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Editorial

Tribute to Evandro de Oliveira
Eberval Gadelha Figueiredo'

TSociedade Brasileira de Neurocirurgia, S3o Paulo/SP, Brazil

Arq Bras Neurocir 2021;40(1):1.

“Be not afraid of greatness; some are born great, some
achieve greatness and others have greatness thrust upon
them.” —William Shakespeare

“We are what we repeatedly do. Excellence, then, is not an
act, but a habit.” —Aristotle

“No man is truly great who is great only in his lifetime. The
test of greatness is the page of history.” —William Hazlitt

In its edition of December 2019, Brazilian Neursourgery paid
a homage to Evandro de Oliveira,' some of the words said by
then will be repeated now when the entire neurosurgical
community worldwide has been mourning this inestimable
lost. In the current edition Brazilian Neurosurgical Society
and Brazilian Neurosurgery pay its Tribute to one of the
greatest neurosurgeons of all time, Dr. Evandro de Oliveira.
The next pages will bring beautiful, sentimental and erudite
reports that illustrate what Evandro de Oliveira represented
for his family, friends and colleagues.

Evandro’s work and personality inspired several young
and experimented neurosurgeons thorough his life. Surgical
technique and art were amalgamated in Evandro’s hands. His
unique surgical technique was the perfect summary that
reunited art and technique in the operative treater. However,
as said before, rather than art, the Evandro’s School of
surgery was Philosophy, as well.

Address for correspondence
Eberval Gadelha Figueiredo, MD,
PhD, Sociedade Brasileira de
Neurocirurgia, Sao Paulo/SP,
Brazil

(e-mail: ebgadelha@yahoo.com).

DOI https://doi.org/
10.1055/s-0041-1730265.
ISSN 0103-5355.

Editorial

Nothing less than perfection was
tolerable to him. Perfect positioning,
bloodless surgical field, precise mi-
crosurgery with no parasitic move-
ments, stepwise revelation of the
beauty of the brain anatomy, these
were the Evandro’s commandments.
These facts imposed upon his pupils a great amount of
pressure, whereas solidified a powerful mindset and estab-
lished his surgical school. Many neurosurgeons in the world
have been educated with this kind of surgical philosophy. His
work put the Brazilian neurosurgery in a new and higher
standard, that might be unreachable without his contribu-
tions. Our all gratitude to him. The next pages will tell more and
better, nonetheless the Evandro’s surgical school and achieve-
ments will echo for years to come. As an English essayist said:
the test of greatness is the page of history.

Eberval Gadelha Figueiredo
President of Brazilian Society
of Neurosurgery

Editor in Chief, Brazilian
Neurosurgery

Conflict of Interest
None.

Reference
1 Figueiredo EG, Rotta JM, Teixeira MJ. Evandro de Oliveira, “The
brain whisperer”. Brazilian Neurosurgery- Braz Neurosurg 2019;
38(04):253-253
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adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd[4.0/)
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Tribute to our Father, Evandro de Oliveira

Romina Leite da Costa de Oliveira!

TSociedade Brasileira de Neurocirurgia

Arq Bras Neurocir 2021;40(1):2-3.

Evandro de Oliveira was a great father. He lived his life based
on two pillars: family (=Figs. 1, 2, 3 and 4) and work. He
always succeeded in finding a balance between the two. He
putin place what he taught us to: living with love; that would
be the only way to achieve excellence in anything we do. And
the outcome would be having more chances to experience
the path of happiness.

The giant of his specialty - so tough, so demanding, so
determined, so strong-willed - was a tolerant, generous,
sensitive, sweet, loving, and warm father to his daughters. He
was the inspiration of our lives!

Although he was the great master of Neurosurgery, so
absorbed in his art, he found time and space throughout his
life to be a wonderful father to Romina and Sabrina. Always
close and present, he was ready to help solve any trouble we

Fig. 1 Evandro and his family: Marina, Romina e Sabrina, Gainsville,
Florida 1981.

Address for correspondence DOI https://doi.org/
Romina Leite da Costa de Oliveira, 10.1055/s-0041-1730266.
Sociedade Brasileira de ISSN 0103-5355.
Neurocirurgia

(e-mail: sergio.curcio@gmail.com).

Sabrina Leite da Costa de Oliveira!

Fig. 2 Evandro during New Year Celebration party with his family in
Florianopolis, the city in which he was born (2006).

faced. He always got ahead of us and presented solutions to

any problem he thought could harm or hinder us.
Committed to doing his best, to giving his best, to being

his best, he wanted to see us fulfilled and happy the way we

Fig. 3 Evandro and Marina in his 73th anniversary. Sao Paulo.

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
This is an open access article published by Thieme under the terms of the
Creative Commons Attribution-NonDerivative-NonCommercial-License,
permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

Thieme Revinter Publicacdes Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil



Fig. 4 Evandro in his microsurgical laboratory at Hospital Benefi-
cencia Portuguesa de Sao Paulo (2019). From left to right: Sergio
Curcio (his son-in-law), Romina, Marina and Sabrina.

chose to be and live. Evandro was even greater as a father
than as a neurosurgeon. He achieved the purpose he estab-
lished for himself when he was a boy: to be the best father to
his kids. He gave himself to us with unconditional love. He
was a friend, an accomplice, and a partner. Always attentive
and open to the choices we made, he allowed us to be free. His
only wish was that we were happy. No matter when or how,
he accepted us even if he thought we were wrong. He was
torn up just imagining that we could be suffering for any
reason.

In his likewise grand way of demonstrating his love and
affection, he was always with us. And this connection
ensured that we have never felt in our lives his absence, as
it would be expected considering his intense dedication to
medicine.

He took pleasure in always giving us the best of every-
thing. He knew us as no one else did! He nourished us with

Arquivos Brasileiros de Neurocirurgia

Special Article

love, care, and gifts; he filled our house with flowers,
delicacies, and above all, with his generosity to welcome
and gather people.

While he loved operating and traveling the world sharing
and exchanging experiences at uncountable medical confer-
ences and symposia, he was happy to come home.

When he traveled alone for work, he limited himself to
completing his professional commitments with excellence,
and whenever he had a break, however small, he managed to
fill his suitcases with gifts, showing us what we already
knew: he was always connected to us. He always preferred to
travel, however, with our mother by his side. Only then was
he able to turn off the physician to be simply Marina’s
Evandro. Only with his wife beside him he fully enjoyed
the places he traveled to.

When in Sdo Paulo, he used to spent time just relaxing
with us. Resting in a chair on the patio and smoking a cigar,
was enough to recharge him.

When in Florianopolis, he enjoyed looking at the ocean
as far as his eyes could see. “Ingleses beach” was a place he
liked so much. He relaxed there enjoying a typical barbe-
cue after a sea bath, savoring a dozen fresh oysters,
petting his dogs, laughing with old friends and local
family, and above all, enjoying the company of his life
partner, our mother, Marina. He could spend months and
months that way. And it was how he wished to live the last
days of his life.

How privileged and lucky we are for having Evandro as our
daddy.

How privileged and lucky our mom is for having Evandro
as her husband.

Thank you for giving us life, dad!

We love you forever.

Conflict of Interest
None.

Vol. 40 No. 1/2021 © 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Evandro de Oliveira and his Influence on Neurosurgery
Worldwide and the US in Particular
On Behalf of Congress of Neurological Surgeons, CNS

Clemens M. Schirmer! Brian L. Hoh?

TDept. of Neurosurgery, Geisinger & Geisinger Commonwealth
School of Medicine, Danville, Pennsylvania, United States

2Dpepartment of Neurosurgery, University of Florida Gainesville,
Florida, United States

Arq Bras Neurocir 2021;40(1):4-5.

Neurosurgery is a field where unwavering dedication to
patient outcomes is the basis for success. We recently lost
another giant in the field with Prof. Evandro de Oliveira.
Every neurosurgery trainee at some point feels humbled by
the complexity of performing surgery on the structures of
the nervous system and achieving good outcomes. It is in
these moments that we both remember the household
names in neurosurgery and wonder how they went about
achieving the confidence and skills that we now hear about.

Just like we associate Harvey Cushing and Walter Dandy
with specific achievements, we connect Dr. Evandro de
Oliveira with mastery of skull-base and intrinsic cerebral
anatomy. Neurosurgical mastery is not a gift and merely
builds on the incessant pursuit of knowledge and perfec-
tion. Pursuing multiple years of advanced training in neu-
roanatomy both in Florida (=Fig. 1) and Switzerland, he
crafted a foundation for his career to come. In addition, he
spent time as a clinical fellow with the luminaries of the
time. Since then, he built his reputation as one of the
preeminent surgeons in Brazil, attracting students and
training other surgeons. From our perspective in the United
States, we would only every so often get a glimpse of these
achievements when Dr. de Oliveira would join us at our
meetings and critically analyze his outcomes during numer-
ous presentations and talks. Over the years, he published
several highly cited papers on the microsurgical anatomy of
the cavernous sinus, the temporal lobe, and the insula,
giving the reader invaluable insights that readily translate
to one’s own practice and reveal the deep level of experi-
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ence behind the work. The mi-
crosurgical laboratory that he
founded in Sao Paulo was
world-renowned in its own
right and attracted thousands
of colleagues from all around
the world.

It cannot be overemphasized
how much trainees and surgeons
in the US would benefit from his
presentations. The spectrum and advanced stages of disease
he successfully tackled were awe-inspiring and setting a bar
for trainees and practicing surgeons alike.

However, Dr. de Oliveira’s premature passing points to
another pressing issue - how do we pass on knowledge most
effectively. Especially in the times of COVID-19, we have been
both reminded that traditional ways of learning and knowl-
edge-sharing will not be feasible but have also discovered
other ways. Partnerships between the Sociedade Brasileira
de Neurocirurgia (SBN) and the Congress of Neurological
Surgeons (CNS) take shape for example in the highly success-
ful joint webinar series allow master surgeons to reach
unprecedented numbers of attendees and, in turn, enable
surgeons from all over the world to attend and learn from
different experiences and viewpoints. Finding new ways of
collating and disseminating these unique experiences is the
noblest of goals that our professional societies have. This
shared goal is the main reason for CNS to partner with SBN in
a variety of way ranging from our annual meeting to other

Brian L. Hoh.
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Fig. 1 Evandro in one of the various hands-on training he did in the United States.

education endeavors. Hopefully, it would be aligned with the Conflict of Interest
plans that Dr. de Oliveira visibly set for himself decades ago None.

when he embarked on his journey as a neurosurgical

educator.
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In Honor of Evandro de Oliveira, MD
“Thanks for having brought us to the future”

Guilherme Carvalhal Ribas!

TDepartment of Neurosurgery, Neuro Ribas, S3o Paulo/SP, Brazil

Arq Bras Neurocir 2021;40(1):6-7.

Evandro was graduated at the Faculdade de Medicina da
Universidade Federal de Santa Catarina, and did his neuro-
surgical residency in Montevideo, Uruguay, with Prof. Ramon
Arana, in a neurosurgical unit famous for its neurological and
radiological backgrounds.

But it was a brief stay in Zurich with Prof. Yasargil in 1980,
and his long fellowship at Prof. Rothon’s lab in the University
of Florida during 1981 and 1982, that defined his neurosur-
gical profile. These experiences happened very opportunely
since they took place when Evandro already had a quite good
neurosurgical experience acquired in Florianopolis, and
constituted the base of all his posterior development already
in Sdo Paulo.

[ had the privilege to meet Evandro in July 1982 when he
was coming back from. His fellowship with Prof. Rothon in
Gainesville, and I was coming from mine with Prof. John
Jane at the University of Virginia in Charlottesville. We
started to work together at the Hospital Beneficiéncia
Portuguesa in Sdo Paulo (=Fig. 1), where Prof. Raul Marino
Jr. was starting the Instituto Neurol6gico de Sao Paulo, a
very well-equipped neurosurgical center for our standards
at that time due to Prof Raul efforts, and which then
flourished particularly with Evandro’s driving force and
contributions. Subsequently we started to work together
also at the Hospital das Clinicas of the University of Sdo
Paulo, also under Prof. Raul Marino Jr.

Evandro was with the dynamism of his 37 years old,
and as his first 1°" assistant during the forthcoming years I
had the privilege to witness his initial already exquisite
development. He was blooming, starting to put together
Prof. Yasargil’s microsurgery technique with the micro-
anatomy he learned at Prof. Rothon’s lab. I remember
Evandro going back and forth always with Prof. Yasargil
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Microsurgery Volume I at the time, and also clearly
remember one episode, after a CP angle tumor operation,
saying to him that the surgery was superb, and
he answering me “I also did not know I could do it this
way!”

Parallel to the thousands of patients he aided with the art
of his technique allied to his anatomical knowledge and
scientific contributions, I understand Evandro’s major lega-
cy as having being the one who consolidated worldwide
Prof. Yasargil’'s microsurgery philosophy and technique
together with the then new intracranial anatomical uni-
verse unveiled by Prof. Rothon’s fellows, of which he was his
major exponent. Within our technological era, Evandro
brought anatomy back to the center of our specialty. We
learned with him to think and to operate anatomically... His
anatomical and surgical correlations became his trademark
both in his neurosurgical practice and his publications and
lectures.

But his main tools were not his magnificent anatomical
knowledge or his finest skills, his main tools were his endless
pursuit of excellence and, above all, his passion for neurosur-
gery. His achievements definitely came through his strong
personality: Evandro was very charming and friendly, but
also tough and difficult... And his main sources of energy
undoubtedly were his lovely wife Marina, his daughters
Romina and Sabrina and, more recently, his granddaughter
Maria Eduarda.

Evandro, in the name of all our community, thanks for
having brought us to the future of Neurosurgery you devised
and were able to build!

 Professor Livre-docente of Surgery, Department of Sur-
gery, University of Sdo Paulo Medical School
* Full Professor, Albert Einstein Medical School, S3o Paulo, Brazil
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Fig. 1 Profs Evandro de Oliveira and Guilherme C. Ribas at the Microsurgical Laboratory at Beneficencia Portuguesa de Sdo Paulo, the place he
built and loved.

* Visiting Professor of the Department of Neurosurgery of  * Neurosurgeon at the Hospital Israelita Albert Einstein, Sdo
the University of Virginia, USA Paulo, Brazil
» Co-Diretor of the annual Cambridge Lectures in Neuro-

. . flict of I
surgical Anatomy, Cambridge, UK Contlict of Interest
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Evandro’s Tribute
Helmut Bertalanffy'

TDepartment of Vascular Neurosurgery, International Neuroscience
Institute, Hanover, Germany

Arq Bras Neurocir 2021;40(1):8-11.

With sorrow and grief in my heart am [ writing these lines,
and my thoughts are now with Evandro’s family, especially
with Marina.

I met Evandro more than 2 decades ago, when I already
knew about him from my friend Toshio Matsushima,
Japan. Many years ago he spent with Toshio a certain
time period in Florida at Dr. Al Rhoton’s neuroanatomical
lab. Both lay there an important foundation stone for their
future work.

Thereafter, I had the opportunity of meeting Evandro
what seems countless times at various neurosurgical con-
gresses and workshops in many parts of the world. This
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surely created quite strong friendship ties between us.
However, as we used to live quite far away from each other,
not meeting personally for even a longer period of time did
not have much significance because it was expectable that
we might see each other again on some occasion in the
future. The recent information about his passing away deeply
moved me because I realized that there will be no such future
occasion, and I will never have the chance to meet Evandro
again. Together with many other international colleagues I
lost a good friend for ever. Such a painful experience!

I am sure that other colleagues who knew Evandro
better than me will adequately evaluate and appreciate his

Fig. 1 Professors Helmut Bertalanffy, Evandro de Oliveira and Ossama Al- Mefty in St Louis — USA, 2008.
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Fig. 2 Evandro scrubbing, Braga- Portugal, 2010.

Fig. 4 Evandro working during a travel in Japan.

Fig. 3 Professors Helmut Bertalanffy and Evandro de Oliveira in Foz do Iguagu, Brazil, 2008.
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Fig. 5 Professors Helmut Bertalanffy, Evandro de Oliveira, Carlos Alegria and Guilherme Carvalhal Ribas, Braga - Portugal, 2010.

academic and professional life-time achievements and his
extraordinary contributions to neurosurgery that cannot
be described in only few lines. But apart from such
objective facts, Evandro will always remain in our memo-
ry for many other reasons. There is no doubt that he was a
technical master of his profession and a famous represen-
tative of the ,global“ neurosurgical community. But what
made Evandro outstanding? It was not only his high
professional level, it was also his exceptional character
and warm personality. Looking back into the past, I always
admired Evandro for his enthusiasm and affinity for
neuroanatomy, for his three-dimensional imagination,
for his unique presentations from which not only young
but also experienced neurosurgeons like me could learn
something new, for his elegant style of presenting a
certain surgical field in direct comparison with an illus-
trative anatomical dissection, for his constant wish to
share his profound experience with others, for his techni-
cal skills exemplified by the clearly structured and blood-
less way he carried out his neurosurgical procedures, for

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021

his qualities as clinician and teacher, and for his prudent
way of communication mixed with humor, just to name a
few of his strong points.

I enjoyed sharing with Evandro the membership in the
World Academy of Neurosurgery (WANS) and in the
Nominating Committee of the World Federation of Neu-
rosurgical Societies, among others. I will not forget our
many meetings in various places of Japan, in the USA (e.g.
New Orleans, St. Louis), in Argentina (with our families),
in Portugal (Braga, together with Guilherme Ribas), in
France (Paris) and many other places, and of course in
Brazil, for instance 2008 at the neurosurgical meeting
organized by Evandro in Iguassu.

If I could tell Evandro directly some farewell words, these
would perhaps be: “it was a privilege knowing you, my friend
Evandro; I will miss you; I will miss your contagious smile; I
will miss your professional inspiration; you were a great
man, a superb and energetic neurosurgeon; we will not
forget you; be sure that people will always hold you in the
highest regard!“ (~Figs. 1-6).

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 6 Helmut Bertalanffy, Evandro de Oliveira and spounses, Marina
and Atsuko, Argentina, November 2010.
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My Tribute to Evandro de Oliveira
Hung Tzu Wen'

TFaculdade de Medicina da Universidade de S3o Paulo, S3o Paulo/SP,
Brazil

Arq Bras Neurocir 2021;40(1):12-13.

When I think of Dr. Evandro de Oliveira, the overwhelming
feeling is gratitude, as he changed my career and my life to
beyond my wildest expectations.

I met Dr. Evandro in 1990 when he joined the Division of
Neurosurgery of Hospital das Clinicas at University of Sdo
Paulo Medical School as head of vascular neurosurgery,
and I was a 3" year resident. He was the rising star in
neurosurgery, that was all I knew about him at that time.
Soon, everything we used to do in the operating room
changed, starting from the layout of the tables, the posi-
tion of the surgical personnel and the microscope, a plastic
bag was added to make the patient draping waterproof,
hemostats for stopping the bleeding from the skin were
replaced by meticulous coagulation using bipolar forceps;
interfascial dissection for preserving frontal branch of the
facial nerve, the use of fish hooks for retraction, the
location of each burr hole and the standardized pterional
approach were presented. Sharp dissection of the sylvian
fissure and basal cisterns, and the use of bipolar forceps,
microscissors, and suction tubes of different lengths be-
came routine practice. Foot and mouth switches for sur-
geon were introduced to control the microscope without
withdrawing the hands from the surgical field; hydraulic
surgical stools became part of surgeon’s armamentarium.
It was the beginning of the era of anatomy-based micro-
surgery in our institution, a mesmerizing experience for
me.

He was the neurosurgeon who best understood and
applied the philosophies of two giants in neurosurgery:
the neuroanatomical school of Dr. Albert L. Rhoton Jr., and
the microsurgery school of Dr. M Gazi Yasargil. For him,
neurosurgery is about passion and art: surgery is not merely
a manual task, it is a piece of art, and depending on how you
devote your attention to it, your surgery can become a
masterpiece.
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I soon picked him as my role model in neurosurgery; I
wanted to follow his footsteps, I wanted to be like him.

After finishing my residency program, I became his fellow,
and I had the opportunity to closely learn from him for
7 months. Because of his recommendation, I became re-
search fellow of Dr. Rhoton, where I spent 2,5 years of intense
learning in neuroanatomy; after 6 months of fellowship,
Dr. Evandro invited me to help him to design a new course
“Sulci Gyri and Ventricles”; the course turned out to be
successful, but I remember the stress and the fear- I did
not want to fail him.

Ireturned to Brazil in 1996 and I started working with him
in his private practice and at Hospital das Clinicas as member
of epilepsy and vascular teams, position that I hold to date.

Over the years, even after I left his private practice in 2001,
he continued to give me opportunities to travel with him, to
attend meetings, and to help him in his courses around the
world. I always was impressed to see how respected he was,
no matter where we were.

He was known for being firm and determined, he always
stood by what he believed was right, but at the same time,
he was very generous too. Not only did he help me, but he
also helped and inspired many other disciples from differ-
ent parts of the world, especially from the countries he
most visited: Argentina, Bolivia, Chile, China, Colombia,
Italy, Japan, Mexico, Paraguay, Portugal, Russia, Spain,
South Korea, Taiwan, Turkey, Uruguay, and USA. They fully
understood his philosophy e they have successfully applied
it in their daily practice. He has certainly saved and
changed the lives of thousands of patients, directly and
indirectly.

We kept our friendship with a lot of respect for each other
throughout the years. In my weekly visit to him during his
illness, we talked for hours about anything - politics, future
Neurosurgery meetings, the stock market, Covid-19, etc. We
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also talked about the good memories we shared from our
gastronomy tours in different countries. However, he was
especially happy, and in his element when I showed him
some difficult cases, and he would help me with his enor-
mous knowledge and wisdom.

It has been truly a great honor and privilege for me to be
his disciple, to work under his guidance, and to have his

Arquivos Brasileiros de Neurocirurgia
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friendship for more than 30 years. Dr. Evandro is gone, but his
guiding light (as his middle name “Luz” means) remains.
Please, watch over us.

With my eternal admiration and thankfulness.
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Evandro de Oliveira, the Rock of Florianopolis

Jacques ]. Morcos -2

TCranial Neurosurgery, Jackson Memorial Hospital, Miami, Florida,
United States

2professor and Co-Chairman, Director of Cerebrovascular and Skull
Base Surgery, Department of Neurosurgery, University of Miami,
Florida, USA

Arq Bras Neurocir 2021;40(1):14-15.

Why do we exist? How did it all begin? Can we even imagine
what nothingness would feel like? Generations of philoso-
phers have pondered these questions and the mystery
lingers on. Humans seem equipped with neither the neces-
sary intellect nor imagination to understand their own fate.
The inevitability of death, the tragedies of diseases and wars,
the pervasiveness of suffering and injustice on this little blue
planet, pull us constantly and collectively towards the abyss
of despair, the darkness of existential nihilism. Billions are
born and billions have died, the cycle continues, and all that
Homo sapiens has managed to do, in its quest for meaning
and its hunger for relevance, is to celebrate those few men
and women among us who break the mold, achieve extraor-
dinary things, and leave an impact. Every breath is precious
and every life is sacred, yet some lives well lived simply rise
above the rest and inspire the human psyche. Some lives are
outliers, are memorable, are infused with such a unique mix
of ingredients that they give the rest of us reason to pause,
admire and reflect. These lives are the tide that lifts up all
struggling boats. These lives are catalysts of human happi-
ness, recipies for human purpose and the very essence of
human hope. Most other ordinary lives are but pebbles that
leave small ripples in a pond, but these special lives are giant
boulders crashing into oceans. They generate an unstoppable
wave of influence. On February 11, 2021, one such boulder
crashed into the Atlantic Ocean, off the coast of Florianopolis.
That boulder had a great life, a life worth celebrating. That
rock was called Evandro.

The Evandro tsunami did not start with his death. It had
started decades before, when this young gifted Brazilian
neurosurgeon became an international beacon for refined
microneurosurgical skill, uncompromising love for surgical
esthetics, unrivalled passion, unremitting dedication, and
unequalled conviction. From the first moment when Evandro
stood up behind a lecturing podium, sat down at a dissecting
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station or braced his arms at the
head of an operating table, with
his eyes kissing the binoculars of
a microscope, the wave started to swell. This rock, this
boulder was made of great ingredients: part Yasargil and
part Rhoton, yet pure originality. If Rhoton may be thought of
as the quintessential neurosurgical “archeologist” who bril-
liantly uncovered the countless hidden treasures of the brain,
Evandro, through skill, predisposition and temperament, is
unquestionably the “architect” and “artist” who knew what
to do with these treasures. He studied and watched other
masters intensely, he refined his art, blazed a trail and
founded a massive school of followers. Why did so many
follow? After all, he can be dogmatic, uncompromising, even
harsh on those less driven, less ambitious. Why? Because his
flag is planted in a pure and fertile soil, the soil of undeniable
truth and beauty: the structure and mystery of that most
complex collection of matter in the universe, the brain.
Because to follow him is to follow excellence, courage, the
desire to heal and the irresistible impulse to share the
wisdom gained along the path. The world would be indeed
a much better place if these were its universal motivators, if
mediocrity, selfishness and corruptibility were not so
pervasive.

Marina, Romina and Sabrina have lost a husband and a
father. They have witnessed this giant of a man, this boulder
who crushed mountains and moved oceans conclude his
earthly life in physical immobility, struck by a disease of the
brain, that organ he understood so well. This is cruel and
twisted irony, this is poetic injustice. Yet this prophet had
done by then all the preaching he needed to do, all the
operating he could have accomplished. His masterpieces live
on in his writings, his operative videos, his lectures, his
patients and his fervent disciples who will undoubtedly
now flood the world with their beautiful eulogies. But he
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expects more of them, of all of us. In his last days, you could
see it in his eyes. Even when he could not move and could not
speak, his mind was talking to us, his neurosurgical peers,
and seemed to say:

“If it is not beautiful, it is not true. If you don’t do it with
pride, with love and with refined knowledge, then don’t do it at
all. If it is just work for you, then you are missing out on life. If it

Arquivos Brasileiros de Neurocirurgia

Special Article

is not Art, then it is not Science. Please ride the wave, but be
bold and be a boulder. Go crash onto other oceans. Carry it
forward. You don’t have to honor me, but please don’t forget
what I stood for”. 1 hope I was not the only one listening.
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We Lost the Greatest... Our Maradona

(or Pele)
Jorge Mura’

TUniversity of Chile, Santiago, Chile

Arq Bras Neurocir 2021;40(1):16-17.

We lost one of the most gifted neurosurgeons of modern
history in neurosurgery, and I am not stating that just
because I happened to be one of his Fellows (year of 1998),
but because I really knew him in and out of scrubs. I
remember him being difficult and distant at times, and
extremely demanding. He had a good and bright side which
was known by most, but he also had his dark days, which only
a few of his inner circle knew. However Dr. Evandro de
Oliveira was a necessary person for his time, worked all of
his life for neurosurgery and left us while fighting heroically
against a terrible disease such as amyotrophic lateral sclero-
sis, which left him without one of his most precious virtues,
his voice. With the power of the spoken word, he was able to
convince anyone easily. When in 1996 I heard him speaking
about the beauty of vascular neurosurgery, microsurgical
anatomy and micro-neurosurgery I felt the calling from
within my soul, which continues to be true now 20 years
later.

We had worked continuously with Dr.Evandro throughout
my career which started in 1998. Shortly after coming back
from Brazil we kept our collaboration active with more than
100 article reviews and some original research articles I had
the honor to co-author with him. Dr de Oliveira came to Chile
in the year 2000, at the time that I was presenting my
candidacy to enter the Chilean neurosurgical Society. He
was a frequently invited as honored guest in our Chilean
neurosurgical Congress, which we acknowledged with a
foreign honorary member distinction in 2007. I vividly re-
member when he came to Chile for the Latinamerican
Neurosurgery Congress in 1998. During the Congress I felt
blessed to make a connection with him which finally brought
me to Brazil with him for a few months: an experience that
would change my life.

Dr. de Oliveira was an extremely generous man, a person
that knew how to help those who had passion to improve
themselves within neurosurgery. He was also intolerant to
mediocrity and conformism. His excellence and body of work
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became the beacon of Latin
American neurosurgery in the
world’s map.

His passing leaves a huge void
in me. There are great friends
that are suffering much more
than myself however, such as
Pablo Rubino. Dr Rubino was
one of his closest disciples and
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his” neurosurgical son”. My Neurosurgery.

thoughts also go for his great
collaborators such as Helder
Tedeschi and Wen Hung Tzu.

Dr. de Oliveira was able to combine the microsurgical
mastery of Dr. Yasargil with the exceptional neuroanatomy
teachings of Dr. Rhoton, a combination I consider the core of
neurosurgery.

He left an incredible legacy of Latinamerican neurosur-
gery as well as worldwide neurosurgery and it is the duty of
all of us, but specifically of his disciples, to honor his memory.
I would urge anyone that is passionate about microneuro-
surgery, vascular neurosurgery, skull base or even those who,
from other subspecialties, love good neurosurgery to not
settle for less than perfection. I urge you to strive for surgical
excellence and to respect and treat our field the way Dr de
Oliveira taught us to: be righteous, prepare well for surgery,
know how to defend a surgical strategy, a novel idea, respect
for our colleagues and our discipline, be passionate, and
above all, to love neurosurgery.

Dr de Oliveira was an extremely charismatic figure, and
even though at the end he lost his voice, he continues alive
within the field he so well helped developed. We recently
honored him through a symposium of the American
society of neurosurgery in San Diego, and through the
creation of the microsurgical laboratory of the “Benefi-
ciencia Portuguesa de Sao Paulo”, which is named after
him. In all of these events, we - his colleagues and
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disciples- as well as all the souls he touched directly or
indirectly gave him a deeply felt acknowledgement and
kept his voice alive.

I would like to underline one of Dr de Oliveira’s greatest
obsessions: teaching. He had the habit of recording all of his
surgeries to evaluate all his surgical mistakes (even in his most
perfect operations), which he then would use during his
famous courses. I was lucky enough to attend several of his
courses, which taught me greatly. I have adopted his passion to
teach, which I have applied towards my Fellows, residents and
trainees. I am profoundly grateful to Dr de Oliveira for showing
me the power behind teaching and investing in future gen-
erations. I am convinced that this valuable lessons were
fundamental in my professional development, and especially
in my last recognition as “Maestro de la Neurocirugia” of Chile
last year... thank you Dr de Oliveira.

Dr de Oliveira’s legacy is international. Here in Chile we
have a deeply rooted influence from him, not only in the way
we think about neurosurgical technique but also in the form
of fellowships inspired after him, through which I trained
close to 50 neurosurgeons since 2000.

[ believe his passing is an enormous loss. However Dr de
Oliveira is immortal in neurosurgery, as his teaching will
pass over generations and we, his trainees, will make sure his
name and memory stand proud for the generations to come.

Arquivos Brasileiros de Neurocirurgia

Special Article

The day I knew of Dr de Oliveira’s passing was especially
heartfelt for me. I happened to be operating an arteriovenous
malformation, which was one of Dr de Oliveira’s preferred
surgeries. During surgery I had vivid memories of the surgi-
cal moves he had taught me, which guided me during the
operation, just like if he himself would speak to me from
above. He used to call me one of “Evandro’s Boys” and now I
feel a huge responsibility to persist in my strive for teaching
and technical perfection as these were the fields he taught
me the most. His generosity is unparalleled. Although I know
this quality of him will be declared by many, I had the
opportunity to experience his human qualities and generos-
ity during a very hard situation back in 1998, which brought
me very close to him, and helped develop myself as the
neurosurgeon [ am.

I'd like to conclude by expressing my most heartfelt and
sincere gratitude for Dr de Oliveira, and for all the good and
tough moments | shared with him, which equally made me
better as a person and neurosurgeon. In summary Dr de Oliveira
was an absolute master, a giant neurosurgeon, great person and
embodied that which in our culture like to call “an Imprescind-
ible”... He is our Maradona, our Pele... the greatest of all is gone.
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Evandro de Oliveira Son of Kings, Leader of Leaders

José-Antonio Soriano-Sanchez!

TPresident of the Latin American Federation of Neurosurgery
Societies
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Any set of phrases or speeches run the risk of being insuffi-
cient or incomplete when the intention is to describe the
greatness of Professor Evandro de Oliveira and even more so
when it comes to dimensioning the enormous legacy he has
left for Latin America.

Outstanding human qualities, such as assertiveness, in-
quisitive personality, humility, born talent, dedication, and
exceptional intelligence, allowed him to be adopted by
some of the Fathers of history, such as Gazi Yasargil, Alberto
L. Rothon Jr., and Vinko Dolenc, among many others.,
personalities that not only inspired him and fostered his
passion for specific fields of neurosurgery but also instilled
in him that peculiar and methodical way of being and
acting, on elementary bases and without secrets, but highly
effective; hard work, the permanent study of anatomy
feedback, patience, love of what is done, research and
publications.

From Evandro de Oliveira, we can analyze multiple facets;
however, a crucial one was the development and mastery of
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the methodology of teaching
and learning of vascular and
skull base surgery and the foun-
dation of his school, from which
they have emanated innumera-
ble amount of outstanding stu-
dents from practically all the
countries of Latin America who
today are leaders of positive action in their localities and who
impact the prognosis of millions of patients every day.
Therefore, we could conceptualize Evandro as a son of kings
and leader of leaders, speaking of neurosurgical lineage.

On behalf of the Latin American Federation of Neurosur-
gery Societies, our eternal recognition for Evandro de Oli-
veira, undoubtedly an immortal of Neurosurgery who will
always live in our memories.

José-Antonio Soriano-Sanchez.
President of the Latin Amer-
ican Federation of Neuro-
surgery Societies
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Evandro de Oliveira
M. Gazi Yasargil

TDepartment of Neurosurgery, College of Medicine, University of
Arkansas for Medical Sciences, Little Rock, Arkansas, United States
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Evandro de Oliveira skilled neurosurgeon, renowned teacher,
and loyal friend.

Evandro and I met many times at congresses and sympo-
sia, where our discussions centered mainly on our profes-
sional activities. We could occasionally disagree, but the
cordial and mutual respect fundamental to our relationship,
always remained intact. Evandro’s congenial expression and
pleasant temperament always insured a relaxed atmosphere.

In the following lines I will reminisce on just a few of my
memories of Evandro.

At a congress in USA I first met Evandro, where his
neuroanatomy lecture, illustrated by excellent drawings
and photographs, impressed me immediately. I arranged
for him to lecture at the 1991 congress of the Turkish
Neurosurgical Society in Cesme, Turkey. His neuroanatomy
lecture was praised and highly appreciated by the partic-
ipants. Evandro was accompanied on a tour of the surround-
ing cultural sites, and, after the congress, we travelled
together to Istanbul, where we spent one Sunday morning,
very early, visiting Sultan Ahmet mosque and Hagia Sophia
museum, and wandering leisurely between the pools and
pillars of the Byzantine underground cisterns, to the sounds
of classical music and the splash of ‘rain- drops’ from the
ceiling as they entered the pools.

Before returning to Brazil, Evandro spent one day with us
in the department of neurosurgery, University Hospital
Zurich, observing surgery and meeting with faculty and
residents. I encouraged him to also visit Professor Dolenc
in Ljubljana, to observe skull base surgery.

After moving to Little Rock, Evandro invited me to San
Paolo as guest speaker, where I toured his well-equipped
training laboratory (=Fig. 1) and observed his skills at a
cerebral AVM surgery. Dianne and I were welcomed by
Evandro and Marina to their home, and enjoyed relaxing
conversations and discussion during a delicious dinner,
especially prepared by Marina.

We have met on many occasions since, most frequently in
Brazil, USA, and in Istanbul. The last time I saw Evandro was
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in August 2017, in Istanbul, at the
congress of the World Federation of
Neurosurgical Societies. Over the years, each encounter
roused in us stimulating discussion and exchange of expe-
riences and ideas.

[ recognize in Evandro his dedication to microneurosur-
gery, and his aspirations to teach the fine elements of
micro-techniques. To be inflicted with such a debilitating

M. Gazi Yasargil

Fig. 1 Profs Evandro de Oliveira, M. G. Yarsagil and Raul Marino Jr at
the Microsurgical Laboratory of Hospital da Beneficencia Portuguesa,
Sao Paulo, with Evandro’s fellows.
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disease at a young age was a tragedy. Nevertheless, I
admired Evandro’s strength of character to persevere, as
he surmounted barriers invading his life, and attempted to
defeat his misfortunes.

His presence as a respected neurosurgeon, with his cour-
teous character will be greatly missed at future gatherings of
the neurosurgical community. His personal experiences,

knowledge, and reflections will no longer heighten and
augment our scientific programs.

To Marina, I convey my respect and admiration for Evan-
dro, and offer my sincere condolences.

Conflict of Interest
None.

Arquivos Brasileiros de Neurocirurgia  Vol. 40 No. 1/2021 © 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.



THIEME

OPEN
ACCESS)

QOGS

Special Article

Tribute to Evandro de Oliveira
Michael T. Lawton'

TBarrow Neurological Institute, Phoenix, Arizona, United States
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Lou Gehrig played major league baseball with the New York
Yankees for 17 years and his streak of 2,130 consecutive
games stood as monument in baseball history to strength
and dedication to the game despite injury and adversity,
earning him the nickname “The Iron Horse.” He was diag-
nosed with amyotrophic lateral sclerosis and retired from
the game after noticing loss of strength, slipping and
falling, and dyscoordination. It seems that Evandro’s pass-
ing was from the same or a similar progressive neurode-
generative disease, which is not only undeserved but also
tragically cruel for a man so gifted with motor control,
dexterity, and grace. Who among us wasn’t mesmerized by
his operative dissections that seemed almost cadaver-like
in their cleanliness and perfection? It is difficult to lose
Evandro under any circumstances and feels wrong to lose
him in this way.

A decade ago, Evandro invited me to teach a course with
him in Valencia, Spain. We spent an entire week together
lecturing on aneurysm surgery and performing cadaver
dissections in the lab. We had not worked together previ-
ously. I was never his trainee and had gotten to know him
only through meetings and shared interests, particularly on
the topic of AVMs. He seemed to take a liking to me as
someone who also loved mincroneurosurgery and would
take up the crusade to preserve it in the face of endovascular
attack and relentless market forces. The week in Valencia
became my unofficial fellowship with Evandro. He taught me
the transcavernous approach, which I never learned as a
resident; he sold me on supracerebellar-transtentorial
approaches to temporal lobe lesions in the sitting position;
he shared his ideas on paraclinoidal aneurysms and his vast
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AN
Michael T. Lawton, MD

experience with brain AVMs. He Phoenix AZ

lectured for hours every day in a

language that I could not understand, but I absorbed it
through his slides, videos, gesticulations, and the occasional
words in English.

The last time I saw Evandro was at the de Oliviera
Symposium in April 2019 in San Diego. Unable to finish
dressing himself and not wanting to miss any talks, he
wandered into the lobby of the hotel en route to the confer-
ence room holding his untied tie in his hand. I pulled him
aside and tied it for him. My first thought was that this
disease had our beloved Evandro squarely in its merciless
grip and there would be no escape. My second thought, as I
entered the conference room with Evandro and saw count-
less faces light up at the sight of him, was that this man was
deeply loved by his peers. Evandro had a hard time speaking
at the time of his Symposium and could not articulate the
depth of his emotions, but I was reminded of what Lou Gehrig
said in his now famous speech at Yankee Stadium on the day
he retired: “I am the luckiest man alive.” Evandro must have
felt lucky to have vanquished so many aneurysms and AVMs,
to have earned the admiration and respect of his peers, and to
have become the godfather of Brazilian neurosurgery. Like
Gehrig, Evandro was the iron horse of his domain and
soldiered on tirelessly with strength and dedication to
make his mark on neurosurgery. Thank you Evandro for
the mark you made on me, and may you rest in peace while
we continue the crusade.
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Tribute to Evandro de Oliveira
Ossama Al-Mefty!

TBrigham and Women’s Hospital, Neurosciences Center, Harvard
Medical School, Boston, Massachusetts, United States
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In the mid-80s, I was listening to a lecture on ophthalmic
aneurysms and what a beautiful surgery it was. In the next
35 years, I came to know what a beautiful person the speaker
Dr. Evandro was. There are not many places in this world
which we have not been together (~Fig. 1). We did always
manage to sneak behind the conference center or find a
special dinner where we could with open mind and caring
heart exchange deep thoughts of the meaning of life, hu-
manity, profession, friendship, and family. I always came
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Ossama Al-Mefty, MD

with a renewed hope and aspira-

tion, he was an inspiration. I share

with every neurosurgeon the admiration of Dr. Olivera’s
accomplishments, mastery, teaching, and leadership. We
shared the passion and devotion to microneurosurgery.
Our thrill of conquering Everest’s top was to clip aneurysm
of the basilar artery top. But I cherish the most a bond of
trust. I always felt comfortable and secure with Evandro
because he said what he thinks and did what he said. This

Fig. 1 Together at the beginning of a beautiful journey that has no end. Sao Paulo by Evandro Microsurgical Laboratory.
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bond is a lot stronger than friendship, colleagueship, or Conflict of Interest
brotherhood. When 1 visited him at his home, it felt like I None.

am with my family. How can I have remembrance if I do not

forget? Evandro will always be with us.
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Dr. Evandro De Oliveira, Genius and

Master of Neurosurgery
Pablo Augusto Rubino’

THospital El Cruce, Buenos Aires, Argentina

Arq Bras Neurocir 2021;40(1):24.

“Doctor Evandro” was undoubtedly one of the most influen-
tial neurosurgeons of the last half century and marked a
milestone in neurosurgery, not just in Brazil, but worldwide.
Specifically in Argentina, we can certainly say that he revo-
lutionized neurosurgery in our country.

His impact on Argentine neurosurgery was beyond mea-
sure, changing the way in which we tackle microneurosurgery.
He was able to transmit his formidable surgical technique,
which turned out to be the fruit of the perfect combination
between Dr. M. G. Yasargil's microsurgical precepts and Dr. A.
Rhoton’s applied neuroanatomy. This, in addition to the influ-
ence received from two of his mentors, fellow pioneers Drs.
Raul Carrea and Charles Drake, led to the genesis of a surgical
school that made it to these shores and is meant to last over
time. His legacy is not limited to his courses at the Hospital de la
Beneficencia Portuguesa (to which more than 500 Argentine
neurosurgeons attended over the years) but also to his multi-
ple participations in our scientific meetings, (especially in
Neuropinamar, with more than 20 attendances) and lately, in
the live surgery courses held at the Hospital El Cruce, where we
were fortunate enough to share his exceptional skills and
neurosurgical wisdom.

Evandro was the one who best figured out how to transfer
the “cold anatomy” of the lab to the challenging arena of real
microsurgery, solving complex cases with elegance and
safety and setting new standards for what can be achieved
in this field. His surgeries were, therefore, the natural con-
summation of his high scientific knowledge and his devotion
for beauty. The result, a true work of art.
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Dr. Pablo Augusto Rubino
(collaboration Dr.Juan
Santiago Bottan)

Buenos Aires, Argentina.

Many of us were privileged to
learn directly (and indirectly)
from him. The most interesting
things is that not only did we learn his surgical technique but
also his work philosophy. Evandro always highlighted the 4
pillars on which a neurosurgeon must rely on: passion, for
everything one does, talent (and he clearly had a very high
dose of it), tenacity, to always give everything and the best of
himself and courage, to face and solve the complex diseases
of our specialty.

There are many words to define Evandro, but there are
two that come to my mind first. Since Evandro is a synonym
of art, I allow myself to draw a parallel and go back in time
almost 500 years to arrive at the figure of Verocchio. In
addition to being an outstanding painter and sculptor, Ver-
occhio was the teacher of many other remarkable artists of
the Renaissance period such as the great Leonardo Da Vinci. I
think history repeats itself here: many years later these two
figures meet again in the person of Evandro, as genius and
master. | think these two words perfectly sum up what
Dr. Evandro was for neurosurgery, and also gifted with a
great deal of generosity.

In recognition to his greatness and in eternal gratitude for
all that of what his surgical school stands for, we are
committed to honor, maintain, and spread his legacy to
the next generations of neurosurgeons.
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Farewell Evandro!

Raul Marino Junior!

TUniversity of S3o Paulo Medical School, Sio Paulo/SP, Brazil
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“He whom the gods love dies young, while he has strength
and senses and wits”

PLAUTUS (Bacchides (254-184 B.C)

Doctor Evandro de Oliveira, since we have been associates
for many years, reminds me of a famous quote from Sir Isaac
Newton, in 1675, when he said to Robert Hooke: “ If I have
seen further it is by standing on the shoulders of giants”.
Evandro and I had the same blessing and inspiration of
working among giants, one of whom was Evandro himself.
Working together for many years (=Figs. 1-3), | found out
that we both met our mission and our destiny together.
Evandro and his wife Marina were my best man and best
maid when [ married Angela. He has also operated upon my
mother and my younger son. To me that says a lot!

[ started to admire the young Evandro during some of his
appearances at the Brazilian Neurosurgery Society meetings,
and started to correspond with him during his stay as a
research fellow with Al Rhoton in Gainesville, Florida. When
he returned, in 1983, we founded our private neurosurgical

Fig. 1 Profs Raul Marino Jr, Evandro de Oliveira and M. G. Yasargil at
the auditorium of Microsurgical laboratory of Hospital of Beneficencia
Portuguesa of Sdo Paulo.
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Raul Marino Jr. M.D., PhD
Professor and chairman of
Neurosurgery

(Emeritus Professor) Univer-
sity of Sao Paulo Medical
School, Brazil

Privat Docent Professor in
Medical Ethics and Bioethics,
University of Sao Paulo.

service together: “The S. Paulo
Neurological Institute”. When I
was nominated Professor and
Chairman of Neurosurgery of the
University of Sdo Paulo Medical
School, I convinced him to start
his academic career, and he soon
became responsible for the vascu-
lar and tumor groups, as its chief,
where many of his assistants were trained. It would be
pointless to describe the many contributions he started to
make in the microsurgery of complex aneurisms and AVM'’s.
There, and in our private service at the Portuguese Hospital
he operated upon thousands of cases, with a detail: they
were all well documented, as Dr. Charles Drake and Yasargil
used to do. In the meantime Evandro started to travel: He was
with Yasargil in Ziirich, with Vinko Dolenc in Slovenia,
Charles Drake in Ontario, and back and forth in Gainesville
perfecting his lectures. We also started a microsurgery Lab in
the basement in one of the hospital houses, which soon
became a large lab in the main hospital building, which
started to attract participants all all over the world and

Fig. 2 Profs Raul Marino Jr, Evandro de Oliveira, Albert Rhoton and
Jules Hardy in one of the several meetings Evandro lectured.
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Fig.3 Profs Raul Marino Jr, M G Yasargil, Antonio H. de Moraes (one of the gretset business man in Brazil at the time) and Evandro de Oliveira at

the Hospital Benficencia Portuguesa of Sao Paulo.

visiting professors like Yasargil himself, Dolenc, Rhoton, Al
Mefty, Jules Hardy, and many others. Evandro’s courses
became very popular among Brazilian residents and sur-
geons and still active until recently, when he start to show
some signs of a neurological progressive problem, which
interrupted his brilliand career a few months ago.

I remember when professor Yasargil, was elected the
“Neurosurgeon of the Century”, in Boston, during the Con-
gress Meeting in 1999.

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021

Today we have our own Brazilian Yasargil, our Neuro-
surgeon of the century in Sdo Paulo, where he left thousands.
of disciples and worshipers that nicknamed him:” the whis-
perer brain surgeon” a title that makes him justice.
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My Friend, Dr. Evandro de Oliveira
Robert F. Spetzler!

TPresident and CEO Emeritus, Barrow Neurological Instititute,
Phoenix Arizona, United States
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While Evandro de Oliveira’s heritage was Brazilian, his work
and spirit belong to the international neurosurgical commu-
nity. He traveled the world over, giving exquisite presenta-
tions peppered with fascinating cases and always including
his beautiful anatomical specimens. Evandro was the most
prominent of Albert Rhoton’s fellows, and he took his ana-
tomical knowledge a step further than his esteemed teacher
by applying it directly in the operating room.

[ knew and admired Evandro for decades. We crossed
paths in so many continents and cities that they all blur
together. His passion—whether he was in the right or not—

Special Article

was always evident, and no one
was left in doubt as to where he
stood on any topic. His exacting
surgical technique coupled with
his extensive anatomical knowledge gave him a platform
to express his beliefs that found resonance with all neuro-
surgeons worldwide. Even after his disease greatly limited
his physical abilities, when he attended his symposium at
the AANS where colleagues from around the world pre-
sented lectures, he not only was present throughout the
long sessions but also continued to express his opinions

Robert F. Spetzler, MD

BARROW

Neurologic
ystitute

Fig. 1 At the annual Spetzler/Rhoton course at the BNI with special guest Dr Evandro de Oliveira, front row, third from right.
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Fig. 2 Dr Evandro de Oliveira (far right) joining the laughter after Dr Albert Rhoton |r (third from right) had challenged Dr Robert Spetzler

(second from right) to a pushup contest.

with absolute certitude and enthusiasm. His physical
prowess may have diminished with time, but his intellec-
tual convictions never faltered.

Each time we met, I could count on Evandro to teach me
some new caveat, something to try, or something to avoid.
At Barrow Neurological Institute, we held an annual
Spetzler/Rhoton course with Evandro as a special guest
each year. It was there that I had the opportunity to get to
know the soul of the man. We had so many professional
common interests where we shared triumphs and trage-
dies, but having the opportunity to spend time together
outside of the hospital setting discussing religion, art, and
other topics provided a unique perspective that allowed
me to appreciate the incredible person Evandro was
(=Figs. 1 and 2).

Neurosurgeons tend to be intelligent, coordinated, driv-
en, and opinionated. Among many with these traits, there
are those individuals who push the envelope of our art,
giving patients hitherto unknown options in their struggle
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with neurosurgical maladies. Evandro worked on the fron-
tier of neurosurgery, pushing hard to develop new corri-
dors into the brain, the most fragile of organs. He
taught us that some lesions, like the most difficult AVMs,
could be safely extirpated because of his exquisite ana-
tomical knowledge. His contributions to our field will
cement him among the giants of neurosurgery who allow
our specialty to continually improve and provide new
opportunities to those patients who desperately seek our
help.

Although I know that all of us are proud of Evandro’s
international recognition and patients worldwide have
benefited from his tremendous contributions to the art of
neurosurgery, the Brazilian neurosurgical community, in
particular, can take pride in producing this special man
whom we will all miss greatly.
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Memories and what Evandro de Oliveira taught me
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The neurosurgery giant has died. I would like to express my
deepest condolence to all the family members.

[ first met Evandro in 2012 at the Taipei Veterans General
Hospital’s microsurgery cadaver dissection and bypass
hands-on course hosted by Sanford PC Sue in Taipei. |
was invited by Sanford to treat a giant aneurysm at internal
carotid-posterior communicating which had a direct
branching of anterior choroidal artery from the dome.The
live surgery was scheduled after the microsurgery course
and I had two lectures about a vascular reconstruction and a
microsurgical cisternal approach about transsylvian and
anterior interhemispheric approach. Evandro commented
several points about the advantage pterional approach to
anterior communicating aneurysm based on his enormous
experiences of clipping anterior communicating aneurysm
with emphasizing the number of experience which is very
important to achieve a successful result. That was great
opportunity for me to looking back my experience of
anterior interhemispheric approach to anterior communi-
cating aneurysm, because I had just 300 to 400 cases of
Acom aneurysm with anterior interhemispheric approach
and the number I experienced was too small to conclude
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. Rokuya Tanikawa, MD
“Hundred percent of anterior

communicating aneurysm can be

treated safely with anterior inter-

hemispheric approach”. I humbly remember what he meant
to me.

He is not only a master of cerebrovascular surgery but
also one of big master of neuroanatomy, although I have
been learning skull base anatomy under Professor Fukush-
ima since 2000. The way to obtain the knowledge and
skills to understand exactly is not easy and it takes long
time as Evandro mentioned any time. I am still learning
skull base anatomy in my daily surgeries to solve my
question inside me and in a cadaver course at least once
a year.

The neurosurgeons in the next generation after Evandro
must continue to learn neuroanatomy and train hard them-
selves to achieve the knowledge and the skills to treat the
patient safely. The most important what Evandro meant is a
humble attitude to improve ourselves.
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Itis classic to state: medicine is science and art. Medicine and
art go hand in hand. Hippocrates’s medicine(460-378 BC)
was born during Pericles century (495-429 BC), at the nadir
of Greek art of Fidias (490-430 BC). Both submerged during
the middle ages and reburned during the Italian renaissance.

Science can be defined like organized knowledge and be
confirmed through observation and experimentation. How-
ever, it is difficult to define art because the term could mean
multiple things in different places and time. The greek term
tékhné, translated to latin as technique and also as art.The
later meaning, whatever is well done by the man. For the
greeks artwork was to perform a technique with excellence.
Hence, in the first Hippocrates’ s aphorism, “The life is short,
the art last long.”(OBios brakhys E dé tékhné makhré), the
term tékné refers to art meaning technique acquisition,
practical knowledge the execution of work in the medical
field.

In all branches of knowledge, including medicine and
surgery, there archaic civilizations referred to medicine as
art, or better as technique based in mythical explanation. The
“Greek miracle” exclude the mythical explanation and sub-
mitted the technical knowledge to the sieve of rationality,
creating Science as we know. Therefore, medicine and sur-
gery are old as art but new as science. In reality, way before
the emergence of science in Greece at the 6 century B.C., the
Neolithic man already had practiced the art of surgery as
documented in several trephined skulls found in several
different archeological sites.

The intimate relation between technique and science in
the pre-Socratic Greece was ruptured by Plato is(428-348 B.
C.) philosophy, which was disputed by the intellectual ca-
pacity of the technicians.

This fact determined the discredit of the manual labor,
including plastic artists, during the medieval and classic
period, being one of the main reasons for the dichotomy
between theory and practice, science and technic, medicine
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(scientific knowledge) and surgery (technical knowledge).
This dichotomy increased with the medieval scholars. Only
during the Renaissance the artist and handcrafters recuper-
ated their dignity and prestige.

The Vesalius”s (1514-1564) dissections depicted in De
Humani Corpori Fabrica (1543), inaugurate the modern
medicine. In his work, still considered the most outstanding
in medicine, the narrow relation between science and art
takes place.

The Vesalius’ text is as important as the exquisite illus-
trations of Calcar (1499-1546), Tiziano’s disciple. Therefore
we can say that modern medicine was born in an anatomy
laboratory and in the workshop of a renaissance painter.

The word surgery came from the Greek kheir, hand, and
ergon, “work” .Until the XVI century, surgery was only
manual labor, without scientific bases, and wasn’t performed
by doctors but by barber surgeons. Ambroise Paré (1510-
1590) saw the new Vesalius’s anatomy as the foundation of
surgery. He transformed the barber-surgery art into the
medieval art and science of surgery, giving the dignity and
respect towards to the surgeon’s work.

In the Seventeenth century, the knowledge acquired in the
two previous renaissance centuries increased even more,
leading to the birth of the modern science.

In this context neurosciences was born in 1664, with the
work named Cerebri Anatome from Willis (1621-1675), in
which medieval concepts regarding cerebral function were
repealed. The pillars of modern neurosciences and neurology
were established. As a matter of fact, in this work the word
neurology was coined. Again, one more time we witnessed
the narrow association between art and science, the out-
standing text written by Willis was impeccably illustrated by
Christopher Wren (1632-1723), the greatest british artist
from all times. Sir Wren, himself, was responsible for the
London’s reconstruction after the devastating 1666 fire. The
Saint Paul cathedral being his masterpiece. Wren’s superb
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drawings revealed great elegance and precision, showing the
brain in such detailed and realistic fashion never seen before
in any publication.

Subsequently in the Nineteenth century, John Hunter
applied experimental scientific method to surgery, creating
modern surgery. At the end of the Nineteenth century,
advances in general surgery and the better understanding
of anatomy and physiology of the nervous system, made
possible the creation of neurosurgery as a modern medical
specialty.

The modern neurosurgery was born from the hands of an
artist-scientist, Harvey

Cushing (1869-1939). The artistic talent from this neuro-
surgery pioneer was well portraited in his landscape draw-
ings and pictures in his own monumental neurosurgical
publications.

On the late half of the last century another scalpel genius,
Yasargil, took neurosurgery to another level. Using his ex-
tensive and intensive laboratory work he created Micro-
neurosurgery, allowing us to perform miniature art, under
microscopic visualization. Indeed, that represented a true
revolution in the field, debuting new surgical approaches and
better treatment options. Yasargil established several steps.
First, the profound and thorough knowledge in central
nervous system anatomy. Second, the need of relentless
laboratory training and last, but not least, to approach the
pathology in the brain in as harmless way as possible through
its natural pathways: the sulci and cisterns.

Another essential master to established microneurosur-
gery was Rhoton. He taught us, using his own exquisite
anatomical preparations, to understand better tridimension-
al brain anatomy and microanatomy and its variations.

Rhoton created a legion of microneuroanatomists that
preached their knowledge in all continents. His personal as
well as his collaborators endless work constitute the unique
preliminary requirement to enter into the science and art of
the microneurosurgery world.

His most dear and brilliant pupil was Evandro de Oliveira.
After training and conclusion of several projects with his
mentor, Evandro returned to Brazil in the earlier eighties.
Even before the adventof the internet, he disseminated
mocrosurgical knowledge applied to neurosurgery among
the Brazilian neurosurgeons. Actually, he initiated a new era
of microneurosurgery in his country. To perform microneur-
osurgery is not just limited to the use of the microscope
(which by the way was already present in ours operative
rooms. Not too long after that he created the magnificent
anatomy laboratory at Beneficéncia Portuguesa Hospital. For
almost four consecutive decades this laboratory has been the
main center for microsurgical training for residents and
young neurosurgeons. It is for sure a sacred temple for
science and art in microneurosurgery. The work of Evandro
de Oliveira was without any doubt one of the main factors in
the process to raise the Brazilian neurosurgery to the top of
the latin-america neurosurgery and to be considered one of
the best of the world.

Beyond this essential work in training the last generations
of Brazilian neurosurgeons, Evandro de Oliveira developed
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and improved new microsurgical approaches, shown to our
neurosurgery in all four corners of the world and abroad and
subsequently opened the doors for many young Brazilian
neurosurgeons.

With his skillful hands like a Chinese artist in porcelain
from the Ming dynasty, he touched the brain like a priest
touches a sacred icon, more so, with his restless brain that
kept persuing the brain’s misteries, he restored and gave life
to thousands of brains. Without passion, life is meaningless.
With passion, Evandro took his work to the edges of perfec-
tion, turning into pure art. His happiness is to find pleasure in
this unique form of art.

It will never be redundant to state how important is the
laboratory work in the learning process of microanatomy and
surgical technique. Evandro had a fundamental role in im-
provement in the many generations from Brazil and other
countries.

Actually, the modern medicine originated in a laboratory,
when Vesalius in1543, performed magnificent dissections to
better understand the human body and to illustrate his
Fabrica. At the end of the nineteenth century the neurosur-
gery had its beginning with Horsley. He was summoned to
initiate surgical treatment in the neurological patients of the
famous Queen Square, due to his notorious skill to open
monkey skulls in a laboratory installed in his own house.
Yasargil also created microneurosurgery in a laboratory.

The Italian renaissance master painters were in fact the
first anatomists. In order to place in canvas the enigmatic
face of Monalisa and to carve in pure marble the harmonious
lines of David, Leonardo Da Vinci e Michelangelo, they had to
dissect cadavers and be aware of the representation object,
the human body. In the same fashion, the similar require-
ments are recommended to the microneurosurgeon. Ex-
treme dedication in studying the anatomy in the
laboratory to repair the most complex organic matter ever
existent in the universe, the human brain. Only by that way is
possible to acquire the mastery in science and art of
microneurosurgery.

Five centuries passed by and Vesalius's statement is still
true: “ the anatomy has to be considered the most solid pilar of
the art of medicine, its preliminary essential. The central
nervous system anatomy is our preliminary essential in the
work field where we practice our job. The brain is the most
complex and elaborated matter in our known universe. The
brain named itself and creates the universe in which we
realized the origin of all forms of arts. Significant art is required
from someone that desires to enter in the temple of all arts.

The art has the power to emphasize and refine our senses
and to stimulate our awareness in search of occult essence of
life’s phenomena. The antagonism between art, the daughter
of inspiration, and science, originated from methodic obser-
vation of facts is only apparent. Art in the Hellenic sense of
what is well done and that embroiders all mankind’s achieve-
ments, including science, because the beauty is everywhere,
from a mathematical equation to a Rembrandt (1606-1669)
canvas.

Medicine and art complement each other. It is very
superficial to imagine a conflict existent between a practical
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art such as surgery, that depends of judgement, intuition and
skill, and the precision of science that requires elimination of
all human elements. Patient care and treatment of diseases
are problems to science, but the excellence in both depends
on the art that the doctor applies with scientific knowledge.

In Neurosurgery, the complex central nervous system
anatomy, its low threshold for manipulation and the rigidity
of the cranium osseous compartment make the challenges
even worse, thus requiring refined science and art.

The surgeon in action is no longer a handcrafter that cuts,
ligates, detaches or sutures. However, he is not a technician
either, but a physician that carries deep knowledge in the
human being and his emotional problems and precise do-
main regarding diseases mechanisms, its diagnostics, path-
ological manifestations and treatment. Such knowledge,
associated with the wisdom originated with experience, it
is at the fundaments of abilities in surgical judgement, which
is the most difficult requirement to be acquired in the art of
surgery.

Our art reflects our life, because nothing can come out
from the artist if it is not in the man. Be a good neurosurgeon
depends on first in being a good doctor. And what defines a
good doctor? Kindness, empathy, conscience, ethics, and the
ability to make sensible decisions and make proper judge-
ments, as well as the desire in doing the best for the patient.
In the nervous systems there are islands of knowledge,
where science can be applied, and a vast ocean where we
can only offer hope and comfort. The latter is, a major part of
the art of neurosurgery, where we feel and intuit, but can not
prove. Like knowledge doesn’t resume life, science does not
limit medicine. The art is necessary.

The accurate surgical technique, like any other ability,
requires repetitive training associated with passion. We can
build nothing big without passion. The passion leads to
pleasure in our work and that perfects the technique until it
meets the art. Therefore excellence in microneurosurgery is
a matter of technique, because this originates in the brain of
the technician. It is a matter of personality, attitude and
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character. Those qualities are present in the masters Yasar-
gil and Rhoton. After several years of coexistence and
working alongside, I could notice them well in Evandro de
Oliveira. His precise microsurgical technique, reached the
state of the art, and is nothing more than his character
almost paranoid in chase of the truth, the essence of things,
the perfect technical detail. On the foundation of all that is
the respect to the brain’s complexity and the love towards
the human being that suffers, generating passion for his
duty. According to van Gogh (1853-1890), “The essence of
art is the love to the human being.” The essence of medicine
is the love for the human being that suffers. Only love and
art can make existence tolerable, and there is the place that
the art of medicine acts. A lot of dignity and humility is
necessary from someone whose duty involves love, art and
life.

As mentioned above, the master Yasargil, Rhoton and
Evandro de Oliveira extensively contributed to the establish-
ment of the art and science of microneurosurgery. The same
way Hippocrates removed medicine from the gods temple
giving to it mankind, those masters revealed upon us the safe
pathways to get in all hidden compartments of the sacred
temple of the human brain.

Human knowledge will continue flowing implacably,
generating new technologies that probably will reinvent
our specialty, that will require from us more science to
dominate them and more art to apply them with wisdom in
favor of our patient’s life and fulfillment of our own. At last,
there is only one art undebatable important: to live;
everything else is secondary. To our master Evandro de
Oliveira, that has helped many in the difficult and danger-
ous art of living, we can only to thank using the words of
the genius of the Portuguese language (Camoes): “E mais
VoS pagamos e mais vos devemos” (The more we pay you,
the more we owe you)

Conflict of Interest
None.

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.



THIEME

@ @ @ @ Original Article | Artigo Original
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Abstract Objective Muscle injury is inevitable during surgical exposure of the spine, and it is
quantified by the release of creatine phosphokinase. The aim of the present study is to
make a comparison between tubular microdiscectomy and conventional microdiscec
tomy by using the pre- and postoperative serum concentrations of creatine phospho-
kinase as an indicator of muscle injury.

Materials and Methods A total of 28 patients who underwent surgery for lumbar disc
herniation were allocated into 2 groups: 12 patients (group A) operated by transflaval
microdiscectomy, and 16 patients (group B) operated by tubular microdiscectomy. The
serum concentration of total creatine phosphokinase was measured before surgery
(creatine phosphokinase 1) and 1 day after surgery (creatine phosphokinase 2).

Results There were 12 women and 16 men; the mean age of the patients and the
mean duration of the surgery were respectively 49.5 years and 56 minutes for group A,

Palavras-chave and 47.3 years and 60 minutes for group B. The p-values of creatine phosphokinase 1,

= enzima creatine phosphokinase 2 and the creatine-phosphokinase ratio were respectively

= hérnia 0,34; 0,31; and 0,57 (p < 0.05).

= microdiscectomia Conclusion The present study demonstrated that there was no significant difference

= ciatica between tubular microdiscectomy and conventional microdiscectomy according to the

= tubular analysis of the levels of creatine phosphokinase.
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34 Tubular Microdiscectomy versus Conventional Surgery for Sciatica

Cherkaoui et al.

Objetivo A lesao muscular é inevitavel durante a exposi¢ao cirtrgica da coluna
vertebral, e é quantificada pela liberacao de creatina fosfoquinase. O objetivo deste
estudo é fazer uma comparacgdo entre microdiscectomia tubular e microdiscectomia
convencional usando creatina fosfoquinase sérica pré e poés-operatéria como

Um total de 28 pacientes submetidos a cirurgia de hérnia de
disco lombar foram alocados em 2 grupos: 12 pacientes (grupo A) operados por
microdiscectomia transflaval, e 16 pacientes (grupo B) operados por microdiscec
tomia tubular. A concentracao sérica de creatina fosfoquinase total foi medida antes
da cirurgia (creatina fosfoquinase 1) e 1 dia ap6s a cirurgia (creatina fosfoquinase 2).
Havia 12 mulheres e 16 homens; a média de idade dos pacientes e o
tempo médio da cirurgia foram respectivamente de 49,5 anos e 56 minutos para o
grupo A, e de 47,3 anos e 60 minutos para o grupo B. Os valores de p da creatina
fosfoquinase 1, da creatina fosfoquinase 2, e a razdo creatina-fosfoquinase foram,

Conclusao Este estudo demonstrou que ndo houve diferenca significativa entre

microdiscectomia tubular e microdiscectomia convencional de acordo com a anélise

Resumo
indicador de lesdo muscular.
Materiais e Métodos
Resultados
Keywords
= enzyme respectivamente, 0,34; 0,31; e 0,57 (p < 0,05).
= hernia
= microdiscectomy
= sciatica dos niveis de creatina fosfoquinase.
= tubular
Introduction

Unilateral transflaval microdiscectomy is the gold stan-
dard surgical procedure for the treatment of patients
with symptomatic lumbar disc herniation.! However,
minimally-invasive procedures (such as tubular micro-
discectomy) have gained increasing attention over the
last decade, based on the concept of lower muscle
damage.2

The level of serum creatine phosphokinase in the postop-
erative period has been considered a suitable parameter to
estimate muscle injury in various spinal procedures;> for this
reason, we used this marker to compare these two surgical
techniques through a prospective study.

Material and Methods

Patient Selection

Between June 2019 and February 2020, 28 patients were
surgically treated for sciatica due to lumbar disc herniation
diagnosed by lumbar magnetic resonance imaging.

In total, 12 patients (group A) were operated by transflaval
microdiscectomy, and 16 patients (group B) were operated
by tubular microdiscectomy.

The inclusion criteria for the present study were no
pathological history (no medical or surgical history or medi-
cation taken that may affect the levels of creatine phospho-
kinase, and a single-level disc herniation requiring a one-
sided approach. All cases were opereted by the same
neurosurgeon.

Surgical Procedure
Surgery was performed under general anesthesia with the
patient in the genupectoral position.
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Group A: conventional microdiscectomy was performed
after subperiosteal dissection of the ipsilateral paraverte-
bral muscles. The herniated disc was removed by the
unilateral transflaval approach with the aid of microscope
magnification.

Group B: tubular microdiscectomy; the skin was
retracted laterally, and the guide wire and sequential
dilators were placed at the inferior aspect of the lamina
under fluoroscopic control. The herniated portion of the
disc was removed through the tubular retractor with mi-
croscopic magnification.

In both procedures, subtotal discectomy was intended,
and bony removal was minimal, if necessary.

In the postoperative period, all patients were mobilized
and discharged as soon as possible to resume their regular
activities whenever possible.

Measurement of creatine phosphokinase: the serum con-
centration of total creatine phosphokinase was measured
before surgery (creatine phosphokinase 1) and 1 day after
surgery (creatine phosphokinase 2). The normal serum
creatine phosphokinase concentration in our hospital is 24
IU/L to 195 IU/L.

Results

Demographics and surgical characteristics (~Table 1): a total
28 patients with lumbar disc-related sciatica were surgycally
treated by tubular microdiscectomy and unilateral trans-
flaval microdiscectomy. The sample was composed of 12
women and 16 men, and there were 19 cases of hernia at the
L4-L5 level, and 09 cases at the L5-S1 level.

The mean of age of the patients and the mean duration of
the surgery were respectively 49.5 years and 56 minutes for
group A, and 47.3 years and 60 minutes for group B.

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.



Tubular Microdiscectomy versus Conventional Surgery for Sciatica

Table 1 Demographic data: age; gender; level and duration of
the surgery

Conventional Tubular
microdiscectomy | microdiscectomy
N=12 N=16

Age (years) 60-28 (49.5) 63-27 (47.3)

Sex (female/ 03 F/09 M 09 F/07 M

male:F/M)

Mean of duration | 56 60

of the surgery

(minutes)

Disc hernia level L4-L5/L5-S1 L4-L5/L5-S1

and number 06/06 13/03

of cases

Abbreviations: L4, fourth lumbar vertebra; L5, fifth lumbar vertebra; S1,
first sacred vertebra.

The postoperative follow-up was simple for all patients,
without complications, and with a similar clinical improve-
ment regarding the two techniques.

Serum creatine phosphokinase (=Table 2): the mean
concentration of creatine phosphokinase 1 was of 85.81
IU/L for tubular microdiscectomy, and of 105.66 IU/L for
conventional microdiscectomy; the mean concentration of
creatine phosphokinase 2 for tubular microdiscectomy and
conventional microdiscectomy was of 289.06 IU/L and of
36025 IU/L respectively. The mean creatine-phosphokinase
ratio (creatine phosphokinase 2/creatine phosphokinase 1)
was of 4.01 for tubular microdiscectomy, and of 3.58 for
conventional microdiscectomy.

The statistical analysis showed no significant difference
between both procedures regardinge creatine phosphoki-
nase 1, creatine phosphokinase 2, and creatine phosphoki-
nase ratio, because the statistical significance was set at the
probability level of 0.05.

Discussion

The most common cause of sciatica is a herniated lumbar
disc; even though lumbar disc surgery is frequently per-
formed, the preferred technique was until recently an im-
portant point of debate. Based on the hypothesis that “small
is better,” efforts have been made to decrease tissue damage
through smaller corridor approaches.?

Table 2 Serum concentrations of creatine phosphokinase

Cherkaoui et al.

The concept of minimally-invasive spine surgery com-
prises reduced muscle injury while achieving a good clinical
outcome comparable with conventional open surgery.

The patients are expected to have less intense low-back
pain, shorter hospitalization time, faster mobilization, and to
recover.*

Several proteins have been widely used in medicine as
markers of tissue damage, such as creatine phosphokinase,
which is the most widely used blood parameter for the
detection of striated muscle injury,>® and it reaches a
maximal concentration one day after surgery.7'8

A clear dose-response relationship between creatine
phosphokinase and the extent of the surgical invasiveness
has been shown,’ as well as relationships with the pressure
exerted by the retractors on the paraspinal musculature and
the duration of this pressure (operating time).'?

In the present prospective study, we performed a
quantitative analysis of muscle injury measured by serum
creatine phosphokinase. No significant differences were
found regarding creatine phosphokinase 1, creatine phos-
phokinase 2, and the creatine-phosphokinase ratio be-
tween tubular microdiscectomy and conventional
microdiscectomy.

This result is in line with other results published in the
literature,'"'? and we explain this non-significant difference
by the fact that conventional microdiscectomy is performed
through a small incision with lower muscle damage, espe-
cially in the case of single-level surgeries. Therefore, in our
opinion, conventional unilateral transflaval microdiscec-
tomy can be considered a minimally-invasive procedure as
well.

The main limitation of the present study is the small
sample, the lack of clinical evaluation in relation to serum
creatine phosphokinase, and the lack of a postoperative
evaluation of the functional outcome and pain intensity on
the visual analog scale; therefore, the clinical significance of
our results is not known.

Conclusion

The release of creatine phosphokinase is an indicator of
muscle injury during the surgical exposure of the disc hernia.
The present study showed that tubular microdiscectomy is
equally invasive as conventional microdiscectomy in terms
of creatine phosphokinase for single-level surgeries, with
similar surgical outcomes.

CPK Conventional microdiscectomy Tubular p-value
N=12 microdiscectomy (< 0.05)
N=16
Mean CPK 1 (200-57) 105.66 IU/L (280-18) 85.81 IU/L 0.34 CPK1
Mean CPK 2 (843-123) 360.25 IU/L (640-23) 289.06 IU/L 0.31 CPK2
Mean CPK ratio 3.58 4.01 0.57 CPK ratio

Abbreviations: CPK, creatine phosphokinase; IU/L, International unit per liter.
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Objective To evaluate the effectiveness of the extent of resection (EOR) on survival
outcome using propensity score-based approaches.

Materials and Methods A retrospective cohort study was performed in patients with
newly diagnosed glioblastoma. Propensity score matching (PSM) and propensity score
regression adjustment were used in the matched and unmatched dataset, respectively.
Therefore, the Kaplan-Meier survival curve and Cox’s regression analyses were per-
formed to determine the effect of the EOR on survival outcomes.

Results One hundred and sixty-eight patients were included for analyzes. The total
tumor resection in the unmatched dataset was 22.6% of all cases. Using PSM,
incomplete tumor resection had an unfavorable survival outcome when compared
with total tumor resection (hazard ratio (HR) 2.92, 95% confidence interval [CI] 1.72-
4.94). Additionally, biopsy and partial tumor resection were significantly associated
with poor prognosis when compared with total tumor resection using propensity score
regression adjustment (HR of biopsy 1.89, 95%Cl 1.13-3.16 and HR of partial resection
1.89, 95%Cl 1.28-2.80).

Conclusions Patients with total tumor resection tend to have a more favorable
prognosis than patients with partial tumor resection. The propensity score-based
analysis is an alternative approach to evaluate the effect of an intervention that has
limitations to perform a randomized controlled trial.

with GBM and reported that total resection improves overall
and progression-free survival.® However, the lack of evidence

Glioblastoma (GBM) is a malignant primary brain tumor that
has a poor prognosis. Surgery is the first treatment option for
histology-confirmed diagnosis and tumor burden reduc-
tion."»? From large retrospective cohort studies, extents of
resection (EORs) ranging from 70 to 98% are the independent
factor for significantly increased survival time.'3=> More-
over, Brown et al investigated in a systematic review and
meta-analysis on the EOR on survival increment in patients
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from randomized clinical trials (RCTs) on the effect of the
EOR related to survival advantages. This variable—EOR—has
proven to be a limitation to the conduction of RCTs regarding
ethical issues and other confounders. Owing to the infiltra-
tive character of this type of tumor, not all GBMs are
amenable to total tumor resection.””® From the literature
review, multiple GBMs and tumor volume > 30 ml have been
reported as limitations for complete tumor removal. In
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addition, tumors involving eloquent areas have been
reported to be a limitation for total resection because
neurological impairments developed after tumor resection.’

Because confounding factors are critical problems that
need to be addressed before analysis in observational
studies attempting to estimate the effect of treatments,
propensity score (PS) is one of the methods used for
dealing with significantly confounding factors.'®'" From
literature reviews, various techniques of the PS approach,
such as matching, stratification, regression adjustment,
and inverse probability of treatment weight, were effec-
tively used in numerous studies to compare treated and
controlled groups when there were limitations to perform
RCT. Agrawal et al used PS-based analysis to evaluate the
intracranial pressure monitoring on outcomes in severe
traumatic brain injury,'? while Cepeda et al evaluated the
effect of decompressive craniectomy in the postoperative
expansion of traumatic intracerebral hemorrhage using PS
methods."3

Extent of resection is one of the variables that represents a
limitation in conducting RCT. Alternatively, PS-based analy-
sis is one of the methods that was used to evaluate the effect
of EOR on survival outcomes. Therefore, the aims of the
present study were to evaluate the effectiveness of EOR on
survival outcomes using PS methods.

Materials and Methods

A retrospective cohort study was performed in the patients
who had histologically-confirmed GBM and were newly treated
between January 2000 and December 2018 in our institute.
Additionally, a part of the study population was obtained from
Tunthanathip et al,>'* whose study mentioned factors associ-
ated with the EOR and genetic factors that could influence
prognosis. The exclusion criteria were as follows: 1) unavailable
medical record, 2) unavailable neuroimaging for tumor volume
calculation, for both the preoperative and postoperative peri-
ods, and 3) unavailable update survival status.

In the present study, the EOR was defined according to
Vecht et al and Bloch et al.">'® Gross total resection was
defined as less than 5% of residual tumor, as observed on
postoperative neuroimaging. Partial resection was defined as
resection of less than 95% of the tumor, as observed on
postoperative neuroimaging. Biopsy was defined as an oper-
ation for tissue diagnosis only, without attempt of removing
the tumor. Additionally, the percentage of resection was
assessed by postoperative T1-weighted imaging with
contrast.

The follow-up data were collected until June 2019 for
survival outcome as update status (death or survival) or
cause of death. The follow-up data were mainly collected
when patients visited the outpatient clinics. Patients (or
caregivers) who did not visit the hospital for appointments
were interviewed by phone. Therefore, we also checked
death records from the local municipality.

The present study was performed with the permission of
the Ethical Committee of the Faculty of Medicine at Song-
klanagarind Hospital, Prince of Songkla University.
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Statistical Analysis

The baseline characteristics included demographic variables,
imaging , and therapeutic factors; these were obtained from
studies of Tunthanathip et al that reported two variables,
multiple GBMs, and tumor volume > 30 ml, associated with
the EOR.%>'# We excluded those patients with one or more
missing data before estimating the propensity score (PS).

To control selection bias, we used PS methods. We used
a logit model with a binary outcome (total resection and
non-total resection) to estimate the PS. Therefore, the PSs
were calculated and used as a covariate to control for
confounding by indication or contraindication in the final
model. In detail, two PS-based methods were performed:
propensity score matching (PSM) and PS regression
adjustment.

Both matched and unmatched datasets as well as baseline
clinical characteristics were analyzed using descriptive analysis,
presented as proportions and mean 4 standard deviation (SD).

In the PSM, we created a group of treated and controlled
patients who were matched by the nearest neighbor match-
ing algorithm with a ratio of 1:1. The effect of EOR on the
survival of patients with GBM was analyzed by time-to-
event. Survival curves were compared using the log-rank
test. Cox regression analyses were performed, and the hazard
ratio (HR) with 95% confidence intervals (95% Cls) was
determined. In the study of Ahmadipour et al, the HR of
biopsy compared with total resection was 2.33 (95%CI 1.77-
3.06) for death.!” Therefore, we calculated a sample size of 26
patients per group at 80% power and with an « level of 0.05,
using the Freedman method.'®

Propensity score regression adjustment was used to run
the outcome model of the association between EOR and
survival controlled by PS and posttreatment variables from
the unmatched dataset. All analyses were conducted using
the R version 4.0.2 software (R Foundation for Statistical
Computing, Vienna, Austria) with the package Matchit.'®

Results

Clinical Characteristics

The 173 patients with GBM were obtained from the study by
Tunthanathip et al.®"'4 but 5 patients were excluded because
of missing variables. Hence, 168 patients were included for
analyses, and their baseline characteristics are shown in
=Table 1, both unmatched and matched cohorts.

Unmatched Cohort
The unmatched cohort included 168 patients with GBM. The
mean age was 51.4 years (SD 15.3), and half of the subjects
were male. One-third of the GBMs commonly involved the
temporal lobe, frontal lobe, and parietal lobe. Additionally,
corpus callosum was found in 11.3% of the patients. The
patients were divided by EOR as binary groups. Total tumor
resection was observed in 38 patients (22.6%) of the un-
matched cohort, whereas the remaining (77.4%) had either
biopsy or partial tumor resection.

There were significant differences between total resection
and non-total resection groups in several tumors and tumor

Vol. 40 No. 1/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Table 1 Baseline characteristic of patients divided by the extent of resection according to full cohort and propensity score-

matched cohort

Arquivos Brasileiros de Neurocirurgia

Factor Full cohort Propensity score-matched cohort
(N=168) (N=76)
Total Non-total P-value Total Non-total P-value
resection resection resection resection
n (%) n (%) n (%) n (%)
Age, year 0.11 0.15
<50 12 (31.6) 60 (46.2 12 (31.6) 18 (47.4)
> 50 26 (68.4 70 (53.8 26 (68.4 20 (52.6)
Gender 0.70 0.81
Male 20 (52.6) 73 (56.2 20 (52.6 9 (50.0)
Female 18 (47.4 57 (43.8 18 (47.4 19 (50.0)
Preoperative KPS 0.1 0.10
<80 24 (63.2) 63 (48.5) 24 (63.2 17 (44.7)
> 80 14 (36.8) 67 (51.5) 14 (36.8 21 (55.3
Frontal tumor 0.33 0.81
No 25 (65.8) 96 (73.8) 25 (65.8) 24 (63.2)
Yes 13 (34.2) 34 (26.2 13 (34.2 14 (36.8
Temporal tumor 0.54 0.80
No 26 (68.4 82 (6 26 (68.4 27 (71.1)
Yes 12 (31.6 48 (36.9) 12 (31.6 11 (28.9)
Thalamus/Basal ganglion 0.58" 0.24*
No 38 (100) 125 (96.2) 38 (100) 35(92.1)
Yes 0 5 (3.8) 0 3(7.9)
Corpus callosum 0.07" 0.35"
No 37 (97.4) 112 (86.2) 37 (97.4) 34 (89.5)
Yes 1(2.6) 18 (13.8) 1(2.6) 4(10.5)
Eloquent area’ 0.60 0.64
No 17 (44.7) 52 (40.0 17 (44.7) 19 (50.0)
Yes 21 (55.3) 78 (60.0 21 (55.3) 19 (50.0
Initial leptomeningeal dissemination 0.96" 1.00"
No 34 (89.5) 116 (89.2) 34 (89.5) 34 (89.5)
Yes 4(10.5) 14 (10.8) 4(10.5) 4 (10.5)
Number of tumors 0.02* 1.00"
Single 36 (94.7) 102 (78.5) 36 (94.7) 36 (94.7)
Multiple 2(5.3) 28 (21.5) 2(5.3) 2(5.3)
Tumor volume-ml 0.003 1.00
<30 19 (50.0 32 (24.6) 19 (50.0) 19 (50.0)
> 30 19 (50.0 98 (75.4 19 (50.0) 19 (50.0)
Postoperative KPS 0.66 0.48
<80 24 (63.2) 77 (59.2 24 (63.2 21 (55.3)
> 80 14 (36.8 53 (40.8 14 (36.8 17 (44.7
Adjuvant therapy 0.18 0.09
RT alone 21 (55.3) 87 (66.9 21 (55.3) 28 (73.7)
RT with TMZ 17 (44.7) 43 (33.1 17 (44.7 10 (26.3
(Continued)
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Factor Full cohort Propensity score-matched cohort
(N=168) (N=76)
Total Non-total P-value Total Non-total P-value
resection resection resection resection
n (%) n (%) n (%) n (%)
IDH1 mutation 0.83" 1.00"
Wild-type GBM 36 (94.7) 122 (93.8) 36 (94.1) 35 (92.1)
Mutant GBM 2 (5.3) 8(6.2) 2(5.3) 3(7.9))
MGMT promoter methylation 0.14* 0.24"
Methylated GBM 0 7 (5.4) 0 3(7.9)
Unmethylated GBM 38 (100) 123 (94.6) 38 (100) 35(92.1)

Abbreviations: GBM, glioblastoma; IDH1, isocitrate dehydrogenase1; KPS, Karnofsky performance status; MGMT, O6-methylguanine-DNA

methyltransferase; RT, radiotherapy; TMZ, temozolomide.
“p-value of Fisher exact test.

"Eloquent area defined tumor involved motor cortex, sensory cortex, visual center, speech center, basal ganglion, hypothalamus, thalamus,

brainstem, dentate nucleus.

volume. In detail, multiple GBMs were frequently observed
in the non-total resection group (p=0.02), while tumor
volume < 30 ml was commonly found in the total resection
group (p =0.003).

Matched Cohort

Patients were equally divided into total resection and non-
total resection groups, according to PS. Therefore, 38 patients
were assigned to each group. After matching, differences
between the two groups regarding several tumors and tumor
volume were noticeably absent.

Extent of resection

Effect of EOR on Survival Outcome

PSM

The Kaplan-Meier curves based on the EOR after PSM pre-
sented in =Fig. 1A-B show overall median survival time of 11.0
months (95%Cl 9.29-12.70). According to EOR subgroups, the
median survival time of the total resection subgroup was
15 months (95%CI 10.1-19.8), whereas the incomplete resec-
tion subgroup had median survival time of 6 months (95%CI
2.6-9.3), as shown in =Table 2. There was a significant
difference in prognosis between complete and incomplete

Extent of resection

Probability

06 -
04

02 -

A ‘Time (months)

Extent of resection
Probabilty

B Time (months)

Extent of resection

Extent of resection

Nontotal resection

06 Totalresection

04

02 P<0.001

00

Probabilty

Extent of resection

Non-total resection

Total resection

P<0.001
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T T T T
0 20 40 60 80 100
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Fig.1 The Kaplan-Meier curves of survival according to the extent of resection. (A) Bi-classifier of the extent of resection with matched data. (B)
The extent of resection with matched data. (C) Bi-classifier of the extent of resection with unmatched data. (D) The extent of resection with

unmatched data.
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Table 2 Median survival time and survival probability of the extent of resection subgroups
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Dataset The binary outcome of the | Extent of resection
extent of resection
Total Non-total Total resection Partial resection Biopsy
resection resection (95%Cl) (95%Cl) (95%Cl)
(95%Cl) (95%Cl)

Unmatched dataset

Median survival time-month | 15.0 8.0 15.0 9.0 7.0
(10.1-19.8) | (6.6-9.3) (10.1-19.8) (7.6-10.3) (3.7-10.2)

1-year probability of survival | 60.5 33.0 60.5 323 36.0
(46.8-78.2) | (25.9-42.2) | (46.8-78.2) (24.5-42.6) (21.3-60.7)

2-year probability of survival | 34.2 10.7 34.2% (22.0-53.2) | 10.4 12.0
(22.0-53.2) | (6.5-17.6) (5.9-18.3) (4.1-34.7)

3-year probability of survival | 28.9 6.15 28.9% (17.5-47.6) | 4.7 12.0
(17.5-47.6) | (3.1-12.0) (2.0-11.2) (4.1-34.7)

Matched dataset

Median survival time-month | 15.0 6.0 15.0 6.0 9.0
(10.1-19.8) | (2.6-9.3) (10.1-19.8) (1.7-10.2) (0-23.6)

1-year probability of survival | 60.5% 23.6% 60.5% (46.8-78.2) | 20.6% (10.1-42.2) | 33.3% (13.2-84.0)
(46.8-78.2) | (13.3-41.9)

2-year probability of survival | 34.2% 7.8% 34.2% (22.0-53.2) | 3.4% 22.2%
(22.0-53.2) | (2.6-23.4) (0.5-2.3) (6.5-7.5)

3-year probability of survival | 28.9% 5.2% 28.9% (17.5-47.6) | — 22.2%
(17.5-47.6) | (1.3-20.3) (6.5-7.5)

Abbreviation: 95%Cl, 95% confidence interval.

Table 3 Cox regression of the extent of resection on survival outcome according to propensity score methods

Survival outcome Hazard ratio (95%Cl) p-value
Death

Propensity score matching

Total resection Ref

Partial resection 1.42 (0.68-2.98) 0.34
Biopsy 2.92 (1.72-4.94) < 0.001
Regression adjustment with the propensity score”

Total resection Ref

Partial resection 1.89 (1.28-2.80) 0.001
Biopsy 1.89 (1.13-3.16) 0.01
Progressive disease

Propensity score matching

Total resection Ref

Partial resection 0.65 (0.22-1.89) 0.43
Biopsy 0.71 (0.36-1.37) 0.31
Regression adjustment with the propensity score’

Total resection Ref

Partial resection 1.01 (0.62-1.65) 0.07
Biopsy 0.80 (0.41-1.57) 0.52

“Covariates of the model comprised extent of resection (hazard ratio (HR) as shown in table), postoperative Karnofsky performance status (HR 1.044;
95%Cl 0.76-1.43), and propensity scores (HR 0.85; 95%Cl 0.25-2.838).

TCovariates of the model comprised extent of resection (hazard ratio (HR) as shown in table), postoperative Karnofsky performance status (HR 1.02;
95%Cl 0.68-1.52), and propensity scores (HR 2.06; 95%Cl 0.44-9.56).
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Fig. 2 The Kaplan-Meier curves of progression-free survival according to the extent of resection. (A) Matched data. (B) Unmatched data.

resection subgroups with a log-rank test < 0.001. Using Cox
proportional hazard regression analysis, a biopsy had shorter
survival time than total tumor resection (HR 2.92,95%CI 1.72-
4.94),and EOR s not associated with progression-free survival,
as shown in =Table 3 and ~Fig. 2A-B.

PS Regression Adjustment

The overall median survival time was 11.0 months (95%CI
9.36-12.63) in the unmatched dataset. The 3-year survival
probability of the total resection subgroup was 28.9%,
while incomplete resection subgroup had a 3-year survival
probability in 5.2%, as shown in =Table 2. By PS regression
adjustment, biopsy and partial tumor resection significantly
associated with poor prognosis when compared with total
tumor resection (HR of biopsy 1.89, 95%CI 1.13-3.16 and HR
of partial resection 1.89, 95%CI 1.28-2.80). Additionally, the
EOR was not associated with progression-free survival, as
summarized in =Table 3.

Discussion

Nowadays, lack of level I evidence exists for comparing the
EOR and survival outcome in GBM.” Although the effects of
the EOR on survival outcomes have been reported in system-
atic review and meta-analysis, the achievement of an RCT
examining EOR in patients with GBM remains unlikely. The
PS is the alternative approach to control confounder before
analyses of intervention.?® The patients were equally divided
into intervention and control groups that were nearly RCT’s
assignment in PSM, whereas PSs was a covariate in the model
in PS regression adjustment.

After adjustment with PS, total tumor resection signifi-
cantly increased the survival advantages when compared
with non-total resection in both PS methods. Lacroix et al.
studied about the degree of resection in 416 patients with
GBM and reported that 98% of tumor resection significantly
increased survival time,' while Stummer et al reported
that total tumor resection was associated with longer
survival for GBM patients, according to the re-stratifying
study of the aminolevulinic acid (ALA) glioma study
group.222

GBM is the infiltrative tumor that has an ill-defined
border during tumor resection. Therefore, total resection is
not easily performed in all cases. Fluorescence-guided resec-
tions with 5-aminolevulinic acid (5-ALA) significantly en-

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021

hanced rates of total resection compared with conventional
microsurgical resection. However, the incremental cost with
5-ALA compared with traditional operation was € 9,021 per
QALY gained in economic evaluation. Therefore, fluores-
cence-guided resection is not the standard treatment, nota-
bly a limited-resource setting.24

Although the EOR was the independent prognostic factor
in the present study, treatment biases to determine
the degree of tumor removal have been reported, such as
young age, tumor involving eloquent area, preoperative
tumor volume, and several tumors. Tunthanathip et al
reported that it was hard to achieve total removal in cases
of multiple GBMs. Multicentric GBM is one of the subgroups
of multiple GBMs in which the centers of the tumors are
clearly disconnected from each other, such as in different
lobes or bilateral tumors, with no apparent route of dissemi-
nation.2>~%7 Multi-stage operations need to be performed for
total tumor resection in this subgroup.

To our knowledge, the present study is the first paper
that demonstrated the effect of the EOR on survival out-
comes by PS approaches. The limitations of the present
study should be acknowledged. First, for the purpose of
PSM, the patients were assigned into total resection and
non-total resection groups, based on PS. Nine-two patients
were removed from the dataset after matching that deleted
patients cause decrease power of the study.’®>° However,
the results after PSM still demonstrate the effect of total
tumor resection, which was in. Alternatively, we tried to
perform the PS regression adjustment method to preserve
the total number of the study population for analyzing the
effect of EOR.3? The concordance of results was observed
from both PS approaches. For other limitations, fluores-
cence-guided resections with 5-ALA was not performed in
the present study because it is unavailable in our institute.

Conclusion

Patients with total tumor resection had a statistical tendency
of a more favorable prognosis than patients with non-total
tumor resection. The PS-based analysis is a useful approach
to evaluate the effect of the EOR on survival outcome that has
limitations to conduct RCT.
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Introduction Patients who have external ventricular drainage (EVD) inserted are
prone to many risks and complications. Intraventricular hemorrhage (IVH) is a frequent
and life-threatening complication for spontaneous intracerebral hemorrhage (ICH) and
results in an increased morbidity and mortality for those patients. An EVD insertion is a
frequent surgical procedure for those with IVH. However, it is also known that IVH
patients have a much higher rate of ventricular catheter occlusion. We hypothesize that
blood clots have a predominant participation as a pathophysiological mechanism for
EVD occlusion, and that a different and more appropriate catheter design might
decrease the occlusion rate occurring during the utilization of EVDs on patients with
IVH and, therefore, reduce implantation time.

Methods The electronic data sheets of 30 patients with spontaneous IVH from
March 2014 until April 2015 were evaluated. Two concepts in catheter design were
evaluated: A group of 15 patients with a conventional type of catheter inserted was
identified as Group C (conventional). A group of 15 patients with a new design of
catheter inserted was identified as Group H (hemorrhagic). Both groups were
compared regarding survival end parameters, outcomes, days spent in intensive
care units (ICUs) and time spent with EVDs implanted.

Results Hospitalization at the ICU was statistically significantly reduced for Group H
compared with Group C. There was no significant difference among the hospitalization
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days between both groups. There was no statistical difference either for acute
hydrocephalus or death rate. External ventricular drainage implantation days were
significantly reduced for Group H related to Group C.

Conclusion The results of the present study points to the fact that, although
apparently the new catheter design did not change some secondary complications
such as hydrocephalus and hospitalization rate, it seems that a better or specifically
designed catheter for IVH purposes might lead to less ICU hospitalization days and EVD
implantation days, two factors that have economic impact on healthcare due to the
reduction of hospitalization costs and reduced incidence of related complications. The
information obtained by this preliminary study should be grounded by a larger, more
detailed and prospective evaluation; if these preliminary data are maintained, the new
design should be considered for IVH associated EVDs insertions.

Pacientes que utilizam drenagem ventricular externa (DVE) estdo sujeitos a muitos
riscos e complicacoes. A hemorragia intraventricular (IVH) é uma complicacdo
frequente na hemorragia intracerebral espontdanea (HIC) e resulta em um aumento
da morbidade e mortalidade para esses pacientes. A insercao de DVE é um procedi-
mento cirdrgico frequente para pessoas com HIV. No entanto, também se sabe que os
pacientes com HIV tém uma taxa muito maior de oclusdo do cateter ventricular. Nossa
hipotese é que os coagulos sanguineos tém uma participacao predominante como um
mecanismo fisiopatologico para a oclusdo da DVE, e que um design de cateter diferente
e mais apropriado pode diminuir a taxa de oclusdo que ocorre durante a utilizacdo de
DVEs em pacientes com IVH e, portanto, reduzir o tempo de implantagdo.

Métodos Foram avaliadas as planilhas eletronicas de 30 pacientes com HIV esponta-
nea de marco de 2014 a abril de 2015. Dois conceitos no desenho do cateter foram
avaliados: Um grupo de 15 pacientes com um tipo convencional de cateter inserido foi
identificado como Grupo C (convencional). Um grupo de 15 pacientes com um novo
desenho de cateter inserido foi identificado como Grupo H (hemorragico). Ambos os
grupos foram comparados em relacdo aos parametros finais de sobrevivéncia, resulta-
dos, dias passados em unidades de terapia intensiva (UTI) e tempo gasto com EVDs
implantados.

Resultados A internacdo na UTI foi estatisticamente reduzida para o Grupo H em
comparagao com o Grupo C. Ndo houve diferenca significativa entre os dias de
internacdo entre os dois grupos. Ndo houve diferenca estatistica para hidrocefalia
aguda ou taxa de mortalidade. Os dias de implantacdo de drenagem ventricular externa
foram significativamente reduzidos para o Grupo H em relacdo ao Grupo C.
Conclusao Os resultados do presente estudo apontam para o fato de que, embora
aparentemente o novo desenho do cateter ndo tenha alterado algumas complicagées
secundarias, como hidrocefalia e taxa de hospitalizacao, parece que uma melhor ou
especifica.

(CSF) pathways, immunological deficiency,* higher rates of
infection,>* acute hydrocephalus and intracranial hyperten-

Although intracerebral hemorrhage (ICH) estimates are be-
tween 10 and 15% of all strokes,"? it is related to worse
prognosis compared with any other isolated stroke event,
especially in the presence of intraventricular hemorrhage
(IVH)."->* Morbidity and mortality rates are in between 50
and 80% %> When IVH occurs, blood drawn into the cerebral
ventricles and/or cisterns often causes, as an immediate
result, a partial or total blockage of the cerebrospinal fluid

Arquivos Brasileiros de Neurocirurgia

sion,>® possibly requiring surgical treatment in an urgent
basis. Ultimately, IVH is a life-threatening condition, which
increases morbidity and mortality when associated with ICH.
Surgical management consider external ventricular drainage
(EVD) alone, bilateral EVDs, fibrinolytics + EVD, endoscopic
surgery, endoscopic surgery -+ EVD, among others.”
However, it is also known that IVH patients have a much
higher rate of ventricular catheter occlusion. We hypothesize
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that blood clots have a predominant participation as a
pathophysiological mechanism for EVD occlusion, and that
a different and more appropriate catheter design might
decrease the occlusion rate occurring during the utilization
of EVDs in patients with IVH and, therefore, reduce implan-
tation time.

Material and Methods

The present study was approved by the Fundacdo Faculdade
Regional de Medicina (FUNFARME, in the Portuguese acro-
nym) Ethics Committee. It is an observational retrospective
study done with 30 nontraumatic ICH patients with exten-
sion to the ventricular cavities (IVH) during the period of
March 1% 2014 until April 30™" 2015 at FUNFARME, Sao José
do Rio Preto, state of Sdo Paulo, Brazil. In the present
preliminary study, we compared two different concepts of
ventricular catheters. At first, we searched for an EVD model
that follows the recommendations of Tronnier et al.” for an
adequate EVD to minimize mechanical failures and infec-
tions. There were a total number of 30 patients, 15 patients
for each conceptual group. The first concept was denomi-
nated as C (conventional, because it is the conventional
catheter offered in drainage sets for this manufacturer). It is
a 23 cm length silicone tubing, closed tip, 1,7 L.D. x 3,0 mm
0.D., with 12 oblong holes 1 x 2 mm each, the more distant
hole being 17 mm distant from the catheter tip. (~Fig. 1A).
The model C product has a Brazilian ANVISA registration #
10175060016. The second group was identified as H (hem-
orrhage), and it has an ANVISA registration # 10175060037,
both made commercially available by the same manufac-
turer. Group H patients (Type H catheter, =Fig. 1B) included

Conventional

-1 =

Guimaraes et al.

a larger bore, open end tip, 2,6 I.D. x 4,0 m 0.D, four oblong
and bigger sized lateral holes, the more distant hole being
15 mm distant from the catheter tip. The type H catheter
was specifically designed for IVH, in an attempt to decrease
the incidence of blockage caused by particles in the CSF that
regularly would clog the small orifices, the catheter lumen,
and/or the connector site into the EVD set in conventional
EVDs and, consequently, would require surgical revision or
manual unclogging procedures at bedside leading to either
increased infection rates, increased number of ICU hospi-
talization days, increased number of hospitalization days,
acute hydrocephalus (defined as hydrocephalus while at the
hospital), or increased number of EVD implantation days.6

The objective of the present study was to verify the
efficacy of two different external ventricular drainage cath-
eter concepts regarding: 1. ICU hospitalization days; 2. EVD
implantation days, and 3. Occurrence of acute hydrocepha-
lus. Acute hydrocephalus was defined as hydrocephalus
while the patient was hospitalized.

Inclusion criteria: spontaneous intracranial hemorrhage
seen on initial computed tomography (CT) scan at the emer-
gency room (ER), Glasgow coma score (GCS)® < 9 at admission
after patient resuscitation, ICH < 3 (ICH score),” to whom EVD
insertion was clinically indicated. The target ventricle for
Group H was always the most blood compromised ventricle.
For Group C, we followed the literature, inserting them in the
least compromised ventricle. The reasoning for that was to
make sure that a larger bore catheter would unequivocally
have some effect on drainage of liquified blood.

Exclusion criteria: abnormal coagulation patterns at ini-
tial blood sample, initial utilization of antifibrinolytics, ICH
score >3 or GCS > 9 at resuscitation

[ Hemorrhage

04 holes

ok S

E mm
: ”’

% . 2 mm

-z
® 5 2 mm .
&
2
AT mm
' 4 . . . .
Fig 01 : Overall dimensions
pe
5 4 1,7 mm
closed t|p Manufacturer : Ventura Biomédica Ltda

Fig 1A left : Conventional catheter dimensions
Fig 1 center : EVD set — changes are related to catheter
Fig 1B right : hemorrhage catheter dimensions

Sao Jose do Rio Preto — SP — Brazil.

open tip

Fig. 1 Overall dimensions. (A) Left: Conventional catheter dimensions. (B) Center: EVD set - changes are related to catheter. (C) Right:
hemorrhage catheter dimensions.
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0 0.05 >04
SIG I ‘ NOT
SIG
P = 0,001

The average days at ICU in Group H was significantly
lower than the average at group C (P<0,01).

Fig. 2 (A) Intensive care unit average days - comparison between
Group H and Group C. Intensive care unit average days for Group H
was statistically significant smaller when compared to Group C at
p=0.001. (B) Ventricular catheter implantation days. Ventricular
catheter implantation days for Group H was statistically significant
compared with Group C.

Procedures

After approval by the Ethics Committee, electronic files
were reviewed and the patients were identified. Collected
data were age, pupils at admission, GCS score, pre-existent
pathologies, and type of catheter used. It was possible to
select 30 patients, 15 patients for each group. Both groups
were then compared according to the parameters described
above.

Table II II-A Total Hospitalization days

0 005

| | ]
Sim j | | Nao
I I
P =0210

Average total hospitalization days isn’t
statistically significant for groups H and C

1I-B Hydrocephalus

0 0,05 > 04
NOT

SIG | SIG
P = 0,500

Hydrocephalus cases aren’t statistically significant
for groups Hand C

II-C Deaths
0 005 > 0,4
l: NOT
SIG SIG

P =0225

Death cases in Group H wasn'’t statistically
significant lower than in Group C.

Fig. 3 (A) Total Hospitalization days. Average total hospitalization
days isn’t statistically significant for groups H and C. (B) Hydroceph-
alus. Hydrocephalus cases aren’t statistically significant for groups H
and C. (C) Deaths. Death cases in Group H wasn’t statistically
significantly lower than in Group C.
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Data Analysis

We used parametric tests (t-student test for ordinary
variables and the chi-squared test for nominal variables)
and a level of significance of p < 0.05.

Results

The average ICU hospitalization days for group H was
14.4 + 8.4 standard deviation (SD) versus 24.4 +7.9 days
for group C, a mean difference of 9.8 ICU hospitalization
days. This difference was statistically significant
(p=0.001 =Fig. 2A). This result made us review the total
hospitalization days, which was 21.4 + 13.0 days for group H
versus 25.94 + 16.9 days for group C. This difference still was
not statistically significant (=Fig. 3A p=0.21). The number
of patients who developed hydrocephalus between Groups H
and C respectively were 4 and 5, percentual of 26.67 and
33.33% respectively, with no statistical significance (~Fig. 2B
p = 0.5). Finally, the number of patients who died between
Groups H and C were 8 and 11, percentual of 53.3% and
73.33% respectively, again with no statistical significance
(=Fig. 3C p=0.225). The average implanted catheter days
between Group Hand Cwas 7.7 + 3.3 versus 11.2 4+ 2.93 days
for group C, a mean difference of 3.5 days favoring Group H.
This difference was statistically significant at p=0.003
(~Fig. 2B).

Discussion

It is reported that ICH accounts for between 10 and 30
incidents / 100.000 habitants, with an estimate of ~ 2 million
strokes per year.? Intracranial hemorrhage with or without
IVH accounts for 15% of all strokes, and subarachnoid hem-
orrhage (SAH) accounts for 5% of all strokes. The prognosis for
ICH is disproportional and devastating, reaching between 35
and 50% of mortality for 30 days, being half of them during
the first 2 days; it is even higher when associated with IVH,
reaching between 50 and 80% of mortality for 30 days.
Intraventricular hemorrhage occurs in between 5-10% of
SAH patients and in up to 40% of ICH patients. Only 38% of ICH
patients survive for 1 year. Therefore, massive IVHs require
aggressive and rapid management to decrease intracranial
hypertension, mainly due to acute hydrocephalus. The im-
mediate control of intracranial pressure (ICP) by external
ventricular drainage is a salvage procedure; the amount of
intraventricular blood is a strong negative prognostic pre-
dictor on outcome.’>* External ventricular drainages are the
most common surgical procedure for IVH, and they are
indicated for the control of intracranial pressure as the blood
and blood clots compromise acutely the CSF circulation.
External ventricular drainages are hydraulic devices that
work against a positive pressure, regulated by the position-
ing aside the patient at the ICU.'? It is known that EVDs do
not decrease morbidity and mortality, but catheter occlu-
sions do increase de risk of infection, hydrocephalus and
neurological deterioration. Yet, EVD insertions are at large
the most common choice of treatment,>'" and the search for
additional and/or concomitant treatments is constant.

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.



48

Hydrodynamic Considerations VI: Temporary Shunting for Intraventricular Hemorrhage

Catheters are usually inserted in the cleanest lateral ventri-
cle. As mentioned in the Methods section, our target ventri-
cle for the Group H was the most blood compromised
ventricle. The whole of blood into the ventricles and the
catheter design has been a matter of discussion either on
permanent shunts or EVDs.®'"2 Thomale et al'? replaced a
regular catheter design with 16 holes by a new design with 4
or 6 holes only, both with a closed end, maintaining the same
diameter and distance among holes for all of them, but the
maximum distance from the tip was 6,4 mm as compared
with 15,4 mm from the conventional catheter. The 6-hole

Fig Il : Group H CT scan

PRS

Patient 1 - Day 4 GROUP H

AMAUR,

Patient 1 — Day 11 GROUP H

Guimaraes et al.

catheter was implanted in 55 hydrocephalic patients with a
mean follow-up period of 15+9 months. A total of 12
catheters were explanted, revealing an overall survival pro-
portion of 77.4%. He concluded that “fewer amounts of
perforations in the catheters with equal flow features might
decrease this risk when catheters can be implanted with
adequate precision. However, EVDs work in a different
environment as compared to shunts, are short term
implants, and therefore ventricular catheters face different
CSF conditions, since those patients frequently are submitted
to increased concentrations of proteins, debris and blood.”

Patient 2 - Day 04 GROUP H

Patient 2 —Day 4 GROUPH

Fig. 4 Group H computed tomography scan. (A) Patient 1 - Day 0 GROUP H. (B) Patient 2-Day 0 GROUP H. (C) Patient 1 - Day 4 GROUP H. (D)
Patient 2 - Day 04 GROUP H. (E) Patient 1-Day 11 GROUP H. (F) Patient 2-Day 4 GROUP H.
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Tronnier et al,” in 1991, evaluated 12 commercially available
sets for drainage of CSF for several mechanical aspects. “All
systems showed considerable deficiencies in their reliability
and handling. None of them can be recommended without
certain restrictions and they should all be revised.” Thus,
they suggested changes in the catheter hole design, men-
tioning specifically that in “75% of our patients the CSF is
hemorrhagic or very viscous and the risk of catheter occlu-
sion is high.” Length markers, type of catheter fixation,
surface properties, one-way valve, orthograde and retro-
grade flows, fixation and adjustment of the drip chamber,
system ventilation and collection bag also were all matter of
evaluation and further suggestions. The choice of the EVD for
the present work was based on those presumptions, and we
selected the one that included most of those attributes. We
did not implant two catheters simultaneously in either
group. Basaldella et al'® recommended that “tetra-ventricu-
lar blood inundation should be managed using bilateral
ventricular catheters, which frequently become obstructed
by blood clots and need to stay in place for a longer period for
blood washout.” Naff et al'* clearly demonstrated that the
percentage of clot clearance is 10.8% per day and is indepen-
dent from the initial clot volume, patient age and gender,
type of underlying hemorrhage, and use of EVD. Another
approach is endoscopic surgery, sucking the blood clots and
apparently improving CSF circulation, although EVDs are still
inserted after endoscopic surgery. Basaldella' compared
retrospectively EVD alone (group B; n=48) versus endo-
scopic surgery + EVD (group A, n=48). They all had acute
hydrocephalus before obstruction, 3™ and 4™ ventricles
obstruction, similar average Glasgow Coma Scale (GCS),
similar average GRAEB'® scale. His conclusions, among
others, were “the endoscopic procedure resulted in adequate
clot removal. Mean GRAEB score changed from 9.5 to 3.8;
endoscopic aspiration had an EVD in place for 0.18 days fewer
than patients treated with an EVD alone. Neuroendoscopy
plus external drainage reduces shunting rates by 34% when
compared with external drainage alone. However, and as
seen in that same work, ' patients end up reaching the same
modified Rankin scale'® and, on average, the EVDs on
patients submitted to endoscopy remained only 0.18 days
less. Although endoscopy remains elusive regarding several
aspects, for sure the ventricular system is cleaned much
faster and there is less exposition of the subarachnoid vessels
to the products resulting from degradation of the blood.
Tuhrim et al'’ did a prospective study to determine the
prognostic significance and pathophysiologic implications of
intraventricular extension of ICH and showed that 30-day
mortality was much higher in patients with IVH. There was a
direct correlation between IVH volume and poor outcome,
and this correlation persisted when comparing for the pres-
ence or absence of hydrocephalus and size of associated ICH,
thus establishing IVH volume as an independent prognostic
factor of poor outcome, independent of the volume of ICH."”
Another technique is the use of fibrinolytics agents to
dissolve clots. This technique tries to expedite the ventricular
blood clots and decrease mortality and morbidity. However,
results from Randomised, multicentre, multiregion, placebo-
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controled trial (CLEAR 111)'8 did not get the expected results;
irrigation with alteplase did not substantially improve func-
tional outcomes at the mRS3 cutoff compared with irrigation
with saline. Alteplase demonstrated to be a safe procedure,
though. In the present preliminary work, we utilized a recent
EVD commercially available in Brazil for hemorrhage. Since
the proposal of the EVD made sense to us, we decided to use
15 EVDs for an initial assessment. Along with the utilization,
we observed a striking difference between both types of
catheter regarding drainage capability. The elimination of
clots that were unthinkable on a regular EVD was a common
event for the hemorrhage type, and the occlusion rate was
small. The CSF became cleaner faster with the hemorrhage

Fig III : Example of Conventional group.

Patient 1 Day O Group C

Patient 1 — Day 16 Group C

Fig. 5 Example of Conventional group. (A) Patient 1 Day 0 Group C.
(B) Patient 1-Day 6 Group C. (C) Patient 1-Day 16 Group C.
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type of catheter. The chosen EVD system has some important
details that avoid mechanical clogging or occlusion for
several reasons. A common weakness in EVD refers to the
disparity of the lumen of the male connector to insert into
the ventricular catheter and the catheter itself. This EVD has
the lumen of the ventricular catheter as the smallest diame-
ter along the whole EVD tubing set. Another advantage is the
horizontal fixation tab as part of the body of the connector.
There is no chance of the ventricular catheter to slip through
the fixation tab and allow vertical slides by the catheter. As a
preliminary work, there was no randomization regarding
imaging dates from the ictus day. Computed tomographies
were made according to the necessity of each patient (~Fig. 4
for Group H and =Fig. 5 for Group C). Although with a small
number of patients, the optimistic results regarding ICU days
and ventricular catheter implantation days between both
types of catheter led us to maintain the initial target of 15
patients and organize a trial in such a way that we could
collect a larger number of patients taking into consideration
several other factors. At least for those 15 patients, we did not
observe any additional adverse events for using a larger bore
ventricular catheter.

Conclusion

Despite the small number of patients, some results seemed
to favor the type H ventricular catheter and encouraged us to
proceed with a trial. The reduced number of ICU days and
ventricular catheter implantation time favoring Group H
reached statistical significance at p < 0.01. Considering the
daily cost for hospitalization in our country, the impact on
the daily ICU costs due to use of Type H catheters may
represent an interesting tool for cost reduction and maybe
to avoid collateral damage to the patient. These results are
motivating for a prospective, more detailed study with a
larger number of patients.
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Abstract Introduction The purpose of this study was to define the anatomical relationships of
the pterygopalatine fossa (PPF) and its operative implications in skull base surgical
approaches.

Methods Ten cadaveric heads were dissected at the Dianne and M Gazi Yasargil
Educational Center Microsurgicalaboratory, in Little Rock, AK, USA. The PPF was
exposed through an extended dissection with mandible and pterygoid plate removal.
Results The PPF has the shape of an inverted cone. Its boundaries are the pterygo-
maxillary fissure; the maxilla, anteriorly; the medial plate of the pterygoid process, and
greater wing of the sphenoid process, posteriorly; the palatine bone, medially; and the
body of the sphenoid process, superiorly. Its contents are the maxillary division of the
trigeminal nerve and its branches; the pterygopalatine ganglion; the pterygopalatine
portion of the maxillary artery (MA) and its branches; and the venous network.
Differential diagnosis of PPF masses includes perineural tumoral extension along the
maxillary nerve, schwannomas, neurofibromas, angiofibromas, hemangiomas, and
ectopic salivary gland tissue. Transmaxillary and transpalatal approaches require
extensive resection of bony structures and are narrow in the deeper part of the
approach, impairing the surgical vision and maneuverability. Endoscopic surgery solves
this problem, bringing the light source to the center of the surgical field, allowing
proper visualization of the surgical field, extreme close-ups, and different view angles.
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Conclusion We provide detailed information on the fossa’s boundaries, intercom-
munications with adjacent structures, anatomy of the maxillary artery, and its
variations. It is discussed in the context of clinical affections and surgical approaches
of this specific region, including pterygomaxillary disjunction and skull base tumors.
Introducao O presente estudo objetiva definir as relagdes anatomicas da fossa
pterigopalatina (FPP) e suas implicacdes na cirurgia de base de cranio.

Métodos Dez cadaveres foram dissecados no centro educacional Dianne and M Gazi
Yasargil, em Little Rock, AK, EUA. A FPP foi exposta via uma disseccao estendida com
remocdo da mandibula e placa pterigoidea.

Resultados A FPP tem o formato de um cone invertido. Seus limites sdo a fissure
pterigomaxilar; a maxila, anteriormente; a placa medial do processo pterigoide e a asa
maior do processo esfenoide, posteriormente; o osso palatino, medialmente; e o corpo
do processo esfenoide, superiormente. Os contetidos sdo a divisdo maxilar do nervo
trigémeo e seus ramos; o ganglio pterigopalatino; a por¢ao pterigopalatina da artéria e
seus ramos; e o plexo venoso. O diagndstico diferencial de massas da FPP inclui
extensdo perineural de tumores sobre o nervo maxilar, schwannomas, neurofibromas,
angiofibromas, hemangiomas e tecido salivar ectépico. Abordagens transmaxilares e
transpalatais requerem resseccdo extensa de estruturas 6sseas e sdo estreitas em sua
por¢ao mais profunda, dificultando a visdo cirdrgica. Cirurgia endoscépica é uma
solu¢ao para tal, iluminando e possibilitando visualizacdo adequada do centro do
campo cirdrgico, aproximacao extrema e diferentes angulos.

Conclusao Descreve-se detalhadamente os limites, intercomunicacdes e estruturas
adjacentes a FPP, anatomia da artéria maxilar e suas variacoes, com contextualizacao

\/

microcirurgia clinica e cirtrgica.

Introduction

The pterygopalatine fossa (PPF) is a small area that lies
between the maxilla and the middle cranial fossa. It contains
multiple delicate vascular and nervous structures and is of
great interest to neurosurgeons, otolaryngologists, and max-
illofacial surgeons.

Tumors of the FPP are rare; however, their management
poses numerous surgical challenges. Transmaxillary
approaches are often associated with high morbidity, poor
cosmetical results, and possibly bone development disorders.
Endoscopic approaches have cosmetic and postoperative
advantages, although limited in terms of hemostatic control.'

Anatomic knowledge of this particular region is para-
mount because the space is narrow, the structures are packed
tightly, and accidental lesions could result in high morbidity.
The purpose of the present study was to analyze the micro-
surgical anatomy of this area to define the anatomical
relationships of the PPF with the respective surgical impli-
cations for skull base approaches.

Material and Methods

The dissections were performed by the main author on 10
cadaveric heads at the Dianne and MGazi Yasargil Educational
Center Microsurgical Laboratory, in Little Rock, AK, USA. The
heads were fixed in formalin. Arteries and veins were colored
with latex to enhance their visibility. An anatomical dissection
was done via a wide preauricular incision, ranging from the

superior temporal line to the neck, on the anterior border of
the sternocleidomastoid muscle at the level of the cricoid
cartilage. The flap was displaced anteriorly.

The branches of the facial nerve and the parotid duct were
dissected. The parotid fascia and parotid gland were re-
moved, preserving the facial nerve. The masseter muscle
was cleaned and resected. The superficial temporal fascia
and the fat pad were removed along the zygomatic arch,
which was then removed. The superficial temporal artery
(STA) and the auriculotemporal nerve were identified over
the deep temporal fascia. The coronoid process of the man-
dible was cut and reflected upward together with the tem-
poral muscle tendon, while the insertion of the deep layer of
the masseter muscle was resected. The mandible was cut at
the level of the neck and the level of the angle. This part of the
mandible was removed, and the structures of the infratem-
poral fossa (ITF) were identified. The IFT fossa muscles were
resected, and the lateral pterygoid plate was removed to
expose the PPFE.

Results

Boundaries and Contents of the Pterygopalatine Fossa
The PPF has the shape of an inverted cone, having as apex the
greater palatine canal. Its lateral boundary is the pterygo-
maxillary fissure (PMF), which communicates the PPF with
the infratemporal fossa. The other boundaries of the PPF are
the following: the maxilla, anteriorly; the medial plate of the

Arquivos Brasileiros de Neurocirurgia  Vol. 40 No. 1/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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pterygoid process and greater wing of the sphenoid process,
posteriorly; the palatine bone, medially; and the body of the
sphenoid process, superiorly. The maxillary artery (MA),
arising medially to the neck of the mandible, and bending
in an anterior, medial and slightly superior direction, enters
the PPF through the PMF, giving several branches before
entering the sphenopalatine foramen as the sphenopalatine
artery. The MA can be divided into three parts: the mandib-
ular, pterygoid, and pterygopalatine portions.

The contents of the PPF are the following: (1) maxillary
division of the trigeminal nerve and its branches; (2) ptery-
gopalatine ganglion; (3) pterygopalatine portion of MA and
its branches; (4) venous network surrounding the MA. The
maxillary nerve innervates the lateral aspect of the cheek,
the temple, and the maxillary teeth. Its branches are the
zygomatic nerve, one or two posterior superior alveolar
nerves, infraorbital nerve, and roots to the sphenopalatine
ganglion. The maxillary artery is a significant source of blood
supply to the deep structures of the face, and also gives rise to
the middle meningeal artery. The pterygopalatine ganglion
gives rise to postganglionic fibers to the lacrimal gland and

Table 1 Communications of the pterygopalatine fossa to
adjacent structures

Structure Communication provided by

Infratemporal fossa
Orbit

Nasal cavity

Pterygomaxillary fissure

Inferior orbital fissure

Sphenopalatine foramen

Middle cranial fossa Foramen rotundum

Palate Greater and lesser palatine

canals and foramina

Foramen lacerum Pterygoid canal

Vault of pharynx Pharyngeal canal

Table 2 Contents of the structures that communicate with the
pterygopalatine fossa

Communication Contents

provided by

Foramen Maxillary division of fifth cranial nerve
rotundum

Sphenopalatine
foramen

Sphenopalatine artery and vein
Nasal branches of maxillary nerve

Greater and lesser nerves, arteries,
and veins
Descending palatine artery

Greater and lesser
palatine canals

Pterygoid canal Vidian nerves, arteries, and veins

Inferior orbital
fissure

Zygomatic branch of maxillary nerve
Infraorbital nerves, arteries,
and veins

Pterygomaxillary
fissure

Maxillary artery
Posterior superior alveolar nerve,
artery, and vein

Pharyngeal canal | Pharyngeal nerve, artery, and vein

Arquivos Brasileiros de Neurocirurgia
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glands in the nasal and nasopharyngeal mucosa. It is the
largest parasympathetic ganglion in the body.

The PPF is a neurovascular hub in the middle face. It
communicates with the foramen lacerum, infratemporal
fossa, middle cranial fossa, nasal cavity, orbit, and pharynx
via foramina and fissures. A summary of the communications
is shown in =Table 1. The vascular and nervous structures
arising from the PPF are described in =Table 2. To reach the
PPF, the ramus and condyle of the mandible were removed.
The contents of the infratemporal fossa were removed using
a lateral infratemporal approach.

The Maxillary Artery (MA)

The MA (=Fig. 1, structure number 5) was found deep into
the mandibular ramus. It passed horizontally and gave rise to
the buccal artery, which supplied the buccinator muscle.
Then, it turned medially and crossed the PMF to arrive in the
PPF, thus becoming the pterygopalatine portion of the MA.

Branches arising from this portion of the MA were located at
approximately one-third of the height of the maxillary sinus’
posterolateral wall. The artery entered the PMF in an anterior,
medial, and superior direction, as previously described. While
in the PMF, the MA originated two branches, namely, the
infraorbital artery (IOA) and the posterosuperior alveolar ar-
tery (PSAA). Both arteries were located in the posterior wall of
the maxilla. The PSAA entered into the posterosuperior alveolar
foramen, while the I0A entered the infraorbital fissure.

After giving off these branches, the MA continued to the
PPF. It then split into three arteries: the descending palatine
artery (DPA), which supplied the palate; the artery of the
pterygoid canal (or Vidian artery, VA); and the sphenopala-
tine artery (SPA). The PSAA and IOA branched from the MA

Fig. 1 Lateral view of the infratemporal fossa (ITF). The pterygopalatine
fossa is medial to the lateral pterygoid plate. The lateral pterygoid process
and the condylar process were removed. 1, posterior superior alveolar
artery; 2, infraorbital artery; 3, sphenopalatine artery; 4, descending
palatine artery (not injected); 5, maxillary artery; 6, lateral pterygoid plate;
7,buccal nerve; 8, buccal artery; 9, lingual nerve; 10, inferior alveolar nerve;
11, medial pterygoid muscle; 12, inferior alveolar artery; 13, middle
meningeal artery; 14, deep temporal nerve; 15, anterior deep temporal
artery; 16, posterior deep temporal artery; 17, digastric muscle (posterior
belly); 18, posterior auricular artery; 19, posterior auricular artery; 20,
external acoustic meatus; 21, mastoid.

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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with two different patterns. In the first one, a short common
trunk arose from the MA, subsequently bifurcating to form
both arteries. In the second pattern, the PSAA and IOA
branched separately. According to Choi and Park* both
patterns occur with almost equal frequency.

Communications of the Pterygopalatine Fossa

The bony structures and communications of the PPF are
illustrated in =Fig. 2. Regarding the communications of
the PPF, an interesting finding was the proximity of the
foramen rotundum and pterygoid canal to the sphenoid

Fig. 2 Limits of the infratemporal fossa, pterygopalatine fossa and bone relationships. (A). Oblique lateral view of the ITF. (B) Same oblique lateral view after
removal of the mandible. (C) Inferior aspect of the cranium. (D) Interior view of the cranial base. The circle on the right middle fossa represents approximately the
correspondence of the ITF in the middle fossa. (E) Lateral view of the ITF after sagittal paramedian section. (F) Note that the depression of the mandible (open
mouth) gives more access to the ITF laterally. 1, zygomatic process of the temporal bone; 2, temporal fossa; 3, greater wing of the sphenoid; 4, lateral pterygoid
plate; 5, medial pterygoid plate; 7, articular tubercle of the temporal bone; 8, spine of the sphenoid bone; 9, pterygomaxillary fissure; 10, pterygopalatine fossa;
11, foramen spinosum; 12, foramen ovale; 13, foramen rotundum; 14, clivus; 15, occipital condyle; 16, coronoid process; 17, styloid process.

Arquivos Brasileiros de Neurocirurgia  Vol. 40 No. 1/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 3 Lateral view. (A). Were removed the lateral and anterior walls of the maxillary sinus, the walls of the orbit, and the orbital fat. The
temporal lobe is displaced posteriorly to expose the cavernous sinus. The dura of the middle fossa was peeled away, and the bone of the middle
fossa floor was drilled out to show the anatomical relationship between the temporal and infratemporal fossa structures. Mastoidectomy was
performed, preserving the mastoid tip. 1. lacrimal gland; 2. rectus lateralis muscle; 3. middle cerebral artery; 4. otic capsule (semicircular
canals); 5. Eustachian tube; 6. middle meningeal artery; 7. internal carotid artery (intrapetrous portion); 8. facial nerve; 9. vertebral artery; 10.
styloid process. Max. Maxillary. (B). Middle fossa floor and cavernous sinus. ;1. sphenoidal sinus; 2. Gasserian ganglion; 3. middle meningeal
artery; 4. internal carotid artery (intrapetrous portion); 5. eustachian tube.

sinus. The pterygoid canal can be completely intrasinusal in
7.5 to 13% of the cases and may even be in open communi-
cation with the sphenoid sinus when the root of the canal is
absent. The anterior portion of the pterygoid canal may also
be associated with the ethmoid sinus in up to 7% of cases if
the latter is grossly enlarged. Knowledge of those anatomical
variations may be useful in the planning of endoscopic
surgery and could also explain neural and vascular involve-
ment in inflammatory and neoplastic diseases of the sphe-
noid and ethmoid sinuses, which occur in some case
reports.”~ 10

In the present study, the branching pattern of the MA’s
pterygopalatine portion was similar to that in other arti-
cles.""1% From the PMF to the PPF, the MA branched into five
arteries. The first ones to branch were the PSAA and the I0A,
followed by the DPA, VA, and SPA, which arose in the PPF
region. (~Fig. 3)

The present data indicate that pterygomaxillary disjunc-
tion can be safely performed without lacerating the MA or
damaging the neural contents of the PPF. This can be accom-
plished by placing the osteotome inferiorly on the pterygo-

maxillary junction (PM]) and directing it anteriorly and
medially. Special care should be taken in not directing the
osteotome superiorly. Besides, because the location of the
DPA was reported to be an average 24.8 mm apart from the
PM] [28], the osteotome should be directed inferiorly from
the zygomaticomaxillary crest as it continues posteriorly
when performing the Le Fort I osteotomy. The risk of damag-
ing the MA and its branches will be minimized with this
maneuver.

Discussion

Despite its surgical importance, anatomic reports of the
pterygopalatine portion of the MA are scarce, because of
the difficulty in approaching this region. (~Fig. 4) To the best
of our knowledge, this issue has been addressed by Mont-
gomery et al., Potter, Pearson et al., and Wentges."' =14 Turvey
and Fonseca'® described the relationship between the course
of the MA in the PPF and the pterygomaxillary suture, a
particularly useful finding in oral and maxillofacial surgery.
1.1% also described the localization of the descending

Lieta

Fig.4 Clinical example. Computed tomography scan. Endoscopic endonasal biopsy of the tumor in the pterygopalatine fossa reveled squamous

cell carcinoma. Treatment was supplemented with radiation therapy.
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palatine artery concerning the Le Fort I osteotomy. To sepa-
rate the pterygomaxillary junction, detailed knowledge of
the PPF anatomy is crucial to surgeons. Understanding the
course and variations of the MA and its branches in the PPF
will help the surgeon prevent injury to this artery when
performing midfacial osteotomies. =Fig. 4 illustrates a pter-
ygopalatine fossa tumor—the biopsy revealed squamous cell
carcinoma.

Clinical Applications

In the setting of a PPF mass lesion, the differential diagnosis
includes perineural tumoral extension along the maxillary
nerve, schwannomas or neurofibromas arising from this
nerve, angiofibromas, hemangiomas, and—on rare instances
—ectopic salivary gland tissue. In the investigation of these
lesions, computed tomography (CT) provides information
regarding the adjacent osseous structures, while magnetic
resonance imaging (MRI) helps to characterize the lesion.

The finding of a lesion in the PPF has serious implications,
both in treatment and prognosis.'”>'8 In the absence of a local
destructive neoplasm, it often signifies the presence of
perineural spread. The 5-year survival rate of patients pre-
senting with sinonasal malignancies and invasion of the PPF
is very low.!9-20 Frequently, perineural spread into the PPF is
also an indicator of increased tumor recurrence and reduced
survival."”

On MRI, the normal PPF appears as a small fatty cleft
between the posterior wall of the maxillary sinus, anteriorly,
and the pterygoid plates, posteriorly. The fossa is best viewed
on T1-weighted images because its contents are surrounded
by hyperintense fat. It is usually bilaterally symmetric,
containing small flow voids arising from branches of the
maxillary artery. The presence of small emissary veins may
cause mild enhancement within the PPF after the adminis-
tration of contrast.®17:21

Angiofibromas and hemangiomas, being vascular
tumors, will enhance intensely following contrast admin-
istration, and may show abundant flow voids. A nasopha-
ryngeal carcinoma extending into the PPF will replace fat
in this location and, if extensive, may erode and enlarge
the osseous limits of the fossa. Schwannomas are circums-
cribed, enhancing tumors that, when large enough, may
also erode the osseous margins of the PPF.2?> Encephalo-
celes and heterotopic brain might have signal characteris-
tics similar to brain tissue on T1, T2, and proton density-
weighted MRI.

The various anatomic communications provided by the
PPF in the midfacial region explain why the spread of tumors
and infections from the head and neck to the cranial base is
typical. Many tumors arising from the perineurium spread in
all these regions. This explains why the PPF, despite its
limited size, has such an importance in cranial base surgery.

Many different methods have been used to produce
regional anesthesia of the maxillary branch of the trigeminal
nerve.?? Inserting a needle into the greater palatine canal
through the greater palatine foramen and then applying the
local anesthetic into the superior part of the PPF will result in
profound anesthesia in the distribution of the maxillary

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021
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nerve.”* This technique is useful in both maxillofacial sur-
gery and dental treatment, providing a low incidence of
complications.?>=%7

Standard Surgical Approach
The standard approach to the PPF usually requires trans-
maxillary techniques. However, these techniques are limited
by facial scars, prolonged recovery time, and possible effects
on facial skeletal growth.2'3'28 Endoscopic approaches are
becoming increasingly more popular but have limited utility
in far lateral access, increased operative time, and increased
difficulty in achieving hemostasis in highly vascular
tumors.%329-30

Patel et al.! described a modified lateral rhinotomy with
maxillectomy technique for the treatment of PPF neoplasms.
This new approach provides excellent access to most ana-
tomic extensions and is cosmetically superior to the previ-
ously described techniques. It allows to preserve the
infraorbital nerve and a portion of the maxillary periosteum
and facilitates complete resection of PPF lesions.

Endoscopic Approaches

Surgically approaching the PPF is technically tricky, both
because of its depth and bony encasement. Traditional
open approaches, such as the Caldwell-Luc and lateral
rhinotomy, have been primarily replaced by transnasal
endoscopic approaches, which are less invasive and greatly
minimize the postoperative morbidity associated with older
approaches.

Concerning PPF biopsies, the majority of the image-guid-
ed cases reported in the literature used a transnasal ap-
proach with a medial maxillary antrostomy to gain access to
the posterior maxillary wall.3! The image-guided transoral
approach, described by Bleier and Mirza, has been reported
to allow wide surgical exposure without the need for endo-
scopic equipment, also minimizing the potential morbidity
of a wide maxillary antrostomy, such as orbital and nasola-
crimal duct injury.

Using the endoscopic endonasal route, the PPF can be
exposed through its anteromedial surface.>?~3” When using
this technique to approach lesions that invade the PPF
through the lateral recess of the sphenoid sinus (LRSS), it
is more critical to gain wide access to the LRSS, located
medially, than to enlarge the surgical field laterally to expose
the surface of the PPF completely. The latter maneuver
should only be performed during the procedure if the
surgeon notices that the lesion expands laterally.

Alfieri et al, %2 using an endoscopic endonasal approach to
the pterygopalatine fossa in cadavers, found that the Vidian
nerve is an important anatomic landmark. The foramen
lacerum was located posteromedially to it, the mandibular
nerve was located posterolaterally, the Eustachian tube was
located inferomedially, and the PPF was located anteriorly. In
all the specimens studied, the pterygopalatine ganglion was
found to be of triangular shape, reflecting the disposition of
its three main branches: the Vidian nerve superomedially,
the branch from the maxillary nerve superolaterally, and the
greater and lesser palatine nerves inferiorly. It was also noted
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that small branches from the pterygopalatine nerve inner-
vated the nasal and pharyngeal mucosa.

In their study, Alfieri et al.?2 used three different approaches
to the PPE. In the middle meatal transpalatine approach, a
medial exposure of the PPF can be achieved. The Vidian nerve is
found superomedially and can be followed to identify the
pterygopalatine ganglion. The middle meatal transantral ap-
proach allows a broader exposure and is particularly indicated
to approach the lateral PPFE. At this location, the infraorbital
nerve is easily identified. When the sphenopalatine artery
cannot be identified, this approach is a valid alternative. At last,
the inferior turbinectomy transantral approach allows the
most extensive exposure, so that the infratemporal fossa can
be easily approached.

At present, the best available non-endoscopic approa-
ches to the PPF are more invasive when compared with their
endoscopic counterparts.38 The transmaxillary and trans-
palatal approaches require extensive resection of bony
structures and are narrow in the deeper part of the ap-
proach. This creates a cone-shaped surgical field, impairing
the surgical vision and maneuverability. Endoscopic surgery
solves this problem, bringing the light source to the center
of the surgical field. An endoscope also allows proper
visualization of the surgical field, with the possibility of
extreme close-ups and different view angles when using
changeable endoscopes.39‘41

Conclusions

The pterygopalatine fossa is a cone-shaped space that
contains multiple key neurovascular structures and its
access, either endoscopic or microsurgical, can be challeng-
ing. We provide detailed information on the fossa’s bound-
aries, intercommunications with adjacent structures,
anatomy of the maxillary artery, and its variations. This
anatomical knowledge is discussed in the context of clinical
affections and surgical approaches of this specific region,
including pterygomaxillary disjunction and skull base
tumors.
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Abstract Objective The aim of the present study was to describe and evaluate the initial and
the long-term clinical outcome of internal neurolysis (IN) for trigeminal neuralgia (TN)
without neurovascular compression (NVC).

Methods A total of 170 patients diagnosed with TN were treated by posterior fossa
exploration, during the period between April 2012 and October 2019. The patients
were divided into two groups: Group A (50 patients) was treated by IN and Group B (120
patients) received microvascular decompression (MVD). Surgical outcomes and post-

Keywords operative complications were compared between the two groups. Pain intensity was
= internal neurolysis assessed by the Barrow Neurological Institute (BNI) pain intensity score and BNI facial
> nerve combing numbness score. Pain recurrence was statistically evaluated with Kaplan-Meier analysis.
= trigeminal neuralgia  Results Pain was completely relieved in 44 patients (88%) who underwent IN (group
= root entry zone A); 3 (6%) experienced occasional pain but did not require medication (BNI 2). In group
= neurovascular B, 113 (94%) experienced immediate pain relief after MVD. The median duration of

compression follow-ups was 4 years (6 months to 7.5 years). In Group A, there was a meantime
= microvascular recurrence of 27 months in 3 patients (6%). The recurrence in Group B was of 5.8%

decompression during the follow-up period. There were no statistically significant differences in the

surgical outcomes between the two groups. All patients with IN experienced
some degree of numbness, 88% of the cases resolved in 6 months, on average.
Conclusion Internal neurolysis is an effective, safe and durable treatment option for
trigeminal neuralgia when NVC is absent.

Resumo Objetivo O proposito do presente estudo foi descrever e avaliar o resultado clinico
inicial e a longo prazo da neurélise interna (IN, na sigla em inglés) para neuralgia do
trigémeo (TN, na sigla em inglés) sem compressdo neurovascular (NVC, na sigla em

inglés).
received DOI https://doi.org/ © 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
August 1, 2020 10.1055/s-0040-1721334. This is an open access article published by Thieme under the terms of the
accepted ISSN 0103-5355. Creative Commons Attribution-NonDerivative-NonCommercial-License,
September 25, 2020 permitting copying and reproduction so long as the original work is given
published online appropriate credit. Contents may not be used for commercial purposes, or
January 18, 2021 adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)
Thieme Revinter Publica¢oes Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil



60

Internal Neurolysis (Nerve Combing) for Trigeminal Neuralgia

Palavras-chave

neurdlise interna

= nerve combing

= neuralgia do trigémeo

= zona de entrada da
raiz

A\l

> Ccompressao

Gonzales-Portillo, Huaman

Métodos. Um total de 170 pacientes diagnosticados com TN foram tratados pela
exploracdo da fossa posterior, durante o periodo entre abril de 2012 e outubro de 2019.
Os pacientes foram divididos em dois grupos: o grupo A foi tratado com IN (50
pacientes) e o grupo B recebeu descompressao microvascular (DMV) (120 pacientes).
Resultados cirirgicos e complicacoes pés-operatorias foram comparados entre os dois
grupos. A intensidade da dor foi avaliada pelo escore de intensidade de dor do Barrow
Neurological Institute (BNI, na sigla em inglés) e pelo escore de dorméncia facial do
BNI. A recorréncia da dor foi avaliada estatisticamente com a analise de Kaplan-Meier.
Resultados A dor foi completamente aliviada em 44 pacientes (88%) submetidos a IN
(grupo A); em 3 (6%) houve dor ocasional, mas ndo necessitaram de medicacao (BNI 2).
No grupo B, 113 (94%) experimentaram alivio imediato da dor ap6s DMV. A duracdo
média do acompanhamento foi de 4 anos (6 meses a 7,5 anos). No grupo A, houve
recorréncia em trés pacientes (6%). O tempo médio de recorréncia foi de 27 meses. A
recorréncia no grupo B foi de 5,8% nesse periodo de acompanhamento. Nao houve
diferencas estatisticamente significativas nos resultados cirGirgicos entre os dois
grupos. Todos os pacientes com IN experimentaram algum grau de dorméncia, em

neurovascular
= descompressdo
microvascular

Conclusoes

Introduction

Vascular arterial contacts with the dorsal root of the trigem-
inal nerve were first described in 1929, by Demdy.1 These
findings were characterized in subsequent communica-
tions.>3 In his 1934 publication, “Concerning the cause of
trigeminal neuralgia,” Dandy describes the total or subtotal
division of the trigeminal root in 215 cases.> Through a
lateral suboccipital craniectomy without the aid of illumina-
tion and magnification afforded by an operating microscope,
Dandy was able to identify compression on the trigeminal
nerve root by a superior cerebellar artery (SCA) loop, in 66
cases (30.7%); compression by a branch of the superior
petrosal vein in 30 (14%), and a dolichoectatic basilar artery
in 6 (2.7%), for a total of 102 cases (47%).3~

Dandy postulated that the vascular compression of the
trigeminal roots was a major cause of tic douloureux.>°
However, vascular transposition was not used by Dandy to
attempt to relieve the pain; rather, selective section of the
trigeminal nerves was performed.

In 1959, Gardner et al. reported a series of 100 patients in
whom an extradural subtemporal approach was used to
manipulate and free up the sensory root of the trigeminal
nerve fromits dural sleeve. Exploration of the trigeminal nerve
through the posterior fossa, without magnification, was per-
formed in two patients with recurrence. In one patient, an
arterial loop was found lying against the nerve at the pons. Pain
was completely relieved by separating the vessel from the
nerve with a piece of Gelfoam. The second patient was relieved
of pain following removal of a large meningioma compressing
the trigeminal nerve. It was concluded that the critical part of
the operation appeared to be a neurolysis or manipulation of
the sensory root of the trigeminal nerve at the point where it
crosses the apex of the petrous bone. Gentle manipulation of

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021

88% dos casos, resolvidos em 6 meses, em média.
A IN é uma opc¢ao de tratamento atraente, eficaz, segura e durdvel para a
neuralgia do trigémeo quando a NVC esta ausente.

the sensory root could be done through a middle or a posterior
fossa approach. “The cause of trigeminal neuralgia, therefore,
presumably lies in the sensory root.””

In 1962, Gardner published “Concerning the mechanism of
trigeminal neuralgia and hemifacial spasm.” He reported a
series of suboccipital approaches that followed a failed middle
fossa procedure in 18 cases for trigeminal neuralgia (TN) from
1955 to 1961. Although in the era that predated neurosurgical
use of the operative microscope, he found an artery loop that
compressed and encircled the nerve in 6 cases.® There was no
mention of the treatment those 6 patients received. Rand
reported in 1981 a personal communication with Gardner,
where he was informed that the treatment of TN involved
either removing the offending lesion such as a tumor, or
performing avascular decompression by dissecting the arterial
compressing loop away from the trigeminal root, and placing
Gelfoam in between at the level of the pons.’

Jannetta, in 1967, still a neurosurgical resident at the time,
participated in a workshop titled “Structural Mechanisms of
Trigeminal Neuralgia,"m Reporting five patients with TN, he
operated using a binocular dissecting microscope following
exposure of the nerve through the transtentorial subtemporal
approach to the cerebellopontine angle. He found that the
trigeminal nerve was mildly to severely distorted and com-
pressed by one or more small tortuous arteries that appeared to
be branches of the SCA. In four out of five patients, he was able
to free the artery from the fine to dense arachnoidal mem-
branes, allowing the vessel to assume a new position away from
the nerve. He performed a partial to total section of the portio
major in all cases. Jannetta hypothesized that it was possible
that this minor arterial distortion of the trigeminal nerve at the
pons may be a contributing factor in TN. “This possible defini-
tive procedure, namely, release of the artery without nerve
section, is planned in a future series of patients.”'°

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Table 1 Incidence of neurovascular compression

Authors Patients | With No
Vascular | vascular
Conflict | Conflict
(%) (%)

Van Loveren et al.'” 1982 | 50 82 18

Piatt et al.'® 1984 103 76.7 23.3

Zorman et al.’® 1984 118 76.3 23.7

Benderson et al.?® 1989 | 243 87.7 12.3

Klun®' 1992 215 80.5 19.5

Baechli et al.?? 2007 40 87.5 12.5

Leal et al.>2 2010 100 91 9

Revuelta et al.>% 2013 271 83.8 16.2

Ko et al.?> 2015 156 82.7 17.3

Hitchon et al.?® 2019 69 87 13

Yang et al.?” 2019 298 88.6 11.4

In a 1974 letter published in JAMA, Jannetta described his
8-year experience with 150 cases of tic douloureux. He
reported having found compression-distortion of the nerves
with resultant pain control after vascular decompression."’
The approach used was not described. This was followed by
complete manuscripts published in 1976 and 1977.'%13

Jannetta became the first neurosurgeon to explore the
cranial nerves within the posterior fossa by using an operat-
ing microscope, modifying Dandys original suboccipital ap-
proach and developing a set of microneurosurgical
instruments. Therefore, the idea that TN was a neurovascular
compression was revived, and the treatment of this problem
by microvascular decompression (MVD) was developed.

In spite of some initial controversy, today MVD represents
the best and the most widely used surgical treatment for TN,
because it offers the best long-term cure rates and preserves
facial sensation,'#~16

Neurovascular compression (NVC) of the trigeminal nerve
has been identified in most cases of TN; however, the absence
of NVC in TN is also common and has been described in the
literature in 9 to 23.7% of the cases (~Table 1).7-%’ Many
surgical modalities are appropriate for MVD candidates who
exhibit no NVC on magnetic resonance imaging (MRI), such as
percutaneous balloon compression, radiofrequency thermo-
coagulation, glicerol rhizolysis, and radiosurgical techniques.

In the case of negative microsurgical suboccipital retro-
sigmoid exploration of the trigeminal root, the intraoperative
management options have not been established. Surgical
strategies include internal neurolysis (IN), trigeminal root
compression (TRC) and partial sensory rhizotomy (PSR).

Internal neurolysis, also referred to as “nerve combing” or
“neurocombing”, is a procedure in which all or portions of
the trigeminal nerve are divided longitudinally along its
fibers between the pons and the porus trigeminus.?%2°
The objective of the present study is to evaluate the efficacy
of IN in patients with TN without NVC and evaluate the long-
term outcome.

Arquivos Brasileiros de Neurocirurgia
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Materials and Methods

This is an observational prospective cohort study, based on
the prospective observation of 184 patients diagnosed with
TN (TN Type 1). The patients were treated by posterior fossa
exploration, during the period between April 2012 and
October 2019.

Sixteen of the patients were excluded from the present
study due to the diagnosis of a cerebellopontine angle tumor
during the preoperative evaluation, using magnetic reso-
nance imaging (MRI) of the brain. Data was obtained from
hospital records and patient interviews.

Patients included in the cohort study were diagnosed with
TN (TN type 1), characterized by paroxysmal and lancinating
pain in the distribution area of the trigeminal nerve branches.
These patients experienced unilateral, recurrent, stereotyped
attacks, generally provoked by stimulated trigger points, in-
cluding facial movements and changes in temperature.

Indications for surgery included insufficient pain relief
with drug treatment and or unacceptable medication side
effects. Surgical procedures involved MVD and percutaneous
procedures (balloon compression and radiofrequency
thermocoagulation).

General physical and neurological examinations were
clinically performed to evaluate the patients. In addition,
brain MRI, in combination with three high-resolution
sequences (T2-weighted 3D, 3D TOF-MRA, and 3D T1-Gad)
with fine cuts in the trigeminal nerves, were used for
detection of possible neurovascular contact. Routine presur-
gical examinations were performed.

A surgical treatment algorithm was used for patients with
TN (=Fig. 1). The advantages and disadvantages of the differ-
ent surgical treatment options were explained to the patients,
and they decided according to their preference. Only those
who chose MVD were included in the present study.

The 170 patients with trigeminal neuralgia were divided
into two groups. The first group, Group A, consisted of 50
patients who were treated with internal neurolysis (IN).
Group B was made up of 120 patients treated with MVD (4
patients treated with MVD and IN). Each group had one
patient who underwent two procedures at different times for
bilateral trigeminal neuralgia, which was considered to be a
separate case for the purposes of analysis. Only one patient
(2%) in Group A had a previous surgery. This patient had
undergone two percutaneous balloon surgeries without
adequate response in pain management. The follow-up
period was from 6 months to 7.5 years (average 4 years).
In patients with recurrence, the time at which the recurrence
occurred was considered a follow-up endpoint.

The Barrow Neurological Institute (BNI) pain intensity
score and facial numbness score table was used in the
postoperative evaluation (=Table 2). The grade of NVC was
established on a scale from I to IIl. In grade [, the vessel was in
contact with the root without any visible indentation at the
root. In grade II, there was root displacement and/or distor-
tion, and in grade III there was marked indentation in the
root. The absence of contact or compression in the root was
recorded as grade 0.
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ALGORITHM FOR THE SURGICAL TREATMENT OF TRIGEMINAL NEURALGIA

TRIGEMINAL
NEURALGIA
re e
Good Medical Condition Poor Medical Condition
Age <65 years Age > 65 years
/N \
/| Prefersto Prefers to

Vascular Compression
| |

avoid surgery

[W

[ Treament |

Fig. 1 Algorithm of surgical treatment for trigeminal neuralgia.

Table 2 Barrow Neurological Institute (BNI) pain intensity
score and facial numbness score

(P) Evaluation of pain relief by the BNI pain intensity score

1 | No pain, no medication

2 | Occasional pain, not requiring medication

3 | Some pain, adequately controlled with medication

4 | Some pain, not adequately controlled with medication
5 | Severe pain | no pain relief

(N) Evaluation of numbness by the BNI facial numbness
score

No facial numbness

Mild facial numbness, not bothersome

Facial numbness, somewhat bothersome

ARlWIN| =

Facial numbness, very bothersome

Statistical Analysis
Epidemiological data, clinical history, operative findings, and
clinical results were analyzed.

The data was stored on a Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) spreadsheet. The mean,
standard deviation (SD), minimum and maximum values
were used to summarize the quantitative variables. To
summarize the qualitative variables, frequency tables (sim-
ple and crossed) were used, expressing the final results in
absolute and relative frequency. Ratio comparison test and
Kaplan-Meier curves were calculated to determine the ratio
of patients who responded to the operation. All hypothesis
tests were performed considering a type I error (o) equal to
0.05. Statistical analysis was performed by the R version 4.0.2
statistical software (R Foundation, Vienna, Austria).
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Surgical Procedure

The patients were placed in supine or in lateral decubitus
position with the affected side upward, the ear positioned
parallel to the floor, and the chin flexed. A linear 3.5 cm
incision was made behind the ear, starting at the top of the
pinna and extending to the mastoid tip within the hairline,
between ~ 4 and 5 cm.

The burr hole was made in the asterion, and a 3 x 3cm
retrosigmoid craniotomy is performed using a high-speed drill
and Kerrison Rongeurs to expose the borders of the transverse
sinus, the sigmoid sinus, and their intersection. Any exposed
mastoid air cells were carefully waxed. The dura was opened in
arectangular fashion along the inferior border of the transverse
sinus with the base toward the sigmoid sinus. The dural edges
were elevated with sutures extended over the craniotomy
dressings. Under direct microscopic visualization, gentle trac-
tion of the cerebellum took place with an aspirator and bipolar,
protected by cottonoids. Meticulous arachnoid dissection was
made and cerebral spinal fluid (CSF) was aspirated.

The superior petrosal vein and its main branches were
dissected free from the surrounding arachnoid membranes
and preserved as much as possible. The entire length of the
trigeminal nerve from the pons to the Meckel cave was
carefully explored even if a definite vessel was located. Con-
flicting vessels were dissected and separated from the nerve, a
teflon felt was implanted between them. Particular attention
was made to prevent a “neo-compression” between the pros-
thetic material and the nerve root.

When a vascular compression was not found; veins with
simple contact or thickness arachnoid adhesions affected
branches of the trigeminal nerve, according to preoperative
pain location and intraoperative findings, were longitudinally
divided along its fibers, using a Rothon microdisector, into 3 to
4 bundles from the root entry point (REP) to the porus
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Fig. 2 Internal neurolysis (IN) for trigeminal neuralgia without
neurovascular compression. (A) IN procedure with longitudinal divi-
sion of the trigeminal nerve using a microdissector. (B) An anatomical
drawing of the IN procedure.

trigeminus (=Fig. 2). Finally, compression of the root at the
root entry zone (REZ) with bipolar forceps for 10 seconds took
place. The dura was closed, filling the craniotomy defect with
autogenous bone. Closure of muscle, soft tissue, and skin was
performed in layers in a standard fashion.

Results

In the present study, 50 internal neurolysis procedures were
performed in patients with TN during the period between
April 2012 and October 2019. Of these patients, 40 were
female (80%), the age ranged from 25 to 75 years old (mean of
49 years old).

The age distribution according to gender was unimodal
(=Fig. 3). The most affected side of the face was the right
(68%), the most affected branches being the combination V2,
V3 (50%). These clinical and demographic characteristics are
shown in =Table 3 and ~Table 4. The degree of NVC severity
is shown in =Table 5. In this series, we found 42 cases (24.7%)
with absence of neurovascular conflict.
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Fig. 3 The Hartigans Dip Test for Unimodality indicates that the age
distribution according to gender was unimodal, female (p =0.227)
and male (p =0.220).

Table 3 Demographic and clinical information of the two groups

FEATURE GROUP A GROUP B
(n=50) (n=120)
AGE (years old) 49 (25-75) 50.8 (23-76)
SIDE (Right/Left) 34/16 87/33
GENDER (Female [Male) 40/10 79/41
DISTRIBUTION OF PAIN
Vi 0 0
V2 6 (12%) 13 (10.8%)
V3 9 (18%) 27 (22.5%)
V1,V2 2 (4%) 10 (8.3%)
V2,V3 25 (50%) 51 (42.5%)
V1,v2,v3 8 (16%) 19 (15.8%)

Group A: Patients without vascular compression, Group B: Patients with
vascular compression.

Surgical findings in Group A included 42 patients (84%)
with no neurovascular conflicts found. Although no neuro-
vascular conflicts were detected, there was presence of
arachnoid thickening in 11 patients. The remaining 8
patients (16%) presented with a vein with simple contact
(grade 1) to the trigeminal root; 2 of those patients also
presented thickened arachnoid adhesions.

In Group B, 116 patients (96.7%) with distortion/displace-
ment (grade II) or indentation (grade III) were surgically
treated with MVD; while 4 patients (3.3%) with touching or
less severe compression (grade I) underwent an MVD in
combination with an IN (~Table 5).
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Table 4 Distribution of patients with internal neurolysis
according to age

AGE (years old) Patients %
<30 4 8
31-40 9 18
41-50 12 24
51-60 15 30
61-70 8 16
71-80 2 4
TOTAL 50 100

Table 5 Distribution of patients according to the grade of
severity of neurovascular contact

GRADE Group A Group B TOTAL
(n=50) (n=120) (n=170)

0 42 (84%) 0 42 (24.7%)

| 8 (16%) 4 (3.3%)" 12 (7%)

] 0 99 (82.5%) 99 (58.2%)

] 0 17 (14.2%) 17 (10%)

Group A: Internal neurolysis, Group B: Microvascular decompression.
*MVD and internal neurolysis were performed.

During the manipulation of the trigeminal nerve, and while
IN was performed; some patients experienced bradicardia and
arrhythmias that reversed spontaneously. None of these cases
reported recurrent bradicardia or arrhythmias requiring any
additional treatment.

In the postoperative period, 44 patients (88%) who un-
derwent IN surgical treatment were pain free without any
medication, 3 (6%) experienced occasional pain, but did not
require medication. Mild facial numbness not bothersome to
the patient was presented in 88% of the cases, which resolved
in 6 months, on average. (=Table 6). In Group B, 94.2% of the

Table 6 Surgical results after surgery using BNI pain intensity
score and facial numbness score

Gonzales-Portillo, Huaman
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Fig. 4 Kaplan-Meier curves showed that the mean pain-free time was 84.9
(standard error: 2.82) months for neurolysis. For microvascular decom-

pression, the mean was 85.4 (standard error: 1.86) months. The logarithm of
range test (“logrank”) shows that the treatments did not show differences
throughout the study time with respect to complete pain relief (p = 0.97).

patients who underwent MVD were pain-free, and 16
patients (13.3%) experienced some grade of facial numbness,
4 of them having been treated with DMV and IN surgeries.

Recurrence was defined as transition from pain-free or
occasional pain without medication (BNI I and II) to severe
pain or requirement of medication (BNI III-V).

The follow-up period was from 6 months to 7.5 years
(average 4 years). In group A there was recurrence in 3 patients
(6%), one of them with intraoperative finding of a small vein
that contacted the trigeminal root, occurred at 12 months;
a second patient in whom only adhesions were found recurred
at 25 months, and a third patient in whom no neurovascular
compression was identified, it recurred at 44 months. Two out
of three patients underwent successful balloon compression,
and the third continued with medication.

The mean time of recurrence was 27 months. Kaplan-
Meier analysis showed that the mean pain-free time was 84.9
(standard error: 2.82) months (~Fig. 4).

The recurrence in Group B was of 5.8% in this follow-up
period.

The logarithm of range test (“Logrank”) shows that the

SURGICAL RESULTS GROUP A GROUP B treatments in the 2 groups did not show differences over time
(n=50) (n=120) in the study with respect to complete pain relief (p = 0.97).

(P) Pain intensity score Complications are summarized in =Table 7. Cerebellar
1 44 (38%) 113(94.2%) infarction occurred in one patient who also had hemifacial
2 3 (6%) 2 (1.7%)

Table 7 Postoperative complications

3 0 1(0.8%)
4 0 1(0.8%) COMPLICATION Group A Group B
5 3 (6%) 3 (2.5%) Cerebellar infarction 1 (2%)

(N) Facial numbness score Transient hearing loss 1(2%) 2 (1.7%)
1 0 104 (86.7%) Meningitis 1(0.8%)
2 44 (88%) 11 (9.2%) Transient diplopia 1(0.8%)
3 4 (8%) 5(4.1%) Wound cerebrospinal fluid leak 2 (1.7%)
4 2 (4%) 0 Nasal cerebrospinal fluid leak 2 (1.7%)

Group A: Internal neurolysis, Group B: Microvascular decompression.
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Group A: Internal Neurolysis, Group B: Microvascular decompression.
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spasm and had to undergo MVD of the facial nerve during the
same procedure. Most of the patients experienced mild tran-
sient hearing loss, with resolution in 2 months; the diplopia
was caused by paresis of the VI cranial nerve, with complete
resolution after 3 months. In cases of nasal CSF leaks, external
lumbar drainage was placed for between 5 and 7 days. In 2
cases of wound CSF leaks, placement of new sutures were
required, as well as compression and use of acetazolamide.
Placement of external lumbar drain was not necessary.

Discussion

Pathophysiology

The leading theory for the pathophysiology of TN is the
“ignition” hypothesis proposed by Devor et al in 2002, which
proposes three key elements in the genesis of TN: a trigger,
an amplifier, and a stop mechanism.3°

According to the ignition hypothesis, a neurovascular con-
tact is thought to damage the myelin sheath in the trigeminal
nerve, which renders the sensory afferents hyperexcitable by
means of ectopic pacemaker sites and ephaptic cross-talk and
crossed after discharge between axons.3%3! Anatomical stud-
ies confirmed that the root entry zone or transition zone of the
trigeminal nerve, where the myelination changes from periph-
eral Schwann cell myelination to central oligodendrocyte
myelination, is a site of demyelination in patients with classical
TN with a neurovascular contact.333

Currently accepted, the decompression of the central
myelin alone or decompression of the central-peripheral
myelin transitional zone was the mechanism that provided
pain relief.

McLaughlin et al,, in 1999, postulated that the central
myelin of the sensory root of the trigeminal nerve could
extend along the entire cisternal segment of this branch. He
stated that not only would vascular decompression of the
REZ relieve the pain of patients with TN, but also that
decompression performed anywhere along the entire length
of the nerve (from the pons to entry into the Meckel cave)
would be effective.3*

Sindou et al., in 2002, suggested that NVC can be located
not only at the REZ but also all along the root, and because
offending vessels can be multiple in the same patient, he
strongly advised that the entire trigeminal nerve from the
Meckel cave to the pons should be exposed. He proposed that
NVC probably does not entirely explain all the pathogenesis
of TN. He thought that there might be several other impor-
tant factors. Sindou concluded, “It is wise to admit that
besides peripheral mechanisms, central phenomena proba-
bly play an important additional role.”'®

Peker et al., in 2006, reported his study of one hundred
trigeminal nerves from 50 cadaver heads that were exam-
ined. “The measurements showed that the central myelin
occupies only the initial one-fourth of the trigeminal nerve
length. If trigeminal neuralgia is caused exclusively by vas-
cular compression of the central myelin, the problem vessel
would always have to be located in this region. However, it is
well known that pain from trigeminal neuralgia can resolve
after vascular decompression at more distal sites. This sug-
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gests that the effects of surgical decompression are caused by
another mechanism.”>?

Ko, Lee et al. observed that it is increasingly clear that TN
occurs and recurs in the absence of NVC,3> and that NVC of
the trigeminal nerve exists in a sizeable population without
TN.3® He suggested that NVC is neither a necessary nor
sufficient condition for the development of TN. Nevertheless,
NVC does play a role in disease pathogenesis.

It is becoming increasingly understood that the patho-
physiology of TN is associated with both trigeminal nerve
and brain abnormalities.

Importance of Degree of Neurovascular Compression
Increasingly, the contributions of NVC severity is beginning
to be better understood.

Sindou reported a series of 362 patients who underwent
MVD. Concerning anatomical factors, neither the type of the
compressive vessel nor its location along or around the root
was found to be significant. However, the severity of com-
pression was important - the more severe the degree of
compression, the better the outcome.?’

Maarbjerg et al., in 2015, with 3T MRI, evaluated 135
patients with classical trigeminal neuralgia. Neurovascular
contact was prevalent both on the symptomatic and asymp-
tomatic side, 89 versus 78%, while severe neurovascular
contact (displacement or atrophy of the trigeminal nerve)
was highly prevalent on the symptomatic compared with the
asymptomatic side (53 versus 13%). Severe neurovascular
contact was caused by arteries in 98%.

This concluded that neurovascular contact causing dis-
placement or atrophy of the trigeminal nerve is highly
associated with the symptomatic side in classical TN, as
opposed to neurovascular contact in general, suggesting
that the degree of NVC could thus be important when
selecting patients for surgery.>®

Hughes et al. published in 2019 the significance of degree of
NVCinsurgery for TN. Seventy-nine patients were studied on a
3-T MRI. Vascular contact was more common on the asymp-
tomatic side (43/79, 54.4%) compared with the symptomatic
side (30/79, 38%). Severe NVC (indentation/deformity of the of
the trigeminal nerve) was much more commonly identified on
the symptomatic side (47/79, 59.5%) compared with the
asymptomatic side (7/79, 8.9%). In his study, the only imaging
variable that was a statistically significant predictor of being
pain-free without medication following MVD was severe NVC.
Patients with severe NVC were 6.36 times more likely to be
pain-free following MVD when compared with those without
severe NVC.>?

According to various studies published with high resolu-
tion MR, the presence of NVC has a sensitivity of 87% to 97%
and a specificity between 50% to 100% for TN,23-3%-39.40

Recently, it was reported that ultra-high field MRI enabled
advanced Diffusion tensor imaging (DTI)-based tracto-
graphic reconstruction of the white matter tracts connecting
the thalamus and primary somatosensory cortex. Reduced
microstructural integrity of thalamic-somatosensory tracts
was found ipsilateral to the site of NVC in patients with TN,
whereas no differences were observed contralateral to the
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site of NVC. These changes implicate a compensatory mech-
anism for reducing pain sensation, and may provide sub-
stantial evidence of secondary white matter disruption at the
thalamic-somatosensory level in patients with TN.4!

Trigeminal Neuralgia without Vascular Compression
The absence of vascular compression over the trigeminal
nerve has been described in the literature in 9 to 23.7% of
cases (=Table 1). In our series of 170 patients, 42 (24.7%)
presented no vascular conflict, and in 12 cases (7%), a mild
contact (grade I) was found; 8 with venous compression were
coagulated and cut and IN was performed. In 4 cases with
arterial compression, MVD in combination with IN was
performed.

It is likely that the number of TN without neurovascular
compression (WONVC) will increase more since it is increas-
ingly recognized that vascular contact (grade I) should not be
accepted as vascular compression and additional treatment
must done.

In the absence of NVC on imaging, the question arises as to
whether recommend a posterior fossa exploration versus
percutaneous procedures or radiosurgery.

However, it is challenging for neurosurgeons to deal with
cases without visible vascular compression intraoperatively,
and there are no well-designed surgical strategies for these
patients, which ranged from no manipulation to complete
section of the nerve.

In these cases, most neurosurgeons do a meticulous
dissection of the arachnoid to expose the entire trigeminal
root, followed by a massage and/or a compression with
bipolar to the trigeminal nerve or a partial nerve section.

Based on the proposed mechanisms of production of TN
related to the compression of the sensitive trigeminal root of

Gonzales-Portillo, Huaman

the trigeminal nerve in its intracranial route, nondestructive
open surgical techniques have historically been directed
toward a decompression of the trigeminal nerve at some
point in its intracranial trajectory.“z’43

In 1955, Shelden et al. suggested that the common denomi-
nator to all procedures is operative trauma, introducing a new
technique such as pressing with a blunt dissector the portio
major nerve fibers of the trigeminal nerve surgically exposed
through a middle cranial fossa approach, suggesting that the
compression of the trigeminal fibers during the operation is
the factor that relieves the pain.*

Partial sensory rhizotomy (PSR) is a classical alternative
technique used in the absence of NVC.

The response rate is reported in 70 to 87% of patients
(~Table 8), with a recurrence rate of 29% at 5 years of
follow-up.?"#>~48 The main disadvantages of this ablative
treatment are sensory deficits, which occur in 22 to 100% of
patients and can lead to additional complications as dyses-
thesias, corneal reflex impairment and anesthesia dolorosa.
Furthermore, it has been reported that a lesser degree of
patient satisfaction is associated with side effects after PSR.4’

Ishikawa et al., in 2002, speculated a different mechanism
other than vascular compression.49

They suggested that arachnoid thickening or granuloma-
tous adhesion between the root and surrounding structures
can cause a tethering effect to the trigeminal root, which
would make pulsatile movement of the root more restricted
or desynchronized. This could give the root an abnormally
high stretching force, which might promote hyperexcitability
of the nerve.

Dissection of thick arachnoid around the root along the
whole length reversed the root to be straight and flaccid. This
speculative mechanism suggests that it is important to make

Table 8 Partial sensory rhizotomy. Results related to extent of the rhizotomy

Reference Number Pain Relief Median Extent of Corneal Reflex [ Sensory Anesthesia Recurrence
of Cases After Follow-Up | Rhizotomy Impairment/ Deficit (%) dolorosa Rate
Surgery (%) | (months) Hypesthesia
(%)
Adams et al.# 54 87.3 54 30-100% of 0 100 1 case (1.8%) | 11.8%
] Neurol Neurosurg trigeminal Painful at 5 years
Psychiatry 1982 Nerve dysesthesia
7.4%
Bederson et al. 30 (PSR) 70 (PSR) 61.2 Inferior %4 4.6 dysesthesias | 2.3% NA
] Neurosurg 1989 56 80 to % of pars 8.1%
(PSR+MVD) | (PSR +MVD) Major
Klun et al.?! 42 86 62.4 1/3 or less 0 100 0 Total
Neurosurgery 1992 of the pars recurrence
major rate 49%
Young et al.* 83 48 Excellent | 72 1/3 to % NA 67 NA 17% at
J Neurosurg 1993 22 Good ventrolateral of 1 year and
nerve root (89%) 2.6% each
2/3 of nerve year
root (11%) thereafter
Zakrzewska et al.*’ | 60 88 68.4 NA 22 “eye 48 NA 28% at
Neurosurgery 2005 problems” 5 years
Terrier et al.*8 2017 | 22 86.4 67.3 2/3 ventrolateral | 0 22.7 9% in 14.6%
of pars hemitongue | at 1 year
Major 31.5%
at 5 years

Abbreviations: MVD, microvascular decompression; NA, not available; PSR, partial sensory rhizotomy.
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Table 9 Series of intraoperative trigeminal root manipulations

Gonzales-Portillo, Huaman

Reference N° of | Treatment Pain-free Recurrence Facial numbness
cases immediatly

Ishikawa et al.#° 5 Arachnoidal dissection 80% 20% in 15 months NR

Journal of Clinical

Neuroscience 2002

Revuelta et al.>* World | 44 Intermittent compression 100% 27.2% in 10 months | 61.4% transient

Neurosurgery 2013 on cisternal segment

Cheng et al.”! Acta 28 Compression with bipolar 71.4% 38.4% in 46 months | 21.4% transient

Neurochir 2015 forceps for 10 seconds 14.3% permanent

Guo et al.%8 19 360-degree circumferential | 100% 10.5% in 2 years 15.8% transient

Journal of Clinical arachnoid dissection

Neuroscience 2018

Urculo et al.”? 10 Trigeminal root massage/ 100% 40% in 5 years NR

Neurocirugia 2020 intermittent compression

Abbreviation: NR, not reported.

the root free along the entire length, especially at its distal
portion in cases with no offending vessels.

Revuelta-Gutierrez et al., in 2006 and 2013, proposed
their surgical strategy for TN without vascular compression.
The surgery consists of meticulous dissection of the arach-
noid, exposing the entire trigeminal root, followed by gentle
compression with bipolar tips on its cisternal segment.?*>°

This nerve compression technique has been subsequently
followed by other authors.”’>2

=Table 9 shows the outcome of a series of intraoperative
trigeminal root manipulations.

Internal Neurolysis
Nerve combing is a surgical strategy for trigeminal neuralgia
that longitudinally splits branches of the trigeminal nerve
using a special fiber knife in accordance with preoperative
pain locations and intraoperative findings. This surgical
strategy for TN was reported by Li et al. in 1995.>3

Ashkan et al., in 2004, reported their series of MVD for
TN in 80 patients, “When no compressing vessel was
identified, the trigeminal nerve was probed longitudinally
by use of a microdissector and split into several fascicles. To
the best of our knowledge, this is a novel technique and is
preferred by the authors to the partial transverse sectioning
of the nerve, which is usually associated with facial numb-
ness.””* About 13 patients were subjected to these techni-
ques, without specific mention of the surgical outcome of
these patients

Ma et al., in 2009, described 10 patients without vascular
compression who underwent nerve combing and achieved
satisfactory long-term relief by 70%. They postulated that
traumatizing the nerve and dampening its abnormal activity
in the brainstem could perhaps explain nerve combing to
relieve pain.28

The mechanism by which IN results in pain relief remains
unclear. Studies suggest that IN destroys the continuity of
axons and decreases the electrical excitability of abnormal
afferent trigeminal fibers, permanently degenerating the
partial axon tissue and myelin sheath after a period of
time.?%>°
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Internal neurolysis may disrupt interconnections between
nerve fibers and communication between distributions of the
trigeminal nerve prior to entrance into the brainstem.?® Kline
etal. suggested that partial nerve injury and damage to the root
of the trigeminal nerve mediated pain relief.>®

Internal neurolysis resulted in immediate relief of all pain
in 80 to 98% of patients (~Table 10).

The success rate is durable, with an estimated 72 to 82%
pain-free in 5 years.2>27:29:5%.57

Microvascular decompression has an initial pain relief
rate of 79 to 94%,'471%3% with a pain-free rate of 72 to 84%
at a 5-year follow-up.#7->8-60

In our series, the two proportion Z-Test showed no
statistically significant difference in immediate (p =0.289)
and long-term outcomes (p = 1.000) between IN and MVD.

All of our patients with IN had some degree of hypo-
esthesia; in two, the facial numbness was very bothersome
in the immediate postoperative period, but they improved
afterwards.

In 88% of the cases, sensitivity was fully recovered within
6 months after the operation. Compared with our patients
with balloon compression, the degree of numbness is gener-
ally much lower in patients with IN at the immediate
postoperative. Reported rates of facial numbness after IN
range between 60 and 96%.2>27-2861-63 Most cases are
transient and resolve over weeks to months.

A previous study reported that facial numbness after IN
did not negatively impact the quality of life in the majority of
cases when the pain was controlled.®?

One case of anesthesia dolorosa reported in the literature
includes a patient with previous MVD for the treatment of
TN, who presented with a sensory deficit.?>

Some studies found that patients with TN without NVC
may represent a distinct population of younger, predomi-
nantly female patients in their mid-30s with a short symp-
tom duration.%4%°

In our patients undergoing IN, the difference in the mean
age according to gender was not statistically significant
(p=0.335). The age distribution of our female patients
shows for the IN procedure an almost uniform dispersion
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Table 10 Literature series of Internal Neurolysis (nerve combing) for trigeminal neuralgia

Reference Number Outcome Sensory deficit
of cases
Ma et al.?® Clin | Pain 2009 10 Initial pain-free: 80% 90% transitory numbness
70% pain free, 10% permanent
recurrence 10% in 3 years numbness
Jie et al.?? 28 82% pain-free, 10.5% numbness
Acta Neurochir 2013 4% recurrence in 4.3 years
Ko et al.?> 27 Initial pain-free 85%. 96% numbness
JNS 2015 72% in 5 years 1 patient (4%) anesthesia dolorosa *
Zhou et al.>’ 50 Initial satisfactory relief 92% 16% dysesthesias
Braz ] Otorhinolatyngol 2016 82% in 7.5 years
Recurrence 10%
Zhao et al.>> 15 Initial pain-free 80% 13% transitory numbness
] Craniofacial 2017 73.3% pain-free in 4 years 7% permanent numbness
Zhang et al.®! 86 Initial pain-free 98% 60% transitory numbness at 1 day
World Neurosurgery 2017 94% in 1 year 4% in 1 year
Liang et al .62 37 Initial pain free 94.6% 91,9% transitory facial numbness
Ir ] Med Sci 2017 In 3 years 78% pain free In 6 months 67.6% facial numbness
Recurrence 21.6%
Wu et al.®3 Stereotact 27 Initial pain free 92.6% 88.9% facial numbness
Funct Neurosurg 2018
Yang et al.?’ 34 Initial pain-free 88% 76% transitory facial numbness
Acta Neurol Belg 2019 In 5 years 73% pain-free
Recurrence 6%
Gonzales-Portillo et al. 2020 50 Initial pain-free 88% 100% facial numbness 88% transitory
Recurrence 6%

*Previous MVD,
with sensory deficit.

throughout the range of 25 to 75 years old; no outstanding
peak was observed. The distribution of the patients in the
study of Liang et al. was normal and unimodal. The mean age
of the patients was 50.19 years old.%?

The relapse of TN after MVD has been shown without
recurrence of compression.3>:66:67

Internal neurolysis can be an important option in poste-
rior fossa exploration for recurrent or persistent TN symp-
toms. Zhang et al. reported that, in patients with recurrent or
persistent TN symptoms, IN plus MVD significantly improved
the success rate of the operation compared with simple redo
MVD.®

Surgical Description of the Grades of
Compression and Location in Microvascular
Decompression

We suggest a surgical description for posterior fossa explora-
tion for TN. = Table 11. It has two components: first, the degree
of NVC, based in the studies of Sindou3’ and Maarbjerg,38 and
the report of Hughes, who concluded that “The only imaging
variable that was a statistically significant predictor of being
pain-free without medication following MVD was severe
NVC.”3° The second component is the location of the MVD.
The locations were divided in thirds based on the study of
Peker et al.>2 who stated that the cisternal segment of the
trigeminal nerve ranged from 8 mm to 15 mm long (mean,

Arquivos Brasileiros de Neurocirurgia

Table 11 Surgical description of microvascular decompression
for trigeminal neuralgia

MICROVASCULAR DECOMPRESSION GRADING SYSTEM
GRADES OF COMPRESSION

] Grade 0 No contact

[] Grade | Simple neurovascular contact: without
visible alteration of the root

] Grade Il Severe neurovascular contact:

displacement, distortion, indentation,
engrooving or atrophy of the
trigeminal nerve.

LOCATION OF NEUROVASCULAR COMPRESSION
[J Anterior Third
] Middle Third
[ Posterior Third

In this grading system, veins are graded according to the same scale as
arteries.

The cisternal segment extends from the root entry point to the porus
trigeminus.

Posterior Third: Defined as the proximal third of the cisternal segment of
the nerve closest to the root entry point.

12.3 mm; median,11.9 mm). The proportion of the central
myelin relative to the length of the cisternal portion of the
trigeminal nerve was 25% in 74 specimens and between 26 and
33% in 20 specimens out of 100.
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Internal Neurolysis (Nerve Combing) for Trigeminal Neuralgia

Conclusions

Internal neurolysis has become increasingly used as an
adjunct or standalone therapy when a low grade or no
NVC is identified intraoperatively, or as a salvage procedure
in TN patients who are unresponsive to MVD or have a
recurrence of symptoms.

Internal neurolysis is a viable treatment option, providing
adequate initial pain relief and long-term efficacy.

Patients treated with IN may experience some degree of
facial numbness, which was well tolerated by the patients in
the present study. However, further studies are required to
explore the exact mechanisms of pain relief.

In the present study, there were no statistically significant
differences in the immediate and long-term surgical out-
comes between IN and MVD.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Dandy WE. An operation for the cure of tic douloureux. Partial

section of the sensory root at the pons. Arch Surg 1929;

18:687-734

Dandy WE. The treatment of trigeminal neuralgia by the cerebel-

lar route. Ann Surg 1932;96(04):787-795

Dandy WE. Concerning the cause of trigeminal neuralgia. Am ]

Surg 1934;24:447-455

4 Kaufmann AM, Price AV. A history of the Jannetta procedure.

J Neurosurg 2019;132(02):639-646

Wilkins RH. Trigeminal Neuralgia: Historical Overview, with

Emphasis on Surgical Treatment. In: Burchiel KJ(ed). Surgical

management of pain. Thieme; 2002:288-301

Wilkins RH. Historical perspectives, in Rovit RL, Murali R, Jannetta

PJ (eds). Trigeminal Neuralgia Baltimore: Williams & Wilkins;

1990:1-25

Gardner WJ, Miklos MV. Response of trigeminal neuralgia to

decompression of sensory root; discussion of cause of trigeminal

neuralgia. ] Am Med Assoc 1959;170(15):1773-1776

Gardner WJ. Concerning the mechanism of trigeminal neuralgia

and hemifacial spasm. ] Neurosurg 1962;19:947-958

Rand RW. The Gardner neurovascular decompression operation for

trigeminal neuralgia. Acta Neurochir (Wien) 1981;58(3-4):161-166

10 Jannetta PJ. Arterial compression of the trigeminal nerve at the
pons in patients with trigeminal neuralgia. 1967. ] Neurosurg
2007;107(01):216-219

11 Jannetta PJ. Letter: Tic douloureux and facial spasm. JAMA 1974;
228(13):1637-1638

12 Jannetta PJ. Microsurgical approach to the trigeminal nerve for tic
douloureux. In: Krayenbiihl H, Maspes PE, Sweet WH(eds). Pain -
Its Neurosurgical Management. Part I: Procedures on Primary
Afferent Neurons. Basel: Karger; 1976, Vol 7180-200

13 Jannetta PJ]. Observations on the etiology of trigeminal neuralgia,
hemifacial spasm, acoustic nerve dysfunction and glossophar-
yngeal neuralgia. Definitive microsurgical treatment and results
in 117 patients. Neurochirurgia (Stuttg) 1977;20(05):145-154

14 Barker FG II, Jannetta PJ, Bissonette D], Larkins MV, Jho HD. The
long-term outcome of microvascular decompression for trigemi-
nal neuralgia. N Engl ] Med 1996;334(17):1077-1083

15 Broggi G, Ferroli P, Franzini A, Servello D, Dones I. Microvascular
decompression for trigeminal neuralgia: comments on a series of
250 cases, including 10 patients with multiple sclerosis. ] Neurol
Neurosurg Psychiatry 2000;68(01):59-64

N

w

wv

a

~

o]

=)

Arquivos Brasileiros de Neurocirurgia

Vol. 40 No. 1/2021

Gonzales-Portillo, Huaman

16 Sindou M, Howeidy T, Acevedo G. Anatomical observations during
microvascular decompression for idiopathic trigeminal neuralgia
(with correlations between topography of pain and site of the
neurovascular conflict). Prospective study in a series of 579
patients. Acta Neurochir (Wien) 2002;144(01):1-12, discussion
12-13

17 van Loveren H, Tew JM Jr, Keller JT, Nurre MA. a 10-year experi-
ence in the treatment of trigeminal neuralgia. Comparison of
percutaneous stereotaxic rhizotomy and posterior fossa explora-
tion. ] Neurosurg 1982;57(06):757-764

18 Piatt JH Jr, Wilkins RH. Treatment of tic douloureux and hemi-
facial spasm by posterior fossa exploration: therapeutic implica-
tions of various neurovascular relationships. Neurosurgery 1984;
14(04):462-471

19 Zorman G, Wilson CB. Outcome following microsurgical vascular
decompression or partial sensory rhizotomy in 125 cases of
trigeminal neuralgia. Neurology 1984;34(10):1362-1365

20 Bederson |B, Wilson CB. Evaluation of microvascular decompres-
sion and partial sensory rhizotomy in 252 cases of trigeminal
neuralgia. ] Neurosurg 1989;71(03):359-367

21 Klun B. Microvascular decompression and partial sensory rhizot-
omy in the treatment of trigeminal neuralgia: personal experi-
ence with 220 patients. Neurosurgery 1992;30(01):49-52

22 Baechli H, Gratzl O. Microvascular decompression in trigeminal
neuralgia with no vascular compression. Eur Surg Res 2007;39
(01):51-57

23 Leal PRL, Hermier M, Froment |C, Souza MA, Cristino-Filho G,
Sindou M. Preoperative demonstration of the neurovascular
compression  characteristics with special emphasis on
the degree of compression, using high-resolution magnetic reso-
nance imaging: a prospective study, with comparison to surgical
findings, in 100 consecutive patients who underwent microvas-
cular decompression for trigeminal neuralgia. Acta Neurochir
(Wien) 2010;152(05):817-825

24 Revuelta-Gutierrez R, Martinez-Anda JJ, Coll JB, Campos-Romo A,
Perez-Pefia N. Efficacy and safety of root compression of trigemi-
nal nerve for trigeminal neuralgia without evidence of vascular
compression. World Neurosurg 2013;80(3-4):385-389

25 Ko AL, Ozpinar A, Lee A, Raslan AM, McCartney S, Burchiel KJ.
Long-term efficacy and safety of internal neurolysis for trigeminal
neuralgia without neurovascular compression. ] Neurosurg 2015;
122(05):1048-1057

26 Hitchon PW, Bathla G, Moritani T, Holland MT, Noeller ], Nourski
KV. Predictability of vascular conflict by MRI in trigeminal
neuralgia. Clin Neurol Neurosurg 2019;182:171-176

27 Yang DB, Wang ZM. The efficacy and safety of nerve combing for
trigeminal neuralgia without neurovascular compression. Acta
Neurol Belg 2019;119(03):439-444. Doi: 10.1007/s13760-019-
01099-2

28 Ma Z, Li M. “Nerve combing” for trigeminal neuralgia without
vascular compression: report of 10 cases. Clin J Pain 2009;25(01):
44-47

29 Jie H,Xuanchen Z, DehengL, et al. The long-term outcome of nerve
combing for trigeminal neuralgia. Acta Neurochir (Wien) 2013;
155(09):1703-1708, discussion 1707

30 Devor M, Amir R, Rappaport ZH. Pathophysiology of trigeminal
neuralgia: the ignition hypothesis. Clin J Pain 2002;18(01):4-13

31 Rappaport ZH, Devor M. Trigeminal neuralgia: the role of self-
sustaining discharge in the trigeminal ganglion. Pain 1994;56
(02):127-138

32 Peker S, Kurtkaya O, Uziin I, Pamir MN. Microanatomy of the central
myelin-peripheral myelin transition zone of the trigeminal nerve.
Neurosurgery 2006;59(02):354-359, discussion 354-359

33 Rappaport ZH, Govrin-Lippmann R, Devor M. An electron-micro-
scopic analysis of biopsy samples of the trigeminal root taken
during microvascular decompressive surgery. Stereotact Funct
Neurosurg 1997;68(1-4 Pt 1):182-186

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.

69



70

Internal Neurolysis (Nerve Combing) for Trigeminal Neuralgia

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Arquivos Brasileiros de Neurocirurgia

McLaughlin MR, Jannetta PJ, Clyde BL, Subach BR, Comey CH,
Resnick DK. Microvascular decompression of cranial nerves: lessons
learned after 4400 operations. ] Neurosurg 1999;90(01):1-8

Lee A, McCartney S, Burbidge C, Raslan AM, Burchiel KJ. Trigemi-
nal neuralgia occurs and recurs in the absence of neurovascular
compression. ] Neurosurg 2014;120(05):1048-1054

Miller JP, Acar F, Hamilton BE, Burchiel KJ. Radiographic evaluation
of trigeminal neurovascular compression in patients with and
without trigeminal neuralgia. ] Neurosurg 2009;110(04):627-632
Sindou M, Leston ], Decullier E, Chapuis F. Microvascular decom-
pression for primary trigeminal neuralgia: long-term effective-
ness and prognostic factors in a series of 362 consecutive patients
with clear-cut neurovascular conflicts who underwent pure
decompression. | Neurosurg 2007;107(06):1144-1153
Maarbjerg S, Wolfram F, Gozalov A, Olesen |, Bendtsen L. Signifi-
cance of neurovascular contact in classical trigeminal neuralgia.
Brain 2015;138(Pt 2):311-319

Hughes MA, Jani RH, Fakhran S, et al. Significance of degree of
neurovascular compression in surgery for trigeminal neuralgia.
] Neurosurg 2019;14:1-6

Brinzeu A, Drogba L, Sindou M. Reliability of MRI for predicting
characteristics of neurovascular conflicts in trigeminal neuralgia:
implications for surgical decision making. ] Neurosurg 2018;130
(02):1-11

Rutland JW, Huang KH, Gill CM, et al. First application of 7-T ultra-
high field diffusion tensor imaging to detect altered microstruc-
ture of thalamic-somatosensory anatomy in trigeminal neuralgia.
] Neurosurg 2019:1-9. Doi: 10.3171/2019.6.JNS19541

Taarnhgj P. Decompression of the trigeminal root and the poste-
rior part of the ganglion as treatment in trigeminal neuralgia;
preliminary communication. ] Neurosurg 1952;9(03):288-290
Taarnhgj P. Decompression of the trigeminal root. J Neurosurg
1954;11(03):299-305

Shelden CH, Pudenz RH, Freshwater DB, Crue BL. Compression
rather than decompression for trigeminal neuralgia. ] Neurosurg
1955;12(02):123-126

Adams CB, Kaye AH, Teddy PJ. The treatment of trigeminal
neuralgia by posterior fossa microsurgery. ] Neurol Neurosurg
Psychiatry 1982;45(11):1020-1026

Young JN, Wilkins RH. Partial sensory trigeminal rhizotomy at the
pons for trigeminal neuralgia. ] Neurosurg 1993;79(05):680-687
Zakrzewska JM, Lopez BC, Kim SE, Coakham HB. Patient reports of
satisfaction after microvascular decompression and partial sen-
sory rhizotomy for trigeminal neuralgia. Neurosurgery 2005;56
(06):1304-1311, discussion 1311-1312

Terrier L-M, Amelot A, Francois P, Destrieux C, Zemmoura |, Velut
S. Therapeutic failure in trigeminal neuralgia: from a clarification
of trigeminal nerve somatotopy to a targeted partial sensory
rhizotomy. World Neurosurg 2018;117:e138-e145

Ishikawa M, Nishi S, Aoki T, et al. Operative findings in cases of
trigeminal neuralgia without vascular compression: proposal of a
different mechanism. J Clin Neurosci 2002;9(02):200-204
Revuelta-Gutiérrez R, Lopez-Gonzalez MA, Soto-Hernandez JL.
Surgical treatment of trigeminal neuralgia without vascular
compression: 20 years of experience. Surg Neurol 2006;66(01):
32-36, discussion 36

Cheng J, Lei D, Zhang H, Mao K. Trigeminal root compression for
trigeminal neuralgia in patients with no vascular compression.
Acta Neurochir (Wien) 2015;157(02):323-327

Vol. 40 No. 1/2021

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Gonzales-Portillo, Huaman

Urculo E, Elua A, Arrazola M, Torres P, Torres S, Undabeitia J.
Trigeminal root massage in microsurgical treatment of trigeminal
neuralgia patients without arterial compression: When, how and
why. Neurocirugia (Astur) 2020;31(02):53-63

Li M, Yu GZ, Guan Y, et al. Nerve combing treat for trigeminal
neuralgia. Zhonghua Er Bi Yan Hou Za Zhi (China) 1995;30:377
Ashkan K, Marsh H. Microvascular decompression for trigeminal
neuralgia in the elderly: a review of the safety and efficacy.
Neurosurgery 2004;55(04):840-848, discussion 848-850

Zhao H, Zhang X, Tang D, Li S. Nerve combing for trigeminal
neuralgia without vascular compression. ] Craniofac Surg 2017;28
(01):e15-e16

Kline D, Hudson A. Acute injuries of peripheral nerve. In: JRY(ed).
Neurological surgery. WB Saunders: Philadelpia; 1996:2103-2181
Zhou X, Liu Y, Yue Z, Luan D, Zhang H, Han J. Comparison of nerve
combing and percutaneous radiofrequency thermocoagulation in
the treatment for idiopathic trigeminal neuralgia. Rev Bras Otor-
rinolaringol (Engl Ed) 2016;82(05):574-579

Pollock BE, Stien K]. Posterior fossa exploration for trigeminal
neuralgia patients older than 70 years of age. Neurosurgery 2011;
69(06):1255-1259, discussion 1259-1260

Zhang H, Lei D, You C, Mao BY, Wu B, Fang Y. The long-term
outcome predictors of pure microvascular decompression for
primary trigeminal neuralgia. World Neurosurg 2013;79(5-
6):756-762

Wei Y, PuC, LiN, CaiY, Shang H, Zhao W. Long-Term Therapeutic
Effect of Microvascular Decompression for Trigeminal Neuralgia:
Kaplan-Meier Analysis in a Consecutive Series of 425 Patients.
Turk Neurosurg 2018;28(01):88-93

Zhang X, Xu L, Zhao H, et al. Long-Term Efficacy of Nerve Combing
for Patients with Trigeminal Neuralgia and Failed Prior Microvas-
cular Decompression. World Neurosurg 2017;108:711-715
Liang X, Dong X, Zhao S, Ying X, Du Y, Yu W. A retrospective study
of neurocombing for the treatment of trigeminal neuralgia with-
out neurovascular compression. Ir ] Med Sci 2017;186(04):
1033-1039. Doi: 10.1007/s11845-016-1547-y

Wu M, Jiang X, Niu C, Fu X. Outcome of internal neurolysis for
trigeminal neuralgia without neurovascular compression
and its relationship with intraoperative trigeminocardiac
reflex. Stereotact Funct Neurosurg 2018;96(05):305-310.
Doi: 10.1159/000493547

Ko AL, Lee A, Raslan AM, Ozpinar A, McCartney S, Burchiel KJ.
Trigeminal neuralgia without neurovascular compression
presents earlier than trigeminal neuralgia with neurovascular
compression. ] Neurosurg 2015;123(06):1519-1527

Magown P, Ko AL, Burchiel KJ. The spectrum of trigeminal
neuralgia without neurovascular compression. Neurosurgery
2019;85(03):E553-E559

Rath SA, Klein HJ, Richter H-P. Findings and long-term results of
subsequent operations after failed microvascular decompression
for trigeminal neuralgia. Neurosurgery 1996;39(05):933-938,
discussion 938-940

Bakker NA, Van DijkJM, Immenga S, Wagemakers M, Metzemaekers
JD. Repeat microvascular decompression for recurrent idiopathic
trigeminal neuralgia. ] Neurosurg 2014;121(04):936-939

Guo H, Song G, Wang X, Bao Y. Surgical treatment of trigeminal
neuralgia with no neurovascular compression: A retrospective
study and literature review. J Clin Neurosci 2018;58:42-48. Doi:
10.1016/j.jocn.2018.10.066

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.



THIEME

(0] 43\
ACCESS

@O®OS

Review Article | Artigo de Revisao

Cervical Cordotomy in Terminal Cancer: Pain
Relieving in Oncological Treatment

Cordotomia cervical em cancer terminal: Alivio da dor
em tratamento oncoloégico

Maria Clara Cardoso Seba'® Henrique Nicola Santo Antonio Bernardo'®
Natally Marques Santiago Sarturi?® Thania Gonzalez Rossi?® Newton Maciel de Oliveira>®
Paulo Henrique Pires de Aguiar'-24®

TFaculdade de Medicina do ABC, Santo André, SP, Brazil
2Divison of Neurosurgery, Hospital Santa Paula, Sao Paulo, SP, Brazil
3 Department of Histology, Pontificia Universidade Catélica de

S3do Paulo, Sorocaba, SP, Brazil

Address for correspondence Maria Clara Cardoso Seba, BA, Rua José
Abdo Marao, 3418, Votuporanga, Sao Paulo, 15501-031, Brazil
(e-mail: mariaclaracseba@hotmail.com).

4pontificia Universidade Catélica de Sdo Paulo, Sorocaba, Brazil

Arq Bras Neurocir 2021;40(1):71-77.

Abstract

Keywords

-

-

|

[ =

cordotomy
intractable pain
neoplasms
spinothalamic tracts

Resumo

Palavras-chave

|

[ =

L

\

cordotomia

dor intratavel
neoplasias
tratos
espinotalamicos

Introduction

Cordotomy consists in the discontinuation of the lateral spinothalamic tract (LST) in the
anterolateral quadrant of the spinal cord, which aims to reduce the transference of
nociceptive information in the dorsal horn of the gray matter of the spinal cord to the
somatosensory cortex. The main indication is for patients with terminal cancer that
have a low life expectancy. It improves the quality of life by relieving pain. The results
are promising and the pain relief rate varies between 69 and 100%. Generally speaking,
the complications are mostly temporary and not remarkable.

A cordotomia consiste na descontinuacdo do trato espinotalamico lateral (LST, na sigla
em inglés) no quadrante anterolateral da medula espinhal, que visa reduzir a trans-
feréncia de informagoes nociceptivas no corno dorsal da substancia cinzenta da medula
espinhal para o cértex somatossensorial. A principal indicacdao é para pacientes com
cancer terminal com baixa expectativa de vida. Esse procedimento melhora a qualidade
de vida, aliviando a dor. Os resultados sdao promissores e a taxa de alivio da dor varia
entre 69 e 100%. De um modo geral, as complicagdes sdo principalmente temporarias e
ndo sdo notaveis.

cord; this interruption normally occurs in the axon of
the second neuron of this pathway. It is based on physiological

Cordotomy is an interventional pain procedure used in the
management of intractable cancer pain. It consists in the
discontinuation of the anterolateral quadrant of the spinal

received DOI https://doi.org/
April 15, 2020 10.1055/s-0040-1718425.
accepted ISSN 0103-5355.

August 5, 2020
published online
November 26, 2020

principles of interruption of the lateral spinothalamic tract
(LST) by means of thermocoagulation, to reduce the transfer of
nociceptive information coming from the gray matter of the

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
This is an open access article published by Thieme under the terms of the
Creative Commons Attribution-NonDerivative-NonCommercial-License,
permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd[4.0/)

Thieme Revinter Publica¢oes Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

71



72

Cordotomy in Terminal Cancer Seba et al.

posterior horn of the spinal cord that would follow in direction
to the primary sensitive cortex (postcentral gyrus).“6

The surgery is performed with the patient awake and
sedated, under the effect of local anestesia.>’ Moreover, the
structure that serves as a spatial parameter for the procedure
site is the dented ligament of the spinal cord; the electrode
must be introduced before this structure, usually between C1
and C2.8 Over time, cordotomy has become one of the most
effective and reliable pain-relieving operation; nevertheless,
it is essentially an ideal condition. The percentage of pain
relief until death was high. Despite that, complications were
common.

Methods

The PubMed database was used for bibliographic survey
using cordotomy and terminal cancer as keywords. With
the articles found in PubMed, a selection was made according
to pain relief and complications. Therefore, articles that did
not have enough information to calculate results and com-
plications were excluded, so the articles that contained the
information mentioned above were included. From this
selection, the articles were organized in =Table 1 and the
results were obtained.

In addition, analyzing the literature, important historical
data were selected to assemble a timeline (~Fig. 1). =Fig. 2 is
a cross-sectional histological section provided by one of the
authors added to a schematic drawing of the spinal cord to
indicate the place of the procedure.

Historical Remarks

To organize and illustrate the important facts of the history of
cordotomy, ~Fig. 1 was made.

Surgical Approach

The techniques to apply cordotomy can be divided into two
major groups, which are open and percutaneous cordoto-

1889

1905 1910 1911 1963

Martin performed the first
anterolateral cordotomy for pain
treatment in humans.

Edinger identified the
lateral  spinothalamic
tract (LST) for the first
time.

mies. Each one has both advantages and disadvantages and
the main points will be covered in this topic.

First, percutaneous cordotomy is a powerful technique for
cancer pain management.’* It remains the most frequently
utilized neurosurgical procedure for the relief of cancer pain,
particularly for unilateral pain confined to the trunk or lower
limbs.%° This type of cordotomy uses radiofrequency lesions
to destroy this portion of the cord. In addition, it is done with
local anesthesia usually performed at the C1-C2 vertebrae
level and prior to producing the destructive lesion. A stimu-
lation can be done to assure that the painful area will be
covered by the cordotomy.26 The best indication is unilateral
pain below the shoulder in a patient with a life expectancy
of <1 year. The major contraindication to a percutaneous
cordotomy is pre-existing respiratory dysfunction on the
opposite side to the one to be rendered analgesic.?*

Second, open cordotomy involves cervical or thoracic
laminectomy and near complete section of the anterolateral
quadrant of the spinal cord, usually under general anesthe-
sia.2>2% This procedure is usually reserved for patients who
are unable to lie on the supine position or are not cooperative
enough to undergo a percutaneous procedure.?’

When these two techniques are brought up for comparison,
itis notable that percutaneous techniques are less invasive, but
open techniques remain viable options because some surgeons
lack the expertise and equipment required for percutaneous
procedures.28 Although the results from open cordotomy are
favorable, percutaneous cordotomy is less invasive and the
results are comparable.26 Therefore, percutaneous cordotomy
has largely supplanted the open surgical approach, which is
commonly employed even when predicted life expectancy is
limited to weeks or days. The percutaneous technique is
simple, safe, and effective, and is accompanied by minimal
surgical and psychological trauma.?®

Finally, these two great divisions of the technique are
used; however, the percutaneous technique is the most used
today. As for the other topics, cordotomy will be discussed
without dividing into these two subgroups discussed above.

1965 1966 1988 2007

Mullan began making
unipolar, anodal,
electrolytic lesions.

Kanpolat et al published the first
experience with computed
tomography visualization in a

ic pain procedure.

Spiller  observed  the cordotomy.

Mullan et al described
the cervical percutaneous

Lin and Gildenberg performed the
percutaneous method in the lower
cervical region by anterior

abolition of pain and heat
sensations in the
contralateral half body in a
patient with tuberculoma
based in the anterolateral
quadrant of the spinal cord.

approach.

Rosomoff described percutaneous
cervical
radiofrequency.

cordotomy using

Schiiller has performed a section at the
anterolateral quadrant of the spinal cord in
monkeys and called the procedure cordotomy,
and suggested the treatment for gastric pain
crises.

Fig. 1 Time line to illustrate the historical facts of cordotomy.®~23
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Fonoff and Teixeira demonstrated that
it is possible to explore the anterior
portion of the spinal cord through an
endoscope by the same tube as the
needle or by a second hole specific for
the endoscope between C1 and C2.
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Results

The results were obtained separately from the update table
and from a previously performed article review.

First, when the table is analyzed, there is a significant
improvement in pain, postoperative, in 89.1% (409/459) of
the patients. In addition, in most cases, a significant reduc-
tion in opioid dose was observed after the cordotomy.9'29‘36

On second analysis, in the literature review, similar results
are achieved: cordotomy results in immediate pain relief in
69 to 100% of the cases.® The surgery cannot be completed in
~ 5.4% of the cases. However, there was a reduction in the
health improvement from 92.2% to 62.5% during the follow-
up period, which was ~ 5 weeks.?3

When it comes to microendoscopy-guided percutaneous
cordotomy, Fonoff exposes that the double channel approach

Cordotomy in Terminal Cancer Seba et al.

presents better results than the single channel approach. The
double channel approach provides a better vision and conse-
quently a better security for the execution of the procedure.’

Several authors emphasize that cordotomy performed uni-
laterally presents better results than those performed
bilaterally.

Moreover, to achieve satisfactory pain relief, it may be
necessary to repeat percutaneous high cervical cordotomy,
which is well tolerated by the severely distressed and poor-
risk patient. Another detail that was commented is that if
cordotomy is performed in children, the surgeon should not
expect the same result as that of the one made in adults.>°

According to Kanpolat, in 2009, patients may be evaluated
in four groups postoperatively: Grade I - no pain; Grade II -
partial satisfactory pain relief; Grade IIl - partial non satis-
factory pain relief; Grade IV - no change in pain. Grades I and

Table 1 Table of articles for updating the literature review from the procedure of cordotomyg"z“"31
NAME AUTHORS YEAR| N RESULTS COMPLICATIONS
Open thoracic anterolateral | Dora Steel; Matthew 2017 | 2 children In the first child, bilateral No complications reported.
cordotomy for pain relief in | A. Kirkman; Dominic open cordotomy at the T-5 This procedure is an effective
children: report of 2 cases N. P. Thompson; Kris- and T-6 levels, via T3-6 lam- | treatment option for adults with
tian Aquilina inoplasty, was performed. intractable pain, but it has sel-
Postoperatively, there was dom been attempted in
immediate and significant children.
improvement in his pain. His
intrathecal analgesic treat-
ment was successfully dis-
continued. He remained at
home, where he died
12 weeks after the antero-
lateral cordotomy.
In the second child, a left
anterolateral cordotomy at
T-5. There was an immediate
reduction in his gluteal pain.
On review 36 months post-
operatively, analgesic medi-
cations have been
discontinued.
Microendoscopy-guided per- | Erich Talamoni Fonoff; | 2015 | 24 The microendoscopic dou- Two patients presented with
cutaneous cordotomy for in- | William Omar Contre- ble-channel approach pro- significant ataxia lasting for a
tractable pain: case series of | ras Lopez; Ywzhe vided real-time visualization | few weeks until total recovery.
24 patients Sifuentes Almeida de of the target in 91% of the
Oliveira; Manoel cases. The other 9% of pro-
Jacobsen Teixeira cedures were performed by
the single-channel tech-
nique. Significant analgesia
was achieved in > 90% of the
cases.
The Dying Art of Percutane- | Christopher R. Honey; | 2014 | 4 The pain relief following cor- | In this very small cohort of
ous Cordotomy in Canada Wendy Yeomans; dotomy is immediate and patients, there has been no
Albert Isaacs; C. Mi- care must be taken to ensure | major complications.
chael Honey appropriate opioid Patient 1: signs of depression.
reduction. Patient 3: symptoms of contin-
ued bleeding.
Patient 4: neck pain persisted.
Percutaneous cervical cor- Emma Bain; Heino 2013 | 45 Thirty-two patients experi- Adverse events after percuta-
dotomy for the menagement | Hugel; Manohar enced significant pain relief | neous cervical cordotomy in-
of pain from cancer: a pro- Sharma on day 2. At 28 days, 21 from | clude respiratory insufficiency,
spective review of 45 cases 34 patients followed-up headache, increase in pain, mir-
reported maximal and aver- | ror pain, dysaesthesia and mo-
age pain scores of zero. At tor weakness.
2 days postprocedure, 43 Headache was the most com-
patients stated it was mon problem observed in 20
worthwhile; at 28 days this patients.
number had decreased to 39. | Mirror pain was reported in 13
patients.
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cal cordotomy: 62
Bilateral percutane-
ous cervical cordot-
omy: 18

Total: 80

dotomy: 54 satisfied
patients; 6 partial and 2 no
pain relief.

Bilateral percutaneous cervi-
cal cordotomy: 9 satisfied
patients; 6 partial and 3 no
pain relief.
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Table 1 (Continued)
NAME AUTHORS YEAR | N RESULTS COMPLICATIONS
These complications didnt af-
fect the patients good recovery.
Percutaneous cervical cor- Jacquelyn Lewin; 2012 | 1 The pain relief was immedi- | The patient had a transient oc-
dotomy for non-cancer pain | Heino Hugel; Manohar ate and the patient died cipital headache following the
in a patient with terminal L. Sharma 11 months later with no re- | procedure.
esophageal carcinoma currence of the right-sided
pain.
Computed tomography- Yucel Kanpolat; Hasan | 2009 | 207 Immediately postoperative- [ The complications in the con-
guided percutaneous cor- Caglar Ugur; Murat ly: 92.5% patients reported | ventional cordotomy are greater
dotomy for intractable pain | Ayten; Atilla Halil pain relief. The initial success [ than in the computed tomogra-
in malignancy Elhan rate was slightly higherin the | phy-guided percutaneous cor-
malignancy group. In the dotomy. In the computed
cancer group, selective cor- | tomography-guided percutane-
dotomy was achieved in 83%. | ous cordotomy, the creation of
In 12 cases, bilateral selec large lesions with thick electro-
tive percutaneous cordot- des is a complication.
omy was successfully Complications: 5 cases (2.4%)
applied. with temporary slight motor
paralysis; 5 cases with tempo-
rary ataxia. In bilateral cordot-
omy, there were 3 cases (1.4%)
of temporary hypotension and 2
cases (0.9%) of temporary uri-
nary retention. The only per-
manent complication
postcordotomy in our series was
dysesthesia, seen in 4 cases
(1.9%).
Most complications after this
procedure are attributable to
bilateral lesioning of the ante-
romedial portion of the spinal
cord. There were no complica-
tions in the cases with intracta-
ble benign pain.
The present role of percuta- | Ben J. P. Crul; Laura M. | 2005 | 43 Immediately postoperative- | Only one patient had a perma-
neous cervical cordotomy for [ Blok; Jan van Egmond; ly: 41/43 (95%) patients nent partial loss of muscle
the treatment of cancer pain | Robert T. M. van reported a good result. Dur- | power in his ipsilateral lower
Dongen ing follow-up until death: limb. Common complications:
34/40 patients obtained mirror pain (7); muscle weak-
good pain control. In 4 ness (2); short lasting apnea (1);
patients, percutaneous cer- | bladder dysfunction (1). These
vical cordotomy had to be complications are mostly
repeated; 3 satisfied patients | transient.
and one was treated with
continuous intrathecal infu-
sion with morphine and
bupivacaine. In 3 patients,
percutaneous cervical cor-
dotomy was performed bi-
laterally with good results
and no complications.
Percutaneous cervical cor- M B Jackson; D 1999 | 53 It can be inferred that most | Two patients experienced trou-
dotomy for the control of pounder; C price; AW of the patients in this series | blesome dysesthesia following
pain in patients with pleural | Matthews; E Neville (83%) had a significant re- cervical cordotomy and persis-
mesothelioma duction in pain, and 20 of 52 | tent motor weakness was noted
(38%) were able to stop opi- | in four.
oid medication completely.
Safety of Unilateral and Bi- Michael Sanders; 1995 | Percutaneous cervi- | Percutaneous cervical cor- The permanent complications in

percutaneous cervical cordot-
omy were urinary retention in
6.5%, hemiparesis in 8.1%, mir-
ror-image pain in 6.5% and
Hornefs syndrome in 100%.
The permanents complications
in Bilateral percutaneous cervi-
cal cordotomy were urinary re-
tention in 11.1%, hemiparesis in
11.1%, mirror-image pain in
5.6% and Hornefs syndrome in
100%.
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Il were accepted as successful outcome and grades IIl and IV
as unsuccessful. The results were that 92% reported initial
pain relief (grades I-11).3’

In summary, cordotomy is an immediate analgesic effect
that can promptly and significantly improve quality of life
and reduce opioid use in this patient population.

=Table 1 shows these results according to each article
researched.>29-36

Discussion

Functional Anatomical Basis for the Procedure
Cordotomy is a procedure performed in the LST, which is
located in the anterolateral portion of the spinal cord as seen
in =Fig. 2. This tract carries information from pain and
temperature stimuli.*~®

The stimulus is captured by nociceptors and thermocep-
tors present in the skin. This will be transmitted to the first
order neuron that penetrates the spinal cord through the
posterior root of a spinal nerve, which is characterized by
having its body located in the sensory ganglion of that nerve.
When it penetrates the spinal cord through the posterior
horn, a synapse is performed with the second neuron in the
gray matter of the spinal cord itself, it is crisscrossed at the
height of the spinal cord through the anterior white com-
missure. The fibers of the second neuron go to the brainstem,
where they will follow as spinal lemniscus to the thalamus.
There, these axons synapse with the third neuron and this
will reach the somatosensory cortex located in the postcen-
tral gyrus of the parietal lobe.

Segmentation of fibers provides the opportunity for se-
lective cordotomy, given that anteromedial lesions dener-
vate the contralateral arm and upper chest region, whereas
posterolateral lesions denervate the sacral and lumbar area.*

According to =Fig. 2, cordotomy, which consists of the
interruption of the LST at the medullary level, is performed
by introducing a needle into the subarachnoid space between
C1 and C2, anteriorly to the dentate ligament.

POSTERIOR

. POSTERIOR

ANTERIOR

e T e

Fig. 2 Cross-sectional histological section and schematic drawing of
the spinal cord aiming to represent the local of cordotomy.
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Indications and Contraindications
Cordotomy can be performed safely and effectively with
careful patient selection, preparation and scrupulous atten-
tion to detail. The procedure is indicated for pain treatment
originated by cancer that unilaterally attacks distal seg-
ments, that is, candidates for cordotomy are patients with
lateral somatic cancer pain and compression of the plexus,
roots or nerves.?>38

The best candidates for computed tomography (CT)-guid-
ed percutaneous cordotomy are those with unilateral local-
ized pain. In bilateral cordotomy, the best candidates are
patients with intractable pain localized in the lower part of
the body.®137

In the literature, cases report that cordotomy can be made in
patients that passed a long period in morphine therapy and
have short life expectancy.3®~*' Other authors support that the
procedure presents better results in patients with life expec-
tancy > 6 months and have not initiated morphine therapy.42

Patients with severe pulmonary dysfunction (partial oxy-
gen saturation < 80%) are not suitable candidates for cordo-
tomy. Also, patients with neck metastasis could be a
contraindication for needle puncture if the compromised
area is involved.#>~44

Complications

As observed in =Table 1, the most frequent complications
are: Hornets syndrome, urinary retention, arterial hypoten-
sion, sensorial ataxy, hypotony and ipsilateral hemiparesis.
Right after the surgery, headache is common. Other com-
plications are less frequent, such as: motor and sphincter or
sexual deficits (< 10% of the cases), respiratory disfunction
and sleep apnea (Ondinés Syndrome). It is observed that this
last one is most common when the procedure is performed
bilaterally or when analgesia is related to the brachial
dermatomes. Most of the complications are temporary and
not remarkable.?2%-36

Lahuerta observed that complications usually occurred
when the lesion of cordotomy had an extension of > 20% of
the spinal cord.*

When the procedure is performed unilaterally, occasionally
contralateral pain from the original pain (mirror pain) can be
manifested. When analyzed, bilateral cordotomy is not recom-
mended for upper trunk pain because of the risk of respiratory
complications.** Furthermore, cervical cordotomy should be
avoided in patients with respiratory insufficiency.

Finally, to avoid other complications, the surgeon must
remember not to stop morphine therapy suddenly. The
conduct is to reduce their dosages progressively and discon-
tinue morphine use over time.

Conclusions

Cordotomy provides excellent pain relief in the contralateral
hemibody. Cordotomy should be included in the patient care
pathway of those suffering from severe unilateral pain that
has failed to respond to medication therapy. However, cor-
dotomy performed in children is not as suitable and safe as in
adults.
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Cordotomy consists in the discontinuation of the spino-

thalamic tract in the anterolateral quadrant of the spinal
cord.

The outcome is promising, achieving immediate pain

relief in 69 to 100% of the cases, and mainly temporary or
not remarkable complications.

Edinger, Spiller and Rosomoff are some of the researches

committed with the development of cordotomy. Also, the
work of Fonoff with microendoscopy provides the possibility
of a safer procedure.

In summary, cordotomy has become the most effective

and reliable pain-relieving operation. Operative intervention
isindicated in the management of pain when the cause defies
more direct treatment and when the severity of the pain
justifies the operative procedure.

Note
Work developed at: Faculdade de Medicina do ABC
(FMABC).
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Abstract Introduction The precise identification of anatomical structures and lesions in the
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brain is the main objective of neuronavigation systems. Brain shift, displacement of the
brain after opening the cisterns and draining cerebrospinal fluid, is one of the
limitations of such systems.

Objective To describe a simple method to avoid brain shift in craniotomies for
subcortical lesions.

Method We used the surgical technique hereby described in five patients with
subcortical neoplasms. We performed the neuronavigation-guided craniotomies
with the conventional technique. After opening the dura and exposing the cortical
surface, we placed two or three arachnoid anchoring sutures to the dura mater, close to
the edges of the exposed cortical surface. We placed these anchoring sutures under
microscopy, using a 6-0 mononylon wire. With this technique, the cortex surface was
kept close to the dura mater, minimizing its displacement during the approach to the
subcortical lesion. In these five cases we operated, the cortical surface remained close
to the dura, anchored by the arachnoid sutures. All the lesions were located with a good
correlation between the handpiece tip inserted in the desired brain area and the display
on the navigation system.

Conclusion Arachnoid anchoring sutures to the dura mater on the edges of the cortex
area exposed by craniotomy constitute a simple method to minimize brain displace-
ment (brain-shift) in craniotomies for subcortical injuries, optimizing the use of the
neuronavigation system.

Introducao A identificacdo precisa de estruturas anatomicas e lesdes no cérebro é o
principal objetivo dos sistemas de neuronavegacdo. Brain shift, deslocamento do
cérebro ap6s abertura das cisternas e drenagem de liquor, é uma das limitacoes do
método.
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Objetivo Descrever um método simples para se evitar brain shift nas craniotomias
para lesoes subcorticais.

Método A técnica cirtrgica descrita foi utilizada em cinco casos de pacientes
portadores de neoplasias subcorticais. As craniotomias guiadas por neuronavegacao
foram realizadas com a técnica habitual. Apos abertura da dura-mater e exposicdo da
superficie cortical, dois ou trés pontos de ancoramento da membrana aracnoide foram
realizados na dura-mater, junto as bordas da superficie cortical exposta. Estes pontos
de ancoramento foram feitos sob microscopia utilizando-se mononylon 6-0. Com esta
técnica, a superficie do cortex era mantida junto a dura-mater, minimizando seu
deslocamento durante a abordagem da lesdo subcortical. Nos cinco casos em que a
técnica foi utilizada, a superficie cortical permaneceu préxima a dura-mater, ancorada
pelas suturas da aracnoide. Todas as lesoes foram localizadas com boa correlacdo entre
a ponteira inserida na area cerebral desejada e o registro do sistema de navegacao.
Conclusao Suturas de ancoramento da aracnoide na dura-mater junto as bordas da
area de cortex exposta pela craniotomia constituem método simples para minimizar o
deslocamento do cérebro (brain-shift) nas craniotomias para lesdes subcorticais,
otimizando a utilizacdo do sistema de neuronavegacao.

Introduction

Neuronavigation is a technology recently added to neuro-
surgical procedures for planning craniotomies and real-time
pinpointing of intracranial lesions and their relationship
with anatomical structures. The available systems use mag-
netic resonance imaging (MRI) or computed tomography
(CT)-scan images taken before the procedure.1 For subcorti-
cal lesions, such references may become inaccurate because
of brain displacement caused by gravity and cerebrospinal
fluid (CSF) drainage. This phenomenon, brain shift, may
cause the surgeon to err, which is one of the limitations of
this method. The present study aimed at describing a simple
method to minimize the effects of brain shift in approaches
to subcortical lesions, providing the surgeon with greater
safety and confidence in the use of neuronavigation.

Method

We used the technique hereby described to operate five
patients with subcortical neoplasms. We performed the
craniotomy according to planning, aided by neuronavigation.
We used two neuronavigator models (Medtronic, Minneap-
olis, Minnesota, USA; BrainLab, Munich, Germany), in which
the record is obtained by correlating landmarks on the
patient’s skin and skull, and we used a handpiece tip to
obtain the point-to-point correspondence. Neuronavigation
was initially used to plan the extension of the craniotomy,
keeping the subcortical lesion as the central target. After
removing the bone flap, we anchored the dura to the bone,
using the conventional technique. We then used neuronavi-
gation to plan the dura mater opening around the projection
of the lesion. After exposing the cortical surface and before
opening the arachnoid over the area chosen for corticectomy,
we anchored the arachnoid to the dura, close to the edges of
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the exposed area, using 2 or 3 6-0 mononylon sutures under
microscopy (=Fig. 1). Next, we used neuronavigation on the
surface to identify the ideal point for corticectomy and the
trajectory to address the subcortical lesion. Then, we opened
the arachnoid at the point chosen for corticectomy. We
checked the trajectory of the approach in real time using
neuronavigation, until we reached the subcortical lesion.
Throughout the five cases in which we used this approach,
the cortical surface remained close to the dura mater,
anchored by the arachnoid sutures. All the lesions were
located bearing a good correlation between the handpiece
tip inserted in the desired brain area and what the navigation
system displayed.

Discussion

Neuronavigation is a technology already incorporated in
most neurosurgery services. It assists the surgeon in plan-
ning craniotomies and in the precise location of deep lesions
and their relationship with anatomical landmarks. It is also
useful in providing maximum safety in lesion resections.

Neuronavigation uses the same principles as stereotaxis,
based on the Cartesian coordinate system. Any point in the
brain can be reached by measuring the lesion to be
addressed in the horizontal, frontal and sagittal planes.
The neuronavigation system provides precise surgical guid-
ance, paralleling the measurements obtained with MRI or
CT scan data from the patient. This reconstruction is dis-
played on a computer workstation console, placed next to
the surgical field. Thus, the resonance images displayed on
the screen become maps, correlating points on the scanned
image with corresponding locations within the brain in real
time.

In subcortical lesions, the neuronavigation system assists
in choosing the corticectomy location, in planning and

Vol. 40 No. 1/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 1 Frontoparietal craniotomy. The suction tip points to the
arachnoid anchorage suture to the dura-mater, close to the craniot-
omy edge.

executing the trajectory and, finally, in the precise location of
the lesion.

However, the method has limitations. The navigation sys-
tem handpiece tip used by the surgeon at a certain point in
the brain correlates with MRI or CT images obtained prior to
the surgical procedure. However, during the surgical proce-
dure, the brain moves, either because of gravity or due to
relaxation caused by the drainage of CSF (brain shift). Regular
systems do not automatically correct for this brain shift and,
therefore, the target to be reached. This displacement causes
anerror in the correlation between the structure shown on the
console display and the exact brain region pointed out by the
surgeon, making the navigation method inaccurate.

The error caused by brain shift is progressive and depends
on several other factors such as head position, cerebral
edema, bleeding, use of brain retractors, removal of the
lesion and the effects of anesthetic drugs, diuretics or me-
chanical ventilation.

This correlation accuracy between the neuronavigation and
the target structures was studied by Zinreich et al inareplica of
the skull made of plastic, and subsequently in three patients.
In the model, the average error between the image and the
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actual location was between 1 and 2 mm. In surgical cases, the
display error between the point shown on the system display
and the true anatomical location varied from 0.3 to 2.2 mm.

The error caused by the brain shift was estimated by
Golfinos et al®> as being < 2mm in 92% of the navigation
systems using MRI images, and in 82% when CT scans were
used. However, over time, the method becomes even more
inaccurate. Errors < 2mm can be found in 77% of cases using
MRI and in 62% with CT scan images.

There are several technological solutions to correct the
brain shift effects, updating the data obtained in real time.
Among them are the electromagnetic systems and those
based on ultrasound. However, these systems are not widely
available.*

The accuracy of neuronavigation systems can be increased
by using intraoperative MRI images, which provide real-time
data, assessing the effects of brain shift during surgery and
documenting residual lesions.

Nimsky et al used intraoperative MRI to quantify and
correct brain shift.” There was great variability in measure-
ments, reaching 24mm of cortical surface shifting
and > 3 mm in the margins of deep lesions. Of the 64 study
participants, intraoperative MRI scans were performed using
a 0.2-T device, with an open setup, to correct and update
navigation data.

In another study,® Nimsky et al described the use of a
microscope integrated with the MRI machine in the operat-
ing room. The patients were placed on the MRI machine table
with their heads fixed at ~ 1.5 m from the center of the
magnetic field by a head support made of compatible
ceramics. For the acquisition of intraoperative images, the
table was slid to the center of the resonance in < 30 seconds,
enhancing the acquisition of intraoperative images to correct
for the brain shift.

Brain shifting can be quite distinct according to the brain
region of interest. Furthermore, it is a dynamic process.
Nabavi et al developed a software (3D Slicer) that makes a
quantitative analysis of the degree and direction of the brain
shift.” For this, they used a 0.5 T MRI device, vertically open,
which enables the acquisition of multiple intraoperative
images without the need to move the patient. With this
method, they managed to optimize image acquisition for
computational analysis of brain deformations during the
surgical procedure.

Marreiros et al assessed a method for measuring and
compensating for brain shift in an experimental study in
rabbits.® For this, they used superficial blood vessels as
reference points. The vessels were displayed by means of
infrared cameras aligned with the central point of the vessels
seen in the preoperative magnetic resonance angiogram.
There was a good correlation between the volume shift
seen in the system and the real state of the brain, with ~
4 mm displacements.

Following the same rationale, Jiang et al proposed a method
to compensate for the brain shift that integrates vessel and
groove sightings, using a phase-change three-dimensional (3D)
measurement, which provides direct 2D image pixels and their
corresponding 3D points.” The brain surface measurements

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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were tracked noninvasively in five pig brains, assessing the
shifting caused by gravity or by direct compression.

Sun H et al developed a method capable of estimating the
three-dimensional shape of the brain surface in real time.'°
They compared the shape with the cortical surface prereg-
istered in the MRI. Cortical displacement was used to guide
the whole brain model by updating the volumes obtained by
preoperative MRI imaging. According to the authors, the
accuracy of this system was ~ 1mm.

In a two-part experimental study, Reinertsen et al com-
pared the brain shift correction from intraoperative ultra-
sound images and preoperative MRL'" In the first part, they
tested the technique using realistic simulation, comparing
the results with previously measured brain shifts. In
the second part of the study, they obtained MRI and ultra-
sound images from a pva-cryogel phantom model for three
different deformations. On average, deformations of a
7.5 mm magnitude were corrected to 1.6 mm by the ultra-
sound recording, and to 1.07 mm using the MRI data.

The methods described to compensate for the effects of
brain shift are sophisticated and are not available in most
services.

Our arachnoid anchoring method, hereby described, is
simple and easy to perform. The arachnoid anchorage
sutures keep the cortical surface closer to the dura mater,
decreasing the cortical surface displacement caused by
gravity and CSF drainage. It can be used to approach subcor-
tical lesions, minimizing the effects of brain shift vis-a-vis
the location of the lesion. Its great merit is to facilitate the
location of the lesion, avoiding errors in trajectory and
distance from the surface caused by the brain shift. It does
not prevent the effects of brain dislocation caused by the
progressive exeresis of the lesion; thus, it is not useful for
assessing the degree of lesion resection.

Conclusion

Arachnoid anchorage sutures to the dura near the edges of
the cortex area exposed by the craniotomy constitute a
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simple method to minimize brain displacement (brain-shift)
in craniotomies for subcortical lesions, optimizing the usage
of the neuronavigation system.
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Abstract Introduction The endoscopic endonasal transsphenoidal approach (EETA) is routinely
used to treat sellar and suprasellar tumors. It provides safe and direct access to tumors
in these locations, with wide visualization of anatomical landmarks and great surgical
results. With the COVID-19 pandemic, despite the high risk of transmission involved,
various surgical procedures cannot be postponed due to their emergency.

Case Report A 62-year-old female presented in the previous two months with
headaches, followed by bilateral severe visual loss. In 2016, she was submitted to
subtotal resection of a non-secretory macroadenoma. Because of the progressive visual
deficits, the EETA was used to the resect the pituitary adenoma.

Technical Note We developed a low-cost adaptation to the surgical fields, covering
the patient’s head and superior trunk with a reqular surgical microscope bag with a tiny

Keywords slit to enable the endoscope and surgical instruments to enter the nose, thus
= endoscopic protecting the personnel in the operating room from the aerosolization of particles.
= endonasal This makes surgery safer for the surgical team and for the patient.
= transsphenoidal Conclusion Inview of the lack of literature on this subject, except for some reports of
= skull base experiences from some services around the world, we describe the way we have
= neurosurgery adjusted the EETA in the context of the COVID-19 pandemic.

Introduction The endoscopic endonasal transsphenoidal approach

(EETA) is routinely used to treat sellar and suprasellar
Currently, the COVID-19 pandemic is the most discussed tumors. It provides safe and direct access to tumors in
topic worldwide. It has rapidly spread at an exponential rate,  these locations, with wide visualization of anatomical
significantly affecting our practice as healthcare professio- landmarks and great surgical results. Besides, it obviates
nals and producing a huge global socioeconomic impact."  brain retraction and provides a quicker recovery of the
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Fig. 1 Preoperative imaging studies. (A) Coronal preoperative magnetic resonance imaging (MRI) scan indicating a well-defined mass lesion in
the sellar region with suprasellar extension, measuring 25 x 18 x 20 mm, and compressing the optic chiasm. (B) Sagittal reconstruction of a
head MRI showing suprasellar extension and compression of the optic chiasm.

visual-field defects due to minimal manipulation of the
optic apparatus.

Potential concerns during the EETA exist regarding the
aerosolization of viral particles, which could theoretically
spread throughout the operating room due to aggressive
disruption of mucosa and the use of the drill and electrosurgi-
cal devices.*

We report the experience of performing an EETA in one
case in our center during the COVID-19 pandemic.

Case Report

A 62-year-old female presented with headaches two months
before hospital admission, followed by progressive bilateral

severe visual loss. A campimetry examination detected
blindness in the left eye and hemianopia in the right eye
(=Fig. 1). The pituitary hormonal panel was normal. In 2016,
the patient underwent subtotal resection of a nonsecretory
macroadenoma through EETA.

A magnetic resonance imaging scan showed a well-delin-
eated, dumbbell-shaped, sellar lesion with suprasellar ex-
tension and contrast enhancement, stretching the optic
chiasm and optic nerve, measuring 25 mm craniocaudally,
18 mm anteroposteriorly and 20 mm transversely. (~Fig. 2)

Because of the progressive visual loss, the EETA with
pituitary adenoma resection was performed.

Before the surgery, the patient was tested for COVID-19
following the protocol of our institution.

Fig. 2 Threshold plots of the Humphrey field analyser demonstrating (A) hemianopia in the right eye, and (B) loss of vision in the left eye.
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Fig. 3 Patient positioning in the surgical table: (A) with the metal arch above the head; (B,C) with the surgical fields in place before and after
insertion of the microscope bag. (D) Photograph showing the layout of the room during the surgical procedure, and the use of personal

protective equipment (PPE) by the surgical team.

Technical Note

Only essential personnel entered the operating room (OR),
including two neurosurgeons, two anesthesiologists, one
scrub nurse and one running nurse. All surgical and anes-
thetic teams used personal protective equipment (PPE),
which included: tight-fitting N95/PFF-2 mask, 1 surgical
mask over it, face shield, and standard sterile surgical gloves
and gown, as recommended by our local infectious disease
control team. During the intubation and extubation proce-
dures, only the anesthesiologists were present in the OR. The
running nurse stayed outside the OR, but right by entrance,
with emergency supplies that might be necessary readily
available.

We developed a low-cost adaptation to the surgical
fields, using a setup with a regular surgical microscope
bag sealed with sterile adhesive drapes around the head and
superior trunk of the patient, with only a tiny slit on it to
enable the insertion of the endoscope and surgical instru-
ments through the nose. To support the microscope bag like
a tent, a metal arch, normally used around the head to
collect blood, was positioned over the head. This arrange-
ment was designed to protect the OR personnel from
aerosolized particles (~Fig. 3).

Under general anesthesia, the patient was positioned in a
supine position with the trunk elevated 30°. The head, fixed
with the 3-pin Mayfield head holder, was tilted back 20° and
rotated 25° toward the right shoulder. Neuronavigation was
used, following institutional protocol. The neurosurgeon was
positioned on the right side of the patient. Additionally,
during maneuvers that could increase aerosolization, such
as using the high speed drill, we performed generous irriga-
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Fig.4 (A)Axial and (B) coronal postoperative computed tomography
(CT) scans showing total resection of the lesion.

tion with saline and blocked the entry site of the endoscope
and suction tube on the microscope bag, avoiding aerosol-
ized particles from spreading to the OR (~Fig. 3).

A postoperative computed tomography scan showed
complete resection of the tumor, with decompression of
the optic nerve and chiasma (~Fig. 4). The patient was
discharged four days postoperatively with subjective im-
provement of the visual field and acuity.

Discussion

Developing safety protocols for EETA during the COVID-19
pandemic is an evolving topic. Emerging data demonstrate
that the EETA is currently a high-risk procedure, due to the
high viral load and replication within the nasal cavities. As an
aerosol-generating procedure, it can promote nosocomial
viral transmission.” High rates of infection due to viral charge
have been reported in upper-airway procedures, including
an outbreak among fourteen medical staff that were

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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confirmed infected after an EETA.® There are few papers
discussing this subject, and most of them are case reports.*®

Currently, the care for neurosurgical patients presents
numerous challenges regarding not only the safety of the
patient and of the community, but also that of physicians
and OR personnel. This means that, to save resources and to
avoid unnecessary exposure, there is a need to postpone all
elective interventions. When that is not possible, even devia-
tions from the standard EETA to transcranial approaches can
be justified, in light of the present extraordinary circumstan-
ces. These decisions, however, are likely to be highly patient-,
surgeon- and institution-specific. Urgent procedures, like the
one herein described, cannot be delayed, and surgeons must
provide the best available care to their patients, even with the
risk of exposure to COVID-19.%7

It has become clear that physicians of all specialties need to
change the way they work, mainly those who deal with the
nasal cavities, nasopharynx and oropharynx. Even asymptom-
atic patients have exhibited high viral loads at these sites.?
We believe that the strategy performed in the present case is a
feasible and cheap way to keep EETA in the surgical repertoire
for sellar and suprasellar surgery, since microscope bags are
available in many neurosurgical departments around the
world, even in developing countries like Brazil.

Conclusion

The concerns regarding the potential spread of COVID-19
during EETAs remain high, even in asymptomatic patients or
in those with negative tests, because of the possibility of false-
negative results. Because endonasal surgery creates clouds of
droplets and aerosols which may permeate the OR,'*1 we
recommend that all patients be tested preoperatively for
COVID-19, and the use of PPE for all personnel in the surgical
theater. Local guidelines are warranted. The strategy herein
described can be an important adjunct to these guidelines.

Ethics Committee for Research Protocols

The protocol was approved by the local institutional
Review Board (Ethics Committee for Research Protocols
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Paragangliomas are rare, benign and slow-growing neuroendocrine tumors that can
arise from the adrenal medulla (85-90%) or from the extra-adrenal paraganglia.

In the central nervous system (CNS), they can be found at several sites, but more often
at the cauda equina and filum terminale region, where they account for between 2.5 and
3.8% of total tumor cases of that region. There are only 8 cases described in the
literature that mention the presence of the gangliocytic variant of this entity at the
filum terminale.

We present the case of a 41-year-old man with chronic lumbar pain refractory to
medical treatment, without any associated neurological deficits. Magnetic resonance
imaging (MRI) revealed an intradural, extramedullar oval lesion with reqular contours
and homogeneous caption of contrast at L1 level.

He was submitted to surgical treatment, with complete resection of the lesion. The
histological analysis revealed a gangliocytic paraganglioma of the filum terminale. At
5 years of follow-up, he remains asymptomatic and without any signs of relapse.
These are lesions with an overall good prognosis with gross total resection. Although
the recurrence rate is extremely low, prolonged observation is recommended due to
the slow-growing nature of the tumor, being estimated that between 1 and 4% can
recur even after gross total removal.

Os paragangliomas sdao tumores neuroenddcrinos raros, benignos e de crescimento
lento, que podem ter origem na medula adrenal (85-90%) ou nos paraganglia extra-
adrenais.

Podem ser encontrados em diversas localizagdes no sistema nervoso central (SNC),
mas mais frequentemente a nivel da cauda equina ou no filum terminale, onde
correspondem a entre 2,5 e 3,8% do nimero total de tumores dessa regido. Existem
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apenas 8 casos descritos na literatura que descrevem a presenca da variante ganglio-
citica desta entidade no filum terminale.

Apresentamos o caso de um homem com 41 anos de idade com dor lombar cronica
refratdria ao tratamento médico, sem qualquer déficit neurolégico associado. A
ressondncia magnética (RM) demonstrou uma lesao oval intradural e extramedular,
de contornos regulares, com captacao homogénea de contraste localizada ao nivel de
L1.

O paciente foi submetido a intervencdo cirlrgica, tendo sido feita uma ressecao
completa da lesdo. A analise histologica revelou um paraganglioma gangliocitico do
filum terminale. Aos 5 anos de seguimento, o paciente permanece assintomatico e sem
sinais de recidiva.

Estas sdo lesbes com um bom prognéstico apés uma remo¢ao macroscopicamente
total. Embora a taxa de recidiva seja muito baixa, a vigilancia prolongada é recomen-
dada devido ao crescimento lento destes tumores, sendo estimado que entre 1 e 4%

» dor lombar

Introduction

Paragangliomas are rare, benign and slow-growing neuroen-
docrine tumors that can arise from the adrenal medulla (85-
90%) or from the extra-adrenal paraganglia.! They derive from
the migration of neural crest cells that constitute the sympa-
thetic and parasympathetic nervous system (CNS).2 Sympa-
thetic paragangliomas are usually secretory and produce
catecholamines, while parasympathetic paragangliomas
tend to be nonsecretory.

Extra-adrenal paragangliomas can arise anywhere in the
sympathetic and parasympathetic chain of ganglia,1 and
occur commonly (~ 90%3) in the neck and head region
(mainly from the carotid bodies or glomus jugular(-:*4 - pre-
dominantly of parasympathetic nature'). In the CNS, they
can be found at several sites such as the sella turcica, the
cavernous sinus, the pineal gland, the pituitary gland, the
cerebellopontine angle and the petrous ridge,” but more
often at the cauda equina and filum terminale region,® where
they account for between 2.5 and 3.8% of the total tumor
cases of that region.” The mean age of presentation is around
between 40 and 60 years old with a slight male
predominance.’

They are histologically characterized by an arrangement
of chief cells with an abundance of neurosecretory granules,
placed in lobules surrounded by sustentacular cells,' desig-
nated as a Zellballen pattern.

Extra-adrenal paragangliomas may develop a gangliocytic
component (gangliocytic paragangliomas), which consist of
ganglion cell components in addition to the sustentacular
cells.! The diagnosis is confirmed with immunohistochemi-
cal staining of the specimens.1

The combination of their location at the filum
terminale with the gangliocytic histological variant cre-
ates an extremely rare entity, with only 8 cases
described in the literature until now, including the pres-
ent one.
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podem recidivar mesmo apds uma remocao total.

Case Description

We present a case of a 41-year-old man with recurrent
episodes of low back pain irradiating to his lower limbs,
with increasing frequency and intensity associated with a
sensation of tingling in his legs, with nearly 1 year of
evolution. At the physical examination, there was no evi-
dence of bowel or bladder incontinence, sensitive or motor
deficits or gait disturbances.

Magnetic resonance imaging (MRI) revealed a well-circum-
scribed, oval shaped, intradural extramedullar expansive le-
sion with ~ 1,6 x 1,2 cm of diameter. It revealed isointense at
T1-weighted images, and slightly heterogeneous at T2-weight-
ed images with a discrete hyperintense core. After gadolinium
administration, an intense and homogenous enhancement

Fig. 1 Magnetic resonance imaging features an oval intradural lesion at L1
level: (a) T2-weighted showing an isointense, slightly heterogeneous well-
circumscribed lesion at L1 with a discrete hyperintense core. (b) T1-
weighted with gadolinium enhancement showing homogenous contrast-
enhancement and a small serpentine upper pole vessel (blue arrow).
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Fig. 2 Hematoxylin and eosin 40x amplification: Typical nested
arrangement of cells in a Zellballen pattern (blue arrow), showing
trabeculae and cords of cells within a fibrovascular stroma.

Fig. 3 Hematoxylin and eosin 400x amplification: Chief cells with a
big cytoplasm area with an abundance of neurosecretory granules.

Fig.4 Cromogranine A positive stain 200x amplification demarcating
the cytoplasm of ganglion cells. The reticular organization can be
seen.

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021

Fig. 5 Synaptophysin stain positive (brown) with 200x amplification.

was noted, as shown in =Fig. 1b, where a small serpentine-like
vessel can be observed on the upper pole of the tumor.

The patient was submitted to surgery, being performed a
laminectomy of L1 and a microsurgical complete resection of
the tumor. The lesion was an exophytic encapsulated intra-
dural mass that distorted and expanded the nerve roots but
was not attached to them. The filum terminale was easily
identified by its distinct appearance and verified by neuro-
stimulation. The tumor was undetachable from it, being
needed its careful sectioning. There was no need for dural
repair since the surgery was uneventful.

The patient referred an immediate relief of the paresthe-
sias and lower limb pain in the postoperative period. As
seems to be the rule for paragangliomas of this location,
there was no clinical sign of any associated catecholamine
release syndrome.*

The histologic analysis of the lesion revealed an arrange-
ment of chief cells with an abundance of neurosecretory
granules, organized in lobules surrounded by sustentacular
cells,’ forming a Zellballen pattern, typical of paraganglio-
mas - =Figs. 2 and 3. Additionally, immunopositivity for
neuroendocrine markers — chromogranin A (~Fig. 4) and
synaptophysin (=Fig. 5) — supported this histological diag-
nosis. The presence of ganglion cell components in addition
to the sustentacular cells confirmed the diagnosis of a
gangliocytic paraganglioma.

At 5 years postoperatively, the patient remains asymp-
tomatic, maintaining imagiological surveillance without any
signs of relapse.

Discussion

Paragangliomas are solid, well-encapsulated, highly vascu-
lar, slow-growing neuroendocrine tumors arising from spe-
cialized neural crest cells.”

The first case of a paraganglioma of the cauda equina
region was published in 1970, even though the authors
initially defined the lesion as a “secretory ependymoma”;
so, the first authors to precisely define this tumor were
Lerman et al in 1972.>'? Since then, ~ 220 cases have
been reported.> However, only 8 cases with gangliocytic
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Table 1 Described cases in the literature of gangliocytic paragangliomas of cauda equine/filum terminale from the most recent to

the first one described

Reported cases Clinical Findings Location Degree of resection
in literature

Current case Low back pain and sciatica; No neurological deficits L1 Total gross resection
Akbik et al' Temporary urinary incontinence, perineal paresthesias S1-S2 Total gross resection
Vural et al’ Low back pain, sciatica L4 Total gross resection
Llena et al® Low back pain, LE weakness L1 Total gross resection

Matschke et al® Low back pain

Cauda equina Total gross resection

Djindjian et al* Low back pain, sudden paraplegia following L2-L5 Total gross resection
sacral infiltration of medication

Mishra et al® Unknown Unknown

Moran et al'? Unknown Unknown

variations have been reported, including the present one, as
summarized in =Table 1.

Clinical Features

Spinal paragangliomas usually manifest with nonspecific
symptoms.'" Low back pain with or without radiculopathy
is the most common presentation (50%) and motor or sensory
deficits can be present in < 10% of the patients.” Bowel or
bladder incontinence is quite rare (3%) though some authors
reported a higher frequency of sphincter and genital distur-
bance, compared with other tumors of this region.” Despite
their neuroendocrine origin, they rarely have functional hor-
monal activity or manifestations.> However, there are some
cases of paragangliomas with functional hormonal activity
that can induce perioperative vital instability.3

No significant correlation was observed between the
duration of symptoms and tumor dimension.” In the litera-
ture, there are only two described cases of an acute flaccid
paraparesis/cauda equine syndrome secondary to an intra-
tumoral hemorrhage.”

These lesions are commonly encountered at the 4™ and
5% decades of life, with a male predominance, and they are
sporadic neoplasms,” although ~ 1% of cases are autosomal
dominant.?

Paragangliomas are most worrisome when located in the
head and neck region because of their ability to infiltrate
cranial nerves in this area.' Paragangliomas in the cauda
equina are similar in nature, but generally are well-demar-
cated intradural or extradural masses that do not infiltrate
the spinal cord, soft tissues, or adjacent bone structures.'

The literature reports an extremely low recurrence rate,
sometimes occurring 9 years after surgery,' and it is esti-
mated that between 1 and 4% can recur following gross total
removal.” This supports the need for prolonged observation
due to the slow growing nature of the tumor. With subtotal
resection, 10% of cauda equina paragangliomas will recur
1 year following surgery, which is why radiotherapy is
recommended after a subtotal resection.’

Because of their benign natural history, observation can
be a reasonable option in asymptomatic cases, and an
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overall good prognosis with gross total resection can be
expected. However, close clinical follow-up is needed both
to rule our more aggressive lesions and due to the potential
for growth.'

Imagiological Features

Magnetic resonance imaging is the gold standard radio-
logical exam for the diagnosis and follow-up of paraganglio-
mas of the cauda equina or of the filum terminale.” They may
appear as hypo- to isointense on T1-weighted images, hy-
perintense on T2-weighted images, and vividly enhancing on
contrasted studies.’

These spinal tumors have no pathognomonic features, and
other tumors of the cauda equina, including meningioma,
schwannoma, and myxopapillary ependymoma, can have
similar imaging profiles making histologic examination
key to diagnosis.’

Paragangliomas are vascular tumors, and the identifica-
tion of features reflecting this quality is crucial.® On T2-
weighted sequences, intra and peritumoral flow-voids and a
salt and pepper appearance may indicate hypervascularity.®
In addition, hypointense tumor margins on T2-weighted
sequences suggesting paramagnetic effects from hemosid-
erin may also be seen. A “polar sign” has been described in
T1 contrast enhanced and T2 images, representing subacute
to chronic intratumoral hemorrhages within the lesions
superior and inferior poles.®

Given enough time, erosion of the adjacent boney
structures secondary to chronic bone compression can be
seen on plain X-rays or even MRI imaging.'

Histological Features

Paraganglionic and neural crest cells have a common origin,
and during embryogenesis, they migrate along the neural
tube.” Paragangliomas result from dysfunction of embryonic
paraganglia cell migration or nonregression.”

The diagnosis of paragangliomas and the definition of
their subtype is always made postoperatively from the
histological study of the tumor.*

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Paragangliomas are comprised of two cell types: chief
cells and spindle shaped sustentacular cells, which are
classically described as having a “Zellballen” or nesting
pattern.’ In this case, neurofilament staining in spindle cells
is present along with ganglion cells confirming a gangliocytic
variation of a paraganglioma.’

Conclusion

Being slow-growing tumors, paragangliomas do not usually
present with characteristic clinical findings. Their imaging is
inconclusive, with multiple differential diagnoses. The final
diagnosis can only be made with resource to the histological
examination of the lesion. Given their benign, slow-growing,
noninfiltrative nature, prognosis is very good after total
surgical resection, with a low estimated recurrence (4%).
The insertion of the tumor on the filum terminale makes the
surgical resection easier after the section of the filum, which
guarantees a cure. However, there are reported cases of
recurrence many years after surgical resection, supporting
the need for a prolonged imagiological and clinical follow-up.
When total resection isn’t possible, adjuvant treatment with
radiotherapy is recommended.
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Schwannomas are the fourth most common primary neoplasms affecting the brain and
cranial nerves. Central lesions commonly arise from sensory nerve roots, and a
common intracranial site is the vestibular branch of the 8" nerve (>85%). We present
the case report of a patient who has a schwannoma extending from the pterygopa-
latine fossa to the orbit, complaining about facial pain in the trajectory of the trigeminal
ophthalmic branch. Schwannomas represent 1 to 2% of all neoplasms of the orbit, and
trigeminal schwannomas are extremely rare, accounting for less than 0.5% of all
intracranial tumors.

Schwannomas sdo a quarta neoplasia primaria mais comum que afeta o cérebro e os
nervos cranianos. As lesdes centrais comumente surgem de raizes nervosas sensitivas,
e um sitio intracraniano comum é o ramo vestibular do oitavo nervo (mais de 85% dos
casos). Apresentamos o relato de caso de um paciente portador de schwannoma que se
estende da fossa pterigopalatina até a 6rbita, com queixa de dor facial no trajeto do
ramo oftalmico do nervo trigémeo. Schwannomas representam 1-2% de todas as
neoplasias da drbita e schwannomas trigeminais sdo extremamente raros, respon-
dendo por menos de 0,5% de todos os tumores intracranianos.
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Introduction

Schwannomas are the fourth most common primary neo-
plasms affecting the brain and cranial nerves. Central
lesions commonly arise from sensory nerve roots, and a
common intracranial site is the vestibular branch of the
eighth nerve (> 85% of central schwannomas and 8-10% of
all intracranial tumors.)."™ We present the case report of
a patient who has a schwannoma extending from the
pterygopalatine fossa to the orbit, complaining about
facial pain in the trajectory of the trigeminal ophthalmic
branch. Primary orbital tumors are very rare, with an
overall incidence < 1 per 100,000/year;> schwannomas
represent 1 to 2% of all neoplasms of the orbit,*® and
trigeminal schwannomas are extremely rare, accounting
for 0.07 to 0.3% of all intracranial tumors.”® The patient
usually presents with facial pain, numbness, and pares-
thesia in the distribution of one or all the divisions of the
trigeminal nerve depending on the location of the tu-
mor.”>1% Magnetic resonance imaging (MRI) is the gold

Kohler et al.

standard for evaluation because of its multiplanar capa-
bilities and better soft-tissue contrast, being useful for
planning the surgical approach.”®

Case Report

A 56-year-old female, diabetic, hypertense, who had a hem-
orrhagic stroke 7 years ago, sought the emergency service
complaining about left hemicranial progressive headache,
for 3 years. Neurological exam at the admission showed right
spastic hemiparesis, Medical Research Council (MRC) grade
I1I, right hyperreflexia and Wernicke-Mann posture. The
patient underwent an MRI, which showed an expansive
formation involving the left pterygopalatine fossa and the
sphenoid bone, heterogeneously enhanced by gadolinium in
T1 sequence, extending to the extraconal lateral region of the
left orbit, with a rounded aspect measuring 1.9 cm in its
largest diameter, hyperintense in T2 and without impregna-
tion by gadolinium (=Fig. 1). The patient underwent a
transsphenoidal surgery using an endonasal endoscopic

Fig. 1 Preoperative images. (a) Axial T1-weighted gadolinium-enhanced image with a rounded aspect measuring 1.9 cm in its largest diameter,
without impregnation by the gadolinium. (b) Axial T2-weighted image, showing a hyperintense lesion. (c) Coronal T1-weighted gadolinium-

enhanced image.

Fig. 2 Postoperative images, after the first surgery. Magnetic resonance imaging still shows an orbital lesion. (a) Axial T2-weighted image, still
showing the hyperintense lesion in the extraconal lateral region of the left orbit. (b) Coronal T1-weighted gadolinium-enhanced image, showing
the resection performed in the first surgery. (c) Sagittal T1-weighted gadolinium-enhanced image from tumor, measuring 1.9 cm in its largest

diameter, without impregnation by the gadolinium.

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021
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Fig. 3 Intraoperative images, from the second surgical procedure for resection of the orbital portion of the tumor. (a) Transconjunctival
approach. (b) Lesion exposure (blue arrow) with partial resection (c) Revision of the tumor cavity evidencing complete resection of the tumor.

(d) Surgical specimen measuring 1.8 cm x 1.2 cm x 0.5 cm.

Fig. 4 Second histopathological examination, also conclusive for schwannoma. (a) Hematoxylin & Eosin stain (5x) - neoplasia consisting of
fusocellular cells, Antoni A and Antoni B areas. (b) Hematoxylin & Eosin stain (10x) - neoplasia consisting of fusocellular and monomorphic cells,

without atypia and without presence of mitosis.

approach for total resection of the sphenoidal portion of this
lesion. The histopathologic examination was conclusive for
schwannoma. The postoperative MRI showed the total re-
section of this portion, leaving just the orbital portion
(=Fig. 2). After 2 years, the patient started to complain about
pain in the trajectory of the ophthalmic branch of the
trigeminal root and was submitted to a transconjunctival
approach for resection of the orbital lesion, combined with
an orbital reconstruction (=Fig. 3). The histopathologic
examination was also conclusive for schwannoma

Arquivos Brasileiros de Neurocirurgia

(=Fig. 4). After this procedure, the patient became asymp-
tomatic, with no referred facial pain, and without new
deficits.

Discussion

According to the 2016 World Health Organization Classifica-
tion of Tumors of the Central Nervous System, schwannomas
include cellular, plexiform, and melanotic schwannomas,
neurofibromas, perineuriomas, hybrid nerve sheath tumors

Vol. 40 No. 1/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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and malignant peripheral nerve sheath tumors.'" They affect
adults in the 3™ to the 7™ decades of life'? but are more
commonly found in patients in their 4™ decade, without sex
predilection.' This type of tumor comprises the fourth most
common primary neoplasm affecting the brain and cranial
nerves.'# The majority (~ 90%) of cranial nerve schwanno-
mas arise from the vestibulocochlear nerve, with the next
most commonly involved nerves being the trigeminal and
facial nerves, followed by the lower cranial nerves."” The
orbital nerves more commonly involved are the supratro-
chlear and supraorbital nerves.'®

Schwannomas constitute 1 to 8% of all head and neck
tumors.'” When intraorbital, it is a rare tumor that accounts
for ~ 1 to 2% of all neoplasms of the orbit.*® They are known
to originate from sympathetic and parasympathetic fibers, as
well as from branches of the oculomotor, trochlear, trigemi-
nal, and abducens nerves, with the ophthalmic division of
the trigeminal nerve being the most common.'8 Trigeminal
schwannomas are particularly rare, accounting for 0.07 to
0.3% of all intracranial tumors and 0.8 to 5% of intracranial
schwannomas. Orbital schwannomas, most commonly, arise
from the sensory branches of the trigeminal nerve.* They
may arise from the cisternal segment (most commonly), the
trigeminal/Gasserian ganglion in Meckel’s cave, or from one
of the three branches of the nerve. They tend to occur
predominantly in the 4th to 6th decades of life and are
slightly more common in females.” The oculomotor, ciliary,
lacrimal, and zygomaticotemporal nerves have been
reported as the nerves that the orbital schwannomas most
commonly arise from."” The frontal nerve, in particular, is
frequently affected due to the predominance of sensory
nerve branches, namely the supraorbital and supratrochlear
nerve.'”-'8 Based on the work of Erdogmus et al, Irace et al
proposed that the entry point of nerve fibers in the muscle (e.
g., area nervosa or myoneural junction) is the zone where
intraorbital schwannomas truly arise.* Motor root and sym-
pathetic chain involvement is uncommon, and involvement
of the brain or cord parenchyma s rare." Also, it is unusual for
orbital schwannomas to arise from extraocular muscles, with
only a few reports in the literature to date.'?

Schwannomas are benign tumors consisting of a clonal
population of Schwann cells, which often undergo cystic and
degenerative change.1 They originate in a zone of transition
of peripheral central myelin (Obersteiner-Redlich zone)'”
and are usually isolated, solitary, slow-growing, and well-
encapsulated lesions, except when they are associated with
neurofibromatosis. In the latter case, the patients can devel-
op multiple schwannomas, in which case the condition is
termed schwannomatosis.'> Persons with neurofibromato-
sis type 2 characteristically develop bilateral vestibular
schwannomas, but approximately half of them also have
nonvestibular schwannomas, which most commonly involve
the oculomotor and trigeminal nerves.'® Although heredi-
tary disorders predispose to nerve sheath tumors, the spe-
cific etiologies of schwannoma remain unknown. However,
sporadic reports have suggested an association of formation
of schwannomas with previous events of trauma.'> Postra-
diation schwannomas, including acoustic schwannomas,
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appear with a latency of up to 50 years following treatment.’
Besides, they are generally known to be slow-growing,
benign masses. There have been clinical reports of rapidly
growing schwannomas in pregnant women, attributed to
progesterone receptors or intratumoral hemorrhage.'?

When the imaging features and clinical signs are compati-
ble with schwannoma, the presence of end organ compromise,
such as denervation-induced muscle atrophy or sensory defi-
cit, may aid in the identification of the cranial nerve (CN) of
origin."® Since most of the tumors originate from the sensory
nerves, they do not interfere with the eye movements or vision
unless they are located in the orbital apex or compress the optic
nerve.'” Clinically, trigeminal schwannomas usually present
with facial pain, numbness, and paresthesia in the distribution
of one or all the divisions of the trigeminal nerve depending on
the location of the tumor,”->'% what seems to fit in our case
report. Headache and diplopia can also be present.20 Long-
standing tumors may also present with motor symptoms like
difficulty in chewing and deviation of the jaw.” Yoshida and
Kawase showed 6.3% of asymptomatic patients (found
incidentally).?!

Both MR and CT images show evidence of the slow growth
of schwannomas, including smooth expansion of the neural
foramina, osseous remodeling, and/or deformation of adja-
cent brain tissue, with a disproportionately small amount of
edema, given the size of the lesion.'” Schwannomas have a
characteristic appearance on MR imaging: on T2-weighted
images, schwannomas appear heterogeneously hyperin-
tense.*1>22:23 Thjs heterogeneity is attributed to regions
of compactly arranged cells (Antoni type A) mixed with
regions of loosely arranged cells (Antoni type B), with vari-
able cellularity and water content.!” Usually, the central
enhancement seems to represent the presence of hyper-
cellular Antoni A-type cells in the central part of the tumor
and hypocellular Antoni B-type cells in the periphery.?* On
T1-weighted images, these lesions have low or intermediate
signal intensity and demonstrate avid enhancement after
contrast material administration, with or without nonen-
hancing cystic spaces. Larger lesions commonly have hetero-
geneous enhancement, cystic spaces, and foci of hemosiderin
due to internal hemorrhage.”® On CT scan, they usually
appear as uniformly enhancing masses with remodeling of
the adjacent bone.”-'0

Several classification systems have been proposed for a
systematic approach in selecting the optimal surgical strat-
egy. The most apt system was proposed by Wanibuchi et al
based on 4 anatomical categories of tumor: peripheral,
ganglion, root, and dumbbell. The peripheral type refers to
tumor along V1 in the orbit, V2 in the pterygopalatine fossa
(PPF) and maxilla, and V3 into the infratemporal fossa.?%2
The Gasserian ganglion was the most frequent site described
by Wanibuchi et al, and the most common type of extracra-
nial extension (possibly corresponding peripheral or dumb-
bell by this classification) was from the third division
described by Goel et al.20-26

Standard treatment for schwannomas consists of com-
plete surgical resection, whereas subtotal resection is linked
to an increased risk of recurrence,?”> which could reach 13-

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.



fold higher.”>*” Nevertheless, total tumor removal is not
always feasible without neurological complications. In this
circumstance, stereotactic radiation technique has emerged
as an alternative treatment to surgical resection.?>?® This
has been shown to provide 5-year progression-free survival
of 95% in selected patients.> With improvement of advanced
surgical technique, total tumor removal is accomplished in
40 to 80% (Sharma et al, 2008; Zhang et al, 2009) of the cases,
with tumor control rate of 81 to 100% (Lee et al, 2001; Al-
Mefty et al, 2002; Goel et al, 2003; Kadri et al, 2004; Bulsara
etal, 2008).28 Surgical resection is also the best treatment for
orbital schwannomas. Subciliary approach is the most pre-
ferred method for the masses inferior and medial to the optic
nerve.'” To access the medial inferior quadrant of the orbit,
one option is endoscopic access, which is less invasive than
the transcranial route. For small lesions located in the
anterior half of the orbit, approaches without osteotomies,
like eyelid superiorly or subciliary and orbital rim inferiorly
can be tried, but anterior approaches give a restricted vision
field, which promotes difficulties in locating and preserve
the anatomical structures.?>->°

Even so, the surgical approach must be determined case by
case. Raza et al showed results suggesting that endoscopic
transpterygoid approaches can help to achieve optimal resec-
tion rates with limited CN morbidity for tumors isolated to the
Meckel’s cave, with combined Meckel’s cave peripheral exten-
sion, or primarily extracranial in location. According the Raza
et al?®, endoscopic transpterygoid approaches provide safe
access to Meckel’s cave and disease extending along V2 into the
Pterygopalatine fossa (PPF) and V3 into the infratemporal fossa
without risking additional CN morbidity.?> When complete
resection is not possible, adjuvant radiotherapy can be consid-
ered.” The authors also reported significant rates of dry eye and
corneal neurotrophic keratopathy that should be considered in
those patients with either preoperative V1 neuropathy or
tumor extending along this division. The presumed mecha-
nism of these complications would be attributable to either
vidian nerve injury (if the vidian is transected) or a V1
neuropathy. While an endoscopic transpterygoid approach
to Meckel’s cave is typically supravidian and does not require
the nerve’s sacrifice, transposition of the PPF contents could
theoretically result in vidian nerve injury.? Pain (> 90% of the
patients), dysesthesia, and diplopia may be relieved after
surgery; however, hypesthesia frequently remains or may be
worsened by surgery.?°

Conclusion

Schwannomas are benign and highly treatable lesions. When
trigeminal, from the ophthalmic branch, they are extremely
rare lesions, usually obeying the symptomatology of the
nerve path. The approach should be individualized according
to the morphology of the lesions and nerve involvement,
always looking for total resection or subtotal in association
with radiation therapy.
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Introduction The pineal gland is a common location for intracranial germ cells, but
dermoids are not commonly observed in this area. In the present paper, we discuss the
clinical and radiological features as well as the treatment and outcome of this cystin a
6-year- old child with a pineal dermoid cyst.

Case Presentation The patient presented with chronic headache 6 months before
admission in 2018. On the first admission, an enhanced lesion with a small cyst was
detected in brain imaging. Magnetic resonance imaging (MRI) of the brain at follow-up
(2 months after the first presentation) showed enlargement of the cyst size with
compression on the adjacent structures. Radical excision of the tumor was performed
after the endoscopic biopsy due to pressure exerted on the adjacent structures.
Conclusion Dermoid cyst should be considered as a differential diagnosis for
enhanced lesions of the pineal region.

Introducao A glandula pineal é uma localizacdo comum para as células germinativas
intracranianos, mas dermoids ndo sdo frequentemente observados nesta area. No presente
artigo, discutimos as caracteristicas clinicas e radiolégicas, bem como o tratamento e a
evolugdo desse cisto em uma crianca de 6 anos com cisto dermadide pineal.
Apresentacao do caso O paciente apresentou cefaleia cronica 6 meses antes da
admissdo em 2018. Na primeira admissdo, uma lesdo acentuada com um pequeno cisto
foi detectada na imagem do cérebro. A ressonancia magnética (RM) do cérebro no
seguimento (2 meses ap6s a primeira apresentacao) mostrou aumento do tamanho do
cisto com compressao das estruturas adjacentes. A excisdo radical do tumor foi realizada
apos a bidpsia endoscopica devido a pressao exercida nas estruturas adjacentes.
Conclusao O cisto dermoide deve ser considerado um diagnéstico diferencial para
lesdes acentuadas da regido pineal.
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An Unusual Dermoid Cyst of the Pineal Region. Case Report in a Child

Introduction

Dermoid cysts (benign congenital cysts) account for 0.1% to
0.7% of embryonal malformations, and arise from defects in
the separation of the neuroectoderm during the neural tube
formation. This leads to sequestration of ectodermal rem-
nants."? It can arise in the posterior fossa, mostly in the
midline position in the vermis, in nearby meninges or in the
cavity of the 4" ventricle.3® Although the pineal gland is a
common location for intracranial germ cells and epider-
moids (~ 40-50%), dermoids are not commonly observed
in this area.”-8

Patients with dermoid cysts are usually asymptomatic,
although they may present symptoms related to local mass
effect, seizures, or recurrent meningitis.” On computed
tomography (CT) scans, dermoid cysts usually appear as
rounded, well-circumscribed, non-enhancing, hypodense
lesions. Moreover, on magnetic resonance images (MRI),
they demonstrate increased T1- and variable T2-weighted
signal.’0-11

In the present paper, we discuss the clinical and radiolog-
ical features, as well as the treatment and outcome of this
cyst in a 6-year old child with a pineal dermoid cyst.

Case Presentation

The patient was a 6-year-old boy who presented with chronic
headache 6 months before admission in 2018. His past
medical and family histories were unremarkable for any
childhood illnesses, malignancies or fetomaternal complica-
tions. Moreover, no documented developmental delays were
observed in the patient and papilledema was found in his
neurological examination. In addition, routine laboratory
tests and markers of germ cell tumors were checked, and
all were within normal limits.

Imaging. Brain MRI was performed with and without
intravenous Gadolinium Contrast Medium (Gd), showing a
well-defined extra axial 1 x2cm T1W hypointense, T2W
hyperintense solid-cystic lesion and enhancement with con-
trast; the midline in the.cystic component of the pineal
region was very small. Moreover, no significant pressure
was observed on the adjacent structures (=Fig. 1).

Operation and Outpatient follow-up. In the first admis-
sion, the patient presented with drowsiness and headache.
Due to the presence of hydrocephalus and nonprepared
endoscopic setting at the admission time, a ventriculoper-
itoneal (VP) shunt was inserted. In the same admission, a
brain MRI was performed. Assessment of tumor markers
including Beta-Human Chorionic Gonadotropin (f-HCG) and
Alpha Fetoprotein (AFP) was negative for germ cell tumor.
Due to the improvement of his condition, the patient was
discharged. Two months after the first presentation, the
patient developed ataxia and upgaze palsy. A subsequent
brain MRI revealed enlargement of the cystic lesion behind
the solid mass with compressive effects on the adjacent
structures and unilateral hydrocephalus.

An endoscopic transventricular approach was performed
for biopsy. The endoscopic view revealed hair-like structures
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on both the outer surface of the cyst and the in solid lesion, in
favor of a dermoid cyst (=Fig. 2). Histopathologic studies
confirmed the diagnosis of dermoid cyst. A brain MRI
showed enlargement of the cyst size with compression on
the adjacent structures. Open surgery was performed using
the infratentorial-supracerebellar approach for total resec-
tion of the lesion (~Fig. 2).

Histopathology: The histopathologic study of the speci-
mens from both the first and second operations was in favor
of the dermoid cyst (~Fig. 3).

Hospital course: Postoperatively, the neurological status
of the patient was stable, but the upgaze palsy persisted.
Follow-up: after 2 months, the patient was visited and
showed reduced upgaze palsy. Moreover, he demonstrated
no signs and symptoms of high intracranial pressure.

Discussion

The present study aimed to present a 6-year-old boy with a
dermoid cyst of the pineal region. However, it is evident that
epidermoid and dermoid cysts are well-differentiated be-
nign cysts that may be rarely observed in the pineal region.
Considering the inaccessibility of the pineal region, distin-
guishing benign, surgically resectable tumors such as tera-
tomas as well as epidermoid and dermoid cysts from
malignant ones is of utmost importance.'?

The patient presented with headache, although most of
the intracranial dermoid cysts are asymptomatic and are
usually found incidentally. The clinical presentation is
limited to vague symptoms, such as headache. Mass effects
or rupture of the cyst may cause sudden clinical
findings.>°

The advent of CT scans and, more recently, of MRI, has
facilitated the diagnosis of pineal-origin lesions. On CT
scanning, dermoid cysts are shown as low-density lobulated
masses with correspondent peripheral calcifications. Hyper-
density might rarely be demonstrated, due to a combination
of saponification, microcalcification, and blood products.
Although dermoid cysts may show variable signal character-
istics on MRI in T1, they are typically hyperintense due to
cholesterol components and usually do not enhance with Gd.
However, extensive pial contrast enhancement may be pres-
ent in chemical meningitis caused by ruptured cysts. On T2,
various signals ranging from hypo- to hyperintense may be
observed.'®'3 The brain MRI in this case is mystifying. In T1-
weighted images, the mass is hypointense with enhance-
ment of Gd.

The key point for surgical treatment of cysts is their
radical excision. However, it is a challenging approach be-
cause it requires localization. In a reported series of epider-
moid cysts, in some cases, the surgeon preferred to
intentionally leave in situ fragments of the adherent capsule
to the deep veins of this region to avoid any risk.'*!?
Operation approaches are more studied on epidermoid cysts
than in dermoid cysts, considering their higher prevalence.14

The prognosis of patients with dermoid cysts appears
appropriate after resection.” In this case, the 4- and 8-month
outcome after total resection is favorable.

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 1 Sequences of the lesion on performing magnetic resonance imaging showing low signal intensity on T1-weighted images (A) and
heterogeneously high signal intensity on T2-weighted images (B) and enhancement after injection of intravenous contrast (C, D).

Fig. 2 Intraoperative gross appearance of cystic lesion with hair tissue.

In the present study, a case was presented with a pineal
lesion surrounded by a huge cyst. Brain MRI of the case was
not typical. A previous presentation of a dermoid cyst was

Arquivos Brasileiros de Neurocirurgia

reported in the posterior fossa, suprasellar and auricular
areas.” However, emergence of a dermoid cyst in the pineal
region is unusual, but it is always on a differential that a
tumor of the pineal region may be a epidermoid or der-
moid."® For the case, emergency VP shunting was performed
due to hydrocephalus, and the endoscopic approach was
used to drain the cyst and take biopsies from the lesion.
Moreover, the total resection method was selected for the
case due to the pressure effect of the lesion on the surround-
ing structures. The cyst was totally excised with no damage
to the adjacent structures.

Conclusion

We reported an unusual case with a dermoid cyst in the
pineal region. Radical removal of the cyst was performed
after the endoscopic biopsy due to pressure exerted on the
adjacent structures. The risk of injury to the cerebellar
hemisphere and other structures should be considered.

Vol. 40 No. 1/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 3 (A) Cystic lesion with a fibrous wall partially lined by stratified epithelium and keratinized components that is consistent with the
diagnosis of a dermoid cyst. (B) Higher magnification of the area shown in (A).

Therefore, we suggest stereotaxic or endoscopic approaches
in the case of small lesions.
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Abstract Traumatic atlantoaxial rotatory subluxation (AARS) is generally found in pediatric patients,
rarely found in adults, being a life-threatening condition especially when early diagnosis is
not possible, which can lead to severe late neurological deficits. We describe a 38-year-old
patient, victim of physical aggression caused by strangulation attempt who developed
AARS, an uncommon traumatic cause. During the hospital care, the early diagnosis allowed
us to institute a conservative treatment, which made the case uncommon, since most of
the time surgical treatment is imperative. With the patient awake and under analgesia, a

Keywords . . . . .
y . closed reduction was performed that promoted immediate pain relief, followed by a
= atlantoaxial rotatory _ . . . . :
: prescription of wearing a Philadelphia-type collar for 8 weeks. During the follow-up, cervical
subluxation . . . . . .
. spine radiographies demonstrated no subluxation after removing the cervical collar. The

= trauma . . . .
patient was asymptomatic after 6 months of treatment. This case supports the importance

= adult . .
of nonoperative management of AARS in selected cases.

Resumo A subluxacdo rotatéria atlantoaxial (SRAA) é geralmente encontrada em pacientes
pediatricos, sendo em adultos uma condicao muito rara, ameacadora a vida e que, quando
ndo diagnosticada precocemente, pode levar a grave deterioracdo neurolégica tardia.
Descrevemos um caso de uma paciente de 38 anos, vitima de agressao fisica por tentativa
de estrangulamento que desenvolveu uma SRAA, uma causa traumatica incomum. No
atendimento hospitalar, o diagndstico precoce permitiu que o tratamento conservador
fosse instituido, o que tornou o caso incomum, uma vez que, na maioria das vezes, o
tratamento cirtrgico é imperativo. Com a paciente acordada e sob analgesia, foi realizada
uma reducao fechada que promoveu alivio imediato da dor, com prescricao de uso de colar

Palavras-Chave tipo Philadelphia por 8 semanas. No sequimento, radiografias da coluna cervical nao

= subluxacdo rotatéria  evidenciaram luxacdo ap6és a retirada do colar, com manutencdo da estabilidade. Em

atlantoaxial acompanhamento ambulatorial, a paciente permaneceu sem sintomas apés 6 meses de

» trauma seguimento. Este caso demonstra o sucesso do tratamento nao cirrgico em SRAA em

= adulto adultos, que pode ser empregado em casos selecionados.
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Introduction

The atlantoaxial joint comprehends the two first cervical
vertebrae, also called atlas and axis, which are the central
spot that supports the movements, mainly the rotation, in
the craniovertebral junction’ area.

Atlantoaxial rotatory subluxation (AARS) in adults is a rare
condition that, if not treated, might threaten the life of the
patient. It commonly occurs in children between 0 and
18 months old and can usually be observed in a C1-C2 pre-
existent instability context, such as rheumatoid arthritis, Down
syndrome and a variety of congenital cervical abnormalities.?

Cervical spine trauma is acommon occurrence, comprehend-
ing nearly 2.4% of patients who are systemic trauma victims.
These injuries vary regarding their gravity and affected struc-
tures as they can present themselves exclusively with muscle
pain, or even subluxation, luxation and serious fractures.>

In this context, traumatic AARS is hardly documented in
adults and, for that reason, not many cases could be found in
the current literature.* It possibly presents itself through
cervicalgia (neck pain), headache and neck stiffness, usually
with no neurologic deficit. In addition to that, an ipsilateral
head inclination, with a chin rotation toward the opposite
side of the affected area (also known as “cock-robin” posture)
4 is observed. The treatment is personalized and can be
conservative, done with a simple manual traction, or a
surgery with fixation for more serious cases.

In the present article, we describe a rare AARS case in a
young adult patient, victim of physical aggression caused by
strangulation attempt, in which success was obtained
through conservative treatment. We would like to point
out that the early diagnosis and the correct approach are
of primary importance to achieve the best prognosis and
evolution of the patient.

Case Report

Patient, female gender, 38 years old, victim of physical
aggression caused by strangulation attempt, was admitted
in the trauma hospital complaining of intense cervical pain,
presenting (during the physical exam) neck lateral flexion to
the right, head rotation to the left with a discrete flexion,
expressing pain while having her cervical muscle pressed,
with no neurologic deficit. A cervical spine computed to-
mography (CT) scan was requested and an atlantoaxial
subluxation type I (Fielding and Hawkins classification)
was detected, with C1 right lateral mass anteriorly dislocated
in relation to the C2 superior articulation (=Fig. 1). As an
approach, the patient was kept awake and under anesthesia,
and a submental traction, extension and contralateral rota-
tion were chosen. The reduction was successfully achieved,
presenting an immediate pain relief (~Fig. 2). The patient
was released on the next day, with no symptoms and wearing
a Philadelphia collar (which she was instructed to keep for 8
weeks). Her cervical spine radiography did not present any
evidence of dislocation after the removal of the Philadelphia
collar. During the outpatient follow-up, she did not present
any new symptoms after 6 months of treatment.
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Discussion

Atlantoaxial rotatory subluxation is a rotation deformity
caused by the joint dislocation, partial and reducible, includ-
ing the atlas and the axis. Even being a rare condition, it is life
threatening, since it can possibly compromise the vascular
structures (vertebral artery) and the nervous structures
(upper cervical medulla).’

The craniovertebral junction presents a complex organi-
zation of bones and articulations structures, including the
first and the second cervical vertebrae, and the occipital
bone.® The atlas is the only vertebra that does not have a body
and is not associated to an intervertebral disc: it has a ring
format with bilaterally paired lateral mass, united by an
anterior and a posterior bow. Its anterior bow has an articular
surface for the axis odontoid process, forming the atlantoax-
ial articulation. Its lateral mass articulates with the occiput
condyles in its superior part and with the C2 in its inferior
part, forming the atlanto-occipital and atlantoaxial joints,
respectively. The atlantoaxial joint is the main responsible
for the axial rotation, somehow contributing with the flexion
and extension movements. The superior aspect of the C1
lateral mass contains a groove that allows the vertebral
artery passage before entering the foramen magnum. This
mass might be compromised in cases of AARS with excessive
rotation, mainly if combined with anterior dislocation.’-

Epidemiologically, AARS is more commonly found in
children, especially if an underlying disorder with ligament
laxity is presented. However, AARS induced by trauma in
adult patients is an extremely rare condition, as there are not
many registers in the scientific literature. Its rareness is the
main cause of many neglected cases registered and late
diagnosis. Even so, these are the cases where there is a higher
probability of more serious presentation and, sometimes,
fatal ones, as the trauma mechanism is related to high-
energy impact.*

Patients with AARS might present as clinic symptomatol-
ogy: cervicalgia, neck movements limitation and the typical
“cock-robin” posture, when the neck is bent to a side, rotated
toward the contralateral side and in discrete flexion.* The
sternocleidomastoid muscle spasm evaluation can distin-
guish, in severe cases, if the condition is related to rotation
due to facet dislocation or neck stiffness due to muscle
spasm. When the spasm is on the side where the neck of
the patient is directed to, it indicates facet dislocation, while
the spasm is found in the contralateral sternocleidomastoid’
if related to neck stiffness. Nevertheless, the diagnosis can
only be confirmed through computed tomography (CT) and
magnetic resonance imaging (MRI). The cervical CT is usually
used to evaluate the bones structure and classify the AARS.
On the flipside, the MRI is more convenient to evaluate the
ligaments structure, especially in cases where C1-C2 insta-
bility is presented.

Fielding and Hawkins, in the 1970s, in a series of cases
consisting of 17 pediatric and adult patients aged 7 to
68 years old (mean 20.6 years old) who presented with
irreducible AARS, classified the AARS in 4 types according
to the injury level (=Fig. 3). In type I, a simple rotatory

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 1 Computed tomography before reduction: (A) Right C1-C2 injured articulation (check the arrow); (B) Coronal cut; (C) Axial cut with right
C1-C2 rotatory luxation; (D) Tridimensional reconstruction showing the C1 lateral mass luxation on the right in relation to C2.

dislocation can be observed, < 3 mm, with no anterior
dislocation, presenting an intact transverse ligament. In
type II, the anterior rotatory dislocation is between 3 and
5mm, the transverse ligament is injured, and the intact
articulations play a pivotal role. Meanwhile, in type III, the
anterior rotatory dislocation is>5mm with both lateral
atlantoaxial articulations anteriorly subluxated, with the
transversal ligament and the facet capsules injured. Finally,
in type IV, a posterior subluxation of both lateral atlantoaxial
articulations occurs, there is malfunctioning of the odontoid
process and severe instability.?

The AARS etiology presents itself differently according to
the age range. In pediatric patients, a connection with
ligament laxity can be observed, anatomic abnormalities,
Down syndrome, rheumatoid arthritis, infection or upper
respiratory tract trauma resulting in Grisel syndrome. On the
other side, in adult patients, high-energy traumas and inju-
ries are the main causes.’

Arquivos Brasileiros de Neurocirurgia

Many strategies to be used on the treatment of these
superior cervical spine injuries are available: conservative
treatment, reductions through plaster cast or surgery. Inde-
pendently of the technical choice, the treatment must reduce
the dislocation, protect the spinal canal, preserve the verte-
bral spine mobility as much as possible and, therefore, avoid
permanent after-effects. In this way, the treatment choice
depends on many criteria, such as the local stability of the
injury, the transversal ligament integrity and the C1 posteri-
or bow.'?

The reducible AARS are usually of the incomplete type,
when one of the C1 facet parts keeps contact with the C2
facet. Complete rotations can be reducible under traction,
but this is a much lower possibility. Fielding and Hawkins
suggested that the reduction during the severe phase is
probably complicated due to the capsular and synovial tissue
edema and the related muscle spasm. If the abnormal posi-
tion persists due to a reduction attempt failure, a ligament

Vol. 40 No. 1/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig.2 Computed tomography after reduction: (A) Right C1-C2 articulation; (B) Coronal cut; (C) Axial cut; (D) Tridimensional reconstruction of

the reduced C1-C2 articulation.

and a capsule contracture are developed, which cause the
“fixation” in the dislocated position.’

The surgical treatment is indicated for cases in which the
subluxation cannot be reduced or for cases when it recurs
even after reduction.

The usual fusion is from C1 and C2, unless the patient
presents other fractures or conditions, and can be conducted
even if the rotation between C1 and C2 is not completely
reduced.

In irreducible cases, a transoral atlantoaxial complex re-
lease'""12 accessed through the extreme lateral of the neck,'?
or a direct manipulation of the articulation through the
posterior part of the neck,” followed or not by cervical serial
traction, can be conducted in the first step and, in the second
step, the posterior fusion of C1 and C2'# can be performed.

If treated within the first months, the subluxation can
usually be reduced with soft traction and/or cervical manipu-
lation. If the condition has been present for over a month, the
traction treatment will have less chances of success. The neck

Arquivos Brasileiros de Neurocirurgia ~ Vol. 40 No. 1/2021

active rotation from the left to the right is stimulated at the
moment of the traction. If it is reducible, the traction immobi-
lization is kept for ~ 3 months, with a time variation between 6
and 12 weeks.'* In our case, despite the age of the patient, a
successful nonoperative management was achieved.

The advantages of using the nonoperative treatment are
fast subluxation correction, shorter hospitalization and re-
covery time, absence of surgical procedure, intraoperative
injuries and postoperative risks. Overall, atlantoaxial injuries
are rare and the treatment is still a challenge. It denotes the
importance of an early diagnosis with a proper choice of
treatment to be instituted, aiming to a better recovery
process and a lower risk of neurological injuries.

Conclusion

In summation, AARS in adults is a rare condition and, in the
majority of times, it is related to high-energy traumas, as was
the case presented above. The best treatment to be considered

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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C

D

Fig. 3 Fielding and Hawkins classification: (A) Type I; (B) Type Il; (C) Type Ill; (D) Type IV.

in this case is the conservative one, taking the early diagnosis
and strong power of solvability into account. An early diagno-
sisis arequirement of extreme importance, due to the fact that
a nonsurgical subluxation reduction can be achieved through
it, which guarantees a higher level of comfort for the patient
and a faster recovery process, also decreasing the complication
rates related to late diagnosis.

Patient’s Consent

The patient has agreed to the disclosure of her case, as well
as of the exam images presented in this document,
through a written agreement term.
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Abstract Neurofibromatosis type 1 (NF1) is a genetic syndrome which typically presents with
neurological manifestations. Some of the patients may also present with vasculopa-
thies, among which arterial aneurysms and stenosis are the most common. Deep vein
thrombosis (DVT) has rarely been described, and, to the best of our knowledge, the
present is the first report of DVT due to venous compression by a neurofibroma in the
setting of NF1.

This is the case of a 23-year-old male with NF1 who experienced DVT due to
compression of the left posterior tibial veins by a large tumor arising from the tibial
nerve. The DVT was acutely treated with enoxaparin and then with rivaroxaban. Two
months after the diagnosis, Doppler ultrasonography showed partial recanalization
and persistence of the DVT. The patient was then referred to neurosurgery for surgical
resection of the tumor. There were no complications during the procedure, and the
patient did not present postoperative neurological deficits. The final histopathological
diagnosis was of a benign neurofibroma. After one year of follow-up with vascular
surgery, the patient presented no more episodes of DVT.

In case there is a tumor compressing the deep vessels of the leg and promoting DVT,
surgical resection with microsurgical techniques may be curative.
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= neurofibroma

= venous thrombosis
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Resumo

Palavras-chave
= neurofibromatose 1
» neurofibroma

Guedes et al.

A neurofibromatose tipo 1 (NF1) é uma sindrome genética classicamente associada a
manifestacoes neuroldgicas. Contudo, alguns dos pacientes apresentam também
manifestacoes vasculares, dentre as quais aneurismas e estenoses arteriais sdo as
mais comuns. Trombose venosa profunda (TVP) associada a NF1 raramente foi descrita,
e, pelo que sabemos, este é o primeiro relato de TVP devido a compressdo venosa por
neurofibroma no contexto de NF1.

Este é o caso de um paciente masculino de 23 anos, com NF1, que apresentou um
episddio de TVP devido a compressdo das veias tibiais posteriores esquerdas por um
grande neurofibroma que surgia do nervo tibial. ATVP foi tratada de forma aguda, com
enoxaparina e rivaroxabana. Dois meses apos o diagndstico, a ultrassonografia com
Doppler demonstrou recanalizacdo parcial com persisténcia da TVP. O paciente foi
entdo referido a neurocirurgia para ressec¢dao da massa. Nao houve complicagoes
devido ao procedimento, e o paciente ndo apresentou déficits neuroldgicos. O
diagnéstico histopatologico final foi de um neurofibroma. Ap6s um ano de seguimento
com a cirurgia vascular, o paciente ndo apresentou mais epis6dios de TVP.

Caso haja um tumor comprimindo os vasos profundos da perna e promovendo TVP, a

= trombose venosa

Background

Neurofibromatosis type 1 (NF1) is a complex genetic syn-
drome, in which the gene for neurofibromin (a tumor suppres-
sor protein) suffers a wide range of mutations,' resulting in
decreased neurofibromin synthesis. The prevalence of NF1 is
around 1 /3},000,2’3 and it presents as a systemic disease, with
dermatological, cardiovascular, gastrointestinal, orthopedic,
central, and peripheral nervous system manifestations.*
One of the cardinal features of NF1 is the predisposition toward
the development of certain peripheral nerve sheath tumors
(PNSTs). These may be benign, such as neurofibroma, or
malignant, such as the malignant peripheral nerve tissue tumor
(MPNST).! Among the systemic complications of NF1, there is a
series of vascular abnormalities, of which arterial manifesta-
tions are the most common. Those mostly comprise aneurysms
and stenoses of renal, aortic, and mesenteric arteries,® with
hypertension as the most common clinical feature secondary to
these.*%7 Venous manifestations are, in turn, exceedingly rare,
and may include venous thrombosis (vT)& 13

Literature Search

To investigate previous cases of NF1 with VT, we searched the
MEDLINE database for articles written in English with the
following MesH keywords and Boolean operators: (“Neurofi-
bromatosis 1" AND “Venous thrombosis”) OR (“Neurofibromatosis
1” AND “Vascular disease” AND “Vein”). While applying article-
type filters to select case reports, clinical studies, observational
studies, reviews, and systematic reviews, the search yielded 29
individual results, all case reports. In total, there were six case
reports of NF1-associated VT.>"1241> By searching the refer-
ences of each of these studies, we were able to find another
case.? In these reports, five patients had aneurysms correlated
to the formation of thrombus® 121415 and two did not,%'9
one of which was secondary to compression by an exostosis.'?

Arquivos Brasileiros de Neurocirurgia

resseccao cirtrgica com técnicas microcirargicas pode ser curativa.

The other 23 articles reported arterial manifestations, vascular
malformations, and NF1-associated vascular retinopathy. Some
of these cases also presented with venous manifesta-
tions,'>16-23 yet none with thrombosis.

Case Presentation

History and Examination

One year before surgery, a 22-year-old male with NF1
presented with swelling on the left leg, accompanied by
pain on walking. Doppler ultrasonography (USG) was per-
formed and showed a large mass over the course of the left
tibial nerve. There was no DVT, and the left saphenous veins
were tortuous. We decided not to resect the tumor at that
moment. The patient was treated with 0.5 g of metamizole
twice a day for 1 week, with improvement of the pain.

Ten months later, the patient presented with an acute
episode of edema and pain in the left leg. Doppler USG was
performed, and showed DVT of the posterior tibial veins and
thrombophlebitis of one collateral of the saphenous vein. The
patient was hospitalized for 3 days, and underwent treatment
with enoxaparin (1.5 mg/kg once a day). A computed tomog-
raphy angiogram (angio-CT) was performed, and it showed
compression of the left fibular and posterior tibial veins by a
large tumor arising from the tibial nerve (=Fig. 1). Given the
setting of NF1, the lesion was presumed to be a neurofibroma.
The patient continued treatment with 15 mg of rivaroxaban
twice aday for 21 days, and then 20 mg once a day. Doppler USG
was again performed two months after the initial diagnosis of
DVT, and it showed partial recanalization with persistence of a
thrombus (=Fig. 2). The saphenous veins were congested and
tortuous. The patient was then referred to the authors’ care for
evaluation by vascular and peripheral nerve surgery.

Upon physical examination, he presented with pain on the
left leg (visual analog scale [VAS] = 6), M4+ left foot flexion
on the British Medical Research Council (BMRC) scale, and
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Fig. 1

Deep vein thrombosis in the setting of NF1
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(A) Three coronal slices of a computed tomography angiogram (angio-CT) showing the compression of the posterior tibial veins by the

tumor (T) arising from the tibial nerve. Note the deviation of the course of one of the posterior tibial veins (ptv), compressed against the muscles
of the posterior compartment of the leg. One of the fibular veins (fv) appears to be compressed against the fibula. (B) 3D reconstruction of an
angio-CT from a posterior-medial point of view showing the mass effect of the tumor onto the posterior tibial veins. The white arrows show one
of the deviated fibular veins. The black arrows show one of the deviated posterior tibial veins.

V 118 POST ESQ

Fig. 2 Doppler ultrasonography of the left posterior tibial veins,

performed two months after hospitalization for the treatment of deep
vein thrombosis. There is partial recanalization, yet the thrombus is
still present. Abbreviation: V TIB POST ESQ, left posterior tibial veins.
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plantar hypesthesia. The mass was not palpable, yet the left
leg was edematous. There was also a positive Tinel sign over
the course of the left tibial nerve.

Electroneuromyography was performed, and it showed a
delay in motor conduction with a reduction of amplitude
(3.7 uV), and a minor delay in the distal sensitive response of
the left sural nerve. Magnetic resonance imaging (MRI) was
then also performed to better evaluate the tumor’s relationship
to neighboring structures and to help in the preoperative
planning (=Fig. 3). Even though the lesion was large (96 mm
on its largest axis), it presented predominantly high
(> 13 %102 mm/s?) apparent diffusion coefficient (ADC)
values on diffusion-weighted imaging (DWI). This, along with
the absence of features suggestive of malignancy (that is,
peripheral enhancement, perilesional edema, intratumoral
cystic changes), favored the hypothesis of a benign neurofibro-
ma.>*?> There were no signs of muscle denervation.

Surgery

Given the presence of a large tumor inside the left tibial nerve,
and the evidence of the persistence of DVT on Doppler USG,
surgical resection of the tumor with decompression of the
vessels was then decided. With the aid of loupes, a classic
approach to the left tibial nerve through the medial aspect of
the leg was performed, with mobilization of the gastrocnemius
and soleus muscles. Gentle progressive dissection was then
performed, with individualization of the compressed deep

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 3 (A) Coronal Short tau inversion recovery weighted (STIR-
weighted) magnetic resonance imaging (MRI) without contrast of a
large heterogeneous lesion (96 x 56 x 49 mm) arising from the left
tibial nerve and compressing the deep vessels of the posterior
compartment of the left leg. The lesion presents with well-defined
borders, and there are no apparent signs of tissue invasion or
perilesional edema. (B) Axial T2-weighted MRI without contrast of the
lesion showing predominantly high signal intensity and a central
region with lower signal intensity. (C) T1-weighted MRI with contrast
showing discrete and heterogeneous central enhancement. The arrow
shows one of the posterior tibial veins compressed against the soleus
muscle fascia. Abbreviations: Lh, lateral head of the gastrocnemius;
Mh, medial head of the gastrocnemius; MRI, magnetic resonance
imaging; S, soleus muscle; T, tumor..

Guedes et al.

vessels of the leg. After the complete exposure of the tumor
(and of the healthy tibial nerve proximally and distally to the
mass), electrical mapping of its surface was conducted with the
aid of intraoperative electrical stimulation to identify an area
devoid of functional fascicles. With the aid of microsurgical
techniques under microscopy, a sharp opening of the pseudo-
tumoral capsule was performed in this “electrically-silent”
area. An intraoperative biopsy was then performed, and it
revealed a probable neurofibroma, without characteristics of
malignancy. The pseudotumoral capsule could be differentiat-
ed from the true tumor capsule by its color and consistency
(respectively white-grayish and tough, against yellowish and
soft), and a cleavage plane was established in a fascicle-free
corridor. A circumferential dissection was performed with
complete isolation of the tumor toward its proximal and distal
poles to identify the tumor’s fascicle of origin (in this case, only
one). The fascicles that entered and exited the tumor were not
functional, and they were sectioned. The huge tumoral mass
was resected en bloc, with the preservation of the functional
fascicles. The borders of the nerve were gently everted to look
for any residual tumor inside the nerve (“open book” maneu-
ver) (~Fig. 4).

Follow-up

No postoperative complications were observed. The patient
left the hospital with the same deficit as before (M4+ foot
flexion) and reduction of pain (VAS = 3). He was treated with
pregabalin as soon as was discharged (75 mg 3 times a day
during the first month; twice, during the second month; and
once, during the third month), and was directed to physio-
therapy treatment after the stitches were removed. He was
followed up in the outpatient clinic, and, after 3 months,
recovered to M5 foot flexion and presented with no more
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Fig.4 (A) Exposure of the tumor. The arrows show functional fascicles dislocated by the mass. (B) Surgical aspect after resection of the lesion.
The arrows show the preserved functional fascicles inside the tibial nerve. (C) Tumor resected en bloc. (D) Hematoxylin and eosin, 400x. Benign
neurofibroma showing hypocellular proliferation of slightly elongated spindle cells, with wavy and hyperchromatic nuclei; in some, the nucleolus
is evident. Collagen and a slight amount of mucoid material are observed among the neoplastic cells, as well as rare mononuclear inflammatory
cells. The specimen presented no necrosis, and there were rare nuclear atypia.
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pain, so that pregabalin was discontinued. Six months after
the surgery, the patient was also evaluated by vascular
surgery, and no further episodes of DVT were observed.

Discussion

In the present study, we report a case of a patient with NF1
who experienced DVT due to compression of posterior tibial
veins by a neurofibroma in the posterior compartment of the
leg. To the best of our knowledge, the present is the first
report of VT secondary to external compression by neurofi-
broma in the setting of NF1.

The prevalence of NF1 vasculopathy has been estimated to
be of at least 8% in a study?® conducted with 181 pediatrics
patients with NF1. Its mechanisms are yet not completely
understood.**’~2° The vascular manifestations of NF1 appear
to increase morbidity and mortality. A nationwide study30
conducted in the United States with death certificates showed
that NF1 patients younger than 30 years of age who died were
more than twice as likely to have been diagnosed with vascular
disease when compared with those without NF.

The vasculopathy pathogenesis of NF1 has been shown to
involve a series of events caused by dysfunction of the
synthesis of neurofibromin (the encoded protein of the
NF1 gene), which physiologically works as a downregulator
of the Ras cascade signaling. Without the downregulation,
the Ras signaling pathway augments cell proliferation in the
vascular endothelium (with enhanced expression of cyclin D
and cells more frequently entering the cell cycle).28 It also
causes smooth-muscle hyperplasia’ and inflammation.?®
The cell lineage that appears to be key in this pathogenesis
is the bone-marrow-derived cell (BMDC). It has been shown
that the inactivation of the NF1 gene in this cell lineage in
mice was both sufficient and necessary to cause neointima
formation and evidence of vascular inflammation similar to
that observed in NF1 knockout mice.?°

Although the manifestations of NF1 vasculopathy are
mostly arterial, patients may also present with venous
rupture, venous aneurysms, and/or VT.271231 It has been
shown that the absence of NF1 in vitro is sufficient for human
venous endothelium cells to undergo autonomous prolifera-
tion.”® This endothelial dysfunction has been extensively
implicated in the pathogenesis of VT.3273° In this setting,
the venous endothelium also shows altered vascular mor-
phogenesis, which helps to explain the vascular morpholog-
ical alterations in NF1 patients (that is, stenosis and
aneurysms),>>12141931 some of which may further in-
crease the risk of VT (that is, venous aneurysm).?'s"z'8

We have found four reports of NF1 patients presenting
with venous aneurysm and an associated VT. Seinturier
et al.'? presented a case in which a 64-year-old woman,
with NF1, developed pulmonary embolism secondary to a
thrombosed venous femoral aneurysm. There are other 3
case reports of NF1 patients younger than 50 years of age
who presented with internal jugular thrombosis secondary
to aneurysmal degeneration.("'”'14

Lehrnbecher et al.2 reported a case in which a 4-year-old boy
was diagnosed with NF1 systemic vasculopathy, including
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thrombosis of the right posterior tibial vein, without evidence
of a correlated aneurysm or compression/infiltration by a
tumor.

None of the seven reports described compression or
infiltration of venous structures by a neurofibroma. None-
theless, DVT in NF1 patients may also be caused via extrinsic
compression by these tumors, as blood stasis has also been
implicated in thrombogenesis.>3° This, we think, contrib-
uted to the process of thrombogenesis in the present case,
given that the tumor arose from the tibial nerve, in a tight
region in the posterior compartment of the leg.

Deep vein thrombosis secondary to external compression
by tumors has been reported in other settings such as the
superior vena cava, and pulmonary and iliofemoral veins.*?-42
It has been reported once in the setting of NF1, by an exostosis,
in the popliteal vein.'® One study*® conducted with patients
harboring high-grade non-Hodgkin lymphoma showed that
venous compression by the tumor was present in 51% of
patients with DVT. Given the higher prevalence of neuro-
fibromas in NF1 patients, it is thus reasonable to assume
that DVT secondary to tumoral compression may also have a
higher prevalence in this population.

Conclusion

Clinicians should be alert to signs and symptoms suggestive
of DVT in NF1 patients, as NF1 seems to favor venous
endothelium dysfunction. Tumors may also compress or
infiltrate the veins, promoting VT through blood stasis,
when there is venous compression; or through endothelial
damage, when infiltration occurs. In case there is a tumor
compressing venous structures and promoting DVT, surgical
resection with microsurgical techniques may be curative and
able to preserve neurological function.
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