic 
accident three weeks earlier with associated loss of consciousness 
which was subsequently regained about 24 hours later. He is not 
a known hypertensive or diabetic and medication review revealed 
no use of anticoagulant or anti-platelet medication.

Physical examination revealed an elderly man with Glasgow coma 
score (GCS) of 11 (E4V1M6). Vital signs were Pulse- 78/min, BP- 
160/90mmHg, RR- 22/min. Both pupils were 2.5mm round and 
reactive to light briskly. He had right fascioparesis (upper motor 
neuron type) and right hemiparesis (0/5 in the upper limb and 
2/5 in the lower limb using the Medical Research Council (MRC) 
scale. Preoperative clotting profile was normal (PT- 12s, INR- 
0.92) and platelet count was adequate (205,000 cells/uL). Brain 

computed tomography (CT) scan revealed right frontoparietal 
subdural hygroma with no evidence of posterior fossa bleed 
(Figure 1 A-B).

Patient had a bifrontal burr hole with drainage of subdural hygroma 
and subgaleal drain insertion. The intraoperative finding was that 
of xanthochromic CSF under pressure. Two days post-surgery, GCS 
improved to E4V4M6. Subgaleal drain was significantly active, draining 
650mls of blood-tinged CSF over three days. He deteriorated on third 
day post-surgery with a 5-point drop in GCS to- E2V2M5 (9/15). 
Emergency brain CT scan revealed right hemispheric cerebellar 
hemorrhage- (Figure 2A). Search for possible cause of cerebellar 
hemorrhage with brain magnetic resonance imaging (MRI) and 
angiography did not reveal any tumor or vascular malformation.

The subgaleal drain was removed and he was managed 
conservatively with close neuro-vital signs monitoring. He made 
a progressive neurological improvement with 5-point gain in 
GCS - E4V4M6 (14/15) and the right hemiparesis improved 
to the power of 4/5. However, he still had a residual intention 
tremor of the right upper limb, past pointing and dysarthria. A 
repeat check brain CT scan done on the 16th post-operative day 
revealed a resolving right cerebellar hemorrhage (Figure 2B). He 
was subsequently discharged home on the 19th postoperative 
day for follow up at the outpatient clinic.

Case 2
A 79-year-old man with lumbar degenerative spine disease and 
symptomatic lumbar canal stenosis. He presented with radicular 
low back pain and weakness of both lower limbs but no sphincteric 
dysfunction. He had cervical decompression two years earlier. He 
is a known hypertensive with satisfactory blood pressure control on 
anti-hypertensives. He had no symptoms referable to the intracranial 
compartment. At physical examination, he was an elderly man with 
GCS of 15 and intact higher cortical function. Blood pressure was 
130/80mmHg, pre-operative electrocardiogram and chest radiograph 
were normal. He had quadriparesis (power ranged between grades 
4 and 5 in different muscle groups in both upper limbs but between 
grades 1 and 3 in both lower limbs according MRC scale).

Pre-operative clotting profile result was normal (PT- 12 
seconds, PTTK- 29 seconds, INR- 0.96) and platelet count 
was 346,000cells/uL. Pre-operative MRI scanogram revealed 
normal findings in the brain supratentorial and infratentorial 
compartments (Figure  3A). He had a lumbar decompressive 
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Figure 1. A. Pre-operative Brain CT scan showing bilateral subdural hygroma (star). B. Sagittal view showing a normal 
cerebellum (arrow).

Figure 2. A. Post-operative Brain CT scan showing a bleed in the right cerebellar hemisphere (black arrowhead). B. 16th day post-
operative axial brain CT showing resolving cerebellar hematoma (curved arrow)

Figure 3. A. Pre-operative Brain MRI sagittal view (from scout T2) with normal posterior fossa. B. Brain CT sagittal view showing 
cerebellar hemispheric bleed (black straight arrow).
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laminectomy (interlaminar laminectomy, right L2-L5 and 
left L3-L5) under general anesthesia. Intra-operatively, blood 
pressure was well controlled, which ranged from120/70mmHg 
to 110/80mmHg.He had an inadvertent intra-operative dura 
tear with CSF leak which was repaired with vicryl 4/0 suture. 
Recovery from general anesthesia was uneventful. However, 
about three hours post-surgery, he had a witnessed cardiac 
arrest from which he was promptly resuscitated. Brain CT scan 
revealed cerebellar hemorrhage (Figures 3B and 4A). He was then 
transferred to the intensive care unit, intubated and mechanically 
ventilated with close neuro-vital sign monitoring. Subsequently, 
features of raised intracranial pressure (systolic hypertension and 
bradycardia) necessitated a repeat brain CT scan on the fourth 
day post-surgery which revealed acute hydrocephalus (Figure 4B). 
He subsequently had a right frontal external ventricular drain. 
He made some improvement and was subsequently transferred 
to the ward.

DISCUSSION

Remote cerebellar hemorrhage (RCH) is a rare form of 
presentation of spontaneous intracerebellar hemorrhage. In 
our experience over a twenty-year period, the incidence of 
RCH following chronic subdural ematoma and lumbar spine 
decompression surgeries are 0.68% and 0.29%, respectively.

Commonly, cerebellar hemorrhage occurs spontaneously due 
to poorly treated hypertension, amyloid angiopathy, tumors, 
coagulation disorders and vascular lesions such as aneurysms 
and arteriovenous malformations1. Cerebellar hemorrhage could 
also occur iatrogenically following a posterior fossa operation as 
a tumor bed bleed. Strict surgical technique such as meticulous 
hemostasis at the surgical site is expected to reduce post-operative 
posterior fossa hematoma. However, due to its rarity RCH is 
not a concept that many surgeons are aware of and as such, not 
considered and sought for in a post-operative deteriorating 
neurosurgical patient. Literature search carefully done in 
sub-Saharan Africa did not record any previous documentation 
of this subject. Even in global literature, the frequency is still low, 
with an estimated incidence of 0.08-0.26% following CSF leak 
in lumbar spine or cranial surgery1,4,5.

The risk factors for this condition are not very well established but 
advancing age appears to be a remarkable factor as observed in the 
cases in this report. This is also the trend in the literature5-8. The 
index cases did not have chronic diseases that cause vasculopathy, 
there was no history of hematological disorders and the clotting 
parameters were normal. This relationship with advancing age 
may be linked to degenerative changes of the vessels in response 
to sudden change in pressure dynamics along the neural axis. For 
this reason, the team usually avoids multiple burr holes during 
drainage of chronic subdural collections in the elderly. We also 
avoid aggressive on-table aspiration and wash out of fluid in 
chronic subdural surgery for the elderly.

Figure 4. A. Brain CT axial view showing bihemispheric extent of the cerebellar bleed. B. Brain CT Axial view showing the resultant 
triventriculomegaly.
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Another risk factor for RCH is rapid loss of CSF which was 
observed in both patients we managed. Literature had reported 
very low incidence of RCH in chronic subdural hematoma 
drainage surgeries that are not complicated by massive CSF leak8,9.

In reality therefore, the risk of RCH is expected to be high in massive 
fluid shifts of the milieu interior bathing the brain and spinal cord. 
Literature has consistently reported the relationship of occurrence 
of RCH with neurological procedures that had a high volume of 
cerebrospinal fluid (CSF) loss, as also observed in this case report1,5-8.

The pathomechanism of CSF leak causing RCH is not known for 
sure. However, suggested mechanisms include a hemodynamic 
theory as a result of sudden intracranial hypotension (resulting 
from excessive and rapid CSF loss). This leads to increased 
transmural pressure resulting in the rupture of posterior fossa 
bridging veins1,2,10,11. This typical venous source of the hemorrhage 
is supported by reports of negative angiographic findings in 
most cases as well as the Zebra pattern on radio-imaging which 
represents free blood along the cerebellar folia2,12. Another possible 
mechanism is the mechanical theory from cerebellar sagging 
which results in stretching and tearing of superior cerebellar veins2.

Some researchers have argued that RCH occurs when other 
mechanisms, such as jugular venous occlusion following extreme neck 
rotation during positioning, spikes in intraoperative blood pressure, 
anticoagulant and anti-platelet medication interact simultaneously1.

About 50% of POND cases attributable to RCH has been reported 
to occur within the first 24 hours post-surgery as noted in one of 
our cases13. As such, the possibility of RCH should be entertained 
after procedures with large volume or rapid CSF loss. In the same 
manner, this unexpected event should constitute one of the points 
to discuss during counseling of elderly patients especially going 
for lumbar spine decompression surgery as per the rare chance 
of cerebellar stroke in the event of CSF leak, although the region 
anatomically is remote from the site of surgery.

On the one hand, one might have thought that cardiac arrest and the 
subsequent resuscitative measures might have led to the cerebellar 
hemorrhage in our second patient. Although arguable, we propose 
that the cardiac arrest witnessed in this index patient may be due to 
the cerebellar hemorrhage, as the patient had recovered uneventfully 
from anesthesia. As support for this idea, Agrawal et al.14 had reported 
that intracranial hemorrhage (including cerebellar hemorrhage) is a 

possible cause of sudden cardiac arrest of non-cardiac origin through 
cathecolamine-surge induced cardiac stunning14.

Without a high index of suspicion and neuroimaging, 
management effort after POND is usually directed at metabolic, 
medication and circulatory causes especially in centers where the 
distance to CT scan is significant for fear of patient deterioration 
en-route the scan room. This case report recommends early 
scan as soon as possible in POND in order to rule out condition 
such as RCH. It seems that the prognosis of this condition 
depends on the volume of hematoma and the associated medical 
conditions like the presence of cardiac arrest. However, the risk 
of irreversible deterioration from brainstem involvement may 
be low in RCH on a background of small hematoma volume 
and age-related cerebellar atrophy in the elderly13,15. However, 
it is still necessary to look out for the occasional patient with 
associated brainstem compression which may require a more 
aggressive management approach.

CONCLUSION

Surgeons should be aware of this rare complication and make an 
attempt to mention this in pre-operative counseling as well as 
promptly request for neuroimaging if there are clinical findings 
suggestive of neurological decline post procedure with associated 
excessive CSF leak/drainage. This will prevent misdiagnosis and 
help expedite appropriate patient stratification and management.

Also, given the added morbidity of RCH, it is important to stress 
the value of meticulous attempts during and after surgery to 
prevent uncontrolled massive CSF loss.
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Intracranial Infectious Aneurysm Secondary to Cerebral Empyema in a 
Pediatric Patient: case report and systematic review
Aneurisma Infeccioso Intracraniano Secundário a Empiema Cerebral em Paciente Pediátrico: 
relato de caso e revisão sistemática
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Guilherme Giglio Muller1 
Felipe Alves da Silva1 
Luana Souza Nascimento1 
Emanuele Pires Canela dos Santos2 
Osmi Hamamoto1 

ABSTRACT
Intracranial Infectious Aneurysms (IIAs) arise from inflammation of the arterial wall due to bacterial or fungal infections. Representing 
0.7%–6.5% of cerebral aneurysms, they are rare in children and often multiple and small. Early antibiotic therapy is essential, yet 
treatment guidelines remain unclear. We report the case of an 11-year-old with a mycotic aneurysm secondary to cerebral empyema and 
bacterial meningoencephalitis, which resolved with spontaneous thrombosis and no neurological deficits. A systematic review following 
PRISMA guidelines identified 67 relevant studies from 2,604 screened. Data from these cases revealed a male predominance (66.2%) and 
mean age of 41 years. Headache (37%), visual disturbances (27.2%), and neuromuscular symptoms (22.2%) were common. Bacteria 
accounted for 86.4% of infections, especially Streptococcus spp. (34.4%). Aneurysms most frequently involved the middle cerebral artery 
(53.3%), slightly more on the left (53.4%). Surgical treatment was performed in 77.5% of cases, including endovascular approaches in 
58%. Full symptom resolution occurred in 51.4% of patients. Overall mortality was 20%, increasing to 25.4% with aneurysm rupture. 
These findings underscore the importance of early infection control - especially endocarditis - and consideration of IIAs in the differential 
diagnosis of spontaneous subarachnoid hemorrhage.

Keywords: Intracranial infectious aneurysm; Cerebral empyema; Pediatric patient; Mycotic aneurysm; Case report; Systematic review

RESUMO
Aneurismas Infecciosos Intracranianos (AIIs) surgem da inflamação da parede arterial causada por infecções bacterianas ou fúngicas. 
Representando 0,7%–6,5% dos aneurismas cerebrais, são raros em crianças e geralmente múltiplos e de pequeno calibre. A antibioticoterapia 
precoce é essencial, embora ainda não existam diretrizes claras de tratamento. Relatamos o caso de uma criança de 11 anos com aneurisma 
micótico secundário a empiema cerebral e meningoencefalite bacteriana, que evoluiu com trombose espontânea e sem déficits neurológicos. 
Uma revisão sistemática conduzida conforme as diretrizes PRISMA identificou 67 estudos relevantes dentre 2.604 triados. Os dados desses 
casos revelaram predominância do sexo masculino (66,2%) e idade média de 41 anos. Cefaleia (37%), distúrbios visuais (27,2%) e sintomas 
neuromusculares (22,2%) foram comuns. As bactérias foram responsáveis por 86,4% das infecções, especialmente Streptococcus spp. (34,4%). 
Os aneurismas afetaram com mais frequência a artéria cerebral média (53,3%), discretamente mais à esquerda (53,4%). Tratamento 
cirúrgico foi realizado em 77,5% dos casos, incluindo abordagem endovascular em 58%. A resolução completa dos sintomas ocorreu 
em 51,4% dos pacientes. A mortalidade geral foi de 20%, aumentando para 25,4% nos casos com ruptura aneurismática. Esses achados 
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reforçam a importância do controle precoce da infecção - especialmente endocardite - e da inclusão dos AIIs no diagnóstico diferencial da 
hemorragia subaracnoidea espontânea.

Palavras-Chave: Aneurisma infeccioso intracraniano; Empiema cerebral; Paciente pediátrico; Aneurisma micótico; Relato de caso; 
Revisão sistemática

The goal is to describe the main etiological agents, clinical features, 
therapeutic approaches, and outcomes associated with this condition, 
contributing to its early recognition and proper management.

METHODS

The protocol of the present study is in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. Population: Adults and children, both sexes, 
worldwide. Exposure: Diagnosed intracranial infectious aneurysm. 
Comparison: Age, sex, diagnostic interval, clinical characteristics, 
diagnosis, radiological features of the aneurysm, and treatment. 
Outcomes: Follow-up and mortality results.

Search strategy and data sources
A systematic search in the MEDLINE electronic database was 
conducted using the PubMed MeSH Advanced Search Builder tool, 
employing the following search commands: (((intracranial) OR 
(cereb*) OR (brain)) AND ((infect*) OR (mycotic) OR (bacterial))) 
AND (aneurysm*). The search was performed to identify studies 
that reported clinical cases of intracranial infectious aneurysms in 
children and adults. The reference lists of identified studies were 
reviewed to locate additional relevant case reports.

Study selection
Four reviewers independently screened the titles and abstracts 
of all citations for eligibility and retrieved those meeting the 
inclusion criteria. If the information available in the abstract was 
insufficient to determine eligibility, the full article was retrieved 
for review. Discrepancies were resolved by consensus among the 
reviewers when necessary. The reviewers individually analyzed 
all the articles found. Studies reporting information on children 
and adults of both sexes with intracranial infectious aneurysms, 
dated within the last 10 years, were included. Studies were 
excluded if the full text in English or Portuguese was unavailable, if 
original data were not reported (review articles), or if intracranial 

INTRODUCTION

Intracranial Infectious Aneurysms (IIAs) are conditions resulting 
from an acute inflammatory reaction of the tunica adventitia, which 
spreads to the muscular layer, causing its weakening and leading to 
arterial dilation1-3. They can arise from the infection of a normal 
arterial wall or a pre-existing aneurysm. However, due to their 
infectious pathophysiology, they are considered pseudoaneurysms1,4,5. 
IIAs involve a variety of etiological agents, predominantly bacterial 
(72.8%), such as Streptococcus spp. and Staphylococcus spp., followed 
by fungal infections, including Aspergillus sp3,6,7.

IIAs are typically a rare complication of infectious endocarditis 
but can also result from other causes of bacteremia, such as 
cavernous sinus thrombophlebitis, bacterial meningitis, subdural 
empyema, or orbital cellulitis8,9. They tend to manifest as multiple 
and smaller aneurysms, accounting for 0.7% to 6.5% of all cerebral 
aneurysms, and are less common in the pediatric population10,11.

IIAs are also known as “mycotic aneurysms,” a term introduced 
in 1885 by Sir William Osler to describe a mushroom-shaped 
aneurysm resulting from subacute bacterial endocarditis. Today, 
the preferred term is infectious aneurysm, which encompasses 
aneurysms with diverse infectious etiologies7.

Although early diagnosis and treatment are crucial for achieving 
better outcomes in patients with IIAs, there is still no established 
therapeutic guideline due to the lack of studies and evidence 
addressing the specificities of each case12,13. However, most 
strategies involve antibiotic therapy, either alone or combined with 
microsurgical or endovascular interventions11,12. The treatment 
modality should consider factors such as aneurysm size and location, 
rupture status, presence of mass effect, and vessel fragility12.

This article aims to report a rare case of IIA in a pediatric patient 
secondary to cerebral empyema and bacterial meningoencephalitis, 
as well as to perform a systematic review of the literature on IIAs. 
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infectious aneurysm was not the primary focus of the study. A 
total of 2,604 studies were identified, of which 67 had their data 
effectively collected and analyzed (Figure 1).

Data extraction
A table was structured to standardize the identification and 
extraction of data from the selected case reports (Table  1). 
The following data were collected: age, sex, initial neurological 
presentation, associated etiological agent, radiological properties, 
clinical and surgical treatment, symptom remission, and clinical 
outcome. Case reports lacking the necessary information were 
excluded from data analysis for statistical purposes.

CASE PRESENTATION

An 11-year-old patient presented to the emergency department 
with symptoms of vomiting and difficulty moving the lower 
limbs. He was treated with antiemetics and oral hydration. Six 
days later, the condition progressed with difficulty ambulating, 
fever, and drowsiness. Infectious screening tests were requested, 
and empirical treatment with ceftriaxone was initiated. Due to 
clinical worsening, he was referred to a tertiary pediatric hospital 
after seven days, where he was evaluated by the pediatrics and 
neurosurgery teams. During the evaluation, the patient reported 

Figure 1. Literature search according to PRISMA guidelines.
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headache, nausea, and monoparesis of the right lower limb. 
Neurological examination revealed a Glasgow Coma Scale 
(GCS) score of 14, postural instability, nuchal rigidity (positive 
Brudzinski sign), cranial tenderness, grade IV strength in the 
upper limbs and the right lower limb, and grade III strength 
in the left lower limb.

A cranial CT scan showed hypoattenuating extra-axial 
collections in the left frontal region with a maximum thickness 
of 0.9 cm and adjacent to the left interhemispheric falx with 
a maximum thickness of 1.2 cm, exhibiting pachymeningeal 
enhancement, sulcal and gyral effacement on that side, and 
compression of the ipsilateral lateral ventricle. Soft tissue 
content was observed in the left maxillary and frontal sinuses, 
suggestive of acute sinusitis.

Based on these findings, the diagnostic hypothesis of complicated 
sinusitis with cerebral empyema/bacterial meningoencephalitis 
was proposed. The patient developed septic shock and secondary 
intracranial hypertension. He underwent surgery for cerebral 
empyema drainage/left frontoparietal decompressive craniectomy 
without complications. Two days later, the otolaryngology team 
performed drainage of the left maxillary, ethmoidal, and frontal 
sinuses. The patient stabilized, showed clinical improvement, and 
was discharged one week after the surgical procedures.

The patient returned to the neurosurgery clinic without complaints. 
Neurological examination revealed left-sided facial asymmetry, 
motor deficits in the left upper limb and right lower limb, and 
right-sided asymmetric hemiparesis with grade IV strength in 
the left upper limb and grade III strength in the right lower limb, 
along with a positive Babinski sign on the right.

A follow-up cranial CT scan revealed ventricular asymmetry 
with dilation of the left temporal and occipital horns, a subdural 
collection with liquor-like density in the left frontotemporal and 
parietal regions, and gliosis in the left frontal region, without signs 
of active infection. The team opted to monitor the patient, with the 
potential need for a ventriculoperitoneal shunt before cranioplasty, 
depending on the persistence of asymmetry, ventricular dilation, 
or signs of intracranial hypertension.

Six months after the initial presentation, the patient returned 
following head trauma (a punch) at the craniectomy site, 
presenting with sweating, perioral and upper extremity pallor, 

a syncopal episode, and local pain. Neurological examination 
showed bulging in the left temporal region without tenderness, 
GCS 15, asymmetric right hemiparesis with worse proximal 
weakness (grade III in the right upper limb, grade IV in the right 
lower limb), and left-sided facial asymmetry.

A CT scan revealed a large left temporal intraparenchymal 
hemorrhage, cerebral edema, and ventricular dilation. The patient 
underwent surgery for hemorrhage drainage and placement 
of a high-pressure ventriculoperitoneal shunt. Postoperative 
CT showed left temporal gliosis, no evidence of bleeding, and 
reduced ventricular size.

Twelve days postoperatively, the patient experienced altered 
consciousness, significant edema at the craniectomy site, 
worsening right upper limb strength (grade II), and spasticity. 
A new cranial CT scan indicated rebleeding at the previous 
hematoma site, with moderate volume, mass effect, herniation 
at the decompressive craniotomy site, and midline shift. MRI 
showed a large clot, precluding exclusion of arteriovenous 
malformation or other vascular disease. Angiography 
identified a 3-mm aneurysm in the M3-M4 segment of the 
middle cerebral artery, with a suspected mycotic aneurysm 
(Figure 2). CSF cultures, blood cultures, and urinalysis showed 
no specific pathogens. Echocardiogram and transesophageal 
echocardiogram were normal, without evidence of cardiac or 
infectious abnormalities.

Due to the aneurysm’s location, surgical challenges, and anatomical 
variations, endovascular treatment was chosen. The patient was 
referred to the neurosurgery team at another tertiary hospital, 
with na endovascular team. A week later, he returned, reporting 
spontaneous aneurysm thrombosis, confirmed by cranial CT 
showing complete hematoma resolution.

The patient remained stable, without motor deficit worsening, 
and was discharged with instructions for outpatient follow-up. 
Cranioplasty was performed three months later without 
complications. At follow-up a week after cranioplasty and 
three months post-aneurysm thrombosis, the patient was 
hemodynamically stable and asymptomatic. Neurological 
examination showed GCS 15, right-sided paresis with spasticity 
in the upper limb (grade IV strength in the right lower limb, 
grade V in other limbs), mild left-sided facial asymmetry, and 
gradual improvement of deficits.
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RESULTS

Demographic profile
The predominant sex was male, constituting 66.23% of the 
sample. Regarding age and gender distribution among patients 
with mycotic aneurysms, certain demographic groups showed 
a predominance. The most affected age groups were 48-55 years 
(19.48%), followed by 24-31 years (16.88%) and 56-63 years 
(12.98%). The average age of the cases analyzed was 41 years.

Initial neurological presentation
The analysis of the initial clinical presentation revealed that the 
most common neurological symptoms were headache (37%), 
visual and ocular disturbances (27.16%), such as changes in visual 
acuity and visual fields, and retro-orbital pain; neuromuscular 
disorders (22.22%), such as weakness, hemiparesis, and ptosis; 
altered level of consciousness (13.58%); seizures (9.87%); language 
and speech disorders (9.87%), such as aphasia and dysarthria; 
and, less prominently, sensory disturbances (6.17%).

Etiological agent
In 27.2% of the evaluated cases, no specific etiological agent was 
identified. Among the rest, 86.44% presented bacterial agents, 
while the remainder had fungal (11.86%) and helminthic agents, 

showing a frequency of bacteria 6.5 times higher. Among the 
bacterial agents, the Streptococcus genus was predominant, 
accounting for 34.37% of all pathogens identified.

Characteristics of the aneurysms
The location, laterality, size, and number of aneurysms were analyzed. 
The most common location was the Middle Cerebral Artery (53.3%), 
followed by the Posterior Cerebral Artery (17.7%) and the Internal 
Carotid Artery in its intracranial portion (12.2%). Involvement of 
other structures, such as the Basilar, Anterior Cerebral, Pericalosal, 
and Superior Cerebellar arteries, accounted for 12.2% of cases. Other 
structures accounted for 4.4% of cases, including the Calcarine, 
Posterior Communicating, Anterior Communicating, and Posterior 
Inferior Cerebellar arteries. In terms of laterality, there was a slight 
predominance of aneurysms on the left side, constituting 53.4% of 
the cases. The largest aneurysm diameter, after its maximum growth, 
ranged from 1.3 mm to 50 mm, with an average of 7.08 mm, a standard 
deviation of 7.4 mm, and a median of 4.5 mm. The presence of single 
aneurysms was observed in a significant proportion, constituting 
64.5% compared to multiple aneurysms. Additionally, 67.4% of cases 
had an episode of intracranial hemorrhage.

Treatment
Among 80 patients evaluated regarding surgical interventions, 
77.5% underwent some procedure for aneurysm correction 
(excluding ventriculoperitoneal shunts, decompressive 

Figure 2. A and B. Cerebral angiography images showing aneurysmal dilation in the M3-M4 segment of the left Middle Cerebral 
Artery (MCA), approximately 3 mm in size.
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craniotomies, etc.). Of the 62 patients who underwent surgery, 
58% underwent endovascular intervention, while the remaining 
patients underwent microsurgery. Antibiotic therapy was 
prescribed for 74 of the evaluated patients (91.3%). Of these, 
75.6% underwent associated surgical procedures, while in the 
remaining cases, antibiotics were the only therapy used.

Clinical outcome
Among the cases analyzed for remission of neurological symptoms, 
51.4% experienced complete remission and remained without 
deficits after treatment, whether clinical or surgical. Additionally, 
27.1% showed partial improvement, while 21.4% did not show 
any improvement in the clinical neurological condition. Death 
associated with the aneurysm occurred in 20% of cases, with 
81.25% of these patients showing no remission of symptoms 
after treatment.

DISCUSSION

AIIs are pseudoaneurysms characterized by an inflammatory 
process that extends beyond the adventitia into the muscular layer, 
potentially associated with septic emboli3,9,39. These formations 
lack a true wall and are instead characterized by a fragile single 
layer of connective tissue that usually impedes distal blood 
flow. Approximately 2 to 5% of neurological complications in 
individuals with infective endocarditis manifest as AIIs, but the 
actual incidence remains unknown due to limited brain screening 
in patients without neurological symptoms6,12. It is interesting 
to note that our patient did not show any significant cardiac 
alterations, given the normal results of their electrocardiogram 
and transesophageal echocardiogram, contrasting with the typical 
pattern of AIIs occurring secondarily to infective endocarditis.

Two predominant mechanisms contribute to the development of 
AIIs: intra-arterial dissemination, in which septic emboli travel 
to distal cerebral vessels, often originating from an infected 
heart valve due to infective endocarditis; and extra-arterial 
dissemination, where vascular infection arises from infected 
neighboring structures, as seen in cases associated with cavernous 
thrombophlebitis, meningitis, sinus infections, extension from 
an infected focus, hematogenous seeding of the intima during 
bacteremia, or trauma3,4. The underlying pathophysiological 
processes of intra-arterial dissemination involve the vasa 

vasorum hypothesis, in which the infection progresses from 
the inside out of the arterial wall; or the embolic hypothesis, 
characterized by the centrifugal progression of the intima into the 
adventitia5,75. In our case, we present a patient who developed an 
AII approximately one year after an episode of bacterial cerebral 
empyema. After discussion, the team concluded a probable extra-
arterial development of the AII caused by the extension of the 
infectious focus associated with trauma suffered by the patient.

In the pediatric population, 57% to 91% of AIIs are caused 
by Streptococcus viridans and Staphylococcus aureus3,12,39. 
Pneumococcus is considered a rare etiological agent in children, 
although it is increasingly identified, especially in children with 
underlying congenital heart disease or previous endocarditis7. 
In the present study, the most common pathogens were 
Staphylococcus aureus and Aspergillus. Pathogens such as 
Streptococcus viridans, Staphylococcus aureus, Streptococcus 
anginosus, Abiotrophia defectiva, Streptococcus pneumoniae, 
and Pseudomonas aeruginosa were also identified in pediatric 
cases. Despite the low incidence of fungal infections in our study 
(11.86%), 33.3% of the deaths with a defined etiological agent 
were associated with Aspergillus, despite occurring 6.5 times 
less than bacterial agents in the total cases. Thus, although less 
frequent, fungal infections appear to have higher mortality.

Diagnostic criteria for AIIs include typical imaging findings, 
identification of predisposing infections, and consideration of 
clinical indicators, with early diagnosis being crucial for reducing 
morbidity and mortality12,75. However, this identification is 
difficult as patients may be asymptomatic or present with subacute 
and nonspecific symptoms, such as fever, headache, nausea, 
vomiting, chills, malaise, and mild focal déficits7. In pediatric 
patients, these symptoms may be even more underreported. In 
this review, 78% of reported cases presented some neurological 
alteration in their initial clinical presentation, with most being 
nonspecific, predominated by headache and changes in acuity 
and visual field. Symptoms such as fever, nausea, and vomiting 
were also predominant, accounting for 36% of cases. Our patient 
also presented a nonspecific picture, with the rebleeding of their 
previous lesion leading to a neurovascular study that assessed 
the presence of the aneurysm.

The evaluation of the cases in this systematic review allowed 
for the construction of a profile with the highest incidence of 
infectious aneurysms in terms of gender and age group. Regarding 
the more affected gender, the male population presented a higher 
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prevalence of cases (66.23%). Similar values were observed for 
mortality rates, with 62.5% of the 16 deaths being male. Regarding 
age group, the most affected group was those between 48 and 
55 years old (19.48%). Regarding mortality rates, this group 
accounted for 37.5% of the deaths studied. The analysis of these 
data reinforces a typical profile of higher incidence risk, with the 
male population aged 48 to 55 years8,12,13. However, only the gender 
aligns with our patient’s profile, as, due to their age of 11 years, 
they belong to the pediatric population (0 to 21 years), an age 
group that accounted for only 16.88% of cases in this study. In 
this population, AIIs are rare, comprising 15% of all pediatric 
intracranial aneurysms, and are underdiagnosed due to their 
low rupture rate (2%)1,3.

Cerebral angiography is the gold standard for diagnosing AIIs, 
with common characteristics including distal location, fusiform 
shape, poorly defined aneurysm neck, irregular contours, and 
multiplicity7,8,12,37,75. Regarding location, infectious aneurysms 
are preferentially found in the arteries of the anterior circulation 
(79.2%), especially in the middle cerebral artery, affected in 56.9% 
of cases3,7,13,75. AIIs in the posterior circulation are observed in 
20.8% of cases8,12,39.

The cases evaluated in the present study reinforce the prevalence 
of aneurysms in the anterior circulation and the preference for 
branches of the MCA, which were affected in 53.3% of the total 
aneurysms. The occurrence of posterior circulation aneurysms 
also aligned with the frequency described by Alawieh et al., as 
they were identified in 26.8% of our cases13. Moreover, posterior 
circulation aneurysms were present in 57.1% of patients who 
died, while this location corresponds to only 26.8% of the total 
aneurysms evaluated. These data may indicate a worse prognosis 
for posterior circulation AIIs compared to anterior circulation AIIs.

IIAs tend to be small, with multiple occurrences reported in 
19.4% of cases12,13,75. In the present study, the average size of the 
largest dimensions of aneurysms was 7.08 mm, with aneurysms 
identified ranging from 1.3 mm to 50 mm. The occurrence of 
multiple AIIs was identified in 35.5%, slightly higher than the 
frequency found by Alawieh et al.13. The dimensions of our patient’s 
AII are consistent with the literature, as it was a single aneurysm 
measuring about 3 mm, affecting distal branches of the MCA.

Although there is no established standard treatment for infectious 
aneurysms, the use of specific antibiotics is one of the cornerstones 

of therapy3,12,40,75. Among the total cases analyzed in the present 
study, 20% died, while mortality among cases that did not receive 
antibiotics was 50%. Additionally, a relationship was observed 
between the absence of antibiotic therapy and the persistence of 
initial neurological symptoms. Of the total patients evaluated, 
the persistence or worsening of neurological symptoms was 
observed in 21.4% of cases, while among patients who did not 
use antibiotics, this statistic was 40%. These data highlight the 
importance of combining antibiotics in the treatment of AIIs. 
Our patient adhered to antibiotic therapy and showed partial 
remission of symptoms after treatment.

Surgical approaches are especially recommended in cases of 
hemorrhagic events and progressive aneurysm enlargement, 
given the high morbidity and mortality rates associated with 
these conditions3,6,40,75. While microsurgical techniques include 
aneurysm resection and clipping, endovascular approaches 
involve embolization using coils, liquid agents, and flow-diverting 
stents3,8,12,13. While 22.5% of the total cases in this study did not 
undergo surgical intervention, 62.5% of patients who died did not 
have surgery, reinforcing the importance of these interventions 
in the prognosis of AIIs. Furthermore, the type of surgery 
performed did not show a clear relationship with mortality, as 
among the 6 patients who died and underwent surgery, 50% had 
endovascular correction, while 50% had microsurgical correction. 
In our patient’s case, AII correction surgery was not performed 
because it was identified during endovascular intervention that 
the aneurysm had undergone spontaneous thrombosis.

The average mortality rate for AIIs analyzed in the systematic 
review by Alawieh et al.13 is 24.1%, which can reach 80% when 
evaluating ruptured AIIs13. In the present study, the overall 
mortality rate for evaluated AIIs is 20%, while mortality for AIIs 
with ICH or in ruptured aneurysms was 25.4%.

CONCLUSION

Intracranial infectious aneurysms are rare complications, 
particularly in the pediatric population. This study reports a 
case of a mycotic aneurysm secondary to a brain abscess in a 
pediatric patient who was no longer in an infectious process. 
The wide range of clinical findings highlights the importance 
of imaging exams for early diagnosis and the definition of 
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appropriate neurosurgical management. The high mortality rate 
justifies the screening of infectious foci (especially for Infective 
Endocarditis) and underscores the importance of considering 
them as a differential diagnosis in the presence of spontaneous 
intracranial hemorrhage.

Despite the relevance of the findings, this review has some 
limitations. The included evidence is mostly based on case reports 
and small case series, which may introduce publication bias and 
limit the generalizability of the results. Additionally, the review 
process was constrained by the lack of standardized outcome 
reporting across studies, and no formal assessment of risk of bias 
or certainty of evidence was performed. Nevertheless, the synthesis 
of available data offers important insights for clinical practice. 
Early recognition of intracranial infectious aneurysms—especially 
in the context of unexplained hemorrhagic events—may guide 
timely investigation of infectious sources and influence surgical 
decision-making. For future research, multicenter registries and 
prospective studies are needed to improve the understanding of 
optimal management strategies, particularly in pediatric patients.
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Microsurgical Clipping of Bihemispheric Anterior Cerebral Aneurysm
Clipagem Microcirúrgica de Aneurisma Cerebral Anterior Bi-hemisférico

I Wayan Niryana1 
Steven Awyono1 
Kevin Kristian Putra1 

ABSTRACT
The bihemispheric anterior cerebral artery is a normal variant of the anterior cerebral artery. Aneurysm in the distal anterior cerebral 
artery with this variant presents a surgical challenge as parent artery occlusion must be avoided at any cost to prevent ischemia of the 
distal brain tissue. Several surgical procedures have been employed to treat distal anterior cerebral aneurysms. The pterional approach 
is considered a simple approach that can provide golden rules in aneurysm clipping even to the distal segment of the anterior cerebral 
artery. This report presents a rare case of an 83-year-old adult male with a bihemispheric anterior cerebral artery with aneurysm on 
the dominant side of the A2. We used the pterional approach that gives early proximal control and sufficient exposure to evaluate the 
parent artery. We successfully visualized the parent artery, neck of the aneurysm and the distal A2 segment. Successful clipping, achieved 
with patent efferent artery flow, was evaluated using transcranial doppler.

Keywords: Distal anterior cerebral artery; Pterional approach; Cerebral aneurysm

RESUMO
A artéria cerebral anterior bi-hemisférica é uma variante anatômica da artéria cerebral anterior. A presença de um aneurisma na 
artéria cerebral anterior distal com essa variante representa um desafio cirúrgico, pois a oclusão da artéria principal deve ser evitada 
a todo custo para prevenir isquemia do tecido cerebral distal. Diversas técnicas cirúrgicas têm sido empregadas no tratamento de 
aneurismas da artéria cerebral anterior distal. A abordagem pterional é considerada simples e eficaz, podendo fornecer os princípios 
fundamentais da clipagem de aneurismas, mesmo nos segmentos distais da artéria cerebral anterior. Este relato apresenta um caso raro 
de um paciente do sexo masculino, 83 anos, com artéria cerebral anterior bi-hemisférica e aneurisma no lado dominante do segmento 
A2. Utilizamos a abordagem pterional, que proporcionou controle proximal precoce e exposição adequada para avaliação da artéria 
principal. Conseguimos visualizar com sucesso a artéria principal, o colo do aneurisma e o segmento distal de A2. A clipagem foi 
realizada com êxito, mantendo o fluxo arterial aferente, avaliado por doppler transcraniano.

Palavras-Chave: Artéria cerebral anterior distal; Abordagem pterional; Aneurisma cerebral
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INTRODUCTION

The variability in the anterior cerebral artery (ACA) architecture 
is considerable. A wide range of ACA variations, including 
bihemispheric, azygous, crossover branches, and accessory 
ACA, have been documented in the literature1-6. A notable 
surgical challenge arises when confronted with the distal ACA 
aneurysm accompanied by a bihemispheric ACA variant on the 
dominant side1-4,6. When the fundus of an aneurysm extends 
medially or posteriorly, its visualization has the potential to be 
obstructed by the dominant artery. Here, we describe a case 
of an aneurysm in the right distal ACA, originating from the 
dominant side of a bihemispheric ACA variant. We describe 
its unique characteristics and surgical management using the 
pterional approach for this aneurysm.

CASE ILLUSTRATION

Examination
An 83-year-old man was brought to the emergency 
department with a loss of consciousness for seven hours 
prior. He had a history of uncontrolled hypertension for ten 
years. A neurological examination was obtained with the 
Glasgow coma scale of 4t and positive meningeal sign. Head 
computed tomography (CT) scan revealed acute extensive 
subarachnoid hemorrhage over the basal cistern expanding 
to both lateral cistern and anterior interhemispheric fissure 
with panventricular hemorrhage and ventricular enlargement 
(Figure 1A-B). Further CT angiography revealed a distal ACA 
aneurysm on the right side with a neck width of 6mm, dome 
width of 11 mm, and dome/neck ratio of 1.8 (Figure 1C-D). 
After discussing with the patient’s family, we plan to perform 
aneurysm clipping and external ventricular drainage.

Operative technique
After induction of general anesthesia, the patient was positioned 
supine with gentle head extension and 45 degrees left rotation 
(Figure 1E). We used two layers of skin flap with right pterional 
craniotomy. After opening the bone flap, we visualized the 
subarachnoid hemorrhage over the cerebral convexity. Brain 
relaxation was achieved after performing cerebrospinal fluid 
drainage from the sylvian cistern. After adequate brain relaxation, 

we visualized the distal internal cerebral artery (ICA) and followed 
it to expose the A1 segment of the right ACA (Figure 2A). In order 
to safely dissect the arachnoidal layer, proximal control was applied 
to the distal ICA. The brain spatula gently retracted the frontal 
lobe to enhance visualization of the ACA distally (Figure 2B). 
Following the surgical procedure involving the resection of the 
ipsilateral gyrus rectus, we successfully located and identified a 
fusiform aneurysm on the anterior communicating artery on its 
anterior side (Figure 2C). Bilateral A2 segment of the ACA was 
visualized, in which the left A2 Segment was hypoplastic. After 
adequate dissection of the arachnoidal layer, we could visualize 
the ipsilateral A2 segment (Figure 2D), which was then chosen as 
the proximal control to reduce blood flow through the aneurysm, 
hence mitigating the risk of intraoperative rupture. A slight head 
rotation towards the right side was performed to visualize the neck 
of the aneurysm, which projected in a posteromedial direction. 
A meticulous arachnoidal dissection technique was employed, 
utilizing a dissector instrument to expose the aneurysmal neck 
safely and carefully. Following a careful dissection procedure 
in the surroundings of the A2 segment of the right ACA, we 
successfully identified the efferent artery of the A2 on the 
ipsilateral side (Figure 3A).

We used a curved Yasargil titanium Clip® (blade length 6.8 mm) 
on the aneurysm (Figure 3B). Complete obliteration was achieved, 
and the ipsilateral blood flow of the A2 segment was confirmed 
using intraoperative doppler ultrasound. The blister aneurysm on 
the anterior communicating artery was then packed with muscle 
and fibrin glue to prevent rupture. The postoperative course 
was uneventful. On postoperative day 5, the patient depended 
on the ventricular drainage system, which then converted to a 
permanent ventriculoperitoneal shunt.

In this case, we performed the pterional approach to fulfill the 
golden rule of aneurysm clipping. These rules refer to the proximal 
and distal control with adequate exposure of the ACA branches7-10. 
This approach provides early identification of the proximal ACA, 
to apply the proximal control. Further arachnoidal dissection 
followed by resecting the ipsilateral rectus gyrus may enhance 
the visualization of the ACA segment. In using the pterional 
approach to treat distal ACA, we need to clearly expose the neck 
of the aneurysm to prevent incomplete clipping8.

Compared to the interhemispheric approach, the pterional 
approach is more widely accepted due to technical ease, 
familiarity, and early access of the proximal vascular to control 



J Bras Neurocirur 36 (4):578-582, 2025
https://doi.org/10.22290/jbnc.2025.22081544

580

Brief Note

Niryana IW, Awyono S, Putra KK - Microsurgical Clipping of Bihemispheric Anterior 
Cerebral Aneurysm

the A1 segment9. This approach also facilitates safe dissection 
of the arachnoidal trabeculae surrounding the aneurysm. It also 
evaluates the patency of parent artery to prevent the occlusion. 
However, severe brain retraction and narrow surgical exposure 
appear as disadvantages. Therefore, the resection of rectus 
gyrus is very helpful in enhancing the exposure. Compared to 
interhemispheric approach, the brain transgression, dissecting the 
olfactory tract and the division of superior sagittal sinus were not 
required. However, although the parasagittal bridging veins can be 
sacrificed, this can disturb the venous blood flow through frontal 

ascending veins7,9-12. In addition, the risk of venous infarction 
increases with brain retraction. The difficulty and laboriousness of 
dissecting the interhemispheric fissure should be considered due 
to be tightly opposed and adherence of the fissure. Lastly, early 
proximal control is not possible. On the contrary, the incidence of 
incomplete clipping was found to be higher in pterional approach 
cases (36%) than in the interhemispheric approach, especially 
when neck width is >8 mm. Therefore, to minimize this risk, 
safely dissecting and visualizing the aneurysm neck could help 
to properly and completely clip the aneurysm neck11,12.

Figure 1. Preoperative head CT imaging showing the subarachnoid over the interhemispheric fissure with panventricular 
hemorrhage and ventricular enlargement A. Axial. B. Coronal. CT Angiography showing hypoplastic A2 on the left side with 

Saccular aneurysm on the left side of A2. C. Posterior view. D. 45o oblique view from left anterior side. E. Preoperative 3D planning 
to expose the aneurysm by using the pterional approach.
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Figure 2. A. Initial dissection and visualization of the anatomical landmark. B. Further dissection exposing the optico-carotid cistern, 
bilateral optic nerve and part of the rectus gyrus to be resected. C. After resecting the ipsilateral rectus gyri, we can visualize the 

bilateral A1, Acom and bilateral A2 in which the left side A2 is hypoplastic. D. Further dissection of the right A2 to expose the aneurysm.

Figure 3. A. temporary clipping on the proximal A2 segment. B. Permanent clipping on the neck of the aneurysm using a curved 
titanium clip.
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CONCLUSIONS

A preoperative evaluation is important to determine the 
anatomical variant of ACA aneurysm. There are two common 
approaches for ACA aneurysms which are the pterional and the 
interhemispheric. The pterional approach may be considered a 
safe and simple approach to treat distal ACA aneurysm while 
also fulfilling the surgical goals by giving wide exposure and 
early access to the proximal vessel.
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ERRATA: Aneurysmal Bone Cyst
Por um erro honesto dos autores, o artigo Aneurysmal Bone Cyst, publicado em J Bras Neurocirur 36 (2):234-239, 2025 (DOI: 
https://doi.org/10.22290/jbnc.2025.360203), foi publicado com imagens incorretas. Para corrigir e esclarecer a pesquisa, as imagens 
e alguns trechos do documento foram ajustados e são apresentados nesta errata.
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ABSTRACT
Introduction: The Aneurysmal Bone Cyst (ABC) is a benign yet locally aggressive lesion primarily affecting the pediatric and young 
adult population. Initial assessment of an ABC requires X-rays, followed by Magnetic Resonance Imaging (MRI) or Computed 
Tomography (CT) for further examination. Case presentation: This case report illustrates an atypical presentation of the disease and 
sheds light on differential diagnoses and clinical nuances that indicated an unconventional course of disease. The case involved a male, 
30 years old, previously healthy, whose chief complaint was progressive nasal obstruction for 6 months, and sporadic epistaxis. Notably, 
pain associated with these symptoms was absent. The patient received endoscopic nasal treatment to address the fractured sphenoid 
bone. Conclusion: The observed orbital displacement, septal deviation, and erosion of adjacent structures all underscored the need for 
a multidisciplinary approach to the case management.

Keywords: Case report; Magnetic resonance imaging; Computed tomography; X-ray; Aneurysmal bone cyst

RESUMO
Introdução: O Cisto Ósseo Aneurismático (COA) é uma lesão benigna, porém localmente agressiva, que afeta principalmente a população 
pediátrica e adulta jovem. A avaliação inicial de um COA requer radiografias, seguidas de ressonâncias magnéticas (RM) ou tomografias 
computadorizadas (TC) para exame adicional. Descrição do caso: Este relato de caso ilustra uma apresentação atípica da doença 
e lança luz sobre diagnósticos diferenciais e nuances clínicas que indicaram um curso não convencional da doença. O caso envolveu 
um paciente masculino, 30 anos, previamente saudável, cuja principal queixa foi obstrução nasal progressiva por 6 meses, e epistaxe 
esporádica. Notavelmente, a dor associada a estes sintomas estava ausente. O paciente recebeu tratamento nasal endoscópico para 
tratar o osso esfenoidal fraturado. Conclusão: O deslocamento orbital, o desvio septal e a erosão das estruturas adjacentes observados 
ressaltaram a necessidade de uma abordagem multidisciplinar para o manejo do caso.

Palavras-Chave: Relato de caso; Ressonância magnética; Tomografia computadorizada; Radiografia; Cisto ósseo aneurismático
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INTRODUCTION

The Aneurysmal Bone Cyst (ABC) is a benign yet locally aggressive 
lesion primarily affecting the pediatric and young adult population. 
Initial assessment of an ABC requires X-rays, followed by MRIs 
or CTs for further examination. While imaging usually renders 
a variety of patterns, a common presentation involves a lytic and 
expansile lesion exhibiting fluid-fluid levels1.

The pathogenesis of ABCs remains a subject of controversy, 
with proposed etiologies including vascular, traumatic, or 
genetic factors. In X-rays, these lesions manifest as dilated, 
radiolucent areas typically in the metaphyseal region of the bone 
and accompanied by discernible fluid-fluid levels as revealed by 
MRIs. Histologically, ABCs are also characterized by lake-islands 
in fibrous stromata. Noteworthy differential diagnoses include 
conditions such as telangiectatic osteosarcoma and giant cell 
tumors2,3. Such findings in the nasal fossa require ongoing 
observation incorporating imaging, timely diagnosis, and 
comprehensive treatment strategies for enhancing patients’ quality 
of life. The present case report elucidates an atypical presentation 
of ABC that offers insights into its diagnostic challenges and 
multifaceted management.

The cornerstone of treating ABCs is curettage and bone grafting, 
with or without adjuvant therapy. Alternatives include cryotherapy, 
sclerotherapy, and radionuclide ablation. The case presented here 
introduces endoscopic endonasal treatment as an innovative 
treatment for this disorder and demonstrates the evolving options 
in this field1,2. These varied possibilities call for more research to 
refine our understanding and optimize patient outcomes.

CASE PRESENTATION

A male, 30 years old, previously healthy, presented as his chief 
complaint progressive nasal obstruction for 6 months, with 
sporadic epistaxis. Notably, there was an absence of pain associated 
with these symptoms.

A non-contrast-enhanced computed tomography (CT) of the 
paranasal sinuses, conducted in sagittal and coronal planes, 

revealed an expansive lesion in the left nasal cavity. This lesion 
resulted in the destruction of the bony nasal septum, the left lateral 
nasal wall, erosion of the lamina papyracea, and involvement of the 
skull base along the anterior cranial fossa. The dimensions of the 
lesion were approximately 3.8 x 2.5 x 4.7 cm, with undetermined 
etiology and potential evolution. Additionally, there was mucosal 
thickening in the left maxillary and right frontal sinuses. Other 
paranasal cavities maintained normal aeration. The nasal septum 
exhibited a right convex curvature, with the formation of a small 
bony spur in the right middle meatus (Figures 1, 2, 3, 4).

Figure 1. Preoperative sagittal bone window CT showing lesion 
in the nasal cavity.

Figure 2. Preoperative coronal bone window CT showing lesion 
in the nasal cavity.



J Bras Neurocirur 36 (4):583-587, 2025Beraldin B, Nogueira GN, Lavinsky J, Gonçalves RF, Isolan GR 
ERRATA: Aneurysmal Bone Cyst https://doi.org/10.22290/jbnc.2025.21081122

585

Errata

Subsequent magnetic resonance imaging (MRI) of the 
paranasal sinuses, performed in axial, coronal, and sagittal 
planes with T1 and T2-weighted sequences (Figure 1), both 
with and without fat saturation, before and after Gadolinium 

infusion on 26/7/2023, demonstrated a slight reduction in the 
dimensions of the expansive lesion. The lesion exhibited cystic 
characteristics involving the left ethmoid cells, with multiple 
loculations and fluid-fluid levels, suggestive of a mucocele. 
In the latest examination, the lesion measured approximately 
4.8 x 3.8 x 2.2 cm, with an estimated volume of 21.01 cm3, 
compared to the previous measurement of 6.5 x 4.7 x 2.6 cm, 
with an estimated volume of 41.59 cm3 (Figures 4, 5, 6). Similar 
to the control examination, the lesion displayed peripheral 
enhancement in post-contrast sequences, extending into the 
ipsilateral nasal fossa. Hyperintense material in T1 suggested the 

Figure 3. Preoperative axial bone window CT showing lesion in 
the nasal cavity.

Figure 4. Postoperative coronal bone window CT showing 
resection of the lesion.

Figure 5. Postoperative sagittal bone window CT showing 
resection of the lesion.

Figure 6. Postoperative axial bone window TC showing 
resection of the lesion.
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presence of hematic content or a high concentration of proteins. 
Furthermore, there was thinning of the lamina papyracea on the 
left, along with compression and displacement of the extrinsic 
orbital musculature. The lesion induced displacement of the 
nasal septum to the right, causing bulging and indistinctness 
of the ethmoidal roof. Despite the aeration of the left maxillary 
sinus, a small amount of mucus was retained. A fluid-air level 
appeared in the right frontal sinus, while the left frontal sinus 
showed agenesis. Other paranasal cavities maintained normal 
aeration, and the olfactory fossae had a depth of approximately 
0.6 cm (Keros type II).

The macroscopic examination revealed two irregular portions 
of brownish and elastic tissue, measuring 3.7 x 2.8 x 0.9 cm. 
Histopathological analysis identified nasal mucosa and nasal 
bone with proliferative fibrous connective tissue forming 
membranes and cavities. The presence of fibrovascular stroma, 
hemosiderosis, chronic inflammatory infiltrate, osteoclast-like 
giant cells, and immature reactive bone was noted. Peripheral 
ossification was observed, along with nasal mucosa congestion 
and foci of hemorrhage. No mitoses or relevant cellular atypia 
were identified, and there was an absence of necrosis or signs of 
aggressiveness in native bone. The combined histopathological 
and radiological findings support the diagnosis of an aneurysmal 
bone cyst.

The endoscopic nasal approach was employed to treat the 
lesion. During the procedure, under general anesthesia, the 
patient was placed in a supine position with the head slightly 
elevated. Using a 0-degree endoscope, the surgeon carefully 
navigated through the nasal cavity to access the lesion. The 
lesion was fully visualized and debrided using microdebriders 
and suction. Careful dissection was performed to remove the 
cystic components while preserving surrounding structures. 
The lesion’s attachment to the sphenoid bone was meticulously 
dissected to ensure complete removal. Hemostasis was achieved 
using bipolar cautery. Postoperatively, the nasal cavity was 
packed with absorbable material to reduce the risk of bleeding 
and promote healing. The patient was monitored for any 
immediate postoperative complications and was discharged 
with instructions for follow-up care, including saline irrigations 
and antibiotics to prevent infection. The use of an endoscopic 
approach minimized tissue trauma, reduced recovery time, and 
provided a clear visualization of the lesion, demonstrating the 
efficacy of this minimally invasive technique.

DISCUSSION

Radiographic manifestations of Aneurysmal Bone Cyst (ABC) 
exhibit heterogeneous characteristics, considering that these 
lesions may affect any osseous structure within the organism and 
any specific regions within a bone. Regarding long bones, principal 
differential diagnoses for ABC encompass Unicameral Bone Cyst 
(UBC), Giant Cell Tumor, and Telangiectatic Osteosarcoma. 
The latter, being a malignant bone neoplasm, presents the 
most significant diagnostic challenge, although its incidence is 
exceptionally rare in pediatric populations5,6.

Definitive diagnosis of ABC necessitates systematic confirmation 
through biopsy, emphasizing identification of soft tissue 
components, given that telangiectatic sarcoma may simulate ABC. 
Intralesional sclerotherapy utilizing alcohol has demonstrated 
significant therapeutic efficacy. In cases involving spinal ABC and 
aggressive lesions with fracture risk, surgical intervention should 
be prioritized, potentially preceded by preoperative embolization. 
Risk of malignant transformation remains minimal, except in 
cases subjected to radiation therapy7,8.

Concurrent utilization of non-contrast computed tomography 
and contrast-enhanced magnetic resonance imaging facilitated 
a comprehensive evaluation of the lesion. This multimodal 
approach provided detailed information regarding dimensions, 
characteristics, and potential involvement of adjacent 
structures. Association between macroscopic examination and 
histopathological analysis furnished detailed data concerning 
the nature of the lesion at a microscopic level, corroborating 
diagnosis of aneurysmal bone cyst and excluding aggressive 
characteristics.

The lesion’s etiology remains indeterminate. Notwithstanding 
imaging and histopathological findings contributing to diagnosis 
of aneurysmal bone cyst, a more definitive understanding of an 
underlying cause or precipitating factors of the lesion has not been 
established. This case emphasizes the relevance of integrating 
clinical, radiological, and histopathological assessments for precise 
diagnosis. Volumetric reduction of the lesion over time suggests 
a dynamic nature, and the absence of aggressive characteristics in 
native bone constitutes a fundamental element for determining 
appropriate therapeutic strategy.
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CONCLUSION

The clinical implications of this case extend beyond the diagnostic 
aspects, providing valuable insights into the potential progression 
and treatment response of aneurysmal bone cysts in the nasal 
cavity. The observed orbital displacement, septal deviation, 
and erosion of adjacent structures highlight the necessity for a 
multidisciplinary approach in managing such cases, integrating 
surgical expertise with a comprehensive understanding of the 
lesion’s behavior. Careful observation of symptom onset and 
clinical presentation is crucial, as these factors, alongside laboratory 
tests, contribute to an accurate diagnosis and timely, appropriate 
treatment, thereby minimizing the risk of adverse outcomes.
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